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CONVERSION FACTORS

Various units used in chapters A-I are listed in the first column below.

Multiply By To obtain
Length
micrometer (Lm) 0.00003937 inch
millimeter (mm) 0.03937 inch
centimeter (cm) 0.3937 inch
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Mass
gram (g) 0.03527 ounce avoirdupois

Sea level —In this report, “sea level” refers to the National Geodetic Vertical Datum
of 1929 (NGVD of 1929)—a geodetic datum derived from a general adjustment of the
first-order level nets of both the United States and Canada, formerly called Sea-Level
Datum of 1929.
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GEOLOGY AND PALEONTOLOGY OF FIVE CORES FROM
SCREVEN AND BURKE COUNTIES, EASTERN GEORGIA

Stratigraphy and Depositional Environments of
Sediments from Five Cores from
Screven and Burke Counties, Georgia

By W. Fred Falls and David C. Prowell

ABSTRACT

Five deep stratigraphic test holes were drilled from
1991 to 1993 in support of multidisciplinary investigations
to determine the stratigraphy of Upper Cretaceous and Ter-
tiary sediments of the coastal plain in east-central Georgia.
Cored sediment and geophysical logs from the Millhaven
test hole in Screven County and the Girard and Millers Pond
test holes in Burke County are the primary sources of litho-
logic and paleontologic information for this report. Litho-
logic and paleontologic information from the Thompson
Oak and McBean test holes in Burke County supplements
the discussion of stratigraphy and sedimentation in the
updip part of the study area near the Millers Pond test hole.

The Cretaceous sections in the studied cores are
divided into the Cape Fear Formation, the Middendorf For-
mation, the Black Creek Group, and the Steel Creek Forma-
tion. These four geologic units consist of siliciclastic
sediments. Evidence of possible unconformities allows us to
recognize two subunits in the Middendorf Formation and
three subunits in the Black Creek Group. Sediments in the
Cretaceous section generally are coarser grained and more
oxidized in updip areas. Each contact between units is a
regional unconformity and denotes a considerable hiatus in
sedimentation. The sediments in all four geologic units have
been interpreted as being part of large deltaic systems that
prograded across the paleo-continental shelf in east-central
Georgia and western South Carolina. The lithofacies
observed in the Upper Cretaceous units tend to be coarser
grained in proximal-deltaic environments and finer grained
in distal-deltaic environments.

The Tertiary sections are divided into the Ellenton and
Snapp Formations of Paleocene age; the Fourmile Branch/
Congaree/Warley Hill unit and Santee Limestone of Eocene
age; and the Barnwell unit, which contains strata of Eocene
to Miocene age. The Tertiary section, with the exception of

the Snapp Formation, generally is more calcareous and has
a more diverse and abundant marine microflora and fauna in
the downdip Millhaven core, relative to the updip McBean
and Millers Pond cores. For these units, sedimentary and
paleontologic evidence suggests open-marine shelf environ-
ments at the Millhaven site and marginal-marine environ-
ments at the Millers Pond site.

The Snapp Formation is nearly barren of fossils and is
a noncalcareous sequence of oxidized sand and clay. Sedi-
mentary characteristics of the Snapp Formation suggest a
fluvially dominated depositional environment such as an
upper delta plain or an incised alluvial valley. The presence
of a sparse marine microflora suggests some marine influ-
ence on deposition in the downdip area near Millhaven. Dif-
ferences in the thickness of this formation in the study area
suggest that channels containing the basal sand of the Snapp
Formation are incised into laminated black clay of the
Ellenton Formation.

INTRODUCTION

Five deep stratigraphic test holes were drilled in
east-central Georgia from 1991 to 1993 in support of multi-
disciplinary investigations by the U.S. Geological Survey
(USGS) and the Georgia Geologic Survey (GGS) of the
Georgia Department of Natural Resources. These investiga-
tions were conducted to determine the geology and hydrol-
ogy of the Georgia Coastal Plain sediments in the vicinity of
the U.S. Department of Energy Savannah River Site (SRS)
in South Carolina (fig. 1). In this region, poorly consoli-
dated Cretaceous and Cenozoic strata form a southeast-
ward-thickening wedge of fluvial and marine deposits
underlain by Paleozoic crystalline rocks and Triassic—Juras-
sic sedimentary rocks. This wedge of sediment is more than
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Figure 1. Index map showing the Savannah River Site and the

location of stratigraphic test holes in the study area.

1,450 ft thick in the downdip Millhaven core in Screven
County.

Previously, the Upper Cretaceous section in the sub-
surface of the study area was penetrated partially by four
cored test holes along the Savannah River in Burke County
(Bechtel Corporation, 1972) and by a cored test hole near
the town of Midyville in the southwestern corner of Burke
County (Prowell, Christopher, and others, 1985). The Creta-
ceous section also was studied by using geophysical logs
and cuttings from local water wells (Clarke and others,
1985). The sedimentary history and stratigraphy of the Ter-
tiary section in the study area already were known from out-
crops (Huddlestun and Hetrick, 1978, 1979, 1986; Hetrick,
1992) and from several fully or partially cored test holes in
northern Burke County (McClelland, 1987) and along the
Savannah River in Burke and Screven Counties (Bechtel
Corporation, 1972).

This chapter briefly describes the lithologic and strati-
graphic character of the geologic units (fig. 2) recognized in
the five cored sections to provide a framework for detailed
discussions of the fauna and flora identified from paleonto-
logic efforts. The paleontologic data presented in the other
chapters of this volume are used with the core descriptions
to infer correlation of these geologic units with stratigraphi-
cally equivalent units in the vicinity of the study area and to
infer depositional environments.

TEST HOLE AND CORE INFORMATION

The five test holes informally are named for local land-
marks and formally are assigned either a GGS or a USGS
identification number. The informal names used in this
report are Millhaven, Girard, Thompson Oak, Millers Pond,
and McBean. The five test holes were continuously cored
with a wireline, mud-rotary coring system. The cores from
the Millhaven, Girard, and Millers Pond test holes were
examined for texture, mineralogy, sedimentary structures,
diagenetic features, and the presence of macrofossils.
Selected samples were examined microscopically for
dinoflagellates, pollen, foraminifers, ostracodes, and calcar-
eous nannofossils. The descriptions of the cores and the
geophysical logs of the associated test holes at Millhaven,
Girard, and Millers Pond are the primary sources of infor-
mation for the following discussion of stratigraphic units
(Clarke and others, 1994, 1996; Leeth and others, 1996).

The authors interpreted the stratigraphy of the Thomp-
son Oak and McBean cores from descriptions published by
the GGS (Huddlestun and Summerour, 1996) and have not
personally examined these cores in detail. Samples for pale-
ontologic examination were collected by P.F. Huddlestun of
the GGS from the Thompson Oak and McBean cores. We
used the paleontologic results (Frederiksen and others, this
volume, chap. C; Edwards, this volume, chap. G; Frederik-
sen, this volume, chap. H) to interpret the stratigraphy and
sedimentation of geologic units in the updip area near Mill-
ers Pond in Burke County, Ga. The stratigraphies of these
two cores supplement the following discussion of stratigra-
phy in the updip part of Burke County near the Millers Pond
test hole but are not illustrated as stratigraphic columns in
this report.

Geophysical-logging surveys of the test holes, with the
exception of the McBean test hole, include single-point and
triple-point electric resistance, spontaneous potential, natu-
ral gamma ray, and hole diameter (caliper log). Formation
instability and hole diameter of the Millhaven test hole pre-
vented electric-logging surveys of the section from 571 to
530 ft and triple-point resistance logging below 900 ft. The
McBean test hole is the only one studied that was not geo-
physically logged.

Figure 2. Generalized comparison of Cretaceous and »
Tertiary geologic units in the Southeastern United States
(modified from Clarke and others, 1994). Shaded areas indicate
missing stratigraphic sections. Dashed lines indicate formation
boundary of uncertain stratigraphic position. Abbreviation
used: Fm, formation. Source for the lithologic units of eastern
Georgia: Prowell, Christopher, and others (1985). Sources for
the Georgia Geologic Survey nomenclature in eastern Georgia:
Huddlestun and Hetrick (1991), Summerour and others (1994),
and Huddlestun and Summerour (1996). Sources for units of
South Carolina: Colquhoun and others (1983), Gohn (1992),
and Fallaw and Price (1995).
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The Millhaven test hole was drilled by the USGS in
late 1991 and early 1992 and formally designated as
33X048 (Clarke and others, 1996). The Millhaven site is
located in Screven County, Ga., at lat 32°53'25" N., long
81°35'43" W. (fig. 1) and has a land surface elevation of 110
ft. The test hole was drilled from land surface to a total
depth of 1,452 ft (fig. 3). This test hole was terminated in
Upper Cretaceous sediments of the Cape Fear Formation
and did not reach pre-Cretaceous rocks.

The USGS drilled the Girard test hole in the spring of
1992 and formally designated it as 32Y020 (Leeth and oth-
ers, 1996). The Girard site is in Burke County, Ga., at lat
33°03'54" N., long 81°43'13" W. (fig. 1) and has a land sur-
face elevation of 250 ft. The test hole was drilled from land
surface to a total depth of 1,385 ft and penetrated 1,375 ft of
coastal plain sediments (fig. 4) and 10 ft of continental red
beds of probable Triassic or Jurassic age (Siple, 1967,
Marine, 1979; Prowell, Christopher, and others, 1985).

The GGS drilled the Thompson Oak test hole in early
1993 and formally designated it as GGS-3794 (Summerour
and others, 1994; Huddlestun and Summerour, 1996); it is
also known as TR92-6 and Burke 12. The drill site is
located in Burke County, Ga., at lat 33°10'42" N., long
81°47'10" W. (fig. 1) and has a land surface elevation of 240
ft. The test hole was drilled from land surface to a total
depth of 1,010.5 ft and penetrated 996 ft of coastal plain
sediments and 14.5 ft of biotite gneiss of probable Paleozoic
age.

The GGS drilled the Millers Pond test hole, also
known as Burke 2, in the summer of 1991 and formally des-
ignated it as GGS-3758 (Clarke and others, 1994). The site
is located in Burke County, Ga., at lat 33°13'48" N., long
81°52'44" W. (fig. 1) and has a land surface elevation of 245
ft. The test hole was drilled from land surface to a total
depth of 859 ft and penetrated 852 ft of coastal plain sedi-
ment (fig. 5) and 7 ft of biotite-hornblende gneiss of proba-
ble Paleozoic age. A nearby hole, Millers Pond test well 1,
was logged for geophysical properties.

The GGS drilled the McBean test hole, also known as
Burke 5, in 1991 and formally designated it as GGS-3757
(Summerour and others, 1994; Huddlestun and Summerour,
1996). The drill site is near the community of McBean in
Burke County, Ga., at lat 33°13'38" N., long 81°55'50" W.
(fig. 1) and has a land surface elevation of 297 ft. The test
hole was drilled from land surface to a total depth of 327 ft
and terminated in the upper part of the Upper Cretaceous
section.

Stratigraphic tops, stratigraphic details, and samples
for paleontologic analysis in this volume are reported as
core depth below land surface. Geophysical logs for the
Millhaven, Girard, and Millers Pond test holes were
adjusted slightly to match core depth.
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(1966); Scrudato and Bond (1972); Daniels (1974); Marine
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Cooke (1936); Cooke and MacNeil (1952); Christl (1964);
Siple (1967); Marine (1979); Smith (1979); Nystrom and
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STRATIGRAPHIC FRAMEWORK

Lithologic data from the Millhaven, Girard, and Mill-
ers Pond cores and geophysical logs from the three associ-
ated test holes were used to define the four Cretaceous and
five Tertiary units in this study (fig. 2). Correlation of these
geologic units in the Milthaven, Girard, and Millers Pond
cores is presented in a dip-oriented cross section (fig. 6).
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Figure 4. Gamma-ray, single-point resis-
tance, and lithologic logs and geologic units of
the Girard test hole in Burke County, Ga.
Abbreviation used: API, American Petroleum
Institute. Lithologic patterns are explained in
figure 3.
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The section roughly parallels the Savannah River and
reflects the thicknesses and stratigraphy of the geologic
units from the updip Millers Pond site to the downdip Mill-
haven site. Datum for the section is sea level. The elevation
and depth of the stratigraphic top of each geologic unit in
these three cores and the Thompson Oak and McBean cores
are listed in table 1.

Prowell, Christopher, and others (1985) correlated
Cretaceous and Tertiary geologic units in the updip coastal
plain from central Georgia to western South Carolina. They
identified five of the six Upper Cretaceous units, two Pale-
ocene units, six of the eight Eocene units, and one Oli-
gocene unit in a South Carolina drill hole at the SRS (fig. 2).
Their units were essentially chronostratigraphic units that
were assigned alpha-numeric designations because of a lack
of existing nomenclature. Subsequently, Fallaw and Price
(1995) established a working nomenclature and described
the stratigraphic units beneath the SRS. The stratigraphy

explained in figure 3.

and nomenclature used in this report result from combining
information from these reports.

Huddlestun and Hetrick (1991), Summerour and others
(1994), and Huddlestun and Summerour (1996) proposed a
stratigraphic nomenclature for the updip part of the study
area in east-central Georgia. A comparison of the strati-
graphic units for previous studies with the stratigraphy in
this study is shown in figure 2. The stratigraphy of the Mill-
haven, Girard, and Millers Pond cores is shown in figures 3,
4,and 5.

CRETACEOUS STRATIGRAPHY

The Cretaceous sediments in the study area are divided
into the Cape Fear Formation, the Middendorf Formation,
the Black Creek Group, and the Steel Creek Formation (fig.
2). These four geologic units consist of siliciclastic sedi-
ments, are coarser grained and more oxidized in updip
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Table 1. Elevations and depths of stratigraphic tops for geologic units and subunits in the Millhaven, Girard, Thompson Oak, Millers
Pond, and McBean cores.

[The stratigraphic contacts in the Thompson Oak and the McBean cores are interpreted from lithologic descriptions provided by Paul F. Huddlestun, Georgia
Geologic Survey, Atlanta, Georgia. The stratigraphic contacts and names for the Thompson Oak and McBean cores in this table represent the stratigraphic
interpretations of the authors and do not agree with Huddlestun's interpretations in all cases. Elevations are in feet above or below sea level. Depths are in feet
below land surface. Top of Barnwell unit equals land surface in each core. N.D.. not determined: N.P., not penetrated]

Elevation/depth of stratigraphic contact

Name of geologic unit

Millhaven Girard Thompson Oak Millers Pond McBean
core core core core core
Barnwell unit 110/0 250/0 240/0 245/0 297/0
Santee Limestone -118/228 0/250 110/130 163/82 185/112
Fourmile Branch/Congaree/ Warley Hill unit - —-291/401 —75/325 58/182 89/156 111/186
Warley Hill Formation ------=---=-enm-meeeeen -291/401 absent absent absent absent
Congaree Formation —352/462 —75/325 58/182 89/156 111/186
Fourmile Branch Formation ----------------- absent -140/390 -11/251 absent absent
Snapp Formation -394/504 —173/423 absent 80/165 751222
Ellenton Formation -460/570 —231/481 —34/274 13/232 25/272
Steel Creek Formation -532/642 -292/542 —84/324 -39/284 —-8/305
Black Creek Group —729/839 —392/642 -166/406 —87/322 N.P.
Subunit 3 ~729/839 —392/642 -166/406 -87/322 N.P.
Subunit 2 -817/927 -482/733 N.D. N.D. N.P
Subunit 1 -1.009/1,119 ~-659/909 N.D. N.D. N.P.
Middendorf Formation -1,062/1.172 -708/958 —-445/685 -347/592 N.P.
Subunit 2 -1,062/1.172 -708/958 —445/685 ~347/592 N.P.
Subunit 1 -1,162/1,272 -812/1,062 —-485/725 -418/663 N.P.
Cape Fear Formation -1,269/1,379 -913/1,163 —602/842 -507/752 N.P.
Bedrock N.P. -1,125/1,375 -756/996 —603/852 N.P.
areas, and become finer grained in a coastward direction. CAPE FEAR FORMATION

Unit contacts are typically overlain by lags of very poorly
sorted sand containing granules, pebbles, and lithoclasts.
Each contact is considered to be a regional unconformity
and probably denotes a considerable hiatus in sedimenta-
tion. In the updip area, lithologic similarities among the
units and the presence of only a few fossil-bearing beds
make it difficult to identify unit contacts at Millers Pond.
Evidence of possible unconformities is used to divide the
Middendorf Formation into two subunits in the Millhaven,
Girard, and Millers Pond cores, and the Black Creek Group
into three subunits in the Millhaven and Girard cores. Prow-
ell, Christopher, and others (1985) identified units UK1
through UKS6 in their study but did not correlate their unit
UK3 with units in the test holes at the SRS.

Biostratigraphic studies by Christopher (1978) and
Prowell, Christopher, and others (1985) suggested that Cre-
taceous strata in east-central Georgia ranged in age from
Coniacian to Maastrichtian. The sediments in the four units
have been interpreted as parts of large deltaic systems that
prograded across the paleo-continental shelf in east-central
Georgia and western South Carolina (Prowell and others,
1985a; Fallaw and Price, 1995). Lithofacies observed in the
Upper Cretaceous units accumulated in coarser grained
proximal and finer grained distal deltaic settings.

The Cape Fear Formation consists of partially lithified
to unlithified, poorly to very poorly sorted clayey sand and
sandy clay with a few beds of silty clay. The sand is fine to
very coarse with granules and pebbles and is predominantly
angular to subangular quartz with some feldspar. Cristo-
balite in the clay matrix results in lithologies that are harder
and denser than sediments in the other Cretaceous units.
The cristobalitic clay matrix imparts a yellowish-green to
greenish-gray color to most of the lithologies and occludes
most of the intergranular porosity in the sand beds. Electric
logs display low resistance in the sands and the clays in
most of this unit. Sands in the upper 10 to 20 ft of this unit
in the Millhaven and Girard cores are unlithified and have
atypically high resistance values on the electric logs.

The Cape Fear Formation contains multiple fining-
upward cycles that range in thickness from 3 to 15 ft. Each
cycle grades upward from a basal coarse pebbly sand to
clayey sand or clay. The clays are oxidized and are generally
stained with reddish-brown and yellowish-brown patches of
iron oxide. A root-trace pattern is present at the top of a few
of the fining-upward cycles and at the top of this unit in the
Millhaven core. Sediments directly beneath the upper con-
tact of the Cape Fear Formation in the other cores are
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stained with iron oxides. Lag deposits at the base of the
Cape Fear Formation contain clasts of saprolitic gneiss in
the Millers Pond core and clasts of Triassic siltstone in the
Girard core.

Most of the strata in this unit are barren of fossils, but a
few samples of gray and olive-gray, silty clay from the Mill-
ers Pond core yielded low-abundance and low-diversity pol-
len assemblages. Palynologic analysis of these samples
from the Millers Pond core (Frederiksen and others, this
volume, chap. C) indicates a Coniacian microflora that is
consistent with the microflora of the Cape Fear Formation
of South Carolina and North Carolina (Christopher and oth-
ers, 1979; Christopher, 1982; Sohl and Owens, 1991). Prow-
ell, Christopher, and others (1985) and Fallaw and Price
(1995) suggested a Santonian age for unit UK1 and the
Cape Fear Formation at the SRS. Huddlestun and Summer-
our (1996) suggested that the Cape Fear Formation is equiv-
alent to the Cenomanian-Turonian Tuscaloosa Formation of
western Georgia. Samples from this formation were not pro-
cessed for the other cores.

The presence of a terrestrial microflora and the
absence of dinoflagellates and other marine fossils in the
Cape Fear Formation suggest deposition in a nonmarine
environment at Millers Pond. The Cape Fear Formation in
the Millhaven and Girard cores is lithologically similar to
the section in the Millers Pond core and also is interpreted
as having been deposited in a nonmarine environment. The
multiple fining-upward cycles, the coarse texture of the
sands, the iron-oxide staining, and root-trace patterns in the
clays suggest that most of this unit was deposited in channel
and overbank environments during aggradation of a flu-
vially dominated, subaerially exposed part of a delta-plain
environment.

MIDDENDORF FORMATION

The Middendorf Formation consists predominantly of
unlithified sand, which is locally fine to very coarse or fine
to medium quartz (figs. 3, 4, 5). The sand includes
smoky-quartz granules and pebbles, mica, lignite, and gen-
erally very little clay matrix. The Middendorf sands are
moderately to poorly sorted and are very porous and perme-
able in comparison with the sands in the underlying Cape
Fear Formation. Black clay is present in laminae and thin
beds that are less than 2 ft thick in the Millhaven core. Clay
beds in the Millers Pond core and most of the Girard core
generally are light gray to white and range in thickness from
1to 10 ft.

The Middendorf Formation contains two distinct sub-
units in the Millhaven, Girard, and Millers Pond cores.
Additional work in the study area may show these subunits
to be separate, mappable formations. At present, they are
informally referred to in ascending order as subunits 1 and 2
of the Middendorf Formation. Each subunit includes a basal

lag deposit of poorly sorted sand that grades up to interbed-
ded and interlaminated clay and sand. Micaceous and lig-
nitic sand laminae are common in the Middendorf sections,
particularly near the top of each subunit. Clay beds are gen-
erally thicker and display more abundant iron-oxide staining
near the top of each subunit in the Millers Pond and Girard
cores. A root-trace pattern is observed in the clay at the top
of subunit 2 in the Girard core. Clays at the top of each sub-
unit in the Millhaven core are not stained with iron oxides.

Lithologic data and geophysical log patterns seem to
indicate that the upper contact of the Middendorf Formation
in the Georgia cores correlates with the unit UK2/UK4
boundary of Prowell, Christopher, and others (1985) and the
top of the Middendorf Formation as recognized by Fallaw
and Price (1995) at the SRS. A Santonian age was reported
for unit UK2 by Prowell, Christopher, and others (1985) and
for the Middendorf Formation at the SRS by Fallaw and
Price (1995). Samples collected at 1,138 and 1,012 ft in the
Girard core and 1,212 ft in the Millhaven core contain
pollen that suggests at least part of the Middendorf
Formation may be correlative with the Shepherd Grove
Formation, which overlies the Middendorf in South
Carolina (Frederiksen and others, this volume, chap. C).

All or part of what has been described as Middendorf
Formation in this part of Georgia may actually be correla-
tive with part of the Black Creek Group or an updip lithofa-
cies of either the Caddin or Shepherd Grove Formations,
which Gohn (1992) identified as late Santonian to early
Campanian in age. Evidence of subaerial exposure and ero-
sional lags at the contacts between the upper and lower sub-
units support the possibility that unit UK2 (Prowell,
Christopher, and others, 1985), as defined beneath the
southeastern corner of the SRS, contains more than one dep-
ositional sequence and is equivalent in part to unit UK3.

Huddlestun and Hetrick (1991) applied the name Pio
Nono Formation in updip areas of east-central Georgia to
the Middendorf Formation as used here. Dinoflagellates and
other marine indicators are sparse and suggest a mar-
ginal-marine environment at Millhaven and a nonmarine
environment for this unit in the other cores.

BLACK CREEK GROUP

The Black Creek Group consists of three distinct sub-
units in the Millhaven and Girard cores: a basal lignitic sand
in subunit 1, a laminated black clay and sand in subunit 2,
and a coarsening-upward sand sequence in subunit 3 (figs.
3. 4, table 1). The lag deposits at the bases of the subunits
suggest the possibility of unconformities in the Black Creek
Group at Millhaven and Girard. The Black Creek Group at
Millers Pond is coarser and sandier and is not divided into
subunits (fig. 5).

Black Creek subunit 1 consists of moderately to poorly
sorted, fine to coarse quartz sand that grades into overlying
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very fine to fine sand with a few thin beds of clay. The sand
contains abundant interlaminated fine lignite and mica and
very little clay matrix. This subunit is lithologically very
similar to the underlying Middendorf Formation.

Black Creek subunit 2 in the Millhaven core has a
sharp basal contact at 1,119 ft and a second sharp contact at
1,099 ft. Each contact is overlain by a basal lag deposit of
very poorly sorted sand. The sand above the contact at 1,099
ft grades and fines into an overlying 161-ft section of pre-
dominantly silty laminated black clay. The 161-ft clay sec-
tion also includes very fine to fine sand from 1,063 to
1,051 ft. Most of subunit 2 is calcareous and contains lami-
nae and lenses of very fine sand and sand-filled burrows.
Very fine to fine sand is interlaminated at the top of the clay
from 934 to 927 ft. Subunit 2 in the Girard core is sandier
and consists of very fine to fine sand with interbedded black
clay. The sand at Millhaven and Girard includes mica, lig-
nite, and minor amounts of glauconite.

Bioturbation features in subunit 2 at Millhaven and
Girard include clay-lined burrows, mottled textures, and dis-
continuous Jaminae of clay in the sands. Subunit 2 at Mill-
haven and Girard yielded the most abundant and diverse
marine macrofaunas and microfaunas and microfloras in the
Cretaceous section in the study area, including shark teeth,
pelecypods, ostracodes, benthic and planktonic foramini-
fers, spicules, dinoflagellates, pollen, and calcareous nanno-
fossils (Bukry, this volume, chap. D; Frederiksen and
others, this volume, chap. C; Gohn, this volume, chap. E).

Black Creek subunit 3 in the Millhaven core is a coars-
ening-upward sequence and consists of a very poorly sorted
lag deposit from 927 to 926 ft; moderately to well-sorted,
very fine to medium sand from 926 to 880 ft; and moder-
ately sorted, fine to coarse sand from 880 to 826 ft. This
subunit at Millhaven includes laminae and thin beds of
dark-gray clay, large and small pieces of lignite, and mica;
the subunit is crossbedded from 907 to 900 ft.

Black Creek subunit 3 in the Girard core has a sharp
basal contact at 733 ft and a lag deposit of very poorly
sorted sand and granules from 733 to 730 ft. The section
includes beds of moderately to poorly sorted, medium to
very coarse sand; and moderately sorted, fine to medium
sand with 5 to 10 percent clay matrix. This section is cross-
bedded from 714 to 710 ft and 679 to 660 ft and includes
one light-gray, iron-stained clay from 685 to 679 ft. The top
of the clay at 679 ft is overlain by a lag deposit of very
poorly sorted sand and granules.

The Black Creek Group at Millers Pond contains
poorly sorted, fine to very coarse sand and beds of clay (fig.
5). Granules and pebbles are more abundant and form sev-
eral very poorly sorted lags at the base of sand beds, which
generally include clay clasts. The sand is unlithified and has
minor amounts of clay matrix. The tops of clay beds gener-
ally are stained with yellow and red iron oxides.

Paleontologic data from the studied cores suggest a
Campanian age for the Black Creek Group (Frederiksen and

others, this volume, chap. C; Bukry, this volume, chap. D;
Gohn, this volume, chap. E). Units UK4 and UKS5 (Prowell,
Christopher, and others, 1985) and the Black Creek Group
at the SRS (Fallaw and Price, 1995) are assigned an age of
Campanian to Maastrichtian. Huddlestun and Hetrick
(1991) applied the name Gaillard Formation to the fluvial
lithofacies in the updip Georgia Coastal Plain. Paleontologic
data (Frederiksen and others, this volume, chap. C; Bukry,
this volume, chap. D; Gohn, this volume, chap. E) suggest
that the calcareous lithologies of subunit 2 at Millhaven are
equivalent to the Donoho Creek Formation of the Black
Creek Group (Owens, 1989; Sohl and Owens, 1991).

The diversity and abundance of dinoflagellates, the
abundance of marine faunas, and the presence of glauconite
at Millhaven and Girard suggest a strong marine influence
during the deposition of subunit 2, probably in the distal
part of a deltaic complex. Dinoflagellates in subunit 3 sug-
gest a marginal-marine depositional environment. The com-
position of the microflora and the absence of other marine
indicators suggest that subunit 1 at Millhaven and Girard
and the entire section of the Black Creek Group at Millers
Pond reflect sedimentation in a nonmarine part of the delta
(Frederiksen and others, this volume, chap. C).

STEEL CREEK FORMATION

Most of the Steel Creek Formation in the Georgia test
holes consists of poorly to very poorly sorted, fine to very
coarse sand with granules and pebbles of smoky quartz and
5 to 15 percent clay matrix (figs. 3, 4, 5). The basal lags are
overlain by thick intervals of oxidized clay in the Millhaven
and Girard cores. Steel Creek sections include multiple fin-
ing-upward sequences with beds of coarser grained sand
that become finer and grade into overlying clay beds. Many
of the clay beds are stained with iron oxide and contain as
much as 40 percent sand by volume. Root traces typically
are present at the top of the thick oxidized clay near the base
of the section and in some of the clay beds near the top of
this unit. Crossbedding is common at Millhaven. Lignite
and mica are common accessory constituents.

Kidd (1996) used a subtle difference in grain size and
clay content and geophysical-log correlations with test holes
on the SRS to identify the contact between the Black Creek
Group and the Steel Creek Formation at 397 ft in the Millers
Pond core. Huddlestun and Summerour (1996) identified
the basal contact at 367 ft in the Millers Pond core and 414
ft in the Thompson Oak core; they described the contact
between the Black Creek (Gaillard) and Steel Creek Forma-
tions as either conformable or paraconformable in updip
parts of Burke County and as gradational in the Girard core.
The contact between the Black Creek Group and the Steel
Creek Formation is recognized as an unconformity at the
Millhaven and Girard sites. This boundary is placed at the
sharp contact at 322 ft in the Millers Pond core in this report
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on the basis of projecting the contact from the downdip
Girard core.

Most of the sediments in the Steel Creek Formation are
barren of fossils. Thin beds of brownish-gray clay in the
Steel Creek section of the Millhaven core yielded Creta-
ceous and Paleocene palynomorphs, but more diagnostic
taxa were not recovered (Frederiksen and others, this vol-
ume, chap. C). The presence of dinoflagellates and Pale-
ocene palynomorphs in samples collected from the Steel
Creek section in the Millhaven core is discounted as con-
tamination of the samples with drilling mud (Edwards and
others, this volume, chap. B). Paleontologic data from the
underlying Black Creek Group and the overlying Ellenton
Formation restrict the age of the Steel Creek Formation to
the Maastrichtian.

Prowell, Christopher, and others (1985) identified a
correlative section in wells at the SRS as middle
Maastrichtian in age and designated it as unit UK6. They
considered unit UK6 to be a biostratigraphic equivalent of
the Providence Sand and part of the Ripley Formation in
Georgia and the Peedee Formation in eastern South
Carolina (fig. 2). Fallaw and Price (1995) described and
named the Steel Creek Formation at the SRS. Huddlestun
and Summerour (1996) also applied the name Steel Creek
Formation to cored sections in east-central Georgia and
considered the Steel Creek Formation to be early
Maastrichtian.

Marine fossils, carbonate minerals, and glauconite are
absent from the Steel Creek sections of the studied cores.
The coarse sediments, fining-upward sequences, indications
of rooting, and iron-oxide staining suggest channel and
overbank deposits in a delta-plain environment.

TERTIARY STRATIGRAPHY

The Tertiary section in this report includes the Ellenton
and Snapp Formations in the Paleocene strata and the Four-
mile Branch/Congaree/Warley Hill unit, the Santee Lime-
stone, and the Barnwell unit in the Eocene and younger
strata (fig. 2). Each of the Eocene units in the Georgia cores
can be lithologically, geophysically, or biostratigraphically
correlated with more than one formal formation in the study
area and is informally named in the report.

The stratigraphy proposed by Prowell, Christopher,
and others (1985) at the southeastern corner of the SRS
included two Paleocene units designated as units P1 and P2,
six Eocene units designated as units El, E3, E4, E5, E7, and
E8, and an Oligocene unit designated as unit O1. Units E2,
E6, and M1 were recognized and correlated in Georgia but
were not correlated with units in the southeastern corner of
the SRS (Prowell, Christopher, and others, 1985).

ELLENTON FORMATION

The Ellenton Formation in the Georgia cores is finer
grained, calcareous, and very glauconitic in the downdip
Millhaven and Girard cores. It is coarser grained and non-
calcareous in the updip Millers Pond core (fig. 6). Lag
deposits and sharp bedding contacts identify basal uncon-
formities and possible unconformities within the Georgia
sections.

The Ellenton Formation in the Millhaven core consists
of glauconitic, calcareous, fine to coarse sand and laminated
clay from 642 to 622 ft; well-laminated, slightly calcareous,
silty black clay from 622 to 595 ft; and calcareous to non-
calcareous clay from 595 to 570 ft (fig. 3). The Ellenton
Formation in the Girard core consists of noncalcareous sand
and black clay from 542 to 518 ft; sandy carbonate and
limestone and calcareous sand with abundant glauconite
from 518 to 491 ft; and well-laminated, noncalcareous silty
clay from 491 to 481 ft (fig. 4). The section generally con-
tains well-sorted, fine to medium quartz sand. The lag
deposits at 638, 625, and 595 ft in the Millhaven core and
518 ft in the Girard core contain 10 to 20 percent glauconite,
several rounded phosphatic clasts, and shark teeth. A
high-angle shear defines a sharp contact at 491 ft in the
Girard core.

The Ellenton Formation in the updip Millers Pond core
consists of fine to very coarse sand with interbedded sandy
clay from 284 to 263 ft; interlaminated black lignitic clay
and very fine to medium sand from 263 to 247 ft; and fine to
medium clayey sand from 247 to 232 ft (fig. 5). The lami-
nated black clay is very dense and may contain as much as 5
percent mica. Recovery of sediment in the Millers Pond
core was not as good as recovery in the Millhaven and
Girard cores; however, poorly sorted pebble lag deposits at
284 and 271 ft and clay clasts at 263 and 244 ft suggest pos-
sible unconformities and reworking of the Ellenton Forma-
tion in the Millers Pond core.

Paleontologic results suggest that the Ellenton Forma-
tion in this report is equivalent to unit P1 (Prowell, Christo-
pher, and others, 1985) and the Ellenton Formation in South
Carolina (Prowell, Edwards, and Frederiksen, 1985). Hud-
dlestun and Summerour (1996) described a unit that they
identified as the Black Mingo Formation undifferentiated in
Georgia. They recognized a lower and an upper unit that
resemble lithologies of the Rhems, Williamsburg, and Lang
Syne Formations of the Black Mingo Group (Van Nieuwen-
huise and Colquhoun, 1982). Fallaw and Price (1995)
divided the Ellenton section into the Sawdust Landing and
Lang Syne Formations in wells near the southeastern border
of the SRS. The noncalcareous, nonglauconitic sand and
clay from 542 to 518 ft at Girard and from 284 to 263 ft at
Millers Pond are lithologically similar to the Sawdust Land-
ing Formation. However, a similar lithologic unit was not
recognized at Millhaven. The rest of the Ellenton Formation
at Millhaven and Girard is similar to the very glauconitic
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and silty lithologies of the Lang Syne Formation. The car-
bonate component at Millhaven and Girard is not described
in the Lang Syne Formation at the SRS but is described as
part of this unit beneath Allendale County in South Carolina
(Fallaw and Price, 1995; Gellici and others, 1995).

Paleontologic studies identified a diverse microflora of
dinoflagellates, pollen, and calcareous nannofossils and a
faunal component of ostacodes, planktonic foraminifers,
pelecypods, and gastropods in the downdip sections
(Edwards and others, this volume, chap. B). The updip sec-
tion at Millers Pond contains a low-diversity microfiora of
dinoflagellates and pollen (Clarke and others, 1994). The
marine fossils, glauconite, and carbonate in downdip sedi-
ments indicate an open-marine environment, possibly distal
prodelta. The low diversity and the low abundance of
dinoflagellates and the absence of other marine indicators at
Millers Pond suggest a change to a more restricted mar-
ginal-marine environment.

SNAPP FORMATION

The Snapp Formation at Millhaven, Girard, and Mill-
ers Pond consists of moderately to poorly sorted, fine to
very coarse sand overlain by iron-stained, oxidized kaolin
(figs. 3, 4, 5). The sand is unlithified and generally has gran-
ules, pebbles, and less than 10 percent clay matrix. Individ-
ual sand beds typically are coarse to very coarse in the lower
part of each section. In the middle of each section, the sand
beds are fine to medium. At the top of each section, the sand
beds grade into white to very light gray kaolin. The clay is
stained with red and yellow iron oxides. Pedogenic struc-
tures in the otherwise massive clay include root traces and
desiccation cracks. Pyrite is disseminated in the clay and
along desiccation cracks near the top of the Snapp Forma-
tion in the Millers Pond and Girard cores.

The Snapp Formation in Georgia is equivalent to unit
P2 (Prowell, Christopher, and others, 1985) and the Snapp
Formation at the SRS (Fallaw and Price, 1995). McClelland
(1987) applied the name Rhems Formation (lower Pale-
ocene part of the Black Mingo Group) to a combined sec-
tion of the Snapp and Ellenton Formations in upper Burke
County. The Snapp Formation holds the same upper Pale-
ocene stratigraphic position as the Chicora Member of the
Williamsburg Formation of the Black Mingo Group (Van
Nieuwenhuise and Colquhoun, 1982). The Snapp Formation
in the Georgia cores and in cores on the SRS (Fallaw and
Price, 1995) is lithologically different from the marine sedi-
ment of the Chicora Member.

The Snapp Formation is absent from the Thompson
Oak core (fig. 1, table 1). Fallaw and Price (1995) described
an updip limit for the Snapp Formation near the Upper
Three Runs Creek in Aiken County, S.C. Extension of this
boundary into Georgia would place the Thompson Oak core
near the updip limit of the Snapp Formation. The presence

of Snapp sediments in the McBean core indicates that the
updip limit is irregular in that it trends to the northwest from
the Thompson Oak test hole across the northern part of
Burke County, Ga. (fig. 1).

Paleontologic samples were not collected from the
Snapp Formation in the Girard and Millers Pond cores
because of the extensive oxidation of the sediments. A sam-
ple from the base of this formation in the Millhaven core
yielded sparse dinoflagellates that are not age diagnostic
(Edwards and others, this volume, chap. B). The strati-
graphic position of this unit between the Ellenton Formation
and the overlying early Eocene part of the Fourmile
Branch/Congaree/Warley Hill unit suggests that the age of
the strata is either late Paleocene (Prowell, Christopher, and
others, 1985; Fallaw and Price, 1995) or early Eocene (Har-
ris and Zullo, 1992). Paleontologic data from a sample at
264 ft in the McBean core indicated a Paleocene age; how-
ever, the authors have not independently verified that the
sample at 264 ft is from the Snapp Formation. This sample
of the McBean core is above the base of the Snapp Forma-
tion as selected by Huddlestun and Summerour (1996).

Sedimentary characteristics suggest a fluvially domi-
nated depositional environment in either an upper delta
plain or an incised alluvial valley. The presence of
dinoflagellates in the Millhaven core suggests a mar-
ginal-marine environment in the downdip part of the study
area. The Snapp Formation at Girard is 58 ft thick, which is
roughly 20 ft thicker than the Snapp Formation in cores
from the southeastern part of the SRS. The thicker section
of the Snapp Formation in the Girard core overlies a section
of the Ellenton Formation that is thinner by 20 ft relative to
the Ellenton section in the southeastern part of the SRS.
Structural-contour and isopach maps of the Black Mingo
(Ellenton) and Snapp Formations also indicate thicker sec-
tions of the Snapp Formation over thinner sections of the
Black Mingo (Ellenton) Formation in eastern Burke County
and southern Barnwell County (Huddlestun and Summer-
our, 1996). This thickness change is interpreted here as evi-
dence of channel incision of the Snapp Formation into the
laminated black clay of the Ellenton Formation.

FOURMILE BRANCH/CONGAREE/WARLEY HILL UNIT

The lithologies of the Fourmile Branch/Congaree/War-
ley Hill unit range from mixed-siliciclastic-carbonate sec-
tions in the central and downdip Georgia cores to
siliciclastic sections in the updip cores (figs. 3, 4, 5, 6).
Paleontologic data suggest that the strata in this unit are cor-
relative with three formally named formations at the SRS
(fig. 2). However, all three formations are not consistently
present in each of the Georgia cores (table 1).

In the downdip Millhaven core, the Fourmile Branch/
Congaree/Warley Hill unit consists of interbedded quartz
sand, marl, and limestone. The sand is very fine to fine
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below a depth of 415 ft and fine to medium above a depth of
415 ft and is moderately to well sorted throughout. Glauco-
nite is a common accessory mineral and is abundant at 462
ft. The carbonate beds range from lithified to unlithified and
include glauconite, clay matrix and fossils. Extensive bur-
rowing is recognized in the sandy carbonate matrix.

In the Girard core, this unit consists of medium to
coarse sand from 423 to 390 ft; fine to medium sand from
366 to 350 ft; and medium to coarse sand, sandy carbonate,
and limestone from 342 to 325 ft. A large part of the unit
from 390 to 366 ft and several other parts of the section
were not recovered during coring. The section below 390 ft
is predominantly noncalcareous with only trace amounts of
glauconite, generally less than 5 percent clay matrix, clay
laminae, and clay-lined burrows. Unlithified sandy carbon-
ate and partially lithified calcareous sand are abundant
above 366 ft.

This unit in the Millers Pond core consists of a 9-ft
section of well-sorted, very fine to fine sand. The sand con-
tains less than 5 percent clay matrix, but clay-lined burrows
are present.

Surface mapping and drill hole evidence from this
updip region in Georgia and adjacent areas of South Caro-
lina indicate a thicker section of sand and clay (Nystrom and
Willoughby, 1982; Nystrom and others, 1986; McClelland,
1987; Prowell, 1994). On the basis of data from augered
holes that are 1 mile west of the Millers Pond core site,
McClelland (1987) described a 40-ft section of the Huber
Formation, a time-equivalent lithofacies of the Congaree
Formation. In the Huber Formation described by McClel-
land (1987), the burrowed, fine sand observed at Millers
Pond is overlain by a crossbedded, fine to coarse quartz
sand and lenticular beds of massive, lignitic kaolinitic clay.

Dinoflagellates, pollen, and calcarcous nannofossils
were recovered from the core samples of the Fourmile
Branch/Congaree/Warley Hill unit at Millhaven and Girard.
Dinoflagellates and pollen were recovered from the Thomp-
son Oak and Millers Pond cores. Paleontologic examination
of these core samples indicates that this unit is early Eocene
to early middle Eocene in age and that it includes more than
one biostratigraphic unit (Bybell, this volume, chap. F; Fre-
deriksen, this volume, chap. H; Edwards, this volume, chap.
G). Other fossils observed in the Millhaven core included
bryozoans, pelecypods, and foraminifers below 462 ft and
pelecypods and foraminifers above 462 ft. In the Girard
core, pelecypods, bryozoans, and shark teeth were observed
above 342 ft. Biomoldic pores indicate that gastropods also
were present.

The Fourmile Branch/Congaree/Warley Hill unit from
423 to 390 ft in the Girard core is lithologically and geo-
physically correlative with the Fourmile Branch Formation
at the SRS (Fallaw and Price, 1995). The age of this part of
the Girard core could not be determined from fossil evi-
dence. An early Eocene age was determined with
dinoflagellates from samples of the Thompson Oak core

from 274 to 251 ft (Edwards, this volume, chap. G). These
sections in the Girard and Thompson Oak cores appear to be
equivalent to unit E2 of Prowell, Christopher, and others
(1985) and the Fourmile Branch Formation at the SRS (Fal-
law and Price, 1995). A biostratigraphically correlative sec-
tion was not identified at Millhaven, Millers Pond, or
McBean.

The section from 390 to 325 ft in the Girard core is
biostratigraphically correlative with the sections from 504
to 462 ft in the Millhaven core and from 165 to 156 ft in the
Millers Pond core, and with samples collected from depths
of 210, 194, 192, and 183 ft in the Thompson Oak core.
This part of the Fourmile Branch/Congaree/Warley Hill unit
is equivalent to unit E3 (Prowell, Christopher, and others,
1985) and the Congaree Formation in South Carolina (Fal-
law and Price, 1995) and Georgia (Huddlestun and Sum-
merour, 1996).

The Fourmile Branch/Congaree/Warley Hill section
from 462 to 40! ft in the Millhaven core is lithologically
equivalent and geophysically correlative with at least part of
the Congaree Formation as identified in the subsurface of
Allendale County in South Carolina (Gellici and others,
1995). This section is biostratigraphically equivalent to the
lower part of unit E4 (Prowell, Christopher, and others,
1985) and the Warley Hill Formation at the SRS (Fallaw and
Price, 1995). A biostratigraphic equivalent to this part of the
Fourmile Branch/Congaree/Warley Hill section is not iden-
tified in the other studied cores in Georgia.

Sedimentary characteristics of the Fourmile Branch
sections in the Girard and Thompson Oak cores suggest a
nearshore-marine environment. Sedimentary characteristics
of the overlying Congaree beds suggest an open-marine
shelf environment for deposits in the downdip core and a
fluvially dominated to marginal-marine environment for
deposits in the updip cores in the vicinity of Millers Pond.
The Warley Hill Formation at Millhaven also was deposited
in an open-marine shelf environment.

SANTEE LIMESTONE

The Santee Limestone consists predominantly of lime-
stone and unlithified carbonate with a few beds of calcare-
ous sand and clay. The Santee Limestone, as correlated in
this report, includes lithologies assigned by others to the
Warley Hill Formation (Steele, 1985; McClelland, 1987;
Fallaw and Price, 1992, 1995), the Blue Bluff Marl of the
Lisbon Formation (Huddlestun and Hetrick, 1986), the San-
tee Limestone (Sloan, 1908), and the McBean Formation
(Veatch and Stephenson, 1911). These lithofacies are time
equivalents of the Lisbon Formation of western Georgia
(Prowell, Christopher, and others, 1985) and collectively are
correlated as one package of sediment in this report (fig. 6),
although we do recognize significant stratigraphic contacts
within the unit.
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The lower part of the Santee Limestone in the Mill-
haven core from a depth of 401 to 365 ft consists of calcare-
ous sand with glauconite and pelecypods that grades into
overlying sandy carbonate with large oyster shells and other
pelecypods (fig. 3). The quartz sand is medium to coarse
near the base of the section and fines upward to fine to
medium. The carbonate in this part of the section ranges
from unlithified to partially lithified. The contact between
the lower and middle part of the section at 365 ft is phos-
phatized and pyritized. Pelecypod-moldic pores immedi-
ately beneath the contact are filled with the very fine
sediments of the overlying marl.

The middle part of the Santee Limestone in the Mill-
haven core from 365 to 245 ft varies from marl to carbonate
with very little quartz sand in both lithologies. Carbonate
from 365 to 268 ft is well lithified and has biomoldic poros-
ity. The marl is burrow mottled to wavy laminated with
minor amounts of lignite and pyrite. Fossils in the marl
include foraminifers, spicules, shark teeth, pelecypods, and
gastropods. The marl grades into overlying well-lithified to
partially lithified limestone. Fossils in the limestone are
more abundant and more diverse than in the marl and
include pelecypods, gastropods, bryozoans, echinoids, fora-
minifers, brachiopods, and shark teeth. A sharp bedding
contact at 332 ft is underlain by biomoldic limestone with
phosphatized fossil molds and shark teeth from 336 to 332
ft. Porosity in the middle part of the section is interparticle
and biomoldic with irregular dissolution cavities from 258
to 252 ft.

The sandy carbonate in the upper part of the Santee
Limestone in the Millhaven core from 245 to 228 ft includes
fine to medium quartz sand and glauconite. Marine fossils
include pelecypods, bryozoans, and gastropods.

The Santee Limestone in the Girard core includes a
very sandy limestone from 325 to 322 ft and a marl and
clayey sand from 322 to 250 ft (fig. 4). The limestone from
325 to 322 ft is glauconitic with abundant pelecypod-moldic
porosity and is pyritic along the contact with the overlying
marl. The marl is a very fine grained limestone unit with as
much as 30 percent clay matrix. Very fine to fine quartz
sand ranges from 2 percent near the base of the section to 25
percent near the top of the section. The marl and calcareous
sand are burrow mottled and contain minor amounts of lig-
nite and glauconite. Macrofossils are sparse and include
pelecypods.

The Santee Limestone in the Millers Pond core con-
sists of sandy limestone and calcareous sand (fig. 5). A thin
basal lag of very poorly sorted sand from 156 to 154 ft
includes quartz pebbles and granules, glauconite, and pele-
cypods. The quartz sand above 154 ft is fine to very coarse
in calcareous sand beds and fine to medium in sandy lime-
stone beds. The limestone below a depth of 121 ft is finely
crystalline and contains glauconite and marine fossils,
including pelecypods, spicules, foraminifers, and shark
teeth. Marine fossils in the limestone above a depth of 100 ft

include oysters and other pelecypods, foraminifers, and
echinoid fragments. Biomoldic porosity also is present
above a depth of 100 ft and reflects dissolution of aragonitic
pelecypods and gastropods.

The Santee Limestone at Millers Pond is thicker than
comparable sections in this updip area (Nystrom and Wil-
loughby, 1982; Nystrom and others, 1986; McClelland,
1987: Prowell, 1994). McClelland (1987) described this unit
as 40 ft thick in a drill hole located west of the Millers Pond
site. This information, in conjunction with the evidence for
the section missing from the underlying Fourmile
Branch/Congaree/Warley Hill Formation, suggests that the
basal contact of the Santee Limestone represents scour into
the underlying unit and is possibly the result of localized
channeling. Observations of similar channeling have been
reported in nearby strip mines (Nystrom and others, 1986).

The Santee Limestone section from 156 to 139 ft in the
Millers Pond core is biostratigraphically correlative with
sections in the Milthaven core from 401 to 365 ft and in the
Girard core from 325 to 322 ft and with samples collected at
depths of 181.5, 174, 172, 164 and 154 ft in the Thompson
Oak core and 181 ft in the McBean core (Edwards, this vol-
ume, chap. G; Bybell, this volume, chap. F; Frederiksen,
this volume, chap. H). This part of the Santee Limestone in
the studied cores is biostratigraphically equivalent to the
upper part of the unit E4 (Prowell, Christopher, and others,
1985). Prowell, Christopher, and others (1985) identified
their unit as correlative with part of the Warley Hill Forma-
tion underlying the southeastern part of the SRS. Gellici and
others (1995) described a similar lithologic unit in the same
stratigraphic position in the subsurface of Allendale County
and designated the unit as the Warley Hill Formation. Steele
(1985) and McClelland (1987) described a calcareous litho-
facies of the Warley Hill Formation. Fallaw and Price
(1995) described a sporadic sand lithofacies of the Warley
Hill Formation at the base of the Tinker Formation in the
updip part of the SRS.

The remainder of the Santee Limestone in the Mill-
haven, Girard, and Millers Pond cores is biostratigraphically
equivalent to unit ES (Prowell, Christopher, and others,
1985) and the Tinker Formation (Fallaw and Price, 1995).
This part of the Santee Limestone is lithologically similar to
the Blue Bluff Marl of the Lisbon Formation (Huddlestun
and Hetrick, 1986), the Santee Limestone (Sloan, 1908),
and the McBean Formation (Veatch and Stephenson, 1911).
The siliciclastic lithologies of the Tinker Formation in South
Carolina (Fallaw and Price, 1995) are correlative with the
predominantly carbonate lithologies of the Santee Lime-
stone but are not recognized in the Georgia cores.

Calcareous nannofossils, planktonic foraminifers,
dinoflagellates, and pollen from the core localities indicate a
late middle Eocene (late Claibornian) age for the Santee
sections (Edwards and others, this volume, chap. B). Marine
fossils and carbonate suggest that this unit was deposited in
an open-marine, shallow-shelf environment. The distribu-
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tion of siliciclastic sediments and the diversity of marine
fossils in the carbonate facies suggest that the updip Millers
Pond core is more proximal to a source of siliciclastic sedi-
ments than the downdip Millhaven core.

BARNWELL UNIT

The Barnwell unit derives its name from the Barnwell
Group (Huddlestun and Hetrick, 1979, 1986). The Barnwell
Group consists of the Clinchfield Formation, Dry Branch
Formation, and Tobacco Road Sand that have been
described and mapped on both sides of the Savannah River
in the vicinity of the SRS (Huddlestun and Hetrick, 1978,
1979, 1986; Huddlestun, 1982; Prowell, 1994; Fallaw and
Price, 1995). The informally named Barnwell unit in this
report includes strata of the Barnwell Group and the
post-Eocene strata in the study area.

The Barnwell unit in the Millhaven core includes cal-
careous clay from a depth of 228 to 223 ft. and moderately
well to well-sorted calcareous quartz sand and partially lith-
ified sandy limestone from 223 to 123 ft (fig. 3). The fine to
medium sand includes 1 percent glauconite. Thin beds of
silica-replaced limestone are common from a depth of 200
to 170 ft. The section from 123 to 54 ft consists of unlithi-
fied carbonate and partially lithified limestone with gener-
ally less than 10 percent quartz sand and 1 percent
glauconite. Irregularly shaped phosphatized limestone clasts
at the base of this part of the section produce a sharp spike
on the gamma-ray log at 123 ft. The unit from 54 ft to land
surface consists of a coarsening-upward sequence of clayey
sand and sandy clay. Fossils observed in the core include
pelecypods, bryozoans, echinoids, and foraminifers from
223 to 54 ft. Biomoldic pores are present from 67 to
34 ft and reflect dissolution of aragonitic pelecypods and
gastropods.

The Barnwell unit in the Girard core consists of clay,
sand, and carbonate lithologies in the lower part of the sec-
tion from 250 to 104 ft and sand and clay in the upper part
of the section from 104 ft to land surface (fig. 4). A basal
calcareous clay from 250 to 244 ft is overlain by partially
silicified, phosphatized, and glauconitic limestone from a
depth of 244 to 234 ft; calcareous quartz sand from 234 to
193 ft; sandy limestone from 193 to 183 ft; marl from 183 to
136 ft; and a sandy limestone that grades into an overlying
quartz sand from 136 to 104 ft. Fossils include pelecypods
and bryozoans. Biomoldic porosity ranges from 5 to 20 per-
cent in the limestone and reflects dissolution of aragonitic
pelecypods. Sand is fine to coarse near the base and very
fine to fine in the rest of the section from 250 to 104 ft. Clay
matrix ranges from 20 to 40 percent in the sand. Clay lami-
nae are abundant below 172 ft. The Barnwell unit from 104
ft to land surface is noncalcareous and contains clayey sand
and clay. The sand ranges from fine to coarse and contains
several flattened, ovoid pebbles at 88 ft.

The Barnwell unit at Millers Pond consists of silici-
clastic sediments from a depth of 82 ft to land surface. The
contact with the Santee Limestone was not recovered in cor-
ing. A thin, irregularly shaped bed of limestone at 75 ft is
lithologically similar to the underlying Santee Limestone
and is presumed to be a large reworked clast. The Barnwell
unit from 78 to 67 ft includes thin beds of fine to medium
and fine to very coarse sand, and thin beds of well-lami-
nated clay. The sand has fine lignite, clay clasts, and 10 to
20 percent clay matrix. The section from 67 ft to land sur-
face is a coarsening-upward sequence of sand and ranges
from fine to medium sand up to fine to very coarse sand.
The amount of clay matrix ranges from 5 to 25 percent. Sed-
imentary structures include clay laminae and clay wisps
from 66 to 62 ft, 48 to 47 ft, and 38 to 27 ft. The sand from
49 to 42 ft contains granules and pebbles. The Barnwell unit
is mapped as the uppermost stratigraphic unit at the Millers
Pond site (Prowell, 1994), where it includes the Tobacco
Road Sand and Irwinton Sand Member of the Dry Branch
Formation. Partial recovery of sediments during coring
makes selection of a formation contact within the Barnwell
unit difficult.

The contact between the Barnwell Group and a
post-Eocene unit, as mapped in the area of the Girard site
(Prowell, 1994), was not identified in the Girard core. The
post-Eocene unit was described and designated as map unit
Tu (Prowell, 1994). The mapped contact was projected to a
depth of 50 ft in the Girard section. A lag deposit and other
evidence of an unconformity, if present in the Girard sec-
tion, were not recovered during coring at this depth. The
presence of post-Eocene sediments is acknowledged at the
Girard site on the basis of previous studies, but a separate
unit is not defined at this time.

Paleontologic data for the Millhaven and Girard cores
suggest a late Eocene to questionably early Oligocene age
for the Barnwell sections (Edwards and others, this volume,
chap. B). The Barnwell unit is equivalent to units E6, E7,
E8, and M1 (Prowell, Christopher, and others, 1985) and the
Clinchfield Formation, Dry Branch Formation, and Tobacco
Road Sand of the Barnwell Group at the SRS (Fallaw and
Price, 1995). Throughout the study area, the abundance of
carbonate, the presence of glauconite and phosphate, and
the abundance of marine macrofossils and microfossils in
the calcareous part of the section indicate that the Barnwell
strata were deposited in open-marine environments. The
calcareous sand probably was deposited in a shallow-shelf
environment, and the fossil bed at the base is a lag deposit
produced by a late Eocene marine transgression. The non-
calcareous sand and clay, the ovoid flattened pebbles, and
the clay wisps in the upper part of the Barnwell unit sug-
gest that these strata were deposited in nearshore-marine
environments.
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SUMMARY

Five deep stratigraphic test holes were drilled from
1991 to 1993 in support of multidisciplinary investigations
to determine the stratigraphy of Upper Cretaceous and Ter-
tiary sediments of the coastal plain in east-central Georgia.
Cored sediment and geophysical logs from the Millhaven
test hole in Screven County and the Girard and Millers Pond
test holes in Burke County are the primary sources of litho-
logic and paleontologic information for this report. Litho-
logic and paleontologic information from the Thompson
Oak and McBean test holes in Burke County supplement the
discussion of stratigraphy and sedimentation in the updip
part of the study area near the Millers Pond test hole.

The Cretaceous sections in the studied cores are
divided into the Cape Fear Formation, the Middendorf For-
mation, the Black Creek Group, and the Steel Creek Forma-
tion. These four geologic units consist of siliciclastic
sediments. Evidence of possible unconformities is used to
recognize two subunits in the Middendorf Formation and
three subunits in the Black Creek Group. Sediments in the
Cretaceous section generally are coarser grained and more
oxidized in updip areas. Each contact between units is con-
sidered to be a regional unconformity and denotes a consid-
erable hiatus in sedimentation. The sediments in all four
units have been interpreted as being part of large deltaic sys-
tems that prograded across the paleo-continental shelf in
east-central Georgia and western South Carolina. The litho-
facies observed in the Upper Cretaceous units tend to be
coarser grained in proximal-deltaic environments and finer
grained in distal-deltaic environments.

The Tertiary sections are divided into the Ellenton and
Snapp Formations of Paleocene age; the Fourmile
Branch/Congaree/Warley Hill unit and Santee Limestone of
Eocene age; and the Barnwell unit, which contains strata of
Eocene to Miocene age. The Tertiary section, with the
exception of the Snapp Formation, generally is more calcar-
eous and has a more diverse and abundant marine micro-
flora and fauna in the downdip Millhaven core, relative to
the updip McBean and Millers Pond cores. For these units,
sedimentary and paleontologic evidence suggests open-
marine shelf environments at the Millhaven site and mar-
ginal-marine environments at the Millers Pond site.

The Ellenton Formation in the Georgia cores is finer
grained, calcareous, and very glauconitic in the downdip
Millhaven and Girard cores. It is coarser grained and non-
calcareous in the updip Millers Pond core. Lag deposits and
sharp bedding contacts identify basal unconformities and
possible unconformities within the Georgia sections.

The Snapp Formation is nearly barren of fossils and is
a noncalcareous sequence of oxidized sand and clay. Sedi-
mentary characteristics of the Snapp Formation suggest a
fluvially dominated depositional environment such as an
upper delta plain or an incised alluvial valley. The presence
of a sparse marine microflora suggests some marine influ-

ence on deposition in the downdip area near Millhaven. Dif-
ferences in the thickness of this formation in the study area
suggest that channels containing the basal sand of the Snapp
Formation are incised into laminated black clay of the
Ellenton Formation.

The lithologies of the Fourmile Branch/Congaree/War-
ley Hill unit range from mixed-siliciclastic-carbonate sec-
tions in the central and downdip Georgia cores to
siliciclastic sections in the updip cores. Paleontologic data
suggest that the strata in this unit are correlative with three
formally named formations at the SRS. However, all three
formations are not consistently present in each of the Geor-
gia cores.

The Santee Limestone consists predominantly of lime-
stone and unlithified carbonate with a few beds of calcare-
ous sand and clay. The Santee Limestone, as correlated in
this report, includes lithologies assigned by others to the
Warley Hill Formation, the Blue Bluff Marl of the Lisbon
Formation, the Santee Limestone, and the McBean Forma-
tion. These lithofacies are time equivalents of the Lisbon
Formation of western Georgia and collectively are corre-
lated as one package of sediment in this report.

The informally named Barnwell unit in this report
includes strata of the Barnwell Group and the post-Eocene
strata in the study area. The presence of post-Eocene sedi-
ments is acknowledged at the Girard site on the basis of pre-
vious studies, but a separate unit is not defined at this time.
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Overview of the Biostratigraphy and Paleoecology of
Sediments from Five Cores from
Screven and Burke Counties, Georgia

By Lucy E. Edwards, Norman O. Frederiksen, Laurel M. Bybell, Thomas G. Gibson, Gregory S. Gohn,
David Bukry, Jean M. Self-Trail, and Ronald J. Litwin

ABSTRACT

Five cores from Screven and Burke Counties, Georgia,
form the basis for a multifaceted paleontological study of
Cretaceous and Tertiary coastal plain sediments. The bio-
stratigraphy and paleoecology of these cores are summa-
rized within the lithostratigraphic framework given in this
volume. The basal Cretaceous unit, the Cape Fear Forma-
tion, is of probable Coniacian age and is nonmarine. The
Middendorf Formation may represent similar lithofacies of
different ages, one representing undifferentiated pollen
Zone V (late Coniacian and Santonian) and one slightly
younger (latest Santonian(?) or early Campanian). The
Black Creek Group is Campanian, It is marginal marine to
nonmarine in its lower part (subunit 1). In all but the most
updip core, subunit 2 of the Black Creek contains Campa-
nian marine sediments. Subunit 3 of the Black Creek shows
a marine influence in the most basinward (downdip) Mill-
haven core. The Steel Creek Formation is Maastrichtian in
the Millhaven core and is nonmarine except for its lowest
part.

The basal Tertiary unit, the Ellenton Formation, is of
early, early late, and middle late Paleocene age. It is marine
throughout the study area. The overlying Snapp Formation
yields pollen of late, but not latest, Paleocene age. It is
mostly nonmarine but contains rare marginal marine
palynomorphs. The Fourmile Branch Formation, present
only in the Girard and Thompson Oak cores, is a marine
unit of early Eocene age. The Congaree Formation is of
early middle Eocene age and is present and contains marine
fossils in all five cores. The middle Eocene Warley Hill For-
mation is present only in the Millhaven core. These sedi-
ments probably were deposited in less than 100 ft of water.
The Santee Limestone is of late middle Eocene age. Fora-

minifers indicate inferred water depths of less than 200 ft.
The Barnwell unit is difficult to date paleontologically but is
late Eocene and questionably early Oligocene and is marine.
This chapter contains highlights from the individual chap-
ters in this volume.

INTRODUCTION

At the Savannah River Site (SRS) in Aiken, Barnwell,
and Allendale Counties, S.C., various hazardous materials
have been manufactured, disposed of, and stored since the
early 1950’s. Ground-water contamination has been
detected on the site, and the potential exists for contamina-
tion in areas adjacent to the site. In 1991, the U.S. Depart-
ment of Energy (DOE) funded a multidisciplinary study by
the U.S. Geological Survey (USGS) to determine whether
ground water flows from the SRS through aquifers in South
Carolina into aquifers in Georgia and to determine under
what pumping scenarios such flow could occur in the future.
Following the detection of tritium in a public water supply
well in Burke County, Ga., additional DOE funding was
provided to the Georgia Geologic Survey (GGS) of the
Georgia Department of Natural Resources for subsurface
investigations (Clarke and others, 1994; Summerour and
others, 1994).

Accurate ground-water modeling in the Atlantic
Coastal Plain depends on an understanding of the stratigra-
phy. Numerous investigations of subsurface stratigraphy
have been conducted in western South Carolina, from Siple
(1967) to Fallaw and Price (1995), but relatively little has
been published about the subsurface of eastern Georgia
(Prowell and others, 1985; Huddlestun and Summerour,
1996). In order to understand the stratigraphy in eastern
Georgia, detailed paleontological investigations were undet-
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taken. In 1991, we began our investigation of the Millers
Pond core, which had been drilled recently by the GGS in
northern Burke County (fig. 1). The USGS drilled two addi-
tional test holes—one in northern Screven County (Mill-
haven test hole) and one in central Burke County (Girard
test hole). The cores from these three test holes were
designed to serve as the basis for stratigraphic correlation in
the area of Georgia adjacent to the SRS. Two other cores,
drilled by the GGS. provide additional biostratigraphic
information. This report synthesizes the biostratigraphic and
paleoecologic investigation of these five cores collected
from Burke and Screven Counties, Ga.

The multidisciplinary paleontologic studies summa-
rized here, and described in more detail in the individual
chapters that follow, are based on the microfossils found in
the cores. Palynomorphs and calcareous-walled microfossils
were studied. Palynomorphs include pollen and spores from
terrestrial plants, the cysts of marine dinoflagellates, and
probable cysts of uncertain origin (acritarchs). Palyno-
morphs are described in chapters by Frederiksen and others
(this volume, chap. C) for Cretaceous sediments and by
Edwards (this volume, chap. G) and Frederiksen (this vol-
ume, chap. H) for Tertiary sediments. Calcareous microfos-
sils studied here include calcareous nannofossils (Bukry,
this volume, chap. D) and ostracodes (Gohn, this volume,
chap. E) for Cretaceous material, and calcareous nannofos-
sils (Bybell, this volume, chap. F) and foraminifers (Gibson,
this volume, chap. I) for Tertiary material.

Because few readers are familiar with every fossil
group, we include a brief introduction to each. For the pur-
pose of formal names of species and genera, palynomorphs
and calcareous nannofossils are classified by using the
International Code of Botanical Nomenclature (Greuter and
others, 1994); ostracodes and foraminifers are classified by
using the International Code of Zoological Nomenclature
(Ride and others, 1985). Under the botanical code, names of
original authors and transferring authors are part of the for-
mal name of a species; under the zoological code, names of
original authors are part of the formal name. Under both
codes, the name of the original author is placed in parenthe-
ses if the species has been reassigned.

POLLEN

Pollen grains are the sperm-carrying reproductive bod-
ies of higher plants; that is, gymnosperms (such as conifers
and cycads) and angiosperms (the flowering plants). Pollen
grains are very small, typically between 0.01 and 0.1 milli-
meter (mm) in size.

Pollen grains are produced mostly by plants living in
land areas. The first gymnosperms evolved in the Devonian
Period (about 385 million years ago), and the first
angiosperms evolved from gymnosperms early in the Creta-
ceous Period (about 140 million years ago). Pollen grains
are some of the most abundant fossils to be found in sedi-
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Figure 1. Index map showing the Savannah River Site and the

location of test holes in the study area.

ments that were deposited on land (terrestrial sediments);
however, pollen grains are easily transported by wind and
streams to the sea. Therefore, pollen grains are very useful
for correlating terrestrial sediments and sedimentary rocks
from one place to another, but they are also important for
correlating sequences of terrestrial sediments with
sequences of marine sediments.

The standard pollen zonation for the Upper Cretaceous
of the Gulf and Atlantic Coastal Plains was developed in a
series of abstracts and papers by various authors and sum-
marized by Christopher (1982a). This zonation was based
on material mainly from the Middle Atlantic States. The
only pollen zonation for the lower Tertiary of eastern North
America was proposed by Frederiksen (1991, 1998) for the
Paleocene. This zonation was based on material from the
eastern Gulf Coast, but it has also been applied to sections
on the Atlantic Coastal Plain (Frederiksen, 1991, 1998). No
pollen zonation has been proposed for the Eocene and Oli-
gocene of eastern North America, but chronostratigraphic
ranges of the main pollen taxa in the Eocene and Oligocene
of this region were displayed by Frederiksen (1979, 1980,
1988).

DINOFLAGELLATES AND ACRITARCHS

Dinoflagellates are single-celled organisms that live in
oceans, estuaries, lakes, and ponds. Here, they are consid-
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ered to be plants because many of them are photosynthetic.
Some dinoflagellates are herbivores, carnivores, parasites,
or symbionts.

Many dinoflagellates have a complex life cycle that
includes a resting stage. During this stage, the organism
may live in a very durable capsule called a dinocyst. Nearly
all fossil dinoflagellates studied by paleontologists are
cysts; however, the genera Alisogymnium and Dinogymnium
in the Cretaceous may be the covering from the motile
stage. Nearly all dinocysts that are preserved in the fossil
record are from marine dinoflagellates.

Dinoflagellates form distinctive and rapidly evolving
fossils that may be found in marine rocks wherever a
silt-sized component is present. There is, as yet, no widely
accepted standard zonation for them. Important lowest and
highest occurrence datums are used to correlate locally and
intercontinentally. The presence of fossil dinoflagellates can
generally be used to infer marine deposition, and the abun-
dance of dinoflagellates from major taxonomic categories,
typically families such as the Peridiniaceae and Areoliger-
aceae, may be used to infer additional paleoenvironmental
conditions.

Acritarchs are, by definition, palynomorphs of uncer-
tain origin. Two distinctive acritarchs are included with the
dinoflagellates in the Tertiary study (Edwards, this volume,
chap. G).

CALCAREOUS NANNOFOSSILS

Calcareous nannofossils are fossil remains of
golden-brown, single-celled algae that live only in the
oceans. They are one of the primary organisms at the base of
the food chain. These algae make tiny calcite platelets
inside their cells. These platelets are the calcareous nanno-
fossils that fall to the ocean bottom and become part of the
clay-sized fraction in the sediment. Most calcareous nanno-
fossils are formed by coccolithophorid algae and can also be
called coccoliths.

Calcareous nannofossils have been living in the
world’s oceans from the Triassic Period, and they have
evolved and changed rapidly and constantly over time. They
are extremely useful for dating marine sediments because
existing zonations have a precision of | million to 4 million
years or even less.

In the last three decades, relatively stable standard bio-
stratigraphic zonations have been developed for calcareous
nannofossils. A lowest or highest stratigraphic occurrence
(FAD, first appearance datum; LAD, last appearance datum)
is used to define the base and top of each zone. For the Cre-
taceous, we use the biostratigraphic zonation of
Perch-Nielsen (1985), modified from Sissingh (1977), in
which each zone has a formal name and an informal abbre-
viation (“CC” followed by a number). For the Cenozoic, we
use the zonation of Martini (1971) in which each nanno-

plankton zone is designated by “NP” followed by a number.
Calibration to the Cenozoic zonation of Bukry (1973, 1978)
and Okada and Bukry (1980) also is provided.

OSTRACODES

Ostracodes are a group of fossil and modern, small,
bivalved crustaceans; modern species inhabit a wide variety
of aquatic environments. They are well represented in the
fossil record primarily by their hinged, smooth or orna-
mented, calcified-chitinous valves and are common in
marine deposits of the Atlantic Coastal Plain. Typical Creta-
ceous and Cenozoic forms in the coastal plain range in size
from 0.6 mm to 1.1 mm.

Ostracodes are mostly a benthic group. Accordingly,
the compositions of ostracode assemblages, and the distri-
butions and morphologies of individual taxa, are strongly
influenced by environmental factors, including water depth,
turbidity, salinity, oxygen content, and food supply. As a
result, ostracode assemblages tend to be useful in the paleo-
environmental analysis of sedimentary sections. They also
are useful biostratigraphic indicators in local and regional
studies where the effects of paleoenvironmental conditions
on species distributions are reasonably well known. The
ostracode interval zones of Hazel and Brouwers (1982;
modified by Pitakpaivan and Hazel, 1994) are frequently
used in biostratigraphic studies of ostracodes from Upper
Cretaceous sediments in the Atlantic Coastal Plain.

FORAMINIFERS

Foraminifers are similar to amoeboid organisms in cell
structure but differ in having granular rhizopodia and elon-
gate pseudopodia that emerge from the cell body. Foramini-
fers are covered with an organic test and typically have a
wall composed of calcite or an agglomeration of mineral
grains embedded in the organic test. Foraminifers are com-
posed of two primary groups: planktonic foraminifers
(marine floaters), and benthic foraminifers (sea-floor dwell-
ers). Fossils of both groups are included here.

Benthic foraminiferal morphologies are very diverse,
from simple single-chambered to multichambered, complex
forms with tests composed of calcite or mineral grains.
Benthic foraminifers occupy a wide range of marine envi-
ronments, from brackish estuaries to the deep ocean basins,
and occur at all latitudes. They can be used to infer the
salinity and water depths for sedimentary deposits and to
recognize oxygen and productivity levels of environments.
Planktonic foraminifers, which typically provide more pre-
cise age control than benthic species, occur in low numbers
in the cores examined in this study; however, they are valu-
able in the recognition of the upper lower Paleocene strata
in the Millhaven core. As is typical in shallow-water depos-
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its, the few planktonic specimens recovered from the
remaining samples consist mainly of juvenile individuals.

ACKNOWLEDGMENTS

We thank U.S. Geological Survey colleagues John S.
Clarke, W. Fred Falls, R. Farley Fleming, and David C.
Prowell, as well as Paul F. Huddlestun (Georgia Geologic
Survey, Atlanta) and palynological consultant Joyce
Lucas-Clark (Fremont, Calif.) for the sharing of data and
ideas and the sometimes lively discussions that helped
shape the ideas in this paper. Jonathan R. Bryan (Okaloosa-
Walton Community College, Niceville, Fla.) kindly looked
at the larger foraminifers from the Millhaven core. We owe
many thanks to Raymond A. Christopher (Clemson Univer-
sity) for his willingness to review the entire volume.

MATERIAL AND METHODS

This study is based on the paleontology in five cores in
east-central Georgia (fig. 1). They are listed here in order
from the most basinward to the most onshore (updip).

» The Miilhaven test hole (33X048) was drilled by the
U.S. Geological Survey (USGS) in 1991-92 in
northern Screven County on the Millhaven Plantation,
2 miles (mi) northeast of Brier Creek and about 7 mi
west of the Savannah River at lat 32°53'25" N., long
81°35'43" W. Surface elevation is 110 feet (ft) above
sea level. This hole was cored to a depth of 1,452 ft
and bottomed in the Upper Cretaceous Cape Fear
Formation.

* The Girard test hole (32Y020) was drilled by the
USGS in 1992 in southern Burke County at the look-
out tower on Griffins Landing Road, 2 mi north of the
town of Girard at lat 33°03'54" N, long 81°43'13" W.
Surface elevation is 250 ft above sea level. This hole
was cored to a depth of 1,385 ft and bottomed in
pre-Cretaceous red beds.

¢ The Thompson Oak test hole (GGS-3794, TR92-6,
Burke 12) was drilled by the Georgia Geologic Survey
(GGS) in 1993 in northeastern Burke County, 21 mi
south of Augusta just above the flood plain of the
Savannah River at lat 33°10'42" N., long 81°47'10" W.
Surface elevation is 240 ft above sea level. The hole
was cored to a depth of 1,010.5 ft and bottomed in
gneissic basement rock.

¢ The Millers Pond test hole (GGS—3758, Burke 2) was
drilled by the GGS in 1991 in northern Burke County,
about 2 mi west of the Savannah River, 16 mi south of
Augusta at lat 33°13'48" N., long 81°52'44" W. Sur-
face elevation is 245 ft above sea level. The hole was
cored to a depth of 859 ft and bottomed in gneissic

basement rock. A nearby hole, Millers Pond test well
1, was logged for geophysical properties.

¢ The McBean test hole (GGS-3757, Burke 5) was
drilled by the GGS in 1991 in northern Burke County
on the north shoulder of Collins Road 1.1 mi east of
the intersection of Georgia Route 56 and Collins Road
at lat 33°13'38" N., long 81°55'50" W. Surface eleva-
tion is 297 ft above sea level. The hole was cored to a
depth of 327 ft and bottomed in the Upper Cretaceous
Steel Creek Formation.

STRATIGRAPHIC FRAMEWORK

The stratigraphic framework of the coastal plain sec-
tion in Screven and Burke Counties is discussed in detail by
Falls and Prowell (this volume, chap. A). From oldest to
youngest, the lithostratigraphic units that are considered are
the Cretaceous Cape Fear Formation, Middendorf Forma-
tion, Black Creek Group, and Steel Creek Formation and the
Tertiary Ellenton Formation, Snapp Formation, Fourmile
Branch Formation, Congaree Formation, Warley Hill For-
mation, Santee Limestone, and Barnwell unit. In the Mid-
dendorf Formation and Black Creek Group, informal
subunits can be recognized lithostratigraphically in some
cores. We have used Falls and Prowell’s lithostratigraphic
framework as a starting point to discuss the biostratigraphy
and paleoecology.

Figure 2 shows some of the terminology that has been
used for lithostratigraphic units in the Atlantic and Gulf of
Mexico Coastal Plains and their chronostratigraphic correla-
tions. In the Upper Cretaceous, we use the European stage
boundaries summarized by Burnett and others (1992) and
Gradstein and others (1995). The Campanian-Maastrichtian
boundary position these authors use is stratigraphically
higher (younger) than some previous interpretations of this
boundary.

Important biostratigraphic and paleoecologic informa-
tion from the three primary cores (Millhaven, Girard, and
Millers Pond) is given in graphic form in figures 3, 4, 5, 6,
7, and 8.

BIOSTRATIGRAPHY AND
PALEOECOLOGY

CAPE FEAR FORMATION

The Cape Fear Formation consists of gravels, sands,
silts, and clays that typically are arranged in fining-upward
sequences. It was sampled only in the Millers Pond core.
Four clay layers were sampled, and two of these samples
yielded palynomorphs. The pollen present in the lower sam-
ple (847-852 ft) represents undifferentiated pollen Zone V
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(Frederiksen and others, this volume, chap. C) of late Coni-
acian and Santonian age. The upper sample (827-832 ft)
represents the combined Complexiopollis exigua-Santala-
cites minor and Pseudoplicapollis longiannulata-Plicapollis
incisa Zones but most likely belongs to the Complexiopollis
exigua-Santalacites minor Zone (= Subzone V-A) of Chris-
topher (1977, 1979, 1982a,b) of Coniacian age (Sohl and
Owens, 1991). The absence of marine palynomorphs
(dinoflagellates, acritarchs) and microforaminiferal linings
suggests a nonmarine environment of deposition.

MIDDENDORF FORMATION

The Middendorf Formation consists predominantly of
moderately to poorly sorted, unlithified sand. It is subdi-
vided into two subunits that each consist of a basal lag
deposit, sand, and interbedded and interlaminated clay and
sand (Falls and Prowell, this volume, chap. A). Palyno-
morphs from the Middendorf Formation were studied from
the Millhaven, Girard, and Millers Pond cores (Frederiksen
and others, this volume, chap. C). In the Millhaven core
(1,212 ft, subunit 2), pollen taxa represent undifferentiated
Zone V, which is of late Coniacian and Santonian age. Each
of two samples from the Girard core (1,138-1,139 ft, sub-
unit 1, and 1,012.0-1,012.3 ft, subunit 2) contains a seem-
ingly heterogeneous set of pollen taxa whose known
occurrences are Coniacian to Santonian, Campanian, and
Maastrichtian. The pollen flora of the Girard sample from
subunit 2 suggests a latest Santonian(?) or earliest Campa-
nian age.

The available data do not provide an unequivocal age
for the Middendorf Formation. Two different ages may be
present, one representing undifferentiated pollen Zone V
and one slightly younger (perhaps correlative with the Shep-
herd Grove Formation in South Carolina).

Rare dinocysts in the Middendorf Formation from the
Millhaven core (1,212 ft, subunit 2) suggest a marginal
marine or very nearshore marine environment. The two
samples from the Girard core and the sample from the Mill-
ers Pond core lack marine palynomorphs.

BLACK CREEK GROUP

The Black Creek Group consists of sands and clays.
Although it is not differentiated into component formations
in this study, Falls and Prowell (this volume, chap. A) rec-
ognize three distinct subunits in the two most downdip (bas-
inward) cores. These subunits are recognized on the basis of
lag deposits and possible unconformities, but they cannot be
related directly to named formations of the Black Creek
Group that are recognized in South Carolina (Gohn, 1992).
The Black Creek Group was studied for palynomorphs in
the Millhaven, Girard, Thompson Oak, and Millers Pond
cores. The calcareous part of subunit 2 of the Black Creek

Group in the Millhaven core was studied for calcareous nan-
nofossils and ostracodes.

Subunit 1 of the Black Creek Group is probably
mid-Campanian, pollen Zone CA-4 (Wolfe, 1976), in the
Millhaven core (one sample, at 1,124.3-1,124.7 ft). Subunit
1 was not examined for pollen in the other cores (Frederik-
sen and others, this volume, chap. C).

The calcareous part of subunit 2 of the Black Creek in
the Millhaven core (1,077-968 ft) is dated by calcareous
nannofossils as late Campanian, calcareous nannofossil
Zone CC 22, based on the co-occurrence of Quadrum trifi-
dum (Stradner) Prins & Perch-Nielsen and Reinhardtites
anthophorus (Deflandre) Perch-Nielsen (Bukry, this vol-
ume, chap. D). The total range of the ostracode Haplo-
cytheridea sarectaensis Brown is limited to the upper part of
Zone CC 22 in the Millhaven core and in South Carolina
sections. Its highest occurrence can be used as a regional
marker that approximates the Campanian-Maastrichtian
boundary (Gohn, this volume, chap. E).

A distinctive dinoflagellate assemblage containing
Palaeohystrichophora infusorioides Deflandre, Xenascus
ceratioides (Deflandre) Lentin & Williams, Cordosphaerid-
ium fibrospinosum Davey & Williams, and Andalusiella spi-
cata (May) Lentin & Williams is found in and slightly
above subunit 2 in the Millhaven core (1,029.5-913.8 ft).
This dinoflagellate assemblage is used to assign a late Cam-
panian age to correlative sections containing this assem-
blage in the Girard (867.7-738.6 ft) and Thompson Oak
(505 ft) cores (Frederiksen and others, this volume, chap.
O).

Subunit 3 of the Black Creek Group in the Millhaven
core (one sample, at 849.3-849.6 ft) is dated as late Campa-
nian by dinocysts based on the presence of Palaeohystri-
chophora infusorioides Deflandre (Frederiksen and others,
this volume, chap. C).

In the Millers Pond core, the Black Creek Group is not
differentiated into subunits. One sample from 578 ft con-
tains pollen indicating a possible latest Santonian or earliest
Campanian age, or some poorly defined younger age. A sec-
ond sample from 517 ft contains pollen indicating an appar-
ent mid-Campanian age.

In the Millhaven and Girard cores, subunit 1 of the
Black Creek Group yielded only nonmarine palynomorphs,
whereas subunits 2 and 3 yielded both marine and nonma-
rine palynomorphs. In the Millhaven core, part of subunit 2
contains marine calcareous nannofossils and inner-neritic
ostracode assemblages. The two samples studied from the
Thompson Oak core were not assigned to a subunit but con-
tain marine palynomorphs. In the Millers Pond core, only
nonmarine palynomorphs were recovered in the Black
Creek Group (Frederiksen and others, this volume, chap. C).

Text continues on p. B14.
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Figure 2. Chart showing terminology that has been used for lithostratigraphic units in the
eastern United States and our interpretations of their chronostratigraphic correlations.
Mesozoic series and stages are from Burnett and others (1992) and Gradstein and others
(1995); the Tertiary series, subseries, and stages are from Berggren and others (1995).
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3Lithologic unit column for eastern Georgia is based on Prowell and others (1985).
4Column of Georgia Geologic Survey nomenclature for eastern Georgia is based on Huddlestun and Summerour (1996).
SThe column of names for this study of eastern Georgia shows separate entries for the Fourmile Branch Formation. the Congaree Formation, and the Warley Hill Formation. In

chapter A, these three formations are combined into one unit as all three formations are not consistently present in the five cores studied.
5South Carolina column is based on Van Nieuwenhuise and Colquhoun (1982), Frederiksen (1991). Gohn (1992), Fallaw and Price (1995), Self-Trail and Gohn (1996), and

Edwards and others (1997).
TNew Jersey column is based on Owens and others (1970, 1988). Litwin and others (1993), Self-Trail and Bybell (1995), Kennedy and others (1995), and Browning and others

(1997).

Figure 2. Continued.
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STEEL CREEK FORMATION

The Steel Creek Formation consists of multiple fining-
upward sequences of gravel, sand, and clay, in which many
of the clay beds are stained with iron oxide (Falls and Prow-
ell, this volume, chap. A). The formation was sampled
unproductively in the Millers Pond core and was not sam-
pled in the Girard and Thompson Oak cores. Ten samples
from the Millhaven core were examined for palynomorphs
(Frederiksen and others, this volume, chap. C).

The lowest Steel Creek samples contain pollen taxa
that were not found to range below this formation in the
Millhaven core. A new species, Momipites n. sp. 1, is known
only from the Maastrichtian. These samples are correlative
with middle or late Maastrichtian units in New Jersey, or
perhaps the unconformity below them. The sample at
830.3-830.5 ft contains a rather sparse dinoflagellate
assemblage that includes Spongodinium delitiense (Ehren-
berg) Deflandre (lowest occurrence is in the uppermost
Campanian in New Jersey). Samples at 768.8-769.0 and
733.2-733.3 ft contain long-ranging Cretaceous forms of
pollen, and a sample at 680.8-681.0 ft is barren of palyno-
morphs and contains only plant debris. Samples from the
correlative interval (based on geophysical logs) in the C-10
core (Allendale County, S.C.) yielded nonmarine assem-
blages dated as Maastrichtian (Joyce Clark, 1989, written
commun. to the South Carolina Water Resources Commis-
sion). Thus, a combination of pollen and dinoflagellate data
suggests that the Black Creek Group-Steel Creek Formation
boundary approximates the Campanian-Maastrichtian
boundary in the Millhaven core.

The lowest Steel Creek sample in the Millhaven core
contains a few marine dinoflagellates. No marine fossils
were recovered higher in the unit.

ELLENTON FORMATION

The Ellenton Formation consists of sands and clays
that are partly glauconitic and calcareous in the Milthaven
core (most basinward) and lignitic in the Millers Pond core
(Falls and Prowell, this volume, chap. A). This unit was
studied for calcareous nannofossils, foraminifers, and
marine and nonmarine palynomorphs in the Millhaven core.
It was studied for palynomorphs in the Girard, Thompson
Oak, and Millers Pond cores. A very thin lower Paleocene
(Danian) section is present in at least three of the Georgia
cores. Most of the Ellenton is early late Paleocene (Selan-
dian). Two samples in the Millhaven core are middle late
Paleocene (Thanetian).

In the Millhaven core, the Ellenton yields three distinct
calcareous nannofossil zones: NP 4 (early Paleocene,
639.6-635.4 ft), NP 5 (early part of the late Paleocene,
631.3-579.2 ft), and NP 8 (middle part of the late Pale-
ocene, 578.0-577.2 ft) (Bybell, this volume, chap. F).

Although calcareous nannofossil Zone NP 4 includes both
early and late Paleocene time, dinocysts and planktonic for-
aminifers indicate that only the early Paleocene part of the
zone is present in this core. Two samples from the Girard
core were examined for calcareous nannofossils; both
proved barren.

A distinctive early Paleocene dinocyst assemblage that
includes Carpatella cornuta Grigorovich, Spinidinium pul-
chrum (Benson) Lentin & Williams, Tectatodinium rugula-
tum (Hansen) McMinn, and Tenua sp. cf T. formosa of
Kurita and MclIntyre (1995) is present in the lowest Ellenton
in the Millhaven core (one sample at 639.5 ft), the Girard
core (521.2-517.9 ft, questionably to 514 ft), and the Mill-
ers Pond core (one sample at 252-257 ft). In the Millhaven
core, the late Paleocene dinoflagellate assemblage includes
Palaeoperidinium pyrophorum (Ehrenberg) Sarjeant and
Fibradinium annetorpense Morgenroth in the highest sam-
ple (571 f1).

Early Paleocene (Danian) pollen was identified in the
Millers Pond core in the lowest Tertiary sample (252-257
ft). In the Girard core, the pollen assemblage in one of the
Ellenton samples (521.0-521.2 ft) consists of species that
normally do not occur together. Although alternative inter-
pretations are possible, contamination from above into
lower Paleocene material is most likely. In the Thompson
Oak core, pollen at 302 ft depth could be either late early or
early late Paleocene. Late Paleocene pollen was found in six
samples in the Millhaven core (620.8-571.0 ft) and in the
Thompson Oak core (281 ft). In the McBean core, the
Ellenton was barren of pollen (Frederiksen, this volume,
chap. H).

In the Ellenton of the Millhaven core, five intervals
with differing foraminiferal assemblages are present: (1) a
highly altered, low-diversity assemblage of early, but not
earliest, Paleocene age, planktonic foraminiferal Zone Pl
(636.8 ft); (2) an assemblage containing apparent mixing of
specimens from lower Paleocene beds with early late Pale-
ocene specimens (631.3 ft); (3) an assemblage suggesting
normal productivity and oxygen levels with a probable
water depth range of 100 to 200 ft (628.7 ft); (4) an assem-
blage suggestive of water depths of less than 100 ft but hav-
ing high-productivity or low-oxygen conditions or both
(621.2-599.1 ft); and (5) an assemblage suggestive of water
depths of less than 100 ft with normal marine oxygen condi-
tions (593.7-581 ft). Age-diagnostic planktonic foramini-
fers are present only in the lowest part of the Ellenton, but
benthic species and immature planktonic species are present
throughout (Gibson, this volume, chap. I).

SNAPP FORMATION
The Snapp Formation consists of a lower sand-domi-

nated part and an upper clay-dominated part. The formation
was studied for palynomorphs in the Millhaven and
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McBean cores. No samples from the Snapp Formation were
taken from the Millers Pond and Girard cores, and the for-
mation is absent from the Thompson Oak core. In the
McBean core, where the Snapp Formation consists only of
sand with no overlying kaolin, nonmarine palynomorphs are
present (Frederiksen, this volume, chap. H). The overlap-
ping ranges of pollen taxa in the one productive sample (254
ft) indicate an age no older than earliest late Paleocene and
no younger than middle late Paleocene age (Selandian or
Thanetian).

A single Snapp sample in the Millhaven core (564-565
ft) yielded rare dinocyst fragments that are not age diagnos-
tic but indicate at least marginally marine conditions
(Edwards, this volume, chap. G).

FOURMILE BRANCH FORMATION

The Fourmile Branch Formation, a medium to coarse
sand, was recognized only in the Girard and Thompson Oak
cores (Falls and Prowell, this volume, chap. A). It was
examined for palynomorphs in these cores.

A distinctive dinocyst assemblage, containing both
Hafniasphaera goodmanii Edwards and primitive forms of
Pentadinium favatum Edwards, was found in the Fourmile
Branch Formation in the Thompson Oak core. Homotryb-
lium abbreviatum Eaton is also present. These species are
also found in the lower part of the Tallahatta Formation in
Alabama and thus suggest correlation with lower Eocene
calcareous nannofossil Zones NP 12 or NP 13. Sediments in
the Fourmile Branch Formation in the Girard core contain
Dracodinium varielongitudum (Williams & Downie) Costa
& Downie and Homotryblium tenuispinosum Davey & Will-
iams and are probably of early Eocene age as well
(Edwards, this volume, chap. G).

Pollen from the Fourmile Branch Formation indicates
an early Eocene age, or possibly early middle Eocene, in the
Girard core. The dinocysts present indicate that sediments
from the Fourmile Branch Formation are marine.

CONGAREE FORMATION

The Congaree Formation consists of quartz sand, marl,
and limestone. Samples from the Congaree Formation were
studied for calcareous nannofossils, foraminifers, and
palynomorphs from the Millhaven core and for
palynomorphs in the Girard, Thompson Oak, Millers Pond,
and McBean cores.

In the Milihaven core, the Congaree Formation yields
calcareous nannofossils that are placed in Zone NP 14
(early and middle Eocene, 497.4-473.5 ft); the uppermost
sample (465.5 ft) could be either NP 14 or NP 15 (middle
Eocene) (Bybell, this volume, chap. F).

Two distinctive dinocyst assemblages, both of early
middle Eocene age, can be recognized in the Congaree

Formation in the studied cores (Edwards, this volume, chap.
G). Both assemblages contain Pentadinium favatum
Edwards. One assemblage, which contains Turbiosphaera
cf. 1. galatea Eaton, is found in the lower part of the
Congaree Formation in the Millhaven core (498.5-473.5 ft),
the Thompson Oak core (231.5 ft), and the Millers Pond
(165 ft) core. The dinocysts in this assemblage appear to be
correlative with those in the upper part of the Tallahatta
Formation in Alabama and unit E3 of Prowell and others
(1985) in Georgia. A second assemblage, which contains
Glaphyrocysta cf. G.? vicina (Eaton) Stover & Evitt, is
found in the Millhaven core at 466 ft and also in the Girard
(362.3-327.3 ft) and Thompson Oak (194-183.5 ft) cores.
This assemblage is correlative with that from the lower part
of the Lisbon Formation in Alabama.

Pollen studies of the Congaree yielded generally broad
age possibilities: early or middle Eocene in the Millhaven
core and correlative with calcareous nannofossil Zone NP
12 to early NP 16 in the Thompson Oak core (Frederiksen,
this volume, chap. H).

Foraminifers from the Congaree Formation in the Mill-
haven core indicate a middle Eocene age and generally indi-
cate a water depth of approximately 100 ft. A single sample
at 481 ft indicates much deeper water, approximately 300 ft
(Gibson, this volume, chap. I).

WARLEY HILL FORMATION

The Warley Hill Formation, a sandy limestone, was
recognized only in the Millhaven core (Falls and Prowell,
this volume, chap. A). It was studied for calcareous nanno-
fossils, foraminifers, and palynomorphs.

Most samples from the Warley Hill Formation in the
Millhaven core (458.1-413.0 ft) are assigned to the middle
Eocene calcareous nannofossil Zone NP 15. The lowest
sample (462 ft) could be either NP 14 or NP 15, and the
highest sample (404 ft) could be either NP 15 or 16. Preser-
vation in all samples is fair or poor.

The dinocyst assemblage from the Millhaven samples
at 442 and 413 ft contains both Pentadinium goniferum
Edwards and P. favatum Edwards. These two species are
found together only in sediments from a narrow interval in
the middle Eocene that is probably correlative with the mid-
dle part of the Lisbon Formation in Mississippi and with an
unconformity or condensed interval within the Lisbon For-
mation in Alabama (Edwards, this volume, chap. G). These
species were observed to overlap in part of unit E4 of Prow-
ell and others (1985).

Foraminifers from samples at 455 and 426.5 ft in the
Millhaven core were probably deposited in 100-ft water
depth or slightly deeper, whereas those in samples at 413
and 404 ft in the core were probably deposited in less than
100 ft of water (Gibson, this volume, chap. I).
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SANTEE LIMESTONE

The Santee Limestone consists primarily of limestone
and unlithified carbonate sediments with a few beds of cal-
careous sand and clay (Falls and Prowell, this volume, chap.
A). Samples from the Santee were studied for calcareous
nannofossils, foraminifers, and palynomorphs from the
Millhaven and Millers Pond cores and for palynomorphs
from the Girard, Thompson Oak, and McBean cores.

In the Millhaven core, the samples from 400.0-370.9 ft
have poorly preserved calcareous nannofossil assemblages
and could be in Zones NP 15, 16, or 17 (middie Eocene).
Beginning at 368.0 ft and continuing to the top of the forma-
tion, calcareous nannofossils indicate late middle Eocene
Zone NP 17. The Santee Limestone in the Millers Pond core
contains Eocene calcareous nannofossils that are not very
age diagnostic. The Santee Limestone was not studied for
calcareous nannofossils in the other three cores because of
the anticipated poor assemblages (Bybell, this volume,
chap. F).

In the Millhaven core, dinocyst samples have poor
recovery in the lower part of the Santee Limestone but have
abundant and distinctive assemblages above 346 ft that are
typical of the late middle Eocene, correlative with the upper
part of the Lisbon Formation in Alabama and perhaps the
Gosport Formation. In the Girard, Thompson Oak, Millers
Pond and McBean cores, the Santee Limestone contains late
middle Eocene dinocyst assemblages similar to those found
in the Millhaven core (Edwards, this volume, chap. G).

Foraminifera from the Millhaven and Millers Pond
cores indicate a middle Eocene age, and most samples con-
tain the distinctive benthic species Cibicides westi Howe
(Gibson, this volume, chap. I).

The Santee Limestone contains only poorly dated pol-
len (Frederiksen, this volume, chap. H).

Foraminifers indicate paleo-water depths of 100 to 200
ft in the lower part of the Santee Limestone and less than
100 ft in its upper part in the Millhaven core and water
depths of less than 100 ft in the Millers Pond core (Gibson,
this volume, chap. I).

BARNWELL UNIT

The Barnwell unit is a mixed lithologic sequence of
sandy limestone, marl, clay, and sand. It is treated as a unit,
although unconformities can be recognized within it (Falls
and Prowell, this volume, chap. A). Sediments of the unit
are poorly fossiliferous. The unit was sampled in the Mill-
haven core for calcareous nannofossils and palynomorphs
and in the Girard core for palynomorphs only. Sediments of
the Barnwell unit from the Thompson Oak, Millers Pond,
and McBean cores either were not sampled in this study or
did not contain palynomorphs.

In the Millhaven core, nannofossil samples from 225.9
to 168.5 ft are late Eocene (Zone NP 19/20). Samples from
118.0 to 95.0 ft are questionably dated as Zone NP 21 (latest
Eocene or earliest Oligocene).

Dinocysts from Millhaven samples at 216.5, 210, and
205 ft are most likely of late Eocene age, and the two upper
samples suggest correlation with the upper Eocene Yazoo
Clay in Alabama and the Harleyville and Parkers Ferry For-
mations in South Carolina. Samples at 195, 118, and 105 ft
were barren of dinocysts. In the Girard core, the sample at
211.1-211.3 ft contains dinocyst species that suggest a late
Eocene age. The sample at 146.7 ft contains a very sparse
and nondiagnostic dinocyst assemblage, and samples at 104
and 64 ft were barren of dinocysts.

Most samples from the Barnwell unit yielded marine
calcareous microfossils and marine palynomorphs. The for-
aminiferal assemblage suggests shallow-marine environ-
ments, probably in the deeper portion of the 0- to 100-ft
depth interval.

SUMMARY AND IMPLICATIONS

The Cape Fear Formation, where studied, is of proba-
ble Coniacian age and is nonmarine.

The available data do not provide an unequivocal age
for the Middendorf Formation. Two different ages may be
present, one representing undifferentiated pollen Zone V
(late Coniacian and Santonian) and one slightly younger
(latest Santonian(?) and early Campanian, perhaps
correlative with the Shepherd Grove Formation in South
Carolina). The possibility of similar lithofacies representing
different ages should be considered and investigated further.
Most of the Middendorf Formation is nonmarine. Rare
dinocysts in a single sample from the Millhaven core (1,212
ft, subunit 2) suggest a marginal marine or very nearshore
marine environment.

The Black Creek Group is dated as Campanian. It is
nonmarine in its lower part (subunit 1). In all but the most
updip core, the Black Creek Group includes marine fossils
in its upper part (subunits 2 and 3). Subunit 2 contains ostra-
codes correlative with those in the Donoho Creek Forma-
tion, the highest formation in the Black Creek Group in
central South Carolina (Gohn, 1992). Subunit 3 may repre-
sent deposition in Georgia that has no counterpart in central
South Carolina.

The Steel Creek Formation is Maastrichtian in the
Millhaven core. It contains a few marine dinoflagellate cysts
near its base; no marine fossils were recovered higher in the
unit.

The placement of the Cretaceous-Tertiary boundary in
all cores is, of necessity, based on the lithostratigraphy
(Falls and Prowell, this volume, chap. A). Thick undated
intervals are found between the Maastrichtian of the Steel
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Creek Formation or Campanian of the Black Creek Group
and the Danian of the Ellenton Formation.

A very thin lower Paleocene (Danian) section is
present at the base of the Ellenton Formation in at least three
cores. Most of the Ellenton Formation is early late Pale-
ocene (Selandian). Two samples in the Millhaven core are
middle late Paleocene (Thanetian). The oldest Paleocene
material contains a significant component of planktonic for-
aminifers and, thus, represents deeper water deposition than
the remainder of the Ellenton Formation.

The Snapp Formation is present in varying thicknesses
in four of the five cores and is dated as late Paleocene
(Selandian or Thanetian). It is mostly nonmarine. A single
sample from the Millhaven core yielded dinocyst fragments
that indicate marginally marine conditions.

The Snapp Formation is conspicuously absent from the
Thompson Oak core, and the upper kaolinitic part is not
present in the McBean core. Because the Snapp Formation
is present in the most updip cores, it was probably also
present in the Thompson Oak area originally but subse-
quently removed. Faulting is well documented in South
Carolina (Snipes and others, 1993), but the Thompson Oak
core is located on the downthrown side of the Pen Branch
fault (Huddlestun and Summerour, 1996). We suggest that
erosion by a predecessor to the Savannah River should be
considered and investigated further.

The Fourmile Branch Formation is early Eocene and is
only found in the Thompson Oak and Girard cores. Erosion
of the underlying Snapp Formation in the Thompson Oak
core may have facilitated preservation of these early Eocene
sediments. The presence of dinocysts indicates that sedi-
ments from the Fourmile Branch Formation are marine.

The Congaree Formation is of middle Eocene age. It
contains two recognizable dinocyst assemblages that are
roughly equivalent to those from the upper part of the Talla-
hatta Formation and from the lower part of the Lisbon For-
mation of the Gulf Coast. Foraminifers from the Congaree
Formation in the Millhaven core generally indicate a water
depth of approximately 100 ft; a single sample at 481 ft
indicates much deeper water, approximately 300 ft.

The Warley Hill Formation, a marine unit of middle
Eocene age, is recognized only in the Millhaven core. Fora-
minifers from samples at 455 and 426.5 ft in the Millhaven
core were probably deposited in 100-ft water depth or
slightly deeper; whereas those from higher samples were
probably deposited in less than 100 ft of water.

The Santee Limestone is of late middle Eocene age. It
contains calcareous fossils even in the most updip cores.
Not surprisingly, the paleo-water depth increases basinward.
In the Millers Pond core, inferred depths are less than 100 ft
throughout the unit; in the Millhaven core, inferred depths
range from 100 to 200 ft in the lower part of the formation
and are less than 100 ft near the top.

Sediments of the Barnwell unit are poorly fossilifer-
ous. Where they can be dated, they are late Eocene to ques-
tionably early Oligocene. Most samples are shallow marine.
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GEOLOGY AND PALEONTOLOGY OF FIVE CORES FROM
SCREVEN AND BURKE COUNTIES, EASTERN GEORGIA

Palynomorph Biostratigraphy and Paleoecology of
Upper Cretaceous Sediments from Four Cores from
Screven and Burke Counties, Georgia

By Norman O. Frederiksen, Lucy E. Edwards, and Ronald J. Litwin

ABSTRACT

Fifty-two Upper Cretaceous samples were examined
for palynomorphs (pollen grains and dinoflagellates) from
four cores (Millhaven, Girard, Thompson Oak, and Millers
Pond) from Screven and Burke Counties, Georgia. Two pol-
len-bearing samples from the Cape Fear Formation of the
Millers Pond core are both of Coniacian or early Santonian
age.

Three pollen-bearing samples were obtained from the
overlying Middendorf Formation of the Millhaven and
Girard cores; one of them is Coniacian or Santonian, one
apparently is latest Santonian(?) or earliest Campanian, and
one sample is of uncertain age. Dinoflagellate data indicate
that the Middendorf Formation in the Millhaven core repre-
sents, at least in part, marginal or very nearshore marine
conditions, whereas the Middendorf of the updip Girard
core appears to be entirely nonmarine.

Seven samples from the Black Creek Group (overlying
the Middendorf Formation) of the Millhaven, Girard, and
Millers Pond cores had usable pollen assemblages, and
these are mid-Campanian to possibly Maastrichtian. Marine
strata, particularly in the middle part of the Black Creek
Group in the Millhaven, Girard, and Thompson Oak cores,
contain late Campanian dinoflagellates. The Black Creek
Group in the Millhaven core represents (in upward
sequence) marginal or very nearshore marine conditions
(subunit 1) and normal marine to nearshore marine condi-
tions (subunits 2 and 3). The Black Creek in the more updip
Girard core represents nonmarine, then nearshore marine,
then nonmarine deposition. Two samples from the Black
Creek Group in the still more updip Thompson Oak core
represent, in ascending order, apparent nonmarine and near-
shore marine paleoenvironments, respectively.

Five pollen-bearing samples from the Steel Creek For-
mation (overlying the Black Creek Group) of the Millhaven

core appear to be Maastrichtian in age. One sample from the
Steel Creek Formation may have at least marginal-marine
dinoflagellates. All Cretaceous samples from the most
updip Millers Pond core lack dinoflagellates.

INTRODUCTION

At the Savannah River Site (SRS) in Aiken, Barnwell,
and Allendale Counties, S.C. (fig. 1), various hazardous
materials have been manufactured, disposed of, and stored
since the early 1950’s. The U.S. Geological Survey, in coop-
eration with the U.S. Department of Energy and the Georgia
Geologic Survey of the Georgia Department of Natural
Resources, is conducting a study of the subsurface geology,
hydrology, and water quality in the vicinity of the SRS with
the goal of understanding the present and possible future
ground-water flow in the aquifers of the area.

Many test holes have been drilled in Georgia and
South Carolina to study the flow of ground water in the SRS
region (Aadland, 1992; Harris and others, 1992; Strom and
others, 1992; Clarke, 1993; Gellici and Logan, 1993; Clarke
and others, 1994, 1996; Clarke and West, 1994; Leeth and
others, 1996). The Cretaceous and Cenozoic aquifers are
difficult to correlate from area to area because of structural
movement and rapid facies changes. Some biostratigraphic
research has been completed toward the goal of correlating
aquifers between some of the test holes (for example, Prow-
ell, Edwards, and Frederiksen, 1985; Edwards, 1992;
Edwards and Clarke, 1992; Edwards and Frederiksen, 1992;
Lucas-Clark, 1992; Falls and others, 1993, 1997; Clarke and
others, 1994, 1996; Leeth and others, 1996; Edwards and
others, 1997), but much biostratigraphic study remains to be
done in the region.

Palynomorphs are abundant and well-preserved fossils
in some of the Cretaceous subsurface sediments in the SRS
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Figure 1. Index map showing the Savannah River Site and

locations of stratigraphic test holes in the study area.

region. Palynomorphs include pollen grains and spores from
terrestrial plants as well as the cysts—or in a few cases, per-
haps thecae—of mainly marine dinoflagellates. The purpose
of this paper is to use Cretaceous palynomorphs in core
samples to provide biostratigraphic and paleoenvironmental
data on both marine and nonmarine sediments in the area.
The core samples were taken from four Georgia test holes
(Millhaven, Girard, Thompson Oak, Millers Pond) in
Screven and Burke Counties, Ga., directly across the Savan-
nah River from the SRS. Table 1 summarizes the number of
samples examined from each stratigraphic unit in each test
hole.
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MATERIAL AND METHODS

The core samples discussed in this paper were cleaned
and scraped and then treated in hydrochloric acid and
hydrofluoric acid to remove carbonate and silicate material,
respectively. Samples were then oxidized in nitric acid and
centrifuged in laboratory detergent to remove fine debris.
Sample residues were stained in Bismark brown and
screened on 8- or 10-micrometer (um) sieves for pollen and
on 20-um sieves for dinoflagellates. The residues were
swirled in a watch glass and mounted on slides in glycerin
jelly for light-microscope observation.

In table 2, which shows the slide numbers and micro-
scope coordinates of photographed pollen specimens, the
slide designations show the sample number with the slide
number in parentheses. Coordinates locate the specimens on
Leitz microscope 871956 at the U.S. Geological Survey,
Reston, Va. On this microscope, the coordinates for the cen-
ter point of a standard 25.4x76.2-millimeter (mm) slide are
38.8 and 102.5 for the horizontal and vertical axes. The hor-
izontal coordinates increase toward the right edge of the
stage, and the vertical coordinates increase toward the front
of the stage.

The slide numbers and microscope coordinates of pho-
tographed dinoflagellates (table 3) locate the specimens on
Olympus Vanox microscope 201526 at the U.S. Geological
Survey, Reston, Va. On this microscope, the coordinates for
the center point of a standard 25.4x76.2-mm slide are 27.5
and 112.7 for the vertical and horizontal axes. The vertical
coordinates increase as the stage is moved up, and the hori-
zontal coordinates increase as the slide is moved from left to
right.

All palynological slides are stored at the U.S. Geologi-
cal Survey, Reston, Va.

LITHOSTRATIGRAPHY AND
PREVIOUS BIOSTRATIGRAPHY

Details of the geologic framework are presented else-
where (Falls and Prowell, this volume, chap. A). Falls and
Prowell recognize three formations and one group within
the Cretaceous, and their terminology and correlations are
followed here. The Cape Fear Formation is the lowermost
unit studied and consists of partially lithified to unlithified,
poorly to very poorly sorted clayey sand and sandy clay. It is
overlain by the Middendorf Formation, a poorly consoli-
dated, poorly sorted sand that contains thin clay beds; Falls
and Prowell (this volume, chap. A) divide the Middendorf
into two informal subunits. Above the Middendorf Forma-
tion, Falls and Prowell (this volume, chap. A) recognize the
Black Creek Group, which they divide into three informal
subunits that do not coincide with named formations that
have been studied elsewhere. The uppermost Cretaceous
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Table 1. Pollen and dinoflagellate occurrences in samples from the Upper Cretaceous units of the Millhaven,
Girard, Thompson Oak, and Millers Pond cores, Screven and Burke Counties, Georgia.

[Sample depths are in feet below land surface. Symbols in the last four columns are defined next.

P (pollen) column: Y (yes), sample contains pollen that is biostratigraphically useful; N (no), sample contains pollen that is not
biostratigraphically useful; C, sample contains contaminants only; o, pollen was observed in the sample but not studied.

D (dinoflagellate) column: Y (yes), has dinoflagellates; C, has only contaminant dinoflagellates; o, dinoflagellates were
observed in the sample but not studied.

B (barren) column: X, sample is barren of all palynomorphs.

ND (no dinoflagellates) column: X, sample was examined for dinoflagellates, but none were found; however, at least some pol-
len was observed in the sample]

Sample Depth

R number (ft) Unit (subunit) P D B ND
Millhaven core, Screven County, Ga.
R4664 CG ----nnrnrenn 680.8-681 Steel Creek X
R4664 CF ------------ 733.2-733.3 Steel Creek Y - - X
R4664 FG ------n---- 755-755.3 Steel Creek C Y2C - -
R4664 GB ------------ 755.3-755.6 Steel Creek C C - -
R4664 CE ------------ 768.8-769 Steel Creek - - X -
T Y Y S—— 769.0-769.3 Steel Creek Y
R4664 FF------senn-m- 789.7-790 Steel Creek - - X -
TN ) o —— 824.1-824.4 Steel Creek Y X
R4664 DA -- - 829.5-829.8 Steel Creek Y - - -—-
R4664 CD-- 830.3-830.5 Steel Creek Y Y - -
R4664 CC -- 849.3-849.6 Black Creek Group (3) N Y
R4664 CB 013.8-914.2 Black Creek Group (3) Y Y - -
R4664 FD ------------ 941.7-941.9 Black Creek Group (2) Y Y - -
R4664 BB ------------ 1029.5 Black Creek Group (2) Y Y --- -
R4664 CA --—-------- 1124.3-1124.7 Black Creek Group (1) Y Y - -
JITYY.: Y N— 1212 Middendorf (2) Y Y
Girard core, Burke County, Ga.
R4705 BH -—-----—----- 720.3-720.5 Black Creek Group (3) o — - X
R4705 BG------------ 738.3-738.6 Black Creek Group (2) Y Y - -
R4705 CE --—-—----—- 784-784.3 Black Creek Group (2) o Y - -
R4705 CD------------ 799.7-799.9 Black Creek Group (2) o o - -
R4705 CC -----mmmmm- 822.8-823 Black Creek Group (2) 0 0 - -
R4705 CB -- 834.6-834.8 Black Creek Group (2) o Y - -
R4705 CA -- 859.5-859.8 Black Creek Group (2) o - -—- ---
R4705 BF -- 868.5-868.7 Black Creek Group (2) o Y .- -
R4705 BE 883.5-883.8 Black Creek Group (2) o - --- X
R4705 DD----~-----— 910-910.5 Black Creek Group (1) o - -— X
R4705 BD----~------- 924.8-925.2 Black Creek Group (1) o --- - X
R4705 BC —----———- ca. 960? Middendorf (2) - -— X ---
R4705 DC ----=----—-- 993.5-994 Middendorf (2) --- --- X -
R4705 BA ------------ 1012-1012.3 Middendorf (2) Y - - X
R4705 DB-- 1013 Middendorf (2) o - - X
R4705 AC -- 1025.8-1026.2 Middendorf (2) o - - X
R4705 DA - 1046.6-1047 Middendorf (2) o - - X
R4705 AB-- - 1063 Middendorf (1) - - X -
R4705 AA----~-—-- 1138-1139 Middendorf (1) Y - --- X
Thompson Oak core, Burke County, Ga.
R4836 B -----ma-mmemm- 505 Black Creek Group o Y - -
R4836 A ----mmemmeme- 561 Black Creek Group o Y - -
Millers Pond core, Burke County, Ga.
282-287 Steel Creek -—- - X -
332-337 Black Creek Group - -—- X -—
397-402 Black Creek Group - - X -
447-453 Black Creek Group - - X -
481 Black Creek Group - - X --
497.5 Black Creek Group - - X -—-
517 Black Creek Group Y — - -
557.5-558 Black Creek Group N - - -—
578 Black Creek Group Y - -—- -
R4581 F ---- 608 Middendorf - -— X -
R4581 E - 662671 Middendorf - - X -
R4581 D---- 778 Cape Fear - -~ X -~
797-802 Cape Fear Y — — -
827-832 Cape Fear Y - - -

847-852 Cape Fear - -— X -
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Table 2. Coordinates of photographed pollen specimens on Leitz microscope 871956 at the U.S. Geological Survey, Reston, Virginia.

Figure Sample R no. (slide no.) Coordinates Figure Sample R no. (slide no.) Coordinates
Plate 1 Plate 3
1 e R4705 AA(S) 60.6 x 94.9 e e R4705 AA(S) 58.0x96.8
2 e R4664 DA(3) 56.3 X 103.0 e R4664 CA(6) 53.7x102.5
3 R4664 FE(1) 55.5%x103.0 B R4664 CA(6) 60.4 x 94.7
e EE R R4581 I(5) 55.2 x 108.0 4, 5o R4664 CA(6) 66.4 % 101.6
S e R4664 FE(1) 50.1 x105.2 6, T-—-mmmmmmmmmm e R4581 C(1) 51.8 x102.6
6, 7 —-mmmmmmmmme - R4664 DA(3) 32.1x109.9 8o R4581 C(1) 54.6x102.3
R R4664 CD(4) 65.3x100.3 L e e R4581 I(5) 61.4x101.9
Q e R4664 DA(3) 56.5x112.1 10, 11---=mmmmmmmemeeo R4581 1(5) 58.0%x99.2
10 - R4664 FE(1) 58.6x110.3 12 oo R4664 GA(1) 56.2x 111.0
| R4664 DA(3) 54.0 x 107.8 13 - R4664 GA(1) 54.0x101.2
12 - R4664 FE(1) 60.6 X 95.7 14, 15-——-mrmmmeem e R4705 BG(4) 62.1 X 94.8
13 e R4705 BG(4) 50.2x994 16~ R4664 GA(1) 51.8x 108.4
14 e R4664 FD(1) 59.5x96.4 Plate 4
15, 16 ~--mmemmeeeeee- R4664 DA(3) 54.8 x 101.7 J B R4664 DA(3) 33.3x%x101.2
17~ R4664 GA(1) 55.1x102.1 B R4581 1(5) 59.6 x 106.6
18 -~ R4664 CA(6) 54.8 x99.8 R R4705 BA(4) 58.3x94.6
19-21 - R4664 GA(1) 62.3 x105.1 B e e R4705 BA4) 60.6 X 100.9
Plate 2 6mm e R4581 C(1) 56.7 x 103.0
1 - R4664 FD(1) 499 x110.3 B R e R4664 GA(1) 53.0x93.8
2 e R4664 DA(3) 52.7%95.8 8omm e R4705 AA(S) 61.9 x 107.6
3,4 e R4664 FD(1) 52.2x105.8 L e e R4705 BA(4) 60.0 x 102.4
S - R4581 1(5) 56.5x111.5 10, 11---—mmmmmmeemeee R4705 BA(4) 399x111.6
6, 7~ R4664 GA(1) 57.2%x99.0 L B R4705 AA(S) 49.6 x97.3
8 - R4581 C(1) 56.5x95.2 14, 15---mcmomrmmeae- R4664 DA(3) 34.8 x 105.8
Q e R4581 C(1) 60.5x95.3 Plate 5
10 - R4581 B(1) 459 %973 | et e R4705 BG(4) 52.4%103.1
11 e - R4705 BA(4) 50.2 x 106.2 2o R4664 BB(5) 54.8 x98.3
12 s R4581 C(1) 57.0x94.2 B R4664 BB(5) 57.5x111.4
13 e R4581 C(1) 54.6 x99.1 4, S R4705 BG(4) 61.2x110.5
14 oo R4664 CA(6) 64.1 X 104.4 6, T--mmmmmmmm e R4705 AA(S) 60.5 % 97.8
15 e R4581 B(1) 52.5%x95.2 8, 9-~-mmmmmmmm e R4664 FE(1) 58.5x98.7
16~ R4664 FD(1) 512x107.4 10, 11~ R4664 CD(4) 50.3 x 107.7
17-19 e R4581 B(1) 56.3x97.3 12, 13cmmmemem e R4664 CD(4) 55.7x112.1
20 —mmmemm e R4664 CA(6) 42.8x93.3 14— e R4705 BA(4) 38.7 % 99.5
2] e R4581 C(1) 58.5x102.6

unit, where present, is the Steel Creek Formation, a poorly
sorted sand and clay.

In this paper, age determinations for samples from the
Upper Cretaceous of Georgia are made using pollen and
dinoflagellate taxa. The chronostratigraphic ranges of these
fossils are known on the basis of previous work mainly in
the Middle Atlantic States. European stage assignments and
ages of Upper Cretaceous formations in New Jersey (fig. 2)
are based primarily on calcareous nannofossil correlations,
but the relation between calcareous nannofossil zones and
European stages is subject to revision. Here, we use the
boundary proposals summarized by Burnett (1996) from the
Second Symposium on Cretaceous Stage Boundaries, Brus-
sels, 1995.

Of particular importance to our work is the placement
of the Campanian-Maastrichtian boundary at the first
appearance datum of the ammonite Pachydiscus neuber-
gicus (von Hauer) in the Teras Quarry, France. This bound-
ary position is stratigraphically higher (younger) than some
previous interpretations of the boundary. When this bound-
ary is correlated using nannofossil and foraminiferal zones,
some strata that were previously considered to be Maas-
trichtian should now be considered to be upper Campanian.
For example, the Mount Laurel Formation of New Jersey
was considered by some earlier authors (for example, Ols-
son and others, 1988; Aurisano, 1989) to be lower Maas-
trichtian. However, the Mount Laurel Formation has been
assigned to calcareous nannofossil Zone CC 22 (Self-Trail
and Bybell, 1995; Sugarman and others, 1995), and Burnett
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Table 3. Coordinates of photographed dinoflagellate and acritarch specimens on Olympus Vanox microscope 201526 at the U.S.

Geological Survey, Reston, Virginia.

Figure Sample R no. (slide no.) Coordinates Figure Sample R no. (slide no.) Coordinates
Plate 6 Plate 7—Continued
1 e R4705 BG(3) 32.8 x 100.0 R R4664 BA(4) 26.7 x 84.3
2 oo R4664 BB(4) 30.1x97.8 4 e R4664 BA(4) 30.7x94.2
3 R4705 BF(3) 35.5 % 86.9 S R4664 BB(4) 23.3x99.6
4 s R4664 BB(4) 26.4 x 96.1 (S R4705 CB(4) 33.3x80.2
5 mmmemm e R4664 CB(3) 37.0x 83.5 P R4664 CD(3) 22.3x106.7
6 - R4705 BF(2) 32.5%99.2 8,9 - R4705 CB(4) 30.2 x 89.0
7 - R4705 BG(3) 29.2x72.0 10---~=-smmmmmeam R4664 CA(4) 36.8 x76.4
R et R4664 BB(4) 24,2 x99.7 | R4664 BB(4) 36.0x108.0
Q mmmmme R4664 BB(4) 24.4x77.5 12 mmeeeeee R4705 BF(2) 26.1x72.0
10--memmmemem - R4664 CB(4) 20.3x 105.2 R R4705 BG(3) 30.1x72.1
R R4705 BG(3) 37.1x101.5 14 R4705 BG(3) 36.0 x 103.7
12 R4705 BF(2) 25.6 x90.8 15— R4664 CA(4) 35.8 x102.0
) R4705 BF(2) 34.4x 69.6 e R4664 CA4) 32.3x73.7
14-mmmmceeee R4664 CB(3) 34.8x95.9 N R4664 CB(3) 32.7x100.5
15— R4705 BF(2) 20.0 x 105.3 18 -=-omm e R4664 BB(4) 28.7x95.9
16-----mmemeeee- R4705 BG(3) 31.7x 108.9 19 e R4836 B(3) 30.3x77.4
Plate 7 20 -m-m e e R4664 BB(4) 28.7x97.8
1 ememmee e R4705 BF(2) 32.5x 844 A R4705 CB(4) 322x81.4
p R4664 BA(4) 37.1x73.6

(1996) placed the Campanian-Maastrichtian boundary
within the lower part of Zone CC 23; therefore, we agree
with Self-Trail and Bybell (1995) and Sugarman and others
(1995) in assigning the Mount Laurel Formation to the
upper Campanian (fig. 2).

Sugarman and others (1995) provided nannofossil
zonal assignments for the Navesink Formation and for the
lower part of the Red Bank Sand of New Jersey. Self-Trail
and Bybell (1995) gave nannofossil zonal assignments for
the Merchantville, Englishtown, Marshalltown, Mount Lau-
rel, and Navesink Formations. Self-Trail and Bybell pre-
sented these stage assignments in terms of Perch-Nielsen’s
(1985) calcareous nannofossil zonation, but Self-Trail (writ-
ten commun., 1996) has translated her zonal assignments
into the zonal and stage scheme of Burnett (1996), which is
followed here.

European stage assignments of Upper Cretaceous for-
mations in the Gulf Coast were summarized by Sohl and
others (1991) on the basis mainly of mollusk, planktonic
foraminiferal, and calcareous nannofossil data. Tschudy
(1973, 1975) and Christopher (1982b,c) instead used pollen
taxa to correlate these Gulf Coast stratigraphic units with
those of the Atlantic Coastal Plain and of Europe.

The standard pollen zonation for the Upper Cretaceous
of the Gulf and Atlantic Coastal Plains (fig. 2) has been
developed in a series of abstracts and papers, notably those
of Doyle (1969), Sirkin (1974), Wolfe (1976), Doyle and
Robbins (1977), and Christopher (1977b, 1982c). This
zonation was based on material mainly from the Middle

Atlantic States. The base of pollen Zone V (fig. 2) occurs in
the lowermost part of the Austin Chalk of Texas (Christo-
pher, 1982c), which is Coniacian (Sohl and others, 1991).
The top of Zone V is Santonian (Christopher and others,
1997). The South Amboy Fire Clay Member, which forms
the upper part of the Raritan Formation in New Jersey, has
not been dated by means of marine fossils; therefore, the
age determinations of Christopher (1977a), as modified by
Christopher (1982c¢), are used for this member. Aurisano’s
(1989) suggestion that the South Amboy Fire Clay Member
should be reassigned from the Raritan to the Magothy For-
mation appears to be a good idea, but for purposes of the
present paper, the South Amboy Fire Clay Member is
retained in the Raritan Formation.

In this paper, age determinations are based on pollen
range charts presented by Tschudy (1973, 1975), Wolfe
(1976), Christopher (1978, 1979), Frederiksen and Christo-
pher (1978), and Litwin and others (1993), with some
occurrence and range data from additional publications (for
example, Tschudy, 1970; Christopher and others, 1979;
Christopher, 1980). We have preferred to use the better
known Atlantic Coastal Plain stratigraphic ranges rather
than Gulf Coast ranges. However, it appears that some pol-
len taxa have somewhat different stratigraphic ranges in the
Carolinas and Georgia than they have in the Middle Atlantic
States. This regional difference may account for difficulties
in making age determinations for some samples in this
paper (R.A. Christopher, written commun., 1996). Similar
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Figure 2. Chart showing European stage assignments of
Coniacian to Maastrichtian formations in New Jersey and
the main pollen zonations proposed for these formations.
Sources of the stage assignments are given in the text. Not

differences in marine coccolith floras between New Jersey
and Georgia are reported by Bukry (this volume, chap. D).

Most of the pollen taxa mentioned in this report (table
4) have been illustrated previously in the publications listed,
but many of the taxa are also illustrated in this report (plates
1-5).

Relatively little has been published on the dinoflagel-
lates from Upper Cretaceous sediments of the Eastern
United States. Early work in Texas (Zaitzeff and Cross,
1971) has been supplemented by recent papers by Srivastava
(1991, 1993) and Cretaceous-Tertiary boundary studies by
Habib and others (1996). Papers by Habib and Miller (1989)
and Lucas-Clark (1992) list some of the dinoflagellates

Lo 2
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= RARITAN FM. SOUTH AMBOY FIRE CLAY MBR. SANTALACITES MINOR

o]

o

shown is the tentative assignment of the unnamed marine
beds to Zone CA-2A by Litwin and others (1993). FM.,
Formation, MBR., Member.

from South Carolina from the same stratigraphic units that
are present in the Georgia cores discussed here. The study
by Firth (1987) in western Georgia dealt with dinoflagel-
lates near the Cretaceous-Tertiary boundary.

Dinoflagellates from the Atlantic Coastal Plain have
been described by several authors, including Koch and Ols-
son (1977), Whitney (1979), May (1980), and Aurisano
(1989). The dinoflagellate succession described by May
(1980) from the Mount Laurel Formation in the Atlantic
Highlands in New Jersey is of particular relevance. Some of
the key dinoflagellate taxa from the present samples are
illustrated in plates 6 and 7, and the dinoflagellate and acri-
tarch taxa mentioned in this report are listed in table 5.
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