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ROAD LOG

Saturday
Miles Cumulative

0.0 Leave Radisson and go west on 9th Street

0.6 0.6 Turn left onto Walton Way

0.7 1.3 Turn right onto 5th Street

0.4 1.7 Bear right onto US 1, 78, 278 (Gordon Highwa
and proceed west

2.8 4.5 Turn left onto Old Savannah Road

0.8 5.3 Turn left at stop sign, remaining on Old Savann
Road

2.0 7.3 Cross I 520 and continue south on GA 56

2.3 9.6 Cross Tobacco Road

8.5 18.1 McBean sign

1.3 19.4 McBean Creek

0.1 19.5 Turn left onto GA 56 spur toward Vogtle genera
ing plant

0.3 19.8 STOP 1, LOCALITY M: “MCBEAN” CAR-
BONATE  (Figs. 1,2)

Continue south on GA 56 spur toward Vogtl
generating plant

5.1 24.9 Gut Creek

1.2 26.1 GA 56 spur ends; continue ahead on River Ro

7.8 33.9 Turn left at entrance to Plant Vogtle

1.3 35.2 Plant Vogtle visitor’s center

STOP 2, LOCALITY B; EOCENE CARBON-
ATES AT PLANT VOGTLE BLUFF

0.0 Reset mileage, leave visitor’s center, return 
River Road

1.2 1.2 At plant entrance, turn left and go south on Riv
Road
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0.2 1.4 STOP 3, LOCALITY D; TOBACCO ROAD
SAND AT VOGTLE PIT

Turn around, proceed north on River Road

0.3 1.7 Turn left onto Ebenezer Church Road

4.0 5.7 Turn left onto GA 23

4.1 9.8 Road to Griffins Landing on left

0.8 10.6 Girard, GA

0.5 11.1 Turn left toward Allendale, SC, leaving GA 2
and then bear right toward US 301 on Stony Blu
Road

7.8 18.9 Turn left on unpaved road, remaining on Sto
Bluff Road

0.3 19.2 FRAGMENTS OF OLIGOCENE CHERT ON
ROAD

0.7 19.9 Turn right on unpaved road

0.5 20.4 NORTHERN END OF LARGE CAROLINA
BAY ON RIGHT

3.9 23.8 Turn left onto paved road

4.1 27.9 Turn left onto US 301

1.4 29.3 Savannah River

2.8 32.1 Turn left toward Martin, SC

4.9 37.0 STOP 4, LOCALITY A; TOBACCO ROAD
SAND AND ALTAMAHA FORMATION

Continue ahead

3.6 40.6 Martin, SC

0.2 40.8 Turn left at stop sign onto SC 125 and cro
Lower Three Runs

8.3 49.1 Enter Savannah River Site

17.0 66.1 Bear left at stop sign and exit Savannah Ri
Site; proceed north through Jackson, SC on S
125 toward Augusta, GA

14.4 80.5 Turn right into Augusta Sand and Gravel ope
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Figure 2. Generalized NW-SE cross-section, SRS and vicinity
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OPTIONAL STOP 5, LOCALITY E; CRE-
TACEOUS

Return toward SC 125

0.2 80.7 Turn right onto SC 125

1.2 81.9 Cross US 1

2.1 84.0 Turn right onto SC 230

1.0 85.0 Turn left onto US 25 (Georgia Avenue)

1.5 86.5 Savannah River

0.2 86.7 Turn left onto Reynolds

0.4 87.1 Turn left to Radisson Hotel

Sunday

0.0 Leave Radisson and turn right onto Reynolds

0.8 0.8 Continue north on River Watch Parkway

4.3 5.1 Turn right onto I 20

1.1 6.2 Savannah River

1.0 7.2 Turn right onto SC 230

0.6 7.8 Turn right into Smile Gas station

STOP 1, LOCALITY K; CRETACEOUS ON
METAMORPHICS

Turn right onto SC 230 and proceed south
through North Augusta

3.0 10.8 Cross US 25 (Georgia Avenue)

1.0 11.8 Turn left onto SC 125 (Atomic Road)

2.0 13.8 Cross US 1

4.6 18.4 Beech Island, SC

0.1 18.5 Turn right to stay on US 278

0.2 18.7 Turn left to stay on US 278

6.2 24.9 Caution light at Petticoat Junction; cross SC 30

0.1 25.0 Hollow Creek

0.2 25.2 Pull off on right beyond store

STOP 2, LOCALITY C; CRETACEOUS (?),
PALEOCENE (?), EOCENE

Turn around and go north on US 278

0.3 25.5 Cross Hollow Creek and turn right onto SC 3
(Silver Bluff Road) at Petticoat Junction

2.0 27.5 Gray Mare Hollow road on right; up this road
well C-2 was cored to basement

1.7 29.2 Turn left onto Good Hope Farms Road

0.4 29.6 Turn right at stop sign

0.1 29.7 STOP 3, LOCALITY F; EOCENE AND
ALTAMAHA FORMATION
4
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0.4 30.1 Continue around Good Hope Farms Road lo
and return to SC 302

1.6 31.7 Turn left onto SC 302

4.6 36.3 Bear right at stop light onto Pine Log/Silver Blu
Road

0.5 36.8 Turn left at stop light onto SC 118 (Hitchcoc
Parkway)

0.8 37.6 Pull off on right

STOP 4, LOCALITY H; DRY BRANCH (?)
SILICIFIED FACIES

Continue ahead

4.0 41.6 Turn left onto US 1 at stop light

3.2 44.8  Oxidized contact on right

1.8 46.6 Sudlow Lake Road

6.6 53.2 Bear right to return to Radisson Hotel via 4th

Street bridge OR CONTINUE ON US 1 FOR
LAST STOP

4.4 57.6 Bear right onto US 25

2.5 60.1 Turn right onto Windsor Spring Road

2.6 62.7 STOP 5, LOCALITY S; ALBION MEMBER
(Buses may continue uphill beyond stop light an
turn around in parking lot)

Turn around and return toward downtow
Augusta on Windsor Spring Road

2.6 65.3 Turn left onto US 25 (Peach Orchard Road)

2.5 67.8 Join US 1 (Gordon Highway)

3.3 71.1 Turn left onto Walton Way

0.6 71.7 Turn right onto 9th Street

0.6 72.3 Turn left onto Reynolds; Radisson is on right

A. Roadcut on county road 102, 2 mi south of Martin, Alle
dale County, South Carolina; south of Smith Lake Cree
near the Sandoz plant. The section shown in the figure is
the western side of the road.

Fine clastics up to about 10 ft thick exposed in the
ditches and in the lower part of the outcrop have the char
teristic color and the clay-lined burrows of the upper Eoce
Tobacco Road Sand, although they are clayier than usua
the Tobacco Road. Several miles to the east, upper Eoc
Carbonates of the Cooper Group (Colquhoun and oth
1983) or the Ocmulgee Formation (Huddlestun and Hetric
1986) become prominent at this stratigraphic position.

The contact between the Tobacco Road and the Mioc
Altamaha Formation is very irregular and is marked by pa
opotholes and rounded quartz pebbles in places. Heavy m
eral concentrations are common in the coarser beds. T
contact is obscure in much of the cut. The numerous fa
changes in the upper part of the outcrop are typical of 
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Altamaha and of fluvial deposits in general. A few miles 
the east, the Altamaha is truncated by the Orangeburg sc
Pliocene marine deposits occur to the east of the sc
(Colquhoun, 1988).

There is evidence of deformation in the sediments at 
northern end of the cut. The deformed zone is several f
wide and strikes approximately north-south across the hi
way. Two northeasterly-striking, down-to-the-northwe
faults have been mapped from subsurface control in Alle
dale County by Oldham (1981) and Colquhoun and oth
(1983). Is the Miocene Altamaha Formation affected by t
deformation at this outcrop?

B. Bluffs along Savannah River and tributaries, Georg
Power Company Plant Vogtle, Burke County, Georgia, o
River Road.

The “Blue Bluff” unit or member (Huddlestun and
Hetrick, 1986, p.4), a middle Eocene carbonate cliff-forme
crops out in bluffs along the river and in tributary valleys o
the Georgia side. “Blue Bluff” sediments are light gray, a
pale green and weather to gray, olive gray, and tan. They 
mostly glauconitic calcilutite and calcarenite with thin laye
and nodules of indurated limestone and quartz sand lamin
Shell layers occur sporadically. Cream colored carbona
(McBean facies”) of the middle Eocene Santee Limesto
also occur here. Outcrops of the “Blue Bluff” are at least 
ft high in places. 

Slump blocks of the middle or upper Eocene Utle
Limestone Member of the Clinchfield Formation and th
upper Eocene Griffins Landing Member of the Dry Bran
5
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Formation occur at river level. The Utley is composed 
indurated limestone, glauconitic in places, with abunda
Periarchus (sand dollars) and molds of pelecypods and g
tropods. Shells of Crassostrea gigantissima from the Griffins
Landing are also common on the slopes.

C. Bank on the southwest side of US 278, 100 yd southe
of the intersection of US 178 and county road 57; southe
of Hollow Creek, 0.3 mi southeast of Petticoat Junctio
Aiken County, South Carolina.

The massive, color-mottled clay at the base of the o
crop is similar to the oxidized clay found at the top of th
Cretaceous in outcrops and in cores from SRS. It is ten
tively assigned to the Upper Cretaceous.

A sample from a roadside ditch beside county road 5
short distance southwest of the intersection with US 2
yielded an early Paleocene age (see Nystrom and oth
1991, p. 224). The thinly bedded or laminated, tan, red, a
brown clay above the mottled clay at our outcrop is ten
tively assigned to the Paleocene. It overlies the Cretace
(?) clay with a sharp contact. Behind the nearby sto
coarse, cross-bedded sand lies on the Cretaceous (?) mo
clay.

Several palynological samples from wells at SRS, ab
4 mi to the southeast, indicate that late Sabinian (ea
Eocene) deposits of the Fourmile Formation lie betwe
Paleocene strata and the early (and middle?) Eocene Co
ree Formation. The interbedded sands, pebbly sands, 
clays at this outcrop are tentatively correlated with the Fo
mile on the basis of stratigraphic position. A quartz pebb
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layer is at the base of the unit.
The orange sand in the upper part of the bank is typ

of the lower (and middle?) Eocene Congaree formation.

D. Pit near River Road at Georgia Power Company Pl
Vogtle, Burke County, Georgia; a few hundred years sou
east of the main entrance to the plant and 40 yd northea
River Road. The section shown in the figure is on the nor
eastern wall of the pit.
6

ical

ant
th-
st of
th-

Most of the exposure is in the upper Eocene Toba
Road Sand. The reddish purple, poorly to moderately sor
sands and silty sands in the upper part of the northeas
wall of the pit are overlain with sharp, eroded contact 
coarser deposits. Ophiomorpha burrows are abundant in
places near the top. The coarse deposits of the upper bed
be seen in the burrows in the underlying purple unit.

A sharp contact between purple sand above and yel
sand below is visible in several places on the northeas
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wall of the pit, suggesting exposure of the underlying upp
Eocene Irwinton Member of the Dry Branch Formation. Th
yellow sand pinches out a short distance to the northwest 
southeast, however, and a red sand occurs beneath it. 
dence for the presence of the Irwinton at or near the bas
the pit are tan clay exposed in places in the floor of the ex
vation and a pebble bed several tens of feet wide on 
southwest wall of the pit, possibly the flat-pebble bed whi
marks the base of the Tobacco Road in places. Above 
pebble bed, the sands are red, orange, and yellow; bel
yellow sands are more conspicuous.

The fairly clean, light colored sand several feet thick 
the top is common in many places in the area. It may
leached soil horizon, but there has been some discussio
eolian influence.

The gray limestone which mimics an outcrop above 
Tobacco Road on the northeast wall of the pit appears to
composed of pieces of the middle Eocene “Blue Bluff” un
or member (Huddlestun and Hetrick, 1986, p.4). We ha
found boards in the bedded clay and sands above the l
stone, and angular pebbles of metamorphic rock are mi
with the limestone. 

F. Roadcuts on the north loop of Good Hope Farms Ro
(county road 1956), off Silver Bluff Road (South Carolin
highway 302); about 4 mi south of the intersection of Silv
Bluff Road and Pine Log Road (county road 87) southw
of Aiken, South Carolina.

About 0.4 mi west of the intersection of Good Hop
Farms Road and Silver Bluff Road, the extremely poo
sorted, cobbly facies of the Miocene Altamaha Formation
exposed. Rounded quartz cobbles and pebbles are in a m
of and interbedded with red clayey sand with weathered fe
spar grains.

Down the road (to the west), cuts expose red and ora
clayey, silty, poorly sorted medium and coarse sand of 
upper Eocene Tobacco Road Sand. Cross-beds, clay-fi
fissures, burrows, and white clay clasts occur in places. 
sand overlies bedded tan clays typical of the upper Eoc
Dry Branch Formation and a massive, tan, light gray, a
pink clay which may be the top of the “Huber Formation
About 0.9 mi west of the intersection of Good Hope Far
Road and Silver Bluff Road is an outcrop of well-sorte
very fine and fine, burrowed sand with clay laminae (see f
ure). In cores and outcrops at SRS, fine and very vine sa
with clay laminae and burrows in places are common in 
middle Eocene Tinker Creek Formation, interbedded w
and updip from the middle Eocene Santee Limestone. Th
fine sands overlie the Congaree and Warley Hill formatio
The fine, well-sorted sand in this outcrop is thought to be 
Tinker Creek.

The iron oxide-rich quartz pebble conglomerate an
coarse sand above the Tinker Creek sand appears to b
same unit as the coarser sand to the east and up the 
7
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assigned to the Tobacco Road. If it is, the Dry Branch F
mation is missing at this outcrop. Another possibility is th
the coarse nit is a facies of the Oligocene (to Miocen
channels described by Zullo and others (1982) and W
loughby and others (1984).

H. Outcrop on north side of Hitchcock Parkway (Sou
Carolina Highway 478) on the south side of Aiken, Sou
Carolina, about 0.8 mi west of the intersection of Hitchco
and Pine Log Road (county road 87).

Light gray to tan, silicified, pebbly, coarse sandsto
with prominent burrows crops out on the hillside. Light gra
yellowish and tan clay lies beneath the sand. Silicified sh
fragments that appear to be Crassostrea gigantissima o
here. This may be the upper Eocene Dry Branch Format
similar to facies described by Nystrom and others (1986,
17). It could also be a facies of the Oligocene (to Miocen
channels described by Zullo and others (1982) and W
loughby and others (1984).

K. Ditch and cut at the Smile gas station in the southern c
ner of the intersection of South Carolina Highway 230 a
Interstate 20, 0.3 mi southeast of Interstate 20; a few m
northwest of North Augusta, South Carolina. The figure
modified from Nystrom and others (1986, p. 43-47).

At the Fall Line contact, coarse, basal Coastal Plain s
iments overlie crystalline rocks, probably metavolcanics 
the Belair belt (Crickmay, 1952; Prowell and O’Conne
1978). A Campanian palynological date has been obtain
from outcropping sediments along strike on Interstate 
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northwest of Aiken (see Nystrom and Willoughby, 1982, 
86; Nystrom and others, 1986, p. 7), and there are Santo
through Maestrichtian palynological dates from cores 
SRS. The precise age of the Cretaceous at this localit
unknown.

A detailed description of the outcrop is in Nystrom an
others (1986, p. 43-47). 

M. Gully near McBean, Georgia on south side of River Ro
(highway 56 spur or 56c), about 0.3 mi east of intersection
highway 56 and 56 spur, Burke County, Georgia; about 0
mi east-southeast of McBean.

A few feet of cream-colored calcilutite and calcarenit
with a few small shell fragments, of the middle Eocene S
tee Limestone are exposed among the poison ivy. This is 
of the type section of the “McBean Formation” of Veatc
and Stephenson (1911, p. 237-251). The term “Santee
used here for these sediments in the vicinity of SRS beca
of priority (Sloan, 1908, p. 459-460). Silicified limeston
float is common in the area.

P. Spillways of Flat Rock Pond, 200 to 300 yd west of Sou
Carolina Highway 191, about 1 mi north of the center 
Graniteville, Aiken County, South Carolina.

Granitic rock of the Kiokee belt (Circkmay, 1952; Prow
8
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ell and O’Connor, 1978) crops out in an inlier in the valley 
Horse Creek. Weathering, especially visible in the foliat
zones, is converting feldspar to the kaolin which is abund
in much of the updip Coastal Plain section. Cretaceous s
ments can be seen in the railroad cut a short distance ea
South Carolina Highway 191 (Nystrom and others 1982,
116).

S. Roadcut on Windsor Spring Road about 2.2 mi southw
of the intersection of Interstate 520 and Windsor Spri
Road, in the southwestern suburbs of Augusta, Georgia. 
section shown in the figure, modified from Huddlestun a
Hetrick (1986, p. 19), is on the eastern side of the road.

Sponge spicules and opal cement are common in t
Albion Member (Carver, 1972). Some of the indurated sp
culite in the lower part of the section resembles volca
rock. A detailed description of the outcrop is in Huddlest
and Hetrick (1986, p. 19, 59-61).

Huddlestun and Hetrick (1986) tentatively placed th
Albion in the Clinchfield Formation (middle or uppe
Eocene), but it could be part of the upper Eocene Dry Bra
Formation. Tan clay beds above the spiculite are typical
the Dry Branch.

According to Huddlestun and Hetrick (1986, p. 31), th
Albion also occurs in Aiken County, South Carolina.
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INTRODUCTION

Allostratigraphic units were mapped in the northweste
Upper Coastal Plain of South Carolina and Georgia along
Southeastern Atlantic Coast Regional Cross Section (Col
houn and others, 1991A) (SACRCS) and the Decade
North American Geology Continent – Ocean Transect E
(DNAG E-5) (Hatcher and others, in press) within the Upp
Middle and Lower Coastal Plains. The picks followed co
cepts stated in Colquhoun and others, 1983; Jordana, 19
Colquhoun and Steele, 1985; Colquhoun and others, 19
McClelland, 1987; Colquhoun and Muthig, 1988; Muthig
1990; Muthig and others, 1992; and Colquhoun and othe
1992.

The SACRCS, which includes the Savannah River S
extends Southeast from the Fall Line near Augusta GA
southeast of the Atlantic Ocean near Savannah GA, 
about 25 miles either side of the Savannah River in SC 
GA. Aspects of the geomorphology, petrology, allo- litho
and seismic stratigraphy, regional magnetics and grav
structure and age are presented in Colquhoun and oth
1991A and Hatcher and others, in press.

PURPOSE AND SCOPE

Regional mapping (Coastal Plain and Continental She
of allostratigraphic units has been undertaken to characte
and to date stratigraphic units occurring within the Coas
Plain. This is particularly important in the Upper Coast
Plain where surficial sediments usually are heavily weath
ered and leached such that normal fossil dating is often d
cient. Microfossil and palynological dating is accomplishe
easily in the Lower Coastal Plain and Shelf because of p
ervation. In addition, because of faunal setting, such dati
can be compared with Universal Stage Zonation throu
Deep Sea Drilling investigations, resulting in refined dat
for correlation.

Dates obtained from micropaleontologic, palynolog
and absolute dating of artifacts are assigned between bou
ing surfaces of groups of siliciclastic and carbonate sedim
tary depositional units. Representative facies are alluv
deltaic, shallow, deep and carbonate shelf in origin. The
smaller wedge-shaped stratigraphic bodies representing s
mergence, erosion and deposition and emergence, 
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assigned to Universal Stages.
Bounding surfaces mapped statewide which enclo

these smaller stratigraphic wedges include:
1. Pre-Upper Cretaceous Piedmont-Turonian/Coniac

Stage (Upper Cretaceous) (Piedmont-Cape Fear
authors).

2. Turonian/Coniacian-Santonian Stage (Upper Cre
ceous) (Cape Fear-Middendorf of authors.

3. Santonian Stage-Campanian Stage (Upper Cretace
(Middendorf-Black Creek of Colquhoun and other
1983).

4. Campanian stage-Maestrichtian Stage (Upper Cre
ceous) (Black Creek-Peedee Formation of Colquho
and others, 1983).

5. Maestrichtian Stage (Upper Cretaceous) – Danian St
(lower Paleocene) (Midwayan).

6. Danian Stage (lower Paleocene) – Thanetian St
(upper Paleocene) (Sabinian).

7. Thanetian Stage (upper Paleocene) – Ypresian St
(lower Eocene).

8. Ypresian Stage (lower Eocene) – Lutetian Stage (mid
Eocene).

9. Lutetian Stage (middle Eocene) – Priabonian/Barton
Stage (upper Oligocene).

10. Priabonian/Bartonian Stage (upper Eocene) – Chat
Stage (upper Oligocene).

11. Chattian Stage (upper Oligocene) – Serravallian mid
Miocene).
In addition to these mapped surfaces (Colquhoun a

others, 1983; Jordana, 1984) and others not regiona
mapped within and between these depositional unit grou
bounding unconformities between Upland Unit and Tertiar
various Pliocene, Pleistocene and Holocene units have b
mapped in more local settings both in South Carolina a
elsewhere; Colquhoun and others, 1991B and referen
therein).

REGIONAL TECTONIC FRAMEW ORK OF 
DEPOSITION

Contours drawn on these surfaces and isopach m
constructed of thickness between these surfaces s
regional tilting and downwarping as well as growth faultin
OBSERVATIONS ON GENERAL  ALLO -STRATIGRAPHIC  AND TECTONIC  FRAMEWORK  OF THE 
SOUTHEASTERN ATLANTIC  COAST REGIONAL  CROSS SECTION  (DNAG E-5 CORRIDOR) GEORGIA  

AND SOUTH CAROLINA  AS THEY  RELATE  TO THE SAVANNAH  RIVER  SIDE

Donald Colquhoun
Geological and Marine Sciences

University of South Carolina
Columbia SC 29208
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A stable shelf (Marion) exists between the Fall Line a

the Bamberg Warp (Colquhoun and others, 1991) in t
vicinity of the northwest boundary to the Dunbarton Bas
(Marine and Siple, 1974). The Bamberg Warp swings from
northeast to a southeast trend near Bowman SC whe
joins the Charleston Fault trend extending toward Summ
ville SC (Muthanna, 1998; Colquhoun and others, 199
The boundaries define the Southeast Georgia Embaym
structure to the southeast and southwest.

Tectonic downwarping rates from late Cretaceo
through Holocene associated with the development of t
Southeast Georgia Embayment structure can be meas
along the SACRCS. The rate of dip of the bounding surfa
can be plotted against absolute time associated with univ
sal stages (as depicted on Haq and others, 1987, for ex
ple). These rates are compared with depositional unit gro
within the Savannah River Site (SRS) for dating purposes
where fauna are deficient, and to reinforce assigned a
where collections are present.

STRATIGRAPHY ALONG THE SOUTHEAST
ERN ATLANTIC REGIONAL CROSS SECTION

Stratigraphic surfaces 1, 3, 4, 5, 6, 8, 9, 10, 11 and 
base of the UPLAND UNIT have been useful regionally 
depict distortion through time within and in the vicinity o
the SRS. Table 1 lists unconformities and their dip for t
surfaces measured from Colquhoun and others, 199
(SACRCS).

Figure 1 illustrates similar data developed from Colq
houn and others, 1983. Regional dip of unconformity su
faces as expressed on structure contour maps is plo
against age in millions of years before present as reporte
Haq and others, 1987. Black boxes are constructed wh
illustrate variation in age assigned in mybp for the stages 
horizontal dimension and variation in regional dip in a ver
cal dimension.

STRUCTURE

Coastal Plain sediments are expressed as a wedge o
Cretaceous to Holocene age siliciclastics and carbona
deposited above Paleozoic and Mesozoic rocks along 
SACRCS. The Atlantic Continental Margin of this area 
stable structurally generally, with gentle downwarpin
reflected in the rate of dip of the boundaries separating 
depositional unit groups making up the wedge, and outlini
the Marion Shelf and Southeast Georgia Embayment de
opment through time. The youngest cyclic grou
(Holocene) exhibit the least downwarping (unmeasurab
while the oldest (late Cretaceous) express the highest
(about 30 feet per mile for the Coastal Plain – Piedmo
boundary).
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Within and near the SRS, the present divide areas of
Aiken Plateau (Cooke, 1936) in the Upper Coastal Plain 
inclined seaward about 7.8 feel per mile. The associated o
est UPLAND sediments (Citronelle Formation of Doerin
1960, or Hawthorne Formation of Siple 1967), also ar
inclined about 7.8 feet per mile. The underlying base of t
late Eocene/Jacksonian – middle Eocene unconformity
inclined about 11.4 feet per mile, while the seaward, over
ing, base of the Chattian (Oligocene) unconformity di
about 5.5 feet per mile. The Chattian is overlain by an ea
middle Miocene thin (10 feet) but laterally extensiv
“Tampa” limestone, that dips about 3 feet per mile. Dee
incised Pliocene and Pleistocene sediments are incline
less than 2 feet per mile at the surface (Figures taken f
Table 1).

Figure 1 indicates almost linear distortion for coas
plain sediments from the base of the Santonian through 
basal Thanetian stages (Late Cretaceous through early 
dle Paleocene) and from the base of the late Eocene thro
early middle Miocene. Middle Miocene through Holocen
dips are slightly less. Late Paleocene sediments throug
the base of the late Eocene show a much lower rate of dip

AGE OF THE SRS NON-FOSSILIFEROUS SEDI-
MENTS

Non-fossiliferous sediments within and near the SR
can be assigned to depositional unit groups which are su
vided by regional unconformities or bounding surfaces. Su
units are allostratigraphic in nature and can be correla
regionally within units that can be dated by convention
means. In general such units grade seaward from fluvial e
sional unconformiteis to marine erosional (ravinemen
unconformities with overlying alluvial and marginal marin
depositional unit groups grading to shallow to deep sili
clastic and carbonate shelf lithofacies. Such groups m
oscillate over underlying marine lithofacies, reflectin
changes in sea level or sediment supply. Many stratigrap
terms recorded in the literature have proved to be lithofac
or members, which, when mapped, do no express gener
either regional tectonic distortion nor logical sedimenta
variation.

Where correlation is difficult or impossible because o
variation in lithology or lack of regional evidence, rate of d
vs. time can be used to limit ages. For example, the ag
the oldest UPLAND sediments in the western coastal pl
of South Carolina and Georgia is confined between 23 a
30 million years b.p. based on changes in regional dip 
associated unconformities when plotted against time (Fig
1). A few highly corroded pollen have been found in
UPLAND Unit samples from cores obtained from the Sava
nah River Site; however, these pollen are so weathered 
degraded that identification is impossible.

“UPLAND” – like lithologies that occur at elevations
2
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-sec-
Table 1. Time vs. dip table based on measurements on unconformities between sequences in AAPG South Atlantic Coast cross
tion.

UNCONFORMITY ELEVATION CHANGE 
AND DISTANCE

DIP (APPARENT)

Base Coastal Plain
Turonian/Coniacian

2800’ in 93 miles 30.10

Base Campanian 2120’ in 93 miles 22.79

Base Maestrichtian 1800’ in 53.6 miles 18.65

Base Tertiary
         Base Paleocene
         Base Danian
         Base Wilcoxian

1350’ in 53.6 miles 12.12

Base Thanetian
         Base Sabinian

1005’ in 53.6 miles 9.60

Base Middle Eocene
         Base Lutetian
         Base Claibornian

325’ in 53.6 miles
780’ in 93.0 miles
790’ in 93.0 miles

6.34
8.38
7.83

Average     (7.51)

Base Late Eocene
         Base Priabonian/
         Bartonian
         Base Jacksonian

390’ in 53.6 miles
760’ in 93.0 miles
890’ in 93.0 miles

7.27
8.06
8.01

Average     (7.78)

Base Upland Unit”
         Base Citronelle Fm

450’ in 59 miles
400’ in 49 miles

7.62
8.16

Average     (7.89)

Base Oligocene
         Base Chattian

200’ in 32 miles 5.55

NOTE:  Base Miocene (Hawthorne Group) is a buried land surface and variable, 
hence a thin persistent limestone is used. The “Tampa Limestone” lies below the 
Serravallian (Ernissee, 1977) Coosawhatchie Clay

Base “Tampa Limestone”
          Base Serravallian
                 (circa)

40’ in 20 miles
110’ in 29 miles

2.00
3.79

Average     (2.89)
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lower than those of the Aiken Plateau often are associa
within the Upper Coastal Plain or terraces in the Midd
Coastal Plain. Both predate or are coeval with early-mid
Pliocene sediments in other areas of the coastal plain. S
lithologies generally are not as clayey nor as indurated as
UPLAND although many contain gravels similar in siz
These sequences support very complex sea – level cha
events contributing to coastal plain development between
Oligocene and the Pleistocene. These changes are yet 
understood.
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INTRODUCTION

The sediments of the Atlantic Coastal Plain in the vici
ity of the Savannah River Site (SRS) are quartz sand, c
limestone, and conglomerate ranging in age from Late Cre
ceous to Holocene. The Coastal Plain sedimentary sequ
thickens from zero at the Fall Line to more than 4000 ft
the coast (Chowns and Williams, 1983). Composed of sili
clastics at and near the Fall Line, the section becomes ca
eous downdip. Regional dip is to the southeast and sou
southeast, although beds dip and thicken locally in othe
directions.

This progress report discusses the stratigraphic fram
work the authors are now using at SRS. Sediments up
form the Site, such as the undifferentiated Upper Cretace
and the undifferentiated lower Tertiary, are only brief
described. The stratigraphic interpretation will evolve 
more data are analyzed. A stratigraphic column (Fig. 1) a
a generalized cross-section (Fig. 2) summarize the stratig
phy as currently understood by the authors. Figure 3 sho
the major geographic features of the area.

PREVIOUS WORK

A stratigraphic framework for updip Coastal Plai
stratigraphy in South Carolina was established by Slo
(1908), who examined many outcrops in the study ar
Veatch and Stephenson (1911), Cooke (1936, 1943), Co
and Shearer (1918), and Cooke and MacNeil (1952) includ
the are in their investigations of the geology of the So
Carolina and Georgia Coastal Plain. Snipes (1965), Sm
(1979), Smith and Kite (1982), Mittwede (1982), Nystrom
(1986), Nystrom and Willoughby (1982, 1992), and Nystro
and others (1982, 1986, 1989, 1991, 1992) investigated o
crop and shallow subsurface stratigraphy in the general a
of SRS. LaMoreaux (1946 a, b), Pickering (1970), Carv
(1972), Herrick (1972), Huddlestun (1986) helped develo
the stratigraphic framework for the upper Eocene. New
and others (1980) discussed geomorphological features
the area.

Siple (1967) initiated detailed subsurface stratigraph
analysis at SRS. Colquhoun and co-workers (Colquhoun a
others, 1982, 1983; Colquhoun and Muthig, 1991; Oldha
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1981; Bishop, 1982; Steele, 1985; McClelland, 1987) pr
sented subsurface data, correlating sediments in the s
area with strata in other parts of the Coastal Plain. Faye 
Prowell (1982) published structural and stratigraphic subs
face data. Prowell and others (1985 a, b) presented litholo
and paleontologic subsurface information and correla
SRS strata with deposits in Georgia and with formatio
elsewhere in the Atlantic and Gulf coastal plains. Logan a
Euler (1989) discussed stratigraphic and hydrologic data.

Outcrop and shallow subsurface stratigraphy near t
center of SRS has been discussed recently by Dennehy
others (1989), Nystrom (1989), Nystrom and others (199
1992), Nystrom and Dockery (1992), and Snipes and oth
(1992). Laws and others (1987) and Harris and Zullo (198
1992) analyzed the Tertiary section from the point of view
sequence stratigraphy, and Harris and Fullagar (1992) d
cussed radiometric dates.

Thayer and others (1988), Robertson and Thay
(1992), Robertson (1990), and Smith and others (1992) m
detailed lithologic analyses of Tertiary sediments from cor
at SRS. Studies emphasizing paleontology in the last 
decades include those by Cushman and Herrick (1945), H
rick (1960, 1964), Scrudato and Bond (1972), Tschudy a
Patterson (1975), Zullo (1984), Zullo and Kite (1985), Law
(1988, 1992), Lawrence (1988), Lucas-Clark (1988, 1992
Steele and others (1986, 1988), Edwards (1992), Frederik
(1991), and Edwards and Frederiksen (1992). Among hyd
logic investigations are those of Siple (1967), Colquho
and others (1985), Gorday (1985), Logan and Euler (198
Logan (1992), Aadland (1992), Aadland and Bleds
(1992), and Harris and others (1992). We have presen
some preliminary results of our work (Fallaw and othe
1988, 1989, 1990, 1991, 1992; Price and others, 1992).

Numerous studies not in the public domain have al
been done at SRS and at Georgia Power Company P
Vogtle in Georgia.

BASEMENT ROCKS

Igneous and metamorphic rocks of the Piedmont a
Blue Ridge provinces are the source of the Coastal Plain 
iments. They are Precambrian and Paleozoic and form
under the influence of several orogenic episodes in the Ap
OUTLINE  OF STRATIGRAPHY  AT THE SAVANNAH  RIVER  SITE

W.C. Fallaw
Department of Geology

Furman University
Greenville, South Carolina 29613.

Van Price
Westinghouse Savannah River Company

Aiken, South Carolina 29808
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W.C. Fallaw AND VAN PRICE
Figure 1. Stratigraphic column for Savannah River Site and vicinity. No vertical scale. NP zones are from most common age calls.
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Figure 2. Generalized NW-SE cross-section, SRS and vicinity.
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Figure 3. Map of study area.
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lachians. They include slate, phyllite, schist, gneiss, volc
nics and metavolcanics, granite, and some mafic bodies. 
rocks are generally rich in feldspar, providing a source 
the kaolinite which is abundant in much of the updip Coas
Plain section.

Rocks similar to those exposed in the Piedmont l
beneath the Coastal Plain sediments within most of SR
The southeastern part of the Site is underlain by mudsto
sands, and conglomerates of the Triassic Newark Supergr
in the Dunbarton basin (Siple, 1967, p. 22 – 23; Marine a
Siple, 1974). The basement surface, the sub-Cretace
unconformity, dips at about 50 ft/mi to the southeast at SR

UPPER CRETACEOUS

Outcropping Upper Cretaceous

Lithology and stratigraphic terminology. 
Outcropping Cretaceous sediments consist mostly 

medium to very coarse, poorly sorted grayish sands w
common to abundant kaolinite and muscovite. Pebbly san
and gravel layers are common, as are clay clasts. Beddin
irregular with facies changes occurring over short distanc
Cross-bedding is well developed in places. Clay laminae 
common within the sands, and large lenses of “soft” kao
are mined in the area (Buie and Schrader, 1982, p. 5 – 1
Detailed descriptions of the outcropping Cretaceous are
Nystrom and Willoughby (1982) and Nystrom and othe
(1986).

The exposed Cretaceous strata have been mappe
Hamburg and Middendorf by Sloan (1908), Middendorf b
Cooke (1926) and Snipes (1965); Middendorf and Blac
Creek by Colquhoun and others (1983); Tuscaloosa b
Cooke (1936), Lang (1940), Siple (1967), and Prowell an
O’Conner (1978). Christopher (1982) observed that the C
taceous sediments in the area were younger than the 
Tuscaloosa, and the use of the term in the area as a fo
formation name has declined. Nystrom and Willoughb
(1982) and Nystrom and others (1986) mapped the depo
as simply “Cretaceous”.

Much of what was included before 1970 as Cretaceo
strata in Georgia and South Carolina updip from SRS is n
assigned to the Tertiary based on paleontologic data (Sc
dato and Bond, 1972; Abbott and Zupan, 1975; Tschudy a
Patterson, 1975; Buie, 1978) and detailed mapping (
Nystrom and Willoughby, 1982; Nystrom and others, 198
1991.

Paleontology, age and correlation
Fossils are rare in the outcropping Cretaceous. Lea

have been found (Berry, 1914), and pollen from an outcr
of dark clay on Interstate Highway 20 near Aiken indicated
late Campanian age (see Nystrom and Willoughby, 1982
86; Nystrom and others, 1986, p. 7), correlative with t
2
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Black Creek Formation which crops out in northeaste
South Carolina, and the Blufftown and Cussetta formatio
of Alabama. There are probably older and younger se
ments within the exposed Upper Cretaceous Series in Ai
County.

Environment
Most the sands were probably deposited in fluvial a

deltaic environments. The large clay bodies suggest dep
tion in oxbow lakes or in interdistributary bays.

SUBSURFACE UPPER CRETACEOUS

Introduction

The Cretaceous section in the subsurface at SRS
divided from older to younger into the Cape Fear, Midde
dorf, Black Creek, and Steel Creek formations. The thic
ness of the Cretaceous section is about 400 ft at t
northwestern boundary of SRS and 800 ft at the southeas
boundary. Siple (1967) assigned all the Cretaceous strat
the vicinity of SRS to the Tuscaloosa Formation, the ty
locality of which is in Alabama. They type Tuscaloosa 
now thought to be Cenomanian or Turonian (Christoph
1982; Valentine, 1984; Sohl and Smith, 1985). Fossil a
determinations from SRS are younger. Colquhoun and oth
(1985a) subdivided the subsurface Cretaceous in the S
area.

Cape Fear Formation

Lithology and stratigraphic terminology. 
The basal unit of the Coastal Plain stratigraphic sect

at SRS is composed of poorly sorted, silty to clayey qua
sands and interbedded clays. The sands are comm
medium and coarse. They are arkosic in places and pe
zones are present in many parts of the section. Gray, yel
orange, red, brown, tan, and blue colors are common. T
Cape Fear Formation is more indurated than the other Cr
ceous formations because of high clay content and ab
dance of cristobalite in the matrix (Prowell and other
1985a, p.8). In general, bedding thickness varies from ab
5 to 20 ft, with sands being thicker than clays. Litholog
similarity and fossils indicate a correlation with the typ
Cape Fear Formation in southeastern North Carolina. Pr
ell and others (1985a) assigned these sediments to their 
unit.

The Cape Fear is about 30 ft thick at the northweste
SRS boundary and thickens to about 200 ft near the so
eastern boundary. Regional dip of the upper surface is ab
35 ft/mi to the southeast. In the northwestern and cen
parts of SRS, the Cape Fear lies nonconformably on m
morphic rocks of the Appalachian orogen. In the southea
ern part of the Site, it lies on red mudstones, conglomera
and sands of the Triassic Newark Supergroup.
1
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Paleontology, age, and correlation 
Only plant fragments, spores, and pollen have be

found at SRS. A few palynological assemblages have a si
lar age range as those from the type Cape Fear and sugg
Santonian age. Prowell and others (1985a) correla
palynological assemblages in their UK1 unit with the typ
Cape Fear. The Cape Fear in the type area is probably
Turonian to Santonian (Sohl and Owens, 1991). The u
appears to correlate with the lower part of the Eutaw Form
tion of Alabama.

Environment
The paucity of marine fossils, the poor sorting, and t

high degree of oxidation indicate that the sediments w
deposited in fluvial and delta plain environments.

Middendorf Formation

Lithology and stratigraphic terminology 
The Middendorf Formation is composed mostly of ta

gray, and yellow, medium and coarse quartz sand. Sorting
generally moderate to good. Pebbly zones are comm
within the sand, and clay clasts occur in places. Some p
of the unit are feldspathic, and micaceous and lignitic zon
occur. Cross-bedding is well developed in the lower part
the section in some areas. Over much of SRS, a kaolin
clay or a clay-and-interbedded-sand zone up to 50 ft th
forms the top of the unit. In the southeastern part of the S
this clayey interval is micaceous and lignitic. Another cla
rich zone occurs near the middle of the formation in plac
Most of the clays are oxidized. In the northern part of SR
the formation is highly colored sand with only a few thi
clays. The Middendorf has been traced from its type are
northern South Carolina by Sloan (1908), Cooke (1926), a
Snipes (1965). Prowell and others (1985a) assigned the s
ments at SRS to their UK2 unit.

In most wells the contact between the Middendorf a
the underlying Cape Fear is sharp and often marked b
pebbly zone. The younger unit has cleaner sands and la
the repetitive sand-clay sequences of the Cape Fear. It 
tains less feldspar, is not as well indurated, and the colo
less variable. The Middendorf is approximately 100 ft thic
near the northwestern boundary of SRS and thickens
about 180 ft near the southeastern boundary.

Paleontology, age, and correlation. 
Wood fragments, spores, pollen, and rare dinoflagella

occur in the unit. A few palynological assemblages sugge
Santonian age, indicating a correlation with the upper par
the Eutaw Formation in Georgia and Alabama. Prowell a
others (1985a) correlated their UK2 unit with the Midde
dorf.

Environment. 
The scarcity of marine fossils, the presence of wo
2
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fragments, and the discontinuous nature of the bedding in
cate that the sediments of the Middendorf Formation prob
bly were deposited in fluvial and deltaic environments.

Black Creek Formation. 

Lithology and stratigraphic termi nology
The Black Creek Formation consists of quartz san

silts, and clays. It is generally darker, more micaceous, 
more lignitic than the other Cretaceous units. The lower p
of the formation consists of tan and light gray, fine to coa
sand with moderate to poor sorting. The sand is micace
and becomes lignitic in the central and southeastern part
SRS. Layers of pebbles and clay clasts are common and 
spathic zones occur locally. A thick, oxidized, kaolinitic cla
lens occurs within the lower Black Creek in the western p
of the Site, suggesting an unconformity within the formatio
at least in the updip part of SRS. In the central and down
part of SRS, a southeastwardly-thickening wedge of da
fissile, lignitic, pyritic, micaceous clay with dark, interbed
ded sands and silts occur in the middle and upper parts o
formation; this facies is slightly calcareous in well C 6 ne
Barnwell, South Carolina, and well C 10 near Allenda
South Carolina (Fig. 3). The upper part of the formation co
sists mostly of tan and light gray sands. 

In many wells tan sands of the Black Creek lie on o
dized clay beds at the top of the Middendorf. Where th
clays are missing, it is difficult to pick a contact, but a peb
zone occurs in some wells. In general, the Black Creek c
tains more dark clays, lignite, and muscovite than the M
dendorf. The oxidized clays and the presence of a peb
layer suggest that the contact is unconformable, but the t
gap may be small. The Black Creek is about 200 ft thick
the northwestern boundary of SRS and thickens to about 3
ft at the southeastern boundary.

The Black Creek appears to be the UK4 and UK5 un
of Prowell and others (1985a). Except for the variegated c
bodies, the sediments are lithologically similar to the Bla
Creek in the type area in northeastern South Carolina, a
numerous palynological assemblages from SRS confirm 
correlation.

Paleontology, age, and correlation
Wood fragments, some quite large, and pollen an

spores are common, as are dinoflagellates. A few mollu
were found in the deep well near Allendale, South Caroli
The Black Creek in and near the type area (Sloan, 1908
northeastern South Carolina is early Campanian to ea
Maestrichtian according to Sohl and Owens (1991). Num
ous fossil dates of Campanian and Maestrichtian age h
been obtained from palynological assemblages in the uni
SRS. Prowell and others (1985a) correlated their UK4 a
UK5 units with the type Black Creek. The Black Cree
appears to correlate with the Blufftown and Cusseta form
tions, and perhaps the lower part of the Ripley formation,
2



OUTLINE  OF STRATIGRAPHY  AT THE SAVANNAH  RIVER  SITE

nd
e
f
 the
nd
eel
ela-
ave
the
s the
per
a.

e
ere

us
ists
ta
ed,
ous
;

the
)

 the
d-
ed-
y
ave
).
p-

rse,
sts

the
,

is
nd

or
ricts
 in
r”
dle
aps

 or
n,
el-

by
it-
Georgia and Alabama.

Environment
Light-colored sands and large, oxidized clay lenses s

gest delta plain conditions in the lower Black Creek in t
northwestern part of SRS. The dark clays and sands ab
dant in the southeastern part of the Site appear to have b
deposited in delta front and prodelta environments. 

Steel Creek Formation—a new formation

Lithology and stratigraphic terminology
The type section of the Steel Creek Formation, a qua

sand and interbedded kaolinitic clay sequence, is descri
in the appendix from core from SRS well P 21TA in Bar
well County, South Carolina (Fig. 3). Cretaceous beds 
Maestrichtian age overlying the Black Creek are light-c
ored quartz sands and mostly oxidized, kaolinitic clays. T
sediments in the lower part of the formation consist of ta
light to dark gray, orange, and yellow, poorly to well-sorte
fine to coarse quartz sand and silty sand, in places very m
ceous. Concentrations of feldspar and lignite occur. Peb
zones are common, as are layers with clay clasts. The up
part of the Steel Creek in most places at the Site is oxidiz
kaolinitic clay, with orange, red, gray, purple, and yello
coloring, interbedded with sands in places. The clay is up
60 ft thick but absent in some cores. Fining-upward sands
interbedded with the clay in some cores, as in the type we

In general, the Steel Creek has fewer and much thin
dark clays and less lignite than the Black Creek and has m
oxidized clays. In most wells, the basal contact can be pla
at the bottom of a coarse sand below which are sands in
bedded with dark clays and above which are sands interb
ded with variegated clays. Basal Steel Creek tends to
pebble-rich, suggesting an unconformity.

The Steel Creek is about 60 ft thick at the northweste
SRS boundary and 140 ft thick at the southeastern bound
The dip of the upper surface is to the southeast at appr
mately 30 ft/mi. The unit occurs throughout SRS and i
present downdip in the deep wells near Barnwell (C 6) a
Allendale (C 10), South Carolina.

Steel Creek sediments were assigned to the Middend
and Middendorf (?)-Black Creek(?) by Oldham (1981) an
to the Black Creek by McClelland (1987). Colquhoun an
others (1983) and Steele (1985) place them in the Bl
Creek updip from Lower Three Runs and in the Peedee 
mation to the southeast. Logan and Euler (1989) includ
them in the Peedee. The Steel Creek appears to be the 
unit of Prowell and others (1985a).

Paleontology, age, correlation
Wood fragments, spores, pollen, and rare dinoflagella

have been found in SRS wells. Dinoflagellates and pol
suggest a Maestrichtian age and correlation with the Pee
Formation or the Black Creek Formation. The Peedee in 
2
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type area in northeastern South Carolina is dark silt a
sand, glauconitic in places, with marine fossils. The typ
Black Creek contains thick black, lignitic clays. Neither o
these lithologies is common in the Steel Creek at SRS. In
type area the Peedee is middle Maestrichtian (Sohl a
Owens, 1991). Prowell and others (1985a) assigned St
Creek sediments to their UK6 unit, reporting Peedee-corr
tive fossil assemblages. Sohl and Owens (1991) h
recently redefined the Black Creek/Peedee contact in 
Cape Fear arch area. If the Steel Creek is the same age a
redefined Peedee, it correlates with the middle and up
Ripley and Providence formations of Georgia and Alabam

Environment
The few marine fossils, the irregular bedding, and th

large bodies of oxidized clay suggest that the sediments w
deposited in delta plain environments.

UNDIFFERENTIATED LOWER TERT IARY

Updip from SRS, sediments between the Cretaceo
strata and the upper Eocene Dry Branch Formation cons
of sands and clays which are difficult to correlate with stra
to the southeast. The sediments are mostly light-color
kaolinitic, coarse, cross-bedded quartz sands, micace
sands, with kaolin beds of “hard clay” (Buie, 1978, p. 5
Buie and Schrader, 1982, p. 5-12) which are mined, at 
top. According to Nystrom and Willoughby (1982, p. 88-92
and Nystrom and others (1986, p. 8-10), the lower part of
Tertiary northwest of SRS consists of fine to medium, mo
erately well-sorted, loose, micaceous quartz sand interb
ded with thinly laminated to thinly bedded clays. Heav
minerals are abundant. Burrows and shark and ray teeth h
been found (Kite, 1982; Nystrom and Willoughby, 1982
The upper part of the undifferentiated Tertiary section is ty
ically orange, cross-bedded quartz sand, fine to coa
poorly sorted, micaceous, and clayey in places. Clay cla
are common. Bedding is not as well developed as in 
lower part. A massive, light-colored, “hard” kaolin bed
locally pisolitic, is commonly observed at the top and 
mined in the area (Buie and Schrader, 1982; Nystrom a
Willoughby, 1982; Nystrom and others, 1986).

Buie (1978) proposed the term “Huber Formation” f
the post-Cretaceous, pre-Jacksonian deposits in the dist
where kaolin is mined northeast of the Ocmulgee River
Georgia, with the type area in Twiggs County. The “Hube
probably consists of Paleocene, early Eocene, and mid
Eocene sediments deposited near the Fall Line, perh
including age equivalents of the Warley Hill and Santee
“McBean” (Scrudato and Bond, 1972; Abbott and Zupa
1975; Tschudy and Patterson, 1975; Buie, 1978; McCl
land, 1987).

The term “Huber” has been used in the study area 
Oldham (1981), Buie and Schrader (1982), Kite (1982), M
3
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twede (1982), Nystrom and Willoughby (1982), Colquhou
and others (1983), Steele (1985), McClelland (1987), a
Nystrom and others (1986, 1991). A few molluscan foss
have been found in the upper part of Georgia. Eocene d
toms (Abbott and Zupan, 1975), middle Eocene fossil leav
(Hutchenson, 1978), and lower middle Eocene poll
(Nystrom and others, 1986, p. 8) have been reported.

The updip lower Tertiary was probably deposited in fl
vial, deltaic, and marginal marine environments.

LOWER PALEOCENE

Sawdust Landing Formation

Lithology and stratigraphic terminology
The Sawdust Landing consists of yellow, orange, ta

moderately to poorly sorted, micaceous quartz sands in so
wells in the northwestern part of SRS. In other wells it 
composed of gray, poorly and moderately sorted, micaceo
silty and clayey quartz sands and pebbly sands with interb
ded, gray clays. It is locally feldspathic, and iron sulfides a
lignite are common in the darker parts of the section. T
clays are fissile in places and contain micaceous silt and f
sand laminae. The darker, poorly sorted, micaceous facie
dominant in the southeastern part. There appear to be 
fining-upward, sand-to clay sequences in the downdip par
the Site.

Basal sands, often pebbly, of the Sawdust Landing 
with a sharp, unconformable contact on oxidized clays of 
Steel Creek in most wells at SRS. In general, the Sawd
Landing has more feldspar and iron sulfide than the S
Creek, is darker, and sorting is poorer. The clays of the Sa
dust Landing are more fissile than those of the Steel Cre
Where the oxidized clay at the top of the Steel Creek is m
ing, it is difficult to pick the contact. Where the Sawdu
Landing in these places is better sorted and lighter in co
than is typical, it is similar to tan, moderately to well-sorte
sands in the Steel Creek. In some cores, the sands o
Steel Creek are micaceous, poorly sorted, and dark, sim
to typical Sawdust Landing sands. A pebbly layer occurs
the base of the Sawdust Landing in some of the prob
wells.

The Sawdust Landing is about 10 ft thick near the nor
western boundary of the Site and thickens to about 40 ft n
the southeastern boundary. It crops out about 4 mi northw
of SRS in the valley of Hollow Creek (Prowell and other
1985b, p. A63; Nystrom and others, 1991, p. 224).

We consider the basal Paleocene quartz sands and c
at SRS to be a facies of the Sawdust Landing Formation,
type locality of which is to the north in the Congaree Riv
valley (Padgett, 1980; Colquhoun and others, 1983; Howe
1985; Muthig and Colquhoun, 1988; Colquhoun and Muth
1991; Nystrom and others, 1991). The Sawdust Landi
appears to be the lower part of the “Ellenton Formation” 
2
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used by Oldham (1981); of the “Ellenton Formation” and th
“Rhems Formation” as used by Colquhoun and othe
(1983); of the “Ellenton member of the Rhems Formatio
as used by Steele (1985); and of the “Rhems Formation
used by McClelland (1987). The Sawdust Landing is th
lower part of unit P1 of Prowell and others (1985a).

We believe that the term “Ellenton” should be aba
doned because the sediments named by Siple (1967) co
of two different sedimentary sequences with different litho
ogies deposited during separate cycles of deposition. 
alternative to the use of the term “Sawdust Landing” for t
basal Paleocene at SRS is to restrict the “Ellenton” of Si
to the lower sequence. Most of the type section of the “Ell
ton”, however, appears to be upper Paleocene Lang S
Formation. We use the term “Sawdust Landing” for th
lower Paleocene strata rather then “Rhems”, because
lithology at SRS is more similar to the type Sawdust Land
in central eastern South Carolina (Padgett, 1980; Colquho
and others, 1983; Howell, 1985; Muthig and Colquhou
1988; Colquhoun and Muthig, 1991; Nystrom and other
1991) than it is to the type Rhems in eastern South Caro
(Sloan, 1908; Van Nieuwenhuise, 1978; Van Nieuwenhui
and Colquhoun, 1982).

Paleontology, age, and correlation
When Siple (1967) named and described the “Ellent

Formation” from well cuttings at SRS, he thought that t
age was either Cretaceous or Paleocene. Prowell and ot
(1985b) reported early Paleocene fossils from the lower p
of the “Ellenton” but were not able to obtain dates from t
upper part. Since that time, late Paleocene palynomor
have been recovered from the upper part, coming from s
ments above a glauconitic sand which appears to be 
transgressive system tract of a depositional seque
younger than the Sawdust Landing. Harris and Zullo (199
also considered the “Ellenton” of Siple (1967) to be bo
early and late Paleocene. Frederiksen (1991) dated 
“Ellenton” at SRS as late Paleocene.

In its type area, the Sawdust Lading is thought to 
early Paleocene (Colquhoun and Muthig, 1991; Nystrom a
others, 1991). A few palynological dates from SRS indica
assignment to the calcareous nannoplankton zonation
Martini (1971) of NP 3 to 4 and perhaps older. The Mi
wayan Sawdust Landing at SRS appears to correlate with
early Paleocene Rhems Formation in central eastern S
Carolina (Van Nieuwenhuise and Colquhoun, 1982), a m
marine facies. It also appears to correlate with the Clay
and Porters Creek formations in the Gulf Coastal Pl
(lower and middle Midwayan; Danian).

Environment
Upper delta plain deposits composed of light-colore

moderately to poorly sorted, micaceous quartz sands, fe
pathic in places, are common in the northwestern part
SRS, with darker, poorly sorted, micaceous lower delta pl
4
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facies becoming dominant in the southeastern part.

UPPER PALEOCENE

Lang Syne Formation

Lithology and stratigraphic terminology
At SRS the Lang Syne typically consists of dark gr

and black, lignitic clays and poorly and moderately sorte
micaceous, lignitic, silty and clayey quartz sands and peb
sands interbedded with dark gray clays. Iron sulfides a
common in the darker parts of the section. Both sands a
clays are glauconitic in places, especially in the southeas
part of the Site. The basal unit is a green sand in places. 
clays tend to be fissile and contain micaceous silt and f
sand laminae, often glauconitic. Cristobalite is common 
some cores. Deposits composed of yellow, orange, tan, m
erately to poorly sorted, micaceous quartz sands are com
in the northwestern part of SRS, with darker, poorly sorte
micaceous facies becoming dominant to the southeast.
some wells, clean, moderately to well-sorted sands oc
near the top of the unit.

Basal sands which are glauconitic in places lie on da
clays or dark, moderately and poorly sorted sands of 
Sawdust Landing. A pebbly zone is common at the conta
In general the Lang Syne contains more glauconite, mus
vite, lignite, and iron sulfide than the Sawdust Landing, a
the clay beds are much thicker. It tends to be darker and
contain less feldspar. It is difficult to pick the contact whe
the basal sand is not glauconitic. The Lang Syne appea
be sporadic in the northwestern part of SRS and is abou
ft thick near the southeastern boundary. It is somewhat c
careous in the deep well near Allendale, South Carolina.

The type locality of the Lang Syne is in central easte
South Carolina (Sloan, 1908; Padgett, 1980; Colquhoun a
others, 1983; Howell, 1985; Muthig and Colquhoun, 198
Colquhoun and Muthig, 1991; Nystrom and others, 199
At SRS, it appears to be the upper part of the “Ellenton F
mation” of Siple (1967) as used by Prowell and othe
(1985b) and Logan and Euler (1989); of the “Black Ming
Formation” as used by Oldham (1981); of the “Ellenton Fo
mation” and the “Rhems Formation” as used by Colquho
and others (1983); of the “Ellenton member of the Rhe
Formation” as used by Steele (1985); and of the “Rhems F
mation” as used by McClelland (1987). The term “Lan
Syne” is applied here rather than “Rhems”, because o
palynological data indicate that the Lang Syne (upp
“Ellenton”) strata at SRS and vicinity are late Paleoce
(Thanetian or Selandian) rather than early Paleoc
(Danian). The Rhems has been dated as Danian (Van N
wenhuise and Colquhoun, 1982). The Lang Syne at SRS
the upper part of unit P1 of Prowell and others (1985a).

Paleontology, age, and correlation
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The Lang Syne has yielded numerous palynoligic
assemblages which indicate an assignment to calcare
nannoplankton zones NP 4-8 or 5-8. A nannofossil asse
blage from the Lang Syne in the deep Allendale well w
given a late Paleocene age by Laws (1992, p. 112). Frede
sen (1991) dated several samples from the “Ellenton” at S
as late Paleocene. Muthig and Colquhoun (1988) assig
the Lang Syne in the type area to the lower Paleocene,
Nystrom and others (1991) believed it to be upper Paleoc
citing age determinations from dinoflagellates, calcareo
nannofossils, and mollusks. It probably correlates with t
Naheola and Nanafalia formations of the Gulf Coastal Pla
(upper Midwayan and lower Sabinian; lower and midd
Thanetian or Selandian).

Environment
Upper delta plain deposits composed of light-colore

moderately to poorly sorted, micaceous quartz sands 
common in the northwestern part of SRS, with darker, poo
sorted, micaceous lower delta plain and prodelta fac
becoming dominant in the southeastern part. Glaucon
sands probably represent transgressive deposits.

Snapp Formation—A New Formation

Lithology and stratigraphic termi nology
The type section of the Snapp Formation, composed

quartz sand and interbedded kaolinitic clay, is described
the appendix from core from SRS well P 22TA in southe
Barnwell County, South Carolina. Typically, the sedimen
are light gray, tan, orange, and yellow, silty, micaceou
medium to coarse quartz sands and pebbly sands interbe
with kaolinitic clays. The micaceous sands have a powd
appearance in some wells. Sorting in the sands is gene
poor, but well-sorted sands are present. Dark, micaceous,
nitic sands also occur. The clays are oxidized in some pla
but dark in others.

In most wells basal, light colored, micaceous Sna
sands lie on dark clays, glauconitic in places, of the La
Syne. Snapp sands are usually lighter in color than La
Syne sands, and the unit contains less lignite, iron sulfi
and glauconite. In the middle of SRS, a few cores cont
sands of both formations which are better sorted and ligh
in color than is typical, making it difficult to pick a contac
The sharpness of the contact in most cores suggests 
unconformity, but the time gap may be small.

The Snapp is well developed in the southeastern par
SRS, where there are two fining-upward sequences. O
one sequence occurs in the center of the Site, and the S
appears to pinch out updip in the vicinity of Upper Thre
Runs. It is about 70 ft thick near the southeastern bound
of SRS and is present downdip in well C 10 near Allenda
South Carolina. A glauconitic sand occurs in this part of t
section in well C 6 near Barnwell.

The Snapp has been referred to in the study area
5
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“Williamsburg Formation” by Colquhoun and others (1983
Steele (1985), and McClelland (1987). It appears to cor
spond roughly to at least part of the “Black Mingo Form
tion” as used by Logan and Euler (1989). A new formation
established here because the lithology is not similar to tha
the type Williamsburg in eastern South Carolina (Sloa
1908; Van Nieuwenhuise, 1978; Van Nieuwenhuise an
Colquhoun 1982), and chronologic relationships between 
Snapp and the Williamsburg are uncertain. The Snapp
probably unit P2 of Prowell and others (1985a).

Paleontology, age and correlation
Fossils are rare in the Snapp. There are not many 

determinations; judging from a few palynological assem
blages, and well-dated strata above and below, it is proba
in zone NP 9, middle Sabinian, perhaps correlating with 
upper part of the Williamsburg Formation (Van Nieuwe
huise and Colquhoun, 1982; Colquhoun and others, 1983
eastern South Carolina and the Tuscahoma Sand of the 
Coastal Plain (middle Sabinian; upper Thanetian or Sel
dian).

Environment
The near absence of marine fossils, the generally poo

sorted sands, and the oxidized clays indicate that the e
ronment of deposition was probably mostly delta plain.

LOWER EOCENE

Fourmile Formation—A New Formation

Lithology and stratigraphic terminology
The type section of the Fourmile Formation, compos

of quartz sand with some interbedded clays, is described
the appendix from core from well MWD-3A in northwester
Barnwell County, South Carolina. The Fourmile is most
orange, green, gray, yellow, and tan, moderately to w
sorted, fine to coarse quartz sand with green and gray cla
few feet thick in the middle and at the top in places. Th
appear to be two fining-upward sequences. Glauconite, m
covite, and iron sulfide are common accessories. Dark cl
rich in organic matter tend to be more abundant in the nor
western part of SRS, and glauconitic clays are more comm
to the southeast. Clay laminae occur in the sands locally.

In the northwestern part of SRS, the Fourmile overli
the dark clays and sands of the Lang Syne Formation. In
southeast, the underlying unit is the Snapp. The basal con
is sharp in both areas. In general, going upward across
Lang Syne contact, the sands become cleaner, iron su
and lignite content decreases, colors become lighter, and 
bed thickness decreases. Going upward across the Sn
Fourmile contact, sands become cleaner, glaucon
increases, and clay bed thickness decreases. Oxidized c
at the top of the underlying Snapp indicate that the contac
an unconformity. On geophysical logs, gamma ray coun
2
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are markedly lower in the Fourmile than in the underlyin
sediments.

Fourmile sediments probably crop out northwest 
SRS. The upper surface of the Fourmile dips to the southe
at about 25 ft/mi across the Site. The unit is about 30 ft th
in the northwestern part of the Site and appears to thin to
southeast and toward the Savannah from the center of S
Edwards and Frederiksen (1992) noted the absence of e
Eocene fossils in a well in Burke County, Georgia, near t
Savannah River. The Fourmile occurs in wells C 6 and C
near Barnwell and Allendale, South Carolina.

The unit seems to be the lower part of the Congaree
Formation as used by Siple (1967) and the lower Conga
as used by Logan and Euler (1989). It roughly correspond
the lower part of the lower “Bamberg” and lower “Neese
as used by Oldham (1981) and Colquhoun and others (19
and to the lower parts of the “McBean”, “Neeses”, an
“Aiken formations as used by Steele (1985). The Fourmile
the E1 unit of Prowell and others (1985a), who noted t
presence of beds in the area of units possibly equivalen
the Fishburne.

Paleontology, age, and correlation
The only well-preserved fossils recovered from th

Fourmile are palynomorphs. Age determinations fro
dinoflagellates indicate that the Fourmile is within zones N
10 to NP 11, early Eocene, late Sabinian (early Ypresian
is a correlative of the Fishburne Formation, a calcareous u
found in wells near the coast in South Carolina (Gohn a
others, 1983). The western Gulf Coastal Plain correlative
the Hatchetigbee Formation.

Environment
The glauconite, the abundant dinoflagellates, and 

moderate to good sorting indicate that the environment
deposition was shallow marine, with dark clays in the nor
western part of SRS probably forming in bays or lagoo
and glauconitic clays in the southeastern part being dep
ited in neritic conditions.

Congaree Formation

Lithology and stratigraphic termi nology
The Congaree consists of orange, yellow, tan, gray a

greenish gray, moderately and well-sorted, fine to coa
quartz sands. Thin clay laminae are present in places
some cores, quartz grains are rounder than in other par
the section. There appear to be at least two fining-upw
sequences. In a few places at SRS, the unit is slightly cal
eous. The abundant indurated clays which are common in
type area in central eastern South Carolina (Sloan, 19
Nystrom and others, 1991) are absent at SRS.

The Congaree is similar to the Fourmile. In most wel
going upward across the contact, glauconite decreases, m
covite decreases, clay beds and laminae become less c
6
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mon, sorting becomes better, pebble content decreases,
colors become lighter. The presence of a silicified zone at
top of the Fourmile, and the occurrence of pisolitic structu
near the top in one well, suggest that the contact is unc
formable.

The Congaree crops out in stream valleys in the nor
eastern part of SRS. Correlative sediments northwest of S
have been mapped as part of the “Huber Formati
(Nystrom and Willoughby, 1982). The “Huber” is more
micaceous and poorly sorted in places and indicates m
fluvial and deltaic influence. The Congaree is about 60 
thick at the northwestern boundary of SRS and about 80
thick near the southeastern boundary. Across the river fr
SRS in Georgia it appears to be thinner and more argi
ceous and micaceous. Sediments downdip from SRS 
more calcareous, and a carbonate occurs in this part of
section in the deep Allendale well (C 10) where another f
mation name would be appropriate. Typical Congaree
present in well C 6 near Barnwell.

The Congaree was traced in outcrop from its type are
central eastern South Carolina by Sloan (1908) and Co
and MacNeil (1952), and has been described at SRS by 
eral authors including Siple (1967), Denehy and othe
(1989), and Nystrom and others (1992). The unit corr
sponds in stratigraphic position to part of the lower “Bam
berg” and “Neeses” as used by Oldham (1981) a
Colquhoun and others (1983), and to parts of the “McBea
and “Aiken” formations as used by Steele (1985). The Co
garee appears to be units E2 and E3 of Prowell and ot
(1985a).

Paleontology, age, and correlation
A few molluscan shell fragments, usually silicified, hav

been found in the Congaree at SRS. In the type area of
Congaree in central eastern South Carolina, the pelecy
Anodontia augustana, an index fossil found in the Tallaha
Formation of the Gulf Coastal Plain, occurs (Cooke a
MacNeil, 1952; Nystrom and others, 1991). We have a f
palynological dates from the lower and middle parts of t
Congaree; judging from these and by age determinati
from below and above, it is probably in zones NP 12 to 
14, early Claibornian (late Ypresian and possibly ea
Lutetian), equivalent to the Tallahatta Formation. The lat
unit is mostly early Eocene according to Bybell and Gibs
(1985). The upper part of the Congaree may be early mid
Eocene.

Environment
The well sorted sands, the occurrence of glauconite, 

the dinoflagellate assemblages indicate shallow marine 
barrier environments.
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MIDDLE EOCENE

Warley Hill Formation

Lithology and stratigraphic termi nology
A fine to medium, poorly to well-sorted quartz sand an

muddy quartz sand, glauconitic in places and a few inches
approximately 15 ft thick, occurs above the Congaree
many cores at SRS. The sand fines upward, and local
clay, a few inches to 2 ft thick, occurs at the top. Comm
colors are brown, green, gray, yellow, tan, and orange. 
top of the Congaree is picked at the top of a clean sa
sequence. Going upward in many wells, the overlying W
ley Hill sands become coarser, then finer, sorting becom
poorer, silt and clay content increases, glauconite becom
more common, and colors are darker. In some cores, the
of the Congaree is cemented with silica, indicating that 
contact may be unconformable.

Sloan (1908) apparently assigned outcrops along Tink
Creek within SRS to his “Warley Hill phase”, correlatin
with his type area in central eastern South Carolina wher
is very glauconitic. Siple (1967) noted the possible occ
rence of the Warley Hill at SRS. The unit is sporadic and d
ficult to identify at SRS. The possible occurrence o
Cubitostrea lisbonensis at Blue Bluff on the Savannah Rive
indicates that the unit, or a time-equivalent, may crop o
there, although at least most of that exposure is younger. 
unit is most distinct in cores and outcrops in the central p
of SRS and appears to become calcareous in the dow
part, making it difficult to distinguish from overlying carbon
ates. It appears to be missing from the northwestern par
SRS. Steele (1985) and McClelland (1987) applied the te
“Warley Hill” to calcareous facies in the downdip part of th
study area. At least part of unit E4 of Prowell and othe
(1985a) may be the Warley Hill.

Paleontology, age, and correlative
Dinoflagellates, spores, and pollen have been recove

from the unit at SRS. Samples from two wells ha
dinoflagellate assemblages indicating a correlation with zo
NP 15 and the lower Lisbon Formation of the Gulf Coast
Plain, which is middle Claibornian (lower Lutetian).

Environment
Glauconite and dinoflagellates suggest shallow mari

conditions, with the muddier sands indicating lower ener
levels than those prevailing when the Congaree was de
ited. The high mud content could have also been caused
flocculation at the fresh water/salt water interface.

Santee Limestone

Lithology and stratigraphic termi nology
Above the Warley Hill, most of the middle Eocene se

tion consists of three laterally gradational units: the San
7
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Limestone, the informally named “Blue Bluff” unit or mem
ber (Huddlestun and Hetrick, 1986, p. 4), and the Tink
Creek Formation.

A cream-colored calcareous facies composed of c
carenite and calcilutite with indurated calcareous nodules
common at SRS. This is the typical “McBean” carbona
lithology. Indurated, moldic limestone similar to that in th
type area of the Santee (Moultrie Member of Ward and o
ers, (1979) also occurs in many SRS cores and outcrops,
in exposures in the type area of the “McBean” (Sloan, 19
p. 271-272; Veatch and Stephenson, 1911, p. 244-246)
places the carbonate has been replaced by silica. The Sa
is approximately the E5 unit of Prowell and others (1985
The Santee is best developed in a northeasterly trending z
across the middle of SRS, It is sporadic in the vicinity 
Upper Three Runs and rare to the northwest. To the south
it interfingers with and grades into the “Blue Bluff”. Judgin
from Sloan’s (1908, p. 271) lithologic descriptions, the Sa
tee is at least 60 ft thick at Shell Bluff in Burke Count
Georgia.

“McBean Formation” of many authors and “McBea
member of the Lisbon Formation” (Huddlestun, 1982; Hu
dlestun and Hetrick, 1986, p. 4) have been applied in the p
to these sediments at SRS and vicinity. The “McBean F
mation” at its type locality on McBean Creek in Georg
(Veatch and Stephenson, 1911, p. 237-244) consists of 
bonates overlain by clay and quartz sand. Most of the sil
clastics are apparently of Jacksonian age according
Huddlestun and Hetrick (1982, p. 25), although Nystrom a
Dockery (1992) suggested that at least some of them are
relative with the Claibornian Gosport Sand in Alabama. T
original concept of the unit also included carbonates expo
on the Savannah which are now known to be upper Eocene
(Veatch and Stephenson, 1911, p. 243; Huddlestun a
Hetrick, 1986).

Huddlestun (1982) and Huddlestun and Hetrick (198
suggested restricting the term “McBean” to calcareous fac
and informally used the term “McBean member of the Li
bon Formation”. Because of the confusion involved in t
use of the term, we are currently not using “McBean” a
are using “Santee Limestone” for the calcareous sedime
rather than “McBean Formation”, “Lisbon Formation”, or
“McBean member of the Lisbon Formation” for these re
sons:
1. Sloan (1908, p. 459-460) applied the term “Santee”

SRS and vicinity before the “McBean Formation” wa
defined by Veatch and Stephenson (1911).

2.  Although the calcareous facies of the type “McBea
consists mostly of slightly to moderately indurated sed
ment with a “marly” texture, beds of moderately to we
indurated biomoldic limestone similar to the Moultri
Member of the Santee occur in the “McBean” type ar
(see Sloan, 1908, p. 271; Veatch and Stephenson, 19
p. 242-243).
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3. “McBean” as used in the updip Coastal Plain by Coo
and MacNeil (1952) and Siple (1967) consists mostly 
siliciclastics. In some places, “McBean” has bee
mapped where no calcareous sediments are present.

4. Two names have been used by most workers for this 
of the section: “Santee” for calcareous sediments a
“McBean” for calcareous sediments and siliciclastic
We believe that it is more logical to have a name for t
calcareous deposits and another for the siliciclastics.
Discussions of the confusing usage of the te

“McBean” are in Huddlestun (1982) and Huddlestun an
Hetrick (1986). We await a more precise and useful defi
tion of “McBean”, at which time it may be incorporated int
our stratigraphic column.

Paleontology, age, and correlation
Microfossils and megafossils are abundant in the San

From the outcrops at McBean Creek, Georgia, Cushman 
Herrick (1945) described many species of foraminifer
mostly benthonic. The benthic foraminiferal species Cib
cides westi appears to be a marker for the Santee in this 
(Huddlestun and Hetrick, 1986, p. 15). Zullo (1985) an
lyzed barnacle assemblages from the “McBean”. Veatch a
Stephenson (1911, p. 239-240) listed numerous species i
tified by T. W. Vaughan, including gastropods, pelecypods
coral, and a scaphopod. Cubitostrea sellaeformi and
Pteropsella lapidosa, characteristic of the upper Lisbon
have been found at many places. Among other groups c
mon to abundant in the Santee are sponges, foraminif
ostracodes, bryozoans, and barnacles. Calcareous na
plankton, palynomorph assemblages, and other fossils in
cate a zone NP 16 age assignment (late Lutetian, mid
Claibornian).

Veatch and Stephenson (1911, p. 237) suggested a p
ble correlation for the upper part of the “McBean” with th
Gosport Sand of late Clabornian age in the Gulf Coas
Plain, and Toulmin (1977) correlated the upper part of t
“McBean” with the Gosport. Ostracodes from Santee ca
bonates in one well at SRS indicate the presence of C
bornian strata slightly younger than the Cubitostrea
sellaeformis zone, probably equivalent to the Gosport (J. 
Hazel, personal communication). This part of the secti
appears to correlate with strata in the central eastern So
Carolina Coastal Plain described by Dockery and Nystr
(1992). The deposits there contain abundant silicified m
luscan shells and are unconformably separated from 
underlying C. sellaeformis zone. [This is probably at or ne
Sloan’s locality.] Dockery and Nystrom (1992) informall
named these sediments the “Orangeburg District bed”. T
Gosport-correlative deposits may be an updip facies of t
Utley Limestone and other parts of the Clinchfield Form
tion (Nystrom and Dockery, 1992; see also Harris and Zul
1992) and may also correlate with the upper part of the S
tee Limestone (see Ward and others, 1979; Powell a
8
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Baum, 1982; Dockery and Nystrom, 1991; Harris and Zul
1991) in central eastern South Carolina.

Environment
The environment of deposition was probably most

inner to middle neritic.

“Blue Bluff” unit

Lithology and stratigraphic terminology Calcareou
strata occur for many miles along the Savannah River va
in the same stratigraphic position as the Santee Limest
but with sufficient areal extent, thickness, and distinctiven
in lithology to warrant recognition as a separate unit. Hu
dlestun and Hetrick (1986, p. 4) informally used “Blue Blu
member of the Lisbon Formation”. The unit is a cliff-forme
and is exposed at several bluffs one the Georgia side of
Savannah opposite SRS (see Veatch and Stephenson, 1
p. 249-250). The “Blue Bluff” is gray and pale green, claye
laminated calcilutite, calcarenite, and calcareous silts a
clays, with shell layers, indurated nodules, thin indurat
limestone lenses, calcareous muds, and quartz sand lam
in places. Brantley (1916, p. 54) reported an analysis fro
the exposure at Blue Bluff with a carbonate content of 56
Much of the sediment form SRS cores has more than 7
(Paul Thayer, personal communication). Thin, phospha
crust in SRS well P 21TA suggests that the basal contact is
unconformable. On geophysical logs, the “Blue Bluff” is
characterized by having high gamma ray counts and lo
resistivities compared to sediments above and below.

“Blue Bluff” sediments are widespread in the southe
part of the Savannah River Site. They interfinger and are 
dational with the cream-colored Santee facies, and, in g
eral, tend to be more common in the lower part of 
calcareous section than the lighter-colored carbonates. T
“Blue Bluff” lithology appears to extend as thin beds as f
northwest as McBean, Georgia, judging from the subsurf
descriptions of McLelland (1987); it extends to the southe
at least as far as the deep wells near Barnwell and Allend
South Carolina. The “Blue Bluff” is about 90 ft thick at th
southeastern boundary of SRS.

The “Blue Bluff” has been assigned to the “McBea
Formation” or Santee Limestone by most workers in t
area. Colquhoun and others (1983), Steele (1985), McC
land (1987), and Logan and Euler (1989) used the te
“Santee” downdip and “McBean” updip for carbonate
within the study area. The “Blue Bluff” may be part of th
E4 unit of Prowell and others (1985a); most is unit E5.

Paleontology, age, and correlation
The benthic foraminiferal species Cibicides wes

appears to be a marker for the Santee and “Blue Bluff”
this area (Huddlestun and Hetrick, 1986, p. 15). Cubitost
sellaeformis and Pteropsella lapidosa, characteristic of 
upper Lisbon, occur in the “Blue Bluff” with numerous othe
2
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molluscan taxa. Calcareous nannoplankton, palynomorp
and other taxa indicate an approximate zone NP 16 
assignment (late Lutetian, middle Claibornian).

Environment
Sediments and fossils in the “Blue Bluff” suggest 

lower energy environment than that of the Santee.

Tinker Creek Formation—A New Formation

Lithology and stratigraphic termi nology
The Tinker Creek consists of quartz sands, silts, a

clays which, in general, occur updip form the Santee. T
type section is described in the appendix from core from w
MWD-5A in northwestern Barnwell County, South Carolina
In general, the sands of Tinker Creek are finer than the sa
above and below, contain more heavy minerals, and are m
likely to contain glauconite, although glauconite is ofte
found in the Warley Hill. Yellow, tan, and white sands ar
common, and pale green sands occur in the center of S
Clay beds and laminae are underlying and overlying un
The clays of the Tinker Creek tend to be illite/smectite rath
than kaolinitic as in other parts of the section (Dennehy a
others, 1989). Tan clays are more prominent in the overly
Dry Branch Formation while green clays are common in t
Tinker Creek. Silica cemented zones occur in many pla
Burrows of the Ophiomorpha type are abundant in some ou
crops of the Tinker Creek. Most burrows are less than 1 i
in diameter and have thin walls of white clay. Although ve
fine and fine sands are typical of some of the Tinker Cre
medium and coarse sands are common in SRS wells, e
cially updip. The fine sand facies can also be found ma
miles updip. An exposure of very fine, well-sorted, burrowe
sand on Good Hope Farms Road in Aiken County, about 
mi west of Silver Bluff Road (South Carolina Highway 302
appears to be the Tinker Creek. A similar exposure is i
borrow pit-landfill on the north side of Herndon Dairy Road
about 1.3 mi west of Silver Bluff Road. The fine, wel
sorted, burrowed sand here is topped by massive clay. T
sediments were assigned to the “Huber Formation” b
Nystrom and others (1982, p. 121).

The clay between 187 and 190 ft in the type section
part of the “green clay interval” (Dennehy and others, 19
Snipes and others, 1992), a series of clay beds and cla
sands ranging for the upper part of the Congaree Forma
through the lower part of the Tinker Creek. A fossiliferou
section of the Tinker Creek “green clay” several feet thick
exposed in a road cut on the east side of Upper Three R
were SRS road 2-1 crosses the creek. Molluscan mo
including Pteropsella lapidosa, occur here. Outcrops of gr
caly, green clayey sand, and the fine, well-sorted, burrow
sand facies occur in northwesterly-flowing tributaries 
Upper Three Runs at SRS. In a few cored wells near the c
ter of SRS, part of Tinker Creek consists of light tan to bu
low density silt.
9
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Where the Warley Hill is missing and the Tinker Cree
overlies the Congaree, going upward in the section colo
become darker, grain size decreases, sorting becomes po
green clay and/or glauconitic sand become more comm
and heavy minerals become abundant. Where the Tin
Creek overlies the Warley Hill, the contact is more obscu
but Tinker Creek stands tend to be finer and cleaner than
underlying sand. A pebbly zone occurs at the base of 
Tinker Creek in places.

On geophysical logs, the gamma ray count for th
Tinker Creek is usually higher than for overlying and und
lying units, especially where the “green Clay” facies is we
developed at or near the base of the unit. In general, resis
ties are low in the Tinker Creek, especially in comparis
with the overlying unit.

The Tinker Creek grades downdip into the carbonates
the Santee and, perhaps, the “Blue Bluff”. Northwest 
Upper Three Runs within SRS, we know of only one w
which encountered calcareous sediments. Outcrops of si
fied limestone north of SRS in the Tinker Creek part of t
section suggest that some of the siliciclastic facies develo
by solution of calcareous deposits. Trending southwe
northeast through the middle of SRS, the Tinker Creek a
Santee are gradational and interfingering. Some wells w
calcareous sediments are surrounded by wells a few hund
feet away containing only siliciclastics, and vice versa. F
mapping purposes, the contact is defined in the transit
zone where 25% of the section is composed of calcium c
bonate. (Although the North American Stratigraphic Co
recommends boundaries be drawn at 50%, we believe 
25% is a significant amount of carbonate).

The Tinker Creek is about 40 ft thick at the northweste
boundary of SRS, and the “Blue Bluff” is about 90 ft thick 
the southeastern boundary. Dip of the upper surface of 
Tinker Creek-Santee “Blue Bluff” is about 20 ft/mi to the
southeast across SRS.

The Tinker Creek is some of the siliciclastic parts of t
“McBean Formation” as used by many workers; the upp
part of the “Aiken formation” as used by Colquhoun and o
ers, (1982, 1983). Bishop (1984), and Steele (1985); some
the upper part of the “Huber Formation” as used by Nystro
and Willoughby (1982); and part of the “Neese formation” 
used by Oldham (1979). It is the “Tims Branch” of Falla
and others (1992).

Paleontology, age and correlation
Palynomorphs and silicified shells and molds of mo

lusks have been found in the Tinker Creek. A few palyn
morph assemblages indicate zone NP 16, and Pterop
lapidosa, characteristic of the upper Lisbon (middle Cla
bornian; upper Lutetian), occurs in the unit. Nystrom a
Dockery (1992) considered some of the red sands descr
by Sloan (1908) as his “Barnwell phases”, and other sa
containing silicified fossils at SRS, to be Gosport equiv
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Environment
The environment of deposition was probably most

barrier, shallow marine, and lagoonal.

MIDDLE OR UPPER EOCENE

Clinchfield Formation

Lithology and stratigraphic termi nology
The Clinchfield, type locality in central Georgia (Picke

ing, 1970), consists mostly of quartz sand and clay, calca
ous in places, and carbonates. The quartz sand of 
Clinchfield at SRS may be the Riggins Mill Member, define
in central Georgia (Huddlestun and Hetrick, 1986, p. 26-2
63-65). It is tan and yellow, poorly to well-sorted, and fine 
coarse. The Utley Limestone Member, type locality at Pl
Vogtle in Burke County, Georgia near SRS (Huddlestun a
Hetrick, 19 86), is an indurated, bioclastic and biomold
glauconitic limestone in some places, and in others a calc
ous sand and calcarenite. The Clinchfield appears to be 
E6 of Prowell and others (1985a). The Utley is exposed
places on the Georgia bank of the Savannah opposite SR
least as far downstream as several hundred feet southea
Griffins Landing. Approximately 30 ft thick in the southeas
ern part of the SRS, the Clinchfield pinches out or becom
unidentifiable updip in the middle of the Site.

In places the lower contact of the Clinchfield is mark
by a change from calcareous sediments of the Santee
“Blue Bluff” to poorly to well-sorted sand of the Riggins
Mill Member. In some wells, the Riggins Mill contain
coarse quartz pebbles. The Utley Limestone tends to be m
indurated and coarsely glauconitic than the underlying c
bonates, and it contains abundant specimens of the sand
lar Periarchus lyelli. In general, there are fewer hea
minerals and more manganese-stained sediments above
contact. 

Paleontology, age, and correlation
Huddlestun and Hetrick (1986) reported the presence

the pelecypodChlamys cf. C. membranosa and Crassostrea
gigantissima, the sand dollar Periarchus lyelli, and benthonic
foraminifers in Georgia. P. lyelli has been identified by the
Utley at SRS. We do not have good fossil dates from t
Clinchfield. The most common age determinations in t
immediately underlying strata are zone NP 16, and in ove
ing strata, NP 18-20. The abundance of P. lyelli suggests that
the Clinchfield correlates with the “Scutella” abundance
zone of the Gulf Coast, making it a correlative of the Gosp
Sand (late Claibornian) and/or the Moodys Branch Form
tion (early Jacksonian). Huddlestun and Hetrick (1986, 
26) discussed the age problem and tentatively assigned
Clinchfield to the Jacksonian. Harris and Zullo (1992
favored a correlation with the Claibornian Gosport Sand.
0
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Environment
The concentrations of sand dollars in the carbonates 

the sorting of the sands suggest a littoral and inner ne
environment.

Albion Member (of the Clinchfield Formation?)

Lithology and stratigraphic terminology
A distinctive unit with spiculitic (containing sponge spi

cules) sediments has been encountered in several place
Georgia and in Aiken County, South Carolina (Huddlest
and Hetrick, 1986, p. 31). It consists of spiculite, and spic
litic mudstones and sandstones, cemented with opal in pla
(Carver, 1972). Maximum known thickness is 22.5 ft in t
Windsor Spring roadcut south of Augusta, Georgia (Hu
dlestun and Hetrick, 1986, p. 31).

The type locality is the Albion Kaolin Mine in Rich-
mond County, Georgia (Carver, 1972).

Paleontology, age, and correlation
The unit was tentatively placed in the upper Eocene

Carver and in the Clinchfield Formation by Huddlestun a
Hetrick (1986), but its precise age is unknown. In addition
marine sponge spicules, some diatoms, radiolarians, a
plant fragments have been found which could be used
accurate age determination (Huddlestun and Hetrick, (198

Environment
Carver (1972) suggested an extremely nearshore, 

haps tidal pool, environment for the Albion.

UPPER EOCENE

Dry Branch Formation

Lithology and stratigraphic terminology
The Dry Branch Formation includes the Twiggs Cla

Member, dominant west of the Ocmulgee River in Georg
type locality in central Georgia (Shearer, 1917, p. 158-17
the Irwinton Sand Member, dominant from the Ocmulg
River eastward, type locality in central Georgia (Lamoreau
1946a, 1946b); and the Griffins Landing Member, type loc
ity across the Savannah from SRS (Huddlestun and Hetr
1986, p. 43-46, 72-73). The Dry Branch has been correla
in outcrop from its type locality in central Georgia (Huddle
tun and Hetrick, 1986, p. 34-46, 66-67) to SRS (Nystrom a
Willoughby, 1982). Siple (1967) appears to have assigned
the Irwinton and some of the Griffins Landing to h
“McBean Formation”. The Dry Branch includes unit E7 an
probably part of E8 of Prowell and others (1985a).

The Twiggs Clay Member is not a mappable unit 
SRS, although lithologically similar beds occur at variou
horizons in the formation. The Griffins Landing Member 
at least 50 ft thick in the southeastern part of SRS. Calc
tite, calcarenite, bioclastic and biomoldic limestone, calca
3
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ous sand, and shelly, calcareous clay occur in the mem
The large oyster Crassostrea gigantissima, abundant in
Griffins Landing at its type locality, is found in many SRS
cores. Siple (1967) assigned some C. gigantissima-bea
beds to his “Barnwell Formation”, but placed all limeston
at SRS in the lower part of his “McBean”. The Griffin
Landing occurs sporadically in most of the Site and is n
known to be present northwest of Upper Three Runs wit
the Site boundaries, but it has been encountered in the 
surface north of SRS (Zullo and Kite, 1985).

At SRS, the Griffins Landing contains less glaucon
that the carbonates of the underlying Utley and Santee
lacks the concentrations of Periarchus lyelli and genera
contains abundant Crassostrea gigantissima. Where Grif
Landing carbonates overlie the sands of the Riggins M
Member, the contact is obvious. A thin quartz sand visible
outcrop between the Griffins Landing and the Utley at Gr
fins Landing is interpreted as a transgressive deposit. A p
bly layer at the contact occurs in some cores. Pisol
structures were found at the contact in one well at SRS.

The remainder of the Dry Branch Formation within SR
is made up of the Irwinton Sand Member. It is composed
yellow, tan, and orange, moderately sorted quartz sand, 
interlaminated and interbedded clays, typically tan, abund
in places. Pebbly layers and zones rich in clay clasts oc
Glauconite is rare. In general, the Griffins Landing grad
updip and upseciton into the Irwinton.

In places as far north of the Site as Aiken, outcrops
clay and silicified sandstone with what appears to be 
gigantissima occur. Nystrom and others (1986, p. 17) ci
several occurrences of fossiliferous, silicified sand app
ently within the Dry Branch, one of which is northwe
Aiken.

The Dry Branch Formation is about 50 ft thick near th
northwestern SRS boundary and about 80 ft near the so
eastern boundary.

Paleontology, age, and correlation
Aggregations of Crassostrea gigantissima in living po

tion are prominent in parts of the Griffins Landing. Herric
(1960, 1964) described foraminiferal assemblages fr
Shell Bluff and Griffins Landing, Georgia, near SRS. Zul
and Kite (1985) and Steele and others (1986) reported fo
minifers, barnacles, crabs, bryozoans, starfish, crinoi
shark and ray teeth, and fish bones from the member of s
eral localities in the vicinity of SRS. Ophiomorpha, palyno-
morphs, and silicified C. gigantissima have been found in the
Irwinton Sand Member. Palynological and calcareous nan
plankton assemblages from SRS cores suggest a correla
with zones NP 18 to NP 20 and the lower part of the Yaz
Formation of the Gulf Coastal Plain, which is middle Jacks
nian (middle Pribonian).

Environment
Common planktonic Foraminifera in one SRS core sa
1
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ple from the Griffins Landing indicate some open oce
influence. Some of the Crassostrea and Brachiodontes-bear-
ing calcareous clay beds contain foraminiferal genera in
cating bay or lagoonal environments. Irwinton sands a
probably inner neritic and barrier deposits. The clays of t
Irwinton probably formed in lagoons or bays.

Tobacco Road Sand

Lithology and stratigraphic terminology
The Tobacco Road Sand consists of moderately 

poorly sorted, red, brown, tan, purple, and orange, si
clayey quartz sands and quartz sands. A few thin clay b
are present in some places. In general, the sands of
Tobacco Road are muddier, more micaceous, and mo
highly colored than those of the Dry Branch. The base of 
Tobacco Road is marked in places by a coarse layer that 
tains flat quartz pebbles. The unit has been traced in outc
from its type locality in Richmond County, Georgia, to SR
(Huddlestun and Hetrick, 1978, 1986; Nystrom and Wi
loughby, 1982). The “Barnwell Formation” of Siple (1967
seems to correspond roughly to the Tobacco Road.

The formation is exposed in much of the southweste
South Carolina Coastal Plain, including SRS. Its upper s
face is irregular because of incision that preceded deposi
of the overlying Altamaha Formation. The thickness vari
considerably because of the eroded upper surface, but it 
least 60 ft thick in places.

Paleontology, age and correlation. No datable fossils
have been recovered from the Tobacco Road at SRS,
Ophiomorpha burrows can be seen in many outcrops, 
silicified shell fragments occur in places. Crassostrea gig
tissima has been reported from the sand in Georgia, and
Sandersville Limestone Member in central Georgia conta
C. gigantissima, Turritella, molluscan molds, and the ec
noid Periarchus quinquefarius (Huddlestun and Hetrick,
1986). Based on evidence in central Georgia, Huddles
and Hetrick (1986) assigned the Tobacco Road to the Jac
nian (late Eocene), correlating it with the upper part of t
Yazoo Formation in the Gulf Coastal Plain, which is upp
Jacksonian (upper Priabonian).

Environment
Marine fossils and glauconite have been found in th

Tobacco Road in central Georgia, indicating a shallow ner
environment. The occurrence of clay laminae and beds, e
cially in the upper part, suggest that some of the Toba
Road was deposited in a transitional, low energy enviro
ment, such as a tidal flat or shallow lagoon. 

OLIGOCENE (TO MIOCENE?)

Zullo and others (1982), Willoughby and others (1984
and Nystrom and others (1991) described partially silicifie
barnacle-bearing, quartz sand channel deposits of Oligoc
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(to Miocene?) age in several localities in Aiken Coun
(Lophobalanus baumi beds). The channels cut into th
“Huber” and Dry Branch formations. Barnacles, echinoid
Foraminifera, worm tubes, and pectenids occur in the se
ments, and the interpretation is a valley-fill sequence o
basal part of the Miocene “upland” unit (Nystrom and ot
ers, 1991, p. 236).

Fossiliferous chert of Oligocene age [King’s Cree
phase of Sloan (1908); Flint River formation of Cooke
(1936) and Cooke and MacNeil (1952) crops out along th
Savannah about 5 mi downstream from SRS and 14 
downstream from Plant Vogtle in Georgia.

MIOCENE

Altamaha Formation (“Upland” Unit)

Lithology and stratigraphic termi nology
The “upland” is an informal term applied to deposi

that occur at higher elevations in many places in the sou
western South Carolina Coastal Plain (Nystrom and W
loughby, 1982; Nystrom and others, 1986, 1991; Colquho
and others, 1983; Steele, 1985; McClelland, 1987; Log
and Euler, 1989). It may be a facies of unit M1 of Prow
and others (1986a). The sediments are red, purple, g
orange, yellow, and tan, poorly sorted, clayey and silty, fi
to coarse sands, with lenses and layers of gravels, pe
sands, and oxidized, massive clays. Clay clasts are abund
Cross-bedding is prominent in places, and muscovite a
flecks of weathered feldspar are locally abundant. Clay-fill
fissures, probably caused by weathering, are numerou
places. The unit is an extension of the Altamaha Format
of Georgia (Nystrom and Willoughby, 1992), type locality i
southeastern Georgia (Dall and Harris 1892, p. 82; Huddl
tun, 1988, p. 101).

The Altamaha occurs at the surface at higher elevatio
in many places around and within SRS but appears to
missing from some high elevation SRS wells. It is up to 70
thick in parts of SRS. The lower surface of the unit is ve
irregular because of erosion of underlying deposits. In a f
SRS cores, the Altamaha lies on Dry Branch sedime
rather than on the Tobacco Road. In general, going upw
across the base of the Altamaha, sorting becomes poo
weathered feldspar grains become larger and more comm
clay beds become more abundant and thicker, sand bec
more argillaceous and indurated, pebbles are larger, and
places, muscovite increase.

Much of the “Hawthorn Formation” of Siple (1967) cor
responds to the Altamaha, but the Miocene Hawthor
Group in its type area is phosphatic and dolomitic (Huddle
tun, 1988). Siple’s “Hawthorn” apparently included some 
the underlying Tobacco Road, as he considered the occ
rence of Ophiomorpha (=”Halymenites”), common in that
formation, to be typical of his “Hawthorn” rather than h
2
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“Barnwell Formation”. Other terms which have been applie
to the Altamaha deposits in the area are “Lafayette” (McG
1891; Sloan, 1908, p. 479) and “Citronelle” (Doering, 196
1976; Smith and White, 1979).

Paleontology, age and correlation
Very few fossils have been reported from the Altama

and its equivalents. Ophiomorpha burrows were observed
what appears to be the Altamaha at one locality at SRS. S
(1967, p. 61) reported benthic Foraminifera from his “Haw
thorn Formation” in a well at SRS indicating a correlatio
with the Duplin Marl, then considered Miocene but no
assigned to the Pliocene. In southeastern Georgia, the A
maha appears to grade laterally into the Parachucla 
Coosawatchie formations of the Hawthorne Group, both
Miocene age (Huddlestun, 1988, p. 30), making it Aquit
nian and Serravallian. According to Nystrom and Wi
loughby (1992), the Altamaha is late middle to early la
Miocene and unconformably overlies the Coosawatch
Downdip from SRS, the Altamaha is truncated by t
Orangeburg scarp. Pliocene marine deposits occur to the
of the scarp (Colquhoun, 1988).

Environment
The conglomerates, poorly sorted sands, and clay len

have the characteristics of fluvial sediments. The possi
occurrence of rare Ophiomorpha suggests that there m
have been occasional transitional marine influence.

YOUNGER DEPOSITS

Stream terrace deposits, colluvium, and alluvium a
common at lower elevations (Siple, 1967; Newell and othe
1980; Dennehy and others, 1989). There has been so
informal discussion of a possible eolian origin for clea
sands found at higher elevations in parts of the area.
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APPENDIX—TYPE SECTIONS

Steel Creek Formation

The type section of the Steel Creek Formation, a qua
sand and interbedded kaolinitic clay sequence, is descri
below from core from SRS well P 21TA in Barnwell County
South Carolina, Site coordinates north 24675 and e
40739, or approximately 33o9’28”N and 81o35’25”W (Fig.
3). Steel Creek is a tributary to the Savannah about 2.4
west of the well. The core is stored at SRS.
Feet below ground surface

Sawdust Landing Formatio
450-452 Sand, coarse, clayey, very poorly sorted, angu

slightly indurated; gray

452-452.3 Sand, very coarse, pebbly, angular; slightly ind
rated; gray

452.3-453 Missing core

Steel Creek Formation
453-460 Clay, becoming sandy toward base; micaceo

moderately indurated; mottled grayish red

460-464 Sand and clayey sand, medium, poorly sort
angular; micaeous; slightly to moderately indurate
light gray

464-472 Clay, sandy at base; moderately indurated; mot
yellowish and tannish gray

472-484 Sand, medium, poorly and moderately sorted; an
lar and subangular; clayey at top; micaceous; iro
sulfides in places; slightly indurated; gray

484-486 Sand, medium, pebbly, clayey very poorly sorte
subangular; slightly indurated; gray

486-488 Missing core

488-488.4 Sand, coarse, pebbly, very poorly sorted, sub
gular; slightly indurated; tan 

488.4-500 Clay, moderately indurated; gray, yellow, brown

500-518 Sand, medium, clayey at top, poorly sorted; mic
ceous; slightly lignitic in places; gray, light brown a
base

518-540 Clay, sandy at base, moderately indurated; mot
gray, red, yellow, orange

540-552 Sand, medium, moderately and poorly sorted; m
ceous; gray
3
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552-574 Clay, moderately indurated; mottled reddish gray

574-575 Missing core

575-577 Clay, moderately indurated; dark gray

577-578 Missing core

578-586 Clay, moderately indurated; dark gray

586-588 Missing core

588-589 Sand, fine, poorly sorted, slightly indurated; mic
ceous; gray

589-592 Missing core

592-594 Sand, very coarse, somewhat pebbly, poorly sor
slightly indurated; light gray

Black Creek Formation
594-600 Sand, medium, moderately sorted, clayey and 

nitic at base; tan and light gray

Snapp Formation

The type section of the Snapp Formation, composed
quartz sand and interbedded kaolinitic clay, is describ
below from core from SRS well P 22TA in southern Bar
well County, South Carolina, about 2 mi west of Low
Three Runs, a tributary to the Savannah River, and 2
south of Par Pond. SRS coordinates of the well are no
20593 and east 73555, or approximately 33o12’14”N and
81o31’25”W. The ground elevation is 215 ft above mean s
level. The core is stored at the Savannah River Site. “Sna
is the name of an old railroad stop in the southeastern pa
the Site.

Fourmile Formation
296-300 Sand, coarse, clayey in places, moderately to w

sorted, subrounded; slightly indurated; trace glauc
nite; light green

300-310 Missing core

Snapp Formation
310-319 Clay, becoming sandy toward base, micaceous

places; slightly to moderately indurated; light yel
lowish gray (The geophysical log indicates that th
top of the clay is at a depth of 305 ft, within th
interval of missing core).

319-323 Sand, coarse, clayey, poorly sorted, subround
slightly indurated; light gray and yellowish gray

323-324 Clay, slightly to moderately indurated; mediu
gray

324-327 Sand, coarse, clayey, poorly sorted, subround
slightly indurated; light gray

327-331 Clay, sandy, micaceous in places; slightly to mod
ately indurated; pebbly at base

331-337 Clay, moderately indurated; light gray

337-347 Sand, medium and coarse, clayey, poorly sort
3
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subangular to subrounded; micaceous in plac
moderately indurated; light yellowish orange an
gray

347-349 Sand, very coarse and coarse, moderately so
subrounded; slightly indurated; clayey and darker 
base; light yellowish gray

349-354 Missing core

354-357 Sand, coarse, moderately sorted, subangular; he
minerals common in places; trace lignite; slight
indurated; light yellowish gray

357-358 Missing core

358-360 Sand, very coarse, slightly pebbly, moderat
sorted, subangular; slightly lignitic at base; slight
indurated; light gray

Lang Syne Formation
360-364 Clay; moderately indurated; medium gray

Fourmile Formation

The type section of the Fourmile Formation, compos
of quartz sand with some interbedded clays, is descri
below from core for well MWD-3A in northwestern Barn
well County, South Carolina, near the Aiken County lin
southeast of Tinker Creek and west of Mill Creek. Savann
River Site coordinates are north 69839 and east 75756
approximately 33o18’9”N and 81o36’23”W. The ground ele-
vation is 328 ft above mean sea level. Fourmile Branch i
Savannah River tributary which rises in the center of SRS
June of 1992, the core was located at the University of So
Carolina at Aiken.
Feet below ground surface

Congaree Formation
252-256 Sand, very coarse, slightly pebbly, moderat

sorted, subrounded; slightly indurated; orange

Fourmile Formation
256-257 Sand, fine, moderately sorted, subangular; fiss

burrowed; lignitic; green and gray clay laminae

257-258 Sand, medium, poorly sorted, subangular; trace 
sulfides and glauconite; light gray

258-259 Sand, very fine, well sorted, subangular; tan c
laminae; somewhat micaceous; slightly indurate
medium gray

259-260 Clay, silty, slightly to moderately indurated; som
what micaceous; dark gray

260-261 Missing core

261-265 Sand, very coarse, moderately sorted, subroun
slightly indurated; tan and orange

265-271 Sand, fine poorly and moderately sorted, clayey
places, subangular; green and gray clay lamin
somewhat micaceous; common heavy minerals
4
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places; some glauconite grains and trace iron s
fide; slightly indurated; green and gray

271-278 Sand, coarse and very coarse, poorly sorted, so
what pebbly, clayey in places, subrounded; green
gray clay laminae; sulfides and glauconite becomi
more abundant toward base; cemented sands 
pebbles at base; grayish green

Lang Syne Formation
278-284 Clay and silty clay, micaceous; lignitic in place

moderately indurated; fissile; dark gray

Tinker Creek Formation

The Tinker Creek consists of quartz sands, silts a
clays, which, in general, occur updip from the Santee. T
type section is described below from core well MWD-5A i
northwestern Barnwell County, South Carolina, near th
Aiken County line, southeast of Tinker Creek and west 
Mill Creek. Savannah River Site coordinates are north 692
and east 75491, or approximately 33o18’7”N and
81o36’10”W. The ground elevation is 322 ft above mean s
level. In June of 1992, the core was located at the Univer
of South Carolina at Aiken.
Feet below ground surface

Irwinton Member of Dry Branch Formation
154-158 Sand, medium to coarse, moderately sorted, s

rounded; slightly indurated; tan, yellow, orange
white with black oxide stains

Tinker Creek Formation
158-158.5 Sand, fine, clayey, poorly sorted, subangul

slightly indurated; yellowish tan

158.5-159 Interbedded medium sand and clay with lign
(?) laminae; slightly indurated; dark tan

159-160 Sand, fine to medium, well sorted, subangul
slightly indurated; tan

160-162 Sand, fine to medium, subangular, slightly clay
and with a few clay laminae, moderately to we
sorted; slightly indurated; light green and brown

162-165 Sand, fine to medium, moderately and well sort
subangular; slightly indurated; heavy minerals com
mon; yellow

165-166 Missing core

166-170 Sand, very fine, well sorted, subangular; hea
minerals common; slightly indurated; yellow

170-172 Sand, very fine, well sorted, subangular; sligh
clayey and with light green clay laminae; slightl
indurated; yellow, orange

172-174 Sand, very fine, subangular; nodules of cemen
sand; moderately indurated; yello

174-180 Sand, very fine, slightly clayey, moderately sorte
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subangular; heavy minerals common; slightly ind
rated; yellow, orange

180-181 Missing core

181-185 Sand, very fine and fine, moderately to well sorte
subangular; slightly clayey and with white clay lam
inae; heavy minerals common; yellow orange

185-187 Sand, fine, moderately sorted, subangular; m
green clay laminae; slightly indurated; orange

187-187.5 Clay with fine sand laminae; slightly indurate
yellow and green

187.5-188 Sand, coarse, very clayey, silty, very poo
sorted; slightly indurated; brown

188-190 Clay, green, with many laminae and thin beds 
yellow, fine to coarse sand; slightly indurated

190-190.5 Sand, very fine, slightly clayey; slightly indurate
yellow

190.5 – 191 Missing core

Warley Hill Formation
191-192 Sand, medium, poorly sorted, subangular, clay

and with green clay laminae; slightly indurated
trace glauconite; orange

192-193 Sand, medium and coarse, slightly clayey, poo
sorted, subangular; slightly indurated; orange
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Upper Three Runs, which flows southwest along stri
of the sedimentary strata toward the Savannah River, is
major stream draining the Savannah River Site (SRS). Re
is relatively low on its northwestern side but is up to abo
200 ft on the southeast, perhaps because of migration of
stream down the regional dip (Siple, 1967, p. 14). Eoce
sediments are exposed along northwesterly-flowing tribut
ies to Upper Three Runs, in bluffs along Upper Three Ru
and along the railroad paralleling the stream near F area 
C road (Figure 1). Sloan (1908) described sections alo
Tinker Creek, a tributary to Upper Three Runs north of t
area studied in this report, and Siple (1967) mentioned o
crops along Tinker Creek and Upper Three Runs. Exposu
in the area have been discussed recently by Dennehy
others (1989), Nystrom (1989), Nystrom and others (198
1990, 1991), and Nystrom and Dockery (1992).

The sections described in this report are exposed
Upper Three Runs Bluff, located about 2100 ft south of th
railroad bridge over Upper Three Runs and about 50 ft e
of the stream; in several outcrops along Waterfall Creek
tributary which flows into Upper Three Runs about 1500 
south of the bridge and extends upstream almost to F are
several outcrops along Copperhead Creek, a tributary wh
passes under the railroad about 1800 ft northeast of t
bridge; and in the railroad cut about 2500 ft northeast of 
bridge (Figure 1). Thicknesses and elevations of the str
were estimated by Jacob staff and hand level, measur
from Upper Three Runs and the railroad. Composite secti
were constructed along the two streams. The secti
described in this report include the Congaree and Warley H
formations, the Santee Limestone and equivalent silicicl
tics, and the Dry Branch Formation, all of Eocene age, a
Quaternary (?) colluvial and fluvial deposits (Figure 2).

The Congaree is exposed at one place along the low
part of Waterfall Creek where about 5 ft of orange, mod
ately to well-sorted, fine to medium sand can be seen. 
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thickness of the formation could not be determined. T
Congaree is early (to middle?) Eocene and a correlative
the Tallahatta of the Gulf Coastal Plain.

The Warley Hill, a middle Eocene lower Lisbon correla
tive, is exposed at Upper Three Runs Bluff, Waterfall Cree
and Copperhead Creek. It consists of orange, poorly sor
clayey and silty, medium to coarse sand with grayish cl
laminae overlain by dark green glauconitic clay and clay
sand with very coarse sand, granules, and pebbles. The u
clay unit is a little less than 2 ft thick. The thickness of th
formation is estimated to be about 15 ft.

The outcropping Santee Limestone (part of th
“McBean Formation” of other workers), a middle Eocen
upper Lisbon equivalent (and perhaps younger), occurs a
silicified facies containing shell fragments and external a
internal molds of pelecypods and gastropods with Turrite
being especially common. A layer about 1.5 ft thick holds 
a waterfall about 2.5 ft high on Waterfall Creek and loo
blocks of the facies are common in the railroad cut. Fra
ments of silicified limestone are also common in the stre
bed above the waterfall.

The Santee-equivalent siliciclastics (part of th
“McBean” of other workers) are interbedded with the silic
fied carbonate facies and consist mostly of fine and very fi
light gray, yellow, and orange well sorted sand with gree
white, gray, yellow, and tan laminae and beds common
places. Ophiomorpha – type burrows approximately 0.5
inches to 1 inch in diameter, mostly vertically oriented an
lined with white clay, are abundant at some outcrops. Sili
fied internal molds of Turritella are abundant, especially 
one exposure in Copperhead Creek. Prominent in the lo
part of the unit is a green glauconitic clay or very clay
sand about 2 ft thick. The clay can be distinguished from 
dark green clayey bed of the underlying Warley Hill by 
paucity of coarse sand, granules, and pebbles abundant i
older unit. In placed the two green clays are in sharp cont
STRATIGRAPHIC  RELATIONSHIPS  IN EOCENE OUTCROPS ALONG UPPER THREE RUNS AT THE 
SAVANNAH  RIVER  SITE

W. C. Fallaw
Department of Geology

Furman University
Greenville, South Carolina

David S. Snipes, J.S. Daggett, Lillian Furlow, April James, J.P. Moore, Sarah Price
Department of Earth Sciences
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Van Price
Westinghouse Savannah River Company

Aiken, South Carolina
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and in other places they are separated by a layer of fine, 
sorted, light gray to white sand up to 4 ft thick. Small sha
teeth occur in both clays. The two clay layers are part of 
“green clay interval” at SRS described by Root in intern
SRS documents and discussed by Dennehy and ot
(1989) and Snipes and others (1992). A tan clay higher in
section at Upper Three Runs Bluff has been silicified. T
upper part of the Santee and correlative siliciclastics m
include sediments equivalent to the Gosport Formation of 
Gulf Coast (Veatch and Stephenson, 1911; Toulmin, 197
Nystrom and others, 1990, 1991; Nystrom and Docke
1992). The thickness of the Santee and correlative silicicl
tics is approximately 35 ft.

Each of the sections contains a bed in the Santee inte
which is at least partially silicified. The silicified facies wa
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judged not to be a single key bed because it is not para
with the Warley Hill-Santee and the Santee-Dry Branch co
tacts (Figure 2).

The upper Eocene Dry Branch Formation, a correlat
of the Gulf Coastal Plain, is composed of yellow and oran
fine to coarse, moderately to well-sorted sand with abund
tan and yellow clay layers. Its thickness could not be de
mined.
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Figure 2. Cross-section along strike. EC=Congaree; Ewh=Warley Hill; Es=Santee and equivalent siliciclastics; Edb=Dry Branch
Upper Three Runs Bluff and the two creek sections are hung on top of Warley Hill. Railroad section is hung on base of silicified zone.
The two creek sections are composites. Vertical exaggeration = 25x.
Figure 1. Location map.
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INTRODUCTION

The Savannah River Site is approximately 30 kilomete
south of the Fall Line, which is the boundary between cry
talline rocks of the Piedmont and the relatively unconso
dated sediments of the Atlantic Coastal Plain. Depth 
crystalline basement in this area is approximately 0.5 ki
meters. This brief note reports on the petrography, geoche
istry, and possible age of a granite collected from a core
part of a study of the geology of the Site. The core site 
10) is located at 33o01’30”N and 81o23’04”W. The granite
sample utilized in this study was collected from a depth 
528.5 meters (1,734 feet) below the top of the drill hole. T
granite will be called the “C-10” granite for the purposes 
this paper.

PETROGRAPHY

The granite sampled in the core is coarse-grained (5
mm) and equigranular with a pinkish, medium-gray colo
Laths of potassium feldspar and plagioclase have noticea
alignment suggesting a weak foliation. The medium-gr
color of the granite is due to the dark gray color of qua
rather than the presence of mafic minerals. The modal c
position of the sample (Table 1) indicates a leucogran
composition. Chlorite, which is the only significant mafi
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phase in the granite, appears to have formed by replacem
of biotite. Apatite, sphene, and zircon are minor access
phases.

Most of the quartz within the granite is composed 
aggregated subgrains that have highly sutured conta
Potassium feldspar is composed of vein-type perthite a
some microcline. Locally, plagioclase is present as gra
within the perthite and approximately 15 percent of th
potassium feldspar grains have a Rapakivi texture formed
0.1-1.0 millimeters rims of plagioclase. Plagioclase with
the granite is extensively altered to grains that contain v
fine aggregates of epidote and white mica. The altered na
of the minerals in the granite, plus the weak foliation su
gests the granite has undergone greenschist facies meta
phic conditions.

GEOCHEMISTRY

The major and trace element chemistry of the C-1
granite is presented in Table 1. The chemical compositio
typical of a calcalkaline granite; the sample is moderat
peraluminous, with 0.99 weight percent normative coru
dum.

The granite is enriched in the light rare earth elemen
with the concentration of the heavy rare earths having
AN INITIAL  GEOCHEMICAL  AND ISOTOPIC STUDY OF GRANITE  FROM CORE C-10, SAVANNAH  RIVER  
SITE , SOUTH CAROLINA

Stephen A. Kish
Department of Geology B-160

Florida State University
Tallahassee, FL 32306
Major elements and selected trace elements analyzed by XRF;REE, U, and Th analyzed by ICPMS.

Table 1. Chemical and mineralogical composition of core sample C-10-1734

Major Elements (Wt. Percent)

SiO2 A12O3 CaO MgO Na2O K2O FeO MnO TiO2 P2O5 LOI Sum

72.9 14.0 0.79 0.46 4.22 4.62 1.84 0.05 0.32 0.08 0.85 100.1

Trace Elements (ppm)

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

102 34 9.8 34 5.5 1.06 4.1 0.7 3.8 0.75 1.9 0.3 2.2 0.31

Cr Rb Sr Y Zr Nb Ba U Th

24 166 150 24 246 23 623 3 16

Modal Composition (Volume Percent)

Quartz Plagioclase K-Feldspar Chlorite Epidote Opaques

31.8 30.9 34.2 2.4 0.3 0.5
5
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nearly constant 10x enrichment relative to a chondritic av
age (Fig. 1a).

Trace element discrimination diagrams for granit
(Pearce and others, 1984) can be utilized to evaluate the 
sible tectonic setting associated with granite formation. U
lizing these diagrams (e.g. Fig. 1b) the C-10 granite wo
be best characterized as a volcanic arc granite, howe
these diagrams are not unambiguous. For instance, post
lisional granites can have trace element signatures simila
volcanic arc granites.

GEOCHRONOLOGY

In order to place some limits on the age of the C-
granite, Rb-Sr isotopic analyses were performed on who
rock and potassium feldspar (Table 2). Both biotite (mos
chloritized) and plagioclase proved unsuitable for dating d
to the highly altered nature of these minerals.

A date obtained from a whole-rock and potassium fe
spar pair yields a value of 220+4 Ma (2 sigma). Because the
4
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granite appears to have been metamorphosed and alte
this age does not represent the time crystallization. Ba
upon K-Ar and Rb-Sr dating studies of K-feldspar elsewhe
in the Appalachians, this age may represent the time w
the rock cooled to temperatures below 100o – 150oC. This
condition could be associated with extensive erosion th
took place following the end of Paleozoic orogenic activity

A whole-rock model age may be calculated for the sa
ple. For such a calculation an assumed initial 87Sr/86Sr value
is used. For granitic rocks of the Piedmont (Fullagar, 197
Fullagar and Butler, 1979; Kish, 1983) the most comm
range in 87Sr/86Sr initial ratio is 0.7040 to 0.7150. If the
upper value (0.7150) is used in the age calculation a mo
age of 440 Ma is obtained; using the lower 87Sr/86Sr initial
ratio the model age is 550 Ma. Since most granites in 
Piedmont have relatively lo 87Sr/86Sr initial ratios, the
older age (~550 Ma) is preferred as an estimate for the ag
crystallization.
Figure 1a. Rare earth chondrite normalized plot for C-10 granite. Chondrite normalization values from Henderson, 1984 (Table 1.5,
Column 1).
Figure 1b. Ocean ridge granite (ORG) normalized geochemical plot for the C-10 granite. Modified from Pearce and others, 198
The elements Ta and Hf have been omitted from the plot.
Table 2. Rb-Sr isotopic data for core sample C-10-1734.

Rb (ppm) Sr (ppm) 87Rb/86Sr 87Sr/86Sr

Whole-rock 165.7 150.0 3.206 0.73826

K-Feldspar 353.0 161.0 6.374 0.75474
6
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DISCUSSION

The C-10 drill site is in close proximity to the late Pre
cambrian-Cambrian volcanic and plutonic terrane of t
Carolina slate belt. Given the chemistry, probable age, a
the metamorphosed nature of the C-10 granite, it is proba
that the granite is a part of this terrane. Late Precambria
Cambrian volcanic and plutonic rocks are also present in 
Suwannee terrane, located across a major magnetic ano
south of the Savannah River Site (Horton and others, 19
Kish, 1992), however, these rocks are unmetamorphosed
overlain by undeformed early Paleozoic sedimentary rock

REFERENCES
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INTRODUCTION

Carbonate strata of middle and late Eocene age w
continuously cored in two downdip wells at the Savann
River Site (SRS) (Fig, 1). Petrographic study of the core w
done to: 1) delineate lithofacies, 2) assess the effects
diagenesis on pore system evolution, and 3) determine de
sitional environments.

Figure 1. Location of wells used in this study.
Figures 2 and 3 are graphic logs showing the stratig

phy, lithology, fossils, and grain-size parameters of insolub
residues from carbonate intervals in SRS wells P-21TA a
P-22TA. Figure 4 explains the symbols used in the grap
logs. Our stratigraphic terminology is modified slightly from
Fallaw and others (1992). Stratigraphic relationships 
Eocene carbonate strata in this region have been reviewe
Powell (1984), Huddlestun and Hetrick (1985), Prowell a
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others (1985), Gohn (1988), Nystrom and others (1991), F
law and others (1992), and Harris and Zullo (1992). Pap
concerned with petrology of Eocene carbonate strata in t
area include Powell and Baum (1981), Powell (1984
Thayer and Miller (1988), and Thayer and others (1988). 

SANTEE LIMESTONE

The Santee Limestone unconformably overlies the Co
garee Formation (Figs. 2 and 3). The basal contact occur
an interval of missing core in well P-22. In P-21, the low
contact is marked by a phosphatic crust; the underlying C
garee sand is calcareous and contains thin silcrete lay
The top of the Santee is an unconformity, which Harris a
Zullo (1992) identified as the 40 Ma type 1 boundary. Harr
and Zullo (1992) assigned the Santee to the upper mid
Eocene TA3.5/3.6 cycle and suggested that the lower pa
the unit represented a transgressive systems tract and
upper part a highstand systems tract.

The Santee is usually moderately to well indurated, 
is friable in sandy and muddy parts of both wells. Colors 
yellowish-gray and light and very light gray, except in th
upper third where grayish-green and greenish-gray predo
nate. Weight percent carbonate ranges from 14.7 to 97.7%
= 64.2%, s = 24.1%) and is higher in P-22 (x = 70.2%, s =
19.5%) than in P-21 (x = 57.3%, s = 27.1%). Carbonate con
tent decreases upward in P-21 with a concomitant increas
percent terrigenous mud (Fig. 2), whereas, P-22 shows
systematic trend (Fig. 3). Weight percent terrigenous m
(silt plus clay) averages 22.4% and is much higher in P-21
= 35.5%, s = 26.8%) than in P-22 (x = 10.2%, s = 6.2%). In
fact, the Santee becomes a calcareous mud above 187 ft 
21 (Fig. 2). Subangular quartz sand averages 13.6 we
percent and is more abundant in P-22 (x = 19.7%, s = 17%)
than in P-21 (x = 7.1%, s = 10.1%).

Mean size of terrigenous quartz is lower fine sand in
21 (x = 2.91φ, s = 0.73φ) and upper fine sand in P-22 (x =
2.18φ, s = 0.22φ). Maximum quartz size greatest near th
base of the Santee and attains lower pebble size (-2.3φ)
directly above the unconformity in P-21. Overall, quar
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Figure 2. Stratigraphic sequence, lithologic characteristics, and gamma ray log for P-21TA well, Savannah R outh Carolina.
iver Site, S



P
E

T
R

O
LO

G
Y

 A
N

D
 R

E
S

E
R

V
O

IR
 C

H
A

R
A

C
T

E
R

IS
T

IC
S

 O
F  M

ID
D

LE
 A

N
D

 L
A

T
E

 E
O

C
E

N
E  C

A
R

B
O

N
A

T
E

 S
T

R
A

T
A

51

Figure 3. Stratigraphic sequence, lithologic characteristics, and gamma ray log for P-22TA well, Savannah Riv uth Carolina. 
er Site, So
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maximum size averages lower coarse sand (x = 0.89φ, s =
0.22φ) in P-22 and upper medium sand (x = 1.26φ, s = 1.13φ)
in P-21. Sorting of the terrigenous and fraction is modera
and is slightly better in P-22 (x = 0.56φ, s = 0.19φ) than in P-
21 (x = 0.64φ, s = 0.25φ).

Principal lithofacies of the Santee Limestone in dow
dip SRS wells include calcareous mud, calcareous qua
sand, skeletal wackestone-packstone, and quartz-rich sk
tal grainstone. Non-carbonate grains common to all litho
gies include quartz, feldspar, heavy minerals, muscov
collophane, and glauconite (Fig, 2 and 3). Detrital hea
minerals are ubiquitous and include garnet, brown tourm
line, rutile, zircon, sillimanite, staurolite, kyanite, monazit
ilmenite, and magnetite.

Calcareous Mud

This lithofacies occurs only in P-21 where it is domina
above 187 ft (Fig. 2); it grades into muddy, skeletal wac
stone below. The unit consists of terrigenous mud with su
ordinate skeletal allochems and minor, very fine, subangu
quartz sand. Molluscs and foraminifers are the ma
allochems; most are sand size and abraded. Woody org
debris, diatom valves, sponge spicules, collophane, and m
covite are common, but form less than 1% of the total v
ume. Authigenic minerals include glauconite, pyrit
clinoptilolite, chalcedony, and opal-CT lepispheres. Poros
of this lithofacies is typically less than 5%. Pore types a
chiefly moldic formed by dissolution of aragonitic mollus
can shells and intraparticle in foraminifers. Permeability
very low because mesopores are isolated from each othe
microporous mud.

Figure 4. Symbols used in graphic logs.
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Calcareous Quartz Sand

This lithfacies occurs at the base of the Santee in P
and at the top of the unit in P-22. It consists of friable, fine
medium quartz sand with subordinate echinoderm, moll
can, and foraminiferal allochems. Terrigenous mud mat
forms 5-15% of the total unit. Most of the echinoderm a
molluscan fragments are broken and rounded, sugges
transport. Locally, aragonitic molluscan shells have been 
solved forming moldic pores. Rare sparry calcite cem
forms syntaxial overgrowths on echinoderm fragments a
partially fills moldic pores. Porosity in this lithofacies is 20
30% depending on the amount of mud matrix, and is mai
intergranular. Permeability is excellent because of the la
pore throats connecting intergranular pores.

Skeletal Wackestone-Packstone

This is the dominant lithofacies in both wells and con
sists of molluscan-echinoderm wackestone interbedded w
subordinate molluscan - echinoderm packstone. Micr
matrix forms 20-65% of whole-rock volume, and in plac
has aggraded to microspar. Terrigenous mud forms 5-4
and is most abundant in P-21. Fine and very fine quartz s
ranges from 1-35%, and is more common in P-22 than in
21.

Skeletal allochems constitute 15-50 of whole-rock vo
ume and consist of whole, broken, and abraded echinod
and pelecypod fragments with subordinate bryozoans, fo
minifers, gastropods, serpulid worm tubes, ostracodes, a
comminuted skeletal debris. Most allochems are sand s
although gravel size pelecypods and bryozoans are domin
locally. Sponge spicules, diatom valves, collophane, woo
organic debris, pyrite, clinoptilolite, and muscovite are co
mon in P-21, but rare in P-22. Authigenic chalcedony 
common in both wells and partly replaces calcitic mollusc
allochems. Rare opal-CT lepispheres have grown wit
intraparticle and moldic pores. Glauconite, as discrete gra
and fossil replacements, is common in both wells and is m
abundant in the middle of the Santee, where there is a r
tively high percentage mud (Figs. 2 and 3).

Porosity in this unit ranges from 3-25% and is chief
mesomoldic and mesovug. Moldic pores formed by disso
tion of aragonitic molluscan grains in the freshwater me
oric realm; hence, total porosity is controlled by the numb
and size of aragonitic allochems available for solution. 
places, moldic pores have been reduced or closed by gro
of sparry calcite cement. Enlargement of moldic pores 
dissolution of surrounding allochems or micrite produce
vugs. Other pore types include: intraparticle in foraminife
and bryozoans; channels formed by enlargement of mo
and vugs; and intercrystal in spar-reduced molds. Permea
ity in this lithofacies is low because molds and vugs are i
lated from each other by microporus micrite or microsp
which have small pore-throat diameters. Porosity and perm
2
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ability values are significantly decreased where moldic a
intraparticle pores have been reduced or closed by 
growth of sparry calcite cement.

Quartz-Rich Molluscan Grainstone

This well-indurated lithofacies occurs principally in P
22 between 147-175 ft as thin beds intercalated with san
skeletal packstone. It consists of well-worn gravel and s
sized pelecypod and echinoderm fragments with subordin
foraminifers, bryozoans, and comminuted skeletal deb
Subangular quartz sand forms 5-40% of the unit and is low
medium to upper fine grained. Terrigenous mud compri
2-10% of this lithofacies. Micrite, which forms less than 5%
of the unit, occurs beneath pelecypod umbrellas and as g
petal infillings of pelecypod molds; most has aggraded 
microspar. Accessory constituents include glauconite, col
phane, carbonate intraclasts, feldspar, and heavy mine
Sparry calcite cement occurs as syntaxial overgrowths
echinoderm fragments, and fills or partly fills intraparticl
pores in foraminifers and bryozoans, as well as moldic po
formed by dissolution of aragonitic pelecypods.

Porosity averages 20.5% and is mesomoldic and me
vug formed by dissolution of aragonitic pelecypods. Mino
secondary intergranular, intercrystalline, and channel po
also occur. Numerous molds have been reduced or filled
sparry calcite cement. Measured permeability (air) rang
from 1.4 to 6.1 Darcies and is high because many of 
molds and vugs are connected as the result of close pac
of original skeletal allochems.

Diagenesis

The major diagenetic events that have affected the S
tee include: 1) marine phreatic – micritization of skelet
allochems, glauconitization, phosphatization, and rare
fibrous calcite cementation within foraminifer tests: and 
freshwater meteoric – neomorphism of micrite to microsp
dissolution of aragonitic and opaline silica skeletal grain
precipitation of sparry calcite cement in primary and secon
ary pores, and syntaxial calcite overgrowths on echinode
fragments. Opal-CT lepispheres and authigenic clinoptilol
crystals that line secondary moldic pores postdate the dis
lution of aragonitic allochems. The primary source of silic
was the dissolution of sponge spicules and diatoms valves

Depositional Environment

The Santee contains a diverse fauna indicative of cle
open-marine shelf waters of normal salinity. The abunda
of micrite and terrigenous mud suggests deposition belo
normal marine wave base. However, the presence of abra
molluscs, echinoderms, and bryozoans indicates that bot
transport by currents and storm-generated waves altern
with quiet-water conditions in which muds could accumu
late. The abundance of terrigenous mud, woody orga
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debris, and muscovite in P-21 suggest a proximal river
input. The increase in size and percentage of quartz san
P-22 implies higher energy conditions, possibly a shoal en
ronment.

GRIFFINS LANDING MEMBER

The Griffins Landing Member of the Dry Branch For
mation unconformably overlies the Clinchfield Formatio
(Figs. 2 and 3) and has been correlated to the upper Eo
TA4.2 cycle (Harris and Zullo, 1992). The Griffins Landin
sequence probably represents transgressive and highs
deposits (Harris and Zullo, 1992).

The Griffins Landing is friable to moderately indurate
although thin beds of well indurated carbonate occur in t
basal 15 ft of P-21. Colors are variable, including tan, gre
ish-gray, grayish-green, and light gray. Weight percent c
bonate averages 39.1% (s-21.2%; range = 2 to 83%) an
slightly higher in P-21 (x = 44.1%, s- 23.0%) than in P-22 (x
= 35.3%, s = 19.2%). The unit is characterized by alter
tions of carbonate-rich beds with calcareous muds an
muddy, calcareous sands (Figs. 2 and 3). The terrigen
fractions consists of fine, subangular quartz sand (x = 41.
s = 20.3%) with subordinate mud (x = 19.4%, s = 12.4%).

Mean size of the quartz fraction is upper fine sand (x =
2.09φ, s = 0.4φ), and ranges from upper very fine (3.05φ) to
upper medium (1.08φ) grained. Generally, mean size is larg
est near the base and top of the unit. Maximum grain s
ranges from upper very coarse (-0.82%φ to lower medium
(1.70φ) sand, and closely follows the trend of mean si
(Figs. 2 and 3). Sorting of the terrigenous sand fraction
moderate (x = 0.67φ, s = 0.12φ) in both wells.

The Griffins Landing includes four lithofacies: sand
calcareous mud; muddy, calcareous quartz sand; mud
quartz-rich packstone; and muddy, quartz-rich grainston
Muscovite is common and is most abundant in fine grain
mud-rich units. Rare glauconite, pyrite, sponge spicules, a
bluish-gray and pink quartz occur in all lithologies. Th
heavy mineral suite includes tourmaline, garnet, zirco
rutile, sphene, staurolite, kyanite, sillimanite, ilmenite, an
magnetite. Opal-CT lepispheres line primary and second
pores in all units, and fibrous chalcedony commonly replac
or partly replaces low-Mg calcite molluscs. Authigenic c
noptilolite occurs as 2-5um crystals that line primary an
secondary pores.

Sandy Calcareous Mud

This minor lithofacies occurs near the base of the G
fins Landing in both wells. It consists of terrigenous san
mud containing subordinate sand and gravel size fragme
of oysters, other pelecypods, echinoderms, foraminifers, a
comminuted skeletal grains. Abraded bioclastic grains fro
10-30% of whole rock volume. Porosity is usually less th
5% and is primarily intraparticle in foraminifers and mes
3
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moldic formed by the dissolution of aragonitic pelecypod
Permeability is very low owing to high percentage of mud 
this lithofacies.

Muddy, Calcareous Quartz Sand

This lithofacies is abundant in both wells and consists
subangular, fine quartz sand containing 10 to 40% skel
allochems set in a terrigenous mud and micrite matrix t
ranges from 10-30% of whole rock volume. The unit grad
into muddy, quartz-rich packstone and grainston
Allochems are gravel and sand sized fragments of oyst
other pelecypods, echinoderms, foraminifers, bryozoa
barnacles, sponge spicules, diatoms, ostracodes, and ga
pods. Most of the mollusc and echinoderm fragments 
abraded. Sparry calcite cement forms 2-5% and occ
mainly as syntaxial overgrowths on echinoderm fragments
also partly fills interparticle and moldic pores. Porosi
ranges from 3-10% and is mostly interparticle and mold
Permeability is low because terrigenous mud and mic
occlude pores and pore throats.

Muddy, Quartz Rich Packston

This lithofacies, which occurs in both wells, consists 
skeletal packstone containing 10-30% fine quartz sand a
5-15% terrigenous mud matrix. Gravel and sand sized o
ters, echinoderms, other pelecypods, and bryozoans are
main allochems; most are abraded. Also present are fora
ifers, gastropods, serpulid worm tubes, sponge spicules, b
nacles, ostracodes, and finely comminuted shell deb
Micrite forms 10-30% of whole rock volume and is local
pelleted. Other constituents include glauconite, collopha
muscovite, carbonate intraclasts, heavy minerals, and wo
organic debris. Sparry calcite forms overgrowths on echin
derm fragments and partly lines moldic and intrafora
pores. Porosity ranges form 5-22% and is moldic and int
granular with minor vug and intraparticle in foraminifers an
bryozoans. Permeability is low because pores are isola
from each other bymicrite or terrigenous mud.

Muddy, Quartz Rich Grainstone

This minor lithofacies occurs as thin beds intercalat
with quartz rich packstone and calcareous quartz sand
consists of abraded gravel and sand size skeletal fragm
mixed with subordinate fine quartz sand and minor terrig
nous mud. Skeletal fragments include oysters, other pele
pods, echinoderms, bryozoans, barnacles, and foraminif
Minor sparry calcite occurs as overgrowths on echinode
fragments and partly fills intraparticle pores in foraminife
and bryozoans. Porosity of this lithofacies averages 21% 
is mainly intergranular. Permeability is high because of t
large number of well connected interparticle pores.
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Diagenesis

Diagenetic events in the Griffins Landing Membe
include: 1) marine phreatic – micritization of skelet
allochems and minor glauconitization; and 2) freshwa
meteoric dissolution of opaline silica and aragonitic skele
grains, along with sparry calcite cementation in primary a
secondary pores and as overgrowths on echinoderm fr
ments. Opal-CT lepispheres and authigenic clinoptilol
crystals that line the margins of secondary moldic pores in
cate that they formed after dissolution of aragoni
allochems. The dissolution of sponge spicules and diatom
the likely source of silica for formation of opal-CT lepi
spheres and chalcedony replacements of molluscan shell

Depositional Environment

Huddlestun and Hetrick (1986) proposed a margin
marine, coastal environment for the Griffins Landing Mem
ber. The abundance of terrigenous quartz and mud sugge
nearby source terrane, as does the presence of woody org
debris. Faunal elements in this unit indicate relatively cle
marine waters of normal salinity. The presence of abrad
gravel and sand sized skeletal allochems suggest that 
energy conditions alternated with quiet water deposition
which muds accumulated.
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INTRODUCTION

The Orangebury District bed is an informal stratigraph
unit introduced by Dockery and Nystrom (1990, 1992) fo
fossiliferous sands at Orangeburg, South Carolina, that h
a diverse silicified fauna. This bed disconformably overli
carbonates of the McBean Formation and underlies nonf
siliferous sands of the Jackson Group. Silicified fossil inve
tebrates of the Orangebury District bed are diverse and oc
in thin concentrations at diastems and lenses. The mollus
fauna includes 169 species and subspecies. A little more 
a third of these species are known only from Orangeburg
little less than a third occur in both the Cook Mountain Fo
mation and Gosport Sand of the Gulf Coastal Plain; and 
remainder occur in either Cook Mountain or older units 
the Gosport or younger units. Notably absent from this fau
are two Cook Mountain guide fossils, the bivalveCubito-
strea sellaeformis and Pteropsella lapidosa. The later spe-
cies occurs as internal molds in McBean carbona
underlying the Orangeburg District bed at Orangeburg, a
the former occurs in the McBean at nearby localities. No
bly present in this fauna is the common occurrence of a G
port guide fossil, the bivalve Glyptoactis (Claibornicardia)
alticostata. Based on the absence and presence of these 
cies, the mollusks indicate the Orangeburg District bed to
of Gosport age.

RECOGNITION OF GOSPORT EQUIVALENT 
UNITS IN THE ATLANTIC COASTAL PLAIN

Gosport age units have been recognized in the San
Limestone of South Carolina’s lower coastal plain by Wa
et al. (1979) and in the Castle Hayne Limestone of Nor
Carolina’s coastal plain by Zullo and Harris (1987). Ward 
al. (1979) proposed the Martin Marietta Company Berkel
Quarry as the neostratotype of the Santee Limestone. H
they named two members, the Moultrie and Cross. T
Moultrie is a moldic biosparite with abundant shells of Cub
tostrea sellaeformis. This unit was correlated with the mid
Claiborne Lisbon Formation of Alabama. Disconformab
overlying it are the bryozoan-brachiopod-bivalve biomicrite
of the Cross Member. This member contains molds of a G
port guide fossil, the bivalve Crassatella alta, and was
assigned a Gosport age. Ward et al. (1979) gave meas
sections of the Cross Member at its type locality and at t
5

ic
r
ave
es
os-
r-
cur
can
than
; a
r-
the
or
na

tes
nd
ta-
os-

spe-
 be

tee
rd
th
et
ey
ere

he
i-

dle
ly
s
os-

ured
he

Martin Marietta Company Georgetown Quarry and the Gia
Portland Cement Company Quarry. Ward (personal comm
nication)later found that the Cross type section contain
Cubitostrea sellaeformis and decided that Giant Quarry
would have been the better stratotype for the unit the auth
originally had in mind. At the Giant Quarry, Gosport-ag
mollusks are present in an interval that lacks Cubitostrea
sellaeformis. Thus, the Giant Quarry has an unnamed ca
bonate sequence of Geosport age, while the type Cross 
the Cubitostrea sellaeformis zone of Cook Mountain age
(Ward, personal communication).

Zullo and Harris (1987) recognized four deposition
sequences within the Castle Hayne Limestone. Sequence
equivalent to the Comfort Member of Ward et at. (1978) a
was correlated with the Cross Member of South Carolina 
the Gosport Sand and lower Moodys Branch Formation
Alabama. The correlation with the lower Moodys Branc
Formation was based on the occurrence of Periarchus lyelli.
Another name for the “lower Moodys Branch Formation” 
the Scutella (=Periarchus) bed, a unit that separates the Go
port Sand and calcareous “upper Moodys Branch Form
tion” in southern Alabama. This unit is characterized by 
abundance of the flat echinoid Periarchus lyelli, a fossil
incorrectly considered by some as a guide to the Mood
Branch Formation. Complete specimens of P. lyelli occur in
the Gosport Sand at the classic Little Stave Creek locality
Alabama. Zullo and Harris (1987) dismissed earlier pu
lished accounts of this echinoid in the Gosport Sand and 
sidered the Scutella bed to be of Moodys Branch age. On
occurrence they dismissed was a citation by Cooke (1959
42 pl. 14, fig. 1-3) of P. lyelli from the Gosport Sand at
Gopher Hill on the Tombigbee River in Washington Count
Alabama. At this locality (as observed by L.W. Ward and
Dockery), the Scutella bed contains a typical Gosport mol
luscan fauna and is considered here to be a facies of the 
port Formation. Therefore, Sequence 3 of Zullo and Har
(1987) is of Gosport age only.

Dockery and Nystrom (1990, 1992) first recognized
Gosport age fauna in the upper coastal plain of South C
lina in what had classically been called the McBean Form
tion. A construction site at Orangeburg showed a two-p
division of the McBean consisting of an upper clas
sequence with a diverse silicified fauna containing Glyptoac-
tis (Claibornicardia) alticostata and a lower carbonate
THE MCBEAN FORMATION  AND ORANGEBURG DISTRICT  BED — COOK MOUNTAIN  AND GOSPORT 
EQUIVALENTS  (MIDDLE  EOCENE) IN THE COASTAL  PLAIN  OF SOUTH CAROLINA

David T. Dockey III
Mississippi Office Of Geology

Paul G. Nystrom, Jr.
South Carolina Geological Survey
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sequence containing Pteropsella lapidosa. The upper unit
was informally named the Orangeburg District bed a
assigned a Gosport age, and the lower unit was considere
be the typical McBean Formation and assigned a Coo
Mountain age. A similar division of the “McBean Forma
tion” was noted by J. Hazel (personal communication), w
examined ostracods from test hole samples at the Savan
River Site. Also, D. Campbell (1992) made an independ
collection and study of the Orangeburg District bed’s mollu
can fauna and assigned it a Gosport age.

CORRELATION PROBLEMS ACROSS FAU
NAL PROVINCES

Cubitostrea sellaeformis serves as a guide fossil to sed
ments of Cook Mountain age across the Gulf and Atlan
coastal plains from Texas to Virginia. Overlying this zon
and underlying sediments of Jacksonian age in Alabama
the Gosport Sand and its characteristic molluscan fa
including Glyptoactis (Claibornicardia) alticostata and
Crassatella alta. These faunal divisions hold true in th
McBean Formation and Orangeburg District bed of Sou
Carolina’s upper coastal plain and are considered to be g
middle Eocene zonations for the mixed clastic and carb
ate, nearshore, shelf sediments of the northern Gulf a
southern Atlantic coastal plains. Dockery (1985, 1988
included these faunas in his “Northern Gulf Province” as 
found many Eocene molluscan species in common betw
coastal states from Texas to South Carolina.

A distinct Eocene molluscan fauna with Tethyan el
ments such as the gastropods Velates and Gisortia occurs in
peninsular Florida. This fauna, the Florida Province (Doc
ery 1985, 1988), lived in a tropical carbonate environme
similar to that of the Santee Limestone and was separa
from the Northern Gulf Province by the Gulf Trough an
ancient Gulf Stream. Though the molluscan faunas of th
Santee and Castle Hayne limestones of South and N
Carolina are poorly known, it is probable that they are 
northerly extension of the Florida Province and were with
the Gulf Stream’s course.

Correlation problems exist between the faunal zones
the Northern Gulf and extended Florida provinces. In t
Santee Limestone of the Martin Marietta Company Berke
Quarry, Cubitostrea sellaeformis, Glyptoactis (Claibornicar-
dia) alticostata, and Crassatella alta occur together in the
same rock. Here either the Cook Mountain guide fossil C.
sellaeformis has a higher last appearance datum (LAD) 
the Gosport guide fossils G. (C.) alticostata and C. alta have
a lower first appearance datum (FAD). Dockery and Nystro
(1992) argued that the latter was true and that the two G
port guide fossils have a stepwise diachronous FAD from t
Santee to the Orangeburg District bed. G. (C.) alticostata and
C. alta occur above the C. sellaeformis LAD in the nearby
Giant Portland Cement Company Quarry (L. W. Ward, pe
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sonal communication) as is the case in the northern Gulf.
It is likely that many Gosport taxa originated in tropic

environments associated with the Florida Province and 
not migrate across the Gulf Trough into the Northern G
until after the extinction or at least the decline of C. sellae-
formis. Larvae of these species readily colonized the tropi
carbonate environments beneath the Gulf Stream along w
is now the South and North Carolina coastline. Migratio
into the Northern Gulf Province probably corresponded w
a sea level rise during the late Claibornian sequence ev
TE3.1 of Mancini and Tew (1991) and came during a wa
climatic period in the Gulf.
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INTRODUCTION

Core VSC-4 (Figure 1, 2) contains a relatively comple
middle to upper Eocene stratigraphic section typical of t
southwestern Savannah River Site and adjacent area
Georgia. The core is at an elevation of 156.7 feet; and pe
trates a Cenozoic section of almost 500 feet; the Cretace
Tertiary boundary is placed at a depth of 494.6 feet. Pal
gene stratigraphic units recognized in the core include 
Paleocene Ellenton Formation, an upper Paleocene/lo
Eocene? Un-named unit, the middle Eocene Congaree F
mation, Warley Hill (?) Formation and Blue Bluff Marl, and
the upper Eocene Utley Limestone Member of the Clinc
field Formation, the Griffins Landing Member of the Dr
Branch Formation and undifferentiated Barnwell Grou
sands. We will focus our attention on the middle to upp
Eocene section which extends from the surface to a dept
325 feet at the base of the Congaree Formation (see Fi
2).

Figure 1. Location of cores and outcrops.

Lithostratigraphy

The Congaree Formation extends from 325 to 236 fe
depth and comprises clean, coarse, pebbly, Fe-stained qu
5

te
he
s of
ne-
ous
eo-
the
wer
or-

h-
y
p

er
h of
gure

et
artz

sand with occasional kaolin lithoclasts at the base grad
upward into fine to medium clean quartz sand with occ
sional thin gray to green clay beds. The contact with t
underlying intensely weathered kaolinite of the un-nam
unit is sharp, is characterized by local concentrations
reworked coarse sediments, and represents a regional un
formity. From 236 to 218.6 feet depth interbedded calca
ous sand and sandy molluscan-mold grainstone ma
correlate to the Warley Hill Formation. The contact with th
underlying Congaree is subtle and is marked by a chang
sand size and the addition of calcareous material. The B
Bluff Marl extends from 218.6 to 136 feet depth and consi
of impure micrite or argillaceous, silty to sandy micrit
becoming clayey at the top. The contact with the underly
Warley Hill Formation is picked where sand sudden
decreases in quantity and size; it represents a regional un
formity. The Utley Limestone in 21 feet thick in the core an
comprises a sandy, molluscan-mold biosparudite. Thin int
beds of calcareous quartz sand are present in the Utley. 
contact with the underlying Blue Bluff Marl is quite distinc
and represent a major regional unconformity that is mapp
over the area. The Griffins Landing Member extends from
to 115 feet depth and consists of sandy calcareous and k
nitic clays containing large Crassostrea. The contact with the
underlying Utley Limestone is sharp and represents
regional unconformity. We assign the remainder of the co
from the top of the Griffins Landing at 45 feet to the surfa
to undifferentiated Barnwell Group sands and clays (see F
ure 2).

Biostratigraphy

Poorly to well preserved calcareous nannofossils oc
in the interval from 76 to 256 feet depth, (i.e. mid Conga
Formation through mid Griffins Landing Member). Prese
vation is best in the Blue Marl and Griffins Landing Memb
which includes the Middle-Upper Eocene boundary. Table
presents a list of calcareous nannofossil species recor
from the lithic units included in this study. That list was com
piled from examination of samples from cores VSC-
VSC4, VG-7, and VG-8. Figure 2 shows the occurrence
selected age-diagnostic nannofossils in VSC-4. Range
calcareous nannofossils for the purpose of correlation a
taken from Perch-Nielsen (1985). “NP” zones refer to th
zonation of Martini (1971) as described in Perch-Niels
NANNOFOSSIL BIOSTRATIGRAPHY  AND SEQUENCE STRATIGRAPHY  OF MIDDLE  TO UPPER EOCENE 
STRATA  IN THE SOUTHWESTERN SAVANNAH  RIVER  SITE  AND ADJACENT AREAS OF GEORGIA

Richard A. Laws, W. Burleigh Harris and Victor A. Zullo
Department of Earth Science

University of North Carolina at Wilmington
Wilmington, N.C. 28403
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ples
(1985). “CP” zones refer to the zonation of Okada an
Burkry (1980) as described by Perch-Nielsen (1985).

One sample from calcareous beds in the upper Conga
Formation contains moderately well preserved nannofoss
The sample at 237 feet containLophodolithus mochlopho-
rus which has a last occurrence (LO) in NP 15. Several n
6

d

ree
ils.

an-

nofossils including Reticulofenestra umbilica and R.
reticulata which first appear in the sample from 225 fee
(Warley Hill?) may have first occurrences in NP 16. How
ever, the definitive taxa Chiasmolithus gigas and Rhab-
dosphaera gladiu do not occur in these samples, and
therefore, we cannot separate NP 15 and NP 16. Sam
Figure 2. Middle to upper Eocene lithostratigraphy, biostratigraphy, and sequence stratigraphy of core VSC-4. Asterisks represent
location of calcareous nannofossil samples. Solid dots indicate the occurrences of each species.
0
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Table 1. Calcareous nannofossil species recorded from middle to upper Eocene strata in the vicinity of southwestern Savann
River Site and Vogtle Power Plant.

Congaree Formation Blue Bluff Marl Griffins Landing Member

VSC-4-237’ VSC-4-218’,216’,203’, 194’,182’, 156.6’,137.5’,135.5’ VSC-4-91.’, 84’, 82’, 76’

Birkelundia jugata Campylosphaera dela Braarudosphaera bigelowii

Chiasmolithus solitus Cepekiella lumina Cepekiella lumina

Coccolithus pelagicus Chiasmolithus titus Chiasmolithus oamaruensis

Cyclococcolithus formosus Ch.grandis Coccolithus pelagicus

Cepekiella lumina Ch. Solitus Cyclococcolithus formosus

Lophodolithus mochlophorus Coccolithus pelagicus Dictyococcites bisectus

Pontosphaera multipora Cyclococcolithus formosus Discoaster barbadiensis

Transversopontis obliquipons Dakylethra punctulata Helicosphaera bramlettei

T. pulchra Dictyococcites bisectus Micrantholithus sp.

Toweis sp. D. Martinii Pontosphaera multipora

D. tani Reticulofenestra reticulata

Warley Hill Formation Ericsonia fenestra R. umbilica

VSC-4-225’ Helicosphaera seminulum Rhabdosphaera tenuis

Campylosphaera dela H. heezenii Transversopontis obliquipons

Cepekiella lumina Markalius inversus

Chiasmolithus titus Micrantholithus proceras Taxa from VG-7, VG-8, C-10

Coccolithus pelagicus Neochiastozygus dubius Discoaster saipanensis

Cyclococcolithus formosus Pemma basquense Helicosphaera euphratis

Dictyococcites bisectus P.Papillatum Isthomolithus recurvus

Erisonia fenestra Pontosphaera multipora Lithostromation reginum

Helicosphaera salebrosa Reticulofenestra reticulata Markalius inversus

Markalius inversus R. umbilica Pemma papillatum

Neochiastozygus dubius R. dictyoda Reticulofenestra dictyoda

Pemma basquense Rhabdosphaera tenuis Sphenolithus moriformis

P. papillatum R. spinosa Zygrhablithus bijugatus

Reticulofenestra reticulata Sphenolithus radians

R. umbilica S. spiniger

R. dictyoda S. moriformis

Rhabdosphaera tenuis Transversopontis obliquipons

R. spinosa Zygrhablithus bijugatus

Sphenolithus radians

Transversopontis obliquipons

Zygrhablithus bijugatus
Additional Taxa from VSC-3, 
VG-7, & VG-8

Braarudosphaera bigelowii

Coronoanulus germanicus

Discoaster tani nodifer

D. binodosus

D. elegans

D. bifax

Helicosphaera compacta

Laternithus minutus

Lithostromation perdurum

Reticulofenestra dictyoda
61
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from the base of the Blue Bluff Marl up to the sample 
156.6 feet contain a nannofossil assemblage typical of N
16. Sphenolithus spiniger and Discoaster martinii which
occur in sample 156.6 have LO in NP 16. The interval fro
150 feet to 83 feet in VSC-4 contains rare, poorly preserv
long-ranging species. This interval includes the upper Bl
Bluff Marl, the Utley member and the lower half of the Gri
fins Landing Member (see Figure 2). The sample at 82 f
contain Chiasmolithus oamaruensis, the indicator for NP 18
to NP 20 in Martini’s zonation (Upper Eocene). Samples
the Griffins Landing Member from other cores in the ar
contain Isthmolithus recurvus the indicator for NP 19/20.
The Utley Member was barren of nannofossils and corre
tion of it is based on other evidence.

Sequence Stratigraphy

Four middle Eocene depositional sequences are rec
nized in the Savannah River area. The Congaree Forma
is represented by two of the sequences, the Warley Hill F
mation by one sequence, and the Blue Bluff Marl (McBea
by one sequence. The Congaree Formation is these c
does not contain an abundant calcareous nannofossil s
however, the occurrence of Lophodolithus mochlophoru
which has a last occurrence (LO) in NP 15, at 237 feet s
gests assignment of the Congaree Formation to the TA
cycle of Haq et al. (1987). Harris et al. (in press) indicate 
the Congaree Formation is represented by two depositio
sequences (TA3.3 and TA3.2) in Savannah River ar
Although a depositional sequence is recognized between
Congaree Formation and the Blue Bluff Marl which ma
correlate to the Warley Hill Formation, calcareous nannofo
sils do provide definitive age control. This sequence 
assigned to the TA3.4 cycle on the basis of superposition 
correlation. The Blue Bluff Marl contains an abundant ca
careous nannofossil suite including Sphenolithus spinig
and Discoaster martinii which have LO in NP 16. Based 
their occurrence this sequence is assigned to the TA3.6
cycle of Haq et at. (1987). The depositional sequence re
sented by the Utley Formation, although barren, is assig
to the TA4.1 cycle of Haq et al. (1987) on the basis of sup
position and correlation to the “scutella bed” of the low
Moodys Branch Formation of the eastern Gulf Coastal Pl
and exposures along the Savannah River. The Griffins La
ing Member of the Dry Branch Formation is placed in t
TA4.2 cycle of Haq et al. (1987) on the basis of occurren
of Chiasmolithus oamaruensis which is the indicator for N
18 to NP 20 in Martini’s zonation and the occurrence of Is
molithus recurvus, an indicator for NP 19/20 in sampl
from other cores in the area that are correlative.
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INTRODUCTION

Dinoflagellates, among other things the plankton th
account for red tides and marine bioluminescence, are u
cellular organisms of a primitive, eukaryotic nature (Phrrh
phyta) that have been on earth demonstrably since 
Silurian, and probably since the Precambrian. Their sm
size (20-200 microns), widespread geographic and str
graphic distribution, rapid evolution, and persistent preserv
tion in rocks have made them useful in stratigraphic stu
Over the last 20 to 30 years, dinoflagellate fossils ha
played an important role in stratigraphy related to petrole
exploration. At Savannah River Site, they have been k
stratigraphic indicators applied to hydrogeological problem

Most dinoflagellates are preserved as organic-wall
resting cysts. The preserved material is neither calcium c
bonate nor silica, but rather a complex organic polymer si
lar to the material that comprises pollen and spor
“sporopollenin” or nature’s plastic. Sporopollenin is highl
resistant to acid attack and not readily broken down by ot
chemical and physical deterioration, making dinoflagella
cysts survivors as fossils under conditions which destroy c
careous and siliceous microfossils. Hence, frequently, as
some strata from Savannah River Site, dinoflagellates a
pollen are the only fossils found.

PERSISTENT PROBLEMS IN DINOFLAGEL-
LATE STRATIGRAPHY

Taxonomy

Fundamental to any stratigraphic paleontology is iden
fication of species. Species have geologic ranges. Spe
ranges identify zones, stages, and larger time rock un
Although great strides have been made in dinoflagellate t
onomy in the last 20 years, a great many species rem
without formal description and publication, and many th
are described are taxonomically troubled, i.e., their varia
ity and/or our inability to understand the significance o
details of their morphology cause us difficulty in distinguis
ing species, genera, and higher levels of classificati
Sometimes the question even comes down to “is it
dinoflagellate?”

At Savannah River Site, I have encountered over 1
species of dinoflagellate cysts in Cretaceous and Terti
strata. At least 25% of these are either undescribed or ta
6

at
ni-
o-
the
all
ati-
a-

dy.
ve

um
ey
s.

ed
ar-

mi-
es,
y
her
te
al-
 in
nd

ti-
cies
its.
ax-
ain

at
bil-
f
h-
on.
 a

50
ary
xo-

nomically troubled. These problems mean that I can
always compare my findings with those of other workers a
so have difficulty making refined and accurate age calls. 
the plus side, however, is that with continuing work, th
abundance of species can be used to develop a zonatio
Savannah River Site, and this zonation will be useful in 
Gulf and Atlantic Coastal Plains for refined biostratigraphy

Provinciality

Although dinoflagellates are planktonic and some sp
cies have worldwide distribution, no universally accepted 
applicable worldwide zonation exists based on dinoflag
lates. Ranges of some species included in European 
North America, North Atlantic zonations are applicable t
the Savannah River Site material, but other species cle
exhibit longer or shorter ranges in the Savannah River s
material than they do even in sections as close as the Atla
Coastal Plain of North America, i.e., Maryland and New J
sey. The Savannah River Site lies close to the provin
boundary of the Atlantic Coastal Plain and the Gulf Coas
Plain, but in terms of dinoflagellate assemblages, especi
in the Eocene, it is more similar to sections in Alabama
similar age rock, than it is to Maryland.

This provinciality of the dinoflagellates presents diffi
culties because there exists no published zonation for 
Gulf Coastal Plain province. Unpublished material is ava
able, and hence age calls are possible. On the plus s
again, is the potential for the Savannah River Site to b
type section for Gulf Coastal Plain dinoflagellate stratigr
phy.

Environmental Facies

Especially within complex, nearshore marine paleoen
ronments, such as we find in the Eocene of Savannah R
Site, environmental facies present problems for biostratig
phy. The apparent first or last occurrence of a species m
have more to do with changes in the local environment th
with evolution and extinction. Furthermore, it is often th
case that long ranging species are abundant, while s
ranging, more stratigraphically useful species are rare in 
assemblages, their numbers diluted by floods of domina
presumably well-adapted species.

Relatively little is known about the environmental sig
nificance of dinoflagellate cyst assemblages. At Savann
River Site dinoflagellates occur frequently as floods of o
SOME CHARACTERISTIC  FOSSIL DINOFLAGELLATE  CYSTS OF EOCENE STRATA , SAVANNAH  RIVER  
SITE , SOUTH CAROLINA

JOYCE LUCAS-CLARK, PH.D.
Clark Geological Services

Fremont, California
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or a few species, apparently as a response to paleoenv
mental factors. Again, the potential for new understanding
the significance of these assemblages is considera
because cores at Savannah River Site have been extens
studied sedimentalogically and for other types of fossi
Once this evidence is compared to this distribution 
dinoflagellate assemblages, we may be able to infer paleo
vironmental relationships with the dominance of dinoflage
late cysts.

EOCENE DINOFLAGELLATE STRATIGRA PHY 
OF THE SAVANNAH RIVER SITE

Several lithostratigraphic schemes have been propo
for the strata beneath the Savannah River Site (Siple 1
Prowell et al. 1985; Fallaw et al. 1990; Harris and Zull
1990, to name a few). This presentation follows, for conv
nience, the major units named by Fallaw et al. (1990) a
Harris and Zullo (1990).

I am making no assertion about the lithostratigraph
correlations to other stratigraphic units, nor the dating 
these units. The dinoflagellates that I have illustrated 
characteristic of the Eocene strata of the Savannah River
and have their first and last occurrences in the lithostr
graphic units as indicated on the range chart. They do n
necessarily occur in all of the intervening units; in fact I d
not think that I have found any of them in the Warley H
Formation. The range chart simply connects the first and 
occurrences that I have encountered. In all cases except
of Pentadinium goniferun and P. favatum, the whole forma-
tion is included in the range of the species if the specie
found in it at all. In future I hope to present more precise d
regarding the occurrence of these and other species at Sa
nah River Site.

The oldest Eocene unit at Savannah River Site is d
puted and controversial. Two possible lithostratigraphic un
have been considered to be Paleocene or lower Eocene
correlated variously to the Williamsburg Formation, th
Fishburne Formation, and been called the “Snapp beds,” 
E1 of Prowell et al. (1985). Characteristic dinoflagellate sp
cies illustrated herein include Wilsonidium tabulatum (?),
Wetzeliella meckelfeldensis, W. articulata, and Glaphyr
cysta exuberans.

Unconformably overlying the Fishburne or “Snapp” 
the Congaree, mainly lower middle Eocene. This unit is a
characterized by abundant W. articulata and Glaphyrocysta
exuberans. Making first appearances are Pentadinium fava-
tum, Glaphyrocysta vicina, Charlesdowniae coleothrypt
and higher in the formation, Pentadinium goniferum.

The Warley Hill Formation has yielded few datab
assemblages of dinoflagellates. The overlying Santee is c
acterized by Glaphyrocysta exuberans, G. vicina, G. sem
tecta, Charlesdowniae coleothrypta, and Pentadiniu
goniferum. Nearly all assemblages form the Clinchfield an
6
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FIGURE 1. Dinoflagellate Ranges at Savannah River Site.
Lithostratigraphic units based on Fallaw et al. (1990).
Bars represent total range from first to last occurrence at SRS,
not actual recorded occurrences in the stratigraphic units.
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DINOFLAGELLATE  CYSTS OF EOCENE STRATA

tri-
Plate 1. 1,2 Thalassiphora aff. T. pelagica; 3 Pentadinium favatum; 4 Pentadinium goniferum; 5 Glaphyrocysta semitecta; 6 Hys
chokolpoma rigaudiae; 7 Spiniferites pseudofurcatus; 8 Wetzeliella meckelfeldensis; 9 Glaphyrocysta? Vicina; 10 Glaphyrocysta exuber-
ans; 11, 12 Wetzeliella articulata; 13 Glaphyrocysta microfenestrata; 14, 16 Charlesdowniae variabilis; 15 Wilsonidium tabulatum ?; 17,
18 Samlandia chlamydophora.
65



JOYCE LUCAS-CLARK
Dry Branch units are from the Griffins Landing member o
the Dry Branch. These assemblages are characterized
coleothrighypta, C. variabliis, Glaphyrocysta microfenes
trata, and Samlandia chlamydophora.

Edwards (1990) reported the occurrence of some of 
species herein illustrated, and her reports are consistent 
my findings. In general, the ranges of these dinoflagella
species at Savannah River Site are consistent with th
reported in the literature. Some exceptions are that Spinifer-
ites pseudofurcatus is sometimes considered to have its fir
occurrence in the Eocene (e.g. Williams and Bujak, 198
but it has been reported in unpublished literature from t
Gulf and Atlantic Coastal Plains from the late Paleoce
(e.g. McLean, 1971). Hystrichokolpoma rigaudiae has its
base, worldwide, in older, lower Eocene rocks, but I have 
found it in the Fishburne. As far as I know, the only oth
recorded occurrence of C. variabilis is in the late middle
Eocene Barton beds of England, whereas I have found i
the upper Eocene Dry Branch.
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INTRODUCTION

The Savannah River Site is located between the C
Fear Arch and the southeast Georgia Embayment, two 
tures which have affected sedimentary patterns in the Car
nas and Georgia since the Cretaceous. Evidence 
continuing tectonic adjustment in the region from the La
Cretaceous through the Holocene includes the warping
units, faulting, and earthquake-induced structures (Prow
and Obermeier, 1991). The incised topography of the S
and surrounding area certainly suggests epierogenic up
played a role in sculpturing the landscape.

In the late middle to early late Miocene uplift in th
Blue Ridge and western Piedmont caused the fluvial dep
tion of the upland unit/Altamaha Formation which covere
the Upper Coastal Plain from northeast of the Wateree R
in South Carolina to south of the Occmulgee River in Ge
gia (Nystrom and others, 1986, Nystrom and Willoughb
1992). As the cobble facies of the upland unit delineates 
ancestral Savannah River (Nystrom, 1990), the evolution
the Savannah River valley began during deposition of th
upland unit and has continued until today. The detail
investigation of surficial deposits in the Augusta area b
Newell and others (1980) showed the development of 
landscape began in the Miocene and that uplift has been
major influence in shaping the topography. The higher ele
tions, greater relief and greater drainage density which ch
acterize the erosional topography of the Upper Coastal Pl
compared with the more subdued, predominantly depo
tional topography on the middle Pliocene Duplin Formatio
below the Orangeburg Scarp (Dowsett and Cronin, 199
indicates that most of the uplift and incision occurred befo
the middle Pliocene (Coloquhoun, 1981).

Yet, the geomorphology of the Upper Coastal Plain ca
not be properly interpreted without a full appreciation of t
diverse effects of the geologic and climatic changes dur
the Plio-Pleistocene. The rise and fall of sea level and t
river base level, and the severe climatic fluctuations w
important controls on landscape development.

In the Upper Coastal Plain the Savannah River h
incised the uplands and migrated to the southwest leav
unpaired fluvial terraces to the northeast of the river. Tod
the broad, flat floodplains of the Savannah, Upper Th
Runs and Tinker Creek suggest the more recent history o
river and its major tributaries has been characterized by s
mentation more than erosion. The floodplain and alluvial t
race deposits can tell us much about the Quaternary his
of the area.
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It is the purpose of this short paper to present prelim
nary information on the stratigraphic setting and radiocarb
ages of peat deposits in alluvial sediments of Upper Th
Runs and Tinker Creek in the northern part of the SRS. T
dates should place some constraints on rates of incision 
sedimentation in those streams. In addition, as more p
deposits are dated those dates will allow comparis
between the alluvial record and independent base level, 
matic, and tectonic records to better determine the rela
influence of those controls

METHODS

During the summer of 1990, using a truck-mounted dr
rig, a series of holes was drilled across Upper Three Ru
valley, then another series was drilled across part of Tin
Creek Valley (figures 1,2,and 3). Cross-section A-A’ and B
B” were constructed from 1:24,000 scale topographic ma
and the drill hole logs. Each hole was drilled using the pow
auger technique of penetrating 10 feet, then pulling the au
out and making a detailed lithologic log of the sediments 
the auger flanges. That procedure was repeated in 10 
intervals until the target depth was reached. The aver
depth of the holes was approximately 60 feet. A sharp lith
logic change marked the base of the alluvial section in ea
hole. All of the peat deposits intersected were described 
sampled. The peat samples were split, and Kathryn Han
and Tom Bullard of Geomatrix Consultants had radiocarb
dating done by Beta Analytic Inc. (Table 1)

.
Table 1. Radiocarbon assays for samples from Upper Three
Runs and Tinker Creek.

Sample 
No.

C-14 Age Years B.P Material Location

GMP-3 33,900+370
Peat/organic 

Sediment
Upper Three 

Runs

GMP-12-1 Greater than 45,000
Peat/organic 

Sediment
Tinker Creek 

terrace

GMP-12-2 37,950+620
Peat/organic 

Sediment
Tinker Creek 

terrace

GMP-12-3 Greater than 46,800
Peat/organic 

Sediment
Tinker Creek 

terrace

GMP-13 11,110+50
Peat/organic 

Sediment
Tinker Creek 

floodplain

*all old samples given quadruple-normal counting time
MIDDLE  AND LATE WISCONSINAN RADIOCARBON  DATES OF PEAT IN UPPER THREE RUNS AND 
TINKER  CREEK ALLUVIAL  SEDIMENTS : CONSTRAINTS ON RATES OF INCISION AND SEDIMENTATION

Paul G. Nystrom, Jr.
South Carolina Geological Survey
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DRILL HOLE DESCRIPTIONS AND INTERPRE-
TATIONS

Hole GMP-3

Description
This hole (figure 2) was drilled on the south-side o

Tyler Bridge Road 3400 ft west of the bridge over Upp
Three Runs. The collar elevation was 198 ft (estimated fr
1:24,000 topographic map) and the hole was drilled to
depth of 60 ft. The Qal at the site is 40 ft thick. The interv
from 0 to 25 ft is mainly poorly, sorted medium to ver
coarse grained sand with some granules. Sample GMP-3
collected from a layer of wet, black, organic, gooey sand
the 25 to 30 ft interval of the hole. The base of the orga
rich bed is about 10 ft above the base of the Qal, which
mainly a section of coarse to very coarse grained sand w
minor granules dispersed throughout. The lower four ft is
prominent pebbly grit. The organic rich bed was not inte
sected in hole GMP-4 located 1600 ft to the east. In that h
the sediment in the elevation range corresponding to th
organic rich bed is poorly sorted, medium to very coar
grained sand with granules like that in the 0 to 25 ft inter
of hole GMP-3.

Interpretation
Where Tyler Bridge Road crosses Upper Three Ru

valley the 1:24,000 scale topographic map of New Ellent
SW Quadrangle shows an alluvial fan extending onto t
Upper Three Runs floodplain. The alluvial fan is located
the mouth of a tributary entering the floodplain from th
west. The 0 to 25 ft interval in hole GMP-3 is entirely o
mainly alluvial fan sediment. The organic rich layer in the 
to 30 ft interval was deposited as floodplain sediment at 
top of a fining upward sequence now buried by the alluv
fan. As the top of the organic rich bed is slightly higher th
the active floodplain the fining upward sequence is an o
terrace rather than part of the active floodplain.

The radiocarbon date of 33,900+370 yr. B.P. (see Table
1) should be the age of the fining upward sequence at 
base of the alluvial section, and may approximate the age
the youngest terrace sediments adjacent to the active flo
plain of Upper three Runs. The active floodplain, then,
younger than that date. Furthermore, before deposition of
dated peat deposit, incision along this part of Upper Th
Runs had reached a level approximately 240 ft below 
present inter-fluves. Therefore, in this area Upper Thr
Runs valley was cut almost to the present base of floodp
alluvium prior to 33,900 yr. B.P.

GMP-12

Description
This hole (figure 3) was drilled on the northeast side 

Hickson Mill Road on the lower north bank of Tinker Cree
6
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approximately 1.6 miles west of Kennedy’s Pond. The col
elevation was 220 ft (estimated from 1:24,000 topo ma
Twenty-three ft of alluvial sediments including three sep
rate peat beds were intersected. From 0 to 9 ft the sedime
poorly sorted, fine to very coarse grained sand with a noti
able amount of heavy minerals. From 9 to 11 feet there i
bed of brown peat which is somewhat sandy from 10 to 11
Sample GMP-12-1 ft. was taken from the 9 to 10 ft. interva
The 11 to 15 interval is very poorly sorted, medium to ve
coarse grained sand with granules, and noticeable mediu
coarse grained heavy minerals. From 15 to 18 ft there
black sand with much organic material including som
brown wood fragments. Sample GMP-12-2 was collect
from this interval. The 18 to 20 ft intervals is fine to coar
grained sand. Another layer of brown peat occurs in the 2
22 ft interval, and sample GMP-12-3 was collected from th
bed. Poorly sorted pebbly sand with noticeable dark he
minerals comprises the basal ft (22 to 23) of the alluvial s
tion.

Interpretation
The site for this drill hole is not in the active floodplai

of Tinker Creek, but is located on the north bank of a fluv
terrace. The lithologic log for the hole indicates four fluvia
sequences were intersected in the 23 ft alluvial section. 
uppermost part of the section is a sequence from 0 to 
with no recognizable surficial floodplain sediments. Belo
the upper 9 ft of section are three fluvial sequences, ea
capped by peat deposits. Thus the alluvial terrace sectio
this drill hole indicates repeated events of channel deposi
followed by floodplain stabilization.

The youngest radiocarbon date of 37,950+620 yr. B.P.
for the middle peat bed bracketed by older dates of gre
than 45,000 yr. B.P. for the peat bed above, and greater 
46,800 yr. B.P. for the peat bed below, causes some con
about how to interpret these dates. Stone and Brown (19
discussed the need for critical interpretation of radiocarb
dates in the range of 30,000 to 40,000 y. B.P. which is n
the limit for the technique. They pointed out that due to co
tamination by small amounts of more recent carbon, it can
difficult to discriminate between sediments actually depo
ited 35,000 yr. B.P. and those deposited during a much e
lier time. The date of 37,950+620 yr. B.P. should be a
minimum age for the beds from which samples GMP-12
was collected must be somewhat younger than the mid
peat bed, and could be much younger. The radiocarbon 
of greater than 45,000 yr. B.P., however, suggests that it m
not be much younger than the 37,950+620 yr. B.P. date for
the middle peat bed. The date for the middle peat bed is c
to the 33,900+370 yr. B.P. date for the buried terrace inte
sected in hole GMP-3.
8
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GMP-13

Description
This hole (figure 3) was drilled on Hickson Mill Road i

the floodplain of Tinker Creek approximately 1.5 miles we
of Kennedy’s Pond. The collar elevation was 205 ft. The Q
was is only 12 ft thick at this site. The interval from 0 to 7 
is black, wet, gooey ooze with bits of wood and other pla
matter. From 7 to 11.5 ft there is brown peat. Sample GM
13 was collected from the 7 to 10 ft interval. From 11.5 to 
ft there is a pebbly grit which marks the base of the Qal.

Interpretation
There is only one fining upward sequence in this alluv

section. The radiocarbon date of 11,110+50 yr. B.P. is the
age for deposition of the basal part of the floodpla
sequence intersected in this hole. Sediments in the upper
feet of the floodplain are, of course, younger since so
plant matter is added to the surface each year. The radio
bon date indicates that this part of the Tinker Creek val
has been relatively stable with virtually no floodplain inc
sion and very little deposition in the last 11,110 years. 

SUMMARY AND CONCLUSIONS

The middle Wisconsinan radiocarbon dates for terra
sediments adjacent to Upper Three Runs (GMP-3; table
and Tinker Creek (GMP-12-1, GMP-12-2 and GMP-12-
table 1) pre-date by 16,000 to 20,000 years the glacial m
mum and corresponding low sea level stand approximat
18,000 years ago. The late Wisconsinan date of 11,11050
yr. B.P. for sediments in the floodplain of Tinker Creek 
considerable older than Stevenson’s (1982) oldest date
4,010+130 yr. B.P. from the Savannah River floodplain. Th
suggests active deposition in the Savannah River floodpl
has occurred more recently than in the headwater area
Tinker Creek. Therefore, aggradation of the valley floor sim
ilar to that suggested for the Savannah during the Holoc
sea level rise (Stevenson, 1982) did not extend to up
Tinker Creek.

Brooks and Colquhoun (1991) concluded the age of 
youngest terrace adjacent to the active Savannah River flo
plain is approximately 10,000 years based on artifac
Whereas Hanson and Bullard (1992) proposed an age
200,000 to 350,000 years for the same terrace based on 
acteristics of the soil profile. Neither of these views correla
well with the middle Wisconsinan radiocarbon dates for te
race sediments along Upper Three Runs and Tinker Cr
This points to the need for more work on the geomorpholo
of the SRS. Additional dating of terrace and floodplain sed
ments will lead to a more complete understanding of the e
lution of the landscape. Also, pollen analyses of peat w
contribute to a sharper assessment of the climatic variati
which occurred during the late Cenozoic.
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INTRODUCTION

Numerous studies have described and modeled t
hydrostratigraphy in and around the Savannah River S
(SRS) area (Siple, 1967; Colquhoun and others, 198
Brooks and others, 1985; Clarke and others, 1985; Mill
1986; Aucott and others 1987; Aucott, 1988; Krause a
Randolph, 1989). Central to all previous studies is the one
one correspondence between hydrostratigraphic units a
lithostratigraphic units. This method is difficult to appl
regionally owing to the abrupt facies changes in stratigrap
units of the updip Coastal Plain sequence. For exam
lithostratigraphic units included in aquifer and confinin
units at one location are often not present or are of differ
hydraulic character elsewhere.

Detailed analysis of drill core, geophysical, and hydr
logic data from 144 wells provides the basis for a hydro
tratigraphic classification system of the SRS region (Figs
and 2) (Aadland and others, 1992a,b), which makes use
hydrologic properties, most significantly hydraulic conduc
tivity, porosity, and specific storage. These criteria elimina
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any “formal” reliance of the classification scheme on litho
ogy, age, geologic history, stratigraphic position or other fe
ture. The resultant classification scheme ran
hydrostratigraphic units at four levels, which from highest 
lowest are (Aadland and others, 1992a,b): 1). Hydrogeolo
province, 2). Hydrogeologic system, 3). Hydrogeologic un
and 4). Hydrogeologic zone (informal).

A hydrogeologic province is a major body of rock an
or sediment that behaves as a single hydrologic unit o
regional scale. Aquifer and confining systems may be co
posed of two or more aquifer and confining units that tran
mit (or impede) ground water on a regional basis. Whe
aquifer systems coalesce, the unified aquifer system
named by hyphenating the names of the uppermost and l
ermost constituent systems.

An aquifer unit is mappable (>400mi2) body of rock or
sediment that is sufficiently permeable to conduct groun
water and yield significant quantities of water to wells an
springs (Burt, 1987a, b). A confining unit is a mappab
body of rock or sediment of significantly lower hydraulic
HYDROSTRATIGRAPHY  OF THE SAVANNAH  RIVER  SITE  REGION, SOUTH CAROLINA  AND GEORGIA

Rolf K. Aadland1, Paul A. Thaye 2, and Andrew D. Smits3
1Environmental Sciences Section, SRTC, Westinghouse Savannah River Co., P.O. Box 616, Aiken South Carolina 29802

2Department of Earth Sciences, UNCW, 601 South College Road, Wilmington, NC 28403-3297
3Science Applications International Corporation, 360 Bay Street, Suite 200, Augusta, GA 30901
Figure 1. Generalized hydrostratigraphic cross-section of the SRS region.
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conductivity than an adjacent aquifer (Burt, 1987a, b
Lohman, 1972).

Hydrogeologic units may be informally subdivided int
aquifer or confining zones, which are characterized by pro
erties significantly different from the rest of the unit, such 
hydraulic conductivity, water chemistry, or lithology. The
assignment of level and name to a hydrostratigraphic u
does not imply a quantitative ranking of hydraulic continui
but is intended to distinguish relative differences in hydrau
properties between adjacent units.
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HYDROSTRATIGRAPHIC FRAM EWORK

Hydrogeologic Provinces

Two hydrogeologic provinces are recognized in the su
surface beneath the SRS region. The Piedmont hydrog
logic province includes un-weathered Paleozoic igneous 
metamorphic basement, and lithified mudstone, sandsto
and conglomerate of the Triassic Dunbarton basin (Figs
and 2). The Southeastern Coastal Plain hydrogeologic pr
ince comprises all sedimentary units from the ground surfa
to the top of the un-weathered basement, and in the S
region is divided into three aquifer and three confining sy
tems (Figs. 1 and 2). Figure 3 shows the updip limits of co
fining systems and the areal extent of aquifer systems in
Figure 2. Comparison of lithostratigraphy and hydrostratigraphy for the SRS region.
2
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SRS region.
The strata that form the three aquifer systems consis

fine to coarse grained sand, with local gravelly zones, dep
ited under relatively high energy conditions in fluvial to sha
low marine environments. Marine limestone is local
intercalated with the sands. Generally, the fine grained s
ments that comprise the regional confining systems w
deposited in low energy marine and fluvial environmen
Locally the confining system contain beds of sand or oth
high permeability materials, but overall, the units retard v
tical flow between the overlying and underlying aquifer sy
tems.

Figure 3. Map showing the updip limits of the confining systems
and extent of aquifer systems in the SRS region.

Appleton Confining System

Throughout the region, the Southeastern Coastal P
hydrogeologic province is separated from the Piedmo
hydrogeologic province by the Appleton confining system
The Appleton rests directly on un-weathered crystalline a
sedimentary rocks of the Piedmont hydrogeologic provin
(Fig. 1); it includes saprolite derived from weathering o
basement rocks, and muddy sand and sandy mud of the C
Fear Formation (Fig. 2). The Appleton confining system v
ies from less than 50 to over 250 feet thick in the SRS reg
(Fig. 4).

Midville Aquifer System

The Midville Aquifer system was defined by Clarke an
others (1985) in a well located near the town of Midville i
Burke County, Georgia. In the SRS region, the Midvill
7
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attains a thickness greater than 300 feet (Fig. 5), and con
of sand and muddy sand of the Middendorf and lower par
the Black Creek Formation (Fig. 2). The extent of the Mi
ville aquifer system is defined by the updip limit of the ove
lying Allendale confining system (Fig. 3); northwest of th
updip terminus, the Midville aquifer is termed the McQue
Branch aquifer of the Dublin-Midville and Floridan-Midville
aquifer systems (Figs. 1 and 2).

Figure 4. Isopach map of the Appleton confining system.

Allendale Confining System

The Allendale confining system consists of sandy mu
and clay of the Black Creek Formation and is defined in
well drilled near the town of Allendale, Allendale County
South Carolina. The Allendale is present in the southeas
half of the SRS region and defines the regional extent of 
Midville and Dublin aquifer systems (Figs. 1 and 3). Th
Allendale thins updip to become the McQueen Branch co
fining unit of the Dublin Midville and Floridan Midville
aquifer systems (Fig.1).

Dublin Aquifer System

The Dublin aquifer system is present in the southeast
half of the SRS region (Fig. 3), where it attains a thickness
more than 300 feet (Fig. 6). North of the updip limit of th
Allendale confining system, the Dublin aquifer syste
becomes the Crouch Branch aquifer of the Dublin Midvi
and Floridan Midville aquifer systems. The Dublin aquife
system was defined by Clarke and others (1985) in a w
drilled near the town of Dublin in Laurens County, Georg
In the SRS region, the Dublin consists of sand and mud
3
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sand of the Upper Cretaceous Peedee and upper Black C
Formations (Fig. 2).

Meyers Branch Confining System

The Meyers Branch confining system consists of cl
and sandy clay of the Paleocene Ellenton and Williamsb
Formation (Fig. 2). The Meyers Branch extends across 
southern two-thirds of the SRS region and constrains 
areal extent of the overlying Floridan aquifer system. Wh
the Meyers Branch ceases to act as a regional confining 
tem it becomes the Crouch Branch confining unit of th
Floridan Midville aquifer system (Figs. 1 and 2).

Dublin Midville Aquifer System

The Dublin Midville aquifer system underlies the cen
tral part of the SRS (Fig. 3). Its areal extent is established
the updip limit of the overlying Meyers Branch confinin
system and the updip limit of the underlying Allendale co
fining system (Figs. 1 and 3). The Dublin Midville aquife
system is equivalent to the Dublin Midville aquifer system 
defined by Clarke and others (1985) in Georgia. The Dub
Midville consists of all strata within the Lumbee Group from
the Middendorf Formation up to the sand in the lower part
the Peedee Formation (Fig. 2).

The Dublin Midville aquifer system includes two aqu
fer units, the McQueen Branch aquifer and the Crou
Branch aquifer, which are separated by the McQueen Bra

Figure 5. Isopach map of the Midville aquifer system/McQueen
Branch aquifer unit.
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confining unit (Figs. 1 and 2). The two aquifers can be tra
northward, where they constitute an integral part of the Fl
dan Midville aquifer system.

Figure 6. Isopach map of the Dublin aquifer system/Crouch
Branch aquifer unit.

Floridan Aquifer System

Miller (1986) defined the Floridan aquifer system as
“vertically continuous sequence of carbonate rocks of gen
ally high permeability that are mostly of middle and late Te
tiary age.” Terrigenous sediments in the SRS region a
connected hydraulically to the carbonate rocks of the Flo
dan (Aucott and others, 1987). The Floridan is extend
updip across the SRS region to include all strata from 
water table to the top of confining beds in the Paleoce
Black Mingo Group (Fig. 2). Downdip, the Floridan include
the upper and the lower Floridan aquifers (Miller, 198
Krause, and Randolph, 1989), separated by the “middle c
fining unit” (Fig. 1). The updip part of the Floridan is divide
into the Gordon aquifer, Gordon confining unit, and Uppe
Three Runs aquifer. The Upper Three Runs aquifer is su
vided into two aquifer zones over much of the SRS area.

Gordon Aquifer Unit
The Gordon aquifer consists of the sandy parts of 

Williamsburg Formation and the sands of the overlying Fis
burne and Congaree Formations (Fig. 2). The Gordon va
from 50 to over 150 feet thick, and is not present north of 
updip limit of the Gordon confining unit (Fig. 7).
4
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Gordon Confining Unit
The Gordon confining unit consists of fine grained

glauconitic, muddy sand and clay of the Warley Hill Form
tion (Fig. 2). In the study area, Warley Hill strata are gen
ally less than 50 feet thick. The Gordon confining unit h
been informally termed the “green clay” in updip areas of 
SRS. The Gordon confining unit is not defined in the nort
western part of the SRS (Figs. 7 and 8); instead, discont
ous lenses of Warley Hill Formation from the “green clay
confining zone within the Steed Pond aquifer.

Upper Three Runs Aquifer Unit
The Upper Three Runs aquifer consists of all stra

above the Warley Hill Formation, and includes the sandy a
sometimes calcareous sediments of the Santee Limes
and all of the overlying Barnwell Group from the water tab
down to the top of the Gordon confining unit (Fig. 2). Th
Upper Three Runs aquifer is the updip terrigenous equiva
of the upper Floridan aquifer (Fig. 1). The Upper Three Ru
aquifer varies from less than 50 to more than 200 feet th
in the SRS region (Fig. 8).

Floridan Midville Aquifer System

In the northwestern part of the SRS region, the Florid
and Dublin Midville aquifer system coalesce to form th
Floridan Midville aquifer system (Figs. 1, 2, and 3). Th
Floridan Midville is divided into three aquifers separated b
two confining units (Fig. 2).

Figure 7. Isopach map of the Gordon aquifer unit.
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Steed Pond Aquifer Unit
Where the Gordon confining unit becomes too thin to 

an effective confining unit, the Gordon and Upper Thr
Runs aquifers merge to form the Steel Pond aquifer (Fig
and 2). The Steed Pond includes strata from the water ta
down to the clays and muddy sands of the Ellenton Form
tion and upper Peedee Formation (Fig. 2). The Steed P
varies from less than 30 to more than 150 feet thick in t
SRS region (Fig. 8).

CONCLUSION

The hydrostratigraphic classification described here
utilizes a four-level hierarchy to delineate the hydrostratigr
phy of the SRS region. The Piedmont hydrogeologic pro
ince is overlain by Cretaceous and Tertiary strata o
Southeastern Coastal Plain hydrogeologic province. Dow
dip, the Coastal Plain sequence is divided into three aqu
systems and three confining systems. Updip thinning of t
sedimentary sequence results in the coalescence of the th
aquifer systems into one at the Fall Line.

The classification system allows subdivision of the
hydrostratigraphic units into as much detail as the local ge
ogy demands while keeping within a regional framewor
This feature makes the system especially attractive for us
site specific hydrostratigraphic studies where a compl
description of the hydrologic regime is required.

Figure 8. Isopach map of the Upper Three Runs and Steed
Pond aquifer units.
5
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INTRODUCTION

The purpose of this paper is to describe the textural, p
rographic, and porosity permeability characteristics of Te
tiary sands that comprise the terrigenous portions of t
Floridan and Floridan Midville aquifer systems in the Sava
nah River Site (SRS) region (Fig. 1). The Gordon and Upp
Three Runs aquifer units represent the updip clastic phas
the Floridan aquifer system and are separated by the Go
confining unit (Aadland and others, 1992; this volume). I
the northwestern part of the SRS region, where the Gor
confining unit becomes too thin to be an effective barrier 
flow, the Gordon and Upper Three Runs aquifer units co
lesce to form the Steed Pond aquifer of the Floridan Midv
aquifer system (Aadland and others, 1992) (Fig. 1).

Figure 1. Tertiary hydrostratigraphic units in the Savannah
River Site region (from Aadland and others, 1992).

GORDON AQUIFER

The Gordon aquifer consists of the sandy portions of 
Paleocene Williamsburg Formation and sands of the ove
ing lower and middle Eocene Fishburne and Congaree F
mations. (Aadland and others, 1992). The Gordon is 
unconsolidated quartz sand that contains thin, discontinu
layers of mud and minor zones of opal and chalcedo
cemented quartzarenite (Robertson, 1990). Figure 2 sho
the percent gravel, sand, and mud for 443 Gordon samp
Figure 3 shows the percent sand, silt, and clay for 10 rep
sentative Gordon sands. The average grain size of 410 G
don sands is 1.66 + 0.04φ (lower medium). Sands range from
upper very coarse (-0.74φ) to very fine (3.97φ); about 80% of
7
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the sampled population is coarse and medium grained. T
mean sorting of 410 Gordon sands is 1.32 + 0.04φ, which is
poorly sorted on the Folk and Ward (1957) scale; sorti
ranges from 0.44φ (well sorted) to 4.77φ (extremely poorly
sorted). About 70% of the sampled population is moderat
and poorly sorted. Robertson (1990) showed that sorting
Gordon sands is controlled chiefly by the percentage of m
matrix. That is, the greater the amount of mud the poorer 
sorting. Mean skewness of 410 Gordon sand is 0.19 + 0.01
(fine-skewed). Skewness ranges from –0.53 (strongly coa
skewed) to 0.84 (strongly fine-skewed), and is controlled 
the amount of mud and gravel in the sands. Sands with h
mud contents are usually fine and very fine-skewed, wher
those with high percentages of gravel are coarse and stro
coarse-skewed. Mean kurtosis of 410 Gordon sands is 1.5
0.04, which is very leptokurtic according to Folk and Ward
(1957) verbal scale. Kurtosis varies from 0.69 (platykurti
to 5.61 (extremely leptokurtic); most sands are leptokur
and very leptokurtic, indicating that the sorting in the centr
two-thirds of the distribution is better than that in the “tails

Porosity and permeability of 382 Gordon sands we
determined from sieve analyses using the Beard and W
(1973) empirical method, based on Trask (1930) median s
and sorting. Mean porosity of Gordon sands is 35.1 + 2.5%
and ranges from 27.3 to 40.2%. The distribution of poros
is skewed toward lower values, although it appears to foll
a near normal distribution (Fig. 4). Calculated permeabiliti
range from 2 to 220 Darcies (D) (5 to 537 ft/day); 75% of t
permeability values fall between 16 and 128 D (39 to 312
day) (Fig. 5). The geometric mean permeability of the 3
sand samples is 39.6 D (97 ft/day). Calculated permeabili
of Gordon aquifer sands are skewed toward high values 
appear to follow a log normal distribution (Fig. 5).

Robertson (1990) and Robertson and Thayer (199
constructed facies maps showing the distribution of textu
parameters and permeability for the Gordon aquifer. T
facies maps showed the following downdip (i.e., toward t
southeast) changes: mean grain size and coarsest perc
(1st) decreased; sorting became poorer; kurtosis beca
more leptokurtic; and percent mud increased. Geome
mean permeability also decreased in a downdip directi
and varied from 90 D (220 ft/day) in the north to 20 D (49 
day) in the south. The decrease in permeability toward 
south results from a decrease in mean grain size cou
PETROLOGY  AND POROSITY PERMEABILITY  CHARACTERISTICS  OF TERTIARY  AQUIFER SANDS, 
SAVANNAH  RIVER  SITE  REGION, SOUTH CAROLINA
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with an increase in percent mud matrix and a deterioration
sorting (i.e., sorting becomes poorer).

Bledsoe and others (1990) measured the porosity a
permeability of 13 Gordon aquifer samples collected fro
SRS P-wells. Permeability was measured by the falling he
method. Mean porosity of six muddy sand samples is 41.
3.0%, and geometric mean permeability (vertical) is 3.08
10-7 D (7.51 x 10-7 ft/day). The geometric mean of five hori-
zontal permeability measurements on the muddy sand s

Figure 3. Ternary diagram showing the percent sand, silt, and
clay in the Gordon, Upper Three Runs, and Steed Pond aquifer
units.
7

 of

nd
m
ad

3 +
 x

am-

ples is 8.89 x 10-2 D (2.17 x 10-1 ft/day). The average
porosity of seven mud samples from intra-aquifer confinin
layers is 45.0 + 3.2%, and geometric mean permeabilit
(vertical) is 7.90 x 10-9 D (1.93 x 10-8 ft/day). The geometric
mean of five horizontal permeability measurements on 
same mud samples is 9.93 x 10-4 D (2.42 x 10-3 ft/day).

Robertson and Thayer (1992) have shown that Gord
sands plot as quartzarenites on Folk’s (1980) sandstone c
position diagram. Petrographic analyses of 42 thin sectio

Figure 4. Cumulative frequency curves showing the distribu-
tion of mean porosity values for the Gordon, Upper Three
Runs, and Steed Pond aquifer units.
8

Figure 2. Ternary diagrams showing the percent gravel, sand, and mud in the Gordon, Upper Three Runs, and Steed Pond aquif
units.
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shows that the unit consists of 98.4% framework quar
0.3% feldspar, 0.5% heavy minerals, 0.4% opaque miner
0.3% muscovite, and 0.1% glauconite. Staurolite, zirco
garnet, tourmaline, and rutile are the major detrital hea
minerals.

Monocrystalline quartz from 99% of the total quar
population; of this 65.5% is non undulatory and 33.5% 
undulatory. Robertson and Thayer (1992) also indicated 
there is little or no variation in mineral composition betwee
updip and downdip wells in the SRS area. Plots of qua
types on the Basu and others (1975) quartz provenance 
gram, along with the presence of garnet, kyanite, stauro
and sillimanite indicate a medium to high rank metamorp
provenance for most Gordon sands.

Strom and Kaback (1992) did semi quantitative X-ra
diffraction analyses on 18 Gordon sands from the SRS
wells. Their results show that the sands consist mostly
quartz with 5 – 18% clay. Smectite and kaolinite are th
dominant clay minerals with minor to trace quantities 
illite. Authigenic minerals include clinoptilolite, 2 – 5 um
diameter cristobalite lepispheres, and fibrous chalcedo
(Strom and Kaback, 1992; Thayer, 1989, 1992). X-ray d
fraction analyses of four sandy mud samples from intra aq
fer confining layers show that they consist of quartz and 5
64% clay minerals. Kaolinite is the dominant clay mineral
the muds with minor illite and smectite.

UPPER THREE RUNS AQUIFER

The Upper Three Runs aquifer consists of all strata fr
the water table to the top of the Gordon confining unit (F
1), and includes the sandy and sometimes calcareous s
ments of the Santee Limestone, and all of the Barnw
Group (Aadland and others, 1992). The Upper Three R
aquifer consists mainly of unconsolidated quartz sand int
calated with thin, discontinuous layers of sandy mud a
carbonate. Figure 2 shows the percent gravel, sand, and 
for 102 samples from the Upper Three Runs aquifer, a
Figure 3 gives the percent sand, silt, and clay for 9 repres
tative sand samples.

The Upper Three Runs is a subangular, lower coarse
medium grained, slightly gravelly, immature quartz san
Gravel ranges from zero to 21.7% and averages 1.7 + 0.4%.
The gravel is pebble and granule size grains of rounded 
subrounded quartz and quartzite. Sand averages 91.2 + 0.9%,
and ranges from 58.0 to 99.5%. Mud (silt + clay) averag
6.6 + 0.7%, and ranges from 0.4 to more than 25% (Fig. 
About 50% of the sampled sands contain less than 5% m
Hydrometer analyses of the mud fractions of 9 Upper Th
Runs sands indicate that clay-size particles are more ab
dant than silt-size grains (Fig. 3).

The average grain size of 90 Upper Three Runs sand
1.69 + 0.06φ (lower medium sand). Sands range from 0.57φ
(upper coarse grained) to 3.58φ (very fine grained); mean
7
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size of slightly more than 50% of the sampled population
lower coarse and upper medium sands. The average so
of Upper Three Runs aquifer sands is 1.14 + 0.07φ, which is
poorly sorted on the Folk and Ward (1957) verbal sca
Sorting ranges from 0.40φ (well sorted) to 3.19φ (very
poorly sorted). Almost 70% of the sampled population 
moderately and poorly sorted, and about 25% is well a
moderately well sorted. Sorting is controlled primarily by t
amount of mud matrix in these sands. Typically, the grea
the percentage of mud matrix the poorer the sorting. Up
Three Runs aquifer sands are fine-skewed (x = 0.13 + 0.03);
skewness ranges from –0.49 (strongly coarse-skewed
0.73 (strongly fine-skewed), and is controlled by the amou
of mud and gravel in the sands. Sands with high mud c
tents are usually fine and very fine skewed, whereas th
with high percentages of gravel are coarse and stron
coarse-skewed. Mean Kurtosis of 90 Upper Three Ru
aquifer sands is 1.57 + 0.08, which is very leptokurtic on the
Folk and Ward (1957) scale. Kurtosis values range from 0
(very platykurtic) to 4.26 (extremely leptokurtic); most o
the sampled sands are leptokurtic and very leptokurtic.

Strom and Kaback (1992) determined the compositi
of 28 sand and muddy sand samples from SRS P-wells p
trating the Upper Three Runs aquifer. The sands consist
quarts with 2 to 40% detrital clay. Smectite and kaolinite a
the dominant clay minerals with minor to trace quantities 
illite. Trace amounts of chlorite, calcite, plagioclase, and 
feldspar were also reported. X-ray diffraction analysis o
four mud samples from intra – aquifer confining laye
shows that they consist of silt-size quartz and 52 – 64% cl
mainly kaolinite with minor to trace amounts of illite an

Figure 5. Cumulative frequency curves showing the distribu-
tion of mean permeability values for the Gordon, Upper
Three Runs, and Steed Pond aquifer units.
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smectite. Thin section study of six sand samples from 
Upper Three Runs aquifer shows that they are quartzaren
composed of monocrystalline quartz with accessory pol
crystalline quartz, muscovite, and heavy and opaque min
als. Trace quantities of K-feldspar, detrital kaolinite, an
metamorphic rock fragments are also present (Thayer, 19
The sands contain variable amounts of detrital matrix, ra
ing from less than 5% to 27%. Downdip, in the C-10 we
Upper Three Runs sands contain glauconite and 10 to 3
skeletal grains, including foraminifers, echinoderms, bryoz
ans, pelecypods, and broken skeletal debris.

Porosity and permeability of 88 Upper Three Runs aq
fer sands containing less than 25% mud were determin
from sieve analyses using the Beard and Weyl (197
method. The porosity averages 35.3 + 3.0% and ranges from
27.0 to 40.8%. The distribution of porosity values is appro
mately normal and closely follows that of the Gordon a
Steed Pond aquifer units (Fig. 4). Calculated permeabilit
of Upper Three Runs sands range from 3.5 to 150 D (8.5
366 ft/day) and follow a long normal distribution, bein
slightly skewed toward lower values (Fig. 5). Almost 60% o
the permeability values lie between 16 and 64 D (39 and 
ft/day). The geometric mean permeability of the 88 san
samples is 31.2 D (76 ft/day).

Porosity and permeability measurements have be
done on ten samples from the Upper Three Runs aqu
(Bledsoe and others, 1990). The mean porosity of six sa
mud and muddy sand samples is 50.0 +3.4%, and geometric
mean permeability (vertical) is 3.77 x 10-8 D (1.19 x 10-3 ft/
day). The geometric mean of five horizontal permeabil
measurements done on these samples is 2.74 x 10-3 D (1.79 x
10-3 ft/day). The average porosity of four mud samples fro
intra-aquifer confining layers in the Upper Three Runs 
45.0 + 8.7%, and geometric mean permeability (vertical) 
4.63 x 10-8 D (1.13 x 10-7 ft/day). The geometric mean o
three horizontal permeability measurements on the sa
mud samples is 1.72 x 10-2 D (4.19 x 10-2 ft/day).

STEED POND AQUIFER

In updip areas of the SRS regional, where the Gord
confining unit pinches out, the Gordon and Upper Thr
Runs aquifers coalesce to form the Steed Pond aquifer (
1). The Steed Pond includes sands from the water table to
top of the Corouch Branch confining unit, including strata 
the Black Mingo, Orangeburg, and Barnwell Groups (Aa
land and others, 1992).

The steed Pond aquifer consists of unconsolida
quartz sand that contains thin, discontinuous layers of sa
silt, sandy mud, and sandy clay. Figure 2 shows the perc
gravel, sand, and mud for 173 Steed Pond aquifer samp
and Figure 3 shows the percent sand, silt, and clay for a 
set of 15 representative samples. The Steed Pond is mai
subangular, coarse and medium grained, slightly grave
8
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submature quartz sand. Gravel averages 2.9 + 0.5% and
ranges from zero to 41.3% (Fig. 2). Most consists of su
rounded to rounded grains of granule and lower pebble s
quartz and quartzite. Sand size grains average 93.6 + 0.6%,
and range from 56.4 to 99.6%. Mud (silt + clay) averages
+ 0.4%, and ranges from 0.3 to 22.4% (Fig. 2). Nearly 75
of the sampled Steed Pond sands contain less than 3% m
Hydrometer analyses of the mud fractions of 15 Steed P
sands containing less than 25% mud show that clay size 
ticles are usually twice as abundant as silt size grains (F
3).

The average grain size of 165 Steed Pond aquifer sa
is 1.35 + 0.06φ (upper medium sand). The sands range fro
–0.58φ (upper very coarse grained) to 3.95φ (very fine
grained). About 75% of the sampled population falls
between upper coarse and upper medium sand. The ave
sorting of 165 sands from the Steed Pond aquifer is 1.1
0.05φ, which is poorly sorted on the Folk and Ward (1957
verbal scale. Sorting ranges from 0.41φ (well sorted) to
4.93φ (extremely poorly sorted). Slightly more than 70% o
the sampled population is moderately and poorly sorte
Generally, the sorting of Steed Pond aquifer sands is c
trolled by the amount of mud matrix. Usually, the greater t
percentage of mud matrix the poorer the sorting of the sa
Mean skewness of Steed Pond sands is 0.16 + 0.01 (fine
skewed). Skewness ranges from –0.32 (strongly coa
skewed) to 0.63 (strongly fine skewed), and is controlled
the amount of mud and gravel in the sands. Sands with h
mud contents are usually fine and very fine skewed, wher
those with high percentages of gravel are coarse and stro
coarse skewed. Mean kurtosis of 165 Steed Pond aqu
sands is 1.38 + 0.04, which is leptokurtic on the Folk and
Ward (1957) verbal scale. Kurtosis ranges from 0.
(platykurtic) to 3.29 (extremely leptokurtic); most sands a
leptokurtic and very leptokurtic.

Strom and Kaback (1992) determined the compositi
of eight sand samples from the Steed Pond aquifer using
ray diffraction. Their results show that the sands cons
mainly of quartz with less than 5% clay matrix. Smectite a
kaolinite are the dominant clays with minor to trace amoun
of illite. Petrographic analysis of five Steed Pond sands fr
well C-2 indicate that they are quartzarenites composed
monocrystalline quartz with accessory polycrystalline qua
and minor sedimentary rock fragments, heavy and opa
minerals, muscovite, and detrital grains of kaolinite. Cla
matrix ranges from 1.8 to 2.6% and consists of silt siz
angular quartz, ground up micas, and allogenic clay.

Porosity and permeability of 160 Steed Pond aqui
sands containing less than 25% mud were determined f
sieve analyses using the Beard and Weyl (1973) method. 
porosity of Steed Pond sands averages 34.8 + 2.7% and
ranges from 26.3 to 41.0% (Fig. 4). The distribution of ca
culated porosity values appears to follow a normal distrib
tion, and is skewed slightly toward lower values (Fig. 4
0
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Calculated permeabilities of Steed Pond aquifer sands ra
from 2.1 to 330 D (5 to 805 ft/day); more than half of th
permeability values fall between 32 and 128 D (Fig. 5). T
geometric mean permeability of 160 sand samples is 47.
(117 ft/day).

Bledsoe and others (1990) measured the porosity a
permeability of five samples from the Steed Pond aquif
Mean porosity of three muddy sand samples is 48.7 + 5.4%,
and geometric mean permeability (vertical) is 5.74 x 10-7 D
(1.4 x 10-6 ft/day). The geometric mean of two horizonta
permeability measurements on these muddy sand sampl
1.14 x 10-3 D (2.78 x 10-3 ft/day). The average porosity o
two mud samples from confining layers in the Steed Po
aquifer is 53.5 + 3.5% and geometric mean permeabili
(vertical) is 5.44 x 10-9 D (1.33 x 10-8 ft/day). The geometric
mean horizontal permeability of the mud samples is 2.2
10-4 D (5.68 x 10-4 ft/day).
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INTRODUCTION

Hetrick (1990) and Huddlestun and Hetirck (1991
named the Perry Sand for a distinctive formation west of 
Ocmulgee River in Georgia. The Perry sand consists of st
ified, relatively pure, well to very well sorted, fine to ver
fine grained quartz sand. All along its outcrop belt in Geo
gia, from Randolph County in the west to Houston County
the east, the Perry Sand occurs as a band not much gr
than 10 miles (16 km) across (Fig. 1). Huddlestun an
Hetrick (1991) correlated the Perry Sand with the Lisb
Formation on physical grounds. Except for local concent
tions of burrows, the Perry Sand is not known to be fossi
erous. The Lisbon Formation occurs in the stratigraph
position of the Perry Sand in the shallow subsurface a 
miles to the south of outcropping Perry Sand. Conversely
few miles north of cores that contain Lisbon Formation a
overlying and underlying units, only Perry Sand occurs 
the stratigraphic position of the Lisbon.

The Perry Sand is considered to be a coastal ma
lithofacies of the inner to middle neritic Lisbon Formation
In west central Georgia, the facies change is abrupt and th
appears to no transgressive or regressive facies relations
between the Perry and the Lisbon.

The Perry Sand can be traced in outcrop as far eas
the vicinity of the Ocmulgee River in Georgia (between t
south side of Warner Robins and the brewery north o
Clinchfield). We could not trace it farther east because, if t
Perry lithofacies is a mappable unit east of the Ocmulg
River, it occurs only in the shallow subsurface where we c
rently have no core control (Fig. 1).

In west central Georgia, the Perry Sand grades latera
updip (landward) into the Mossy Creek Sand of Huddlest
and Hetrick (1991). The Mossy Creek Sand is lithologica
more variable than the Perry Sand. In its finer grained lith
facies, the Mossy Creek Sand resembles the Perry Sand
is coarser grained (generally medium grained sand), is 
well sorted, and the bedding is larger in scale and m
crude. In its coarsest lithofacies, the Mossy Creek occurs
coarse grained, poorly sorted, tidal channel deposits w
large scale cross bedding and common clay (kaolin) rip 
clasts. Typical Ophiomorpha nodosa and bioturbation occur
locally in this facies. The Mossy Creek Sand is also a coa
marine formation, deposited landward of the Perry Sand a
in places, the coarser facies of the Mossy Creek S
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strongly resembles the coarser facies of the younger Toba
Road Sand in Georgia. In west central, Georgia, the a
extent of the Mossy Creek is much broader than that of 
Perry and geometrically is a blanket deposit.

The Mossy Creek Sand grades laterally eastward ac
the Ocmulgee River into the Tertiary hard kaolin or Cla
borne kaolin (Jeffersonville member of the Huber Formati
of Huddlestun and Hetrick (1991) [informal name]). I hav
seen upper Claibornian Mossy Creek sand lithofacies in o
a few mines between the Ocmulgee and Oconee River
Georgia. However, the coarse grained and intensely cr
bedded channel lithofacies facies of the upper Claiborn
may not be easy to distinguish from the Lower Paleoce
Marion Member of the Huber Formation of Huddlestun an
Hetrick (1991) or from the basal Upper Eocene chan
sands (LaMoreaux, 1946; Huddlestun and Hetrick, 1991
The upper part of the type section of the Huber Formation
described by Buie (1978) may be Claibornian and consist
part of cross-bedded, poorly sorted, coarse-grained sa
(see Huddlestun and Hetrick, 1991, p. 117 – 118). Unfor
nately the type section of the Huber Formation has be
excavated and is not longer accessible. I also have not ide
fied any sand lithofacies of the exposed Claibornian eas
the Oconee River in Washington County, Georgia. In th
area, it appears that the Barnwell Group overlies the Mar
member of the Huber Formation, Claiborne hard kaolin,
Upper Eocene channel sands.

In outcrop in the Savannah River area in Georgia, 
only deposits of probable late Claibornian age that I ha
identified (also pers. Com., J. Hetrick, 1992) fall within th
range of the lithologies of the Jeffersonville member of t
Huber Formation. Neither the Perry nor Mossy Creek San
have been identified in outcrop in the Savannah River are
Georgia.

In western South Carolina, on the other hand, there 
two exposures of Perry like sand that I am familiar with: o
being deposits identified as Huber Formation at Stop 7 
Nystrom and others (1982). The upper sand overlying 
Cretaceous kaolin at the Bell kaolin pit in western Aike
county is, to me, indistinguishable from the finer graine
lithofacies of the Mossy Creek Sand. These three sand ex
sures contain the appropriate lithologies and occur in th
same stratigraphic positions of the Perry Sand and Mo
Creek Sand of southwestern and central west Georgia. 
question is whether these sand bodies are continuous f
UPPER CLAIBORNIAN  COASTAL  MARINE  SANDS OF EASTERN GEORGIA  AND THE SAVANNAH  RIVER  
AREA

Paul Huddlestun
Georgia Geologic Survey

19 Martin Luther King Jr. Dr., SW
Atlanta, Georgia 30334
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central Georgia into South Carolina or whether they con
tute lenses or beds within a larger unrecognized, upper C
bornian formation (much as Twiggs-type clay occurs a
lenses or beds within the Dry Branch Formation of east
Georgia and western South Carolina).

The Occurrence of Perry Like Sand in Eastern 
Georgia

A total of eight cores were examined that had been ta
over the years for different projects from Jefferson, Ric
mond, and northern Burke Counties, Georgia (Fig. 1). The
include the following: Richmond 2, (C-2) (GGS-3181
Richmond 3, (C-5) (Bath) (GGS-3184), Richmond 4, Pin
Hill, (GGS-3760), Richmond 5, Blythe, (GGS-3762), Jeffe
8
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son 2, Wrens, (GGS-3761), Burke 5, Ga. Power 1, (GG
3674), Burke 6, McBean, (GGS-3757), Burke 7, Miller
Pond, (GGS-3758).

Perry Sand, or a variant thereof, was identified in four
the cores: the Richmond 5 (GGS-3762) (Blythe), the Jeff
son 2 (GGS-3761) (Wrens), the Burke 5 (GGS-3674) (Ge
gia Power 1), and the Richmond 4 were taken too far up 
and only Jeffersonville like lithologies directly underlie th
Barnwell Group in that area. These three cores constrain
width of the possible belt of coastal marine, Perry like sa
to no more than approximately 6 miles. The Perry like litho
ogy is inexplicably absent in the Burke 7 (GGS-3758) (Mil
ers Pond), perhaps because this core site is located nea
downdip limits of the sand and the transgressing coa
Figure 1. Location of Perry Sand and Perry-like sand.
4
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marine deposits of the Upper Claibornian only filled topo
graphic lows.

With the available information, a few conclusions can 
tentatively reached. 1) The predominant sand lithofac
present in the four cores in the upper Claibornian stra
graphic position is that of the Perry Sand. 2) Typical Pe
like sand is generally present but there are minor litholo
distinctions. 3) The sand lithofacies identified appears 
occur in a band that roughly trends eastward from the vic
ity of Wrens in Jefferson County through northernmo
Burke County and to southern Richmond County (Fig. 1
Wrens, Georgia, appears to occur in the downdip (offsho
part of the band; Blythe, Georgia, within the bad; and 
McBean Creek area of Richmond and Burke Counties n
the downdip (offshore) part of the band. The core near H
hzibah (Richmond 4 [GGS-3760]) occurs north of the belt 
Perry like sand. 4) If the continuity of the coastal marin
sand lithofacies of the Upper Calibornian is real, then th
appears to be little or no Mossy Creek type sands in eas
Georgia between a downdip Perry-like sand and the expo
Huber Formation (Jeffersonville member) (pers. Com., J
Hetrick, 1992). 5) There appears to have been a bro
“embayment” during the late Claibornian in northern Jeffe
son and western Richmond Counties, Georgia or, convers
a lobe of siliciclastics to the west in the Oconee River a
(Fig. 1). If the projection of the trend of the Perry Sand
Perry-like sand were linear across Georgia to the Savan
River area, then Louisville in Jefferson County should occ
along that trend (Fig. 1). This interpretation of an “emba
ment” is consistent with the well logs of Herrick (1961, p
236 – 241) where the Lisbon Formation occurs in the upp
part of the Claibornian section (Perry stratigraphic positio
in the vicinity of Louisville.

The Perry-like sand of eastern Georgia is the same
that of the type area in Georgia in that much of it consists
thinly stratified, very well sorted, fine to very fine graine
sand. Particular differences between the Perry Sand of
type area and the lithologically similar sands of easte
Georgia are: 1) There are more structureless and mas
bedded intervals in the Perry-like sand. 2) The Perry-l
sand of eastern Georgia tends to be slightly micace
whereas either little mica or no mica is present in the Pe
Sand in southwestern and central west Georgia. 3) There
more clay laminae that define bedding planes in the Pe
like sand. 4) There is fine carbonaceous or lignitic deb
along bedding planes in some intervals in the Perry-like s
that is not know to occur in the Perry Sand of southwest
Georgia. 5) Gypsum-bloom occurs in some stratigrap
intervals on the surfaces of cores in the Perry-like sa
whereas no gypsum of any sort has been observed on the
faces of cores in the Perry Sand. In regard to the last two 
ferences, in southwestern Georgia the Perry Sand gene
occurs at the tops of the sections and is weathered to vary
degrees. In eastern Georgia, the similar sands do not occ
8
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the tops of the sections and are more deeply buried a
therefore are less susceptible to weathering and oxidation

Very little typical Mossy Creek lithology is seen in th
four cores in Georgia. Most of the coarser sands (gener
medium-grained) in this stratigraphic position are litholog
cally intermediate with the very fine grained Perry-like san
That Mossy Creek sand lithology does occur sporadically
western South Carolina in the Mossy Creek-Perry str
graphic position is evidenced by typical Mossy Creek ty
sand overlying the Cretaceous kaolin (Buffalo Creek Me
ber of the Gaillard Formation? Of Huddlestun and Hetric
[1991] also seen Pickering and Hurst 1989]) at the Be
kaolin pit in western Aiken County. Sands of Mossy Cre
appearance occur at other sites in western South Caro
Nystrom and others (1986, p. 27-31) referred to these sa
in western South Carolina as “surficial sand deposits” or
the Pinehurst Formation, a sand of eolian origin and cons
ered variously to be of pre-Pleistocene to Holocene in 
(for discussion, see Nystrom and others, 1986). However,
intricate layering, cross-bedding and burrows in these sa
in western South Carolina more closely resemble an aq
ous, coastal marine sand deposit than an eolian sand dep
The occurrence of Mossy Creek like sands at varying ele
tions in South Carolina is similar to that of the Mossy Cre
Sand near the Fall line in the vicinity of the Flint River i
Georgia. In Georgia, there are significant cut-outs and top
raphy on the tops of all formations near the Fall line. Ent
formations may be missing locally. However, in weste
South Carolina the origin of Mossy Creek like sands is s
controversial and there is as yet on consensus as to their
or origin.

CONCLUSIONS

Perry Sand crops out in a narrow band across southw
ern Georgia eastward to the vicinity of the Ocmulgee Riv
The Perry Sand does not crop out between the Ocmulgee
Savannah Rivers but there are four cores from Jeffers
northern Burke, and Richmond Counties, Georgia, whe
Perry-like sand occurs in the Perry stratigraphic position
the shallow subsurface. This Perry-like sand occurs imme
ately north of the Lisbon Formation and in the Lisbon stra
graphic position. Therefore, the Perry-like sand appears to
continuous in the shallow subsurface in Jefferson, Bur
and Richmond Counties. The occurrence of Perry-like sa
in the Perry-Lisbon stratigraphic position in Aiken Count
South Carolina, also indicates that the Perry-like sand m
be continuous from eastern Georgia into South Caroli
Whether the Perry Sand occurs in the shallow subsurf
between the Ocmulgee River and Wrens is unknown due
the lack of data.
5



PAUL  HUDDLESTUN
REFERENCES

Herrick, S.M., 1961, Well logs of the Coastal Plain of Georgi
Georgia Geol. Survey Bull. 70, 462 p.

Hetrick, J.H., 1990, Geologic atlas of the Fort Valley area: Georg
Geol. Survey Geologic Atlas 7, 2 pls.

Huddlestun, P.H., and Hetrick, J.H., 1991, The stratigraphic fram
work of the Fort Valley Plateau and the central Georgia kao
district: Guidebook for the 26th Ann. Field Trip, Georgia Geol.
Soc., v. 11, no. 1, 119p.

LaMoreaux, P.E. 1946 Geology and ground water resources of 
Coastal Plain of east central Georgia: Georgia Geol. Sur
Bull. 52, 173 p.

Nystrom, P.G., Willoughby, R.H., and Kite, L.E., 1982, in Nystrom
P.G., and Willoughby, R.H., (Eds.), Geological investigation
related to the stratigraphy in the kaolin mining district, Aike
County, South Carolina: Carolina Geol. Soc., Field Trip, 198
p. 121, 158 – 161.

Nystrom, P.G., Willoughby, R.H., and Kite, L.E., 1986, Cretaceou
Tertiary stratigraphy of the upper edge of the Coastal Pl
between North Augusta and Lexington, South Carolina: Ca
lina Geol. Soc. Field Trip, 1986, p. 27 – 31, 75 – 59.

Pickering, S.M., Jr., and Hurst, V.J., 1989, Commercial kaolins 
Georgia-occurrence, mineralogy, origin, use: in Fritz, W.
(Ed.), Excursions in Georgia geology: Georgia Geol. Soc.
8

a:

ia

e-
lin

the
vey

,
s
n
2,

s-
ain
ro-

in
J.,
6



CAROLINA GEOLOGICAL SOCIETY
Guidebook for 1992 Annual Meeting

Pages  87-88

ence
 in
na,
his
and
c-
er
st,
edee
nd
ar
re-

of
nor
o
as-

th
, a
cy
-
ond,
he
ff,
 to
en.
ny

g
d
ers
il-
an
ra-
,

red
er-
 p.
Silver Bluff, located in the Coastal Plain on the Sava
nah River in Aiken County, South Carolina (Jackson, SC-G
7 ½’ quadrangle, longitude 81°51;08” W, latitude 33o 18’
40”N) is the highest point on the South Carolina bank of 
Savannah for many miles, rising approximately 30 ft abo
water level on the cut bank of a meander. Exposed in 
bluff is a section of yellowish-gray clay and bluish-gray, lig
nitic lay overlain by mottled, yellow and reddish, poorly
sorted, pebbly sand and clay. We sent samples of lignitic 
from near the base of the section to two commercial paly
logical laboratories. By one the material was dated as Cre
ceous (?) from one poorly preserved specimen, and by 
other it was dated as Pleistocene(?) from numerous sp
mens. The sediments are probably terrace deposits (Ne
and others, Fig. 9).

According to some (Stokes, 1951, p. 20; Faust, 1982
69), DeSoto’s expedition found a thriving Indian settleme
at Silver Bluff in 1540. The name of the locality derives fro
two possible sources. One idea is that it came from a met
sheen on the outcrop caused by muscovite (Faust, 198
69). There is also a story that Spaniards operated a s
mine there [Bartram, 1791 (Harper, ed., 1958, p. 315)]. Th
may have actually been mining, for the manufacture of g
powder, concretions of iron sulfide which occur in the lig
nitic clay. According to the story, having mined down t
water level, they decided to dig a channel through the nec
the meander loop and divert the Savannah. On the Jack
quadrangle map based on aerial photographs taken in 19
meander cutoff named Spanish Cut appears to have b
widened and straightened over a distance of almost 400
approximately 1000 ft short of the goal.

William Bartram passed through Silver Bluff, “a very
celebrated place” [Bartram, 1791 (Harper, ed., 1958, 
199)], several times in the latter part of the eighteenth c
tury, the locality being on a well-traveled trading path fro
the coast to the Indian settlements to the west. In his fam
book (1791), he described in detail a Silver Bluff stra
graphic section containing belemnites. Belemnites indicat
8
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Cretaceous age in the Carolinas, but the nearest occurr
of Cretaceous marine megafossils known to the authors
33.5 mi to the southeast near Allendale, South Caroli
where they were found in a well core. Bartram published 
book many years after his expeditions through the area, 
he apparently confused his notes from the Silver Bluff se
tion with his description of outcrops on the Cape Fear Riv
in North Carolina, approximately 225 mi to the northea
where Cretaceous sediments of the Black Creek and Pe
formations are exposed. Many of the same words a
phrases in Bartram’s description of Silver Bluff reappe
identically in his accurate account of the North Carolina C
taceous outcrops.

In 1831 Silver Bluff became the site of the plantation 
James Hammond, a leading southern intellectual, gover
of South Carolina from 1842 to 1844, and U.S. senator fr
1857 to 1860 (Faust, 1982). Hammond, interested in incre
ing the productivity of his land, decided to experiment wi
marl. This had been recommended by Edmund Ruffin
plantation owner and member of the Virginia aristocra
(Ruffin, 1843, p. xvii) who promoted application of lime
stone to the exhausted soils of the southeast. Hamm
using slave labor, barged limestone from Shell Bluff, on t
Georgia side of the Savannah, upstream to Silver Blu
approximately 11 mi by the present course of the river,
apply to his fields where shell fragments can still be se
The famous outcrop at Shell Bluff has been visited by ma
geologists, including Charles Lyell (Lyell, 1845, p. 158).

As governor, Hammond was instrumental in gettin
Ruffin to come to South Carolina to find limestone an
encourage its use, and the two agricultural experiment
became close friends, Ruffin being a frequent visitor to S
ver Bluff (Faust, 1982, p. 114 – 116). Ruffin was such 
enthusiast that a newspaper stated “During his late explo
tion of soil through South Carolina, it was remarked of him
that he was so full of calcareous manures, that if you pou
any sort of acid, acetic, or nitric, on his head he would eff
vesce, and indicate the presence of lime” (Mitchell, 1981,
SILVER  BLUFF: A VERY CELEBRATED  PLACE

W.C. Fallaw
Department of Geology

Furman University
Greenville, South Carolina

David S. Snipes
Department of Earth Sciences

Clemson University
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Van Price
Westinghouse Savannah River Company
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48). As a result of his exploration for limestone, Ruffin pu
lished one of the early reports on geology of South Carol
(Ruffin, 1843) and was referred to by Hammond as Sou
Carolina’s greatest benefactor (Mitchell, 1981, p. 48).

The Virginian was an ardent secessionist. He is repor
to have fired one of the first shots a Fort Sumter, perhaps
one that narrowly missed Abner Doubleday, who is said 
some to have fired the first return shot (Halsey, 1963, p. 2
Ruffin then traveled north to take part in the first battle 
Bull Run as an infantryman. At the time, he was 67 ye
old. A few months after Lee’s surrender, Ruffin, decidin
that he was unable to live under the rule of the “perfidiou
malignant, & vile Yankee race”, shot himself (Mitchel
1981, p. 256).

Upon the election of Lincoln, Hammond resigned fro
the U.S. Senate. His term as governor had also ended o
unpleasant not when it became known that he had b
indulging in improper behavior with four teenage sisters 
Wade Hampton III (Faust, 1982, p. 241 – 245), Civil Wa
general, governor of South Carolina from 1877 to 1879, a
U.S. senator, 1879 to 1891.

Silver Bluff is now deserted.
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