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OUTCROPS IN THE VICINITY OF 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

Walter J. Sexton
AthenaTechnologies
Columbia, South Carolina 29205

ROAD LOG

Saturday

0.0 Leave Radisson and go west $hStreet

0.6 Turn left onto Walton Way

1.3 Turn right onto'8 Street

1.7 Bear right onto US 1, 78, 278 (Gordon Highway)

0.
and proceed west 0.5

4.5 Turn left onto Old Savannah Road

5.3 Turn left at stop sign, remaining on Old Savannal;l 8

Road
7.3 Cross | 520 and continue south on GA 56
9.6 CrossTobacco Road
18.1 McBean sign 0.7
19.4 McBean Creek 0.5
19.5 Turn left onto GA 56 spur toward Vogtle generat-
ing plant 3.9
19.8 STOP 1, LOCALITY M: “MCBEAN” CAR- 4.1

BONATE (Figs. 1,2)

generating plant
24.9 Gut Creek
26.1 GA 56 spur ends; continue ahead on River Road

4.9

33.9 Turn left at entrance to Plant Vogtle
35.2 Plant Vogtle visitor's center

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

0.0 Reset mileage,
River Road

1.2 At plant entrance, turn left and go south on River

Road

0.3
4.0
4.1

0.3

1.4
Continue south on GA 56 spur toward Vogtle2 8

3.6
0.2

0.2 1.4 STOP 3, LOCALITY D; TOBACCO ROAD

SAND AT VOGTLE PIT
Turn around, proceed north on River Road
1.7 Turn left onto Ebenezer Church Road
5.7 Turn left onto GA 23
9.8 Road to Griffins Landing on left
10.6 Girard, GA

11.1 Turn left toward Allendale, SC, leaving GA 23,
and then bear right toward US 301 on Stony Bluff
Road

18.9 Turn left on unpaved road, remaining on Stony
Bluff Road

19.2 FRAGMENTS OF OLIGOCENE CHERT ON
ROAD

19.9 Turn right on unpaved road

20.4 NORTHERN END OF LARGE CAROLINA
BAY ON RIGHT

23.8 Turn left onto paved road
27.9 Turn left onto US 301

29.3 Savannah River

32.1 Turn left toward Martin, SC

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

Continue ahead
40.6 Martin, SC

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

8.3 49.1 Enter Savannah River Site
leave visitor's center, return t017.0 66.1 Bear left at stop sign and exit Savannah River

Site; proceed north through Jackson, SC on SC
125 toward Augusta, GA

14.4 80.5 Turn right into Augusta Sand and Gravel opera-
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tion
OPTIONAL STOP 5, LOCALITY E; CRE-
TACEOUS
Return toward SC 125
80.7 Turn right onto SC 125
819 CrossUS 1
84.0 Turn right onto SC 230
85.0 Turn left onto US 25 (Georgia Avenue)
86.5 Savannah River
86.7 Turn left onto Reynolds
87.1 Turn left to Radisson Hotel

Sunday
0.0 Leave Radisson and turn right onto Reynolds
0.8 Continue north on River Watch Parkway
5.1 Turn right onto | 20
6.2 Savannah River
7.2 Turn right onto SC 230
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

10.8
11.8
13.8
18.4
18.5
18.7
24.9
25.0
25.2

Cross US 25 (Georgia Avenue)

Turn left onto SC 125 (Atomic Road)
Cross US 1

Beech Island, SC

Turn right to stay on US 278

Turn left to stay on US 278

Hollow Creek
Pull off on right beyond store

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

Turn around and go north on US 278

0.4 30.1 Continue around Good Hope Farms Road loop
and return to SC 302

1.6 31.7 Turn left onto SC 302

4.6 36.3 Bearright at stop light onto Pine Log/Silver Bluff
Road

0.5 36.8 Turn left at stop light onto SC 118 (Hitchcock
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 Vi 4
Street bridge OR CONTINUE ON US 1 FOR
LAST STOP

4.4 57.6 Bearright 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 and
turn around in parking lot)
Turn around and return toward downtown
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 Tum right onto™® Street

0.6 72.3 Turn left onto Reynolds; Radisson is on right

A. Roadcut on county road 102, 2 mi south of Martin, Allen-

Caution light at Petticoat Junction; cross SC gppdale County, South Carolina; south of Smith Lake Creek;

near the Sandoz plant. The section shown in the figure is on
the western side of the road.

Fine clastics up to about 10 ft thick exposed inthe
ditches and in the lower part of the outcrop have the charac-
teristic color and the clay-lined burrows of the upper Eocene
Tobacco Road Sand, although they are clayier than usual for
the Tobacco Road. Several miles to the east, upper Eocene

25.5 Cross Hollow Creek and turn right onto SC 30Zarbonates of the Cooper Group (Colquhoun and others,

(Silver Bluff Road) at Petticoat Junction

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

29.2 Turn left onto Good Hope Farms Road
29.6 Turn right at stop sign

29.7 STOP 3, LOCALITY F; EOCENE AND
ALTAMAHA FORMATION

1983) or the Ocmulgee Formation (Huddlestun and Hetrick,

d.1986) become prominent at this stratigraphic position.

The contact between the Tobacco Road and the Miocene
Altamaha Formation is very irregular and is marked by pale-
opotholes and rounded quartz pebbles in places. Heavy min-
eral concentrations are common in the coarser beds. The
contact is obscure in much of the cut. The numerous facies
changes in the upper part of the outcrop are typical of the
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Altamaha and of fluvial deposits in general. A few miles toFormation occur at river level. The Utley is composed of
the east, the Altamaha is truncated by the Orangeburg scaimpdurated limestone, glauconitic in places, with abundant
Pliocene marine deposits occur to the east of the scafmperiarchus (sand dollars) and molds of pelecypods and gas-
(Colguhoun, 1988). tropods. Shells dfrassostregjigantissimafrom the Griffins
There is evidence of deformation in the sediments at theanding are also common on the slopes.
northern end of the cut. The deformed zone is several feet
wide and strikes approximately north-south across the higle. Bank on the southwest side of US 278, 100 yd southeast
way. Two northeasterly-striking, down-to-the-northwestof the intersection of US 178 and county road 57; southeast
faults have been mapped from subsurface control in Alleref Hollow Creek, 0.3 mi southeast of Petticoat Junction,
dale County by Oldham (1981) and Colquhoun and other&iken County, South Carolina.
(1983). Is the Miocene Altamaha Formation affected by the  The massive, color-mottled clay at the base of the out-
deformation at this outcrop? crop is similar to the oxidized clay found at the top of the
Cretaceous in outcrops and in cores from SRS. lItis tenta-
B. Bluffs along Savannah River and tributaries, Georgiaively assigned to the Upper Cretaceous.
Power Company Plant Vogtle, Burke County, Georgia, off A sample from a roadside ditch beside county road 57 a
River Road. short distance southwest of the intersection with US 278
The “Blue Bluff” unit or member (Huddlestun and yielded an early Paleocene age (see Nystrom and others,
Hetrick, 1986, p.4), a middle Eocene carbonate cliff-former1991, p. 224). The thinly bedded or laminated, tan, red, and
crops out in bluffs along the river and in tributary valleys onbrown clay above the mottled clay at our outcrop is tenta-
the Georgia side. “Blue Bluff” sediments are light gray, andively assigned to the Paleocene. It overlies the Cretaceous
pale green and weather to gray, olive gray, and tan. They af®) clay with a sharp contact. Behind the nearby store,
mostly glauconitic calcilutite and calcarenite with thin layerscoarse, cross-bedded sand lies on the Cretaceous (?) mottled
and nodules of indurated limestone and quartz sand laminagay.
Shell layers occur sporadically. Cream colored carbonates Several palynological samples from wells at SRS, about
(McBean facies”) of the middle Eocene Santee Limestoné mi to the southeast, indicate that late Sabinian (early
also occur here. Outcrops of the “Blue Bluff’ are at least 4Gocene) deposits of the Fourmile Formation lie between
ft high in places. Paleocene strata and the early (and middle?) Eocene Conga-
Slump blocks of the middle or upper Eocene Utleyree Formation. The interbedded sands, pebbly sands, and
Limestone Member of the Clinchfield Formation and theclays at this outcrop are tentatively correlated with the Four-
upper Eocene Griffins Landing Member of the Dry Branchmile on the basis of stratigraphic position. A quartz pebble
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of the lower (and middle?) Eocene Congaree formation.  sands and silty sands in the upper part of the northeastern
wall of the pit are overlain with sharp, eroded contact by
D. Pit near River Road at Georgia Power Company Plargoarser depositsOphiomorphaburrows are abundantin
Vogtle, Burke County, Georgia; a few hundred years southplaces near the top. The coarse deposits of the upper bed can
east of the main entrance to the plant and 40 yd northeastloé seen in the burrows in the underlying purple unit.
River Road. The section shown in the figure is on the north- A sharp contact between purple sand above and yellow
eastern wall of the pit. sand below is visible in several places on the northeastern
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wall of the pit, suggesting exposure of the underlying uppeassigned to the Tobacco Road. If it is, the Dry Branch For-
Eocene Irwinton Member of the Dry Branch Formation. Thisnation is missing at this outcrop. Another possibility is that
yellow sand pinches out a short distance to the northwest aride coarse nit is a facies of the Oligocene (to Miocene?)
southeast, however, and a red sand occurs beneath it. Eghannels described by Zullo and others (1982) and Wil-
dence for the presence of the Irwinton at or near the baselofughby and others (1984).
the pit are tan clay exposed in places in the floor of the exca-
vation and a pebble bed several tens of feet wide on ti& Outcrop on north side of Hitchcock Parkway (South
southwest wall of the pit, possibly the flat-pebble bed whictCarolina Highway 478) on the south side of Aiken, South
marks the base of the Tobacco Road in places. Above th@arolina, about 0.8 mi west of the intersection of Hitchcock
pebble bed, the sands are red, orange, and yellow; belownd Pine Log Road (county road 87).
yellow sands are more conspicuous. Light gray to tan, silicified, pebbly, coarse sandstone
The fairly clean, light colored sand several feet thick atvith prominent burrows crops out on the hillside. Light gray,
the top is common in many places in the area. It may bgellowish and tan clay lies beneath the sand. Silicified shell
leached soil horizon, but there has been some discussionfohgments that appear to be Crassostrea gigantissima occur
eolian influence. here. This may be the upper Eocene Dry Branch Formation,
The gray limestone which mimics an outcrop above thsimilar to facies described by Nystrom and others (1986, p.
Tobacco Road on the northeast wall of the pit appears to HEY). It could also be a facies of the Oligocene (to Miocene?)
composed of pieces of the middle Eocene “Blue Bluff’ unitchannels described by Zullo and others (1982) and Wil-
or member (Huddlestun and Hetrick, 1986, p.4). We havdéoughby and others (1984).
found boards in the bedded clay and sands above the lime-
stone, and angular pebbles of metamorphic rock are mixé€l Ditch and cut at the Smile gas station in the southern cor-
with the limestone. ner of the intersection of South Carolina Highway 230 and
Interstate 20, 0.3 mi southeast of Interstate 20; a few miles
F. Roadcuts on the north loop of Good Hope Farms Roadorthwest of North Augusta, South Carolina. The figure is
(county road 1956), off Silver Bluff Road (South Carolinamodified from Nystrom and others (1986, p. 43-47).
highway 302); about 4 mi south of the intersection of Silver

e,

W3/ 74r4

Bluff Road and Pine Log Road (county road 87) southwes - : sedet
. . / ORAMIEE TRED MEPIVM TS CoATES = ReSibuwny
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LV

About 0.4 mi west of the intersection of Good Hope
Farms Road and Silver Bluff Road, the extremely poorly

sorted, cobbly facies of the Miocene Altamaha Formation i WHITE , MAsSI/E KAOLII; somie

exposed. Rounded quartz cobbles and pebbles are inama g’ $*T, 240, Mustoome.; FoRpLe
R ParT

of and interbedded with red clayey sand with weathered felc Re® staws w veve

spar grains.

Down the road (to the west), cuts expose red and orang
clayey, silty, poorly sorted medium and coarse sand of th Wirre .
upper Eocene Tobacco Road Sand. Cross-beds, clay-fille ', cuoxy bcfw SMlp & GRANOLES,
. . . 30 ARTZ. FEEBLes ) e
fissures, burrows, and white clay clasts occur in places. Tt

: : s‘“’“" CLASTS, INTERSTITIAL CLAY
sand overlies bedded tan clays typical of the upper Eocer Wﬁw;gpaﬁc;mwu ; CRD%S -
Dry Branch Formation and a massive, tan, light gray, an._¥; v
ink clay which m the top of the “Huber Formation”. “F~—r =" —~tet
pink clay c ay be the top of the “Huber Formatio REo, 0RANGE. Frie Ty SR Goes e oo F Srmiiiss

About 0.9 mi west of the intersection of Good Hope Farm 6’ GoART= tsemies crav CLABTS} TR ST AL CLAY S A0 e
Road and Silver Bluff Road is an outcrop of well-sorted. #

very fine and fine, burrowed sand with clay laminae (see fig g' CNEREP

ure). In cores and outcrops at SRS, fine and very vine sant §, K
with clay laminae and burrows in places are common in th 7z RESIDVR, QUARTZ. PEBBLps

middle Eocene Tinker Creek Formation, interbedded witt GREEN SLATE OR PHYLLITE W/ QUARTZ.

and updip from the middle Eocene Santee Limestone. The Vews & Tan Yewow Pomtie { Rep sarroume. QEPMONT

fine sands overlie the Congaree and Warley Hill formations.
The fine, well-sorted sand in this outcrop is thought to be th
Tinker Creek.

The iron oxide-rich quartz pebble conglomerate and
coarse sand above the Tinker Creek sand appears to be%
same unit as the coarser sand to the east and up the ro

At the Fall Line contact, coarse, basal Coastal Plain sed-
finents overlie crystalline rocks, probably metavolcanics of
the Belair belt (Crickmay, 1952; Prowell and O’Conner,
978). A Campanian palynological date has been obtained
a(%n outcropping sediments along strike on Interstate 20
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northwest of Aiken (see Nystrom and Willoughby, 1982, p.ell and O’'Connor, 1978) crops out in an inlier in the valley of
86; Nystrom and others, 1986, p. 7), and there are Santoniéforse Creek. Weathering, especially visible in the foliated
through Maestrichtian palynological dates from cores atzones, is converting feldspar to the kaolin which is abundant
SRS. The precise age of the Cretaceous at this locality im much of the updip Coastal Plain section. Cretaceous sedi-

unknown. ments can be seen in the railroad cut a short distance east of
A detailed description of the outcrop is in Nystrom andSouth Carolina Highway 191 (Nystrom and others 1982, p.
others (1986, p. 43-47). 116).

M. Gully near McBean, Georgia on south side of River Roa&. Roadcut on Windsor Spring Road about 2.2 mi southwest
(highway 56 spur or 56¢), about 0.3 mi east of intersection af the intersection of Interstate 520 and Windsor Spring
highway 56 and 56 spur, Burke County, Georgia; about 0.9R0ad, in the southwestern suburbs of Augusta, Georgia. The
mi east-southeast of McBean. section shown in the figure, modified from Huddlestun and
A few feet of cream-colored calcilutite and calcarenite Hetrick (1986, p. 19), is on the eastern side of the road.
with a few small shell fragments, of the middle Eocene San- Sponge spicules and opal cement are common in the
tee Limestone are exposed among the poison ivy. This is paktbion Member (Carver, 1972). Some of the indurated spi-
of the type section of the “McBean Formation” of Veatch culite in the lower part of the section resembles volcanic
and Stephenson (1911, p. 237-251). The term “Santee” isck. A detailed description of the outcrop is in Huddlestun
used here for these sediments in the vicinity of SRS becauaad Hetrick (1986, p. 19, 59-61).
of priority (Sloan, 1908, p. 459-460). Silicified limestone Huddlestun and Hetrick (1986) tentatively placed the
float is common in the area. Albion in the Clinchfield Formation (middle or upper
Eocene), but it could be part of the upper Eocene Dry Branch
P. Spillways of Flat Rock Pond, 200 to 300 yd west of SouthFormation. Tan clay beds above the spiculite are typical of
Carolina Highway 191, about 1 mi north of the center othe Dry Branch.
Graniteville, Aiken County, South Carolina. According to Huddlestun and Hetrick (1986, p. 31), the
Granitic rock of the Kiokee belt (Circkmay, 1952; Prow- Albion also occurs in Aiken County, South Carolina.

S

IRWINTON

ALBIoN

MOPERATELY & WELL INDURATED CcLAY .
2 ST
PROMINENT CLASTIE PARTICLES N somE BEpS |




OUTCROPSIN THE VICINITY OF THE SAVANNAH RIVER SITE

REFERENCES CITED

Carver, R.E., 1972, Stratigraphy of the Jackson Group in eastern
Georgia: Southeastern Geology, v. 14, p. 153-181.

Colguhoun, D.J., 1988, Pre-early middle Miocene age for surfici
upper Coastal Plain cyclic stratigraphic units in the southeast-
ern U.S.A.: Geological Society of America Abstracts with Pro-
grams, v. 20, p. 258.

Colguhoun, D.J., Woolen, I.D., Van Nieuwenhuise, D.S., Padgett,
G.G., Oldham, R.W., Boylan, D.C., Bishop, J.W., and Howell,
P.D., 1983, Surface and subsurface stratigraphy, structure and
aquifers of the South Carolina Coastal Plain: South Carolina
Department of Health and Environmental Control, Governor’'s
Office, and University of South Carolina, Columbia, South
Carolina, 78 p.

Crickmay, G.W., 1952, Geology of the crystalline rocks of Georgia:
Georgia Geological Survey Bulletin 58, 56 p.

Huddlestun, P.F., and Hetrick, J.H., 1978, Stratigraphy of the
Tobacco Road Sand—a new formation: Georgia Geologic Sur-
vey Bulletin 93, p 56-76.

1986, Upper Eocene stratigraphy of central and eastern
Georgia: Georgia Geologic Survey Bulletin 95, 78 p.

Nystrom, P.G., Jr., and Willoughby, R.H., 1982, Cretaceous, Ter-
tiary, and Pleistocene (?) stratigraphy of Hollow Creek and
Graniteville quadrangles, Aiken County, South Carolina, in
Nystrom, P.G., Jr., and Willoughby, R.H., eds., Geological
investigations related to the stratigraphy in the kaolin mining
district trip guidebook 1982, South Carolina: Carolina Geologi-
cal Society field trip guidebook 1982, South Carolina Geologi-
cal Survey, Columbia, South Carolina, p. 80-113.

Nystrom, P.G., Jr., Willoughby, R.H., and Kite, L.E., 1986, Creta-
ceous-Tertiary stratigraphy of the upper edge of the Coastal
Plain between North Augusta and Lexington, South Carolina:
Carolina Geological Society field trip guidebook 1986, South
Carolina Geological Survey, Columbia, South Carolina, 82 p.

Nystrom, P.G., Jr., Willoughby, R.H., and Price, L.K., 1991, The
Cretaceous and Tertiary stratigraphy of the South Carolina
upper Coastal Plain in Horton, J.W., Jr.,, and Zullo, VA., eds.,
Geology of the Carolinas: University of Tennessee Press,
Knoxville, Tennessee. P. 221-240.

Oldham, R.W., 1981, Surface to subsurface geology of eastern
Aiken, western Orangeburg, northern Bamberg, and northern
Barnwell counties and structural attitude and occurrence of the
Black Mingo Formation in the subsurface between the Santee
and Savannah rivers, South Carolina: Unpublished M.S. thesis,
University of South Carolina, Columbia, South Carolina, 111 p.

Prowell, D.C., and O’Conner, B.J., 1978, Belair fault zone: Evi-
dence of Tertiary fault displacement in eastern Georgia: Geol-
ogy, v.6, p. 681-684.

Sloan, E., 1908, Catalogue of the mineral localities of South Caro-
lina: South Carolina Geological Survey, series V, Bulletin 2,
The State Co., Columbia, South Carolina. Reprinted by South
Carolina Geological Survey, Columbia, South Carolina, 1979,
506 p.

Veatch, O., and Stephenson, L.W., 1911, Preliminary report on the
geology of the Coastal Plain of Georgia: Georgia Geologic Sur-
vey Bulletin 26, 466 p.

Willoughby, R.H., Zullo, V.A., Edwards, L.E., Nystrom, P.G., Jr.,
Prowell, D.C., Kite, L.E., and Colquhoun, D.J., 1984, Oli-

gocene (to Miocene?) marine deposits in Aiken County, South
Carolina: Geological Society of America Abstracts with Pro-
grams, v. 16, p. 205.

a%ullo, V.A., Willoughby, R.H., and Nystrom, P.G., Jr., 1982, A late

Oligocene or early Miocene age for the Dry Branch Formation
and Tobacco Road Sand in Aiken County, South Carolina, in
Nystrom, P.G., Jr., and Willoughby, R.H., eds., Geological
investigations related to the stratigraphy in the kaolin mining
district, Aiken County, South Carolina: Carolina Geological
Society field trip guidebook 1982, South Carolina Geological
Survey, Columbia, South Carolina, p. 34-45.



CAROLINA GEOLOGICAL SOCIETY
Guidebook for 1992 Annual Meeting
Pages 11-15

OBSERVATIONS ON GENERAL ALLO -STRATIGRAPHIC AND TECTONIC FRAMEWORK OF THE
SOUTHEASTERN ATLANTIC COAST REGIONAL CROSSSECTION (DNAG E-5 CORRIDOR) GEORGIA
AND SOUTH CAROLINA AS THEY RELATE TO THE SAVANNAH RIVER SDE

Donald Colquhoun
Geological and Marine Sciences
University of South Carolina
Columbia SC 29208

INTRODUCTION assigned to Universal Stages.

Allostratigraphic units were mapped in the northwestern Bounding surfaces mapped statewide which enclose

Upper Coastal Plain of South Carolina and Georgia along tﬁgesg smljlller strz(a:tigraphic wengez includ_[«_a: ian/Coniaci
Southeastern Atlantic Coast Regional Cross Section (Colq&-‘ re-Upper Cretaceous Pie m.ont- uromiani-oniacian
houn and others, 1991A) (SACRCS) and the Decade of Stage (Upper Cretaceous) (Piedmont-Cape Fear of
North American Geology Continent — Ocean Transect E- ?ruthor.s)./c iacian-S . S U c
(DNAG E-5) (Hatcher and others, in press) within the Upper;" uronlanc onllziman;vrggton(;anf ftagﬁ (Upper Creta-
Middle and Lower Coastal Plains. The picks followed con- ceous)( ape Fear-Middendort 0 authors.

cepts stated in Colquhoun and others, 1983; Jordana, 198%‘; Saptoman Stage-Campanian Stage (Upper Cretaceous)
Colquhoun and Steele, 1985; Colquhoun and others, 1986; (1l\é|2|3d3dendorf-BIack Creek of Colquhoun and others,
McClelland, 1987; Colquhoun and Muthig, 1988; Muthig,4 c )- . M ichii St U c
1990; Muthig and others, 1992; and Colquhoun and others; ampanian stage-Maestrichtian Stage (Upper Creta-
1992, ceous) (Black Creek-Peedee Formation of Colguhoun

The SACRCS, which includes the Savannah River Sit and oth.ers., 1983). .
extends Southeast from the Fall Line near Augusta GAto" Maestrichtian Stage (.Upper Cretaceous) — Danian Stage
southeast of the Atlantic Ocean near Savannah GA, and (Iowgr Paleocene) (Midwayan). .
about 25 miles either side of the Savannah River in SC and Danian Stage (lower Egleocene) — Thanetian Stage
GA. Aspects of the geomorphology, petrology, allo- litho- (upper Ealeocene) (Sabinian). .
and seismic stratigraphy, regional magnetics and gravit)Z' Thanetian Stage (upper Paleocene) — Ypresian Stage

: lower Eocene).
structure and age are presented in Colquhoun and others, ( . . .
1991A and Hatcher and others, in press. 8." Ypresian Stage (lower Eocene) — Lutetian Stage (middle

Eocene).

9. Lutetian Stage (middle Eocene) — Priabonian/Bartonian
PURPOSE AND SCOPE Stage (upper Oligocene).

Regional mapping (Coastal Plain and Continental Shelf{0. Priabonian/Bartonian Stage (upper Eocene) — Chattian
of allostratigraphic units has been undertaken to characterize Stage (upper Oligocene).
and to date stratigraphic units occurring within the Coastall. Chattian Stage (upper Oligocene) — Serravallian middle
Plain. This is particularly important in the Upper Coastal ~ Miocene).
Plain wheresurficial sediments usually are heavily weath- ~ In addition to these mapped surfaces (Colquhoun and
ered and leached such that normal fossil dating is often defPthers, 1983; Jordana, 1984) and others not regionally
cient. Microfossil and palynological dating is accomplishednapped within and between these depositional unit groups,
easily in the Lower Coastal Plain and Shelf because of preBounding unconformities between Upland Unit and Tertiary,
ervation. In addition, because of faunal setting, such datingarious Pliocene, Pleistocene and Holocene units have been
can be compared with Universal Stage Zonation througiapped in more local settings both in South Carolina and
Deep Sea Drilling investigations, resulting in refined dateglsewhere; Colquhoun and others, 1991B and references
for correlation. therein).

Dates obtained from micropaleontologic, palynologic
and absolute dating of artifacts are assigned between bound- REGIONAL TECTONIC FRAMEW ORK OF
ing surfaces of groups of siliciclastic and carbonate sedimen- DEPOSITION
tary depositional units. Representative facies are alluvial, .
deltaic, shallow, deep and carbonate shelf in origin. These Contours drawn on these surfaces and isopach maps

smaller wedge-shaped stratigraphic bodies representing supenstructed of thickness between these surfaces show

mergence, erosion and deposition and emergence, Jgpional tilting and downwarping as well as growth faulting
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and distortion. Within and near the SRS, the present divide areas of the
A stable shelf (Marion) exists between the Fall Line andAiken Plateau (Cooke, 1936) in the Upper Coastal Plain are
the Bamberg Warp (Colguhoun and others, 1991) in thénclined seaward about 7.8 feel per mile. The associated old-
vicinity of the northwest boundary to the Dunbarton Basirest UPLAND sediments (Citronelle Formation of Doering,
(Marine and Siple, 1974). The Bamberg Warp swings from 4960, or Hawthorne Formation of Siple 1967), also are
northeast to a southeast trend near Bowman SC whereiritlined about 7.8 feet per mile. The underlying base of the
joins the Charleston Fault trend extending toward Summetate Eocene/Jacksonian — middle Eocene unconformity is
vile SC (Muthanna, 1998; Colquhoun and others, 1992)inclined about 11.4 feet per mile, while the seaward, overly-
The boundaries define the Southeast Georgia Embaymeng, base of the Chattian (Oligocene) unconformity dips
structure to the southeast and southwest. about 5.5 feet per mile. The Chattian is overlain by an early-
Tectonic downwarping rates from late Cretaceousmiddle Miocene thin (10 feet) but laterally extensive
through Holocene associated with the development of théTampa” limestone, that dips about 3 feet per mile. Deeply
Southeast Georgia Embayment structure can be measuiiedised Pliocene and Pleistocene sediments are inclined at
along the SACRCS. The rate of dip of the bounding surfacdess than 2 feet per mile at the surface (Figures taken fro
can be plotted against absolute time associated with univefable 1).
sal stages (as depicted on Haq and others, 1987, for exam- Figure 1 indicates almost linear distortion for coastal
ple). These rates are compared with depositional unit grougdain sediments from the base of the Santonian through the
within the Savannah River Site (SRS) for datingppges basal Thanetian stages (Late Cretaceous through early mid-
where fauna are deficient, and to reinforce assigned ageée Paleocene) and from the base of the late Eocene through

where collections are present. early middle Miocene. Middle Miocene through Holocene
dips are slightly less. Late Paleocene sediments through to
STRATIGRAPHY ALONG THE SOUTHEAST the base of the late Eocene show a much lower rate of dip.

ERNATLANTIC REGIONAL CROSS SECTION
Stratigraphic surfaces 1, 3, 4, 5, 6, 8, 9, 10, 11 and iHfaCE OF THE SRS NON-FOSSILIFEROUS SEDI-

base of the UPLAND UNIT have been useful regionally to MENTS
depict distortion through time within and in the vicinity of Non-fossiliferous sediments within and near the SRS
the SRS. Table 1 lists unconformities and their dip for tesan be assigned to depositional unit groups which are subdi-
surfaces measured from Colquhoun and others, 1991vided by regional unconformities or bounding surfaces. Such
(SACRCS). units are allostratigraphic in nature and can be correlated
Figure 1 illustrates similar data developed from Colqu+egionally within units that can be dated by conventional
houn and others, 1983. Regional dip of unconformity surimeans. In general such units grade seaward from fluvial ero-
faces as expressed on structure contour maps is plottetbnal unconformiteis to marine erosional (ravinement)
against age in millions of years before present as reported imconformities with overlying alluvial and marginal marine
Hag and others, 1987. Black boxes are constructed whiotkepositional unit groups grading to shallow to deep silici-
illustrate variation in age assigned in mybp for the stages in@dastic and carbonate shelf lithofacies. Such groups may
horizontal dimension and variation in regional dip in a verti-oscillate over underlying marine lithofacies, reflecting
cal dimension. changes in sea level or sediment supply. Many stratigraphic
terms recorded in the literature have proved to be lithofacies
STRUCTURE or members, which, when mapped, do no express generally,

. ] either regional tectonic distortion nor logical sedimentary
Coastal Plain sediments are expressed as a wedge of I3{giation.

Cretaceous to Holocene age siliciclastics and carbonates \yhere correlation is difficult or impossible because of
deposited above Paleozoic and Mesozoic rocks along th@ariation in lithology or lack of regional evidence, rate of dip
SACRCS. The Atlantic Continental Margin of this areaisys. time can be used to limit ages. For example, the age of
stable structurally generally, with gentle downwarpingihe oldest UPLAND sediments in the western coastal plain
reflected in the rate of dip of the boundaries separating thgf south Carolina and Georgia is confined between 23 and
depositional unit groups making up the wedge, and outliningo mjllion years b.p. based on changes in regional dip of
the Marion Shelf and Southeast Georgia Embayment devel{ssociated unconformities when plotted against time (Figure
opment through time. The youngest cyclic groups;) A few highly corroded pollen have been found in
(Holocene) exhibit the least downwarping (unmeasurable)yp AND Unit samples from cores obtained from the Savan-
while the oldest (late Cretaceous) express the highest digin River Site; however, these pollen are so weathered and
(about 30 feet per mile for the Coastal Plain — Piedmondegraded that identification is impossible.

boundary). “UPLAND” - like lithologies that occur at elevations
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SOUTHEASTERN ATLANTIC COAST REGIONAL CROSSSECTION (DNAG E-5 CORRIDOR)

Table 1. Time vs. dip table based on measurements on unconformities between sequences in AAPG South Atlantic Coast cross-sec-
tion.

UNCONFORMITY ELEVATION CHANGE DIP (APPARENT)
AND DISTANCE
Base Coastal Plain 2800’ in 93 miles 30.10
Turonian/Coniacian
Base Campanian 2120’ in 93 miles 22.79
Base Maestrichtian 1800’ in 53.6 miles 18.65
Base Tertiary 1350’ in 53.6 miles 12.12
Base Paleocene
Base Danian
Base Wilcoxian
Base Thanetian 1005’ in 53.6 miles 9.60
Bas&abinian
Base Middle Eocene 325’ in 53.6 miles 6.34
Base Lutetian 780’ in 93.0 miles 8.38
Base Claibornian 790’ in 93.0 miles 7.83
Average (7.51)
Base Late Eocene 390’ in 53.6 miles 7.27
Base Priabonian/ 760’ in 93.0 miles 8.06
Bartonian 890’ in 93.0 miles 8.01
Base Jacksonian Average (7.78)
Base Upland Unit” 450’ in 59 miles 7.62
Base Citronelle Fm 400’ in 49 miles 8.16

Average (7.89)

Base Oligocene 200" in 32 miles 5.55
Base Chattian

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” 40’ in 20 miles 2.00
Base Serravallian 110’ in 29 miles 3.79
(circa) Average (2.89)
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lower than those of the Aiken Plateau often are associatégboke, C.W., 1936, Geology of the Coastal Plain of South Caro-
within the Upper Coastal Plain or terraces in the Middle lina: U.S. Geol. Survey Bull. 867, 196 p.

Coastal Plain. Both predate or are coeval with early-middl@oeringl J.A., 1960, Quaternary surface formations of southern part
Pliocene sediments in other areas of the coastal plain. Such °f Atlantic Coastal Plain: Jour. Geology, v. 68, p. 182 — 202.

lithologies generally are not as clayey nor as indurated as tﬁénissee, John, J., 1977, Biostratigraphy and Siliceous Microfossil
UPLAND although many contain gravels similar in size.

These sequences support very complex sea — level change

Paleontology of the Coosawhatchie Clay (Miocene, S.C.) and
the Pungo River Formation (Miocene, N.C.), Ph.D., Depart-
ment of Geology, University of South Carolina, Columbia,

events contributing to coastal plain development between the g - p. 121 and appendix.
Oligocene and the Pleistocene. These changes are yet toigy, B., Hardelbol, J. and Vail, P.R., 1987, Chronology of fluctuat-

understood.
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INTRODUCTION 1981; Bishop, 1982; Steele, 1985; McClelland, 1987) pre-
The sediments of the Atlantic Coastal Plain in the vicin-Sentecl subsurface data, correlating sediments in the study
%rea with strata in other parts of the Coastal Plain. Faye and

ity of the Savannah River Site (SRS) are quartz sand, cla ; ) ;
limestone, and conglomerate ranging in age from Late Cret ’rowell (1982) published structural and stratigraphic subsur-

ceous to Holocene. The Coastal Plain sedimentary seque e data. Prowell and others (1985 a, b) presented lithologic

nd paleontologic subsurface information and correlated

thickens from zero at the Fall Line to more than 4000 ft a RS strata with d s in G ) d with f i
the coast (Chowns and Williams, 1983). Composed of silici* strata wi EPOSIS I f>eorgia and with formations
sewhere in the Atlantic and Gulf coastal plains. Logan and

clastics at and near the Fall Line, the section becomes calc ;' . X ) .
eous downdip. Regional dip is to the southeast and sout —uler (1989) discussed stratigraphic and hydrologic data.

southeast, although beds dip and thicken locally in other Outcrop and shallow ;ubsurface stratigraphy near the
directions. center of SRS has been discussed recently by Dennehy and

This progress report discusses the stratigraphic fram@—thers (1989), Nystrom (1989), Nystrom and others (1991,

work the authors are now using at SRS. Sediments updggz)’ Nystrom and Dockery (1992), and Snipes and others

form the Site, such as the undifferentiated Upper Cretaceo1 99922)' Lalws ‘an oEPer; (1987) -ano:‘ Harris and. Zullfo .(1988];
and the undifferentiated lower Tertiary, are only briefly ) analyzed the Tertiary section from the point of view o

described. The stratigraphic interpretation will evolve as
more data are analyzed. A stratigraphic column (Fig. 1) and’
a generalized cross-section (Fig. 2) summarize the stratigra-
phy as currently understood by the authors. Figure 3 showg1
the major geographic features of the area.

equence stratigraphy, and Harris and Fullagar (1992) dis-
ssed radiometric dates.

Thayer and others (1988), Robertson and Thayer
992), Robertson (1990), and Smith and others (1992) made
etailed lithologic analyses of Tertiary sediments from cores
at SRS. Studies emphasizing paleontology in the last few
decades include those by Cushman and Herrick (1945), Her-

PREVIOUS WORK rick (1960, 1964), Scrudato and Bond (1972), Tschudy and
A stratigraphic framework for updip Coastal Plain Patterson (1975), Zullo (1984), Zullo and Kite (1985), Laws
stratigraphy in South Carolina was established by Sloafl988, 1992), Lawrence (1988), Lucas-Clark (1988, 1992),
(]_908), who examined many outcrops in the Study areéteeb and others (1986, 1988), Edwards (1992), Frederiksen
Veatch and Stephenson (1911), Cooke (1936, 1943), Cook&991), and Edwards and Frederiksen (1992). Among hydro-
and Shearer (1918), and Cooke and MacNeil (1952) includd@gic investigations are those of Siple (1967), Colquhoun
the are in their investigations of the geology of the SoutRnd others (1985), Gorday (1985), Logan and Euler (1989),
Carolina and Georgia Coastal Plain. Snipes (1965), Smithogan (1992), Aadland (1992), Aadland and Bledsoe
(1979), Smith and Kite (1982), Mittwede (1982), Nystrom(1992), and Harris and others (1992). We have presented
(1986), Nystrom and Willoughby (1982, 1992), and Nystromsome preliminary results of our work (Fallaw and others,
and others (1982, 1986, 1989, 1991, 1992) investigated ouf 988, 1989, 1990, 1991, 1992; Price and others, 1992).
crop and shallow subsurface stratigraphy in the general area Numerous studies not in the public domain have also
of SRS. LaMoreaux (1946 a, b), Pickering (1970), Carveeen done at SRS and at Georgia Power Company Plant
(1972), Herrick (1972), Huddlestun (1986) helped developVogtle in Georgia.
the stratigraphic framework for the upper Eocene. Newell
and others (1980) discussed geomorphological features in BASEMENT ROCKS
the area. . .
Siple (1967) initiated detailed subsurface stratigraphi Igneous anq metamorphic rocks of the PledmonF and
analysis at SRS. Colquhoun and co-workers (Colquhoun an} lue Ridge provinces are the.source of the Cogstal Plain sed-
iments. They are Precambrian and Paleozoic and formed

others, 1982, 1983; Colquhoun and Muthig, 1991; Oldham, ) . . .
under the influence of several orogenic episodes in the Appa-
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Figure 3. Map of study area.

) i’i_
(% >
. / _tormsssamman] |

),

Vs

T

’

- Figure 3. Mab of study area

SAVANNAH RIVER SITE
AND ENVIRONS

.’_LIJQSG 78 910 KROMEIERS
C—ry gy
2 3 4 % ¢ 72 8 9 10Mmns

/t

AN

e‘%‘:‘"‘/:nwo 3A
/ MWD 5A
/MV?’NMI RIVER St é} . ;,‘J/.
l"l: ,_i':g\t - 2

3018d NVA ANV mMejjeq "D



OUTLINE OF STRATIGRAPHY AT THE SAVANNAH RIVER SITE

lachians. They include slate, phyllite, schist, gneiss, volcaBlack Creek Formation which crops out in northeastern

nics and metavolcanics, granite, and some mafic bodies. Tt&outh Carolina, and the Blufftown and Cussetta formations
rocks are generally rich in feldspar, providing a source foof Alabama. There are probably older and younger sedi-
the kaolinite which is abundant in much of the updip Coastahents within the exposed Upper Cretaceous Series in Aiken
Plain section. County.

Rocks similar to those exposed in the Piedmont lie
beneath the Coastal Plain sediments within most of SRS:
The southeastern part of the Site is underlain by mudstones,
sands, and conglomerates of the Triassic Newark Supergro §
in the Dunbarton basin (Siple, 1967, p. 22 — 23; Marine an}
Siple, 1974). The basement surface, the sub-Cretaceous
unconformity, dips at about 50 ft/mi to the southeast at SRS. SUBSURFACE UPPER CRHACEOUS

nvironment

Most the sands were probably deposited in fluvial and
Itaic environments. The large clay bodies suggest deposi-
n in oxbow lakes or in interdistributary bays.

UPPER CRETACEOUS Introduction

The Cretaceous section in the subsurface at SRS is
Outcropping Upper Cretaceous divided from older to younger into the Cape Fear, Midden-
Lithol d . hi inol dorf, Black Creek, and Steel Creek formations. The thick-
Ithology and stratigraphic terminology. ness of the Cretaceous section is about 400 ft at the

d_Outcroppmg Cretaceous lsedlmendts cor)s;]st mczjstly ,Olflorthwestern boundary of SRS and 800 ft at the southeastern
medium to very coarse, poorly sorte grayish sands wit oundary. Siple (1967) assigned all the Cretaceous strata in
common to abundant kaolinite and muscovite. Pebbly san

, e vicinity of SRS to the Tuscaloosa Formation, the type
and gravel layers are common, as are clay clasts. Bedding|is.» i of which is in Alabama. They type Tuscaloosa is

irregular with fa_cies changes occgrring over short distanceﬁow thought to be Cenomanian or Turonian (Christopher,
Cross—bedcpng is well developed in places. Clay laminae af9g2: Valentine, 1984; Sohl and Smith, 1985). Fossil age
common w!th|n the sands,_ and large lenses of "soft’ I("’lomiﬁleterminations from SRS are younger. Colquhoun and others
are mined in the area (Buie and Schrader, 1982, p. 5 — 12 1985a) subdivided the subsurface Cretaceous in the SRS

Detailed descriptions of the outcropping Cretaceous are i
Nystrom and Willoughby (1982) and Nystrom and others
(1986). Cape Fear Formation
The exposed Cretaceous strata have been mapped as
Hamburg and Middendorf by Sloan (1908), Middendorf by Lithology and stratigraphic termin ology.
Cooke (1926) and Snipes (1965); Middendorf and Black  The basal unit of the Coastal Plain stratigraphic section
Creek by Colquhoun and others (1983); Tuscaloosa byat SRS is composed of poorly sorted, silty to clayey quartz
Cooke (1936), Lang (1940), Siple (1967), and Prowell andsands and interbedded clays. The sands are commonly
O’Conner (1978). Christopher (1982) observed that the Cremedium and coarse. They are arkosic in places and pebbly
taceous sediments in the area were younger than the tygenes are present in many parts of the section. Gray, yellow,
Tuscaloosa, and the use of the term in the area as a fornaeg#inge, red, brown, tan, and blue colors are common. The
formation name has declined. Nystrom and WilloughbyCape Fear Formation is more indurated than the other Creta-
(1982) and Nystrom and others (1986) mapped the deposiegous formations because of high clay content and abun-
as simply “Cretaceous”. dance of cristobalite in the matrix (Prowell and others,
Much of what was included before 1970 as Cretaceou$985a, p.8). In general, bedding thickness varies from about
strata in Georgia and South Carolina updip from SRS is now to 20 ft, with sands being thicker than clays. Lithologic
assigned to the Tertiary based on paleontologic data (Scrgimilarity and fossils indicate a correlation with the type
dato and Bond, 1972; Abbott and Zupan, 1975; Tschudy an@ape Fear Formation in southeastern North Carolina. Prow-
Patterson, 1975; Buie, 1978) and detailed mapping (se®)l and others (1985a) assigned these sediments to their UK1
Nystrom and Willoughby, 1982; Nystrom and others, 1986,unit.
1991. The Cape Fear is about 30 ft thick at the northwestern
. SRS boundary and thickens to about 200 ft near the south-
Paleontqlogy, age a}nd correition , eastern boundary. Regional dip of the upper surface is about
Fossils are rare in the outcropping Cretaceous. Leavesk tymi to the southeast. In the northwestern and central
have been found (Berry, 1914), and pollen from an outcrop, s of SRS, the Cape Fear lies nonconformably on meta-
of dark clay on Interstate Highway 20 near.Alken indicated norphic rocks of the Appalachian orogen. In the southeast-
late Campanian age (see Nystrom and Willoughby, 1982, Ry part of the Site, it lies on red mudstones, conglomerates,
86; Nystrom and others, 1986, p. 7), correlative with theyq sands of the Triassic Newark Supergroup.
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Paleontology, age, and correlabn fragments, and the discontinuous nature of the bedding indi-
Only plant fragments, spores, and pollen have beegate that the sediments of the Middendorf Formation proba-

found at SRS. A few palynological assemblages have a simbly were deposited in fluvial and deltaic environments.

lar age range as those from the type Cape Fear and suggest a

Santonian age. Prowell and others (1985a) correlated Black Creek Formation.

palynological assemblages in their UK1 unit with the typeLithoIogy and stratigraphic termi nology
Cape Fear. The Cape Fear in the type area is probably late The Black Creek Formation consists of quartz sands,

Turomant 0 Sar}t()tnlaqtrfstﬁhll and Owtenfs,thlgglz. Tr::e unEilts, and clays. It is generally darker, more micaceous, and
appears 1o corretate wi € lower part ot the Eutaw Formag, e lignitic than the other Cretaceous units. The lower part

tion of Alabama. of the formation consists of tan and light gray, fine to coarse

Environment sand with moderate to poor sorting. The sand is micaceous
The paucity of marine fossils, the poor sorting, and thénd becomes lignitic in the central and southeastern parts of

high degree of oxidation indicate that the sediments weréRS. Layers of pebbles and clay clasts are common and feld-

deposited in fluvial and delta plain environments. spathic zones occur locally. A thick, oxidized, kaolinitic clay
lens occurs within the lower Black Creek in the western part
Middendorf Formation of the Site, suggesting an unconformity within the formation,

. . . . at least in the updip part of SRS. In the central and downdip
Lithology ,and straﬂgraphu; termlnology part of SRS, a southeastwardly-thickening wedge of dark,
The Middendorf Formation is composed mostly of tangsgiie  |ignitic, pyritic, micaceous clay with dark, interbed-
gray, and yellow, medium and coarse quartz sand. Sorting i§eq sands and silts occur in the middle and upper parts of the
generally moderate to good. Pebbly zones are comma@mation: this facies is slightly calcareous in well C 6 near
within the sand, and clay clasts occur in places. Some P, mwell, South Carolina, and well C 10 near Allendale,

of the unit are feldspathic, and micaceous and lignitic zoneg ;i1 carolina (Fig. 3). The upper part of the formation con-
occur. Cross-bedding is well developed in the lower part of;q;¢ mostly of tan and light gray sands.

the section in some areas. Over much of SRS, a kaolinitic many wells tan sands of the Black Creek lie on oxi-

clay or a clay-and-interbedded-sand zone up to 50 ftthicj,eq clay beds at the top of the Middendorf. Where the
forms the top of the unit. In the southeastern part of the Sitgyay s are missing, it is difficult to pick a contact, but a pebbly
this clayey interval is micaceous and lignitic. Another clay-,,na oceurs in some wells. In general, the Black Creek con-
rich zone occurs near the middle of the formation in place$.ins more dark clays, lignite, and muscovite than the Mid-
Most of the clays are oxidized. In the northern part of SRSjangorf. The oxidized clays and the presence of a pebbly

the formation is highly colored sand with only a few thin ,ver syggest that the contact is unconformable, but the time
clays. The Middendorf has been traced from its type area p may be small. The Black Creek is about 200 ft thick at

northemn South Carolina by Sloan (1908), Cooke (1926), anfh,q northwestern boundary of SRS and thickens to about 300
Snipes (1965). Prowell and others (1985a) assigned the seql,j—at the southeastern boundary.

ments at SRS to their UK2 unit. . The Black Creek appears to be the UK4 and UK5 units
In most wells the contact between the Middendorf and proyell and others (1985a). Except for the variegated clay

the underlying Cape Fear is sharp and often marked by 8,yjes, the sediments are lithologically similar to the Black

pebbly zone. The younger unit has cleaner sands and lack$eek in the type area in northeastern South Carolina, and

the repetitive sand-clay sequences of the Cape Fear. It cQfljmerous palynological assemblages from SRS confirm the
tains less feldspar, is not as well indurated, and the color g e|ation.

less variable. The Middendorf is approximately 100 ft thick

near the northwestern boundary of SRS and thickens td®aleontology, age, and correlation

about 180 ft near the southeastern boundary. Wood fragments, some quite large, and pollen and

. spores are common, as are dinoflagellates. A few mollusks

Paleontology, age, and correladn. , were found in the deep well near Allendale, South Carolina.
Wood fragments, spores, pollen, and rare dinoflagellategpg giack Creek in and near the type area (Sloan, 1908) in

occur in the unit. A few palynological assemblages suggesta) iheastern South Carolina is early Campanian to early

Santonian age, inc!icat.ing a correlation with the upper part fj4estrichtian according to Sohl and Owens (1991). Numer-

the Eutaw Formation in Georgia and Alabama. Prowell angq fossi dates of Campanian and Maestrichtian age have

others (1985a) correlated their UK2 unit with the Midden,een gptained from palynological assemblages in the unit at

dorf. SRS. Prowell and others (1985a) correlated their UK4 and

Environment. UK5 units with the type Black Creek. The Black Creek

The scarcity of marine fossils, the presence of woodPPears to correlate with the Blufftown and Cusseta forma-
tions, and perhaps the lower part of the Ripley formation, of
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Georgia and Alabama. type area in northeastern South Carolina is dark silt and
sand, glauconitic in places, with marine fossils. The type
Black Creek contains thick black, lignitic clays. Neither of
Yhese lithologies is common in the Steel Creek at SRS. In the
pe area the Peedee is middle Maestrichtian (Sohl and
wens, 1991). Prowell and others (1985a) assigned Steel
Peek sediments to their UK6 unit, reporting Peedee-correla-
tive fossil assemblages. Sohl and Owens (1991) have
recently redefined the Black Creek/Peedee contact in the
Cape Fear arch area. If the Steel Creek is the same age as the
Lithology and stratigraphic terminology redefined Peedee, it correlates with the middle and upper
The type section of the Steel Creek Formation, a quarf2ipley and Providence formations of Georgia and Alabama.
§and and mterbedded kaolinitic clay sequence, is .descr'beé%vironment
in the appendix from core from SRS well P 21TA in Barn- . . . .
. . The few marine fossils, the irregular bedding, and the
well County, South Carolina (Fig. 3). Cretaceous beds of : - .
L . . large bodies of oxidized clay suggest that the sediments were
Maestrichtian age overlying the Black Creek are light-col- o : "
- o deposited in delta plain environments.
ored quartz sands and mostly oxidized, kaolinitic clays. The

sediments in the lower part of the formation consist of tan,
light to dark gray, orange, and yellow, poorly to well-sorted, UNDIFFERENTIATED LOWER TERT IARY

fine to coarse quartz sand and silty sand, in places very mica- ypdip from SRS, sediments between the Cretaceous
ceous. Concentrations of feldspar and lignite occur. Pebblyirata and the upper Eocene Dry Branch Formation consists
zones are common, as are layers with clay clasts. The uppgf sands and clays which are difficult to correlate with strata
part of the Steel Creek in most places at the Site is oxidizegy the southeast. The sediments are mostly light-colored,
kaolinitic clay, with orange, red, gray, purple, and yellowaolinitic, coarse, cross-bedded quartz sands, micaceous
coloring, interbedded with sands in places. The clay is up t9ands, with kaolin beds of “hard clay” (Buie, 1978, p. 5;
60 ft thick but absent in some cores. Fining-upward sands a@je and Schrader, 1982, p. 5-12) which are mined, at the
interbedded with the clay in some cores, as in the type welliop According to Nystrom and Willoughby (1982, p. 88-92)

In general, the Steel Creek has fewer and much thinng{nd Nystrom and others (1986, p. 8-10), the lower part of the
dark clays and less lignite than the Black Creek and has mof@ytjary northwest of SRS consists of fine to medium, mod-
oxidized clays. In most wells, the basal contact can be placgghtely well-sorted, loose, micaceous quartz sand interbed-
at the bottom of a coarse sand below which are sands intgfaq with thinly laminated to thinly bedded clays. Heavy
bedded with dark clays and above which are sands interbeghinerals are abundant. Burrows and shark and ray teeth have
ded with variegated clays. Basal Steel Creek tends to Wgsen found (Kite, 1982; Nystrom and Willoughby, 1982).

pebble-rich, suggesting an unconformity. The upper part of the undifferentiated Tertiary section is typ-
The Steel Creek is about 60 ft thick at the northwestern:a”y orange, cross-bedded quartz sand, fine to coarse,

SRS boundary and 140 ft thick at the southeastern boundarrgoo”y sorted, micaceous, and clayey in places. Clay clasts
The dip of the upper surface is to the southeast at approXjre common. Bedding is not as well developed as in the
mately 30 ft/mi. The unit occurs throughout SRS and is |ower part. A massive, light-colored, “hard” kaolin bed,
present downdip in the deep wells near Barnwell (C 6) anghcally pisolitic, is commonly observed at the top and is
Allendale (C 10), South Carolina. mined in the area (Buie and Schrader, 1982; Nystrom and
Steel Creek sediments were assigned to the Middendqu‘,i”oughby, 1982; Nystrom and others, 1986).

and Middendorf (?)-Black Creek(?) by Oldham (1981) and  Byje (1978) proposed the term “Huber Formation” for
to the Black Creek by McClelland (1987). Colquhoun andthe post-Cretaceous, pre-Jacksonian deposits in the districts
others (1983) and Steele (1985) place them in the BlaGknere kaolin is mined northeast of the Ocmulgee River in
Creek updip from Lower Three Runs and in the Peedee FQteorgia, with the type area in Twiggs County. The “Huber”
mation to the southeast. Logan and Euler (1989) includegyopably consists of Paleocene, early Eocene, and middle
them in the Peedee. The Steel Creek appears to be the Uk §cene sediments deposited near the Fall Line, perhaps
unit of Prowell and others (1985a). including age equivalents of the Warley Hill and Santee or
Paleontology, age, corredtion “McBean” (Scrudato and Bond, 1972; Abbott and Zupan,

Wood fragments, spores, pollen, and rare dinoflagellate®7>: Tschudy and Patterson, 1975; Buie, 1978; McClel-
have been found in SRS wells. Dinoflagellates and polleh"md’ 1987). ,
suggest a Maestrichtian age and correlation with the Peedee 1he erm “Huber” has been used in the study area by
Formation or the Black Creek Formation. The Peedee in tHgldham (1981), Buie and Schrader (1982), Kite (1982), Mit-

Environment

Light-colored sands and large, oxidized clay lenses su
gest delta plain conditions in the lower Black Creek in th
northwestern part of SRS. The dark clays and sands ab
dant in the southeastern part of the Site appear to have be&
deposited in delta front and prodelta environments.

Steel Creek Formation—a new formation
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twede (1982), Nystrom and Willoughby (1982), Colquhounused by Oldham (1981); of the “Ellenton Formation” and the
and others (1983), Steele (1985), McClelland (1987), andRhems Formation” as used by Colquhoun and others
Nystrom and others (1986, 1991). A few molluscan fossils(1983); of the “Ellenton member of the Rhems Formation”
have been found in the upper part of Georgia. Eocene dias used by Steele (1985); and of the “Rhems Formation” as
toms (Abbott and Zupan, 1975), middle Eocene fossil leavessed by McClelland (1987). The Sawdust Landing is the
(Hutchenson, 1978), and lower middle Eocene polleriower part of unit P1 of Prowell and others (1985a).

(Nystrom and others, 1986, p. 8) have been reported. We believe that the term “Ellenton” should be aban-
The updip lower Tertiary was probably deposited in flu-doned because the sediments named by Siple (1967) consist
vial, deltaic, and marginal marine environments. of two different sedimentary sequences with different lithol-
ogies deposited during separate cycles of deposition. An
LOWER PALEOCENE alternative to the use of the term “Sawdust Landing” for the
basal Paleocene at SRS is to restrict the “Ellenton” of Siple
Sawdust Landing Formation to the lower sequence. Most of the type section of the “Ellen-
ton”, however, appears to be upper Paleocene Lang Syne
Lithology and stratigraphic terminology Formation. We use the term “Sawdust Landing” for the

The Sawdust Landing consists of yellow, orange, tanijower Paleocene strata rather then “Rhems”, because the
moderately to poorly sorted, micaceous quartz sands in sonighology at SRS is more similar to the type Sawdust Landing
wells in the northwestern part of SRS. In other wells it isin central eastern South Carolina (Padgett, 1980; Colquhoun
composed of gray, poorly and moderately sorted, micaceousnd others, 1983; Howell, 1985; Muthig and Colquhoun,
silty and clayey quartz sands and pebbly sands with interbed988; Colquhoun and Muthig, 1991; Nystrom and others,
ded, gray clays. It is locally feldspathic, and iron sulfides an@i991) than it is to the type Rhems in eastern South Carolina
lignite are common in the darker parts of the section. ThgSloan, 1908; Van Nieuwenhuise, 1978; Van Nieuwenhuise
clays are fissile in places and contain micaceous silt and fingnd Colquhoun, 1982).
sand laminae. The darker, poorly sorted, micaceous facies is .
dominant in the southeastern part. There appear to be m}galeontology, age, and correlation

fining-upward, sand-to clay sequences in the downdip part of When Siple (1967) named and described the “Ellenton
the Site. Formation” from well cuttings at SRS, he thought that the

Basal sands, often pebbly, of the Sawdust Landing 898 Was either Cretaceous or Paleocene. Prowell and others

with a sharp, unconformable contact on oxidized clays of thEt985b) reported early Paleocene fossils from the lower part
Steel Creek in most wells at SRS. In general, the sawdugf the “Ellenton” but were not able to obtain dates from the

Landing has more feldspar and iron sulfide than the StedPPer part. Since that time, late Paleocene palynomorphs

Creek, is darker, and sorting is poorer. The clays of the Saf}@Ve been recovered from the upper part, coming from sedi-

dust Landing are more fissile than those of the Steel Cregli€Nts above a glauconitic sand which appears to be the
Where the oxidized clay at the top of the Steel Creek is mis§ansgressive system tract of a depositional sequence
ing, it is difficult to pick the contact. Where the SawdustyOunger than the Sawdust Landing. Harris and Zullo (1992)

Landing in these places is better sorted and lighter in col@SC considered the “Ellenton” of Siple (1967) to be both
than is typical, it is similar to tan, moderately to well-sorted€@'ly and late Paleocene. Frederiksen (1991) dated the
sands in the Steel Creek. In some cores, the sands of tfialenton” at SRS as late Paleocene.
Steel Creek are micaceous, poorly sorted, and dark, similar " itS type area, the Sawdust Lading is thought to be
to typical Sawdust Landing sands. A pebbly layer occurs ifgarly Paleocene (Colquhoun and Muthig, 1991; Nystrom and
the base of the Sawdust Landing in some of the problefifners, 1991). A few palynological dates from SRS indicate
wells. assignment to the calcareous nannoplankton zonation of
The Sawdust Landing is about 10 ft thick near the norti¥artini (1971) of NP 3 to 4 and perhaps older. The Mid-

western boundary of the Site and thickens to about 40 ft ne}f@yan Sawdust Landing at SRS appears to correlate with the

the southeastern boundary. It crops out about 4 mi northweE@"y Paleocene Rhems Formation in central eastern South

of SRS in the valley of Hollow Creek (Prowell and others,car‘?Iina (\(an Nieuwenhuise and Colquhoun,.1982), a more

1985b, p. A63; Nystrom and others, 1991, p. 224). marine facies. It also appears to_ correlate with the Claytpn
We consider the basal Paleocene quartz sands and cl d Porters _Creek.formatlons in the Gulf Coastal Plain

at SRS to be a facies of the Sawdust Landing Formation, thlower and middle Midwayan; Danian).

type locality of which is to the north in the Congaree Rivelgenyvironment

valley (Padgett, 1980; Colquhoun and others, 1983; Howell, Upper delta plain deposits composed of light-colored,

1985; Muthig and Colquhoun, 1988; Colquhoun and Muthignoderately to poorly sorted, micaceous quartz sands, felds-

1991; Nystrom and others, 1991). The Sawdust Landingathic in places, are common in the northwestern part of

appears to be the lower part of the “Ellenton Formation” agRs, with darker, poorly sorted, micaceous lower delta plain
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facies becoming dominant in the southeastern part. The Lang Syne has yielded numerous palynoligical
assemblages which indicate an assignment to calcareous

UPPER PALEOCENE nannoplankton zones NP 4-8 or 5-8. A nannofossil assem-

blage from the Lang Syne in the deep Allendale well was

Lang Syne Formation given a late Paleocene age by Laws (1992, p. 112). Frederik-

sen (1991) dated several samples from the “Ellenton” at SRS

Lithology and stratigraphic terminology as late Paleocene. Muthig and Colquhoun (1988) assigned

At SRS the Lang Syne typically consists of dark graythe Lang Syne in the type area to the lower Paleocene, but
and black, lignitic clays and poorly and moderately sortedNystrom and others (1991) believed it to be upper Paleocene,
micaceous, lignitic, silty and clayey quartz sands and pebblygiting age determinations from dinoflagellates, calcareous
sands interbedded with dark gray clays. Iron sulfides ar@annofossils, and mollusks. It probably correlates with the
common in the darker parts of the section. Both sands andaheola and Nanafalia formations of the Gulf Coastal Plain
clays are glauconitic in places, especially in the southeaste(apper Midwayan and lower Sabinian; lower and middle
part of the Site. The basal unit is a green sand in places. Thi@anetian or Selandian).
clays tend to be fissile and contain micaceous silt and finE .
sand laminae, often glauconitic. Cristobalite is common in nvironment ) ) ,
some cores. Deposits composed of yellow, orange, tan, mod- JUPPer delta plain deposits composed of light-colored,
erately to poorly sorted, micaceous quartz sands are commMmoderately to poorly sorted, micaceous quartz sands are
in the northwestern part of SRS, with darker, poorly sortedc@mmon in the northwestern part of SRS, with darker, poorly
micaceous facies becoming dominant to the southeast. IFOrted, micaceous lower delta plain and prodelta facies
some wells, clean, moderately to well-sorted sands occl¥ecOming dominant in the southeastern part. Glauconitic
near the top of the unit. sands probably represent transgressive deposits.

Basal sands which are glauconitic in places lie on dark
clays or dark, moderately and poorly sorted sands of the
Sawdust Landing. A pebbly zone is common at the contack.ithology and stratigraphic termi nology
In general the Lang Syne contains more glauconite, musco- The type section of the Snapp Formation, composed of
vite, lignite, and iron sulfide than the Sawdust Landing, an¢uartz sand and interbedded kaolinitic clay, is described in
the clay beds are much thicker. It tends to be darker and e appendix from core from SRS well P 22TA in southern
contain less feldspar. It is difficult to pick the contact whereBarnwell County, South Carolina. Typically, the sediments
the basal sand is not glauconitic. The Lang Syne appearsdge light gray, tan, orange, and yellow, silty, micaceous,
be sporadic in the northwestern part of SRS and is about §Redium to coarse quartz sands and pebbly sands interbedded
ft thick near the southeastern boundary. It is somewhat calyith kaolinitic clays. The micaceous sands have a powdery
careous in the deep well near Allendale, South Carolina.  appearance in some wells. Sorting in the sands is generally

The type locality of the Lang Syne is in central easterpoor, but well-sorted sands are present. Dark, micaceous, lig-
South Carolina (Sloan, 1908; Padgett, 1980; Colquhoun anglitic sands also occur. The clays are oxidized in some places
others, 1983; Howell, 1985; Muthig and Colquhoun, 1988;put dark in others.

Colquhoun and Muthig, 1991; Nystrom and others, 1991). |n most wells basal, light colored, micaceous Snapp
At SRS, it appears to be the upper part of the “Ellenton Forsands lie on dark clays, glauconitic in places, of the Lang
mation” of Siple (1967) as used by Prowell and otherssyne. Snapp sands are usually lighter in color than Lang
(1985b) and Logan and Euler (1989); of the “Black MingoSyne sands, and the unit contains less lignite, iron sulfide,
Formation” as used by Oldham (1981); of the “Ellenton For-and glauconite. In the middle of SRS, a few cores contain
mation” and the “Rhems Formation” as used by Colquhougands of both formations which are better sorted and lighter
and others (1983); of the “Ellenton member of the Rhemg color than is typical, making it difficult to pick a contact.
Formation” as used by Steele (1985); and of the “Rhems Forhe sharpness of the contact in most cores suggests and
mation” as used by McClelland (1987). The term “Langunconformity, but the time gap may be small.

Syne” is applied here rather than “Rhems”, because our  The Snapp is well developed in the southeastern part of
palynological data indicate that the Lang Syne (uppesRrsS, where there are two fining-upward sequences. Only
“Ellenton”) strata at SRS and vicinity are late Paleocengne sequence occurs in the center of the Site, and the Snapp
(Thanetian or Selandian) rather than early Paleocengpears to pinch out updip in the vicinity of Upper Three
(Danian). The Rhems has been dated as Danian (Van NuiRuns. It is about 70 ft thick near the southeastern boundary
wenhuise and Colquhoun, 1982). The Lang Syne at SRS isf SRS and is present downdip in well C 10 near Allendale,
the upper part of unit P1 of Prowell and others (1985a).  South Carolina. A glauconitic sand occurs in this part of the
section in well C 6 near Barnwell.

The Snapp has been referred to in the study area as

Snapp Formation—A New Formation

Paleontology, age, and correlation
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“Williamsburg Formation” by Colquhoun and others (1983), are markedly lower in the Fourmile than in the underlying
Steele (1985), and McClelland (1987). It appears to corresediments.

spond roughly to at least part of the “Black Mingo Forma-  Fourmile sediments probably crop out northwest of
tion” as used by Logan and Euler (1989). A new formation iSRS. The upper surface of the Fourmile dips to the southeast
established here because the lithology is not similar to that af about 25 ft/mi across the Site. The unit is about 30 ft thick
the type Williamsburg in eastern South Carolina (Sloanin the northwestern part of the Site and appears to thin to the
1908; Van Nieuwenhuise, 1978; Van Nieuwenhuise andsoutheast and toward the Savannah from the center of SRS.
Colquhoun 1982), and chronologic relationships between thedwards and Frederiksen (1992) noted the absence of early
Snapp and the Williamsburg are uncertain. The Snapp Bocene fossils in a well in Burke County, Georgia, near the
probably unit P2 of Prowell and others (1985a). Savannah River. The Fourmile occurs in wells C 6 and C 10
near Barnwell and Allendale, South Carolina.

The unit seems to be the lower part of the Congaree (?)
mation as used by Siple (1967) and the lower Congaree

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

determinations; judging from a few palynological assem- s used by Logan and Euler (1989). It roughlv corresponds to
blages, and well-dated strata above and below, it is probab ¥e lower );)artgof the lower "éambz:.rg“ an?j Igwer “Ngeses”

in zone NP 9, middle Sabinian, perhaps correlating with thgs used by Oldham (1981) and Colquhoun and others (1983)
upper part of the Williamsburg Formation (Van Nieuwen- d to the lower parts of the “McBean”, “Neeses’, and
huise and Colquhoup, 1982; Colquhoun and others, 1983) g jken formations as used by Steele (1985). The Fourmile is
eastern Soqth Ca}rolma angl Fhe Tuscahoma Sgnd of the GH’l E1 unit of Prowell and others (1985a), who noted the
Cpastal Plain (middle Sabinian; upper Thanetian or SeIar}iresence of beds in the area of units possibly equivalent to
dian). the Fishburne.
Environment

The near absence of marine fossils, the generally poorII;
sorted sands, and the oxidized clays indicate that the en\{._'L—ou
ronment of deposition was probably mostly delta plain.

aleontology, age, and correlation

The only well-preserved fossils recovered from the
rmile are palynomorphs. Age determinations fro
dinoflagellates indicate that the Fourmile is within zones NP
10 to NP 11, early Eocene, late Sabinian (early Ypresian). It

LOWER EOCENE is a correlative of the Fishburne Formation, a calcareous unit
_ _ _ found in wells near the coast in South Carolina (Gohn and
Fourmile Formation—A New Formation others, 1983). The western Gulf Coastal Plain correlative is

Lithology and stratigraphic terminology the Hatchetighee Formation.

The type section of the Fourmile Formation, composed&Environment
of quartz sand with some interbedded clays, is described in  The glauconite, the abundant dinoflagellates, and the
the appendix from core from well MWD-3A in northwestern moderate to good sorting indicate that the environment of
Barnwell County, South Carolina. The Fourmile is mostlydeposition was shallow marine, with dark clays in the north-
orange, green, gray, yellow, and tan, moderately to wellwestern part of SRS probably forming in bays or lagoons,
sorted, fine to coarse quartz sand with green and gray claysiad glauconitic clays in the southeastern part being depos-
few feet thick in the middle and at the top in places. Therged in neritic conditions.
appear to be two fining-upward sequences. Glauconite, mus-
covite, and iron sulfide are common accessories. Dark clays Congaree Formation
rich in organic matter tend to be more abundant in the north-
western part of SRS, and glauconitic clays are more comm
to the southeast. Clay laminae occur in the sands locally.

ithology and stratigraphic termi nology
The Congaree consists of orange, yellow, tan, gray and
. sgreenish gray, moderately and well-sorted, fine to coarse

the dark clays and sands of the Lang Syne Formation. In tREantz sands. Thin clay laminae are present in places. In

southeast, the underlying unit is the Snapp. The basal contﬁé&me cores, quartz grains are rounder than in other parts of

is sharp in both areas. In general, going upward across t e section. There appear to be at least two fining-upward

Lang Syne contact, the sands become cleaner, iron sulfiggauences. In a few places at SRS, the. unitis slightly ca}lcar-
and lignite content decreases, colors become lighter, and cl§Qus: The gbundant indurated clays which are common In th?
bed thickness decreases. Going upward across the Sna e area in central eastern South Carolina (Sloan, 1908;
Fourmile contact, sands become cleaner, gIauconiteySt_Ir_?]rn gnd others., 19.911) arte ?Ese;t at S.'IRSI' t well
increases, and clay bed thickness decreases. Oxidized clays € ono?aree IS ;']m' ar to ¢ eI ourm_lte.dn Most wers,
at the top of the underlying Snapp indicate that the contact i 0ing upward across the contact, glauconite decreases, mus-

. R i i me | m-
an unconformity. On geophysical logs, gamma ray count<Lovite decreases, clay beds and laminae become less co
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mon, sorting becomes better, pebble content decreases, and MIDDLE EOCENE
colors become lighter. The presence of a silicified zone at the

top of the Fourmile, and the occurrence of pisolitic structures Warley Hill Formation
near the top in one well, suggest that the contact is uncon-

rI]_ithology and stratigraphic termi nology

The Congaree crops out in stream valleys in the north- A fine to medium, poorly to well-sorted quartz sand and

eastern part of SRS. Correlative sediments northwest of Sdguddy.quartz sand, glayconltlc in places and a few mche; 10
have been mapped as part of the “Huber I:Orm(,jltionapprommately 15 ft thick, occurs above the Congaree in

(Nystrom and Willoughby, 1982). The “Huber’ is more many cores at SRS. The sand fines upward, and locally a

micaceous and poorly sorted in places and indicates morcéa}y’ a fewbmches to 2 1t thick, oc”curstat the EOp' Commﬁ?
fluvial and deltaic influence. The Congaree is about 60 £t COI0rS are brown, green, gray, yellow, tan, and orange. the

thick at the northwestern boundary of SRS and about 80 foP of the golngaree |sdp.|cked at thﬁ to;r)] of a clzlganvfland
thick near the southeastern boundary. Across the river fro equence. ©50ing upward in many wets, the overlying yvar-
SRS in Georgia it appears to be thinner and more argil ey Hill sands become coarser, then finer, sorting becomes

ceous and micaceous. Sediments downdip from SRS aroorer, silt and clay content increases, glauconite becomes
ore common, and colors are darker. In some cores, the top

more calcareous, and a carbonate occurs in this part of t : ) e
section in the deep Allendale well (C 10) where another for® the Congaree is cemented with silica, indicating that the

. . . .contact may be unconformable.
mation name would be appropriate. Typical Congaree i§On . .
present in well C 6 near Barnwell. Sloan (1908) apparently assigned outcrops along Tinker

The Congaree was traced in outcrop from its type area I(areek within SRS to his "Warley Hill phase”, correlating

central eastern South Carolina by Sloan (1908) and Cooll%ith his type area in central eastern South Carolina where it

and MacNeil (1952), and has been described at SRS by sév- Very glauconitic. Siple (1967) noted the possible occur-

eral authors including Siple (1967), Denehy and other ence of the Warley Hill at SRS. The unit is sporadic and dif-

(1989), and Nystrom and others (1992). The unit Corre_|cult to identify at SRS. The possible occurrence of

sponds in stratigraphic position to part of the lower “Bam_.Cubltostrea lisbonensiat Blue Bluff on the Savannah River

berg” and “Neeses’ as used by Oldham (1981) angldlcates that the unit, or a time-equivalent, may crop out

Colquhoun and others (1983), and to parts of the “McBean ere, although at least most of that exposure is younger. The
’ unit is most distinct in cores and outcrops in the central part

and “Aiken” formations as used by Steele (1985). The Con- SRS and © b | in the d di
garee appears to be units E2 and E3 of Prowell and othe% and appears 1o become caicareous in the downdip

formable.

part, making it difficult to distinguish from overlying carbon-
(1985a). -

ates. It appears to be missing from the northwestern part of
Paleontology, age, and correlation SRS. Steele (1985) and McClelland (1987) applied the ter

A few molluscan shell fragments, usually silicified, have“Warley Hill” to calcareous facies in the downdip part of the
been found in the Congaree at SRS. In the type area of tltudy area. At least part of unit E4 of Prowell and others
Congaree in central eastern South Carolina, the pelecypd@985a) may be the Warley Hill.

Anodontia augustana, an index fossil found in the Tallahat

Formation of the Gulf Coastal Plain, occurs (Cooke an Dinoflagellat d pollen h b q
MacNeil, 1952; Nystrom and others, 1991). We have a fe inoflagerates, spores, and poflen nave been recovere
rom the unit at SRS. Samples from two wells have

palynological dates from the lower and middle parts of the,. N . .
Congaree; judging from these and by age determinatior%lnoflagellate assemblages indicating a correlation with zone

from below and above, it is probably in zones NP 12 to N P.15 aqd the Iqwer Lisbpn Fprmation of the.Gqu Coastal
14, early Claibornian (late Ypresian and possibly earl)}alam' which is middle Claibornian (lower Lutetian).

Lutetian), equivalent to the Tallahatta Formation. The latteEnvironment

unit is mostly early Eocene according to Bybell and Gibs Glauconite and dinoflagellates suggest shallow marine
(1985). The upper part of the Congaree may be early middlgonditions, with the muddier sands indicating lower energy
Eocene. levels than those prevailing when the Congaree was depos-
Environment ited. The high mud content could have also been caused by

The well sorted sands, the occurrence of glauconite, arn]occulatlon at the fresh water/salt water interface.

the dinoflagellate assemblages indicate shallow marine and
barrier environments.

?aleontology, age, and correlative

Santee Limestone

Lithology and stratigraphic termi nology
Above the Warley Hill, most of the middle Eocene sec-
tion consists of three laterally gradational units: the Santee
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Limestone, the informally named “Blue Bluff” unit or mem- 3. “McBean” as used in the updip Coastal Plain by Cooke
ber (Huddlestun and Hetrick, 1986, p. 4), and the Tinker and MacNeil (1952) and Siple (1967) consists mostly of
Creek Formation. siliciclastics. In some places, “McBean” has been
A cream-colored calcareous facies composed of cal- mapped where no calcareous sediments are present.
carenite and calcilutite with indurated calcareous nodules i4. Two names have been used by most workers for this part
common at SRS. This is the typical “McBean” carbonate  of the section: “Santee” for calcareous sediments and
lithology. Indurated, moldic limestone similar to that in the  “McBean” for calcareous sediments and siliciclastics.
type area of the Santee (Moultrie Member of Ward and oth- We believe that it is more logical to have a name for the
ers, (1979) also occurs in many SRS cores and outcrops, and calcareous deposits and another for the siliciclastics.
in exposures in the type area of the “McBean” (Sloan, 1908, Discussions of the confusing usage of the ter
p. 271-272; Veatch and Stephenson, 1911, p. 244-246). IfMcBean” are in Huddlestun (1982) and Huddlestun and
places the carbonate has been replaced by silica. The Santtéstrick (1986). We await a more precise and useful defini-
is approximately the E5 unit of Prowell and others (1985a)tion of “McBean”, at which time it may be incorporated into
The Santee is best developed in a northeasterly trending zooer stratigraphic column.

across the middle of SRS, It is sporadic in the vicinity ofP leontoloav. age. and correlation
Upper Three Runs and rare to the northwest. To the southead'®® gy, age, ) :
Microfossils and megafossils are abundant in the Santee.

it interfingers with and grades into the “Blue Bluff”. Judging F H McB K G . h q
from Sloan’s (1908, p. 271) lithologic descriptions, the San- rom the outcrops at vicbean Creek, corgia, Cus man an
tee is at least 60 ft thick at Shell Bluff in Burke County Herrick (1945) described many species of foraminifers,
Georgia "mostly benthonic. The benthic foraminiferal species Cibi-
“Mcéean Formation” of many authors and “McBean cides westi appears to be a marker for the Santee in this area
member of the Lisbon Formation” (Huddlestun, 1982; Hud_(Hu%dLestun Iand Hetrk'jk' 19?6’ p.h15“)|\./| Zé“'uo ,,(1985) ra]ma-d
dlestun and Hetrick, 1986, p. 4) have been applied in the pe{ ¢€d barnacle assembolages from the “McBean™. VeaFc an
to these sediments at SRS and vicinity. The “McBean Fo >tephenson (1911, p. 239-240) listed numerous species iden-

mation” at its type locality on McBean Creek in Georgiatiﬁed by T. W. Vaughan, includiqg gastropods, pelegypods, a
oral, and a scaphopodCubitostrea sellaeformiand

Veatch and Stephenson, 1911, p. 237-244) consists of cat . o ;
( P P ) teropsella lapidosa characteristic of the upper Lisbon,

bonates overlain by clay and quartz sand. Most of the silicg b tound at | A h
clastics are apparently of Jacksonian age according t ave been found at many places. Among other groups com-

Huddlestun and Hetrick (1982, p. 25), although Nystrom andon to abundant in the Santee are sponges, foraminifers,

Dockery (1992) suggested that at least some of them are C&s_tracodes, bryozoans, and barnacles. Calcareous nanno-

relative with the Claibornian Gosport Sand in Alabama. Thglankton, palynomorph assemblages, and other fossils indi-

original concept of the unit also included carbonates exposecglte a zone NP 16 age assignment (late Lutetian, middle

: ibornian).
on the Savannah which are now known to be uppeeie al .
(Veatch and Stephenson, 1911, p. 243; Huddlestun an% Veatch _and Stephenson (1911, p. 23“7) suggefteq a possi-
Hetrick, 1986). le correlation for the upper part of the “McBean” with the

Huddlestun (1982) and Huddlestun and Hetrick (1986)S|o§port ia_Pd IOf. Iatig(%abornialn agehin the Gulf Co?s;al
suggested restricting the term “McBean” to calcareous facie; an, an" oufmin ( ) correlated the upper part of the
cBean” with the Gosport. Ostracodes from Santee car-

and informally used the term “McBean member of the Lis- . o .
bon Formation”. Because of the confusion involved in the’Onates in one We," at SRS indicate the presence of Clai-
use of the term, we are currently not using “McBean” an ornian strata slightly younger than th€ubitostrea

are using “Santee Limestone” for the calcareous Sedimen%'flIaeformlszone, probably equalent.to the Gosport (J. .E.
rather than “McBean Formation”, “Lisbon Formation”, or azel, personal communication). This part of the section

“McBean member of the Lisbon Formation” for these rea.2PPears to correlate with strata in the central eastern South
sons: Carolina Coastal Plain described by Dockery and Nystro

1. Sloan (1908, p. 459-460) applied the term “Santee” 6‘(t1992). The deposits there contain abundant silicified mol-
SRS and vicinity before the “McBean Formation” was uscan .shells and are ynconformqbly separated from the
defined by Veatch and Stephenson (1911). under!ymg C._ sellaeformis zone. [This is probably at or near

2. Although the calcareous facies of the type “McBean’SloanS locality.] pockery anEi Nystrom (1992). mforrrlally
consists mostly of slightly to moderately indurated sedi-named these sgdlments the Orangeburg D|§tr|ct ped - The
ment with a “marly” texture, beds of moderately to WeII_GosporF-correIatlve deposits may be an updlp fames of the
indurated biomoldic limestone similar to the Moultrie Qtley Limestone and other parts of the CI|nchf!eId Forma-

fion (Nystrom and Dockery, 1992; see also Harris and Zullo,

Member of the Santee occur in the “McBean” type are 992) and | | th th fthe S
(see Sloan, 1908, p. 271; Veatch and Stephenson, 191}, ).an may aiso correlate with the upper part of the San-
tee Limestone (see Ward and others, 1979; Powell and

p. 242-243).
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Baum, 1982; Dockery and Nystrom, 1991; Harris and Zullomolluscan taxa. Calcareous nannoplankton, palynomorphs,
1991) in central eastern South Carolina. and other taxa indicate an approximate zone NP 16 age

. assignment (late Lutetian, middle Claibornian).
Environment

The environment of deposition was probably mostlyEnvironment
inner to middle neritic. Sediments and fossils in the “Blue Bluff” suggest a

_ lower energy environment than that of the Santee.
“Blue Bluff” unit

Lithology and stratigraphic terminology Calcareous Tinker Creek Formation—A New Formation

strata occur for many miles along the Savannah River valleyithology and stratigraphic termi nology

in the same stratigraphic position as the Santee Limestone The Tinker Creek consists of quartz sands, silts, and
but with sufficient areal extent, thickness, and distinctivenes§lays which, in general, occur updip form the Santee. The
in lithology to warrant recognition as a separate unit. Hudtype section is described in the appendix from core from well
dlestun and Hetrick (1986, p. 4) informally used “Blue Bluff MwD-5A in northwestern Barnwell County, South Carolina.
member of the Lisbon Formation”. The unit is a cliff-former |n general, the sands of Tinker Creek are finer than the sands
and is exposed at several bluffs one the Georgia side of th®ove and below, contain more heavy minerals, and are more
Savannah opposite SRS (see Veatch and Stephenson, 19flely to contain glauconite, although glauconite is often
p. 249-250). The “Blue Bluff” is gray and pale green, clayeyfound in the Warley Hill. Yellow, tan, and white sands are
laminated calcilutite, calcarenite, and calcareous silts anbmmon, and pale green sands occur in the center of SRS.
clays, with shell Iayers, indurated nodules, thin indurate¢|ay beds and laminae are under|ying and over|ying units.
limestone lenses, calcareous muds, and quartz sand laminas: clays of the Tinker Creek tend to be illite/smectite rather
in places. Brantley (1916, p. 54) reported an analysis fromhan kaolinitic as in other parts of the section (Dennehy and
the exposure at Blue Bluff with a carbonate content of 56()/Q)thers' 1989) Tan C|ays are more prominent in the 0\/er|ying
Much of the sediment form SRS cores has more than 75%ry Branch Formation while green clays are common in the
(Paul Thayer, personal communication). Thin, phosphaticTinker Creek. Silica cemented zones occur in many places.
crust in SRS well P 21TA suggests that the basabcbi®  Burrows of theDphiomorphatype are abundant in some out-
unconformable. On geophysical logs, the “Blue Bluff"is crops of the Tinker Creek. Most burrows are less than 1 inch
characterized by having high gamma ray counts and lowin diameter and have thin walls of white clay. Although very
resistivities compared to sediments above and below. fine and fine sands are typical of some of the Tinker Creek,

“Blue Bluff” sediments are widespread in the southernmedium and coarse sands are common in SRS wells, espe-
part of the Savannah River Site. They interfinger and are grailly updip. The fine sand facies can also be found many
dational with the cream-colored Santee facies, and, in gefniles updip. An exposure of very fine, well-sorted, burrowed
eral, tend to be more common in the lower part of thgand on Good Hope Farms Road in Aiken County, about 0.9
calcareous section than the lighter-colored carbonates. Th@i west of Silver Bluff Road (South Carolina Highway 302),
“Blue Bluff” lithology appears to extend as thin beds as fagppears to be the Tinker Creek. A similar exposure is in a
northwest as McBean, Georgia, judging from the subsurfadgorrow pit-landfill on the north side of Herndon Dairy Road,
descriptions of McLelland (1987); it extends to the southeasfhout 1.3 mi west of Silver Bluff Road. The fine, well-
at least as far as the deep wells near Barnwell and A"endalgorted' burrowed sand here is topped by massive C|ay_ These
South Carolina. The “Blue Bluff” is about 90 ft thick at the sediments were assigned to the “Huber Formation” by
southeastern boundary of SRS. Nystrom and others (1982, p. 121).

The “Blue Bluff” has been assigned to the “McBean  The clay between 187 and 190 ft in the type section is
Formation” or Santee Limestone by most workers in thgart of the “green clay interval” (Dennehy and others, 1989;
area. Colquhoun and others (1983), Steele (1985), McCleBnipes and others, 1992), a series of clay beds and clayey
land (1987), and Logan and Euler (1989) used the termgands ranging for the upper part of the Congaree Formation
“Santee” downdip and “McBean” updip for carbonatesthrough the lower part of the Tinker Creek. A fossiliferous
within the study area. The “Blue Bluff’ may be part of the section of the Tinker Creek “green clay” several feet thick is
E4 unit of Prowell and others (1985a); most is unit E5. exposed in a road cut on the east side of Upper Three Runs
Paleontology, age, and correlation were SRS road 2-1 crosses the creek. Molluscan molds,

including Pteropsella lapidosa, occur here. Outcrops of green

The benthic foraminiferal species Cibicides westi | | d. and the fi lI-sorted. b d
appears to be a marker for the Santee and “Blue Bluff” incay, green clayey sand, and he ine, wetl-sorted, burrowe
and facies occur in northwesterly-flowing tributaries to

this area (Huddlestun and Hetrick, 1986, p. 15). Cubitostred

sellaeformis and Pteropsella lapidosa, characteristic of th?pp?rsgléee Rt‘n? {‘}t iRS(-:m akfeW CQrted \;V?IIitntear:hic;n-
upper Lisbon, occur in the “Blue Bluff” with numerous other ero » part of Tinker Lreek consists ot ight tan to bufl,

low density silt.
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Where the Warley Hill is missing and the Tinker Creeklents.
overlies the Congaree, going upward in the section color .
become darker, grain size decreases, sorting becomes pooE?,Vlronmen.t -
green clay and/or glauconitic sand become more common, The environment of deposition was probably mostly
and heavy minerals become abundant. Where the Tink Armer, shallow marine, and lagoonal.
Creek overlies the Warley Hill, the contact is more obscure,

but Tinker Creek stands tend to be finer and cleaner than the MIDDLE OR UPPER EOCENE
underlying sand. A pebbly zone occurs at the base of the _ _ _
Tinker Creek in places. Clinchfield Formation

On geophysical logs, the gamma ray count for theLithoIogy and stratigraphic termi nology

Tinker Creek is usually higher than for overlying and under- The Clinchfield, type locality in central Georgia (Picker-

lying units, especially where the green Clay” facies is V\.Iel.ling, 1970), consists mostly of quartz sand and clay, calcare-
developed at or near the base of the unit. In general, resistivi-

ties are low in the Tinker Creek, especially in comparis oo In places, and carbonates. The quartz sand of the
: ' the » especially PaMS " clinchfield at SRS may be the Riggins Mill Member, defined
with the overlying unit.

The Tinker Creek grades downdip into the carbonatesog| central Georgia (Huddlestun and Hetrick, 1986, p. 26-29,

3-65). Itis tan and yellow, poorly to well-sorted, and fine to
the Santee and, perhaps, the “Blue Bluff”. Northwest o ; .
Upper Three Runs within SRS, we know of only one wel oarse. The Utley Limestone Member, type locality at Plant

; . .. Vogtle in Burke County, Georgia near SRS (Huddlestun and
which encountered calcareous sediments. Outcrops of Slllcl':ietrick 19 86), is an indurated, bioclastic and biomoldic

fied limestone north of SRS in the Tinker Creek part of the

section suggest that some of the siliciclastic facies develo eqollauconitic limestone in some places, and in others a calcare-
99 PPus sand and calcarenite. The Clinchfield appears to be unit

by solution of calcareous deposits. Trending southwest: ) .
northeast through the middle of SRS, the Tinker Creek ar:'a6 of Prowell and o.thers (1985a). The Utley is exposed n
. . . ) .. places on the Georgia bank of the Savannah opposite SRS at

Santee are gradational and interfingering. Some wells wnﬁ
calcareous sediments are surrounded by wells a few hundreg st as far downstream as several hundred feet southeast of
feet away containing only siliciclastics )z:md vice versa. For fiffins Landing. Approximately 30 ft thick in the southeast-

way g only : ” . ‘... ern part of the SRS, the Clinchfield pinches out or becomes
mapping purposes, the contact is defined in the transition

zone where 25% of the section is composed of calcium calfj-nidemiﬁalble updip in the middie of the Site.
0 P In places the lower contact of the Clinchfield is marked

bonate. (Although the North American Stratigraphic COd% a change from calcareous sediments of the Santee and
recommends boundaries be drawn at 50%, we believe th%lue BIUff” to poorly to well-sorted sand of the Riggins

25% is a significant amount of carbonate). . o . )
The Tinker Creek is about 40 ft thick at the northwesterrE/I olgr;,\geszft; Igbz?ergeT\rI\veelllj’t,lethiin?;%?(l)rri tl\élgldsc?:fénriore
boundary of SRS, and the “Blue Bluff” is about 90 ft thick at. N P ‘ y

: indurated and coarsely glauconitic than the underlying car-
the southeastern b°“rjdary- Dip Of the upper surfgce of thEonates, and it contains abundant specimens of the sand dol-
Tinker Creek-Santee “Blue Bluff” is about 20 ft/mi to the . i

lar Periarchus lyelli. In general, there are fewer heavy
southeast across SRS. ) . .
) ) I . minerals and more manganese-stained sediments above the
The Tinker Creek is some of the siliciclastic parts of the
« o contact.
McBean Formation” as used by many workers; the upper
part of the “Aiken formation” as used by Colquhoun and othPaleontology, age, and correlation
ers, (1982, 1983). Bishop (1984), and Steele (1985); some of Huddlestun and Hetrick (1986) reported the presence of
the upper part of the “Huber Formation” as used by Nystronthe pelecypodChlamyscf. C. membranosandCrassostrea
and Willoughby (1982); and part of the “Neese formation” agjigantissimathe sand dollaPeriarchus lyellj and benthonic
used by Oldham (1979). It is the “Tims Branch” of Fallawforaminifers in GeorgiaP. lyelli has been identified by the
and others (1992). Utley at SRS. We do not have good fossil dates from the
Paleontology, age and correition F:I|nchf!eld. The mo;t common age determlnatlons in the
S immediately underlying strata are zone NP 16, and in overly-
Palynomorphs and silicified shells and molds of moI-in strata, NP 18-20. The abundancéofyelli suggests that
lusks have been found in the Tinker Creek. A few palyno; 9 . ' 99

morph assemblages indicate zone NP 16, and Pteropsetlae Clinchfield correlates with theStutelld abundance

lapidosa, characteristic of the upper Lisbon (middle Clai-2one of the Gulf Coast, making it a correlative of the Gosport
bornian; upper Lutetian), occurs in the unit. Nystrom an(?si
Dockery (1992) considered some of the red sands describ . . .
by Sloan (1908) as his “Barnwell phases”, and other san ) discussed the age problem and tentatively assigned the

ntaining silicified fossils at SRS, to be Gosport equiva; linchfield to the Jacksonian. Harris and Zullo (1992)
co 9 ’ P q favored a correlation with the Claibornian Gosport Sand.

and (late Claibornian) and/or the Moodys Branch Forma-
n (early Jacksonian). Huddlestun and Hetrick (1986, p.
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Environment ous sand, and shelly, calcareous clay occur in the member.
The concentrations of sand dollars in the carbonates anthe large oyster Crassostrea gigantissima, abundant in the
the sorting of the sands suggest a littoral and inner neritigriffins Landing at its type locality, is found in many SRS

environment. cores. Siple (1967) assigned some C. gigantissima-bearing
beds to his “Barnwell Formation”, but placed all limestones
Albion Member (of the Clinchfield Formation?) at SRS in the lower part of his “McBean”. The Griffins

Lithology and stratigraphic terminology Landing occurs sporadically in most of the Site and is not
22 2 o 2 . known to be present northwest of Upper Three Runs within
A d'St'r.'Ct'Ve unit with spiculitic (CO”“"‘”?'”Q SPONGE SPI- o Site boundaries, but it has been encountered in the sub-
cules).sedlme.nts .has been encountered in several placessmface north of SRS (Zullo and Kite, 1985).
Georgia and in Aiken County, South Carolina (Huddlestun

. . - . At SRS, the Griffins Landing contains less glauconite
and Hetrick, 1986, p. 31). It consists of spiculite, and spicu g g

that the carbonates of the underlying Utley and Santee. It
“&Rks the concentrations of Periarchus lyelli and generally

(Carver, 1972). Maximum known thickness is 22.5 ft in thecontains abundant Crassostrea gigantissima. Where Griffins

Windsor Spring -roadcut south of Augusta, Georgia (HUd'Landing carbonates overlie the sands of the Riggins Mill
dlestun and Hetr|cK, 1986’ P. 31).‘ . L Member, the contact is obvious. A thin quartz sand visible on
The type Iocallty 's the Albion Kaolin Mine in Rich- outcrop between the Griffins Landing and the Utley at Grif-
mond County, Georgia (Carver, 1972). fins Landing is interpreted as a transgressive deposit. A peb-
Paleontology, age, and correlation bly layer at the contact occurs in some cores. Pisolitic
The unit was tentatively placed in the upper Eocene bgtructures were found at the contact in one well at SRS.
Carver and in the Clinchfield Formation by Huddlestun and ~ The remainder of the Dry Branch Formation within SRS
Hetrick (1986), but its precise age is unknown. In addition tds made up of the Irwinton Sand Member. It is composed of
marine sponge spicules, some diatoms, radiolarians, angellow, tan, and orange, moderately sorted quartz sand, with
plant fragments have been found which could be used fdpterlaminated and interbedded clays, typically tan, abundant

accurate age determination (Huddlestun and Hetrick, (1986)n places. Pebbly layers and zones rich in clay clasts occur.
Glauconite is rare. In general, the Griffins Landing grades

Environment updip and upseciton into the Irwinton.
Carver (1972) suggested an extremely nearshore, per- |y places as far north of the Site as Aiken, outcrops of
haps tidal pool, environment for the Albion. clay and silicified sandstone with what appears to be C.
gigantissima occur. Nystrom and others (1986, p. 17) cited
UPPER EOCENE several occurrences of fossiliferous, silicified sand appar-
ently within the Dry Branch, one of which is northwest
Dry Branch Formation Aiken.

The Dry Branch Formation is about 50 ft thick near the

Lithology and stratigraphic.terminology . northwestern SRS boundary and about 80 ft near the south-
The Dry Branch Formation includes the Twiggs Claygasiern boundary.

Member, dominant west of the Ocmulgee River in Georgia,

type locality in central Georgia (Shearer, 1917, p. 158-174)Paleontology, age, and correlation

the Irwinton Sand Member, dominant from the Ocmulgee  Aggregations of Crassostrea gigantissima in living posi-

River eastward, type locality in central Georgia (Lamoreauxtion are prominent in parts of the Griffins Landing. Herrick

19464a, 1946b); and the Griffins Landing Member, type local{1960, 1964) described foraminiferal assemblages fro

ity across the Savannah from SRS (Huddlestun and Hetricihell Bluff and Griffins Landing, Georgia, near SRS. Zullo

1986, p. 43-46, 72-73). The Dry Branch has been correlateémnd Kite (1985) and Steele and others (1986) reported fora-

in outcrop from its type locality in central Georgia (Huddles-minifers, barnacles, crabs, bryozoans, starfish, crinoids,

tun and Hetrick, 1986, p. 34-46, 66-67) to SRS (Nystrom anghark and ray teeth, and fish bones from the member of sev-

Willoughby, 1982). Siple (1967) appears to have assigned aftral localities in the vicinity of SR®phiomorpha palyno-

the Irwinton and some of the Griffins Landing to hismorphs, and silicifie€. gigantissiméahave been found in the

“McBean Formation”. The Dry Branch includes unit E7 andlrwinton Sand Member. Palynological and calcareous nanno-

probably part of E8 of Prowell and others (1985a). plankton assemblages from SRS cores suggest a correlation
The Twiggs Clay Member is not a mappable unit awith zones NP 18 to NP 20 and the lower part of the Yazoo

SRS, although lithologically similar beds occur at various Formation of the Gulf Coastal Plain, which is middle Jackso-

horizons in the formation. The Griffins Landing Member isnian (middle Pribonian).

at least 50 ft thick in the southeastern part of SRS. Calc”LEnvironment

tite, calcarenite, bioclastic and biomoldic limestone, calcare- . . .
Common planktonic Foraminifera in one SRS core sam-
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ple from the Griffins Landing indicate some open oceaifto Miocene?) age in several localities in Aiken County
influence. Some of th€rassostreandBrachiodontesoear-  (Lophobalanus baumbeds). The channels cut into the

ing calcareous clay beds contain foraminiferal genera indi*Huber” and Dry Branch formations. Barnacles, echinoids,
cating bay or lagoonal environments. lrwinton sands areForaminifera, worm tubes, and pectenids occur in the sedi-
probably inner neritic and barrier deposits. The clays of thenents, and the interpretation is a valley-fill sequence or a

Irwinton probably formed in lagoons or bays. basal part of the Miocene “upland” unit (Nystrom and oth-
ers, 1991, p. 236).
Tobacco Road Sand Fossiliferous chert of Oligocene age [King's Creek

phase of Sloan (1908); Flint River formation of Cooke

Lithology and stratigraphic termlnollogy (1936) and Cooke and MacNeil (1952) crops out along the
The Tobacco Road Sand consists of moderately to : .

.. Savannah about 5 mi downstream from SRS and 14 mi

poorly sorted, red, brown, tan, purple, and orange, silty

. wnstream from Plant Vogtle in rgia.
clayey quartz sands and quartz sands. A few thin clay beé’ls0 stream fro ant Vogtle in Georgia
are present in some places. In general, the sands of the

Tobacco Road are muddier, more micaceous, and more MIOCENE
highly colored than those of the Dry Branch. The base of the _ ) § _
Tobacco Road is marked in places by a coarse layer that con- Altamaha Formation (“Upland” Unit)

tains _flat quartz pe;bb_les. The unit has been tracepl in °“tcr%thology and stratigraphic termi nology

from its type locality |n.R|chmond County, Georgia, to SRS The “upland” is an informal term applied to deposits

f:ugicgssTgsgndThZeEg;ﬁh v&ng ?:’Oﬁig;n'\jys:rg?&:?fg\é\gl)' that occur at higher glevations in many places in the soth—
’ : western South Carolina Coastal Plain (Nystrom and Wil-

seems to corregpoqd roughly tq the Tobacco Road. loughby, 1982; Nystrom and others, 1986, 1991; Colquhoun
The formation is exposed in much of the southwestergnd others, 1983; Steele, 1985: McClelland, 1987; Logan

South Carolina Coastal Plain, including SRS. Its upper SUnd Euler, 1989). It may be a facies of unit M1 of Prowell

face is irregular because of incision that preceded depositio&1d others (1986a). The sediments are red, purple, gray
of the overlying Altamaha Formation. The thickness varie ' ’ ’ '

) . %range, yellow, and tan, poorly sorted, clayey and silty, fine
conS|derany bepause of the eroded upper surface, but it is@t .oarse sands, with lenses and layers of gravels, pebbly
least 60 ft thick in places.

. . sands, and oxidized, massive clays. Clay clasts are abundant.
Paleontology, age and correlationNo datable fossils

Cross-bedding is prominent in places, and muscovite and
have been recovered from the Tobacco Road at SRS, by cks of weathered feldspar are locally abundant. Clay-filled

Qphpmorpha burrows can be.seen in-many outcrops,_ asures, probably caused by weathering, are numerous in
silicified shell fragments occur in places. Crassostrea giga laces. The unit is an extension of the Altamaha Formation

tissima has been reported from the sand in Georgia, and t ?Georgia (Nystrom and Willoughby, 1992), type locality in

Sandersville Limestone Member in central Georgia Comaingoutheastern Georgia (Dall and Harris 1892, p. 82; Huddles-
C. gigantissima, Turritella, molluscan molds, and the echifun 1988, p. 101) T

noid Periarchus quinquefarius (Huddlestun and Hetrick,

1986). Based on evidence in central Georgia, Huddlestuirﬁ manv places around and within SRS but appears to be
apd Hetrick (1986) assignec! the. Topacco Road to the ‘JaCk?r?l'ss;gyfr%?nczome high elevation SRS wells. It igpup to 70 ft
nian (late Eoc_ene), correlating it with the. upper part of thethick in parts of SRS. The lower surface of the unit is very
Yazoo Fprmaﬂon in the GL.J” Coastal Plain, which is LJppe'irregular because of erosion of underlying deposits. In a few
Jacksonian (upper Priabonian). SRS cores, the Altamaha lies on Dry Branch sediments
Environment rather than on the Tobacco Road. In general, going upward
Marine fossils and glauconite have been found in theacross the base of the Altamaha, sorting becomes poorer,
Tobacco Road in central Georgia, indicating a shallow neritieathered feldspar grains become larger and more common,
environment. The occurrence of clay laminae and beds, esgday beds become more abundant and thicker, sand become
cially in the upper part, suggest that some of the Tobacdpore argillaceous and indurated, pebbles are larger, and, in
Road was deposited in a transitional, low energy environplaces, muscovite increase.
ment, such as a tidal flat or shallow lagoon. Much of the “Hawthorn Formation” of Siple (1967) cor-
responds to the Altamaha, but the Miocene Hawthorne
Group in its type area is phosphatic and dolomitic (Huddles-
OLIGOCENE (TO MIOCENE?) tun, 1988). Siple’'s “Hawthorn” apparently included some of
Zullo and others (1982), Willoughby and others (1984),the underlying Tobacco Road, as he considered the occur-
and Nystrom and others (1991) described partially silicifiedrence of Ophiomorpha(="Halymenite¥, common in that
barnacle-bearing, quartz sand channel deposits of Oligocefi@mation, to be typical of his “Hawthorn” rather than his

The Altamaha occurs at the surface at higher elevations
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“Barnwell Formation”. Other terms which have been applied = The authors have benefited from discussions with many
to the Altamaha deposits in the area are “Lafayette” (McGeg@eople, including Don Colquhoun, Lucy Edwards, Mary
1891; Sloan, 1908, p. 479) and “Citronelle” (Doering, 1960Harris, William B. Harris, Joe Hazel, Paul Huddlestun,
1976; Smith and White, 1979). David Lawrence, Richard Laws, Joyce Lucas-Clark, Paul
Nystrom, Lou Price, David Prowell, Kenneth Sargent, David

Paleontology, age and correttion Snipes, Kathy Steele, Paul Thayer, Lauck Ward, Ralph Wil-
Very few fossils have been reported from the AltamahzilOughloy and Victor Zullo

and its equivalents. Ophiomorpha burrows were observed in
what appears to be the Altamaha at one locality at SRS. Siple

(1967, p. 61) reported benthic Foraminifera from his “Haw- APPENDIX—TYPE SECTIONS
thorn Formation” in a well at SRS indicating a correlation .
with the Duplin Marl, then considered Miocene but no Steel Creek Formation

assigned to the Pliocene. In southeastern Georgia, the Alta- The type section of the Steel Creek Formation, a quartz
maha appears to grade laterally into the Parachucla ar@dnd and interbedded kaolinitic clay sequence, is described
Coosawatchie formations of the Hawthorne Group, both dbelow from core from SRS well P21TA in Barnwell County,
Miocene age (Huddlestun, 1988, p. 30), making it AquitaSouth Carolina, Site coordinates north 24675 and east
nian and Serravallian. According to Nystrom and Wil-40739, or approximately $3'28"N and 81°35'25"W (Fig.

loughby (1992), the Altamaha is late middle to early lat®). Steel Creek is a tributary to the Savannah about 2.4 mi
Miocene and unconformably overlies the Coosawatchieyest of the well. The core is stored at SRS.

Downdip from SRS, the Altamaha is truncated by thereet below ground surface
Orangeburg scarp. Pliocene marine deposits occur to the east Sawdust Landing Formatio

of the scarp (Colquhoun, 1988). 450-452 Sand, coarse, clayey, very poorly sorted, angular;
Environment slightly indurated; gray

The conglomerates, poorly sorted sands, and clay lensg§2-452.3 Sand, very coarse, pebbly, angular; slightly indu-
have the characteristics of fluvial sediments. The possible rated; gray
occurrence of rare Ophiomorpha suggests that there maygo 3.453 Missing core

have been occasional transitional marine influence. .
Steel Creek Formation

453-460 Clay, becoming sandy toward base; micaceous;

YOUNGER DEPOSITS moderately indurated; mottled grayish red
Stream terrace deposits, colluvium, and alluvium aregt60-464 Sand and C|ayey sand, medium, p00r|y sorted,
common at lower elevations (Siple, 1967; Newell and others, angular; micaeous; slightly to moderately indurated;
1980; Dennehy and others, 1989). There has been some light gray

informal discussion of a possible eolian origin for clean

sands found at higher elevations in parts of the area. 464-472 Clay, sandy at base; moderately indurated; mottled

yellowish and tannish gray

472-484 Sand, medium, poorly and moderately sorted; angu-
ACKNOWLEDGMENTS lar and subangular; clayey at top; micaceous; iron
Information about the geology in the area was gathered sulfides in places; slightly indurated; gray
under contracts with E.I. DuPont and Westinghouse, prim
contractors at the Savannah River Site. Data from core
wells have been accumulated through the efforts of many o
geologists and the SRS core-logging lab. Georgia Poweft86-488 Missing core
Company generously allowed access to outcrops and cores488-488.4 Sand, coarse, pebbly, very poorly sorted, suban-
Plant Vogtle. gular; slightly indurated; tan
. Palynomorph as_semblages were analyzed by Clark Geq1'88.4—500 Clay, moderately indurated; gray, yellow, brown
logical Services, Bujak-Davies Group, Wanders Palynology ) .
Consulting, International Biostratigraphers, and the U.$900-518 Sand, medium, clayey at top, poorly sorted; mica-

384—486 Sand, medium, pebbly, clayey very poorly sorted,
subangular; slightly indurated; gray

Geological Survey. Richard Laws provided data from Cal- ceous; slightly lignitic in places; gray, light brown at
careous nannofossils. Joe Hazel analyzed ostracode faunas. base

Victor Zullo, Lauck Ward, David Lawrence, and David 518-540 Clay, sandy at base, moderately indurated; mottled
Campbell examined megafossil assemblages. Paul Thayer gray, red, yellow, orange

provided petrographic data, and Robert Beauchamp did

. . X540—552 Sand, medium, moderately and poorly sorted; mica-
ray analysis of clay minerals.

ceous; gray

33



W.C. Fallaw AND VAN PRICE

552-574 Clay, moderately indurated; mottled reddish gray subangular to subrounded; micaceous in places;
574-575 Missing core moderately indurated; light yellowish orange and
ra
575-577 Clay, moderately indurated; dark gray gray
T 347-349 Sand, very coarse and coarse, moderately sorted,

577-578 Missing core subrounded; slightly indurated; clayey and darker at
578-586 Clay, moderately indurated; dark gray base; light yellowish gray
586-588 Missing core 349-354 Missing core
588-589 Sand, fine, poorly sorted, slightly indurated; mica354-357 Sand, coarse, moderately sorted, subangular; heavy

ceous; gray minerals common in places; trace lignite; slightly
589-592 Missing core indurated; light yellowish gray

592-594 Sand, very coarse, somewhat pebbly, poorly sorted? /~358 Missing core

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

Black Creek Formation
594-600 Sand, medium, moderately sorted, clayey and lig-
nitic at base; tan and light gray Lang Syne Formation
360-364 Clay; moderately indurated; medium gray
Snapp Formation

The type section of the Snapp Formation, composed of Fourmile Formation

quartz sand and interbedded kaolinitic clay, is described The type section of the Fourmile Formation, composed
below from core from SRS well P 22TA in southern Barn-of quartz sand with some interbedded clays, is described
well County, South Carolina, about 2 mi west of Lowerbelow from core for well MWD-3A in northwestern Barn-
Three Runs, a tributary to the Savannah River, and 2 miell County, South Carolina, near the Aiken County line,
south of Par Pond. SRS coordinates of the well are norteoutheast of Tinker Creek and west of Mill Creek. Savannah
20593 and east 73555, or approximatel’BZ14’N and  River Site coordinates are north 69839 and east 75756, or
81°31'25"W. The ground elevation is 215 ft above mean seapproximately 3%318'9”N and 8£36'23"W. The ground ele-
level. The core is stored at the Savannah River Site. “Snappétion is 328 ft above mean sea level. Fourmile Branch is a
is the name of an old railroad stop in the southeastern part 8avannah River tributary which rises in the center of SRS. In
the Site. June of 1992, the core was located at the University of South
Fourmile Formation Carolina at Aiken.

296-300 Sand, coarse, clayey in places, moderately to wéiket below ground surface

sorted, subrounded; slightly indurated; trace glauco-  Congaree Formation

nite; light green 252-256 Sand, very coarse, slightly pebbly, moderately
300-310 Missing core sorted, subrounded; slightly indurated; orange

Snapp Formation Fourmile Formation N
310-319 Clay, becoming sandy toward base, micaceous iA°6-297 Sand, f|.n¢, r.n-ijerater sorted, subangular; fissile;
places; slightly to moderately indurated:; light yel- burrowed; lignitic; green and gray clay laminae

lowish gray (The geophysical log indicates that the257-258 Sand, medium, poorly sorted, subangular; trace iron
top of the clay is at a depth of 305 ft, within the sulfides and glauconite; light gray
interval of missing core). 258-259 Sand, very fine, well sorted, subangular; tan clay
319-323 Sand, coarse, clayey, poorly sorted, subrounded; laminae; somewhat micaceous; slightly indurated,;
slightly indurated; light gray and yellowish gray medium gray
323-324 Clay, slightly to moderately indurated; medium259-260 Clay, silty, slightly to moderately indurated; some-
gray what micaceous; dark gray
324-327 Sand, coarse, clayey, poorly sorted, subrounded@f0-261 Missing core

slightly indurated; light gray 261-265 Sand, very coarse, moderately sorted, subrounded:;
327-331 Clay, sandy, micaceous in places; slightly to moder- slightly indurated; tan and orange
ately indurated; pebbly at base 265-271 Sand, fine poorly and moderately sorted, clayey in

331-337 Clay, moderately indurated; light gray places, subangular; green and gray clay laminae;

337-347 Sand, medium and coarse, clayey, poorly sorted, somewhat micaceous; common heavy minerals in
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places; some glauconite grains and trace iron sul- subangular; heavy minerals common; slightly indu-
fide; slightly indurated; green and gray rated; yellow, orange

271-278 Sand, coarse and very coarse, poorly sorted, sonis0-181 Missing core

what pebbly, clayey in places, subrounded; greenishg; 15 sand, very fine and fine, moderately to well sorted:
gray clay laminae; sulfides and glauconite becoming subangular: slightly clayey and with white clay lam-
more abundant toward base; cemented sands and inae; heavy minerals common; yellow orange

pebbles at base; grayish green ]
185-187 Sand, fine, moderately sorted, subangular; many

Lang Syne Formation green clay laminae; slightly indurated; orange

278-284 Clay and silty clay, micaceous; lignitic in places; o ] ) )
moderately indurated: fissile; dark gray 187-187.5 Clay with fine sand laminae; slightly indurated:;

yellow and green

Tinker Creek Formation 187.5-188 Sand, coarse, very clayey, silty, very poorly

The Tinker Creek consists of quartz sands, silts and sorted; slightly indurated; brown

clays, which, in general, occur updip from the Santee. Th&88-190 Clay, green, with many laminae and thin beds of
type section is described below from core well MWD-5A in yellow, fine to coarse sand; slightly indurated
northwestern Barnwell County, South Carolina, near the;gn.190.5 Sand, very fine, slightly clayey; slightly indurated
Aiken County line, southeast of Tinker Creek and west of yellow
Mill Creek. Savannah River Site coordinates are north 69235 o
and east 75491, or approximately $187'N and 190-5— 191 Missing core
81°36'10"W. The ground elevation is 322 ft above mean sea  Warley Hill Formation
level. In June of 1992, the core was located at the University91-192 Sand, medium, poorly sorted, subangular, clayey
of South Carolina at Aiken. and with green clay laminae; slightly indurated;
Feet below ground surface trace glauconite; orange

Irwinton Member of Dry Branch Formation 192-193 Sand, medium and coarse, slightly clayey, poorly
154-158 Sand, medium to coarse, moderately sorted, sub- sorted, subangular; slightly indurated; orange

rounded; slightly indurated; tan, yellow, orange,

white with black oxide stains
. ) REFERENCES CITED
Tinker Creek Formation

158-158.5 Sand, fine, clayey, poorly sorted SubangulalAadIa”d- R.K., 1992, Hydrogeologic characterization of the Creta-
slightly indurated; yellowish tan ceous-Tertiary Coastal Plain sequence, at Savannah River Site,

South Carolinain Zullo, V.A., Harris, W.B., and Price, V., eds.,

158.5-159 Interbedded medium sand and clay with lignitic  savannah River region: Transition between the Gulf and Atlan-
(?) laminae; slightly indurated; dark tan tic coastal plains, proceedings of the second Bald Head Island

Conference on Coastal Plains Geology: University of North

Carolina at Wilmington and U.S. Department of Energy, p. 62-

67.

160-162 Sand, fine to medium, subangular, slightly clayeyadland, R.K., and Bledsoe, H.W.,1992. Hydrogeologic classifica-
and with a few clay laminae, moderately to well tion of the Cretaceous Tertiary Coastal Plain sequence at the
sorted; slightly indurated; light green and brown Savannah River Site: Geological Society of America 1992

. . Abstract with Programs, v. 24, no. 2 p. 1.
162-165 Sand, fine to medium, moderately and well sorte%bbmI WH. and ngan AW. 1975 pMarine diatoms from the

subangular; slightly indurated; heavy minerals com- Middendorf kaolin of Aiken County, South Carolina: South

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

mon; yellow Carolina State Development Board Geologic Notes, v. 19, p.
165-166 Missing core 137 -143.

. ) Berry, E.W., 1914. The Upper Cretaceous and Eocene floras of

166-170 Sand, very fine, well sorted, subangular; heavy &gy carolina and Georgia: U.S. Geological Survey Profes-

minerals common; slightly indurated; yellow sional Paper 84, 200 p.

170-172 Sand, very fine, well sorted, subangular; slightlyBishop, J.W., 1982. Lithostratigraphy and depositional history of
clayey and with light green clay laminae; slightly Late Cretaceous to Qligocene S(_ediments of the_Coas_taI P!ain of
indurated; yellow, orange western South Carolina: Unpublished M.S. thesis, University of

South Carolina, Columbia, South Carolina, 115 p.

172-174 Sand, very fine, subangular; nodules of cementegrooks, R., Clarke, J.S., and Faye, R.E., 1985. Hydrogeology of the
sand; moderately indurated; yello Gordon Aquifer System of east central Georgia: Georgia Geo-

logic Survey Information Circular 75, 41 p.

174-180 Sand, very fine, slightly clayey, moderately sorted, . o .
y ghtly clayey y Buie, B.F., 1978. The Huber Formation in eastern central Georgia:
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Georgia Geological Survey Bulletin 93, p. 1-7.

Buie, B.F., and Schrader, E.L., 1982. South Carolina kaoiin,

Nystrom, P.G., Jr., and Willoughby, R.H., eds., Geological

Cooke, C.W., and MacNeil, F.S., 1952. Tertiary stratigraphy of

South Carolina: U.S. Geological Survey Professional Paper
243-B p. 19-29.

investigations related to the stratigraphy in the kaolin miningCushman, J.A., and Herrick, S.M., 1945. The Foraminifera of the

district, Aiken County, South Carolina: Carolina Geological
Society field trip guidebook 1982, South Carolina Geological
Survey, Columbia, South Carolina, p. 11-20.

mation of Alabama and Georgia: Its lithostratigraphy, bios-
tratigraphy, and bearing on the age of the Claibornian Stage:
U.S. Geological Survey Bulletin 1615, 20 p.

Georgia: Southeastern Geology, v. 14, p. 153 — 181.

Chowns, T.M., and Williams, C.T., 1983. Pre-Cretaceous rocks

beneath the Georgia Coastal Plain — regional implications, in

type locality of the McBean Formation: Contributions from the
Cushman Laboratory for Foraminiferal Research, no. 268, p.
55-73.

Bybell, L.M., and Gibson, T.G., 1985. The Eocene Tallahatta FoDall, W.H., and Harris, G.D., 1892. Correlation papers Neocene:
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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
Clemson University
Clemson, South Carolina

Van Price
Westinghouse Savannah River Company
Aiken, South Carolina

Upper Three Runs, which flows southwest along strikehickness of the formation could not be determined. The
of the sedimentary strata toward the Savannah River, is ti@ongaree is early (to middle?) Eocene and a correlative of
major stream draining the Savannah River Site (SRS). Reli¢fie Tallahatta of the Gulf Coastal Plain.
is relatively low on its northwestern side but is up to about The Warley Hill, a middle Eocene lower Lisbon correla-
200 ft on the southeast, perhaps because of migration of ttiee, is exposed at Upper Three Runs Bluff, Waterfall Creek,
stream down the regional dip (Siple, 1967, p. 14). Eocenand Copperhead Creek. It consists of orange, poorly sorted,
sediments are exposed along northwesterly-flowing tributarelayey and silty, medium to coarse sand with grayish clay
ies to Upper Three Runs, in bluffs along Upper Three Rundaminae overlain by dark green glauconitic clay and clayey
and along the railroad paralleling the stream near F area asdnd with very coarse sand, granules, and pebbles. The upper
C road (Figure 1). Sloan (1908) described sections alongjay unit is a little less than 2 ft thick. The thickness of the
Tinker Creek, a tributary to Upper Three Runs north of théormation is estimated to be about 15 ft.
area studied in this report, and Siple (1967) mentioned out- The outcropping Santee Limestone (part of the
crops along Tinker Creek and Upper Three Runs. ExposurédcBean Formation” of other workers), a middle Eocene
in the area have been discussed recently by Dennehy angper Lisbon equivalent (and perhaps younger), occurs as a
others (1989), Nystrom (1989), Nystrom and others (198Ssilicified facies containing shell fragments and external and
1990, 1991), and Nystrom and Dockery (1992). internal molds of pelecypods and gastropods with Turritella

The sections described in this report are exposed heing especially common. A layer about 1.5 ft thick holds up
Upper Three Runs Bluff, located about 2100 ft south of thea waterfall about 2.5 ft high on Waterfall Creek and loose
railroad bridge over Upper Three Runs and about 50 ft eastocks of the facies are common in the railroad cut. Frag-
of the stream; in several outcrops along Waterfall Creek, anents of silicified limestone are also common in the strea
tributary which flows into Upper Three Runs about 1500 fthed above the waterfall.
south of the bridge and extends upstream almost to F area; in The Santee-equivalent siliciclastics (part of the
several outcrops along Copperhead Creek, a tributary whictMcBean” of other workers) are interbedded with the silici-
passes under the railroad about 1800 ft northeast of thdied carbonate facies and consist mostly of fine and very fine,
bridge; and in the railroad cut about 2500 ft northeast of theght gray, yellow, and orange well sorted sand with green,
bridge (Figure 1). Thicknesses and elevations of the stratahite, gray, yellow, and tan laminae and beds common in
were estimated by Jacob staff and hand level, measuringlaces. Ophiomorpha— type burrows approximately 0.5
from Upper Three Runs and the railroad. Composite sectionisches to 1 inch in diameter, mostly vertically oriented and
were constructed along the two streams. The sectiotised with white clay, are abundant at some outcrops. Silici-
described in this report include the Congaree and Warley Hified internal molds of Turritella are abundant, especially in
formations, the Santee Limestone and equivalent siliciclassne exposure in Copperhead Creek. Prominent in the lower
tics, and the Dry Branch Formation, all of Eocene age, anfdart of the unit is a green glauconitic clay or very clayey
Quaternary (?) colluvial and fluvial deposits (Figure 2). sand about 2 ft thick. The clay can be distinguished from the

The Congaree is exposed at one place along the lowefark green clayey bed of the underlying Warley Hill by a
part of Waterfall Creek where about 5 ft of orange, moderpaucity of coarse sand, granules, and pebbles abundant in the
ately to well-sorted, fine to medium sand can be seen. Ttadder unit. In placed the two green clays are in sharp contact,
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Figure 1. Location map.
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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 silidfae.
The two creek sections are composites. Vertical exaggeration = 25x.

and in other places they are separated by a layer of fine, wélldged not to be a single key bed because it is not parallel

sorted, light gray to white sand up to 4 ft thick. Small sharkwith the Warley Hill-Santee and the Santee-Dry Branch con-

teeth occur in both clays. The two clay layers are part of theacts (Figure 2).

“green clay interval” at SRS described by Root in internal  The upper Eocene Dry Branch Formation, a correlative

SRS documents and discussed by Dennehy and otheskthe Gulf Coastal Plain, is composed of yellow and orange,

(1989) and Snipes and others (1992). A tan clay higher in tHae to coarse, moderately to well-sorted sand with abundant

section at Upper Three Runs Bluff has been silicified. Thean and yellow clay layers. Its thickness could not be deter-

upper part of the Santee and correlative siliciclastics masined.

include sediments equivalent to the Gosport Formation of the

Gulf Coast (Veatch and Stephenson, 1911; Toulmin, 1977, REFERENCES CITED

Nystrom and others, 1990, 1991; Nystrom and Dockery,

1992). The thickness of the Santee and correlative siliciclagennehy, K.F., Prowell, D.C., and McMahon, P.B., 1989, Recon-

tics is approximately 35 ft. naissance hydr_o_geologlc_|r_1v_est|gat|on of th(_e Defense Waste

. . . . Processing Facility and vicinity, Savannah River Plant, South
Each of the sections contains a bed in the Santee interval o ) )

L. . e - . Carolina: U.S. Geological Survey Water-Resources Investiga-

which is at least partially silicified. The silicified facies was
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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

INTRODUCTION phase in the granite, appears to have formed by replacement

The Savannah River Site is approximately 30 kilometergL biotite. Apatite, sphene, and zircon are minor accessory
south of the Fall Line, which is the boundary between crysp asl,\is.t t th t7 within th ite i d of
talline rocks of the Piedmont and the relatively unconsoli- ost of the quartz Within the granite 15 composed o
dated sediments of the Atlantic Coastal Plain. Depth t ggregated subgrains that have highly sutured contacts.

crystalline basement in this area is approximately 0.5 kilo- otassium feldspar is composed of vein-type perthite and

meters. This brief note reports on the petrography, geocherr?—ome microcline. Locally, plagioclase is present as grains

istry, and possible age of a granite collected from a core a\g'ithin .the perthite anq approximately .1.5 percent of the
part of a study of the geology of the Site. The core site ( potassium feldspar grains have a Rapakivi texture formed by
10) is located at $81'30°N and 8£23'04"W. The granite 0.1-1.0 millimeters rims of plagioclase. Plagioclase within
sample utilized in this study was collected from a depth the granite is extensiyely altered o 9“’?“”3 that contain very
528.5 meters (1,734 feet) below the top of the drill hole. Thélne aggregates of epidote and white mica. The altered nature

granite will be called the “C-10” granite for the purposes ofof the minerals in the granite, plus the weak foliation sug-
this paper gests the granite has undergone greenschist facies metamor-

phic conditions.

PETROGRAPHY

The granite sampled in the core is coarse-grained (5-10 Th . dt | t chemist f the C-10
mm) and equigranular with a pinkish, medium-gray color. 'ne major and _ra$eb|e e1m$2 chemlls r?/ or the L-11.
Laths of potassium feldspar and plagioclase have noticeab‘i’é"".nlte IS presente In fable L. the chemica F:omp03|t|on IS

%yplcal of a calcalkaline granite; the sample is moderately

alignment suggesting a weak foliation. The medium-gra umi ith 0.99 weiaht i i
color of the granite is due to the dark gray color of quart erajuminous, wi -99 weight percent normative corun-

rather than the presence of mafic minerals. The modal co ym'.rh ite | iched in the light th el ¢
position of the sample (Table 1) indicates a leucogranite ith the granite ItS et:.nrlc ? ﬂ:n he 'ght rare ea[h ehe”.‘e” S
composition. Chlorite, which is the only significant mafic wi € concentration of the heavy rare earths having a

GEOCHEMISTRY

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

Major Elements (Wt. Percent)
Si0, Al,03 CaO MgO NaO  KyO FeO MnO TiO,  P)Og 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 55 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
Major elements and selected trace elements analyzed by XRF;REE, U, and Th analyzed by ICPMS.
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Figure 1la. Rare earth chondrite normalized plot for C-10 granite. Chondrite normalization values from Henderson, 1984 (Table5].

Column 1).

Figure 1b. Ocean ridge granite (ORG) normalized geochemical plot for the C-10 granite. Modified from Pearce and others, 1984.
The elements Ta and Hf have been omitted from the plot.

nearly constant 10x enrichment relative to a chondritic avergranite appears to have been metamorphosed and altered,
age (Fig. 1a). this age does not represent the time crystallization. Based
Trace element discrimination diagrams for granitesupon K-Ar and Rb-Sr dating studies of K-feldspar elsewhere
(Pearce and others, 1984) can be utilized to evaluate the pds-the Appalachians, this age may represent the time when
sible tectonic setting associated with granite formation. Utithe rock cooled to temperatures below 460150°C. This
lizing these diagrams (e.g. Fig. 1b) the C-10 granite wouldondition could be associated with extensive erosion that
be best characterized as a volcanic arc granite, howevéook place following the end of Paleozoic orogenic activity.
these diagrams are not unambiguous. For instance, post-col- A whole-rock model age may be calculated for the sam-
lisional granites can have trace element signatures similar file. For such a calculation an assumed irfitig£%sr value

volcanic arc granites. is used. For granitic rocks of the Piedmont (Fullagar, 1971,
Fullagar and Butler, 1979; Kish, 1983) the most common
GEOCHRONOLOGY range in®’SrP%r initial ratio is 0.7040 to 0.7150. If the

o upper value (0.7150) is used in the age calculation a model
In order to place some limits on the age of the C-1Qge of 440 Ma is obtained; using the loW&8rAeSr initial
granite, Rb-Sr isotopic analyses were performed on wholgatio the model age is 550 Ma. Since most granites in the
rock and potassium feldspar (Table 2). Both biotite (mosthpjedmont have relatively lo 87srP%r initial ratios, the

chloritized) and plagioclase proved unsuitable for dating dug|der age (~550 Ma) is preferred as an estimate for the age of
to the highly altered nature of these minerals. crystallization.

A date obtained from a whole-rock and potassium feld-
spar pair yields a value of 228-Ma (2 sigma). Because the

Table 2. Rb-Sr isotopic data for core sample C-10-1734.

Rb (ppm) Sr (ppm) 87Rb/88sy 875y/86gy
Whole-rock 165.7 150.0 3.206 0.73826
K-Feldspar 353.0 161.0 6.374 0.75474
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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 the
Carolina slate belt. Given the chemistry, probable age, and
the metamorphosed nature of the C-10 granite, it is probable
that the granite is a part of this terrane. Late Precambrian to
Cambrian volcanic and plutonic rocks are also present in the
Suwannee terrane, located across a major magnetic anomaly
south of the Savannah River Site (Horton and others, 1984;
Kish, 1992), however, these rocks are unmetamorphosed and
overlain by undeformed early Paleozoic sedimentary rocks.
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PETROLOGY AND RESERVOIR CHARACTERISTICS OF MIDDLE AND LATE EOCENE CARBONATE
STRATA IN DOWNDIP WELLS AT THE SAVANNAH RIVER STE, SOUTH CAROLINA

Paul A. Thayer
Department of Earth Sciences
UNCW, 601 South College Road
Wilmington, N.C. 28403-3297

Mary K. Harris
Environmental Restoration Department
Westinghouse Savannah River Company

Box 616

Aiken, S.C. 29802

INTRODUCTION others (1985), Gohn (1988), Nystrom and others (1991), Fal-

continuously cored in two downdip wells at the Savannaltf

Carbonate strata of middle and late Eocene age wel%w and others (1992), and Harris and Zullo (1992). Papers
oncerned with petrology of Eocene carbonate strata in this

River Site (SRS) (Fig, 1). Petrographic study of the core w
done to: 1) delineate lithofacies, 2) assess the effects

a%rea include Powell and Baum (1981), Powell (1984),

payer and Miller (1988), and Thayer and others (1988).

diagenesis on pore system evolution, and 3) determine depo-

sitional environments.

5 MILES |

Figure 1. Location of wells used in this study.

SANTEE LIMESTONE

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

The Santee is usually moderately to well indurated, but
is friable in sandy and muddy parts of both wells. Colors are
yellowish-gray and light and very light gray, except in the
upper third where grayish-green and greenish-gray predomi-
nate. Weight percent carbonate ranges from 14.7 to 97.7% (x
= 64.2%, s = 24.1%) and is higher in P-225¥0.2%, s =
19.5%) than in P-21 (% 57.3%, s = 27.1%). Carbonate con-
tent decreases upward in P-21 with a concomitant increase in
percent terrigenous mud (Fig. 2), whereas, P-22 shows no
systematic trend (Fig. 3). Weight percent terrigenous mud
(silt plus clay) averages 22.4% and is much higher in P-21 (x
= 35.5%, s = 26.8%) than in P-225(10.2%, s = 6.2%). In
fact, the Santee becomes a calcareous mud above 187 ftin P-

Figures 2 and 3 are graphic logs showing the stratigras; (gig. 2). Subangular quartz sand averages 13.6 weight
phy, lithology, fossils, and grain-size parameters of msolublepercent and is more abundant in P-22(9.7%, s = 17%)

residues from carbonate intervals in SRS wells P-21TA ang 5 in P-2170¢ 7.1%, s = 10.1%)

P-22TA. Figure 4 explains the symbols used in the graphic  \1ean size of terrigenous quartz is lower fine sand in P-
logs. Our stratigraphic terminology is modified slightly from 54 (x=2.91p, s = 0.78) and upper fine sand in P-22 &
Fallaw and others (1992). Stratigraphic relationships 0f 1g; 5 = 0.22). Maximum quartz size greatest near the

Eocene carbonate strata in this region have been reviewed BYce of the Santee and attains lower pebble size ¢)2.39
Powell (1984), Huddlestun and Hetrick (1985), Prowell andyjrectly above the unconformity in P-21. Overall, quartz
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Figure 2. Stratigraphic sequence, lithologic characteristics, and gamma ray log for P-21TA well, Savannah River Site, South alza.
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LEGEND
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Calcareous Quartz Sand

This lithfacies occurs at the base of the Santee in P-21
and at the top of the unit in P-22. It consists of friable, fine to
medium quartz sand with subordinate echinoderm, mollus-
can, and foraminiferal allochems. Terrigenous mud matrix
forms 5-15% of the total unit. Most of the echinoderm and
molluscan fragments are broken and rounded, suggesting
transport. Locally, aragonitic molluscan shells have been dis-
solved forming moldic pores. Rare sparry calcite cement
forms syntaxial overgrowths on echinoderm fragments and
partially fills moldic pores. Porosity in this lithofacies is 20-
30% depending on the amount of mud matrix, and is mainly
intergranular. Permeability is excellent because of the large
pore throats connecting intergranular pores.

Skeletal Wackestone-Packstone

This is the dominant lithofacies in both wells and con-
sists of molluscan-echinoderm wackestone interbedded with

X: Massive Bedding

subordinate molluscan - echinoderm packstone. Micrite
matrix forms 20-65% of whole-rock volume, and in places
has aggraded to microspar. Terrigenous mud forms 5-49%
_ and is most abundant in P-21. Fine and very fine quartz sand
maximum size averages lower coarse sand (X8%, s =  ranges from 1-35%, and is more common in P-22 than in P-
0.22p) in P-22 and upper medium sand=(X.26Gp, s = 1.18) 21.
in P-21. Sorting of the terrigenous and fraction is moderate, Skeletal allochems constitute 15-50 of whole-rock vol-
and is slightly better in P-22 ¢x0.56p, s = 0.19) than in P-  yme and consist of whole, broken, and abraded echinoderm
21 (x=0.64p, s = 0.2%). and pelecypod fragments with subordinate bryozoans, fora-
Principal lithofacies of the Santee Limestone in downminifers, gastropods, serpulid worm tubes, ostracodes, and
dip SRS wells include calcareous mud, calcareous quartgomminuted skeletal debris. Most allochems are sand size,
sand, skeletal wackestone-packstone, and quartz-rich skelgithough gravel size pelecypods and bryozoans are dominant
tal grainstone. Non-carbonate grains common to all litholotocally. Sponge spicules, diatom valves, collophane, woody
gies include quartz, feldspar, heavy minerals, muscovitesrganic debris, pyrite, clinoptilolite, and muscovite are com-
collophane, and glauconite (Fig, 2 and 3). Detrital heavymon in P-21, but rare in P-22. Authigenic chalcedony is
minerals are ubiquitous and include garnet, brown tourmacommon in both wells and partly replaces calcitic molluscan
line, rutile, zircon, sillimanite, staurolite, kyanite, monazite,gllochems. Rare opal-CT lepispheres have grown within
ilmenite, and magnetite. intraparticle and moldic pores. Glauconite, as discrete grains
and fossil replacements, is common in both wells and is most
Calcareous Mud abundant in the middle of the Santee, where there is a rela-

This lithofacies occurs only in P-21 where it is dominanttively high percentage mud (Figs. 2 and 3).
above 187 ft (Fig. 2); it grades into muddy, skeletal wacke- Porosity in this unit ranges from 3-25% and is chiefly
stone below. The unit consists of terrigenous mud with submesomoldic and mesovug. Moldic pores formed by dissolu-
ordinate skeletal allochems and minor, very fine, subanguldion of aragonitic molluscan grains in the freshwater mete-
quartz sand. Molluscs and foraminifers are the mairﬁ)ric realm; hence, total pOFOSity is controlled by the number
allochems; most are sand size and abraded. Woody orgarﬂad size of aragonitic allochems available for solution. In
debris, diatom valves, sponge spicules, collophane, and muBlaces, moldic pores have been reduced or closed by growth
covite are common, but form less than 1% of the total volof sparry calcite cement. Enlargement of moldic pores by
ume. Authigenic minerals include glauconite, pyrite dissolution of surrounding allochems or micrite produced
clinoptilolite, chalcedony, and opal-CT lepispheres. Porosityugs. Other pore types include: intraparticle in foraminifers
of this lithofacies is typically less than 5%. Pore types ar@nd bryozoans; channels formed by enlargement of molds
chiefly moldic formed by dissolution of aragonitic mollus- and vugs; and intercrystal in spar-reduced molds. Permeabil-
can shells and intraparticle in foraminifers. Permeability igity in this lithofacies is low because molds and vugs are iso-

very low because mesopores are isolated from each other Igjed from each other by microporus micrite or microspar,
microporous mud. which have small pore-throat diameters. Porosity and perme-

Figure 4. Symbols used in graphic logs.
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ability values are significantly decreased where moldic andiebris, and muscovite in P-21 suggest a proximal riverine
intraparticle pores have been reduced or closed by theput. The increase in size and percentage of quartz sand in
growth of sparry calcite cement. P-22 implies higher energy conditions, possibly a shoal envi-
ronment.
Quartz-Rich Molluscan Grainstone

This well-indurated lithofacies occurs principally in P- GRIFFINS LANDING MEMBER
22 between 147-175 ft as thin beds intercalated with sandy,

s.keletal packstone. It copsists of well-worn gr.avel and _Sar}ﬂation unconformably overlies the Clinchfield Formation
sized _pt_elecypod and echinoderm fragments with subordmg igs. 2 and 3) and has been correlated to the upper Eocene
foraminifers, bryozoans, and comminuted skeletal debr'SrA4_2 cycle (Harris and Zullo, 1992). The Griffins Landing

Sutégngular quartzfgand forms(jS-_?O% of the umt(;;\nd IS IO.W equence probably represents transgressive and highstand
medium to upper fine grained. Terrigenous mud comprise eposits (Harris and Zullo, 1992).

2-10% of this lithofacies. Micrite, which forms less than 5% The Griffins Landing is friable to moderately indurated,

of the unit, occurs beneath pelecypod umbrellas and as gegl’though thin beds of well indurated carbonate occur in the

petal infilings of pelecypod molds; most has aggraded Q) asal 15 ft of P-21. Colors are variable, including tan, green-
microspar. Accessory constituents include glauconite, collo-,

. . sh-gray, grayish-green, and light gray. Weight percent car-
phane, carbonate intraclasts, feldspar, and heavy mmeraLsonate averages 39.1% (s-21.2%: range = 2 to 83%) and is

Sparry calcite cement occurs as syntaxial overgrowths Oglightly higher in P-21(x 44.1%, s- 23.0%) than in P-22 (x
echinoderm fragments, and fills or partly fills intraparticle _ 35.3%, s = 19.2%). The unit is characterized by alterna-

pores in foraminifers and bryozoans, as well as moldic pore;?ons of carbonate-rich beds with calcareous muds and
muddy, calcareous sands (Figs. 2 and 3). The terrigenous

formed by dissolution of aragonitic pelecypods.
fractions consists of fine, subangular quartz sand (x = 41.4%,

The Griffins Landing Member of the Dry Branch For-

Porosity averages 20.5% and is mesomoldic and mes

vug fo(;med_ by dlssollutlorj of aragolr;_ltlc pelzcy;r)]ods. II\/IlnorS = 20.3%) with subordinate mud £x19.4%, s = 12.4%).
secondary intergranular, intercrystalline, and channel pores "o o e quartz fraction is upper fine sand (x

also occur. Numerous molds have been reduced or filled bé(ogp s = 0.4p), and ranges from upper very fine (3@%o

ﬁpper medium (1.0f grained. Generally, mean size is larg-
'st near the base and top of the unit. Maximum grain size
mold_s_and vugs are connected as the result of close packlpgnges from upper very coarse (-0.82% lower medium

of original skeletal allochems. (1.70p) sand, and closely follows the trend of mean size
(Figs. 2 and 3). Sorting of the terrigenous sand fraction is
moderateX = 0.64, s = 0.18) in both wells.

The major diagenetic events that have affected the San- The Griffins Landing includes four lithofacies: sandy,
tee include: 1) marine phreatic — micritization of skeletalcalcareous mud; muddy, calcareous quartz sand; muddy,
allochems, glauconitization, phosphatization, and rare quartz-rich packstone; and muddy, quartz-rich grainstone.
fibrous calcite cementation within foraminifer tests: and 2Muscovite is common and is most abundant in fine grained,
freshwater meteoric — neomorphism of micrite to microspamud-rich units. Rare glauconite, pyrite, sponge spicules, and
dissolution of aragonitic and opaline silica skeletal grainsbluish-gray and pink quartz occur in all lithologies. The
precipitation of sparry calcite cement in primary and secondaeavy mineral suite includes tourmaline, garnet, zircon,
ary pores, and syntaxial calcite overgrowths on echinodermutile, sphene, staurolite, kyanite, sillimanite, ilmenite, and
fragments. Opal-CT lepispheres and authigenic clinoptilolitemagnetite. Opal-CT lepispheres line primary and secondary
crystals that line secondary moldic pores postdate the dissperes in all units, and fibrous chalcedony commonly replaces
lution of aragonitic allochems. The primary source of silicaor partly replaces low-Mg calcite molluscs. Authigenic cli-
was the dissolution of sponge spicules and diatoms valves. noptilolite occurs as 2-5um crystals that line primary and

secondary pores.

Diagenesis

Depositional Environment

The Santee contains a diverse fauna indicative of clear, Sandy Calcareous Mud

open-marine shelf waters of normal salinity. The abundance This minor lithofacies occurs near the base of the Grif-
of micrite and terrigenous mud suggests deposition belowfins Landing in both wells. It consists of terrigenous sandy
normal marine wave base. However, the presence of abradesud containing subordinate sand and gravel size fragments
molluscs, echinoderms, and bryozoans indicates that bottoaf oysters, other pelecypods, echinoderms, foraminifers, and
transport by currents and storm-generated waves alternatedmminuted skeletal grains. Abraded bioclastic grains fro
with quiet-water conditions in which muds could accumu-10-30% of whole rock volume. Porosity is usually less than
late. The abundance of terrigenous mud, woody organig% and is primarily intraparticle in foraminifers and meso-
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moldic formed by the dissolution of aragonitic pelecypods. Diagenesis
Permeability is very low owing to high percentage of mud in

this lithofacies. Diagenetic events in the Griffins Landing Member

include: 1) marine phreatic — micritization of skeletal
allochems and minor glauconitization; and 2) freshwater
meteoric dissolution of opaline silica and aragonitic skeletal
This lithofacies is abundant in both wells and consists ofrains, along with sparry calcite cementation in primary and
Subangular, fine quartz sand Containing 10 to 40% Skeletgbcondary pores and as Overgrowths on echinoderm frag_
allochems set in a terrigenous mud and micrite matrix th&ﬁents_ Opa|_CT |epispheres and authigenic C|inopti|o|ite
ranges from 10-30% of whole rock volume. The unit gradegrystals that line the margins of secondary moldic pores indi-
into muddy, quartz-rich packstone and grainstonecate that they formed after dissolution of aragonitic
Allochems are gravel and sand sized fragments of oystergjiochems. The dissolution of sponge spicules and diatoms is
other pelecypods, echinoderms, foraminifers, bryozoanshe likely source of silica for formation of opal-CT lepi-

barnacles, sponge spicules, diatoms, ostracodes, and gaspheres and chalcedony replacements of molluscan shells.
pods. Most of the mollusc and echinoderm fragments are

abraded. Sparry calcite cement forms 2-5% and occurs Depositional Environment
mainly as syntaxial overgrowths on echinoderm fragments; it Huddlestun and Hetrick (1986) proposed a marginal

also partly fills mterpart!cle and moldlc POTes. PorOS't.ymarine, coastal environment for the Griffins Landing Mem-
ranges from 3-10% and is mostly interparticle and moldic .
o ! . ."ber. The abundance of terrigenous quartz and mud suggests a
Permeability is low because terrigenous mud and micritg .
Rearby source terrane, as does the presence of woody organic
occlude pores and pore throats. ; L L )
debris. Faunal elements in this unit indicate relatively clear
Muddy, Quartz Rich Packston marine waters of qormal salinity. The presence of abradt_ed
o _ . _ _ gravel and sand sized skeletal allochems suggest that high
This lithofacies, which occurs in both wells, consists ofenergy conditions alternated with quiet water deposition in
skeletal packstone containing 10-30% fine quartz sand angyhich muds accumulated.
5-15% terrigenous mud matrix. Gravel and sand sized oys-
ters, echinoderms, other pelecypods, and bryozoans are the
main allochems; most are abraded. Also present are foramin- REFERENCES
ifers, gastropods, serpulid worm tubes, sponge spicules, baFallaw, W.C., Price, V., and Thayer, P.A., 1992, Stratigraphy if the
nacles, ostracodes, and finely comminuted shell debris. Savannah River Site, South Carolina, in Zulb, V.A., Harris,
Micrite forms 10-30% of whole rock volume and is locally =~ W-B., and Price, V., eds., Savannah River region: transition
pelleted. Other constituents include glauconite, collophane, :’he“"’ge” thde é;‘fg a”d dAtI'alm"(’j %Oasftal P'a'”S'P(’joceetd:“gls of
muscovite, carbonate intraclasts, heavy minerals, and woody € >econd bald Head 'siand tonierence on f.oastal Fains

ic debris. S lcite f th hi Geology: Wilmington, N.C., The University of North Carolina
organic depris. sparry cailcite rorms overgrowins on ecnino- at Wilmington, p. 29-32.

derm fragmgnts and partly lines mOId.iC and. imrafolran'bohn, G.S., 1988, Late Mesozoic and early Cenozoic geology of
pores. Porosity ranges form 5-22% and is moldic and inter- he Atlantic Coastal Plain: North Carolina to Florida: in Sheri-

granular with minor vug and intraparticle in foraminifers and  dan, R.E., and Grow, J.A., eds., The geology of North America,
bryozoans. Permeability is low because pores are isolated v. 1-2, The Atlantic Continental Margin, U.S., Geological Soci-

Muddy, Calcareous Quartz Sand

from each other bymicrite or terrigenous mud. ety of America, p. 107-130.
Harris, W.B., and Zullo,V.A., 1992, Sequence stratigraphy of Pale-
Muddy, Quartz Rich Grainstone ocene and Eocene Deposits in the Savannah River region, in

. . . . . . Zullo, V.A., Harris, W.B., and Price, V., eds., Savannah River
This minor lithofacies occurs as thin beds intercalated region: transition between the Gulf and Atlantic Coastal Plains

with quartz rich packstone and calcareous quartz sand. It _ proceedings of the Second Bald Head Island Conference on
consists of abraded gravel and sand size skeletal fragments Coastal Plains Geology: Wilmington, N.C., The University of
mixed with subordinate fine quartz sand and minor terrige- North Carolina at Wilmington, p. 134-142.

nous mud. Skeletal fragments include oysters, other pelecjuddlestun, P.F., and Hetrick, J.H., 1985, Upper Eocene stratigra-
pods, echinoderms, bryozoans, barnacles, and foraminifers. phy of central and eastern Georgia: Georgia Geologic Survey
Minor sparry calcite occurs as overgrowths on echinoderm Bulletin 95, 78p. _

fragments and partly fills intraparticle pores in foraminifersNystrom, P.G., Willoughby, R.H., and Price, L.K., 1991, Creta-
and bryozoans. Porosity of this lithofacies averages 21% and C€0US and Tertiary stratigraphy of the upper Coastal Plain,
. . . e South Carolina, in Horton, J.W., Jr., and Zullo, V.A., eds., The
is mainly intergranular. Permeability is high because of the

| b f well ted int ticl geology of the Carolinas: Knoxville, Tenn., The University of
arge number or well connected Interparticie pores. Tennessee Press, p. 221-240.
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THE MCBEAN FORMATION AND ORANGEBURG DISTRICT BED — COOK MOUNTAIN AND GOSPORT
EQUIVALENTS (MIDDLE EOCENE) IN THE COASTAL PLAIN OF SOUTH CAROLINA

David T. Dockey llI
Mississippi Office Of Geology

Paul G. Nystrom, Jr.
South Carolina Geological Survey

INTRODUCTION Martin Marietta Company Georgetown Quarry and the Giant
(Portland Cement Company Quarry. Ward (personal commu-
nication)later found that the Cross type section contained
\g‘éubitostrea sellaeformisand decided that Giant Quarry

a diverse silicified fauna. This bed disconformably overliesWOUIOI have been the better stratotype for the unit the authors
riginally had in mind. At the Giant Quary, Gosport-age

carbonates of the McBean Formation and underlies nonfo$: llusk i int | that | hitost
siliferous sands of the Jackson Group. Silicified fossil inverNOIUSKS are present in an ihterval that 1a tostrea
llaeformis Thus, the Giant Quarry has an unnamed car-

tebrates of the Orangebury District bed are diverse and occ P ) i
in thin concentrations at diastems and lenses. The molluscgf" € sequence of Geospprt age, while the type Qross IS 1n
fauna includes 169 species and subspecies. A little more th Cubitostrea sellaeforrmsz.one of Cook Mountain age

a third of these species are known only from Orangeburg; ard, personal communication).

little less than a third occur in both the Cook Mountain For- Zullo and Harris (1987) recognized four depositional

mation and Gosport Sand of the Gulf Coastal Plain; and s dUences within the Casle Hayne Limestone. Sequence 3 is

remainder occur in either Cook Mountain or older units Otequwalent o the Comfort Member of Ward et at. (1978) and

the Gosport or younger units. Notably absent from this faun%as correlated with the Cross Member of South Carolina and

are two Cook Mountain guide fossils, the bival@ubito- the Gosport Sand and lower Moodys Branch Formation of

strea sellaeformisand Pteropsella lapidosaThe later spe- Alabama. The correlation with the lower Moodys Branch

cies occurs as internal molds in McBean carbonate%ormat'on was based on the occurrencBesfarchus lyelli

The Orangebury District bed is an informal stratigraphi
unit introduced by Dockery and Nystrom (1990, 1992) for

underlying the Orangeburg District bed at Orangeburg, an noSthe; Tla”_]ifo_r thﬁ Iot\)NZr Mooiyti Btranch Ftormtz;\]tlog IS
the former occurs in the McBean at nearby localities. Notg!'€ Seute a(=Periarchug be ,"a unitthat separates the 50s-
ort Sand and calcareous “upper Moodys Branch Forma-

bly present in this fauna is the common occurrence of a Gog— Y thern Alab Thi it is ch terized b
port guide fossil, the bivalv&lyptoactis (Claibornicardia) ion”n southern Alabama. This unit IS characterized by an

alticostata Based on the absence and presence of these Sﬁlg_undance of the flat echinoidleriarchus lyellj a fossi

cies, the mollusks indicate the Orangeburg District bed to bgcorrectly con§|dered by some as a guide t(.) the Moodys
of Gosport age. ranch Formation. Complete specimendgPofyelli occur in

the Gosport Sand at the classic Little Stave Creek locality in
Alabama. Zullo and Harris (1987) dismissed earlier pub-
RECOGNITION OF GOSPORT EQUIVALENT lished accounts of this echinoid in the Gosport Sand and con-

UNITS IN THE ATLANTIC COASTAL PLAIN sidered theScutellabed to be of Moodys Branch age. One

Gosport age units have been recognized in the Sant@gcurrence _they dismissed was a citation by Cooke (1959, p.
Limestone of South Carolina’s lower coastal plain by Ward*2 Pl 14, fig. 1-3) ofP. lyelli from the Gosport Sand at
et al. (1979) and in the Castle Hayne Limestone of Nortf>0pher Hill on the Tombigbee River in Washington County,
Carolina’s coastal plain by Zullo and Harris (1987). Ward etAlabama. At this locality (as observed by L.W. Ward and
al. (1979) proposed the Martin Marietta Company Berkeley?0Ckery), theScutellabed contains a typical Gosport mol-
Quarry as the neostratotype of the Santee Limestone. Hdrscan fauna and is considered here to be a facies of the Gos-
they named two members, the Moultrie and Cross. Theort Formation. Therefore, Sequence 3 of Zullo and Harris
Moultrie is a moldic biosparite with abundant shells of Cubi{1987) is of Gosport age only. . _
tostrea sellaeformis. This unit was correlated with the middle  Dockery and Nystrom (1990, 1992) first recognized a
Claiborne Lisbon Formation of Alabama. Disconformably G0sport age fauna in the upper coastal plain of South Caro-
overlying it are the bryozoan-brachiopod-bivalve biomicritesina in what had classically been called the McBean Forma-
of the Cross Member. This member contains molds of a Golon- A construction site at Orangeburg showed a two-part
port guide fossil, the bivalvérassatella alta and was division of the McBean consisting of an upper clastic
assigned a Gosport age. Ward et al. (1979) gave measurégauence with a diverse silicified fauna contair@igptoac-
sections of the Cross Member at its type locality and at th&S (Claibornicardia) alticostata and a lower carbonate
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sequence containingteropsella lapidosaThe upper unit sonal communication) as is the case in the northern Gulf.
was informally named the Orangeburg District bed and Itis likely that many Gosport taxa originated in tropical
assigned a Gosport age, and the lower unit was considerecetavironments associated with the Florida Province and did
be the typical McBean Formation and assigned a Cooknot migrate across the Gulf Trough into the Northern Gulf
Mountain age. A similar division of the “McBean Forma- until after the extinction or at least the declineCofsellae-
tion” was noted by J. Hazel (personal communication), whdormis Larvae of these species readily colonized the tropical
examined ostracods from test hole samples at the Savannzdrbonate environments beneath the Gulf Stream along what
River Site. Also, D. Campbell (1992) made an independeris now the South and North Carolina coastline. Migration
collection and study of the Orangeburg District bed’s mollusinto the Northern Gulf Province probably corresponded with

can fauna and assigned it a Gosport age. a sea level rise during the late Claibornian sequence event
TE3.1 of Mancini and Tew (1991) and came during a war
CORRELATION PROBLEMS ACROSS FAU climatic period in the Gulf.

NAL PROVINCES

Cubitostrea sellaeformiserves as a guide fossil to sedi- REFERENCES CITED
ments of Cook Mountain age across the Gulf and Atlanti€ampbell, D.C., 1992, New middle Eocene faunas from the
coastal plains from Texas to Virginia. Overlying this zone =~ McBean Formation and _Santee Limestone: Support_ for Gos.port
and underlying sediments of Jacksonian age in Alabama is and Cook Mountain equivalency (abstract). Geological Society
the Gosport Sand and its characteristic molluscan fauna of America, 41 st Annual Meeting, Southeastern Section, 1992

. . . . . . . Abstracts with Programs, v. 24, no. 2, p. 6.
including Glyptoactis (Clalbornlclar_dl_a) alticostata "’?”d Cooke, C.W., 1959, Cenozoic echinoids of Eastern United States:
Crassatella alta These faunal divisions hold true in the

. S U.S. Geological Survey, Professional Paper 321, 106p., 43 pl.
McBean Formation and Orangeburg District bed of SOUt‘?Dockery, D.T., lll, 1988, Palstrat: a biostratigraphic computer pro-

C?‘rO"na’S upper CoaSFa| plain and are ConSid?red to be good gram for Paleocene and Eocene mollusks: Mississippi Geology,
middle Eocene zonations for the mixed clastic and carbon- v. 6, no. 2, p. 18-19.

ate, nearshore, shelf sediments of the northern Gulf ar@ockery, D.T., lll, 1988, The influence of the ancient Gulf Stream
southern Atlantic coastal plains. Dockery (1985, 1988) on Paleogene molluscan provinces in the northern Gulf and
included these faunas in his “Northern Gulf Province” as he Atlantic coastal plains: Geological Society of America37
found many Eocene molluscan species in common between Annual Meeting, Southeastern Section, 1988 Abstracts with
coastal states from Texas to South Carolina. Programs, v. 20, no. 4, p. 261.

A distinct Eocene molluscan fauna with Tethyan ele20Ckery, D.T., lil, and P.G. Nystrom, Jr., 1990, The Orangeburg
ments such as the gastropadsatesand Gisortia occurs in District molluscan fauna of the McBean Formation: A new

. . . . . diverse, silicified fauna of pos-Cubitostrea sellaeformis Zone
peninsular Florida. This fauna, the Florida Province (Dock- age and within the Glyptoactis (Claibornicardia) alticostata

e_ry.1985, 1988), lived in a tropical carbonate environment .. o Gosport age, p. 82-88, V.A. Zullo, W.B. Harris, and
similar to that of the Santee Limestone and was separated \n Price (eds.), Savannah River Region: Transition between
from the Northern Gulf Province by the Gulf Trough and  the Gulf and Atlantic coastal plains: Proceedings of the Second
ancient Gulf Stream. Though the molluscan faunas of the Bald Head Island Conference on Coastal Plains Geology (origi-
Santee and Castle Hayne limestones of South and North nalissue distributed to conferences November, 1990), 132p.
Carolina are poorly known, it is probable that they are a Dockery, D.T. lll, and PG. Nystrom, Jr, 1992, Ibid, p. 90-96
northerly extension of the Florida Province and were within ~ (révised Transactions, 144p.).
the Gulf Stream’s course. Mancini, E.A., and B.H. Tew, 1991, Relationships of Paleogene
Correlation problems exist between the faunal zones of stage and planktonic foraminiferal zone boundaries to lithos-
the Northern Gulf and extended Florida provinces. In the tratigraphic _and allostratigraphic_ (_:ontacts in the eastern Gulf
Santee Limestone of the Martin Marietta Company Berkeley Coastal Plain: Journal of Foraminiferal Research, v. 21, no. 1,

. 48-66.
Quarry,Cubitostrea sellaeformis, Glyptoacfi€laibornicar- War?j L.W.. B.W. Blackwelder. G.S. Gohn. and R.Z. Poore. 1979
dia) alticostata and Crassatella altaoccur together in the Stratigraphic revision of Eocene, Oligocene, and Lower
same rock. Here either the Cook Mountain guide fdSsil Miocene formaitons of South Carolina: South Carolina Geolog-

sellaeformishas a higher last appearance datum (LAD) or ical Survey, Geologic Notes, p. 2-32.

the Gosport guide fossifs. (C.) alticostataandC. altahave  Ward, L.W., D.R. Lawrence, and B.W. Blackwelder, 1978, Strati-
a lower first appearance datum (FAD). Dockery and Nystrom graphic revision of the Eocene, Oligocene, and lower Miocene
(1992) argued that the latter was true and that the two Gos- — Atlantic Coastal Plain of North Carolina: U.S. Geological
port guide fossils have a stepwise diachronous FAD from the Survey, Bulletin 1457F, 23p. _ _
Santee to the Orangeburg District b8d(C.) alticostataand ~ £ullo: V-A., and WB. Harris, 1987, Sequence stratigraphy, bios-
C. alta occur above th€. sellaeformid AD in the nearby tratigraphy, and correlation of Eocene through lower Miocene

. strata in North Carolina: Cushman Foundation for Foramin-
Giant Portland Cement Company Quarry (L. W. Ward, per- iferal Research, Special Publication 24, p. 197-214.
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NANNOFOSSIL BIOSTRATIGRAPHY AND SEQUENCE STRATIGRAPHY OF MIDDLE TO UPPER EOCENE
STRATA IN THE SOUTHWESTERN SAVANNAH RIVER STE 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

INTRODUCTION sand with occasional kaolin lithoclasts at the base grading
éjpward into fine to medium clean quartz sand with occa-
éional thin gray to green clay beds. The contact with the
erlying intensely weathered kaolinite of the un-named
ynit is sharp, is characterized by local concentrations of
eéworked coarse sediments, and represents a regional uncon-

Tertiary boundary is placed at a depth of 494.6 feet. Pale ormity. From 236 to 218.6 feet depth interbedded calcare-

gene stratigraphic units recognized in the core include th@YS sand and sandy .molluscaln-mold grainstone may

&orrelate to the Warley Hill Formation. The contact with the
Eocene? Un-named unit, the middle Eocene Congaree Folﬂ_nderlying Congaree is subtle and is marked by a change in
mation, Warley Hill (?) Fo’rmation and Blue Bluff Marl. and sand size and the addition of calcareous material. The Blue

the upper Eocene Utley Limestone Member of the ClinchB!uff Marl extends from 218.6 to 136 feet depth and consists
field Formation, the Griffins Landing Member of the Dry of impure micrite or argillaceous, silty to sandy micrite

Branch Formation and undifferentiated Barnwell Groupbecomlng.clayey at Fhe top. The contact with the underlying
Warley Hill Formation is picked where sand suddenly

sands. We will focus our attention on the middle to upper . ) N .
Eocene section which extends from the surface to a depth creasesin quantl.ty and SIz€, I represepts a regional uncon-
325 feet at the base of the Congaree Formation (see Fig Pém'ty.' The Utley Limestone in 21 fegt thick |n.the co.re.and
2). comprises a sandy, molluscan-mold b|osparuFi|te. Thin inter-
beds of calcareous quartz sand are present in the Utley. The

L L L L L L L L B contact with the underlying Blue Bluff Marl is quite distinct

* and represent a major regional unconformity that is mapped
SAVANNAH RIVER SITE over the area. The Griffins Landing Member extends from 45
to 115 feet depth and consists of sandy calcareous and kaoli-
nitic clays containing larg€rassostreaThe contact with the
underlying Utley Limestone is sharp and represents a
regional unconformity. We assign the remainder of the core
from the top of the Griffins Landing at 45 feet to the surface
to undifferentiated Barnwell Group sands and clays (see Fig-
ure 2).

Core VSC-4 (Figure 1, 2) contains a relatively complet
middle to upper Eocene stratigraphic section typical of th
southwestern Savannah River Site and adjacent areas
Georgia. The core is at an elevation of 156.7 feet; and pen
trates a Cenozoic section of almost 500 feet; the Cretaceo

| S O O WO O DS |

1

. Biostratigraphy

. in the interval from 76 to 256 feet depth, (i.e. mid Congaree
. -] Formation through mid Griffins Landing Member). Preser-

. vation is best in the Blue Marl and Griffins Landing Member
SCALE which includes the Middle-Upper Eocene boundary. Table 1
o1 r_.g__“mm tomi ] presents a .Iist qf galcareoqs ngnnofossil spepies recorded
A from the lithic units included in this study. That list was com-

piled from examination of samples from cores VSC-3,

Figure 1. Location of cores and outcrops. VSC4, VG-7, and VG-8. Figure 2 shows the occurrence of
) . selected age-diagnostic nannofossils in VSC-4. Range of
Lithostratigraphy calcareous nannofossils for the purpose of correlation are

The Congaree Formation extends from 325 to 236 feetaken from Perch-Nielsen (1985). “NP” zones refer to the
depth and comprises clean, coarse, pebbly, Fe-stained qua#gnation of Martini (1971) as described in Perch-Nielsen

/“' _ Poorly to well preserved calcareous nannofossils occur

|

Il i (. LAt H
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Nanno. Sequence Chrono-
Feet VSCH4 Occurrence of Selected Nannofossils Lithostrat. Biostrat.  Strat. Strat.

NP 18-NP 20
CP 15

Giiffins Landing Member Bamwel Group
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Figure 2. Middle to upper Eocene lithostratigraphy, biostratigraphy, and sequence stratigraphy of core VSC-4. Asterisks reprete
location of calcareous nannofossil samples. Solid dots indicate the occurrences of each species.

(1985). “CP” zones refer to the zonation of Okada andnofossils including Reticulofenestra umbilica and R.

Burkry (1980) as described by Perch-Nielsen (1985). reticulata which first appear in the sample from 225 feet
One sample from calcareous beds in the upper Congaréd&/arley Hill?) may have first occurrences in NP 16. How-

Formation contains moderately well preserved nannofossilgver, the definitive taxaChiasmolithus gigasand Rhab-

The sample at 237 feet contailrophodolithusmochlopho- dosphaera gladiu do not occur in these samples, and

ruswhich has a last occurrence (LO) in NP 15. Several nartherefore, we cannot separate NP 15 and NP 16. Samples
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Table 1. Calcareous nannofossil species recorded from middle to upper Eocene strata in the vicinity of southwestern Savannah
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
Chiasmolithus solitus
Coccolithus pelagicus
Cyclococcolithus formosus
Cepekiella lumina
Lophodolithus mochlophorus
Pontosphaera multipora
Transversopontis obliquipons
T. pulchra

Toweis sp.

Warley Hill Formation
VSC-4-225
Campylosphaera dela
Cepekiella lumina
Chiasmolithus titus
Coccolithus pelagicus
Cyclococcolithus formosus
Dictyococcites bisectus
Erisonia fenestra
Helicosphaera salebrosa
Markalius inversus
Neochiastozygus dubius
Pemma basquense

P. papillatum
Reticulofenestra reticulata
R. umbilica

R. dictyoda
Rhabdosphaera tenuis

R. spinosa

Sphenolithus radians
Transversopontis obliquipons

Zygrhablithus bijugatus

Campylosphaera dela
Cepekiella lumina
Chiasmolithus titus
Ch.grandis
Ch. Solitus
Coccolithus pelagicus
Cyclococcolithus formosus
Dakylethra punctulata
Dictyococcites bisectus
D. Martinii
D. tani
Ericsonia fenestra
Helicosphaera seminulum
H. heezenii
Markalius inversus
Micrantholithus proceras
Neochiastozygus dubius
Pemma basquense
P.Papillatum
Pontosphaera multipora
Reticulofenestra reticulata
R. umbilica
R. dictyoda
Rhabdosphaera tenuis
R. spinosa
Sphenolithus radians
S. spiniger
S. moriformis

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
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Braarudosphaera bigelowii
Cepekiella lumina
Chiasmolithus oamaruensis
Coccolithus pelagicus
Cyclococcolithus formosus
Dictyococcites bisectus
Discoaster barbadiensis
Helicosphaera bramlettei
Micrantholithus sp.

Pontosphaera multipora
Reticulofenestra reticulata

R. umbilica
Rhabdosphaera tenuis
Transversopontis obliquipons

Taxa from VG-7, VG-8, C-10

Discoaster saipanensis
Helicosphaera euphratis
Isthomolithus recurvus
Lithostromation reginum
Markalius inversus
Pemma papillatum
Reticulofenestra dictyoda
Sphenolithus moriformis
Zygrhablithus bijugatus
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from the base of the Blue Bluff Marl up to the sample atHarris, W.B., V.A. Zullo, and R. A. Laws in press. Coastal onlap
156.6 feet contain a nannofossil assemblage typical of NP  stratigraphy of the onshore Paleogene, southeastern Atlantic
16. Sphenolithusspiniger and Discoaster martinii which Coastal Plain, U.S.Ain Posamentier et al., (eds.), Sequence
occur in sample 156.6 have LO in NP 16. The interval from strat_igraphy and facies associations. International Assoc. of
150 feet to 83 feet in VSC-4 contains rare, poorly preserved, Sedimentol., Spec. Pub. 18.

long-ranging species. This interval includes the upper Blue artini, E. 1971. Standard Tertiary and Quaternary calcareous nan-

. noplankton zonation; in A. Farinacci (ed.), Proceedings Il
Bluff Marl, the Utley member and the lower half of the Grif- 520 0. conference, Roma, 1970, 2:739-785.

fins Lf’:lndir]g Member (see Figure' 2). .Th? sample at 82 fe@kada, H. and D. Bukry 1980. Supplementary modification and
containChiasmolithus oamaruensithe indicator for NP 18 introduction of code numbers to the low-latitude coccolith bios-

to NP 20 in Martini's zonation (Upper Eocene). Samples of  tratigraphic zonation (Bukry, 1973, 1975). Mar. Micropaleon-
the Griffins Landing Member from other cores in the area tol, 5:321-325.

contain Isthmolithus recurvughe indicator for NP 19/20. Perch-Nielsen, K. 1985. Cenozoic calcareous nannoplankton; in
The Utley Member was barren of nannofossils and correla- H.M. Bolli, J.B. Saunders, and K. Perch-Nielsen (eds.), Plank-
tion of it is based on other evidence. ton Stratigraphy, Cambridge University Press, 1032 p.

Sequence Stratigraphy

Four middle Eocene depositional sequences are recog-
nized in the Savannah River area. The Congaree Formation
is represented by two of the sequences, the Warley Hill For-
mation by one sequence, and the Blue Bluff Marl (McBean)
by one sequence. The Congaree Formation is these cores
does not contain an abundant calcareous nannofossil suite;
however, the occurrence of Lophodolithus mochlophorus,
which has a last occurrence (LO) in NP 15, at 237 feet sug-
gests assignment of the Congaree Formation to the TA3.3
cycle of Haq et al. (1987). Harris et al. (in press) indicate that
the Congaree Formation is represented by two depositional
sequences (TA3.3 and TA3.2) in Savannah River area.
Although a depositional sequence is recognized between the
Congaree Formation and the Blue Bluff Marl which may
correlate to the Warley Hill Formation, calcareous nannofos-
sils do provide definitive age control. This sequence is
assigned to the TA3.4 cycle on the basis of superposition and
correlation. The Blue Bluff Marl contains an abundant cal-
careous nannofossil suite including Sphenolithus spiniger
and Discoaster martinii which have LO in NP 16. Based on
their occurrence this sequence is assigned to the TA3.6/3.5
cycle of Haq et at. (1987). The depositional sequence repre-
sented by the Utley Formation, although barren, is assigned
to the TA4.1 cycle of Haq et al. (1987) on the basis of super-
position and correlation to the “scutella bed” of the lower
Moodys Branch Formation of the eastern Gulf Coastal Plain
and exposures along the Savannah River. The Griffins Land-
ing Member of the Dry Branch Formation is placed in the
TA4.2 cycle of Haq et al. (1987) on the basis of occurrence
of Chiasmolithus oamaruensis which is the indicator for NP
18 to NP 20 in Martini’'s zonation and the occurrence of Isth-
molithus recurvus, an indicator for NP 19/20 in samples
from other cores in the area that are correlative.
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SOME CHARACTERISTIC FOSSIL DINOFLAGELLATE CYSTS OF EOCENE STRATA, SAVANNAH RIVER
SITE, SOUTH CAROLINA

JOYCE LUCAS-CLARK, PH.D.

Clark Geological Services
Fremont, California

INTRODUCTION nomically troubled. These problems mean that | cannot
Dinoflagellates, among other things the plankton thatalways compare my findings with those of other workers and

account for red tides and marine bioluminescence, are uniz® have difficulty making refined and accurate age calls. On

cellular organisms of a primitive, eukaryotic nature (Phrrho-the plus side, however, is that with continuing work, this

phyta) that have been on earth demonstrably since tl%aundance of species can be used to develop a zonation at
avannah River Site, and this zonation will be useful in the

Silurian, and probably since the Precambrian. Their sma . . ! . )
size (20-200 microns), widespread geographic and Strat_qu and Atlantic Coastal Plains for refined biostratigraphy

graphic distribution, rapid evolution, and persistent preserva-
tion in rocks have made them useful in stratigraphic study.
Over the last 20 to 30 years, dinoflagellate fossils have Although dinoflagellates are planktonic and some spe-
played an important role in stratigraphy related to petroleurnies have worldwide distribution, no universally accepted or
exploration. At Savannah River Site, they have been kegpplicable worldwide zonation exists based on dinoflagel-
stratigraphic indicators applied to hydrogeological problemslates. Ranges of some species included in European and
Most dinoflagellates are preserved as organic-walledNorth America, North Atlantic zonations are applicable to

resting cysts. The preserved material is neither calcium calhie Savannah River Site material, but other species clearly
bonate nor silica, but rather a complex organic polymer simexhibit longer or shorter ranges in the Savannah River site
lar to the material that comprises pollen and sporegnaterial than they do even in sections as close as the Atlantic
“sporopollenin” or nature’s plastic. Sporopollenin is highly Coastal Plain of North America, i.e., Maryland and New Jer-
resistant to acid attack and not readily broken down by oth@ey. The Savannah River Site lies close to the provincial
chemical and physical deterioration, making dinoflagellatdooundary of the Atlantic Coastal Plain and the Gulf Coastal
cysts survivors as fossils under conditions which destroy caPlain, but in terms of dinoflagellate assemblages, especially
careous and siliceous microfossils. Hence, frequently, as ifh the Eocene, it is more similar to sections in Alabama of
some strata from Savannah River Site, dinoflagellates angimilar age rock, than it is to Maryland.

Provinciality

pollen are the only fossils found. This provinciality of the dinoflagellates presents diffi-
culties because there exists no published zonation for the
PERSISTENT PROBLEMS IN DINOELAGEL- Gulf Coastal Plain province. Unpublished material is avail-

able, and hence age calls are possible. On the plus side,
again, is the potential for the Savannah River Site to be a
type section for Gulf Coastal Plain dinoflagellate stratigra-
phy.

Fundamental to any stratigraphic paleontology is identi-
fication of species. Species have geologic ranges. Species Environmental Facies
ranges identify zones, stages, and larger time rock units.

LATE STRATIGRAPHY

Taxonomy

onomy in the last 29 years, a great many species reMadfye environmental facies present problems for biostratigra-
without formal description and publication, and many tha

. . ; . . ~.phy. The apparent first or last occurrence of a species may
are described are taxonomically troubled, i.e., their variabi Have more to do with changes in the local environment than
ity and/or our inability to understand the significance of with evolution and extinction. Furthermore, it is often the
pletails of.their morphology cause us dificulty in d‘“‘f‘?“‘?h'case that long ranging species are abunblant, while short
'Ng species, genera, .and higher levels of Class'f.'cat.'or]’anging, more stratigraphically useful species are rare in the
Sometimes the question even comes down to *is it %ssemblages, their numbers diluted by floods of dominant,

dinoflagellate?” :
. . resumably well-adapted species.
At Savannah River Site, | have encountered over 158 Relatively little is known about the environmental sig-

species of dinoflagellate cysts in Cretaceous and TertiarMificance of dinoflagellate cyst assemblages. At Savannah
0, i H - . ) .
strata. At least 25% of these are either undescribed or BRiver Site dinoflagellates occur frequently as floods of one
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or a few species, apparently as a response to paleoenviron:
mental factors. Again, the potential for new understanding of
the significance of these assemblages is considerab
because cores at Savannah River Site have been extensiy

studied sedimentalogically and for other types of fossils
Once this evidence is compared to this distribution o

dinoflagellate assemblages, we may be able to infer paleoe

vironmental relationships with the dominance of dinoflagel-
late cysts.

EOCENE DINOFLAGELLATE STRATIGRA PHY
OF THE SAVANNAH RIVER SITE

Several lithostratigraphic schemes have been proposs

e

>
1

ely

DINOFLAGELLATES

igocene

i)

for the strata beneath the Savannah River Site (Siple 19ﬁ
Prowell et al. 1985; Fallaw et al. 1990; Harris and Zullo
1990, to name a few). This presentation follows, for conve
nience, the major units named by Fallaw et al. (1990) an
Harris and Zullo (1990).

| am making no assertion about the lithostratigraphy
correlations to other stratigraphic units, nor the dating of

these units. The dinoflagellates that | have illustrated af
characteristic of the Eocene strata of the Savannah River Sj

and have their first and last occurrences in the lithostrat
graphic units as indicated on the range chart. They do no
necessarily occur in all of the intervening units; in fact | dg
not think that | have found any of them in the Warley Hill
Formation. The range chart simply connects the first and la
occurrences that | have encountered. In all cases except t
of Pentadinium goniferun ad P. favatuthe whole forma-
tion is included in the range of the species if the species
found in it at all. In future | hope to present more precise da
regarding the occurrence of these and other species at SaV]
nah River Site.

The oldest Eocene unit at Savannah River Site is di

puted and controversial. Two possible lithostratigraphic unitaE

have been considered to be Paleocene or lower Eocene
correlated variously to the Williamsburg Formation, the

7,

d

~ O
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Claibornian

Fishburne Congaree | Warley Hill
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Jacksonian
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Fishburne Formation, and been called the “Snapp beds,” a

E1 of Prowell et al. (1985). Characteristic dinoflagellate spe}

cies illustrated herein includ@Vilsonidium tabulatum (?),

=
eneo.

Paleoc

Wetzeliella meckelfeldensis, W. articulata, and Glaphyroj

Sabinian

Wilsonidium tabulatum (?)
Wetzeliella meckelfeldensis
Wetzeliella articulata
Pentadinium favatum
Glaplyrocysta? vicina
Charlesdowniae coleothrypta
Hystrichokolpoma rigaudise
Glaphyrocysta semitecta
Glaphyrocysta microfenestrata
Charlesdowniace variabilis

Thalsssiphora aff. T. pelagica
Glaphyrocysta exuberans

Samiandia chlamydophora (7)

cysta exuberans.
Unconformably overlying the Fishburne or “Snapp” is

EIGURE 1. Dinoflagellate Ranges at Savannah River Site.

the Congaree, mainly lower middle Eocene. This unit is alsQ. ) e
Lithostratigraphic units based on Fallaw et al. (1990).

characterized by abundaW. articulata and Glaphyrocysta ,
. . - Bars represent total range from first to last occurrence at SRS,

exuberansMaking flrSt, a.ppearances aRenFadlnlum fava- not actual recorded occurrences in the stratigraphic units.
tum, Glaphyrocysta vicina, Charlesdowniae coleothrypta,
and higher in the formatioPentadinium goniferum.

The Warley Hill Formation has yielded few datable
assemblages of dinoflagellates. The overlying Santee is char-
acterized byGlaphyrocysta exuberans, G. vicina, G. semi-
tecta, Charlesdowniae coleothrypta, and Pentadinium
goniferum.Nearly all assemblages form the Clinchfield and
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Plate 1. 1,2Thalassiphora aff. T. pelagica; 3 Pentadinium favatum; 4 Pentadinium goniferum; 5 Glaphyrocysta semitecta; 6 Hystri-
chokolpoma rigaudiae; 7 Spiniferites pseudofurcatus; 8 Wetzeliella meckelfeldensis; 9 Glaphyrocysta? Vicina; 10 Glaphyradysta e
ans; 11, 12 Wetzeliella articulata; 13 Glaphyrocysta microfenestrata; 14, 16 Charlesdowniae variabilis; 15 Wilsonidium tab®atr,

18 Samlandia chlamydophora.
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Dry Branch units are from the Griffins Landing member of
the Dry Branch. These assemblages are characterized by
coleothrighypta, C. variabliis, Glaphyrocysta microfenes-
trata, and Samlandia chlamydophora.

Edwards (1990) reported the occurrence of some of the
species herein illustrated, and her reports are consistent with
my findings. In general, the ranges of these dinoflagellate
species at Savannah River Site are consistent with those
reported in the literature. Some exceptions are Spatifer-
ites pseudofurcatus sometimes considered to have its first
occurrence in the Eocene (e.g. Williams and Bujak, 1985),
but it has been reported in unpublished literature from the
Gulf and Atlantic Coastal Plains from the late Paleocene
(e.g. McLean, 1971)Hystrichokolpoma rigaudiaénas its
base, worldwide, in older, lower Eocene rocks, but | have not
found it in the Fishburne. As far as | know, the only other
recorded occurrence d. variabilisis in the late middle
Eocene Barton beds of England, whereas | have found it in
the upper Eocene Dry Branch.
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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

INTRODUCTION It is the purpose of this short paper to present prelimi-

The Savannah River Site is located between the Caﬁ@ry information on the stratigraphic setting and radiocarbon
ges of peat deposits in alluvial sediments of Upper Three

Fear Arch and the southeast Georgia Embayment, two fe% . .

tures which have affected sedimentary patterns in the Caro Rpuns and Tinker Creek in the ”Ofthe”‘ part of th? S.R.S' The
nas and Georgia since the Cretaceous. Evidence f8I|ates should place some constraints on rates of incision and
continuing tectonic adjustment in the region from the Latesed|mentat|on in those streams. In addition, as more peat

Cretaceous through the Holocene includes the warping Ogeposns are dated those dates will allow comparison

units, faulting, and earthquake-induced structures (Proweﬁetv.veen the alluylal record and mdependent_ base level, .C“'
and Obermeier, 1991). The incised topography of the gr&atic, and tectonic records to better determine the relative
and surrounding area certainly suggests epierogenic uplii’tnﬂuence of those controls
played a role in sculpturing the landscape.

In the late middle to early late Miocene uplift in the METHODS
Blue Ridge and western Piedmont caused the fluvial deposi- During the summer of 1990, using a truck-mounted drill
tion of the upland unit{AItamaha Formation which covergdrig, a series of holes was drilled across Upper Three Runs
the Upper Coastal Plain from northeast of the Wateree RiVefjey then another series was drilled across part of Tinker
in South Carolina to south of the Occmulgee River in Georeqak valley (figures 1,2,and 3). Cross-section A-A’ and B-
gia (Nystrom and others, 1986, Nystrom and Willoughby.g- \yere constructed from 1:24,000 scale topographic maps
1992). As the cobble facies of the upland unit delineates the, e grill hole logs. Each hole was drilled using the power
ancestral Savannah River (Nystrom, 1990), the evolution of,qer technique of penetrating 10 feet, then pulling the auger
the Savannah River valley began during deposition of they,t ang making a detailed lithologic log of the sediments on
upland unit and has continued until today. The detaile¢ne auger flanges. That procedure was repeated in 10 foot
investigation of surficial deposits in the Augusta area by,ierals until the target depth was reached. The average
Newell and others (1980) showed the development of thg, i of the holes was approximately 60 feet. A sharp litho-
landscape began in the Miocene and that uplift has been {agic change marked the base of the alluvial section in each
major influence in shaping the topography. The higher elevg;qe |l of the peat deposits intersected were described and
tions, greater relief and greater drainage density which Cha§ampled. The peat samples were split, and Kathryn Hanson
acterize the erosional topography of the Upper Coastal Plaig4 tom Bullard of Geomatrix Consultants had radiocarbon
compared with the more subdued, predominantly depos&’ating done by Beta Analytic Inc. (Table 1)
tional topography on the middle Pliocene Duplin Formation
below the Orangeburg Scarp (Dowsett and Cronin, 1990%able 1. Radiocarbon assays for samples from Upper Three
indicates that most of the uplift and incision occurred befor®uns and Tinker Creek.
the middle Pliocene (Coloquhoun, 1981). Ssample

Yet, the geomorphology of the Upper Coastal Plain can- ~ C-14 Age Years B.P Material Location
not be properly interpreted without a full appreciation of the
diverse effects of the geologic and climatic changes during gmp-3 33.900870
the Plio-Pleistocene. The rise and fall of sea level and thus
river base level, and the severe climatic fluctuations weregyp.12.1  Greater than 45,000 F S2t/0rganic Tinker Creek

Peat/organic Upper Three
Sediment Runs

important controls on landscape development. Sediment  terrace
In the Upper Coastal Plain the Savannah River hag;\p.12.2 37 950620 Peat/organic Tinker Creek
incised the uplands and migrated to the southwest leaving B Sediment terrace

unpaired fluvial terraces to the northeast of the river. Today; /v 153 Greater than 46.800 ©~ €2/0rganic Tinker Creek
the broad, flat floodplains of the Savannah, Upper Three ' Sediment terrace
Runs and Tinker Creek suggest the more recent history of th%MP-lS Peat/organic Tinker Creek
river and its major tributaries has been characterized by sedi- Sediment  floodplain
mentation more than erosion. The floodplain and alluvial terg 514 samples given quadruple-normal counting time

race deposits can tell us much about the Quaternary history

of the area.

11,110%0
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DRILL HOLE DESCRIPTIONS AND INTERPRE- approximately 1.6 miles west of Kennedy’s Pond. The collar

TATIONS elevation was 220 ft (estimated from 1:24,000 topo map).
Twenty-three ft of alluvial sediments including three sepa-
Hole GMP-3 rate peat beds were intersected. From 0 to 9 ft the sediment is

D inti poorly sorted, fine to very coarse grained sand with a notice-
escrl.p lon , i ) able amount of heavy minerals. From 9 to 11 feet there is a
This hole (figure 2) was drilled on the south-side of by of hrown peat which is somewhat sandy from 10 to 11 ft.
Tyler Bridge Road 3400 ft west of the bridge over Uppe%ample GMP-12-1 ft. was taken from the 9 to 10 ft. interval.
Three Runs. The collar elevation was 198 ft (estimated fromy, . 11 to 15 interval is very poorly sorted, medium to very
1:24,000 topographic map) and the hole was drilled t0 a;5rse grained sand with granules, and noticeable medium to
depth of 60 ft. The Qall at the site is 40 ft th|ck.. The interval ) e grained heavy minerals. From 15 to 18 ft there is
from 0 to 25 ft is mainly poorly, sorted medium 10 Very hjack sand with much organic material including some
coarse grained sand with some granules. Sample GMP-3 W&Swn wood fragments. Sample GMP-12-2 was collected
collected from a layer of wet, black, organic, gooey sand ifqm this interval. The 18 to 20 ft intervals is fine to coarse
the 25 to 30 ft interval of the hole. The base of the organig aineq sand. Another layer of brown peat occurs in the 20 to
rich bed is about 10 ft above the base of the Qal, which 5, ¢ interyal, and sample GMP-12-3 was collected from this
mainly a section of coarse to very coarse grained sand wigty, 4 Poorly sorted pebbly sand with noticeable dark heavy

minor granules dispersed throughout. The lower four ftiS gninarals comprises the basal ft (22 to 23) of the alluvial sec-
prominent pebbly grit. The organic rich bed was not inters;q,

sected in hole GMP-4 located 1600 ft to the east. In that hole

the sediment in the elevation range corresponding to thelnterpretation

organic rich bed is poorly sorted, medium to very coarse The site for this drill hole is not in the active floodplain

grained sand with granules like that in the 0 to 25 ft intervadf Tinker Creek, but is located on the north bank of a fluvial

of hole GMP-3. terrace. The lithologic log for the hole indicates four fluvial
sequences were intersected in the 23 ft alluvial section. The

Interpretation . uppermost part of the section is a sequence from 0 to 9 ft
Where Tyler Bridge Road crosses Upper Three Rungih no recognizable surficial floodplain sediments. Below

valley the 1:24,000 scale topographic map of New Ellentoge nner 9 ft of section are three fluvial sequences, each
SW Quadrangle shows an alluvial fan extending onto the o heq by peat deposits. Thus the alluvial terrace section in
Upper Three Runs floodplain. The alluvial fan is located afpis qri|| hole indicates repeated events of channel deposition
the mouth of a tributary entering the floodplain from thef,owed by floodplain stabilization.
west. The 0 to 25 ft interval in hole GMP-3 is entirely or The youngest radiocarbon date of 37,9528 yr. B.P,
mainly alluvial fan sediment. The organic rich layer in the 230r the middle peat bed bracketed by older dates of greater
to 30 ft interval was deposited as floodplain sediment at thg, 5, 45,000 yr. B.P. for the peat bed above, and greater than
top of a fining upward sequence now buried by the alluvialg gng yr B.P. for the peat bed below, causes some concern
fan. As the top of the organic rich bed is slightly higher thary .t how to interpret these dates. Stone and Brown (1981)
the active floodplain the fining upward sequence is an old giscyssed the need for critical interpretation of radiocarbon
terrace rather than part of the active floodplain. dates in the range of 30,000 to 40,000 y. B.P. which is near
The radiocarbon date of 33,9080 yr. BP. (seeTable 6 jimit for the technique. They pointed out that due to con-
1) should be the age of the fining upward sequence at thgmination by small amounts of more recent carbon, it can be
base of the alluvial section, and may approximate the age Qfiticy |t to discriminate between sediments actually depos-
the youngest terrace sediments adjacent to the active floog 4 35,000 yr. B.P. and those deposited during a much ear-
plain of Upper three Runs. The active floodplain, then, islier time. The date of 37,95620 yr. B.P. should be a
younger than that date. Furthermore, before deposition of theinimum age for the beds from which samples GMP-12-2
dated peat deposit, incision along this part of Upper Threg,q collected must be somewhat younger than the middle
Runs had reached a level approximately 240 ft below thgeat ped, and could be much younger. The radiocarbon date
present inter-fluves. Therefore, in this area Upper Threg; greater than 45,000 yr. B.P., however, suggests that it may
Run; valley was cut almost to the present base of floodplaif,; he much younger than the 37,9608 yr. BP. date for
alluvium prior to 33,900 yr. B.P. the middle peat bed. The date for the middle peat bed is close
to the 33,900370 yr. BP. date for the buried terrace inter-
GMP-12 sected in hole GMP-3.

Description
This hole (figure 3) was drilled on the northeast side of
Hickson Mill Road on the lower north bank of Tinker Creek
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This hole (figure 3) was drilled on Hickson Mill Road in Inc., for sharing the radiocarbon dates of the peat. Also, Tom
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was is only 12 ft thick at this site. The interval from O to 7 ft
is black, wet, gooey ooze with bits of wood and other plant REFERENCES CITED
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. . . depositional change in the Coastal Plain of the Savannah River
ftthere is a pebbly grit which marks the base of the Qal. Valley: A geoarchaeological perspective: Early Georgia v. 19,

Interpretation no. 2, pp. 1-20. o _
There is only one fining upward sequence in this aIIuviaFOquhoun’ D.J. 1981.Variation in sea level on the South Carolina

. . . Coastal Plain In Colquhoun, D.J. ed. Variation in sea level on
section. The radiocarbon date of 11.1304r. B.P. is the the South Carolina Coastal Plain. |.G. C.P. #61. Pp. 1-44.

age for dgposition c_)f the basal pgrt of .the ﬂoodplairbowsett, H.J., and T.M. Cronin. 1990. High eustatic sea level dur-
sequence intersected in this hole. Sediments in the upperfew ing the middle Pliocene: Evidence from the U.S. Atlantic

feet of the floodplain are, of course, younger since some Coastal Plain: Geology v. 18, pp.435-438.

plant matter is added to the surface each year. The radiocafanson, K.L. and T.E. Bullard. 1992. Quaternary and neotectonic
bon date indicates that this part of the Tinker Creek valle program field trip guidebook. ESAC Meeting. Augusta, Geor-
has been relatively stable with virtually no floodplain inci-  gia.

sion and very little deposition in the last 11,110 years. Newell, W.L., M.J. Pavich, D.C. Prowell, and HW. Markewich.
1980. Surficial deposits, weathering processes, and evolution of

an inner Coastal Plain landscape, Augusta, Georgia. In Frey,

SUMMARY AND CONCLUSIONS R.W. ed., Excursions in Southeastern Geology, v.2, Geological
The middle Wisconsinan radiocarbon dates for terrace SOciety of America 1980 Annual Meeting, Atlanta, Georgia:
sediments adjacent to Upper Three Runs (GMP-3; table 1) Falls Church, Virginia, American Geological Institute, pp. 527-

. . 524.
and Tinker Creek (GMP-12-1, GMP-12-2 and GMP_lZ‘S’Nystrom, P.G., Jr. 1990. The original course of the Savannah River,

table 1) pre-date by 16’000 to 20,000 years the gIaCII?lI Maxl~ gouth Carolina Upper Coastal Plain: Geological Society of
mum and corresponding low sea Iev_eI stand approximately  america Abstracts with Programs, V.22, no. 4, p. 53.

18,000 years ago. The late Wisconsinan date of 115010+ nystrom, P.G., Jr. and R.H. Willoughby. 1992. The upland unit in
yr. B.P. for sediments in the floodplain of Tinker Creek is  the Savannah River Site: distribution, lithology, depositional
considerable older than Stevenson’s (1982) oldest date of environment and age: Geological Society of America Abstracts
4,010430 yr. B.P. from the Savannah River floodplain. This  with Programs, v. 24, no. 2, p. 56.

suggests active deposition in the Savannah River floodplaiNystrom, P.G., Jr., R.H. Willoughby, and L.E. Kite. 1986. Creta-
has occurred more recently than in the headwater area of ceous Tertiary stratigraphy of the upper edge of the Coastal
Tinker Creek. Therefore, aggradation of the valley floor sim- ~ Plain between North Augusta and Lexington, South Carolina:
ilar to that suggested for the Savannah during the Holocene C2'°lina Geological Society Field Trip Guidebook 1986,
sea level rise (Stevenson, 1982) did not extend to upp Columbia, South Carolina, 52 P 1Shee.t’ scale 1:100’000.'
Tinker Creek ’ E’rrowell, D.C. and S.F. Obermeier. 1991. Evidence of Cenozoic tec-

tonism, In. J.W. Horton, Jr. andV.A. Zullo, eds., The Geology
Brooks and Colquhoun (1991) concluded the age of the 4t the carolinas, Carolina Geological Society Fiftieth Anniver-
youngest terrace adjacent to the active Savannah River flood- sary Volume: Knoxville, University of Tennessee Press, pp.
plain is approximately 10,000 years based on artifacts. 309-318.
Whereas Hanson and Bullard (1992) proposed an age ®ftevenson, A.E. 1982. Geomorphic History of a Portion of the
200,000 to 350,000 years for the same terrace based on char-Savannah River Floodplain, Barnwell County, South Carolina.
acteristics of the soil profile. Neither of these views correlate M.S. Thesis, Department of Geological Sciences, University of
well with the middle Wisconsinan radiocarbon dates for ter- ~ South Carolina, Columbia, S.C.
race sediments along Upper Three Runs and Tinker Creexione, PA. and J.G. Brown. _1981. The poIIen_ _recor(_j of Pleistocene
This points to the need for more work on the geomorphology anq Holocene paleoenvironmental COf‘IdItI.Or‘I.S in southeastern
of the SRS. Additional dating of terrace and floodplain sedi- United States, In Colquhoun, D.J., ed., Variation in sea level on

oy . the South Carolina Coastal Plain. I.G.CP. #61 PP. 156-181.

ments will lead to a more complete understanding of the evo-
lution of the landscape. Also, pollen analyses of peat will
contribute to a sharper assessment of the climatic variations
which occurred during the late Cenozoic.
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HYDROSTRATIGRAPHY OF THE SAVANNAH RIVER STE REGION, SOUTH CAROLINA AND GEORGIA

Rolf K. Aadland 1, Paul A. Thaye 2, and Andrew D. Smits
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

INTRODUCTION any “formal” reliance of the classification scheme on lithol-
Numerous studies have described and modeled th@¥Y: 89€: geologic history, stratigraphic position or other fea-

hydrostratigraphy in and around the Savannah River Sit L;/r(;ostr;?igraprheislﬂ:ﬁtztat f?)ljf igzz[ioxhic;?::)?;nﬁighergp i(;
SRS) area (Siple, 1967; Colquhoun and others, 1983 ! .
( ) (Sip g lowest are (Aadland and others, 1992a,b): 1). Hydrogeologic

Brooks and others, 1985; Clarke and others, 1985; Miller,” "~ . . >
1986; Aucott and others 1987; Aucott, 1988; Krause and’'0V"c®: 2). Hydrogeologic system, 3). Hydrogeologic unit,
Y ' ' ' nd 4). Hydrogeologic zone (informal).

Randolph, 1989). Central to all previous studies is the one t8 A hvd loai . . or bodv of rock and/
one correspondence between hydrostratigraphic units and d'y rotger:) ogt;chprovmce IS a.maljorh 3 ylo frock an
lithostratigraphic units. This method is difficult to apply or sediment that behaves as a single hydrologic uniton a

regionally owing to the abrupt facies changes in stratigraphlJ[éeg'onaI scale. Aquifer angl confining systems may be com-
units of the updip Coastal Plain sequence. For exampl osed of two or more aquifer and confining units that trans-
lithostratigraphic units included in aquifer and confining mit (or impede) ground water on a regional basis. Where

units at one location are often not present or are of differelﬁqu'fer systems cqalesce, the unified aquifer system is
hydraulic character elsewhere. named by hyphenating the names of the uppermost and low-

ermost constituent systems.

Detailed analysis of drill core, geophysical, and hydro- ) o .
logic data from 144 wells provides the basis for a hydros- An aquifer unit is mappable (>400fbody of rock or

tratigraphic classification system of the SRS region (Figs. fediment thgt s §uffipiently permeable to conduct ground
and 2) (Aadland and others, 1992a,b), which makes use Jyater and yield significant quantities of water to wells and

hydrologic properties, most significantly hydraulic conduc—SpgngSf(Burli' 19873.’ b). Afco.nfir_lfi.ng L,:Initl Is a hmgppell.ble
tivity, porosity, and specific storage. These criteria eliminat(-?O y of rock or sediment of significantly lower hydraulic
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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 into

aquifer or confining zones, which are characterized by prop-
erties significantly different from the rest of the unit, such as,
hydraulic conductivity, water chemistry, or lithology. The
assignment of level and name to a hydrostratigraphic uni}:n
does not imply a quantitative ranking of hydraulic continuitya
but is intended to distinguish relative differences in hydrauli%
properties between adjacent units.
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PIEDMONT HYDROGEOLOGIC PROVINCE
Figure 2. Comparison of lithostratigraphy and hydrostratigraphy for the SRS region.

HYDROSTRATIGRAPHIC FRAM EWORK

Hydrogeologic Provnces

Two hydrogeologic provinces are recognized in the sub-
urface beneath the SRS region. The Piedmont hydrogeo-
logic province includes un-weathered Paleozoic igneous and
etamorphic basement, and lithified mudstone, sandstone,
nd conglomerate of the Triassic Dunbarton basin (Figs. 1
nd 2). The Southeastern Coastal Plain hydrogeologic prov-
ince comprises all sedimentary units from the ground surface
to the top of the un-weathered basement, and in the SRS
region is divided into three aquifer and three confining sys-
tems (Figs. 1 and 2). Figure 3 shows the updip limits of con-
fining systems and the areal extent of aquifer systems in the
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SRS region. attains a thickness greater than 300 feet (Fig. 5), and consists
The strata that form the three aquifer systems consist of sand and muddy sand of the Middendorf and lower part of
fine to coarse grained sand, with local gravelly zones, depotiie Black Creek Formation (Fig. 2). The extent of the Mid-
ited under relatively high energy conditions in fluvial to shalville aquifer system is defined by the updip limit of the over-
low marine environments. Marine limestone is locallylying Allendale confining system (Fig. 3); northwest of the
intercalated with the sands. Generally, the fine grained sedipdip terminus, the Midville aquifer is termed the McQueen
ments that comprise the regional confining systems werBranch aquifer of the Dublin-Midville and Floridan-Midville
deposited in low energy marine and fluvial environmentsaquifer systems (Figs. 1 and 2).
Locally the confining system contain beds of sand or other
high permeability materials, but overall, the units retard ver-
tical flow between the overlying and underlying aquifer sys-
tems.

ONE AQUIFER SYSTEM
(Floridan-Midvilla aquifer system)

T 5 Miles

Figure 4. Isopach map of the Appleton confining system.

T 5 Miles Allendale Confining System

The Allendale confining system consists of sandy mud

Figure 3. Map showing the updip limits of the confining systems  gng clay of the Black Creek Formation and is defined in a
and extent of aquifer systems in the SRS region. well drilled near the town of Allendale, Allendale County,
South Carolina. The Allendale is present in the southeastern
half of the SRS region and defines the regional extent of the

Throughout the region, the Southeastern Coastal PlaMidville and Dublin aquifer systems (Figs. 1 and 3). The
hydrogeologic province is separated from the Piedmon#llendale thins updip to become the McQueen Branch con-
hydrogeologic province by the Appleton confining system.fining unit of the Dublin Midville and Floridan Midville
The Appleton rests directly on un-weathered crystalline andquifer systems (Fig.1).
sedimentary rocks of the Piedmont hydrogeologic province
(Fig. 1); it includes saprolite derived from weathering of Dublin Aquifer System
basement rocks, and muddy sand and sandy mud of the Cape 1o pyplin aquifer system is present in the southeastern
Fear Formation (Fig. 2). The Appleton confining system varg it of the SRS region (Fig. 3), where it attains a thickness of

ies from less than 50 to over 250 feet thick in the SRS regiof ore than 300 feet (Fig. 6). North of the updip limit of the

(Fig. 4). Allendale confining system, the Dublin aquifer syste
becomes the Crouch Branch aquifer of the Dublin Midville
and Floridan Midville aquifer systems. The Dublin aquifer
The Midville Aquifer system was defined by Clarke and system was defined by Clarke and others (1985) in a well
others (1985) in a well located near the town of Midville in drilled near the town of Dublin in Laurens County, Georgia.
Burke County, Georgia. In the SRS region, the Midvilleln the SRS region, the Dublin consists of sand and muddy

Appleton Confining System

Midville Aquifer System
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confining unit (Figs. 1 and 2). The two aquifers can be traced
northward, where they constitute an integral part of the Flori-
dan Midville aquifer system.

. /
[ ] -~
.. # . f?
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. ® o %
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(W ) o @
—200 . . 3 . .
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L]
5 Miles
Figure 5. Isopach map of the Midville aquifer system/McQueen T |
Branch aquifer unit. 5 Miles

sand of the Upper Cretaceous Peedee and upper Black Cr%—%5ure 6. Isopach map of the Dublin aquifer system/Crouch

Formations (Fig. 2). Branch aquifer unit.

Meyers Branch Confining System Floridan Aquifer System

The Meyers Branch confining system consists of clay  Mmiller (1986) defined the Floridan aquifer system as a
and sandy clay of the Paleocene Ellenton and Williamsburgertically continuous sequence of carbonate rocks of gener-
Formation (Fig. 2). The Meyers Branch extends across thgly high permeability that are mostly of middle and late Ter-
southern two-thirds of the SRS region and constrains thﬁhry age_" Terrigenous sediments in the SRS region are
areal extent of the overlying Floridan aquifer system. Whergonnected hydraulically to the carbonate rocks of the Flori-
the Meyers Branch ceases to act as a regional confining syfan (Aucott and others, 1987). The Floridan is extended
tem it becomes the Crouch Branch confining unit of thepdip across the SRS region to include all strata from the
Floridan Midville aquifer system (Figs. 1 and 2). water table to the top of confining beds in the Paleocene
Black Mingo Group (Fig. 2). Downdip, the Floridan includes
the upper and the lower Floridan aquifers (Miller, 1985;

The Dublin Midville aquifer system underlies the cen-Krause, and Randolph, 1989), separated by the “middle con-
tral part of the SRS (Fig. 3). Its areal extent is established bffning unit” (Fig. 1). The updip part of the Floridan is divided
the updip limit of the overlying Meyers Branch confining into the Gordon aquifer, Gordon confining unit, and Upper
system and the updip limit of the underlying Allendale con-Three Runs aquifer. The Upper Three Runs aquifer is subdi-
fining system (Figs. 1 and 3). The Dublin Midville aquiferVvided into two aquifer zones over much of the SRS area.
system is equivalent to the Dublin Midville aquifer system a%ordon Aquifer Unit

defined by Clarke and others (1985) in Georgia. The Dublin : .
Midville consists of all strata within the Lumbee Group from The Gordon aquifer consists of the sandy parts of the

) : . iliamsburg Formation and the sands of the overlying Fish-
the Middendort Forrnauorj up to the sand in the lower part Og\lljrne and Congaree Formations (Fig. 2). The Gordon varies
the Peedee Formation (Fig. 2).

The Dublin Midville aquifer system includes two aqui- from 50 to over 150 feet thick, and is not present north of the
fer units, the McQueen Branch aquifer and the Croucl%delp limit of the Gordon confining unit (Fig. 7).
Branch aquifer, which are separated by the McQueen Branch

Dublin Midville Aquifer System
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T 5 iles T 5 Mies

Figure 7. Isopach map of the Gordon aquifer unit.
Figure 8. Isopach map of the Upper Three Runs and Ste«

. . Pond aquifer units.
Gordon Confining Unit g

The Gordon confining unit consists of fine grained,

glauconitic, muddy sand and clay ofthe Warley Hill Forma—Steed Pond Aquifer Unit - . .
! . : Where the Gordon confining unit becomes too thin to be
tion (Fig. 2). In the study area, Warley Hill strata are gener-

an effective confining unit, the Gordon and Upper Three

ally Igss than 50 feet thICk'“ The Gord,‘?f‘ conf!nmg unit haﬁ?uns aquifers merge to form the Steel Pond aquifer (Figs. 1
been informally termed the “green clay” in updip areas of the

and 2). The Steed Pond includes strata from the water table
down to the clays and muddy sands of the Ellenton Forma-
ton and upper Peedee Formation (Fig. 2). The Steed Pond
varies from less than 30 to more than 150 feet thick in the

SRS region (Fig. 8).

SRS. The Gordon confining unit is not defined in the north-
western part of the SRS (Figs. 7 and 8); instead, discontin
ous lenses of Warley Hill Formation from the “green clay”
confining zone within the Steed Pond aquifer.

Upper Three Runs Aquifer Unit
The Upper Thr.ee Runs_ aquifer.consists of all strata CONCLUSION

above the Warley Hill Formation, and includes the sandy and . . o . .
sometimes calcareous sediments of the Santee Limestone 1Nhe hydrostratigraphic classification described herein
and all of the overlying Barnwell Group from the water taplitilizes a four-level h|erarchy to_dellneate the hydrost.ratlgra—
down to the top of the Gordon confining unit (Fig. 2). ThePhy of the SRS region. The Piedmont hydrogeologic prov-
Upper Three Runs aquifer is the updip terrigenous equivalelfice iS overlain by Cretaceous and Tertiary strata of
of the upper Floridan aquifer (Fig. 1). The Upper Three RunSoutheastern Coastal Plain hydrogeologic province. Down-

aquifer varies from less than 50 to more than 200 feet thicfiP; the Coastal Plain sequence is divided into three aquifer

in the SRS region (Fig. 8). systems and three confining systems. Updip thinning of the
sedimentary sequence results in the coalescence of the three-
Floridan Midville Aquifer System aquifer systems into one at the Fall Line.

) , The classification system allows subdivision of the
In the northwestern part of the SRS region, the Floridayqqstratigraphic units into as much detail as the local geol-
and. Dublml M.|dV|IIe ngfer system_ coalesce to form theOgy demands while keeping within a regional framework.
Floridan Midville aquifer system (Figs. 1, 2, and 3). The tis feature makes the system especially attractive for use in
Floridan Midville is divided into three aquifers separated byg;;q specific hydrostratigraphic studies where a complete

two confining units (Fig. 2). description of the hydrologic regime is required.
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PETROLOGY AND POROSITY PERMEABILITY CHARACTERISTICS OF TERTIARY AQUIFER SANDS,
SAVANNAH RIVER SITE REGION, SOUTH CAROLINA

Paul A. Thaye 1, Andrew D. Smit£, and Rolf K. Aadland®
1Department of Earth Sciences, UNCW, 601 South College Road, Wilmington, NC 28403-3297
2science Applications International Corporation, 360 Bay Street, Augusta, GA 30901
SEnvironmental Sciences Section, SRTC, Westinghouse Savannah River Co., P.O. Box 616, Aiken, SC 29802

INTRODUCTION the sampled population is coarse and medium grained. The

The purpose of this paper is to describe the textural, pe[pealn sortin% of 413 G;)rlcii(on sc?r:,(?ls iz l—l:gi_gqp whlic.h Is .
rographic, and porosity permeability characteristics of Terggr%gs i(r)(;tn? O(:kr;,(thII ;)ort:dn) © f;@ ((extrezmsa:;asc,)os;ﬁ/rtmg
tiary sands that comprise the terrigenous portions of th ' ' S

y P g P sorted). About 70% of the sampled population is moderately

Floridan and Floridan Midville aquifer systems in the Savan- :
nah River Site (SRS) region (Fig. 1). The Gordon and Uppe?nd poorly sorted. Robertson (1990) showed that sorting of

Three Runs aquifer units represent the updip clastic phase (o“jtord.onTsk?ans ishcontroltled (r:]hiefly by thi pergerr:tage of th:]d
the Floridan aquifer system and are separated by the GordBiftrx: Mat IS, tke grea erft flgrgougt ° mudt_ eopﬂ?ggr:r €
confining unit (Aadland and others, 1992; this volume). InSOrting. Mean skewness o orcon sand IS L.

the northwestern part of the SRS region, where the Gordéﬂne—skewed). Skewness ranges from —0.53 (strongly coarse-

confining unit becomes too thin to be an effective barrier toskewed) to 0.84 (strongly fine-skewed), and is controlled by

flow, the Gordon and Upper Three Runs aquifer units coalh€ amount of mud and gravel in the sands. Sands with high

lesce to form the Steed Pond aquifer of the Floridan MidVi”‘%Eggec\?vri]ttr?rr:tizr?rpeelrjcseur?tlgéggzﬁgr]g\iglrgience::akrigi& dwsrlrec:ﬁgli/
aquifer system (Aadland and others, 1992) (Fig. 1). . .
q y ( ) (Fig- 1) coarse-skewed. Mean kurtosis of 410 Gordon sands is 1.52 +

Northwest Soutneast 0.04, which is very leptokurtic according to Folk and Ward’s
(1957) verbal scale. Kurtosis varies from 0.69 (platykurtic)

Porosity and permeability of 382 Gordon sands were
determined from sieve analyses using the Beard and Weyl
(1973) empirical method, based on Trask (1930) median size
and sorting. Mean porosity of Gordon sands is 35215%6
and ranges from 27.3 to 40.2%. The distribution of porosity
is skewed toward lower values, although it appears to follow
a near normal distribution (Fig. 4). Calculated permeabilities
range from 2 to 220 Darcies (D) (5 to 537 ft/day); 75% of the
permeability values fall between 16 and 128 D (39 to 312 ft/
day) (Fig. 5). The geometric mean permeability of the 382
sand samples is 39.6 D (97 ft/day). Calculated permeabilities

GORDON AQUIFER of Gordon aquifer sands are skewed toward high values and

The Gordon aquifer consists of the sandy portions of theppear to follow a log normal distribution (Fig. 5).

Paleocene Williamsburg Formation and sands of the overly- Robertson (1990) and Robertson and Thayer (1992)
ing lower and middle Eocene Fishburne and Congaree Fogonstructed facies maps showing the distribution of textural
mations. (Aadland and others, 1992). The Gordon is aparameters and permeability for the Gordon aquifer. The
unconsolidated quartz sand that contains thin, discontinuodgcies maps showed the following downdip (i.e., toward the
layers of mud and minor zones of opal and chalcedongoutheast) changes: mean grain size and coarsest percentile
cemented quartzarenite (Robertson, 1990). Figure 2 showkl®) decreased; sorting became poorer; kurtosis became
the percent gravel, sand, and mud for 443 Gordon sampléBore leptokurtic; and percent mud increased. Geometric
Figure 3 shows the percent sand, silt, and clay for 10 reprgean permeability also decreased in a downdip direction,
sentative Gordon sands. The average grain size of 410 G@&nd varied from 90 D (220 ft/day) in the north to 20 D (49 ft/
don sands is 1.666.04p (lower medium). Sands range from day) in the south. The decrease in permeability toward the
upper very coarse (-0.@4to very fine (3.99); about 80% of south results from a decrease in mean grain size coupled

U Thras Runs Aduit § to 5.61 (extremely leptokurtic); most sands are leptokurtic
ppar Thiee Turs Aauten 2 ¢ and very leptokurtic, indicating that the sorting in the central
Stasd Pond Zc two-thirds of the distribution is better than that in the “tails”.
Aquitar 8 E
=35
o
=

FLORIDAN-MIDVILLE
AQUIFER SYSTEM

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

Mud ‘Sand

Figure 2. Ternary diagrams showing the percent gravel, sand, and mud in the Gordon, Upper Three Runs, and Steed Pond aquifer
units.

* Upper Three Runs
"= Gordon
o Steed Pond

Cumulative Percent

O Goedon (n = 382)

B Upper Three Runs
{n= 88}

© Sleed Pond {n = 160)

26 28 30 32 34 36 B 40 42
Sitt Clay Calculated Percent Porosity

=igure 3. Ternary diagram showing the percent sand, silt, and Figure 4. Cumulative frequency curves showing the distribi
zlay in the Gordon, Upper Three Runs, and Steed Pond aquifer tion of mean porosity values for the Gordon, Upper Thre
anits. Runs, and Steed Pond aquifer units.

with an increase in percent mud matrix and a deterioration gfles is 8.89 x 102 D (2.17 x 10t ft/day). The average
sorting (i.e., sorting becomes poorer). porosity of seven mud samples from intra-aquifer confining
Bledsoe and others (1990) measured the porosity anyers is 45.0_+3.2%, and geometric mean permeability
permeability of 13 Gordon aquifer samples collected from(vertical) is 7.90 x 16D (2.93 x 10° ft/day). The geometric
SRS P-wells. Permeability was measured by the falling heacthean of five horizontal permeability measurements on the
method. Mean porosity of six muddy sand samples is_ 41.3 same mud samples is 9.93 XD (2.42 x 10° ft/day).
3.0%, and geometric mean permeability (vertical) is 3.08 x  Robertson and Thayer (1992) have shown that Gordon
107 D (7.51 x 10’ ft/day). The geometric mean of five hori- sands plot as quartzarenites on Folk’s (1980) sandstone com-
zontal permeability measurements on the muddy sand samesition diagram. Petrographic analyses of 42 thin sections
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shows that the unit consists of 98.4% framework quartz,
0.3% feldspar, 0.5% heavy minerals, 0.4% opaque minerals,
0.3% muscovite, and 0.1% glauconite. Staurolite, zircon,
garnet, tourmaline, and rutile are the major detrital heavy
minerals.

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

Strom and Kaback (1992) did semi quantitative X-ray
diffraction analyses on 18 Gordon sands from the SRS p-
wells. Their results show that the sands consist mostly of
quartz with 5 — 18% clay. Smectite and kaolinite are the 1 10 100 1000
dominant clay minerals with minor to trace quantities of Calkulated Permeability {Darcies)
:;IiI;erﬁe'?grth::grg?(l)cba:mze{Z;ljislgrfggg C;:gptflilt())rlgﬁ’szchglggjon Eigure 5. Cumulative fre_quency curves showing the distribu-

! i ¥ion of mean permeability values for the Gordon, Upper
(Strom and Kaback, 1992; Thayer, 1989, 1992). X-ray dif-,ree Runs, and Steed Pond aquifer units.

fraction analyses of four sandy mud samples from intra aqui- , o
fer confining layers show that they consist of quartz and 51 Siz€ of slightly more than 50% of the sampled population is

64% clay minerals. Kaolinite is the dominant clay mineral if®Wer coarse and upper medium sands. The average sorting
the muds with minor illite and smectite. of Upper Three Runs aquifer sands is 1.18LG¥p, which is

poorly sorted on the Folk and Ward (1957) verbal scale.
Sorting ranges from 0.4Q (well sorted) to 3.1 (very
UPPER THREE RUNS AQUIFER poorly sorted). Almost 70% of the sampled population is
The Upper Three Runs aquifer consists of all strata frormoderately and poorly sorted, and about 25% is well and
the water table to the top of the Gordon confining unit (Figmoderately well sorted. Sorting is controlled primarily by the
1), and includes the sandy and sometimes calcareous sedimount of mud matrix in these sands. Typically, the greater
ments of the Santee Limestone, and all of the Barnwelhe percentage of mud matrix the poorer the sorting. Upper
Group (Aadland and others, 1992). The Upper Three RunBhree Runs aquifer sands are fine-skewed (x = 0.0.33),
aquifer consists mainly of unconsolidated quartz sand interskewness ranges from —0.49 (strongly coarse-skewed) to
calated with thin, discontinuous layers of sandy mud an@.73 (strongly fine-skewed), and is controlled by the amount
carbonate. Figure 2 shows the percent gravel, sand, and metimud and gravel in the sands. Sands with high mud con-
for 102 samples from the Upper Three Runs aquifer, andents are usually fine and very fine skewed, whereas those
Figure 3 gives the percent sand, silt, and clay for 9 represemith high percentages of gravel are coarse and strongly
tative sand samples. coarse-skewed. Mean Kurtosis of 90 Upper Three Runs
The Upper Three Runs is a subangular, lower coarse aaduifer sands is 1.576.08, which is very leptokurtic on the
medium grained, slightly gravelly, immature quartz sandFolk and Ward (1957) scale. Kurtosis values range from 0.59
Gravel ranges from zero to 21.7% and averages D.A4%. (very platykurtic) to 4.26 (extremely leptokurtic); most of
The gravel is pebble and granule size grains of rounded ariie sampled sands are leptokurtic and very leptokurtic.
subrounded quartz and quartzite. Sand averages @19, Strom and Kaback (1992) determined the composition
and ranges from 58.0 to 99.5%. Mud (silt + clay) averagesf 28 sand and muddy sand samples from SRS P-wells pene-
6.6 +0.7%, and ranges from 0.4 to more than 25% (Fig. 2)rating the Upper Three Runs aquifer. The sands consists of
About 50% of the sampled sands contain less than 5% mugiiarts with 2 to 40% detrital clay. Smectite and kaolinite are
Hydrometer analyses of the mud fractions of 9 Upper Thretae dominant clay minerals with minor to trace quantities of
Runs sands indicate that clay-size particles are more abufite. Trace amounts of chlorite, calcite, plagioclase, and K-
dant than silt-size grains (Fig. 3). feldspar were also reported. X-ray diffraction analysis of
The average grain size of 90 Upper Three Runs sandsfigur mud samples from intra — aquifer confining layers
1.69 +0.06p (lower medium sand). Sands range from .57 shows that they consist of silt-size quartz and 52 — 64% clay,
(upper coarse grained) to 3@§very fine grained); mean mainly kaolinite with minor to trace amounts of illite and

ulative Percent

O Gordon {n = 352)

W Upper Three Runs
{n=88)

O Steed Pond (n = 160)
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smectite. Thin section study of six sand samples from theubmature quartz sand. Gravel averages_2.0.5% and
Upper Three Runs aquifer shows that they are quartzarenitemnges from zero to 41.3% (Fig. 2). Most consists of sub-
composed of monocrystalline quartz with accessory poly+rounded to rounded grains of granule and lower pebble size
crystalline quartz, muscovite, and heavy and opaque minegquartz and quartzite. Sand size grains average_98.6%,

als. Trace quantities of K-feldspar, detrital kaolinite, andand range from 56.4 to 99.6%. Mud (silt + clay) averages 3.4
metamorphic rock fragments are also present (Thayer, 1992).0.4%, and ranges from 0.3 to 22.4% (Fig. 2). Nearly 75%
The sands contain variable amounts of detrital matrix, rangf the sampled Steed Pond sands contain less than 3% mud.
ing from less than 5% to 27%. Downdip, in the C-10 well,Hydrometer analyses of the mud fractions of 15 Steed Pond
Upper Three Runs sands contain glauconite and 10 to 35%&ands containing less than 25% mud show that clay size par-
skeletal grains, including foraminifers, echinoderms, bryozoticles are usually twice as abundant as silt size grains (Fig.
ans, pelecypods, and broken skeletal debris. 3).

Porosity and permeability of 88 Upper Three Runs aqui-  The average grain size of 165 Steed Pond aquifer sands
fer sands containing less than 25% mud were determined 1.35 +0.06p (upper medium sand). The sands range fro
from sieve analyses using the Beard and Weyl (1973)0.58p (upper very coarse grained) to 3@%very fine
method. The porosity averages 35.3.8% and ranges from grained). About 75% of the sampled population falls
27.0 to 40.8%. The distribution of porosity values is approxibetween upper coarse and upper medium sand. The average
mately normal and closely follows that of the Gordon andorting of 165 sands from the Steed Pond aquifer is 1.16 +
Steed Pond aquifer units (Fig. 4). Calculated permeabilitie8.05p, which is poorly sorted on the Folk and Ward (1957)
of Upper Three Runs sands range from 3.5 to 150 D (8.5 teerbal scale. Sorting ranges from 0@Xwell sorted) to
366 ft/day) and follow a long normal distribution, being4.93p (extremely poorly sorted). Slightly more than 70% of
slightly skewed toward lower values (Fig. 5). Almost 60% ofthe sampled population is moderately and poorly sorted.
the permeability values lie between 16 and 64 D (39 and 15Benerally, the sorting of Steed Pond aquifer sands is con-
ft/day). The geometric mean permeability of the 88 sandtrolled by the amount of mud matrix. Usually, the greater the
samples is 31.2 D (76 ft/day). percentage of mud matrix the poorer the sorting of the sands.

Porosity and permeability measurements have beeklean skewness of Steed Pond sands is 0.060% (fine
done on ten samples from the Upper Three Runs aquifskewed). Skewness ranges from —0.32 (strongly coarse
(Bledsoe and others, 1990). The mean porosity of six sangkewed) to 0.63 (strongly fine skewed), and is controlled by
mud and muddy sand samples is 5B0%0, and geometric the amount of mud and gravel in the sands. Sands with high
mean permeability (vertical) is 3.77 x¥® (2.19 x 10° ft/ mud contents are usually fine and very fine skewed, whereas
day). The geometric mean of five horizontal permeabilitthose with high percentages of gravel are coarse and strongly
measurements done on these samples is 2.72?>D](C1.79 x  coarse skewed. Mean kurtosis of 165 Steed Pond aquifer
103 ft/day). The average porosity of four mud samples fronsands is 1.38 ©.04, which is leptokurtic on the Folk and
intra-aquifer confining layers in the Upper Three RunsisWard (1957) verbal scale. Kurtosis ranges from 0.72
45.0 +8.7%, and geometric mean permeability (vertical) is(platykurtic) to 3.29 (extremely leptokurtic); most sands are
4.63 x 10% D (1.13 x 107 ft/day). The geometric mean of leptokurtic and very leptokurtic.
three horizontal permeability measurements on the same Strom and Kaback (1992) determined the composition

mud samples is 1.72 x 0D (4.19 x 107 ft/day). of eight sand samples from the Steed Pond aquifer using X-
ray diffraction. Their results show that the sands consist
STEED POND AQUIFER mainly of quartz with less than 5% clay matrix. Smectite and

kaolinite are the dominant clays with minor to trace amounts

In updip areas of the SRS regional, where the Gordog jjjite. Petrographic analysis of five Steed Pond sands fro
confining unit pinches out, the Gordon and Upper Thregye|| c-2 indicate that they are quartzarenites composed of

Runs aquifers coalesce to form the Steed Pond aquifer (Figionocrystalline quartz with accessory polycrystalline quartz
1). The Steed Pond includes sands from the water table to theq minor sedimentary rock fragments, heavy and opaque

top of the Corouch Branch confining unit, including strata ofinerals, muscovite, and detrital grains of kaolinite. Clay
the Black Mingo, Orangeburg, and Barmnwell Groups (Aadmgatrix ranges from 1.8 to 2.6% and consists of silt sized
land and others, 1992). angular quartz, ground up micas, and allogenic clay.

The steed Pond aquifer consists of unconsolidated Porosity and permeability of 160 Steed Pond aquifer
quartz sand that contains thin, discontinuous layers of sandynqgs containing less than 25% mud were determined fro
silt, sandy mud, and sandy clay. Figure 2 shows the percegibye analyses using the Beard and Weyl (1973) method. The
gravel, sand, and mud for 173 Steed Pond aquifer Samp"?ﬁ)rosity of Steed Pond sands averages 343.7% and
and Figure 3 shows the percent sand, silt, and clay for a symges from 26.3 to 41.0% (Fig. 4). The distribution of cal-
set of 15 representative samples. The Steed Pond is mainly@ated porosity values appears to follow a normal distribu-
subangular, coarse and medium grained, slightly gravellfion and is skewed slightly toward lower values (Fig. 4).
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Calculated permeabilities of Steed Pond aquifer sands randéayer, P.A., 1989. Petrography of selected samples from South
from 2.1 to 330 D (5 to 805 ft/day); more than half of the Carolina Water Resources Commission wells C-2 and C-6,
permeability values fall between 32 and 128 D (Fig. 5). The Aiken and Barnwell Counties, S.C.: Columbia, S.C., South
geometric mean permeability of 160 sand samples is 47.9 D Carolina Water Resources Commission, open file report, 96 p.
(117 ft/day). Thayer, P.A., 1992. Petrography of selected samples from South

Bledsoe and others (1990) measured the porosity and Carolina Water Resources Cgmmission Wells _C-5 and C-10,
- ) . Allendale and Barnwell Counties, S.C.: Columbia, S.C., South

permeablllty. of five samples from the Steed_ Pond aquifer. Carolina Water Resources Commission, in preparation.

Mean porosity of three muddy sand samples is 4552;%* Trask, P.D., 1930. Mechanical analysis of sediments by centrifuge:

and geometric mean permeability (vertical) is 5.74 x'1D Economic Geology, V. 25, p. 581 — 599.

(1.4 x 10°® ft/day). The geometric mean of two horizontal

permeability measurements on these muddy sand samples is

1.14 x 102 D (2.78 x 10° ft/day). The average porosity of

two mud samples from confining layers in the Steed Pond

aquifer is 53.5_+3.5% and geometric mean permeability

(vertical) is 5.44 x 19 D (1.33 x 1 ft/day). The geometric

mean horizontal permeability of the mud samples is 2.23 x

10“ D (5.68 x 10* ft/day).
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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

INTRODUCTION strongly resembles the coarser facies of the younger Tobacco

Hetrick (1990) and Huddlestun and Hetirck (1991)Road Sand in Georgia. In west central, Georgia, the areal

named the Perry Sand for a distinctive formation west of thﬁxtent of the Mossy Creek is much broader than that of the

Ocmulgee River in Georgia. The Perry sand consists of str tprr_i/_r?nﬂﬂgeomgtnca:(lléls 3 bIandket ldeposlilt. d

ified, relatively pure, well to very well sorted, fine to very he O € IossyR_ree . anhgra es atehracyi/ Eas;war aclzrc_)ss
fine grained quartz sand. All along its outcrop belt in GeoriN€ Ocmulgee River into the Tertiary hard kaolin or Cf”“'
gia, from Randolph County in the west to Houston County irporne kaolin (Jeffersonville member of the Huber Formation
the east, the Perry Sand occurs as a band not much grea%rHUddleStun gnd Heka (1991) [informal .name]_). I.have
than 10 miles (16 km) across (Fig. 1). Huddlestun andS€en upper Claibornian Mossy Creek sand lithofacies in only

Hetrick (1991) correlated the Perry Sand with the Lisborf few mines between the Ocmulgge and Oc_onee Rivers in
Georgia. However, the coarse grained and intensely cross

Formation on physical grounds. Except for local concentras . . . . :
tions of burrows, the Perry Sand is not known to be fossili?:bedded channel I|thofa}C|_es fgmes of the upper Claibornian
ay not be easy to distinguish from the Lower Paleocene

erous. The Lisbon Formation occurs in the stratigraphi . .

position of the Perry Sand in the shallow subsurface a fe arion Member of the Huber Formation of Huddlestun and
miles to the south of outcropping Perry Sand. Conversely, 'é{eka (1991) or from the basal Upper Eocepe channel
few miles north of cores that contain Lisbon Formation an ands (LaMoreaux, 1946; Hugldlestun and Hetrick, 1991)'
overlying and underlying units, only Perry Sand occurs in he u.pperpart O.f the type section of Fhe H.uber Format[on as
the stratigraphic position of the Lisbon. described by Buie (1978) may be Claibornian and consists in

The Perry Sand is considered to be a coastal marir?é’?‘rt of cross-bedded, poorly sorted, coarse-grained sands

lithofacies of the inner to middle neritic Lisbon Formation.'S€€ Huddlestun and Hetrick, 1991, p. 117 - 118). Unfortu-

In west central Georgia, the facies change is abrupt and the'?gtely the typg section of the Hu_ber Formation has .been.
cavated and is not longer accessible. | also have not identi-

appears to no transgressive or regressive facies relationshﬁ?g . ) . :
bgfween the Perry agnd the Lisbong ed any sand lithofacies of the exposed Claibornian east of

The Perry Sand can be traced in outcrop as far east@se Oconee River in Washington County, Georgia. In that

the vicinity of the Ocmulgee River in Georgia (between th@'ed, it appears that the Barnwell Group overlies the Marion
south side of Wamer Robins and the brewery north ofmember of the Huber Formation, Claiborne hard kaolin, or

Clinchfield). We could not trace it farther east because, if thélppler Eocene ghar;]nelssands. h Ri . o th
Perry lithofacies is a mappable unit east of the Ocmulgee n outcrop in the Savannah River area in Georgia, the

River, it occurs only in the shallow subsurface where we cur.c-’nly pl_eposits of probable late Cla_ibornian age that .I have
rently have no core control (Fig. 1). identified (also pers. Com., J. Hetrick, 1992) fall within the

In west central Georgia, the Perry Sand grades laterall nge of the lithologies of the Jeffersonville member of the

updip (landward) into the Mossy Creek Sand of Huddlestu uber Formation. Neither the Perry nor Mossy Creek Sands

and Hetrick (1991). The Mossy Creek Sand is lithologicall ave been identified in outcrop in the Savannah River area of
more variable than the Perry Sand. In its finer grained ”tho(_.“ueorgla. .
In western South Carolina, on the other hand, there are

facies, the Mossy Creek Sand resembles the Perry Sand but

is coarser grained (generally medium grained sand), is le WO €Xposures qf Pefr.y like sand that | am f.am|I|ar with: one
well sorted, and the bedding is larger in scale and mor eing deposits identified as Huber Formation at Stop 7 of

crude. In its coarsest lithofacies, the Mossy Creek occurs %ystrom andk otpers (1382% I-Irhke ullpper. gand overlymgkthe
coarse grained, poorly sorted, tidal channel deposits wit retaceous kaolin at the Bell kaolin pit in western Alken

; A ty is, to me, indistinguishable from the finer grained
large scale cross bedding and common clay (kaolin) rip u ounty.
clasts. TypicaDphiomorpha nodosand bioturbation occur ithofacies of the Mossy Creek Sand. These three sand expo-

locally in this facies. The Mossy Creek Sand is also a coastg}'es contain the appropriate lithologies and occur in the

marine formation, deposited landward of the Perry Sand an ame stratigraphic positions of the Perry Sand and _Mossy
in places, the coarser facies of the Mossy Creek San reek Sand of southwestern and central west Georgia. The

question is whether these sand bodies are continuous fro
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Figure 1. Location of Perry Sand and Perry-like sand.

central Georgia into South Carolina or whether they constson 2, Wrens, (GGS-3761), Burke 5, Ga. Power 1, (GGS-
tute lenses or beds within a larger unrecognized, upper Cla3674), Burke 6, McBean, (GGS-3757), Burke 7, Millers

bornian formation (much as Twiggs-type clay occurs asPond, (GGS-3758).

lenses or beds within the Dry Branch Formation of eastern Perry Sand, or a variant thereof, was identified in four of

Georgia and western South Carolina). the cores: the Richmond 5 (GGS-3762) (Blythe), the Jeffer-

son 2 (GGS-3761) (Wrens), the Burke 5 (GGS-3674) (Geor-

The Occurrence of Perry Like Sand in Eastern gia Power 1), and the Richmond 4 were taken too far up dip
Georgia and only Jeffersonville like lithologies directly underlie the

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 &

keI%arnwell Group in that area. These three cores constrain the
hW width of the possible belt of coastal marine, Perry like sand
no more than approximately 6 miles. The Perry like lithol-

include the following: Richmond 2, (C-2) (GGS-3181), ogy is inexplicably absent in the Burke 7 (GGS-3758) (Mill-
Richmond 3, (C-5) (Bath) (GGS-31§4) Richmond 4. Pine s Pond), perhaps because this core site is located near the
Hill (GGS-3%60), Richmond 5, Blythe, (GGS-3762), J'effer_downdip limits of the sand and the transgressing coastal
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marine deposits of the Upper Claibornian only filled topo-the tops of the sections and are more deeply buried and,
graphic lows. therefore are less susceptible to weathering and oxidation.

With the available information, a few conclusions can be  Very little typical Mossy Creek lithology is seen in the
tentatively reached. 1) The predominant sand lithofacie®ur cores in Georgia. Most of the coarser sands (generally
present in the four cores in the upper Claibornian stratimedium-grained) in this stratigraphic position are lithologi-
graphic position is that of the Perry Sand. 2) Typical Perrgally intermediate with the very fine grained Perry-like sand.
like sand is generally present but there are minor lithologid@hat Mossy Creek sand lithology does occur sporadically in
distinctions. 3) The sand lithofacies identified appears tevestern South Carolina in the Mossy Creek-Perry strati-
occur in a band that roughly trends eastward from the vicirgraphic position is evidenced by typical Mossy Creek type
ity of Wrens in Jefferson County through northernmostsand overlying the Cretaceous kaolin (Buffalo Creek Mem-
Burke County and to southern Richmond County (Fig. 1).ber of the Gaillard Formation? Of Huddlestun and Hetrick
Wrens, Georgia, appears to occur in the downdip (offshor¢1991] also seen Pickering and Hurst 1989]) at the Bell
part of the band; Blythe, Georgia, within the bad; and thkaolin pit in western Aiken County. Sands of Mossy Creek
McBean Creek area of Richmond and Burke Counties neappearance occur at other sites in western South Carolina.
the downdip (offshore) part of the band. The core near HefNystrom and others (1986, p. 27-31) referred to these sands
hzibah (Richmond 4 [GGS-3760]) occurs north of the belt ofin western South Carolina as “surficial sand deposits” or to
Perry like sand. 4) If the continuity of the coastal marinethe Pinehurst Formation, a sand of eolian origin and consid-
sand lithofacies of the Upper Calibornian is real, then therered variously to be of pre-Pleistocene to Holocene in age
appears to be little or no Mossy Creek type sands in easteffor discussion, see Nystrom and others, 1986). However, the
Georgia between a downdip Perry-like sand and the exposéutricate layering, cross-bedding and burrows in these sands
Huber Formation (Jeffersonville member) (pers. Com., J.Hn western South Carolina more closely resemble an aque-
Hetrick, 1992). 5) There appears to have been a broaslus, coastal marine sand deposit than an eolian sand deposit.
“embayment” during the late Claibornian in northern Jeffer-The occurrence of Mossy Creek like sands at varying eleva-
son and western Richmond Counties, Georgia or, converseliipns in South Carolina is similar to that of the Mossy Creek
a lobe of siliciclastics to the west in the Oconee River are8and near the Fall line in the vicinity of the Flint River in
(Fig. 1). If the projection of the trend of the Perry Sand —Georgia. In Georgia, there are significant cut-outs and topog-
Perry-like sand were linear across Georgia to the Savannatphy on the tops of all formations near the Fall line. Entire
River area, then Louisville in Jefferson County should occuformations may be missing locally. However, in western
along that trend (Fig. 1). This interpretation of an “embay-South Carolina the origin of Mossy Creek like sands is still
ment” is consistent with the well logs of Herrick (1961, p.controversial and there is as yet on consensus as to their age
236 — 241) where the Lisbon Formation occurs in the uppeor origin.
part of the Claibornian section (Perry stratigraphic position)
in the vicinity of.LouisviIIe. . CONCLUSIONS

The Perry-like sand of eastern Georgia is the same as
that of the type area in Georgia in that much of it consists of ~ Perry Sand crops out in a narrow band across southwest-
thinly stratified, very well sorted, fine to very fine grained®M Georgia eastward to the vicinity of the Ocmulgee River.
sand. Particular differences between the Perry Sand of tH&'€ Perry Sand does not crop out between the Ocmulgee and
type area and the lithologically similar sands of easterpavannah Rivers but there are four cores from Jefferson,
Georgia are: 1) There are more structureless and massig@rthern Burke, and Richmond Counties, Georgia, where
bedded intervals in the Perry-like sand. 2) The perry_“kgerry—like sand occurs in the Perry stratigraphic position in
sand of eastern Georgia tends to be slightly micaceodge shallow subsurface. This Perry-like sand occurs immedi-
whereas either little mica or no mica is present in the per@tely north of the Lisbon Formation and in the Lisbon strati-
Sand in southwestern and central west Georgia. 3) There &fEaphic position. Therefore, the Perry-like sand appears to be
more clay laminae that define bedding planes in the perryc_ontinuous in the shallow subsurface in Jefferson, Burke,
like sand. 4) There is fine carbonaceous or lignitic debri@nd Richmond Counties. The occurrence of Perry-like sand
along bedding planes in some intervals in the Perry-like sarlfl the Perry-Lisbon stratigraphic position in Aiken County,
that is not know to occur in the Perry Sand of southwesterpouth Carolina, also indicates that the Perry-like sand may
Georgia. 5) Gypsum-bloom occurs in some stratigraphige continuous from eastern Georgia into South Carolina.
intervals on the surfaces of cores in the Perry-like sandVhether the Perry Sand occurs in the shallow subsurface
whereas no gypsum of any sort has been observed on the §ftween the Ocmulgee River and Wrens is unknown due to
faces of cores in the Perry Sand. In regard to the last two dfP€ lack of data.
ferences, in southwestern Georgia the Perry Sand generally
occurs at the tops of the sections and is weathered to varying
degrees. In eastern Georgia, the similar sands do not occur at
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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
Clemson, South Carolina

Van Price
Westinghouse Savannah River Company
Aiken, South Carolina

Silver Bluff, located in the Coastal Plain on the SavanCretaceous age in the Carolinas, but the nearest occurrence
nah River in Aiken County, South Carolina (Jackson, SC-GAf Cretaceous marine megafossils known to the authors in
7 ¥%' quadrangle, longitude 8%1;08” W, latitude 3318  33.5 mi to the southeast near Allendale, South Carolina,
40"N) is the highest point on the South Carolina bank of thevhere they were found in a well core. Bartram published his
Savannah for many miles, rising approximately 30 ft abovéook many years after his expeditions through the area, and
water level on the cut bank of a meander. Exposed in thiee apparently confused his notes from the Silver Bluff sec-
bluff is a section of yellowish-gray clay and bluish-gray, lig-tion with his description of outcrops on the Cape Fear River
nitic lay overlain by mottled, yellow and reddish, poorly in North Carolina, approximately 225 mi to the northeast,
sorted, pebbly sand and clay. We sent samples of lignitic clayhere Cretaceous sediments of the Black Creek and Peedee
from near the base of the section to two commercial palyndermations are exposed. Many of the same words and
logical laboratories. By one the material was dated as Cretgphrases in Bartram’'s description of Silver Bluff reappear
ceous (?) from one poorly preserved specimen, and by thalentically in his accurate account of the North Carolina Cre-
other it was dated as Pleistocene(?) from numerous speg¢aceous outcrops.
mens. The sediments are probably terrace deposits (Newell In 1831 Silver Bluff became the site of the plantation of
and others, Fig. 9). James Hammond, a leading southern intellectual, governor

According to some (Stokes, 1951, p. 20; Faust, 1982, mf South Carolina from 1842 to 1844, and U.S. senator fro
69), DeSoto’s expedition found a thriving Indian settlementl857 to 1860 (Faust, 1982). Hammond, interested in increas-
at Silver Bluff in 1540. The name of the locality derives froming the productivity of his land, decided to experiment with
two possible sources. One idea is that it came from a metalfitarl. This had been recommended by Edmund Ruffin, a
sheen on the outcrop caused by muscovite (Faust, 1982ptantation owner and member of the Virginia aristocracy
69). There is also a story that Spaniards operated a silv@uffin, 1843, p. xvii) who promoted application of lime-
mine there [Bartram, 1791 (Harper, ed., 1958, p. 315)]. Thegtone to the exhausted soils of the southeast. Hammond,
may have actually been mining, for the manufacture of gunising slave labor, barged limestone from Shell Bluff, on the
powder, concretions of iron sulfide which occur in the lig- Georgia side of the Savannah, upstream to Silver Bluff,
nitic clay. According to the story, having mined down toapproximately 11 mi by the present course of the river, to
water level, they decided to dig a channel through the neck apply to his fields where shell fragments can still be seen.
the meander loop and divert the Savannah. On the Jacks®he famous outcrop at Shell Bluff has been visited by many
guadrangle map based on aerial photographs taken in 1963)elogists, including Charles Lyell (Lyell, 1845, p. 158).
meander cutoff nhamed Spanish Cut appears to have been As governor, Hammond was instrumental in getting
widened and straightened over a distance of almost 400 fRuffin to come to South Carolina to find limestone and
approximately 1000 ft short of the goal. encourage its use, and the two agricultural experimenters

William Bartram passed through Silver Bluff, “a very became close friends, Ruffin being a frequent visitor to Sil-
celebrated place” [Bartram, 1791 (Harper, ed., 1958, pver Bluff (Faust, 1982, p. 114 — 116). Ruffin was such an
199)], several times in the latter part of the eighteenth cemnthusiast that a newspaper stated “During his late explora-
tury, the locality being on a well-traveled trading path fromtion of soil through South Carolina, it was remarked of him,
the coast to the Indian settlements to the west. In his famotisat he was so full of calcareous manures, that if you poured
book (1791), he described in detail a Silver Bluff strati-any sort of acid, acetic, or nitric, on his head he would effer-
graphic section containing belemnites. Belemnites indicate gesce, and indicate the presence of lime” (Mitchell, 1981, p.
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48). As a result of his exploration for limestone, Ruffin pub-  York, 401 p.
lished one of the early reports on geology of South Carolina
(Ruffin, 1843) and was referred to by Hammond as South
Carolina’s greatest benefactor (Mitchell, 1981, p. 48).

The Virginian was an ardent secessionist. He is reported
to have fired one of the first shots a Fort Sumter, perhaps the
one that narrowly missed Abner Doubleday, who is said by
some to have fired the first return shot (Halsey, 1963, p. 29).
Ruffin then traveled north to take part in the first battle of
Bull Run as an infantryman. At the time, he was 67 years
old. A few months after Lee’s surrender, Ruffin, deciding
that he was unable to live under the rule of the “perfidious,
malignant, & vile Yankee race”, shot himself (Mitchell,
1981, p. 256).

Upon the election of Lincoln, Hammond resigned from
the U.S. Senate. His term as governor had also ended on an
unpleasant not when it became known that he had been
indulging in improper behavior with four teenage sisters of
Wade Hampton Il (Faust, 1982, p. 241 — 245), Civil War
general, governor of South Carolina from 1877 to 1879, and
U.S. senator, 1879 to 1891.

Silver Bluff is now deserted.
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