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FOREWORD

FROM THE FLATS

by Sidney Lanier

What heartache—ne’er a hill!
Inexorable, vapid, vague, and chill
The drear sand-levels drain my spirit low.
With one poor word they tell me all they know;
Whereat their stupid tongsieto tease my pain,
Do drawl it o’er again and o’er again.
They hurt my heart with griefs | cannot name:
Always the same, the same.

Nature hath no surprise,
No ambuscade of beauty ‘gainst mine eyes
From brake or lurking dell or deep defile;

No humors, frolic forms—this mile, that mile;
No rich reserves or happy-valley hopes
Beyond the bends of roads, the distant slopes.
Her fancy fails, her wild is all run tame:
Ever the same, the same.

Oh, might | through these tears
But glimpse some hill my Georgia high uprears,
Where white the quartand pink the pebble shine,
The hickory heavenward strives, the muscadine
Swings o’er the slope, the oak’s far-falling shade
Darkens the dogwood in the bottom glade,
And down the hollow from a ferny nook
Bright leaps a living brook!

DEDICATION

This volume is dedicated to the memory of Earle Sloan (1858-1926), State Geologist of South Carolina from
1901 to 1911. His 1904 work “A preliminary report oe ttlays of South Carolina” demonstrated an understanding
of the physical stratigraphy in the western Aiken County kaolin belt that was far ahead of his time.

REFERENCES

Sloan, E., 1904, A preliminary report on the clays of South Carolina: S. C. Geol. Surv., Series|V, Bull. No. 1, 171 p.
Vaughan, W. T., 1929, Memoria of Earle Sloan: Geol. Soc. AmericaBull., v. 40, p. 56-61.
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SouUuTH CAROLINA KAOLIN

Bennett F. Buie
Florida State University, Tallahassee, Florida
Edward L. Schrader

J.M. Huber Corporatin, Macon, Georgia

The major purpose of this short paper is three-fold: 1) Cretaceous
To present some views conoirg the stratigraphic, struc- . .
tural, and mineralogical setting for the kaolin deposits of The Cretaceous strata, ofegt importance in the pro

South Carolina: 2) To makeedr the differeces and distinc- duction of kaolin in central Georgia, are of much less signifi-

tions between the several types of kaolin; and 3) To correlatce";?nce in South Carolina. In the Langley area only a few

the various applications and uses of the several types rglnes, namely the McNamee mia€Dixie Clay Co. and the
S PP . ; al typs ? eal and Paragon mines of J.M. Huber Corporation, produce
kaolin with physical properties such as patrticle size, bright:

ness, and viscosity. This does not purport to be acomprehefrr1(-)m the Cretaceous. In the &z part of Aiken County,

. . . . . 8nd in Lexington and Richland Counties, several mines have
sive treatment of the subject in any of its many and varie . )
aspects produced kaolin from these dimaHowever, in recent years

the clay produced from thesechiities has been used mainly
if not entirely for manufacture of light colored brick. Except

GEOLOGICAL FEATURES for the Langley-Bath area, Huber’s Edisto mine, about 4
] miles northeast of Aiken, is the only mine in South Carolina
Stratigraphy now producing Cretaceous kaolin for other than the manu-

Systematic stratigraphy for the area under consideratioffcture of structural clay products.
is to be covered elsewhere in this guidebook. Nevertheless, BY far the greater part of the kaolin now produced in
to provide proper perspective for the present discussion B0uth Carolina is from Tertiary strata.
few points need to be mentioned, as follow:

Table 1. Outcropping formationsin thefield trip area near Aiken, S.C.

Tobacco Road Sand
Dry Branch Formation

UPPER EQCENE
Barnwell
Group

UNCONFORMITY

Huber Formation

Medium to coarse-grained 1ight-brown to gray to white sand
and clayey sand; some cross-bedding and channeling. Streaks of
dark minerals. Locally abundant balls of white clay in sand.

Beds of nearly pure grayish to cream-colored to white kaolin,
some with greenish tint. Lignitic clay in Town Creek Valley.

CENOZOIC
LOWER AND

CRETACEOUS MIDDLE EOCENE
CLAIBORNIAN AND JACKSONIAN

OLDER TERTIARY

UNCONFORMITY
Upper Cretaceous Un-named Formation

Bed of very pure kaolin, grading into or interbedded
with micaceous sandy clay; locally very micaceous.

UNCONFORMITY
Crystalline rocks of the Piedmont region.

MESOZOIC
UPPER
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Cretaceous-Tertiary Boundary is Tertiary. (Palynological determinations by W.W. Fairchild,
Little if any disagreement exists geologists as to whal982.)

constitutes the boundary between the Cretacious and Tertiary One obvious conclusion is that the term “Tuscaloosa

in eastern Georgia and the westernmost part of South Carbermation” should not be applied to the complete sequence

lina, although scarcity of good exposures and ubiquity obf kaolin-bearing strata in eastern Georgia or South Carolina.

sand makes the contact diffictdt recognize in many places. This is especially true, now that it is doubtful that deposits of

For many years it was customary to regard as Cretaceous &¢nomanian age, which the Tuscaloosa Formation in its type

of the outcropping sedimentary strata of the Coastal Plailocality is believed to be, crop out in eastern Georgia and

that occur below the top of the uppermost white kaolin bedssouth Carolina (Gohn et al., 1979; Hurst, ed., 1979). It is

This apparently was the view held by Cooke (1936; 1943)robable that these upper Cretaceous strata, in part, correlate

and it was generally acceptéthe map by Siple (1967, plate with the clay beds at the git-fossil locality near Midden-

1) recognizes the presencetbé McBean Formation (Clai- dorf, a former station on the Seaboard Air Line Railway

borne) in the vicinity of Aiken, but includes all of the kaolin (now Seaboard Coast Line) in Chesterfield County, South

producing area in the “Tuscaloosa Formation”. Carolina (Berry, 1914). However, use of “Middendorf” as a
After Tertiary fossils were found in a stratum beneathformation name would require a fuller description of the sec-

commercial kaolin in Twiggs County, Ga., in 1964, ittion exposed at the Middendorf locality, and a better basis for

became obvious that the conceptll the kaolin being Cre- correlation than now exists.

taceous was incorrect. Subsequent work has shown that two

distinct unconformities, rather than one, exist between the Structure

base of the Jackson strata and the top of the Cretaceous. The southeastward slope tife buried surface of the

(Buie and Fountain, 1968; Tschudy and Patterson, 197%;ystalline rocks is locally variable. Results of several holes
Buie, 1978, 1980). _ drilled to the crystallines near the boundary of Aiken and
~ Other stratigraphic breakgaur in the pre-Jackson por- | exington Counties, combinedith surface elevations of
tion of the stratigraphic section in central and eastern Geogyposed crystallines, indicatestope of 25 to 30 feet per

gia, and in South Carolina. However, it is reasonable tenile. This is somewhat lessan observed in the Wrens area
believe that the more conspicuous break, and the one thgteastern Georgia.

appears to represent the greater angularity between the sub- Siple (1967) in discussion of the geology in the vicinity

jacent and superjacent strata, marks the top of the Cretgt the Savannah River Plant, south of Aiken, states:
ceous. In the Langley area this is believed to be at the top of The ypper surface of the basement (pre-Cretaceous)

the main commercial clayody in the Ideal Mine. rock has been eroded, titeo the southeast, and
Tuscaloosa Formation buried... The general plane of the surface strikes
It is extremely doubtful tht the Tuscaloosa Formation, north 62° east and dips to the southeast at approxi-

as occurs in its type locality, is present in South Carolina. Mately 36 feet per miles, ...... The relief of the
How much, and what part ofétCretaceous is represented in ~ Pasement surface is perhaps as much as 150 feet...
eastern Georgia and South Carolina is still open to question. 1S relief is taken as evidence that peneplanation
Recently, seven samples frdhe kaolin-bearing sequence in ~ Was incomplete prior to the deposition of the over-

eastern Georgia that was formerly referred to by Cooke as Ying sediments. _ _ -
“Tuscaloosa Formation” of Late Cretaceous age were sub- Distinction between the dip of bedding planes within the

mitted for palynological study. Four of the samples werd-Tetaceous strata and the dipttué top of the Cretaceous as
determined to be Late Cretaceous (Maastrichtian), one Mid Unit, offers some difficulty. The slope of the top of the
dle Eocene (Claiborne) anone Middle to Late Eocene commgrmal kaolin in theicNamee mine during mining

(Claiborne-Jackson); one was indeterminate. Some of tHaPerations was measured ateth feet per thousand, or 15.8

samples were collected at therface: none were taken from €€t per mile. The top of the kaolin in the McNamee mine
more than 250 feet below tserface, although the sedimen- Probably was an unconformity, as subsequently observed in

tary—presumably Cretaceous—beds continue to muckne Ideal mine. Hence the top the Cretaceous here proba-

greater depth. These deterntioas were all consistent with Pl iS at an erosion surface developed sometime between lat-
present views concerning thege of the kaolin-bearing est Cretaceous andckson time. It is interesting to note that

strata, but do not preclude the presence of older Cretacecgi!e (1967) gives the dip of the Cretaceous—presumably
strata. Difficulty exists at numerous places in recognizing{eferrlng to the top of th€retaceous—as 15 feet per mile

precisely where the CretacesUartiary boundary occurs. 1rom the 500-foot contour on the surface down to the 250-
Even in the example of the el mine there is no present foot contour, and approximately 30 feet per mile between the
proof that the kaolin is @taceous; nor is there any proof 250 and the minus 200-foot contours. It seems reasonable to

that the kaolin in the Chicarmine—about 60 feet higher— interpret the lesser of these two values as representing the



SOUTH CAROLINA KAOLIN

inclination of the erosionagurface developed between the Gibbsite

initial tilting of the Cretaceoustrata and the deposition of Pisolitic gibbsite, AI(OH}, is present in some of the
the Huber Formation; and theegtter of the two as being the kaolin bodies where leaching &holinite has occurred to
inclination of beddingvithin the Cretaceous. such an extent that silica hlasen largely removed. This sit-

If the dip of the unconformity at the top of the Creta-uation is found most commonly where the kaolin body
ceous continues at three feet per thousand under the valleya@fcurs directly beneath an wmdormity, such as at the top
Hollow Creek it should pass only a few feet below an expoef the Cretaceous strata or the top of the Huber Formation. In
sure of dark colored lignitic clay in the road cut 100 yardsGeorgia, numerous small bodies of bauxite have been mined
south of B.M. 189 near the town of Hollow Creek. This isfrom such occurrences. In South Carolina no mineable bod-
consistent with the opinion that this lignitic clay is in theies of bauxite are known, ba content of alumina higher
Black Mingo Formation. than that appropriate for kaolinite is not uncommon in pisoli-

] ] ) tized zones.
Mineralogy of the Kaolin Deposits .
Quartz and Other Impurities

Kaolin and kaolinite In the form of sand particles quartz is generally the most
The term “kaolin” is used both as a rock name and as thghundant impurity in the comercial kaolin deposits of
name of a group of minerals. As a rock or commodity namgouth Carolina and Georgia. There is no established limit for

in the kaolin districts of South Carolina and Georgia it refer$he percentage of quartz sahdt can be present and the bed
to a concentration of minerals of the kaolin group having &till be referred to as kaolin. Twenty years ago it was custom-
composition and purity suitableor commercial use after ary to reject as uneconomicataterial that contained more
beneficiation. The kaolin group of minerals includes the SPethan about five percent of sand. Now, 10 percent sand is not
cies kaolinite, nacrite, dickite, halloysite, hydrohalloysite,prohibitive under favorable conditions. Some companies
anauxite, and allophane. All tfiese are hydrous aluminum now consider as reserves for future use clayey beds contain-
silicates, with composition varying only slightly from that of ing as little as 80 percent kaolinite.
kaolinite, (OH}Si;Al 4010, or AlO3-2Si0,-2H,0. The theo- In at least some of the Cretaceous kaolin deposits of
retical percentage composition of kaolinite is $5i5.54,  South Carolina quartz is not important as an impurity. A
Aly03 39.5, HO 13.96. Kaolinite has relatively little ionic suite of samples collected somears ago from the northern
substitution in the Crystal lattice, although evidence suggespﬁm of the Ideal mine contained almost no quartz. Appar-
minor substitution of iron for aluminum in some inStanCGSenﬂy a consequence of intense |eaching before the Over|ying
This group of minerals is somewhat referred to as “kandite’strata were deposited, little other than muscovite, with a
or “the kandites”, frorka, n, andd, of kaolinite,nacrite, and  small amount of zircon, tourmaline, rutile and opaques,
dickite. remains with the kaolinite. In the Georgia deposits anatase is
The mineral kaolinite is the principal constituent of thea significant’ impurity; it probab|y is in the South Carolina
sedimentary kaolin deposits Bbuth Carolina; also of those kaolin also, but is not so |mpaﬂt here because of the differ-

in Georgia, although some deposits there contain an apprent methods used in beneficiating the kaolin.
ciable amount of montmorillot@, a member of the smectite

group. It has been reported recently (Hurst, et al., 1979) that Types and Textures
another of the kandites, tentatively referred to as nacrite, is

almost always present in the kaolin deposits of Georgia; angar
in some deposits is the preeminent constituent.

Two principal types of kaolin are produced in South
olina, in addition to the $s-pure clays used for manufac-
ture of fire-brick, light coloed face brick, and other struc-

Table 2. Major Types of Kaolin Mined in Georgia-South Carolina “ Clay Belt.”

Type General Distinguishing Characteristics

1) Coarse Particle Sized Kaolins, “Middle | “Soft Clay”; - 2m < 70%; Ti0, 1%; Fe, 03 < 1.3%; Brookfield viscosity < 1000 cps; Cretaceous
Georgia Type” age; conchoidal fracture; vermicular stacks of twinned crystals common;

“Hard Clay”; - 2m 78% to 88%; Ti0, > 2%; Fe, 03 > 1.5%; Brookfield viscosity 300 cps to 3000

cps (highly variable); Claiborne or older; irregular to hackly fracture; randomly oriented single crys-
tals common’

2) Fine Particle Sized Kaolin, “Common,
Huber Formation Kaolin”

“Hard Clay”; - 2m 90% to 94%; Ti0, > 2%; Fe, 03 > 1.5%; Brookfield viscosity 200 cps to 1500
3) Fine Particle Sized Kaolin, “Wrens Type”|cps (generally low); Claiborne or older; irregular to hackly fracture; sub-parallel arrangements of
crystal flakes dominant;

“Bauxite”; - 2m < 58%; Ti0, and Fe, 03 highly_variable (may be leached); Brookfield viscosity >
4) Bauxitized Kaolin; “Bauxite” 1500 cps; Cretaceous or Tertiary age; conchoidal fracture (may be somewhat irregular in Tertiary
kaolins); free gibbsite common.
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the properties of each. Tablegpresents an attempt to cate-
gorize some of the kaolin types in Georgia, for comparison
with those in South Carolina. Bauxitized kaolin, and—more
rarely—rekaolinized bauxite ocraiin some of the Georgia
deposits, but have not been recognized in South Carolina.

Cretaceous (“ soft”) Kaolin
The “soft clay” is, accordig to understanding of the
stratigraphy, of Cretaceous age, although some of it may
possible be of Tertiary (Wiix?) age. In physical properties
and potential uses it is much like the “Middle Georgia type”
clay mined in Twiggs, Wilkinson, and Washington counties,
Georgia. The particle size omparatively coarse, having
generally less than 70 percent finer than two micrometers
(equivalent spherical diameterYiscosity is characteristi-
: 3 cally low. Vermicular stacks arcommon (Figures 1, 2 and
PTG | A - . 3). Generally this clay breaks with a smooth, gently curving,
Figure 1 S000X conchoidal fracture. As seém a mine, individual fractures
may extend for several feet. Ti@ontent is about 1 percent,
Figure 1. Typical Cretaceous kaolin showing large books and  or less; FgO5 content maximum is about 1.3 percent or less.
clustersof flakesin varied arrangement. From minenear Deep-  Other South Carolina talities where the clay produced is believed
step, Washington, County, Geor gia. to be Cretaceous are:
An old kaolin mine more recently operated as a source
of brick clay, 1.3 miles south 70 degrees east of
Edmund, in Lexington County. (Figures 4 and 5.)
A mine formerly operated successively by Monetta Clay
Company, and Bell Kaolin Company, situated one-half

tural clay products. The diffence in the two types is that L
one appears to be Cretaceguage, the other Tertiary.

The Tertiary kaolin is sometimes referred to by the min-
ers as “hard clay,” and the Caetous as “soft clay.” Physical
properties of both types are variable from one deposit to ; . i
another, and in some it is difficult to decide which term to mile .SOUthWESt of S.C. 39, .10 miles south(_aast of Mon

. etta, in the eastern part of Aiken County. (Figure 6.)
apply. Hinckley (1961) found that although the samples sub- : . !
mitted by the producers as exaembf “hard” or “soft’ clay 1. Edisto mine of J. M. Huber Corporation on the northeast

could be readily distinguished, there was much variability in side of South Fork Edisto River, 1.3 miles north of
y 9 ’ y Cooks Bridge. An SEM photograph of this clay is

shown in Figure 7.

Tertiary (“hard”) Kaolin
All of the “hard clay” is Tertry in age, Claiborne (Mid-
dle Eocene) or older. In @ggia operations, where particle

Figure 2 & 3. Co-centered views of kaolin from J.M. Huber
Corp., Ideal Mine, Langley, S.C., show a book of kaolin about
10 mm across. Cretaceous.
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Figure 6 3000X
Figure 6. Kaolin from lower clay unit at Bell Kaolin Co. Mine
near New Holland, Aiken County, S.C. Specimen was collected
from most southeasterly exposure in the mine workings (1973),
beneath an unconfor mity. Cretaceous.

ited, but some of the Tertiary clay contains long vermicular
forms that could hardly have survived reworking and redepo-
sition (see Figure 10). A more typical view of South Carolina

Figure & 10,800%

Figure 4 & 5. Co-centered views of kaolin from mine near
Edmund, Lexington County, S.C. The lar ge books strongly sug-
gest thisto be Cretaceous.

size is routinely determined, it ranges from more than 9
percent finer than 2 micromegeto 78 percent less than 2

| garm

el

micrometers. A sub-type referréal as “Wrens type” has the Figure 7 BA00Y
finer particle size, from 90 to 94 percent finer than 2

micrometers, and having theakes in parallel (“face-to- Figure7. Kaolin from aprospect pit near Huber'sEdisto Mine
face”) arrangement. Kaolin from the Graniteville operations”ken County, S.C. The large books and flakes strongly sugges

of J. M. Huber Corporation and from a mine formerly C'etaceouscorrelation.

worked by National Kaolin Company northeast of Aiken, ) o

appear to be like the Wrenge clay (Figures 8 and 9). Ver- Tertiary clay is shown in Figure 11, an _SEM p_hotograph of a
micular stacks are uncommon fhe hard clay and absent S@mple from a deposit near Summit, in Lexington County.
from the Wrens type. Fractureiisegular to hackly. Content Thl_s deposit is being worked for brick clay. _At high magnifi-
of TiO, is usually equal to or greater than two percentcation (30,000X) one can seetharply defined crystals, a
Fe,05 is equal to or greater thans percent. The texture of feature not 'e\_/lde'znt at magnifications Iow_er_ than about
the Wrens type clay suggestatiit may have been redepos- 15,000X. This indicates that the low “crystallinity index” of
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et

0000 Fiqure 10 2405k

Figure8. Typical Tertiary kaolin of the "Wren'stype,” showing  Figyre 10. An unusually long vermicular kaolinite crystal in
small particle size and parallel arrangement of flakes. Huber’s older Tertiary kaolin; M & M Company Mine, Wilkinson
Permenter Mine, Graniteville, Aiken County, S.C. County, Ga.

Figure 8 1

Figure & 15,000X Figure 11 30, 000%

Figure 9. Kaolin from aminein eastern Aiken County formerly ~ Figure 11. Tertiary kaolin mined for brick, near Summit, L ex-
worked by National Kaolin Co. Small kadlinite flakesin paral-  ington County, S.C. Only at high magnification do the very
lel arrangement. Tertiary. small flakes show crystal outlines.

the hard clay as determined by Hinckley (1961) is attributthe Cretaceous clay. In the k&in area this type is repre-
able to fine particle size rather than crystal imperfectionsented by Huber's Chicora deposit, which is topographically
(See also Hurst, 1979, p. 11-12.) and stratigraphically about 6@dt higher than the clay the
Ideal mine. Its properties are also intermediate between the

Intermediate Type Kaolin of Questionable Age “soft” and “hard” kaolin. Itpossibly is pre-Claiborne Ter-

Most if not all deposits of this type occur above thet :
. i *ary in age.
unconfor_m|ty taken as the top of the Cretaceo_us portion o Other types, namely bauxitized and re-kaolinized baux-
the ”sgctlon.' Som_e of these clays are more like the harﬂzed kaolin, occur in the middle Georgia district, but these
clay n particle Size, arrangement of particles, and lack o re absent or relatively unimportant in South Carolina.
vermicular stacks (Figure 12pthers more closely resemble (Historical Note: During World War II, when an experi-
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Figure 12

Figure 12. Kaalin from Chicora Mine of J.M. Huber Corp.,
Langley, S.C. Thelarger indistinctly outline flakes appear to be
breaking up into smaller flakes.

Figure 15 11. 700X

Figure 14 & 15. Two views of dightly different portions of the

same specimen from exposure of siliceous clay in roadcut on

11 . 8000 S.C. Route 39, 9.7 miles north of Wagener, Aiken County, S.C.
b (Near former operation of Bell Kaolin Co.) Figure 14 illustrates

Figure 13. Flint clay or chimney rock, from abandoned mi  the kadlin, and Figure 15 the cristobalite aggregates in the

near Gibson, Glascock County, Ga. Thin crystals of cristobal kaolin.

on an between flakes of kaolinite and grains of sand.

Figure 13

(Figure 13), that ocauextensively in Georgia, are not com-

mental plant for production of alumina from kaolin was mon in South Carolina. Onecurrence in Aiken County is

being established at Harleyville, S.C., Dr. Stephen Tabel? @ road-cut exposure of S.C. route 39 about two miles north

then Ex-officio State Geologist, chose as a more favorabf,\f New Holland. This exposure is a short distance up-slope

source material a sample of kaolin from an Aiken Count fom the former mine of Bell Kaolin Company (Figures 14

deposit that showed incipientspiitization. As he suspected, and 15). As in most occurrenceke flint clay appears to be

this sample contained a higher content oGy than any of at the contact of Claiborne and Jackson strata, having
the others.) resulted from the leachirend redeposition of silica.

Flint Clay
Flint clay and related material called “chimney rock”
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EXPLORATION, DEVELOPMENT, MINING sample the clay bed. Coresarut into sections, carefully
AND BENEFICATION labeled, bagged or boxed, and taken to the laboratory for
testing. Each section is dried, pulverized, and evaluated for
Historical Background several or all of thesproperties: 1) crude brightness, 2) resi-

Mining of kaolin in what is now the United States fjue on a 325-mesh screen, 3) degritted brightness, 4) loss of

appears to have been first conducted in South Carolinégmtlon’ 5) particle size distribution, 6) high-shear viscosity,

Josiah Wedgewood, who is well known as an early manufa@nd 7) low-shear viscosity. Percentage of3fiénd iron, cal-

turer of fine China-ware in England, in his diary describes agulated as F;, is also determined. Response may be

. . . : etermined to various beneficiation methods, including
some length his importation of kaolin from the CO|On'eS’Ieaching and ozone treatmeand high-intensity magnetic
especially South Carolina. Toumey (1848) describes the X

) : s N o Separation.
occurrence of “porcelain clay dw@olin” in the vicinity of
Hamburg, Graniteville and Aiken. Lang (1940, p. 23) states:

The kaolins of South Carolina were recognized before
the now famous English china clays were known. An old  All mining is by open pit methods. Kaolin bodies of
pottery works stood upon a ridge 1% miles south of Bath, i§00d quality and thickness can be economically mined from
Horse Creek Valley, Aiken County. Here were molded andPeneath 100 feet or more of overburden. The overburden is
fired all manner of crockery and plates, bricks, pipes, anfeémoved by wheeled earth-mogi equipment (*pans”) or by
telegraph insulators. This plant was destroyed during Shelarge draglines. After the kaolin bed is uncovered it may be
man’s march to the sea, and material interest in ceramics fHilled and resampled at more closely spaced intervals to
South Carolina apparently passed out with it. obtain detailed information for guidance in mining. Mining
However, interest in the kaolin in South Carolina wag’s by small dragline, power shovel, front-end loader, or
not lost. One of the few publications issued by the SoutRydraulic backhoe. The clay may be hauled to the beneficia-
Carolina Geological Survey (Earle Sloan, State Geologistyon plant by truck, or stockpiled on an upper level of the
before the Survey and the position of State Geologists wefgine to be blunged into a slurry and pumped to the plant
abolished by the State Legislature about 1913—not to bé@rough pipelines. Most South Carolina clay is hauled by
reestablished until over 40 years later (1957)—was a “Prdtuck.
liminary Report on the Clays of South Carolina” In this  Before commencing mining opaions it is necessary to
report Sloan gives what was at that time an excellent descrigbtain from state authorities a mining permit, which involves
tion of the occurrence of mining and the physical propertie§0mmitments concerning environmental controls and land
of the kaolin. reclamation. Costs of thesrecently added requirements
Modern development of kaolin deposits in Georgiacommonly exceed the vaiof the reclaimed land.
began in 1876 (Smith, 1929, pp. 1-2). The deposits in Geor- L
gia are more numerous andgrkater extent and thickness. Beneficiation
This has resulted in larger scale mining and more diversgirf|oat
methods having been developed there, and a greater annual Basically,
production, than in South Carolina.

Mining

two beneficiation methods are employed to
generate merchantable kaolin: airfloat and water-wash. Air-
float, or dry-processed, kaolin is dried in a rotary kiln, and
pulverized in a Raymond mill or similar type grinder. Simul-
For many years exploration for kaolin in South Carolinataneously, with the grinding, a current of air lifts the finely
and Georgia has been conducted mainly by drilling; first byoulverized material through a “cyclone” and into a collector.
hand augers and later by use of power augers and core drilis going through the cyclone the coarser particles fall back,
capable of drilling to depths of several hundred feet. It wato be further ground or rejected. The process is simple and
only about 25 years ago thgaological study became exten- comparatively inexpensive, bdbes not permit great control
sively used in the search for deposits. Drilling is still theover the quality of the prodti Quality control is accom-
method used to test an areattppears to be geologically plished mainly by selectively mining the material to be
favorable, and to prove, or develop, areas that preliminamnilled. All of the kaolin produced in South Carolina at
drilling indicates to be worth while. In development work apresent is airfloat. The airféd (or aeroflote) procedure is
rectangular grid is surveyamh 200 foot spacing, and eleva- illustrated in Figure 16, lower left portion.
tion of each grid point determined. Initial drilling is custom-
arily at spacing of between 800 and 200 feet. Depth of Waterwash

drilling depends upon the geological situation, but is usually 5 simple plant for producing washed clay was operated

less than 200 feet. A fishtail or similar bit is used until clay i, eastern Aiken County, ne@eivern, many years ago.
reached, then replaced by aesfal core bit and barrel 0 £rom o1d photographs (Sloan, 1904) it appears that washing

Exploration
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Figure 16. Flowsheetsfor Aeroflote and waterwashed clay. Courtesy of J.M. Huber Corporation.

consisted of a sedimentation process only. oughly dried, and must be re-pulverized. Clay that goes to
In a water-wash circuit the crude kaolin is first slurriedthe spray drier as a slurry (60% solids) forms minute droplets

in a high-shear blunger. If the clay is pumped from the minethat dry into microscopic size hollow spheres of kaolin as the

coarse sand may be in large parnoved by drag classifiers droplets fall through the drier.

or sand traps before the slurgaches the main beneficiation

plant. Further removal of cose impurities and classification Shipping

of the kaolin into different siz&actions is effected by sedi- Kaolin is shipped as a slurry (70% solids), or dry in bulk

mentation, centrifugation, and in hydroseparators. The pragq4 in 50 pound bags. Much of that shipped overseas is
cedure for removal of impuriteeis somewhat complicated, «.gntainerized”—50 Ib. bags paett in containers holding

and varies in different plantShe main diagram in Figure 16 ,5oximately 20 tons each. Tkesan be conveniently lifted
illustrates a typical operatio@ther impurities such as iron directly onto ships. No shipments in slurry form are made
and titanium oxides and carbonaceous stain, which are detfl; South Carolina. as no kaolin is prepared here by wet-

mental to brightness of the kaolin, are removed by one qf,athod beneficiation.

more of these methods: 1)ahical leaching with a strong

reducing agent, such as hydnlite, after acidifying to a pH

of about 3 with sulfuric acid?) froth flotation, for removal PROPERTIES, USES, AND PRODUCTION
of anatase (Ti§) by conditioning the water suspension so
that the extremely fine partes of anatase will cling to
coarser particles of calcite ébe removed; 3) flocculation The potential merchantability of crude kaolin is deter-
of anatase by so conditioning the charge on the particles @fined by a variety of physicaind chemicainalytical pro-
anatase as to cause them to coagulate and be removeddeylures. Probable commercial quality of a given kaolin is
sedimentation; 4) high intensity magnetic separation; 5) oxiindicated by these tests. Results of the tests depend largely
dation by ozone, hydrogen peroxide, or other strong oxidizupon differences among the types of kaolin being mined.
ing agent; 6) delamination of coarse crystals (“books”) offhe major types being mined and the more important ana-
kaolinite to improve brightness and produce thinner flakedyzed characteristics determining these types are schemati-
which are more efficient as a coating clay for paper. cized in Tables 2 and 3.

Specific beneficiation procedes vary with the product Table 3 presents a generaheme for characterizing and
and the technological prefemnto the production engineer evaluating crude kaolins. Of paramount importance is the
and company. The kaolin is dried by rotary vacuum filteramineralogy of the sample. Only minerals of the kaolinite
which remove most of the water, and then by heat in either group are acceptabfer production of mechantable kaolin.
tunnel drier or spray drier. The lumps of clay that go into thenly kaolinite, nacrite, andickite are acceptable as a source
tunnel drier from the vacuumlitér become hard when thor- for the principal types of clay produced in South Carolina

Characterization of Kaolins
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Table 3. General Schemefor Characterizing Kaolin Crudes.

Mineralogy —> reject
Color (Brightness) —> reject
Grit (+325 Mesh) —> reject
reject €— Viscosity Viscosity —> reject
reject €— Chemical Impurities Chemical Impurities —> reject
l/ Particle Size —> reject
Particle Size Distribution
Distribution J/
(minor)
\[/ Abraj/ion —> reject

‘ ' Receptivity to Beneficiation
Potential Airfloat Product (Leaching, Magnetics,

Differential Flocculation, Etc.)

(High Viscosity)
Pigment and Paper Coating

Properties
(Gloss, Opacity, Pick Strength, Etc.)

Potential Water-wash Product

(Lower Viscosity)

and Georgia. Halloysite is tésfactory for ceramic uses, but Depending upon the viscositay_ka_olin may be c'onsidere_d for _either
because of the cylindrical shapkthe individual particles is  water-wash or airfloat beneficiati, or may be jected. Viscosity
not suitable for paper coatimday. Silica polymorphs, smec- Of clay-water suspensions mayibéuenced by particle size

tites, and hydrated aluminuhydroxides may be similar to distribution, impurities in the finesize fractions, soluble calcium
kaolin in gross, megascopic appearance, but all have phy%ﬁlltﬁ'|:\r/l;;tc)k;ec:ht?‘:r:igllair:;lcﬁ}itliz;73§ sally GiFe,0g and

cal properties, not amenabledorrent beneficiation technol- 9 _ o P o y @V

ogy, that make them unsuitalzie replacements for kaolinite, SCMetimes cristoltiée or other Si@ polymorphs, may exclude the

After mineral composition the Remost important measured u;e of a specific crude in sorappli.catiorysf, or c.ause itto be
parameters are brigiass (color) and grit. If either of these rejected altogether. Howevergie impurities might be removable

guantities is unacceike, an otherwise pmising crude may be with app_lication of pgtentedctb_nology_such as di_f'ferential
characterized as hon-commerci@enerally, crude brightness less  flocculation, magnetic separatideaching, and mineral phase

than 70 percent and grit more than 30 percent are cut off values fgfeatation. ) o
potentiaIFI)y economid{golin deposits. P The particle size distribution of the less than 325 mesh

Viscosity may be defined as “resiste to flow” and is measured in  clay fraction generally dictatese use of kaolins for specific
centipoises (c.p.s.). Bviscosity of a crude sample is measured, applications. Kaolins used for various paper coatings are
using the Brookfield method, on a clay-water suspension often classified as to the general “coarseness” of particle size
comprising 70 percent solids.séosity measurements may be (see Prince, 1977). Additionally, generally coarse particle

performed at lower solids levels,ttgenerally a crude that will not  sjzed kaolins are primarily se¢m be from Cretaceous aged
“make up” to 70 percent solids étassified asigh viscosity.
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strata. Finer particle sized kaolins are mostly Tertiary (Huber ACKNOWLEDGMENTS
Formation) in age (Buie, 1980, 1978). The role of particle Appreciation is expressed to Lee Barrs of J. M. Huber

size distribution is of less importance in evaluating CrUde%orporation for providing the flowsheets shown in Figure

for UASS in _airfloat ber:_efitcifition. . " h benefici 16; and to Dr. Stephen Vaos for taking most of the SEM pho-
rasion, receptivity to various water-wash bene 'C'a'tographs used in this paper,

tion techniques, and pigment/paper coating qualities of fin-
ished clays are more or less specialty tests for water-wash

kaolins. The reader is referréd Hurst, etal. (1979) and REFERENCES CITED

Prince (1977) for discussions of beneficiation and pigmentAmpian, S.G, 1981, Clays in 1980, (Annua Advance Summary):
paper coating properties respectively. U.S. Bureau of Mines, Mineral Industry Surveys, p. 1-42.
Uses of Kaolin Berry, EW., 1914, The Upper Cretaceous and Eocene Floras of

The numerous and varied uses of kaolin depend upon a South Carolina and Georgia: U.S. Geol. Survey, Professional
combination of qualities which few if any other natural sub-  Paper 84, 200 pp.
stances can provide. These ir# chemical inertness, insol- Bui€ B.F., 1978, The Huber Formation in Eastern Central Georgia
ubility in water, low viscosity in slurry form, low abrasion, g‘u:/he‘;”Biﬁ';irnggogslt‘; the Geology of Georgia: Ga. Geol.
good absorptive properties, softness, brightness, electrical ' o Eon e .
non-conductivity, and large surface area of particles. In clay?’e;fgéﬁfglg;erg?;tsﬁ? gytr:s%e(t;?olgggggé?sgﬁi
for ceramic uses, plasticity, highry strength, and high fired " A T

) eastern Geology, Vol. I1: Geol. Soc. Am., Field Trip Guidebook,
strength are important. The low cost of only a few cents per 1950 Annual Meeting, Atlanta, Ga., p. 311-322.

pound for the highest quality washed kaolin is also an impor- ang Fountain, R.C., 1968, Tertiary and Cretaceous age of
tant factor in promoting the wide use of kaolin. kaolin deposits in , Georgia and South Carolina (abs.): Geol.
Uses include such diverse applications as compounding Soc. Am., Spec. Paper 115, p. 465.

in rubber and insulation for electrical wiring, addition to Cooke, C.W., 1936, Geology of the Coastal Plain of South Caro-
finely ground materials to prevent caking, as a carrier of lina U.S. Geol. Survey, Bulletin 867, 196 pp.

insecticides, pigment in paint, in medicines, and in glass and—_ 1943, Geology of the Coastal Plain of Georgia: U.S. Geol.
dinner-ware production. In paper manufacture fine-grained _Survey. Bulletin 941, 121 pp.

filler clay fills the open pores between fibers, and larger thirka"child. W.W., 1982, Private report of 26 Feb. 1982, from Interna-

o . tional Biostratigraphers Incorporated, Houston, Texas.
flat flakes form a smooth, gih-finish surface. In adhesives Gohn, GS. Bybdl, LM., Christopher. RA., Owens, JP, and

the:, addlition of kaolin facilitates drying, and makes “clean- Smith, C.C., 1982, A stratigraphic framework for Cretaceous
up® easier. o . ~ and Paleocene margins along the South Carolina and Georgia
An increasing amount of kaolin is being sold in modi-  coastal sediments in Second Symposium on the geology of the
fied forms. Calcining to drive off water of constitution pro-  Southeastern Coastal Plain, Americus, Ga.,, March, 1979: Ga.
duces high quality super-duty refractories, and pigments of Geol. Survey, Information Circular 53, p. 64-74.
higher brightness and excelledtirability. Chemical treat- Hinckley, D.N., 1961, Mineralogical and chemical variationsin the
ment can result in other products of many uses. kaolin deposits of the Coastal Plain of Georgia and South Caro-
For kaolin produced in Georgia the five major uses are lina National Science Foundation, Technical Report, Research
for: 1) paper coating; 2) paper filling; 3) refractories; 4) alum ~ Grant G 3735, Dept. of Mineralogy, College of Mineral Indus-
and other chemicals; 5) chinware, porcelain, and other  U1€S The Pennsylvania Sate University, University Park, Pa,

ceramic products. South Carolina kaolin has two dominaq;'ur;%\/p?' (@), 1675, Fidld conference on keolin, baute, and
uses: 1) rubber and 2) fiberglass. Ve SR ) ) 3

fuller’s earth: The Clay Minerals Society, Macon, Ga., Meeting,
Producti August, 1979.
roduction Lang, W.B., et al., 1940, Clay investigations in the Southern States
Georgia and South Carolina together supply almost 90 1934-35: U.S. Geol. Survey, Bulletin 901.
percent of U.S. production, 1980 (Ampian; U.S. Bureau 0]Price, C.R., 1977, Therole of particle size distribution in the behav-

Mines, 1981). ior of coating clays: Southern Pulp and Paper Manufacturer,
’ July, 1977.
Siple, GE., 1967, Geology and ground water of the Savannah River
Short Tons Value Plant and vicinity: U.S. Geol. Survey, Water Supply Paper
Total U.S. production | 7,878,993 $527,098,609 1841.
Georgia 6,311,407 $463,700,320 Sloan, E., 1904, A preliminary report on the clays of South Caro-
South Carolina 657,752 |$ 20,835,482 lina: Geol. Survey, (Series 4) Bulletin 1, 171 pp.

- - » Smith, RW., 1929, Sedimentary kaolins of the Coastal Plain of
These figures clearly demdreste the dominant position Georgia Ga. Geol. Survey, Bulletin 44, 482 pp.

of the Georgia-South Carolina clay belt in production ofTtoumey, M., 1848, Report on the geology of South Carolina: A.S.
kaolin in the United States. Johnston (State Printer), Columbia, S.C., 293 pp. plus LVI
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Appendix.

Tschudy, R. N., and Patterson, S.H., 1975, Palynologica evidence
for Late Cretaceous, Paleocene and early and middle Eocene
ages for strata in the kaolin belt, Central Georgia: U.S. Geol.
Survey, Journal of Research, Vol. 3, No. 4, p. 437-445.

U.S. Bureau of Mines, 1981, Clays in 1980, (Annua Advance
Summary): U.S. Dept. of the Interior, Bureau of Mines, Wash-
ington, D.C., p. 1-42.
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THE DEVELOPMENT OF THE STRATIGRAPHIC TERMINOLOGY OF THE CLAIBORNIAN AND
JACKSONIAN MARINE DEPOSITS OF WESTERN SOUTH CAROLINA AND EASTERN GEORGIA

Paul Huddlestun
Georgia Geological Survey
19 Martin Luther King Jr. Dr., SW
Atlanta, Georgia 30334

INTRODUCTION noncalcareous and nonfossiliferous even before weathering,
resulting in intrinsic difficulty in treating these deposits bios-

The marine, clastic, middland upper Eocene depositst i hicall d ch i hically. Si Cooke did
of Georgia and western Southr@lina have been treated so ratigraphically and chronostrgraphically. SInce .0oke did
not recognize formations lithostratigraphically, his recogni-

differently by various investigators in the past (Sloan, 1907, . . . o
1908; Veatch and Stephenson, 1911; Shearer, 1917; Coo an of nonfossnlfe_rogs matlons n n_onfossnlferous
and Shearer, 1918, Cooke, 1936, 1943; LaMoreaux, 194§?quences _Of depos¢s IS baS|c_aIIy uncertgm. -
Cooke and MacNeil, 1952; Siple, 1967; Herrick and Counts, The object of this paper 1S to de_scnbe the origin and
1968; Colquhoun et al., 1969), and differently by the Samgevelopment of the stratigraphic te_rmlno!ogy and concepts
investigator at different ties (Cooke and Shearer, 1918;Of the middle and upper Eocesstratigraphic framework of

Cooke, 1936, 1943: Cooke and MacNeil, 1952) that duplicat_he eastern Georgia-western South Carolina area. It is hoped

tion of results in the field and understanding the Iithostratigzhat this contribution will be of value to future students of the

raphy and biostratigraphy of these deposits based on tIg{;gology of this area in determining the relative merits of the

literature has been fraught with difficulty and uncertainty.ear“ir_ It|tera_tur(|a. Trtf tquasr(;:hrolnost(rjapgrt?]ph;_c/tilcr)]stlzcau]:
There are a number of reasdosthe differing viewpoints of ?hr_ap |cterm|n_ﬁ ggyd a .\gag . e;/e ope f't?] et 'IrtT I't?w 0
the various past investigators of these deposits: IS century will be described in terms of the strictly ithos-

(1) No type locality has beatesignated by the original tratigraphic terminology andhronostratigraphic framework

author or subsequent knowledgeable investigators (Barnwe?fndz\ézloﬁggi:z trllg%u.th:l; dot;llirs:S§ F;?]zt tﬁgtzgsrsirfmﬁgl;s'
sand), the _type Ioca_lity has be_en o.nlly approximately deIinl_-|uddlestun in révieW' <::1|SO Huddlestun and Hetriék 1879) ’
gated and is acceSS|bIe_onIy with d.ImCU|ty (McBean forma- This Iitrllostratigra’phic framework is as foIIows,' It has.
tion), or the type locality is S0 distant from the_ easterrbeen proposed that the Barnwed raised in rank to.group
Georg|a-wester_n South _Carohmea that _few nvestigators status to accommodathree distinctivdormations: a lower
of these deposits examine type of locality and trace the Clinchfield Formation, middldry Branch Formétion and
deposits in the field to the particular area of investigation ' y . L
(Lisbon Formation) upper Tobacco Road Sand. dastern Georgia the Clinch-
o : field Formation is represerddy the Utley Limestone Mem-
(2) There are relatively fegood exposures in the area. er in Burke and gcreven é/:ounties yand possibly by the
(3) The deposits have been deeply weathered, conl--. . !
monly resulting in the obliteration of original SedimentaryDlrt;)llOgr;\fwi:]blf()rrr(rﬁtlirc\)/r?r’isl2;gpgssdlcg?q?hnr(;ecrziﬁyﬁerea
features. '
; - ; lower Twiggs Clay Member and upper Irwinton Sand Mem-
(4) Concepts of formations akrlier authors, especially ber in cer?t?al anc)i/ east-cent@eor F:g and by the Irwinton
C. W. Cooke, were different from our present lithostrati- 91, y

graphic concepts. Formations as understood and applied nd _Me_rrr;]be[r a_nd Gcrllfnns_ Latndln% 'V'e”_‘ber én eatstern
Cooke were quasi-chronostratigraphic/biostratigraphic unit eorgia. The lwiggs Liay, 1nastern \seorgia and westemn

whose recognition was based on fossil content or assum _Uth Carolin_a, is r_epresented by discontinuous_ Iense_s of
biostratigraphic equivalency. If there were significant wiggs C'?y lithofacies. _Thé’obacco_Road_ Sand is undi-
changes in faunal elements veatly between deposits in a vided in this area but an important, d_|sco_nt|nuo_us bed of flat
section, this justified change in formation name with Iittlepem_)l_lﬁS Ic_)tchculrs at tfht?] baDsemg forrr;]algon mtgpdlp argas.h
regard to lithologic criteria. Similarly if two deposits had eri edl Oogﬁ Ot ti' dr)r/ma :anc d_orma IOI? Ca? de c Zr'
entirely different lithologies but similar or identical faunas,aC erizea as wel-sirafiied,ee to meditm, wet sorted san
ommonly with thin layers or laminae of clay (Irwinton Sand

only one formation name was applied (e.g., the use of the

name Hawthome in Georgia and Florida [Cooke, 1943l’\/lember) to massive-beddedstructureless, calcareous,

1945] or the use of the name “Byram” from Mississippi toargillaceous, well sorted samdth local concentrations of
Florida [Cooke, 1945]) fossils (especiallyCrassostrea gigantissiman the lower

(5) Much of the volume of middle and upper Eocenepar_t (Griffins Landing Member). Lenses, layers, or beds of
sediments in western South Carolina and eastern Georgia@"ggs__type clay_ occur scattered throu_ghout t_he Irwinton
and Griffins Landing members and consist of thinly bedded,
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gray clay with interlayers ranging from silt partings to thindeposited during the “Barnwell phase” he called both Barn-
layers of fine sand. The Tobacco Road Sand generally comell buhr sands and Barnwell sands. Sloan (1908, p. 461)
sists of fine to coarse, well to poorly sorted sand that is gemeferred to the lithology of the Barnwell sands as “irregular
erally bioturbated inthe downdip areasOphiomorpha beds of glauconites and shells...”, “extensive beds of
nodosaoccurs locally in abndance in the Tobacco Road extremely fine grained sands of yellow and reddish color
Sand, which is the only formation in the Savannah River areaith delicate whorls of very fine white sand”, and “fine
of Georgia and South Carolina that contains an abundance gfained sands, ferruginous sands, and glauconites” with
this trace fossil. Similarly the dnrelatively persistent bed common development of silica-cemented sandstone and
or zone of flat pebbles in therea is the one at the base oflimonite-cemented sandstone and claystone. He did not
the Tobacco Road Sand indRmond County, Georgia, and assign a type locality for the Barnwell sands and the type
Aiken County, South Carolina. It does not, however, extenarea is indicated only in his choice of names. Sloan did indi-
down the dip beyond northern-most Burke County in Georeate a stratigraphic positionrfthe Barnwell sands in central
gia and it has not been reported from southern Aiken oBouth Carolina but one is not indicated for western South
Barnwell counties in South Carolina. In Georgia, a disconCarolina. His brief account difie lithologies of the Barnwell
tinuous bed of fossiliferous eht with local occurrences of sands are not at all consistent wit the lithologies of the Barn-
Pariarchus quinquefariugccurs at the base of the Tobaccowell as presently exposed in the Savannah River area of
Road Sand in downdip areas of Burke County. Georgia and South Carolina.

Where deeply weatheredethifobacco Road residuum Sloan (1908, p. 269-273) recognized the calcareous
can be differentiated from Drigranch residuum in that the deposits at McBean Creek and Shell Bluff in Georgia as
Tobacco Road residuum typibalis a moderate reddish- being middle Eocene in age arglated to the Warley Hill
brown (10R 4/6), massive-bedded, structureless, tough armhd Santee “phases”. He did not, however, refer to the depos-
resistant, generally poorly sorted sand (typical Barnwellts at McBean Creek and Shell Bluff as Warley Hill or San-
lithology of past usage). Dry Branch residuum commonly idee, or in a lithostratigraphic sense.
paler in color with yellows and oranges predominating, = The main concept of the Barnwell Sand that Veatch and
softer and more poorly consolidated, well sorted, and th&tephenson (1911, p. 285-296) adopted from Sloan (1907,
sand is typically fine- to medium-grained. Only after severel908) consisted of deeply weathered red sand that commonly
weathering does the Dry Branch residuum begin to take theontained beds of chert, fossiliferous chert, and chert-
appearance of Tobacco Road residuum. cemented sandstone (buhrsands) of middle Eocene age. These

The Lisbon Formation (Huddlestun, in review) is equiv-cherty Barnwell sands were recognized mainly on the basis of
alent to the concept or meaginf the McBean Formation of their stratigraphic positionnal deep weathering. According
previous authors. It is not, however, entirely equivalento the concept and usage of Veatch and Stephenson (1911) the
lithostratigraphically to the McBean Formation of previousBarnwell sand always overiethe McBean Formation and
authors. In the Savannah Riverea the Lisbon Formation is lies close to the ground surface or at high elevations.
typically a fine to coarse, wedlorted, massive-based, micro- Veatch and Stephenson (1911, p. 235-284) named the
fossiliferous and poradically macrofssiliferous, argilla- McBean Formation for middle Eocene, Claiborne-age
ceous, calcareous sand withattered lenses of impure deposits exposed along McBean Creek between the commu-
limestone and rarely impureagl The McBean is considered nity of McBean, Richmond CouptGeorgia, and the conflu-
by this author to be a member of the Lisbon Formation and isnce of the creek with the Savannah River. They were of the
characteristically an impure limestone (see Brantley, 1916, mpinion, in contrast to modern stratigraphic practices, that
44-55) that is restricted ontp the McBean-Shell Bluff area “Although in a general way theorrelatives of” the Gosport
in Georgia. The McBean Member grades laterally into thgreensand, Lisbon formation, and Tallahatta buhrstone “may
Blue Bluff Member of the Lisbon Formation (Huddlestun, inbe recognized in Georgia, the extension of the use of these
review; also see Huddlestun, 1981; and Brantley, 1916, perms to this State is inappmigite, since th€laiborne group
54). The Blue Bluff Member is a very thinly layered to lami- is not naturally divisible into the same units as in Alabama,;
nated, microfossiliferous, argillaceous, very calcareous, silttherefore, in Georgia the group is divided into two forma-
fine sand. tions;” the Barnwell sand and the McBean formation, with

the Congaree clay member g86). Evidently they felt that
HISTORICAL DEVELOPMENT ?f the same sequence of formatsoin a group _is not pre_sent
in an area, then use of anytbé formations is inappropriate.

Sloan (1907, 1908) named the “Barnwell phase”, arnerefore they chose to apply new names, i.e., McBean For-
quasi-chronostratigraphic term, for those sediments depogsation, rather than to extend the use of older, established
ited during middle Eocene time subsequent to the “Santggymes (Lisbon Formation) to new areas.
phase”, concurrent with théount Hope phase”, and pre- Veatch and Stephenson (1911, p. 242) presented five
ceding the “Ashley-Cooper phase”. The clastic sedimentgeasured sections exposed in ravines on the south side of
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McBean Creek in Burke County. The parts of the five seceonsistent with the results of later investigations in the Geor-
tions that are still exposed tise Barnwell (Tobacco Road?) gia Coastal Plain. Cookend Shearer (p. 51, 59-61)
residuum in the upper parts of the sections. Only at theestricted their regmnition of the McBean Formation to the
mouth of the northern-most ravine is the McBean Limestongicinity of McBean Creek an&hell Bluff in Georgia. The
Member still exposed. However, it would appear that theest of the Claibornian deposits in western Georgia were
only McBean Member in the sections of Veatch andeferred to as “undifferentiated Claibornian deposits (p. 51,
Stephenson are beds 1 of their sections 3, 4, and 5. The ré4t{ 62). However, they stilhcluded some noncalcareous,
of the overlying McBean (p. 242) is evidently Twiggs clay nonfossiliferous sands and ctajn the McBean Formation
lithofacies of the Dry Branch~ormation, based on this (p. 60).
authors’ knowledge of the particular area discussed by The concept of the BarnWeSand as employed by
Veatch and Stephenson (1911242). In retrospect it would Cooke (1936, p. 89-95) is vague and lithostratigraphically
appear that this initial definition and application of the naménadequate and suggests that Cooke did not understand the
McBean was rendered ambiguous by the probable inclusidBarnwell unit. No type locality for the formation had been
of what later would be recognized as being the lower part aissigned because “it is difficult to specify any particular
the Barnwell (Cooke and Shearer, 1918; LaMoreaux, 1946)locality in South Carolina thatan be considered the original
Veatch and Stephenson (1911, p. 267-284) alstype.” This is because “subsemt study of the fossils has
extended the Congaree of Sloan (1908) into Georgia asshown that many of the localities definitely referred by Sloan
member of the McBean Formation. Although the Congare& the Barnwell really belong to the McBean Formation”
Clay of Veatch and Stephenson was subsequently renam@dooke, 1936, p. 89). However, Cooke continued to use the
the Twiggs Clay by Shearer (1917) and shown to be of lateame Barnwell in the sense thie original concept, i.e., “as
Eocene age and therefore yoanghan the McBean Forma- indicating an Eocenéormation composed chiefly of sand
tion, Veatch and Stephenson (1911) were consistent in theinat overlies unconformably the McBean Formation.”"Cooke
assignment of the “Twiggs Clay” and other lower Barnwell(1936, p. 41, 42, 55, 57-60) formally extended the McBean
deposits to the Congaree and McBean respectively. Formation into South Carolina. He revised the concept of the
The conclusion is inescapalileat the Barnwell sand of formation by proposing the abandonment of the Congaree
Veatch and Stephenson (1911) is approximately equivalemind Warley Hill “formations” of Sloan (1907, 1908) and
to the Tobacco Road Sand ofirrent usage and the Dry included the deposits that dhdormerly been assigned to
Branch and Clinchfield Fornians of current usage were those “formations” into the véised McBean Formation. In
clearly and unambiguously ingled in the McBean Forma- addition to incorporating the Warley Hill and Congaree con-
tion and assumed to be of middle Eocene age. cepts and lithologies into the McBean Formation, Cooke
Brantley (1916, p. 44-55) presented seven chemicdll936) retained the overlyingands and clays (Irwinton and
analyses of the McBean Megbfrom exposures adjacent to Twiggs lithologies of the Dry Branch Formation of current
McBean Creek and two chemicatalyses from the McBean usage) in his concept of thécBean Formation. As a result,
Member from Shell Bluff on the Savannah River. The perthe McBean Formation, which previously included mainly
cent limestone in these nine samples ranged from approxialcareous deposits in east&prorgia, henceforth included
mately 70% to 87%, definitely indicating that the typical mainly noncalcareous and nosfiliferous sands and clays
McBean lithology is a limestone. of undemonstrated age in western South Carolina. Very little
Shearer (1917, p. 14) recognized that the Congaree Clayf the McBean Formation of Cooke (1936) can be definitely
Member of the McBean Forrtian of Veatch and Stephen- related to the McBean limestone lithology at the type local-
son (1911), and the greater part of the McBean Formation ity. Although no reasons were given for this change in the
Georgia (in the sense of Veatch and Stephenson), consisencept of the McBean Formation, Cooke and MacNeil
tently overlies the “typicaldJackson bryozoan limestone (1952, p. 21) later indicated that the intent of Cooke (1936)
throughout central Georgia.” Consequently he changed theas merely to follow the origal (Veatch and Stephenson,
name of the clay to Twiggs Clay Member of the Barnwell1911) usage in Georgia.
Sand and relegated the associated sands (Irwinton Sand of What those localities are thatere “definitely referred
current usage) simply to the Barnwell Sand. by Sloan to the Barnwell” that “really belong to the McBean
Cooke and Shearer (1918,42-51) submitted the pale- Formation” is not clear becae Cooke does not enumerate
ontological basis for transfeng much of the eastern Geor- them. Furthermore, it is imgsible to apply Cooke’s concept
gia McBean Formation of Veatch and Stephenson (1911) tof the Barnwell Sand in the field because not only was the
the Barnwell Formation. They showed this transferal to b&arnwell inadequately defined physically, but the underlying
consistent with the biostratigraphy and chronostratigraphimcBean was also inadequately defined physically. It
then being developed for the upper Eocene deposits of tlappears, however, from Cookealiscussion that his concept
southeastern United States. Essentially, they were the first td the Barnwell in 1936 largglapproximated that of Veatch
lay out the upper Eocene stratigraphic framework in a formand Stephenson (1911). Similarly the McBean Formation of
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western South Carolina includieboth the strict McBean LaMoreaux (1946b, p. 54) concluded, in contrast to
limestone lithology and the overlying Barnwell (Dry Branch Cooke (1943), that “no part of the so-called Congaree clay or
Formation) of current usage, aonformity wth Veatch and Twiggs clay in east-centr&eorgia was of Claiborne age,
Stephenson (1911). and that the base of the Barnwell in this area is the base of
The reasons for Cooke’s (1936) reevaluation of théhe Twiggs clay member, which rests unconformably on the
McBean/Barnwell can perhaps be more clearly inferred fronTuscaloosa formation except aie the channel sands are
his account of the McBean and Barnwell Formations irpresent.” LaMoreaux (1946) proposed the name Irwinton
Cooke (1943). In the first reference to the flat pebble bed$Sand for the Barnwell sands that conformably overlie the
Cooke (1943, p. 62) observed that the base of the Barnwéllviggs Clay in the vicinity of Irwinton, Wilkinson County,
“nearly everywhere containfiat polished beach pebbles, Georgia. Also in contrast to Cooke (1943) he recognized that
which aid in distinguishing it from the coarser facies of thethe unit that contained the flat pebble bed at its base was an
McBean Formation.” The flat pebble bed (LaMoreaux, 1946upper subdivision of the Barnwell sand and he referred to it
Huddlestun and Hetrick, 1978) is not known to occur in andnformally as the upper sand member of the Barnwell For-
has not been reported from Barnwell County, South Caramation.
lina, and it does not occur downdip of northern-most Burke = LaMoreaux (1946a, p. 19) suggested that the Irwinton
County, Georgia. It is evidérdrom earlier reports (Veatch Sand east of the Ocmulgee River in Georgia may correlate at
and Stephenson, 1911; Cooke and Shearer, 1918; Cooleast in part with the “Coagr Marl” (Ocmulgee Formation
1936) that the basic concept thie Barnwell Sand was the of Huddlestun and Hetrick, ipress) west of the Ocmulgee
massive, brownish-red, residual sands that occur at the top River because both units in theespective areas overlie the
the Eocene section in GeorgiadaBouth Carolina. It is this Twiggs Clay.
same deposit (Tobacco Road Sarficcurrent uage) that in Cooke and MacNeil (1952, p. 21-23) again redefine the
updip areas contains the flat pebble bed at its base, and thé&leBean Formation in South Carolina. They subdivided the
is no other extensive zone of flat pebble concentration in theiddle Eocene deposits along similar lines previous to
Barnwell. Therefore the conclusi is inescapable that what Cooke (1936). This included iascending order of age the
Cooke (1943) considered to be the Barnwell Formation is th€ongaree Formation, the Warley Hill Formation, and the
Tobacco Road Sand and only the upper part of the BarnwaéicBean Formation. The @garee Formation was “deemed
Group of current usage. Simlarly, where Cooke (1943pf formational rank becausei# equivalent to the Tallahatta
defined the base of the Barnwell Formation on the basis dormation of Missisgipi and Alabama, which presumably is
the flat pebble bed, all of the underlying Jacksonian, i.e., theeparated from younger deposits by an erosional interval.”
Dry Branch and Clinchfield Formations, were included inThe name McBean was “retained, in a restricted sense, for
the McBean Formation. the zone represented by theeylocality of that formation.
Cooke (1943) was not consistent in terms of internallhis zone, th®strea sellaeformijds equivalent to the Cook
correlation of these deposits {Beorgia, and therefore, in Mountain formation of Texaand Mississippi, the upper part
application of stratigraphic terminology. He still held to theof the middle Claiborne.”
earlier correlation and identityf the post-Ocala deposits in The reason for this redefiroth is contained in the fol-
the vicinity of Dry Branch in Twiggs County, Georgia. Therelowing quote (Cooke and MacNeil, 1952, p. 21): “The Clai-
the Twiggs Clay and associated sands were understood to berne group throughout the States from Alabama to Texas
late Eocene in age and, by definition, Barnwell Formatiorhas been divided into wellefined formations, each charac-
because they overlie the Ocala Limstone of unquestiong@rized by its distinctive fodsi and it now seems desirable
late Eocene age (p. 66, 6¥¥here upper Eocene sands andto divide the McBean of Cooke (1936) along similar lines
clays overlie the Ocala Limestenthey were correlated with into three formations.” It must be concluded that there was
the Barnwell Formation. Whente flat pebble bed occurs, no new internal evidence for resubdividing the middle
the underlying deposits werrrelated with the McBean Eocene of South Carolina. The impetus came from progress
Formation. Unfortunately the flat pebble bed does not occun stratigraphic definition and resolution elsewhere. Further-
(as a result of finer grained facies) in northern and westermore, the new definition of the McBean is impossible to
Twiggs County where the O@als commonly exposed dur- apply in the field: “The McBean is here restricted to include
ing mining operations. Thefore Cooke missed the critical only the Cooke Mountain equivalent, tBstrea sellaeformis
relationship between the stig@phic occurrence of the flat zone, of the Lisbon formatio This is represented at
pebble bed and the Ocala Linmst. There is no alternative McBean, Georgia, and in South Carolina by white sandy
to the conclusion that at sorsites, Cooke (1943) correlated marl and massive yellow or red sand, which appears to be at
Twiggs Clay and associated sands (Irwinton and Griffindeast partly residual from sandy marl.” (Cooke and MacNeil,
Landing Sands) with the established concept of the Barnwell952, p. 24). Most of the deposits that they (Cooke and Mac-
Formation (p. 66, 67) whereas at other sites he correlatédeil, 1952) believed to b&cBean are noncalcareous and
them with the underlying McBean Formation (p. 58, 59).  nonfossiliferous, and therefore do not cont@strea sellae-
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formis and the zone, the Cook Mountain equivalent, ison the assumption that the fosmme from the McBean For-
inherently unidentifiable. mation.

Cooke and MacNeil (1952, p. 21,22) expressed doubt as The Congaree (?) Clay of Siple (1967) is evidently
to the stratigraphic position and age of the Twiggs Clay ifwiggs Clay because no Congaree Formation in the strict
the type area in Georgia. Refag to Veatch and Stephenson sense is known to occur in the Savannah River area and
(1911) they note, “How much of their Congaree is reallybecause the Dry Branch Forriaat does overlie the “Tusca-
Claiborne, however, is still uncertain; some deposits referreldosa Formation” directly in much of Aiken County. Further-
to it, notably the thick bed of fuller’'s earth at Pike's Peak, inrmore the “fuller’s earth appeance” of hackly gray clay, and
Twiggs County, Georgia (the type locality of the Twiggs“greenish-gray clay” (p. 47) isll characteristic of Twiggs
Clay), are now believed to be of Jackson age because of th€ltay and not of McBean Formation. However, as stressed
supposed equivalence to similar clay in Houston Countyabove, Veatch and Stephenson (1911), Cooke (1936, 1943),
Ga., that lies above fossiliferous Jackson limestone. Cookend Cooke and MacNeil (1958)cluded Twiggs Clay and
and Shearer (1918) supposed that all their Congaree cléigvinton Sand of current usagin their concepts of the
member was of Jackson age drahsferred it to the Barn- McBean Formation and Siple derived his stratigraphic model
well formation under the namBwiggs clay member. Later from these authors. Finally, it is to be noted that Siple
Cooke (1943, p. 61) restored that facies consisting of thirbelieved that the Twiggs Clay of Georgia is the Congaree
bedded or laminated sanddanlay to the McBean forma- Clay, “the Twiggs Clay Membeas designated in Georgia is
tion”. It is to be noted that the “thin-bedded or laminatedequivalent to the Congaree Formation of middle Claiborne
sand and clay” is the Irwinton Sand of LaMoreaux (1946aage in South Carolina.” (Siple, p. 55). As with the earlier
1946b) and both C. W. Cooke and F. S. MacNeil fieldabove authors, Siple’s concegtthe McBean Formation and
checked and approved the stratigraphic interpretation dhe overlying Dry Branch Foration of the Barnwell Group
LaMoreaux (LaMoreaux, pers. com., 1980). of current usage.

Essentially then, Cooke dnMacNeil (1952) changed Siple also derived his concept of the Barnwell Formation
the concept of the McBeaRormation fromtheoretically from Veatch and Stephenson (1911), Cooke (1936, 1943),
including all Claibornian deposits in western South Carolinand Cooke and MacNeil (1958iple, however, was not con-
and eastern Georgia (Cooke, 1936), to including, in princisistent in his usage of the name Barnwell. For example, “the
pal, only those deposits of Cook Mountain age. However, ited sand clay of the Tertiary Barnwell Formation” (Siple,
is clear that Cooke and MacNeil (1952) still retained thoséig. 7, p. 27) is not Barnlebut rather deeply weathered,
deposits now called the Dry Branch Formation (of lateébrownish-red “Tuscaloosa Formation” that stratigrpahically
Eocene age) in the McBean rRmtion. Their stratigraphic overlies various kaolin lenses. The color difference between
interpretation still approximated that of Veatch and Stepherthe beds within the “Tuscaloag-ormation” at this site is
son (1911) and their concept of a formation was still a quasprobably a result of the perched water tables above the lenses
chronostratigraphic/biostratigraphic unit. of impermeable clay. Similarly Siple (p. 60) believed that

Siple (1967, p. 43-57) evidently derived his concept ofOphiomorpha nodosa (= Halymenites major of Siple) occurs
the McBean and Barnwell directly from Veatch and Stephenenly in the “Hawthrone Formation”. It is this author’s experi-
son (1911), Cooke (1936), and Cooke and MacNeil (1952knce in the Savannah River area that Ophiomorpha nodosa
However, Siple (p. 45) alsoonsidered the water-bearing occurs locally in abundance only in the Tobacco Road Sand.
properties of the deposits in determining stratigraphic termi©Ophiomorpha nodosa does not occur in the McBean Forma-
nology, “and because the rocks @faiborne age within the tion, it is very rare in the Dry Branch Formation, and is not
report area appear to functigrincipally as one or two known in the fluvial “Hawthorne Formation” (Altamaha For-
water-bearing zones, the deje of Claiborne age are mation). Similarly, the purple clay of Siple (p. 57) is charac-
grouped together for convenience as the McBean Formatideristic of the Tobacco Road Sand in southern Burke County,
generally and more specifically as the McBean FormatioiGeorgia, and is not present in the overlying “Hawthorne”.
for the upper part and the Ggaree (?) Formation for the In terms of the Barnwell of Siple (1967), then, it is to be
lower part.” noted that at some sitesp& included “Tuscaloosa Forma-

Siple (p. 45) listed five types of deposits as lithologiegtion” in the Barnwell (p. 27), at other sites the upper Barn-
that are included in his coapt of the McBean Formation. well (Tobacco Road Sand) iacluded in the “Hawthorne
However, only lithology (4), “impure beds of soft fossilifer- Formation” (p. 60), and the lower part of the Barnwell (Dry
ous limestone or marl” is consistent with McBean lithology.Branch Formation) is consistently included in the McBean
The other four lithology types (sd, clay, and silicified clay- Formation.
stone) are not McBean lithostratigraphic unit. This is partic-  Both the concepts of the McBean Formation and the
ularly true of the claystonéhat crops out north of New Barnwell Formation of Colquhoun, Heron, Johnson, Pooser,
Holland Crossroads (Siple, Fitj5, p. 46), which is the type and Siple (1969) are derived directly from Cooke and Mac-
locality of Turritella mcbeanesis Bowles, a misnomer based Neil (1952) and Siple (1967) and need no further discussion
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here. and lithologically correlatablevith the type McBean, and
Finally, because of the chge in the recognized age of the upper part of the BarnwdlTobacco Road Sand) is rec-

the Cooper Marl in South Carolina to Oligocene (Cooke andgnized as a separate formation.

MacNeil, 1952), and because of the suggested correlation of

the Irwinton Sand with the “Cooper Marl” by LaMoreaux REFERENCES
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A LATE OLIGOCENE OR EARLY MIOCENE AGE FOR THE DRY BRANCH FORMATION AND TOBACCO
ROAD SAND IN AIKEN COUNTY, SOUTH CAROLINA?

Victor A. Zullo
Department of Earth Saiees, University of North Carolirat Wilmington, North Carolina 28403
Ralph H. Willoughby
South Carolina Geological Survey, Harbiseorest Road, Columbia, South Carolina 29210
Paul G. Nystrom, Jr.
South Carolina Geological Survey, Harbiseorest Road, Columbia, South Carolina 29210

INTRODUCTION grained to poorly-sorted and coarse-grained, granule- and
pebble-bearing sand in Richmond County, Georgia that they

A barnacle-bearing, clay-riclpartially silicified, partl , )
g y-ricipa y party gced from central Georgimto western South Carolina.

leached, silica-cemented, quartz sandstone exposed in t ) .
vicinity of Graniteville, Aiken Municipal Airport, and Silver ater, Huddl_estun an_d Hetrick (.1979.) eSt&.lbl'Shed the Barn-
Bluff Road, in western Aiken County, South Carolina isweII Gr_oup in Georgia and defined 't. to include the basal
mapped as the uppermost part of the Dry Branch Formatio_%“mhﬂeId Sand, the Dry Br_and?ormanon, and the overly-_

and perhaps the basal parti# Tobacco Road Sand (Figure Ing Tobacco Road Sand (Figure 2). Huddlestun and Hetrick

1). Huddlestun and Hetrick (1979) named the Dry Branc}@g?_g’ P 8_) correlated the ithfield and Dry Branch for—_
Formation to include tiee lithofacies: a basal (where mations with the lower part of the Gulf Coast Jacksonian

present), rudely bedded tmassively bedded, calcareous, &;tage (lower up[f)er: Egce;e)cb_m;ne Tobacco Road Sznd with
fossiliferous sand lithofacies (Griffins Landing Member); athe upper part of the JacksaniStage (upper upper Eocene).

marine, montmorillonitic clay lithofacies (Twiggs Member); Geologic mapping by W|Iloughb3_/ and Nyst_rom demon-
and an uppermost, distinctly bedded sand or sand and cl ate_s that the Dry Brandformation occurs in southern
lithofacies (Irwinton Member)The Twiggs and Irwinton Craniteville -Quadrangle and throughout Hollow Creek
lithologies are present at thepty section of the Dry Branch Quadrangle, and that the Tobacco_ R(_)ad Sand oceurs
Formation in Twiggs County, Georgia. At places the nameahroughc_)ut .bOth quadrangles; the Clincfield Sand is not
members are distinct and can be recognized separately, pufFsent in _e|ther quadrangle. .

many places the different lithofacies, particularly of the 1 N€ Alken County quartz sandstone includes abundant

Twiggs and Irwinton members, are intimately interbedded Sgompartmental i opercglarams e _smgll arphaeobal—
that only the formational name is used. Huddlestun an?nld barnacle, togther W'th. a few echinoid spine and test
Hetrick (1979, p. 21) point out that at different localities the ragments, benthonic foraminifera, worm tubes, and frag-

Twiggs lithofacies is present different stratigraphic levels ments and shells of small pg_ctmld mollusks. Although the
within the Irwinton Sand sgience. The Twiggs lithofacies barnacles are preserved ascsiland clay replacement of the

in much of eastern Georgia and in South Carolina probabyriginal calcite, every morphological deta_il Is faithfull_y
is at a higher stratigraphic level than the type Twiggs Cla .epr?dtu%ecl. The A'keﬂ Cogn:g{rggaeobalal?(ld barnfacle Itsh
For discussion of detail of Dry Branch stratigraphy, see Hugdnrelated to any archaéobalanid group known from the

dlestun and Hetrick (1979) and Nystrom and WiIIoughbyEO(_:ene of either the Gulf dktlantic cqastal pla_ins, but is
(this volume). attributable to a group thatppeared in the Oligocene of

The barnacle-bearing quarsandstone appears locally North Carolina and Mississippi and continued through the

at or near the top of the pBranch Formation and perhaps lower Miocene in North Carolina.

at the base of the Tobaccod&bSand in Graniteville, Hollow

Creek, and Aiken Northwest 7 %2’ quadrangles (Figure 1). InEOCENE-LOWER MIOCENE DISTRIBUTION
northern Graniteville Quadrangle the barnacle-bearing rock OF BARNACLES

overlies kaolin beds of the Huber Formation. In northern Detailed stratigraphic collections from Claibornian,

Hollow Creek Quadrangle and _in southem Aiken Northwes\t]acksonian, Vicksburgian, and Chickasawhayan strata (mid-
Quadrangle the barnacle-bewyirock occurs in the top of dle Eocene through lower Miene) in the eastern Gulf

the Dry Branch FormatiorOther S|I|ca—ceme_nted sandstone Coastal Plain and from their equivalents in Georgia and the
blocks at the top of the Dry Bran_ch Formation or base _Of & arolinas have yielded several genera and species of scalpel-
Tobacco Road Sand that ocr_:mth th_e barna_cl_e-bear{ng loid (“goose”) and archaebalan(“primitive acorn”) barna-
sandstones may lack or comtdew fossils. Specific locality cles. Establishment of the stratigraphic ranges of individual

information is given in the Appendix to this paper.Thes ; ; :
“species and of species assembtain the eastern Gulf Coast
Tobacco Road Sand was named by Huddlestun and Hetn% : . -
s permitted recognition dfvo formal Eocene cirriped
(1978) for massive to thin-bedded, well-sorted and fine- permi gnit e
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Figure 1. Map showing barnacle localities in Aiken County, South Carolina. See Appendix for detailed locations. See road log (this
volume) for measured section at locality 2.

zones: the Arcoscalpellum subquadratum Assemblage Zor{pleyer, 1868) from the Gosport Sand of Alabama, occurs in
of late Claibornian age, and the A. jacksonense Assembladmth the Gulf Coastal Plain and in the southeastern Atlantic
Zone of Jacksonian age (Zullo, 1980, in press, Figure 3 oastal Plain (PI. 1, figs. 3). The other group, typified by
Both of these zones are repeted in the Eocene of Georgia “S” cornwalli (Zullo, 1966) from the Cowlitz Formation of
and the Carolinas (Figures 2). Species representative of southern Washington is found in southeastern Atlantic Coast
the A. subguadratum Assemblage Zone are found in thend in Pacific Coast stratigraphic units (PI. 1, figs, 6-8). The
McBean Formation of Gerogia and in the upper Santeenly barnacle known from thBobacco Road Sand in Geor-
Limestone of South Carolina. Representatives of the A. jaclgia is an unusual archaeobathspecies with an extremely
sonense Assemblage Zone occur in the Clinchfield Sand amstriated scutum and no definite affinity with any of the Paleo-
the Griffins Landing Member of the Dry Branch Formationgene archaeobalanids now known from the Gulf or Atlantic
in Georgia, in the Cross Formation in South Carolina, and inoastal plains.

the Castle Hayne Limestone in North Carolina. Two archae-  Vicksburgian and Chickasawhayan (Oligocene through
obalanid groups (new gengraharacterize these Eocene lower Miocene) strata in theastern Gulf Coastal Plain and
zones. One group, typified bYSolidobalanus” antiquus their equivalents in North Carolina contain barnacle assem-
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Figure 2. Distribution of archaeobalanids in exposed Paleogene
units in central and eastern Georgia. Kathpalmeria Ross is a
member of the “S.” cornwalli group and occurs, together with
another species of that group, in the Griffins Landing Member
of the Dry Branch Formation. Correlation after Huddlestun
and Hetrick (1979).
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Figure 3. Distribution of archaeobalanids in exposed Eocene
and Oligocene units in Mississippi and Alabama. The balanid
genus Balanus Da Costa makes its first appearance in the east-
ern Gulf section in the upper Oligocene Chickasawhay For ma-
tion. Abbreviations used for Gulf Coast Stages are: uCL =
upper Claibornian; |J = lower Jacksonian; uJ = upper Jackso-
nian; V = Vicksburgian; CH = Chickasawhayan.
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Figure 4. Distribution of archaeobalanids in exposed Eocene
unitsin the Caroalinas. Total range of the“S.” cornwalli group is
range based on its presencein the Cross Formation. Heavy solid
line indicates distribution of the “S.” cornwalli group in the
biomicrudite member of the Castle Hayne Limestone. Stage
abbreviations are; mCL = middle Claibornian; uCL = upper
Claibornian; 1J = lower Jacksonian; uJ = upper Jacksonian.
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Figure 5. Distribution of the “S.” kellumi group and Balanus
concavus in Oligocene and lower Miocene unitsin North Caro-
lina. Heavy solid lines indicate ranges based on correlations of
Baum and others (1978) and Zullo (1979). Fine solid lines indi-
cate alternative (“S.” kellumi) or additional (Belgrade species +
B. concavus) ranges based on correlations of Ward and others
(1978). The Trent Formation is the lower River Bend, the Bel-
grade Formation is the upper Fiver Bend, the Silverdale For-
mation and Crassostrea channel deposit isthe Belgrade.
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blages substantially different from those of fkreoscalpel- a derivative species of th&. kellumi genus-group, has

lum subquadratumand A. jacksonenseones. Scalpelloid been considered either a lower Chickasawhayan (upper Oli-

barnacles are absent. Archaeobalanids are represented bgogene) or a Tampan (lower Miocene) equivalent. Of possi-

continuation of the “Solidobalanus” antiquus lineage in theble relevance to this argument is the observation that Balanus

Red Bluff Formation, Bumpnose Limestone, and the loweis represented in the Chickasawhay Formation of Alabama

Vicksburgian Mint Spring Foration. The “S.” antiquus lin- (St. Stephens quarry, Washington County) not by a member

eage died out prior to the time of deposition of the uppeof the B. concavus group, but by a primitive species with

Vicksburgian Byram Formatig which contains a species archaeobalanid affinities (Zullo, in press). The distribution of

that is unrelated to th&.” antiquus group (PI. 1, figs. 9-14), barnacles occurring in NortBarolina Oligocene and lower

but is placed in a separate group (new genus) with “S.” keMiocene stratigraphic units, toper with a summary of the

lumi Zullo and Baum. relationships between the gtgraphic interpretations of
This younger archaeobalanid genus is best represent®&ium and others (1978) and Ward and others (1978), in pre-

in the Oligocene and lower Miocene of North Carolina,sented in Figure 5.

where two species are known. The older spet&s kel-

lumi, is found in the Oligocen Trent Formation of Baum

and others (1978; = lower River Bend Formation of Ward

and others, 1978). Baum anchets (1978) considered the

Trent Formation to be earlyo mid-Oligocene in age, Plate Legend

whereas Ward and others9{8) correlated these same Figures 1-3, 5. “Solidobalanus’ antiquus (Meyer), Gosport
deposits with the Byram Forman of late Oligocene age. In - sand, Claiborne Bluff, Alabama. (1) exterior of rostrum show-
the eastern Gulf Coast, a species of‘@B&kellumi genus-  ingbroad radii; (2) interior of rugose tergum (spur broken); (3)
group first appears in the Byram Formation of Mississippiinterior of scutum — note lack of adductor ridge; (5) interior of
as the preceding paragraph dfidure 3 indicate. The pres- rostrum showing broad radii with crenate sutural edges.

ence of a representative of th®.” kellumi genus-group Figure 4. Interior of tergum of new species of “S.” antiquus
might suggest a late Oligocerather than early Oligocene, 9roup from the Cocoa Sand, Isney, Alabama, showing rugosi-
age for the Trent Formation of North Carolina. However, oﬁ':'iz‘ur%G 8. Kathpal meria geor giana Ross typelocality of Grif
the two species in thes” kellumi genus-group present in . e ) e i
North Carolina, it is the younger species (see following paraf—Ins Landing Member, Dry Branch Formation, Griffins L.and-

i . . ing, Burke County, Georgia. (6) interior of scutum — note lack
graph), rather than the older speci&’ kellumi, that is of adductor ridge; (7) interior of rostrum with smooth radial

more similar to the Byram species. Thus the biostratigraphig; ;e edges and infolded ribbing; (8) interior of non-rugose
relationships indicate an éarOligocene (pre-Byram) age tergum.
for the Trent Formation of North Carolina. Figures 9-14. “ Solidobalanus’ kellumi Zullo and Baum, Trent
Overlying the Trent Formation are the Belgrade Formarormation, Onsow County, North Carolina. (9-10) interior of
tion and Crassostrea channel deposits of Baum and othéfat scuta with erect articular ridges and short, prominent
(1978; = upper River Bend and part of the overlying Bel-adductor ridges; (11) exterior of flat scutum with non-protru-
grade formations of Ward and others, 1978) that contain @ent articular ridge; (12-13) exteriors of terga with flush spur
second, derivative, species of tf&" kellumi genus-group furrows and broad spurs; (14) interior of tergum with broad

(the Solidobalanus n. sp. C of Zullo, 1979) (PI. 1, figs. 15P!" . . .
. L . L . Figures 15-22. Belgrade Formation species of “S” kellumi
22). This species is found in association with two new spe roup, Belgrade Formation of Baum and others (1978), Martin

cies of the Balanus concavus Brorm group, a group fir arietta Belgrade quarry, Belgrade, Onslow County, North
recorded from lower Miocene (Aquitanian) rocks in othercg glina. (15-16) exteriors of bowed scuta showing protrudent
parts of the world (Zullo, 1979). On the basis of the firstyticular ridges; (17-18) interiorsof scutawith adductor ridges;
known occurrence of the B. meavus group in the Tertiary (19-20) interior of smooth terga with narrow spurs; (21-22)
of the Atlantic and Gulf coaal plains, and on the assumed exteriors of terga showing depressed spur furrows.
lateral equivalency of the Belgrade Formation with the lowefFigures 23-32. Aiken County species, localities 1 and 2, Aiken
Miocene (Tampan Stage) Sérdale Formation of North County, South Carolina. (23) exterior of rostrum (loc. 2); (24-
Carolina, Baum and others (1978, 1979) and Zullo (197934 exteriors of terga with narrow spurs and depressed spur
considered their Belgrade foation and overlying Crassos- furrows (loc. 2); 25-26) interiors of terga (loc. 2); 27, 31) exteri-
trea channel deposit to bealer Miocene. Ward and others ©'S©f bowed scutawith protrudent articular ridges (loc. 2); (28-
29) interiors of scuta with adductor ridges (loc. 1); (30) interior

(1978), however, regarded the Belgrade (their upper Rlveorf scuta with adductor ridge (loc. 2); (32) interior of rostrum

Bend) as a lower Chickasawhayan equivalent (upper O”éhowing smooth sutural edges of radii

9096”9)’ and only th? Crassea Channel deposit (part of All illustrations except figures1, 5, 7, 23, 32 are x7; figures 1, 5,
their Belgrade Formation) dswer Miocene. Thus, the Bel- 23 32 arex4; figure 7isx3.

grade Formation of Baum and others (1978), which contains
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THE AIKEN COUNTY BARNACLE South Carolina were accomplishbd Victor Zullo with the
invaluable and generous aid of Gerald R. Baum, David T.

“Solidobalanus” antiquus*S? cornwalli, and“S? kellumi ockery Ill, W. Burleigh Harris, Paul F. Huddlestun, and

groups are readily observed from the figures in Plate 1. Th%me_St T. Russell. Funding for field work in _Georgia was
“S!” antiquus group has broad radii with crenate suturalprOVIde<j by a grant from énSoutheastern Regional Educa-

edges, whereas the “S.” cornwalli group has narrow radffo" Board.
with smooth sutural edges. Both of these groups possess

Some of the most obvious differences separating th

internally rugose opercular plates and both lack scutal REFERENCES CITED
at_dductor ridges. Thés.” kellumi group has narrow radii Baum, GR., W.B. Harris and V.A. Zullo, 1978, Stratigraphic revi-
with smooth sutural edges as in t&e' cornwalli group, but sion of the exposed middle Eocene to lower Miocene formation

is readily distinguished by its internally smooth opercular  of North Carolina. Southeastern Geology, v. 20, no. 1, p. 1-19.
plates and well-developed scutal adductor ridge. The Aiken 1979, Historical review of Eocene to early Miocene stratig-
County Species (PI. 1, figs. Z2) is readily assigned to the raphy, North Carolina. In, Baum, GR., W.B. Harris and V.A.
“S! kellumi genus-group and is cquexific with the species Zullo, eds,, Structural and stratigraphic framework for the
from the Belgrade Formation of North Carolina. The Bel- ~ Coastal Plain of North Carolina. Carolina Geol. Soc. and Atlan-
grade-Aiken County Species is distinguished ft@ kel- tllclg:oastal Plain Geol. Assoc., Field Trip Guidebook 1979, p.
lumi by; (1) its markedly bowed rather than flat scutum; (2) o . i

its markedly reflexed ratherdh erect scutal articular ridge Huadlestun, PF. and JH. Hetrick, 1978, Stratigraphy of the

. . . Tobacco Road Sand — a new formation. Georgia Geol. Survi
that projects beyond, rather than being flush with, the tergal Bull. 93, p. 56-77 g ¥

margin; and its tergal spur furrow which (3) is depressed , 1979, The stratigraphy of the Barnwell Group of Georgia
rather than flush and (4) is narrower, placed farther from thﬁeorgiaGeol. Survey Open File Rept. 80-1, p. I-iv, 1-89.

basiscutal angle, and ends in a blunt point rather than beimng/strom, PG, Jr., and R.H. Willoughby, 1982, Cretaceous, Ter-
broadly rounded. The Byram species is presently known tiary, and Pleistocene (?) stratigraphy of Hollow Creek and
only from compartmental platesid scuta, but the features of ~ Graniteville quadrangles, Aiken County, South Carolina: this

the scutum are more like those of the Belgrade-Aiken volume.
County Species than 68 kellumi. Ward, L.W., D.R. Lawrence and B.W. Bla:kWeIder, 1978, Strati-

graphic revision of the middle Eocene, Oligocene, and lower

Miocene — Atlantic Coastal Plain of North Carolina. U.S. Geol.
AGE OF THE DRY BRANCH FORMATION AND Survey Bull. 1457-F, p. 1-23.

TOBACCO ROAD SAND IN AIKEN COUNTY Zullo, V.A., 1979, Biostratigraphy of Eocene through Miocene Cir-

. . . C ripedia, North Carolina Coastal Plain. in, Baum, GR., W.B.
The preceding discussion ofetllistribution of Eocene Harris, V.A. Zullo, eds, Structural and stratigraphic framework

through Miocene archaeoba'ldeiand the identi_fication of for the Coastal Plain of North Carolina. Carolina Geol. Soc. and
the Aiken County barnacle with the North Carolina Belgrade  agantic Coastal Plain Geol. Assoc., Field Trip Guidebook
species suggest that the fdifsious quartz sandstone in the 1979, p. 73-85.

upper Dry Branch Formation and basal Tobacco Road Sand | 1980, Biostratigraphy of middle and upper Eocene barna-
as mapped in Aiken County is not Eocene in age. The pres- cles(Cirripedia), Gulf and southeastern Atlantic Coastal Plains.
ence of a Belgrade-like specieshe Gulf Coast Byram For- Geol. Soc. Amer., Abstracts with Programs, v. 12, p. 555.
mation and correlation of the North Carolina Belgrade____, in press, Cirriped assemblage zones of the Eocene Clai-
Formation with either the Chickasawhay Formation or the bPornian and Jacksonian Stages, southeastern Atlantic and Gulf
Tampa Limestone indicate aneagf late Oligocene or early Coastal Pains. Palagogeogr., Palaeoclimatol., Palaeoecol.
Miocene. Supplementary evidence presented by Harris and

Fullagar in this volume supports an age approximating the APPENDIX
Oligocene-Miocene haedary for the upper Dry Branch For-
mation at one locality in Georgia. Barnacle localities in western Aiken County
Locality 1. SCGS A-001. J.M. Huber Corporation’s
ACKNOWLEDGMENTS Barden kaolin pit in west-central Graniteville, S.C. 7 ¥’

a- Quadrangle (1964 map; photo-revised 1980), at 33°33’ 00”
N latitude, 81°51’ 4” W. longitude. Barnacle plates were col-
lected from an isolated, gik-cemented sandstone block that

The discovery and collectioof the Graniteville barn
cles, together with the field work in Aiken County were
accomplished by Ralph Willoughby and Paul Nystrom. ; e k
Arthur H. Maybin generously shared his locality informa-2PP€ars to be in place at thettom of a mining pit. Only
tion. Collection, identification, systematics, and biostrati-Sand (no kaolin) and two siliciieblocks are present at the
graphic interpretation of barnacle assemblages in the Gupottom of the pIF, but other silicified blocks have been moved
Coastal Plain, Georgia, North Carolina, and northeastertp the surrounding land surface. The block that supplied the
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fossils is apparently from tHmse of the Tobacco Road Sand
or from in the Dry Branch Formation. Elsewhere in the pit,
the Tobacco Road Sand liesaditly on kaolin of the upper
Huber Formation in one exposure (see road log, this volume,
Stop 12), and the Dry Brané&tormation occurs above kaolin

of the upper Huber Formation and below the Tobacco Road
Sand at the “high wall” in the Barden pit.

SCGS A-001a. In the Barden pit at 33°32’ 55” N lati-
tude, 81°51’ 26” W. longitudeBarnacle plates occur abun-
dantly in large silicified sandstone blocks that were moved
and piled together during kaolin mining operations. The
blocks lie 2-4 meters above water’'s edge and above kaolin of
the upper Huber Formation, and are 161 m N 13 W. of the
tombstone of Esther Emmons LeCoultrie (1914-1980) in
Carter Cemetery; or 53 m due north and then 110 m N 20 W.
of the cited tombstone. Mr. W.H. Kirkland of J.M. Huber
Corporation in Langley, S.Chas stated to RHW that the
blocks originally came fromimmediately overlying the
kaolin beds in this pit. The blocks are from the base of the
Tobacco Road Sand or fromtime Dry Branch Formation.

Locality 2. SCGS A-002. In the south-central part of the
Aiken Northwest, S.C. 7 %2’ Quadrangle (1964 map), at 33°
38’ 8” N latitude, 81° 40’ 15” W. longitude. The fossiliferous
rock is a silica-cemented sandstone exposed in a low wall at
the north end of an abandoned fullers earth pit along the
upper reaches of Bradley MBranch. The entire exposure at
this locality lies within the Dry Branch Formation, and
Twiggs Clay lithology is present at the base of the pit and in
the streambed to the east.

Locality 3. SCGS A-003. In the northeastern part of
Graniteville, S.C. 7 ¥2’ Quadrangle (1964 map; photorevised
1980), at a sharp bend in a dirt road (S-2-1467) located at 33°
36’ 41" N latitude, 81° 45’ 44" W. longitude. Fossils are
from silica-cemented bouldedisplaced during road-grad-
ing, are on both sides of theadhy and are from above the top
of the kaolin (upper Huber Formation) exposed in the road.
The boulders and the pebble bed in the sand overlying the
kaolin may represent the base of the Tobacco Road Sand or
part of the Dry Branch Formation.

Locality 4. SCGS A-004. Im recently opened housing
subdivision in northeastern Hollow Creek, S.C. 7 %2’ Quad-
rangle (1964 map; photorevised 1971), just to the south off
of a paved road not shown on the map, in a gully leading
downhill towards the dam shown on the map; at 33°29’ 37”
N latitude, 81°49’ 5” W. lonigude. Barnacle plates are abun-
dant in loose, weathered, clayey sand at the top of the gully.
The locality is within the Dr Branch Formation, in sand
overlying Twiggs Clay lithology that is exposed just west of
the dam. Silicified sandstortdocks with barnacles, shark
teeth, and ray teeth occur assathe road and to the south-
west.
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RB-SR GLAUCONITE I SOCHRON, TWIGGS CLAY MEMBER OF DRY BRANCH FORMATION, HOUSTON
COUNTY, GEORGIA

W. Burleigh Harris*
,Department of Earth Sciencesniversity of NorthCarolina at Wilmington, Wilmington, NC 28403
Paul D. Fullagar
Department of Geology, Univaty of North Carolina at @apel Hill, ChapeHill, NC 27514

*Present address — Exxon Production Rese@ochpany, P.O.Box 2189, Houston, Texas 77001

ABSTRACT As a result of this successe have initiated glauconite
studies on Georgia, Alabama, Mississippi, and Louisiana
Paleogene units. This report briefly outlines the results of
application of the Rb-Sr isochron method to glauconite from
the uppermost Twiggs Clay Mwer of the Dry Branch For-

Five hand-picked, authigenglauconite concentrations
that were analyzed for RBy, and Sr, isotopic compositions
yielded an isochron age of 23.@M«2 m.y. (87 Rb=1.42 x 10
11, -1 ,

yr 7) for the uppermost part (bed #19) of the Twiggs™ . . .
Clay Member of the Dry Bmch Formation, Houston mation, Barnwell Group, Houston County, Georgia (Figure
County, Georgia. The initial (87Sr/86gmatio of 0.7087_+ 1.

0.0006 calculated from the isochron is in good agreement
with previous estimates dhe strontium isotopic composi- GEOLOGIC SETTING

tion during the Oligocene/Miocene. Although the Twiggs The Jacksonian stage (upper Eocene) in the Georgia
Clay is generally considered to have a late Eocene age (Jagkyastal Plain consists of two distinct lithofacies, a domi-
sonian), the isochron age segts a position near the Oli- han4y calcareous facies lying the south and southeast and
gocene/Miocene boundary for the uppermost part (bed #19) yominantly clastic facies lyinto the north and east. The
of the unit. calcareous facies or Ocala Group (Murray, 1961) consists of
several differentiated limestones in Georgia (Huddlestun and
INTRODUCTION Hetrick, 1979) and the Inglis, Williston, and Crystal River
Recently reported glauconiteadiometric ages from formations in FIorida..The clés facieg or Barnwell C_%roup
Europe (Odin et al., 1978) and the Atlantic Coastal I:,lair(Huddlestun and Hetrick, 1979) consists, in ascending order,
(Owens and Sohl, 1973: Harris, 1976: Harris and ZuIIOof the Clinchfield Formatiorthe Dry Branch Formation, and
’ ’ ' ’ |t_r'1e Tobacco Road Sand. In ttentral and east-central Jack-

1980; Fullagar et al., 1980; Harris, in press; and Harris et a
son outcrop belt, the Ocala and Barnwell groups and a clay

in press) demonstrate thatagtonite ages can be used to ith that | »ad Alab d Mississiopi
accurately determine the time of sediment deposition in posp- osome that IS recoghized /vabama and MISSISSIpp! as

Jurassic marine strata. Although Owens and Sohl (1973) arliﬁe Yazoo Grclnup, ifnlt.ehrfinger. ‘ﬂﬁarzea of intgrfingﬁring grf? |
Odin et al. (1978) utilized the K-Ar method, Harris (1976),SentS a complex of lithosomes whose stratigraphy is difficult

Harris and Zullo (1980), Fullag et al. (198), Harris (in to interpret. The Clinchfielénd Dry Branch formations are
press), and Harris et él.n(ipress) employéd the Rb-Sr assigned to the lower JacksamiStage, whereas the Tobacco

method. Harris (1976) suggedtéhat as daughter 87Sr is Road dSancti) its assigtrrl]edlto uhppe(rj Jacksor;iankStage. Thed
usually far less susceptible to system loss than daught pundary between the lower and upper Jacksonian grades
40Ar, the Rb-Sr method mayefd more accurate glauconite rom d!sconformaple qulp to (;onformaple qowqd|p. The
ages. To alleviate the problems that are inherent in the use%FnChf'eld Formation s a persistent unit which '_S recog-
the model age method, i.e., where the original quantity Otﬁlzed throughout the entire Jackson outcrop belt; however,

87Sr (expressed dbe (87Sr/86Sg) present at the time of the Dry Branch Formation contssof several different mem-

glauconite formation is estimated, Harris (1976), Harris an(lj-’ers which are developed in d'lfferer?t areas. TO the north and
Zullo (1980), Fullagar et al1980), and Harris et al. (in east, the Dry Branch Formatiaonsists principally of the

press) utilized the isochranethod. Because a minimum of Irwinton Sand Member and the Griffins Landing Member

five co-existent samples from the same lithostratigraphi hereas in the Ce’?""?" GeorgmnasFaI PIam, the entire D.ry
zone or horizon are utilized in isochron age determination ranch stratigraphic interval consists mainly of the Twiggs

erroneous samples are easily iife@able by their deviation CIay_%ler_pbgr (Héfldlestun and He;nhck, 197%17 dqf
from the isochron. To date, our work in the southeastern e Twiggs Clay was namdxyy Shearer ( ) and for-

Atlantic Coastal Plain of Virginia and North and South Caro-mally designated a member of the Bamwell Formation by

lina has not yielded glauconifsochron ages that conflict thoke ?;'d lahearerD(léal_lS); egpges neathéke_ls Pzal_<r s'ta-
with the biostratigraphic data. ion on the Macon, Dublin, and Savannah Railroad, Twiggs
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Figure 1. Location of the Medusa Portland Cement Company pit, Houston County, Georgia.

County, were identified as the type locality. As the typemost of the morphological types described by Triplehorn
locality is now covered by a second generation forest, Hud<L966) are present, mammillated to lobate varieties are the
dlestun and Hetrick (1979) designated the railroad cut calleashost common.
“map locality E” by Shearerl@17) as the neostratotype, and
also proposed the exposure at the pit of the Medusa PortlaWNALYTICA PROCEDURES AND RADIOMET-
Cement Company, Houston County, as a hypostratotype. RIC RESULTS

The Twiggs Clay Member dhe Dry Branch Formation
is a pale greenish, olive greém dark gray silty clay with A composite sample of glauconitic bed #19 of Huddles-
occasional concentrations oftdb fine sand along bedding tun et al. (1974) was collected at the hypostratotype of the
planes. Previous workers havecognized an eastern and Twiggs Clay Member of th®ry Branch Formation along
western lithofacies. The eastern, east of the Ocmulgee Rivéhe south face of the Medusa Portland Cement Company pit,
is characterized by a paucitf calcite and glauconite and Houston County. Five glauconite concentrates were sepa-
the almost universal presence of disordered cristobalitéated on the basis of grain-size and external morphology into
resulting from the abundance dfatoms, radiolarians, and Samples designated GA9-260D, GA9-260L, GA9-280,
sponges. The western lithofacies, west of the Ocmulge@A9-2120D, and GA9-2120L. The samples were further
River, is generally calcareousttviadmixtures of sand, glau- Prepared for analysis accordirto the procedure described
conite, mica and pyrite. Glauconite-rich beds are generallpy Harris and Bottino (1974The concentrated samples con-
present near the top of thmit (Huddlestun and Hetrick, tained less than 1% pyrite. X-ray diffraction analysis of the
1979) and occur either as burrdiings or as cross-lamina- glauconite confirmed that the samples consisted of the disor-
tions in the clay. The glaucite collected for radiometric dered mineral glauconite as defined by Bentor and Kastner

analyses came from the cselmminated zone. Although (1965).
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Table 1. Rb-Sr Analytical Data for the Twiggs Clay Member of the Dry Branch Formation, Houston County, Geor gia

Sample Rb (ppm) Sr (ppm) Rb87/5r86 (sr¥7sr8)y
GA9-260D 280.0 2.43 337.7 0.8189
GA9-260L 276.0 7.38 108.6 0.7445

GA9-280 269.9 1.32 601.4 0.9054
GA9-2120D 277.1 5.27 152.8 0.7584
GA9-2120L 275.9 5.61 143.1 0.7550

The five glauconite samples were analyzed for Rb, Sratio of 0.7080 for the Eimer and Amend SgC8tandard.
and Sr isotopic composition using standard chemical an@ihe isochron age was calculdtesing the decay constant of
isotopic dilution procedurefkb and Sr were separated by 87Rb = 1.42 x 101]yr‘l (Steiger and Jager, 1978).

using concentrated acids aschall ion-exchange columns The Rb-Sr mass spectrometwas performed at The
according to the technique démged by Russell (1978). The University of North Carolinat Chapel Hill with a single-
results are shown in Table 1. focusing, 12-in., triple-filament mass spectrometer. Data

Rb and Sr blanks were cetited in order to monitor were collected and analyzedtivia Nuclide DA/CS-III auto-
contamination encountered in handling and preparing thmation and data-reduction computer system.
samples for analysis. Analysis of the blanks has shown that The results of the five glaooite samples have been cal-
procedural contamination for Rb and Sr was negligible. Orulated as an isochron age using the least-squares regression
the basis of replicate anags of rock samples and the method of York (1969). The isochron plot for the five sam-
National Bureau of Standards standard sample 70a, K-felghles indicates an age of 23.0042 m.y. for the uppermost
spar, one-standard deviati@xperimental errors are esti- bed (#19) of the Twiggs Clay Member of the Dry Branch
mated to be no greater tharD#0005 for the 87Sr/86Sr and Formation at the Medusa Portland Cement Company pit in
1.0% for the 87Rb/86Sr ratios. Houston County, with an initial (87Sr/86§ry 0.7087 +
The 87Sr/86Sr values in be 1 have been normalized 0.0006 (Figure 2).
to 86Sr/88Sr = 0.1194, and are given relative to a 87Sr/86Sr

09507 TWIGGS CLAY MEMBER
9—280/
> 0.900- as
o
o
©  0.850-
g 9-260D
- T=-23.0 £ 0.2M.Y.
"f 0.800- 87SR/86SR - 0.7087+0.0006
x 9-2120D
9—2120L_+1'+
o.750—7o|_-+_
0.700 , r , . .
0 100 200 300 400 500 600

87RB/86 SR
Figure 2. Plot of (87Sr/86Sr)y versus 87Rb/86Sr for bed #19, Twiggs Clay Member, Dry Branch Formation.
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DISCUSSION AND CONCLUSIONS al., 1974); therefore, it is suggedtthat as there are no diag-
The Rb-Sr glauconite isochron age of 23.0.2 m.y nostic flora or fauna in the dated zone, there is no biostrati-

suggests a position near the Oligocene/Miocene bounda ap_hic ?Vider?ce _present tosplute the radiometric age. A
(in the lower Miocene?) for the upper bed of the Twiggs Cla etailed investigation of thedital and faunahssemblages of

at the Medusa Portland Cement Company pit. Although thEahe entire Twiggs Clay at the Medusa Portland Cement Com-

dated zone does not contail a diagnostic flora or fauna, fo@any pit should be made in order to document correlation of

sils of late Eocene age have been reported from several Ioc%l'—e unit with Eocen(_e, Oligocenor Miocene stratotypes in
ities that are correlatl with the Twiggs Clay Member of the the Gulf Coastal Plain.

Dry Branch Formation (Veatch and Stephenson, 1911;

Shearer, 1971; Cooke and Shearer, 1918; Cooke, 1943; ACKNOWLEDGMENTS

Cushman, 1945; Pickering, 1970; Schmidt, 1970; Darrell,

_ _ i We gratefully acknowledge the laboratory and field
1974; Huddlestun et al., 1974; Huddlestun and Hetrickyggistance of John S. Davis, Paul F. Huddlestun, and Victor

1979). Hence, it is difficult to dispute the reported Eoceney 715, Appreciation is also extended to Paul Nystrom and
age for the Twiggs Clay. However, several lines of evidencgainh H. willoughby for their invitation to present our pre-
other than the isochron suggest that the upper part of the,inary results on Gulf Coastal Plain radiometric dating.
Twiggs Clay at the Medusa Portland Cement Company Pifhis project was partially funded by the Southeastern

may be as young as earliest Miocene. The Tivola Limestongegional Education Board, and the Program of Marine Sci-

which conformably underlies the Twiggs Clay at the pit, cONyce Research and the FaguResearch and Development

tains Periarchus pileussinensis and Pecten spillmani (Hug,ng of The University of North Carolina at Wilmington.

dlestun et al., 1974). P. pileussinensis and P. spillmani a8, ;| £ Huddlestun and Victor A. Zullo reviewed the manu-
restricted to the Yazoo ClafPachuta Marl) in Mississippi script.

and Alabama and the middle Crystal River Formation of the

Ocala Group in Georgia and Florida (Toulmin, 1977). These

units have a well-documentegbper Jacksonian age and are REFERENCES CITED

assigned to calcareous nannofossil zone NP19. Thus, as tB&n, GR., and others, 1980, Correlation of the Eocene strata of the

Tivola Limestone should be assigned to calcareous nanno- Carolinas: South Carolina Geologic Notes, v. 24, p. 19-27.
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and 34.9_+1.1 m.y., respectively. As the sample of the of Georgia Contributions from the Cushman Laboratory for
Twiggs Clay that yieled an age of 23.0 8.2 m.y. was col- Foraminiferal Research, v. 21, pt. 1, 11p.

lected about 30 m stratigraphically above calcareous nann®arrell, JH., 1974, A paynologica investigation of the Twiggs
fossil zone NP19, it is probably younger than this zone. An Formation (upper Eocene) in central and east central Georgia:
apparent youngness of the Twiggs Clay appears to have been Geological Society of America, Abstracts with Programs, v. 6,

alluded to by Cushman (194%hen he stated that “The . ”p- 348F;D Harris WB.. and Winters. J. 1980 Rb-Sr dl .
. : . . ullagar, F.D., Rarris, W.b., an nters, J., \ - glauconite
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for the Twiggs Clay indicate #t the top of the unit at the gists, Studiesin Geology 6, p. 213-234.
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boundary based on the numerical limit for the boundary sug- Geology, v. 4, p. 761-762.

gested by Hardenbol and Berggren (1978) The TnggS C|a|yal'l'i5, W.B., and Bottino, M.L., 1974, Rb/Sr study of Cretaceous
at the Medusa Portland Cement pit occurs above beds which '0Pate glauconite pellets, North Caralina: Geological Society of
are considered to be late Eocene in age and below begds America Bulletin, v. 85, p. 1475-1478.

. . . ris, W.B., and Zullo, V.A., 1980, Rb-Sr glauconite isochron of
which are considered Miocerto Holocene (Huddlestun et the Eocene Castle Hayne Limestone, North Carolina Geologi-
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TERTIARY STRATIGRAPHY OF THE OAKWOOD QUADRANGLE, AIKEN COUNTY, SOUTH CAROLINA

LucilleE. Kite
South Carolina Geological Survey, Harbiseorest Road, Columbia, South Carolina 29210

INTRODUCTION lithology is quite diverse, showing both vertical and lateral

The Oakwood 7.5-minute quadrangle is located in thé’a”a_lf'r?n'l . f the f . . £ fi
Upper Coastal Plain of South Carolina in Aiken County, east e lower portion of the formation consists of fine- to

of the town of Aiken. The Upper Coastal Plain in this regionmedium—grained sands, moderately to well sorted with thin

consists of a broad upland area (the Aiken Plateau) Whictfillscohtmuous.kaolln laminae, and some small rounded or
has been greatly dissected Syeam erosion, resulting in discoidal kaolin balls. However, beds of quartz gravels or

somewhat limited exposure afderlying Cretaceous and poorly sorted coarse sands a uncommon in this part of
Tertiary sediments, with Quernary alluvium present along the section. The fine sands commonly exhibit well developed
flood plains of major rivers in the area small scale crossbedding an@ &requently clean and loose.

The stratigraphic section of Upper Coastal Plain sandg;:lay'IIned burrows are preseand are noted to be of two

and clays exposed in the Oakwood quadrangle contains ﬂx@rletles, small tubular burrows about 3 mm or smaller in

same Tertiary lithologic units recognized in the Graniteville-dlameter and larger (126 mm dlgmeter) bormg@(alll-.
Hollow Creek area to the west (Nystrom and WiIIoughby,anassfa? burrows), both types which branch and run in all
this volume). The Tobacc®oad Sand (Huddlestun and directions. . S :

Hetrick, 1978), the Dry Branch Formation (Huddlestun and The upper portion of the. formation is comprised pre-
Hetrick, 1979) and the Huber Formation (Buie, 1978) ar ominantly of beds of medium- to very coarse-grained
relatively recently named Tertiary units for which detaileddYa2 sand with .fewer beds of finer gralngd sands.' These
descriptions have been confined mostly to their exposures nds show medium to largeale crossbedding. Kaolin is

central and eastern Georgia.atthese units extend eastward more abundant than in the lower _portlon, occurring as th'.n
continuous layers, as conglomeratic layers of rounded kaolin

of the Savannah River into Aiken County, South Carolinab I q beds of d e kaolin. Th
was recognized (Smith, 1979)tke limit of their eastward alls, and as beds of pure to sandy massive kao In. These
assive kaolin beds are nearly always located within the

extent is generally undetermined. Nystrom and Willoughbym . fh it and | K th f
(1982a) first correlated sediments overlying the Huber ForaPPermost portion of the unit and commonly mark the top o

mation in Graniteville andHollow Creek quadrangles with the formation. This is noted particularly in exposures in the

the Tobacco Road Sand andy@ranch Formation of east- nortrllzeaSLern corner of t::e quadrsngle. h Hub
ern Georgia, which have been assigned an Upper Eocene or the most part the caut between the upper Huber

(Jacksonian) age by Huddlestun and Hetrick (1978; 1979?.ands ;nrc]i overlyi.ng [?ry Branch ForrEa:ionh is poofrlyh
Smith (1979) had not made a distinction between these twg POSed, however in at least one auger hole the top o ,t €
Huber was oxidized to a deep red color. Throughout its

units, but mapped them together as the Barnwell Group. hick the Huber is tvoicall sh-red t lowish
Recent detailed geologic mapping of the Oakwooot ICkness, the Huber IS typically orangish-red fo yeflowish-

guadrangle (Figure 1) has shown that this sequence of strafifange In weathere'd eXposures. .
graphic units is present andpmsed in this area, and that Vertebrate marine fossils, including shark teeth and ray

these units can be distinguished and delineated. This wo Eeth. anq spines, have been fqund in the lower Hube_r ata
was part of an ongoing program of geologic mapping an cathn in the nprtheastern portion of the quadrangle (Fllgure
compilation by the South Carolina Geological Survey aime ). This is the first reportedccurrence of vertebrate marine

toward publishing an up-to-date state geologic map. The pu ossils vx:ithin the H:bferormation. Tfhe f(lnssri]ls (Figgre 2)
pose of this report is to brigfdescribe the Tertiary stratigra- alre potor y prlesterlve Ita ; " Ire v_le_rr1y Lagc; N 5;1\{|nhg eetn f
phy of the Oakwood quadrangle. almost completely altered to clay. The bed in which most o

the fossils were found consists of poorly sorted, mostly very
coarse gquartz sands with some rounded quartz pebbles. A

STRATIGRAPHY few scattered phosphate grains were also found. The expo-
. sure contains little or no interstitial clay with only scattered
Huber Formation small kaolin balls or stringers. A detailed description of the

The Huber Formation, defined by Buie (1978) as beingntire outcrop at this locality is presented in Table 1. The
the post-Cretaceous pre-Jackson strata occurring in ti§&ark and ray fossils as well as the presence of burrows and
kaolin mining districts of Georgia, and assigned a Paleocerf®@me phosphate grains indicate a marine origin for at least
and Middle Eocene (Claiborniprage, is the most exten- this section of the Huber Foation. Burrows seen elsewhere

sively outcropping unit within the Oakwood quadrangle. Itsin the lower Huber in Oakwood Quadrangle and in the Gran-
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Figure 1. Geologic map of Oakwood Quadrangle, Aiken County, South Carolina; (x) markslocality at which vertebrate marine fos-
sils (vmf) arefound; (+) marksbuhrstone (b) localities.

iteville-Hollow Creek area (Nystrom and Willoughby, this the fossil locality included a @ thick black clay at a depth
volume) indicate a marine origin for these sediments over af 9.5 meters (31 feet), which is interpreted by the author to
large area. be not of the Huber Formation but of Cretaceous age. Thus

Exposures have not permitted positive identification ofthe fossil bearing Huber sediments would be at most 10.5
any Cretaceous sediments wittive map area, and thus the meters (35 feet) above pdsls Cretaceous sediments and
thickness of the Huber Formation in this area has not bedhe total thickness of the Huber in this part of the map area
determined. Sediment retrieved from a power auger hole atould be a maximum of 36 meters (120 feet).
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"

Figure 2. Marine vertebrate fossils collected from the Huber Formation in Aiken County, S.C., at roadcut on Rt. 264, three hundred
feet northwest of intersection with Rt. 302; A., B., C. shark teeth; D., E. ray teeth; F. ray tail soines.

Dry Branch Formation inae or thin discontinuous layers which vary in color from

In the Oakwood quadrangtie Dry Branch Formation white to tannish brown to deep purple.

consists predominantly of fine- to medium-grained quartz Exposures of montmorilionitic clay (Twiggs Clay lithol-
b y 9 d ogy, LaMoreaux, 1946) within the Dry Branch are confined

sands, although there are beds of coarser grained, sometim
0 the extreme southwest corner of the Oakwood quadrangle,
pebbly sands. Moderately to well sorted, these subangular . . S
where these clays compoaesingle bedded unit which in

subrounded sands commonly occur in thin wavy beds, some- . .
. S . laces exceeds one meter in thickness. These clays are
times exhibiting small scale crossbedding. Fresh exposures ~ : . . .
. reenish-tan in color, have a plastic consistency when moist,
are yellow-orange to yellow, while weathered exposures a . . .
. . . nd exhibit well developed parting along horizontal planes of
usually more reddish-orange in color. Typically these sands.

are relatively soft and loose with little or no interstitial clay. Siity quartz only one to two grains thick. Other exposures of

. . the Dry Branch Formation to éhnorth and east within the
Clay does commonly occur withthese sands as wispy lam- . .
quadrangle do not contain tleewell developed sections of
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Table 1. Detailed stratigraphic section of a portion of the Huber Formation in which vertebrate marine fossils are found, northeast
side of roadcut on County Road 264, 300 feet northwest of inter section with State Road 302.

Thickness Thickness
Feet Meters

Quartz pebble conglomerate; pebbles include milky quartz, smoky quartz and rotten quartz
gravelsin amatrix of poorly sorted fine to coarse sand; aso some badly weathered clay
3.0 9 balls; limonite cemented sands and gravels found locally at base. Concentration at base of
fine to coarse, dark heavy minerals. Slight fining upward in grain size, fewer pebbles.
Lower contact abrupt, undulating.

Coarse to very coarse sand at base (.4 m) grades into fine to medium, mostly fine, well-
sorted quartz sands with occasional coarse grains; quartz grains subangular to subrounded
with a clay coating. Kaolin present as very thin (1-2 mm) stringers and as small stubby
flakes and chips, these clay stringers become thicker, more continuous laminae in upper
6.6 2.0 portion of unit. Small scale crossbeds present in finer sands and most apparent in middle of
unit. Grain size of sands increases to medium to coarse with occasional pebblesin upper 1
meter of unit with limonite cemented material scattered in top .3 meters. Small (2-3 mm
dia) clay lined burrows present in fine sands of unit. Sparsely fossiliferous with shark teeth
and ray spines. Lower contact gradational.

Coarse to very coarse sands with quartz pebbles and some limonite cemented chips and
flakes; pebbles are subrounded to rounded; coarse sand grains are angular to subrounded, a
2.0 .6 few showing crystal faces. Fossiliferous with shark teeth, ray teeth and spines, also occa-
sional phosphate grains. Orangish-red in color. Little interstitial clay, some small discoidal
kaolin balls and thin short laminae. Lower contact gradational.

Medium to coarse, moderately well-sorted quartz sand; grains angular to subangular with a
clay coating; no clay balls or laminae present; orange to orangish-red in color.

1.6 5

Twiggs lithology. In the northeast corner of the quadrangleypper portion of the unit which are more clay-rich. Large
well-bedded sands with wispy clay laminae (Irwinton Sanctlay-lined burrows up to 25 mr more in diameter (Calli-
lithology) are found directly upomassive kaolin beds of the anassa ? burrows) are present and locally abundant. Typi-
underlying Huber Formation; and the Twiggs Clay lithology,cally deep red in color whemeathered, some exposures of
which typically is found at the base or in the lower third ofthese sands in the higher elevations of the upland areas show
the Dry Branch Formation @Moreaux, 1946; Huddlestun pinkish-purple color commowl accompanied by variable
and Hetrick, 1979; Nystrom and Willoughby, this volume), isamounts of purple clay. The unit is typically indurated
absent. throughout; there are sporadic occurrences in outcrop of
Large outcrops of silicified fossil-bearing sandstone,ron-cemented sands.
Sloan’s (1908) buhrstone, occur in the extreme southwestern The base of the Tobacco Road is typically characterized
corner of the Oakwood QuadrdedFigure 1) at the horizon by a well-rounded discoidal quartz pebble horizon. Though
corresponding to the contaobetween the Dry Branch For- widespread, this pebble zone is not always observed, the
mation and the overlying Tobac&wpad Sand. This silicified base of the unit being marked locally by a distinct coarsening
sandstone correlates withetHossiliferous silica-cemented of the clayey red sands overlying the finer loose yellow
sand found in the Graniteville-Hollow Creek area discussedands of the Dry Branch Formation.
by Nystrom and Willoughby (this volume) and Zullo, Wil-

Ipughby a_nd Nystrom (this volume). Fossils occurring in this SUMMARY
lithology include abundant barnacles, as well as a few ) . ]
pelycepods and small bryozoans. Detailed geologic mapping of the Oakwood quadrangle
has produced significant results. The Tertiary stratigraphy
Tobacco Road Sand exposed there, as described in this report, includes litholo-

. . ies which are physically catatible with the Huber Forma-
The prac_c:o Road Sand is founq capping the uF’l"’mﬁon, Dry Branch Fomation and Tobacco Road Sand of the
stream divides in Oakwood quadgle. It is characterized by

| di I q ds with Graniteville-Hollow Creek areaf western Aiken County,
mostly medium to coarse, poorly sorted sands with COMMOg, v, carolina (Nystrom and Willoughby, this volume) and
quartz gravels and subordinate amounts of clay and mic

Bastern Georgia (Huddlestun and Hetrick, 1978; 1979).
The clgy mo;t commonly occuas small balls or.c!asts or as Though no age determinations have been made for the Oak-
thin .dISCOI‘]tII‘IUOUS Iayerg. Beds locally exhibit small ©wood lithologies, the physical correlation of these units with
”.‘ed'“”.‘ scale _cro;sbeddmg, but other EXPOSUTES aré Magnqe of the west suggests they are of the same age (Pale-
sive. Bioturbation is commonly observed, particularly N Jcene and Middle Eocene; datpper Eocene to Miocene).
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The presence of vertebrate nmarifossils within the lower
Huber is significant in that it not only is the first reported
occurrence of such fo$sifrom this unit, but also indicates a
definite marine origin for these sediments. Prior to this field
study the Dry Branch Formiah and Tobacco Road Sand
had not been identified as separate units within the Oakwood
area, having been mapped simply as the Barnwell Group
(Smith, 1979). Also the fossiliferous silicified sand (buhr-
stone) which is locally found at the horizon marking the con-
tact between the Dry Brandformation and Tobacco Road
Sand has been shown to be present at least as far east as
southwestern Oakwood quadrangle.
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STRATIGRAPHY OF THE JACKSON AREA, AIKEN COUNTY, SOUTH CAROLINA
Seven K. Mittwede
South Carolina Geological SuryeHarbison Forest Road, Columbia, South Carolina, 29210
ABSTRACT lobes of the Aiken Plateau anddgated in the northern one-

The Jackson 7.5-minute quadrangle (excluding théhird of the quadrangle. The lobes are separated by Hollow

Georgia and Savannah River Plant portions) was the subjelgfe%k anlij are Qiss_ectecri] agd el b?]/ gs triputaries.hHoI- ¢
of a detailed field investigation (Figure 1). Field mapping ow Creek empties Into the Savannah River just northwest o

- . .. ~Silver Bluff.
and power auger drilling were the chief means of acquiring”
datap g g q The quadrangle was the sebf of a detailed mapping

Four pre-Quaternary lithologic units have been identi-and power auger Qrilling pro_ject and is part of a cqntinuing
fied in the Jackson, S.C. ar@de oldest unit has been tenta- program of geological mapping by the South Carolina Geo-

tively designated the Middendorf Formation and generall%';ci)(l::éifl;:\ézy'P?g:;i;;g;;gg?&gﬂ ;ftﬁeC:trJ(;;taféie\/vas
consists of micaceous, coarse, angular to subangular, poo ' . ;
sorted sands with clay bedemmon. The Huber Formation performed by Cooke (1936), Siple (1967) and Smith (1979).

(Buie, 1978) unconformably overlies the Middendorf For- The author expresses thanks to Ralph H. Willoughby

mation and is separated from the Middendorf Formatior‘?‘_nd Pagl G. Nystrom of the South Carolina Survey for their
based on an abrupt change in grain size and sorting. T scussions and cooperation. Thanks also to Gary L. Taylor

Huber Formation is characterized by medium-grained, su CGS) and John Bishop (Unredty of South Carolina) for

angular to subrounded, well-sorted clayey sands and san{iqyeir seryices in auger drilling and to Lou E. Kite (SCGS) for
clays. Above the Huber Foation is the Irwinton Sand er drafting work.

Member of the Dry Branchrormation (Huddlestun and

Hetrick, 1979). This unit is a yellow, fine- to medium- STRATIGRAPHY

grained, well-sorted sand.it characteristically well-bedded In the Jackson area, fouresQuaternaryithologic units

and high-angle crossbeds are common. The Tobacco ROgfl recognizable. Although no pollen or fossil dates have
Sand (Huddlestun and Hetrick, 1978) overlies the Drycome from the study area, the author believes that these
Branch Formation and together with it, should be Cons'dereﬂhologies are correlative withnits mapped by other work-
a single depositional package. The Tobacco Road Sand is,g in Aiken County (Nystrom and Willoughby, 1982a:
clayey, generally coarse-grained, red sand. Nystrom and Willoughby, this volume; Kite, this volume).

A single Quaternary unit was mapped and is COMpOSeghaqe four units have proved to be extensive, distinctive, and
of the fluvial sands of Hollow Creek and a Pleistocene (?Pnappable.

river terrace deposit which overlies and truncates the Mid- " tha oidest unit in the aretentatively designated the

dendorf Formation. Local upland gravel deposits occur spQy;iggendorf Formation, is coefated to the lower lithology
radically in the northeastern corner of the study area by e Hamburg cut in the Augusta East quadrangle
were not delineated. (Nystrom, Willoughby, and Kite, this volume). These four
units have proved to be extensive, distinctive, and mappable.
INTRODUCTION The oldest unit in the are#entatively designated the
The Jackson 7.5—m_inute guadgle is located in south- N;'dfheendagr:gggat'cou'} 'if] Cf:;ati\duézgge II(E);vsetr gt:sé?gzgle
ern Aken County and is bounded by parallels 33° 15" an Nystrom, Willoughby, and Kite, this volume). The Midden-
330 22’ 30" and meridians 81° 45’ and 81° 52’ 30" (Figure P ' ' ) '
2). The area of studlylis located in the Upper Cost(allglglai orf Formation is frequently pebbly, W'th smoky quartz peb_—
physiographic region and lies in the Savannah River Valle :’ZS f:?f?jv?/?ﬁtf)élcae“:r:ns):gzls:rg O;awéirzzgdt?:’sgeisiséve
and on the western slope of the Aiken Plateau (Cook y Y Yey

1936). Three topographic dsions are noticeable in the railroad cuts of the Seaboafbast Line Company, which
Jackson area and it should be ddfeat there is a direct rela- €Xténd from the northwest canto the southeast corner of

: ; : . As in the overlyinguber Formation, the Midden-
tionship between lithology changes and these topographF € area. AsIn tf . )

divisions. The topography is dominated by the gently slopin orf Formation |s_c_o_mpr|sed fimdy Of clay_ey sands _and
flood plain of the Savannah River, which extends from abo andy clays. Kaolinitic phases are found in both units, but

140 feet to river level (approximately 95 feet). A gentle slopéare more common in the Middendorf sequence. Abundant

from 190 feet to 140 feet forms the second topographic divf-:!ay beds, abu_ndant mica, poor sortlng,_anc_j coarse grain
sion, while the third division is comprised of two upland sizes characterize the Middendorf Formation in the Jackson

area. The strata of the Midd#orf Formation are variegated,
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Figure 1. Geologic map of the Jackson Quadrangle, Aiken County, S.C.

with colors ranging from red and pink to white, off-white, tion). The Huber lithology wa recognized in the area by
and gray. In the Jackson quadrangle, Smith (1979) was not
able to separate the Middendorf Formation from the Huber
Formation.

The Huber Formation unconformably overlies the Mid-
dendorf Formation in the study area. It is a generally deeply
weathered, yet distinct lithology and consists of fairly well-
sorted, medium- to coarse-gred clayey sands and sandy
clays. This lithology in theatkson area is correlated to the
Huber Formation of central Georgia, defined by Buie (1975).
Very little exposure of this unit is available and its contacts
were delineated almost entirely from drill hole information
(Figure 3). The Huber Formation is separated from the
underlying Middendorf Formation based on an abrupt
change in sorting (from poor sorting in the Middendorf For-
mation to good sorting in the Huber Formation) and grain_ .
size (from coarse and very ceargrains in the Middendorf Figure 2. Location

Formation to generally medium grains in the Huber Forma2°hnson, 1968).

o Sportanburg

Columbia

N

SCALE IN MILES

Map (adapted from Colquhoun anc
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165 amsi

20 feet

162" amsi HOLE 5
10

164 amsl

Figure 3. Auger hole columns.

Hole 1

Location: .8 miles N53°W of the intersection of State Highwdy drd Aiken County Road 14009pllar elevation: 200’ amsl, Tdtdepth: 86 ft.
Drill log — description

Residuum 0-5 |Sail
Dry Branch (Irwinton Sand) lithology |5-15" | Sand, medium- to coarse-grained, clayey, brown to red color
. 15- Sand, clayey, kaolinitic in upper 15 feet, with clay interbeds, white to pink and purple in color; lower 5 feet
Huber lithology , )
35 in coarse, mustard yellow sand
Middendorf litholo 35 Sand, clayey, interbedded with gray to lavender clays and sandy clays, some white (kaolinitic) and yellow
9y 86 phases; in last 6 feet, encounter white to yellow kaolinitic sandy clays, pebbly

Hole 3

Location: 1.15 miles N34°W of the intersection of Aiken ColrRityxad 5 and Aiken County Road 32, Color elevation: 195’ amsd] @lepth: 51 ft.
Drill log — description

Residuum 0-1 L oose sandy soil
1-11' |Clay, gray to pink, cohesive, with some coarse sand
Huber lithology 11-16" |Clay, cohesive, yellowish-gray color
16-31' |Sand, clayey, well-sorted, fine- to medium-grained, yellow to orange and off-white in color
. . =4, | Sand, medium- to coarse-grained, poorly sorted, very pebbly in last 10 feet, yellow to orange color except
Middendorf lithology 3151 ||t 5 feet, which is kaolinitic with noticeable heavy mineral fraction
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Hole 4
Location: .3 miles N2°E of thiatersection of Aiken County Road 5 and Aiken CouRbad 32, Collar elevation: 240’ amsl|, Tot®lpth: 67 ft.
Drill log — description

Residuum 0-2 Sandy sail, tan color
2-17 | Sand, fine- to medium-grained, well-sorted, dightly clayey, red color
17-42' | Sand, fine- to medium-grained, clayey, lighter color (red to orange/tan) poorly sorted in lower 10 feet

42-47" | Sand, clayey, medium- to coarse-grained, poorly sorted, yellow to tan color; finer-grained and better sorting
47-67' |inlast 10 feet, also some mica

Dry Branch (Irwinton Sand) lithology

Huber lithology

Hole 5
Location: 1.2 miles N87°W of the intersectiof Aiken County Road 5 and Aiken County Road 63, Collar elevation: 175’ amel déptth: 36 ft.
Drill log — description

Residuum 0-4 Sandy sail, tan to light brown color
Huber lithology 211 Sand, medlum—gral ned, well-sorted, very clayey. Subrounded grains, orange to yellow color with some grey
grey clay laminae
. . _an | SN, clayey and sandy clay, poorly sorted, fine- to coarse-grained, very micaceous, sand is mostly angular,
Middendorf lithology 11-36 with larger grains and pebbles being subrounded red/pink to yellow and orange color
Hole 6

Location: 75 miles N66°W of the intersectiof Aiken County Road 5 and Aiken CouriRpad 32, Collar elevation: 173" amsl, Tiadepth: 36 ft.

Drill log — description

Residuum 0-35 Sandy sail, tan to light yellow color

3.5-6 Clay, with medium- grained quartz sand, stiff, micaceous, off-white/yellow to red color

6-9Y%2’ Clay, sandy, red color with white clay laminae, micaceous

911"  |Sand, clayey with sandy clay, mustard yellow sand interbedded with pinkish-red fine- to medium-grained
sandy clay, micaceous

11-36’ Sand, generally poorly sorted, medium- to very coarse-grained, very micaceous, color ranges from pink to
tan and yellow, kaolinitic at 11 feet and again at 33.5 feet, large pebbles up to 3 cm. in lower 6 to 8 feet

Huber lithology

Middendorf lithology

Smith (1979) and Faye and Prowell (1982). Road Sand and was placed in the Barnwell Group.

The third lithologic unit reagnized in the Jackson area The Tobacco Road Sand oles the Dry Branch For-
is the Irwinton Sand Member, which LaMoreaux (1946amation in the Jackson area. Thist is correlative with simi-
1946b) placed in the BarnWd-ormation and which Hud- lar lithologies in western and central Aiken County and
dlestun and Hetrick (1979)asted in the Dry Branch Forma- central Georgia (Nystrom and Willoughby, 1982a; Nystrom
tion. This unit is directly correlatable to Map Unit A of and Willoughby, this volume; Kite, this volume; Huddlestun
Nystrom and Willoughby (1982a). While other workersand Hetrick, 1978). In the Jackson quadrangle, this unit has
(Nystrom and Willoughby, this volume; Kite, this volume) been previously mapped as the Hawthorn Formation by Siple
have identified the Twiggs Clay lithology of the Dry Branch (1967). Smith (197Precognized the Tobacco Road Sand
Formation in Aiken County, no Twiggs Clay lithology was (Huddlestun and Hetrick, 1978) and the lithologies of the
encountered in outcrop or in drill holes in the Jackson quaddry Branch Formation (Huddlestun and Hetrick, 1979) but
rangle. Here, the Dry Branch Formation is generally a loosenapped these units together as the Barnwell Group.
fine- to medium-grained, micaceous quartz sand and is char- The Tobacco Road Sand is typically a deep red,
acteristically mustard yellowgrangish-yellow, or white in medium- to coarse-grained, cigyto very clayey, subangu-
color. It is often well-bedded; high-angle cross bedding isar quartz sand. The unit is characteristically semi-indurated
common. White to tan clay drap and laminae and thin, dis- and commonly expresses itsédfpographically as a bench-
continuous clay beds are commfeatures of the Dry Branch former. Because of weatheringniost of the bedding which
Formation. This unit thickens markedly in the northeasternmay have been present has been obliterated. Burrows of the
qguarter of the quadrangle. In Hole 2 (Figure 4) the base & allianassavariety are occasionally discernible.
the Dry Branch Formation was never reached, with ninety The base of this unit is generally marked by a zone of
feet of the characteristic Irwinton Sand lithology encoun-coarse sand, rounded and disledipebbles, and kaolin balls.
tered without interruption. Control on the base of the DryThis lithology is best exposed in a borrow pit north of Jack-
Branch Formation is uncertafiecause drill hie information  son, S.C. (Figure 5). The pebble zone was encountered in
and outcrop offer only sketchy contacts with the underlyingauger drilling, which provided further control on the base of
Huber Formation. This lithology was recognized by Smiththe Tobacco Road Sand.
(1979) but was not separated from the overlying Tobacco It is suggested that the Gacco Road Sand and the Dry
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HOLE 10

Soil

HOLE 2

257" amsi Soil

T

HOLE 7

20 feet

10

220 ‘ ams|

Figure 4. Auger hole columns.

262" amsl

Hole 2

Hole7 Hole 10

Location: 2.1 milesN 22° of theintersection of |Location: .25 miles N 37° W of the intersection of |Location: .85 milesN 24° E of the intersection of
State Highway 125 and Aiken County Road 62| State Highway 125 and Aiken County Road 62 State Highway 125 and Aiken County Road 1409

Collar elevation: 298’ ams| Collar elevation: 253’ amsl Collar elevation: 280" amsl
Total depth: 126 ft. Total depth: 60 ft. Total depth: 66 ft.
Drill log - description Drill log - description Drill log - description
0-16.5 |Sand, coarse-grained clayey, red- |0- 15 Sand, coarse-grained, clayey, reddish- [0- 2.5 Sand, fine to medium-grained, slightly
dish-brown color Residuum | brown color Residuum | clayey, tan color
Residuum
16.5- Sand, clayey, medium- to coarse- (1.5-7’ Sand, very clayey coarse-grained, 25-23  |Sand, very clayey, medium- to very
35.5 grained, orangish-brown color deep red color, pebbly Tobacco | coarse-grained, subangular, deep red to
Tobacco 7-33 Sandy, clayey, medium- to very Road orangish-red color; in lower 2 feet, a peb-
Road Tobacco | coarse-grained, yellowish-orange lithology |blezoneispresent, composed of rounded
lithology Road color; coarsens downward, also, less and discoidal peagravel
lithology |clayey with depth; last 3 feet, very
pebbly (peagravel)
36.5- 126’ | Sand, loose, well-sorted, slightly |33 - 60° Sand, loose, generadly fine- to 23-36 Sand, loose, very fine-to fine-grained,
Dry micaceous, fine- to medium- Dry medium-gained, coarsens downward, mustard yellow to white color
Branch grained, light yellow to mustard | Branch mustard yellow to yellowish-brown | 36-66’ Sand, loose, generaly very fine- to fine-
(Irwinton |yellow (Irwinton | color; some white clay laminaein last |Dry grained, occasionally coarsening, mustard
Sand) Sand) 3feet Branch yellow to white color; at 57, and again at
lithology lithology (Irwinton |64, thin, plastic clay beds were encoun-
Sand) tered (brown to lavender in color)
lithology
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Figure 5. Measured section from eastern wall of borrow pit, located 1.2 km N6Q° E of the junction of Highway 125 and S.C. 1409
near Jackson, S.C.

The following is a lithologic description of the basal Tobacco Road Sand and the Irwinton Sand Member of the Dry
Branch Formation exposed nelackson, S.C. (see Figure 5).

Residuum Bed 7 Sand (Surficial sand of the Soil zone), medium- to coarse-grained clayey, reddish-tan color.
Bed 6 Clay, beds 2-4 cm thick, blocky, off white/gray color; clay beds separaied by thin iron-rich sand part-
ings.
Tob Road Sand, medium- to coarse-grained clayey quartz sand, poorTy sorted, burrowed, reddish orange in
0DaCCo RO Bed 5 color; thin clay bed separates this lithology from pebble zone (lower .35 m), smooth quartz pebbles

rounded to discoidal, kaolinitic clay clasts abundant, matrix of pebble zoneis clayey sand as above
but with poorer sorting, some burrows.
Bed 4 Cray, thin continuous beds enclosing diSCOntiNUoUS clay laminae and clay clasts In orange, clayey
medium-grained quartz sands, scattered pebbles are present.
Sand, massive, medium-grained quartz sand, micaceous, orangish-tan to light yelTow in color, high-
Bed 3 angle crossheds (20-25 degrees) dip to south-southeadt, scattered clay clasts (4-9 cm) and discontinu-
Dry Branch (Irwinton Sand) ous clay laminae present, occasional burrows.

Sand, Toose, Tine- to medium-grained micaceous quartz sand, interbedded with discontinuous Tight
Bed 2 )
brown clay laminae and beds (from 1-2 mm up to 2-3 cm.
Bed 1 Sand, Toose, Slightly Clayey In upper .2 m, fine-grained Very micaceous quartz sand, yelTow/orange to

white color; high-angle cross bedding, groundwater action has created prominent Liesegang banding.
Total sectionthickness2.80m...................... 9.217t)

Branch Formation be consideracdsingle depositional pack- lies and truncates (at approximately 140’) the Middendorf
age. Together, these two unitsderlie and make up the very Formation. The Savannah River terrace deposit is a series of
noticeable lobes of the Aiken Plateau. well-bedded and highly variable, sands, clays and gravels.

A single Quaternary unit haaslso been mapped. It is Tuomey (1848) examined the strata at Silver Bluff and
composed of fluvial sands wdh occur in the Hollow Creek believed them to be Eocene age. Newell, et al. (1980)
valley and a Pleistocene (?) river terrace deposit which oveassign the same strata a probable Sangamonian age, based
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mainly on geomorphological relationships. Report-19, 34 p.
An upland gravel of unknowage (Plio-Pleistocene ?) is
present in a few areas in tlmertheast corner of Jackson
guadrangle. Siple (1967) recoged these as alluvial gravels
of Pliocene age. Though not found in place, it is apparent
that this gravel unit caps soroéthe interstream divides and
has moved downslope. While this may be the same lithology
mapped by Smith (1979) asetlCitronelle Formation, the
areas where this upland gravslfound are different from
those mapped as Citronelle Formation by Smith. These grav-
els are best observed 1.2 miles N 55° E of the Highway 125 —
County Road 1409 intersection.
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CRETACEOUS, TERTIARY, AND PLEISTOCENE (?) STRATIGRAPHY OF HOLLOW CREEK AND
GRANITEVILLE QUADRANGLES, AIKEN COUNTY, SOUTH CAROLINA

Paul G. Nystrom, Jr. and Ralph H. Willoughby
South Carolina Geological Survey, Harbiseorest Road, Columbia, South Carolina 29210

INTRODUCTION CRETACEOUS SEQUENCE

The Hollow Creek — Graniteville area in southwestern
Aiken County (Figure 1) is one of South Carolina’s primary
mineral-producing regions, from which kaolin has been pro-  In northwestern Hollow Gek quadrangle and in central
duced since 1852 (Smith, 1949). The deeply incised topogr&raniteville quadrangle, a largeea of the flower slopes of
phy and the numerous active, inactive, and abandoned kaolitorse Creek and its tributasieis underlain by sand and
pits provide exposures thatake Hollow Creek and Gran- kaolin strata of Cretaceous age. These strata overlie crystal-
iteville quadrangles (Figures 3) an ideal area to establish line Piedmont rocks thatap out locally along Horse Creek
surface control for stratigraphic studies. valley and Little Horse Creek valley in northern Graniteville

This report on the stratigraphy of the area is part of guadrangle (Figures 1, 2 & 3).

continuing effort to prepare arp-to-date state geologic map _
of South Carolina. Previous Work

Sloan (1904, 1908) recognized the “Hamburg beds” and

Introduction

New Ellenton
o

|
|
|
|
.|

Figure 1. Index map to southwestern Aiken County.
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Figure 2. Geologic maps of Hollow Creek. , Aiken County, South Carolina; b(+) marksbuhrstonelocalities; 5« numbered dots signify
field trip stops. Ks= Cretaceous sequence; Th = Huber Formation; Tdb = Dry Branch Formation; Ttr = Tobacco Road Sand; TQcd
= upland fluvial channel deposits; me = moved earth.

“Middendorf beds” in western Aiken County, he subdividedLower Cretaceous strata in Akina, to apply to all the beds
the Hamburg beds into lower and upper units, and hef supposed Cretaceous agedrorgia and South Carolina.
assigned both the Hamburg and the Middendorf sequencesltange (1940) and Siple (1967) followed the usage of Cooke
the Lower Cretaceous. Berry (1914), based on evidence fro(d936). Smith and White (1979) mapped the same strata as
fossil leaves from Langley and from Middendorf, assignedhe Huber Formation, but they did tentatively use the Mid-
the Middendorf beds as a member of the Upper Cretaceodendorf Formation locally to refer to the lower kaolinitic
Black Creek Formation. Coek(1926) included the Ham- sequence in Aiken County.

burg beds as a member of the Middendorf Formation, and Prowell and O’Connor (1978) used the Tuscaloosa For-
Cooke (1936) later used the Tuscaloosa Formation, based oration for strata in eastern Georgia and in western South
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Figure 3. Geologic map of Graniteville quadrangle, Aiken County, South Carolina; b(+) marks buhrstone localities; 3« numbered
dots signify field trip stops. Ks= Cretaceous sequence; Th = Huber Formation; Tdb = Dry Branch Formation; Ttr = Tobacco Road
Sand; TQcd = upland fluvial channel deposits; me = moved earth.

Carolina, although they recognized that the same beds and in western South Carolina (based on written communi-
parts of nearby eastern Georgia range in age from Late Creations from R.A. Christopher). Faye and Prowell (1982)
taceous to middle Eocene (based on Tschudy and Pattersaoted that sediments equivalent to the Middendorf and Black
1975, and on written communications from N.O. Frederick-Creek formations are difficult to distinguish updip of the
son, 1977, and from R.A. Christopher, 1978). Faye an&avannah River Plant, andethdid not use named forma-
Prowell (1982) recognized the occurrence of Upper Cretaions on their crossections. Because of the difficulties and
ceous strata of Santonian to Maastrichtian age (equivalent tmcertainties in correlatin these unfossiliferous, updip
the Middendorf, Black Cregekand Peedee formations in sands and clays, we concur wghie and Schrader (this vol-
South Carolina) near the Savannah River in eastern Georgiane) in not assigning a forniabal name to these strata.
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Figure 4. Medium-grained to very coar se-grained quartz sand with abundant muscovite, Cretaceous sequence, over lain unconform-
ably by the basal Huber Formation. Pisolitic kaolin boulders occur at the unconformity. Stop 3.

Figure 5. Another view at Stop 3 showing pisolitic kaolin boulders at the unconfor mity.

Lithology J.M. Huber Corporation’s Paragon pit, from the sequence
that we have mapped as Getous: kyanite, sillimanite,
. : ) ; staurolite, tourmaline, zircon, rutile, monazite, ilmenite, and
white, cream, light gray, otan, medium-grained to very : : :
. nagnetite. Siple (1967, p. 25) reported the following heavy
coarse-grained, angular to subrounded, poorly sorted, kaoli-. :
o h . minerals from the Tuscaloosarmation (Cretaceous strata
nitic, micaceous quartz sandigbre 4, 5). Quartz granules R : . . )
! plus the Huber Formation): ilmenite, tourmaline, rutile, zir-
and pebbles are common and are characterized by an abun-

) n, monazite, and garnet.
dance of smoky quartz. Kaolin balls are also common, and’ 9

. . i . Bedding of the sands andagels is characteristically
fine to coarse, dark heavy mineral grains are fairly abundant, . .
L .~ ifregular and discontinuous. Cross-bedded and channeled
Muscovite in the Cretaceous sands occurs as fine ) : .
- eds of fine- to coarse-grained sands occur in no orderly
coarse flakes. At some exposures flakes up to 1 cm in diame- : .
. Sequence and grade laterally into one another or pinch out
ter are common. We have not noted feldspars in any of the . .
er relatively short distances.

Cretaceous strata of the report area. Lang (1940, p. 34-48‘)’ There are two kaolin-bearirgratigraphic sequences in

reported the following heavy minerals from the test hole a\t/vestern Aiken County: a lower sequence of Cretaceous age

In the report area the Cretaces strata consist mainly of
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Figure 7. Tertiary kaolin of the upper Huber Formation (“hard clay”) showing characteristic hackly fracture. Stop 5.

and an upper sequence, of uncertain, post-Cretaceous ageiaed chunks; form firm, rounded surfaces rather than
the base and of middle Eocef@aibornian) age at the top smooth, conchoidal chips when pressure is applied to hand
(Buie, 1978, 1980; Buie and Schrader, this volume). Buispecimens; and adhere to the hands less readily than the Cre-
(1978) tabulated and discussed the characteristics of the twaceous kaolins.

types of kaolin, and we have noted in the commercial kaolin

of Aiken County the same gross physical characteristics. Distribution

Kaolins from the Cretaceous seque (*soft clay”; Figure 6) Surface mapping of the Cretaceous strata is a difficult
are generally bright white to cream; show conchoidal frac,q pecause surface exposures are few and because of the
ture breaking into large (up to 2 cm), smooth blocks in Minga ity of fossil-bearing opollen-bearing beds. Cretaceous
ing pits; flake readily into smooth, conchoidal O gyata in northwestern Hollow Creek quadrangle and in
subconchoidal chips when pressure is applied to hand spegsthwestern Graniteville quadrangle have been mapped
mens; and adhere readily tbe hands. Kaolins from the q,nyard from the top of the Cretaceous kaolin beds in the
Huber Formation (*hard clay'Figure 7) are white to cream e kaolin mines. Several data points have been used to
or light gray, generally duller or less reflective than the Cregeniatively outline areas probably underlain by Cretaceous
taceous kaolins, show irreguldrackly fracture into small- - grat5 in Graniteville quadrangle (Figure 3). The data points
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are: (1) the top of Cretaceokaolin beds in the Langley- upland terrain underlain by the Tobacco Road Sand. Along
Bath area at elevations of 310 ft (94 m) to 320 ft (98 m); (2)Jhe western edge of the quadrangle the Huber occurs on the
pisolitic kaolin boulders ghe Cretaceous-Tertiary contact at upper part of the east slope labrse Creek valley. In Gran-

an elevation of 310 ft (94 m) at Stop 3 of the Road Log; (3) iteville quadrangle the Cretaceous strata occur in broad areas
the occurrence of smooth, chunky, conchoidally fractureélong the lower part of the valley, and the Huber underlies
kaolin (“soft clay”) at an elevation of287 ft (87 m) in a the upper slopes of Horse Creek and its major tributaries.
ditch along Vaucluse Road (S-2-105) just each of Bridge

Creek in Graniteville quadrateg (4) a Late Cretaceous (late Thickness

Campanian) pollen data from the top of kaolinitic beds |, horthwestern Hollow Grek quadrangle complete sec-

exposed along U.S. Interstate 20 in Aiken Northwest 7%3,nq of the Huber Formation have been measured in three
quadrangle at an elevation of 409 ft (125 m) (David C. Prowg,4iin  mines: the Pepper Branch (29.5 m thick), the

ell, personal communication, 1982); (5) outcrops of “softy;-Namee No. 2 (20.25 m thick), and the Ideal (18.2 m

clay” kaolin at an elevation 0f380 ft (116 m) in the bed of icky These three mines aBops 5A, 5 and 6 respectively
county road S-2-980 (dirt road parallel to and on the east siqg ihe field guide (Nystrom, Willoughby, and Kite, this vol-
of Shaw Creek) ?n southwestern Aiken l\_lorthwest quadranUme)_ The appendix to theefdl guide contains detailed
gle; and (6) kaolin outcrops at an elevation 83 ft (105  geseriptions of the measured sections. the three mines are
m) around the edge of a small pond on Sage Mill Creek jugliyated relatively close togeth(Figure 2) so the measured

north of 1-20 in Graniteville quadrangle. The elevations,gectigns indicate variation in thickness of the unit within a
declining seaward, were thenojected onto the Graniteville 551y |ocal area. In large kaolin mines, in both South Caro-

quadrangle map. The technique is essentially the same as {5 ang Georgia, it is not ungonon to see as much as 6 m
constructing subsurface crosseions except that a map ¢ relief on the surface of the Huber.
view is presented. Although there are inherent dangers in Exposures in the vicinity of southwestern Hollow Creek

such a projections, the resulting map pattern serves asg@aqrangle suggest the basehsf Huber Formation is at an
departure point for discussion and can point out promisingjeyation near 170'. Mittwede (this volume) encountered the
areas for additional work. Iné¢hGraniteville quadrangle, the |,5<6 of the Huber in the subsurface at an elevation of 164’

projection suggests that quite a large area of Cretaceoys 1o the south in northwetern Jackson quadrangle (see
strata Is present. auger hole #3 in his Figures 1 and 3). Upslope in this area,
the top of the Huber is markég massive kaolin at an eleva-

HUBER FORMATION tion of 320'. Therefore in the southwestern corner of Hollow
Creek quadrangle the Huber Formation is about 45.7 m
Introduction (150) thick.

Within Hollow Creek quadmgle no Cretaceous is

The Huber Formation was defined by Buie (1978) a .
y ( ) %mown to occur at the surfa@xcept in the northwest and

comprising “all of the post-Ctaceous pre-Jackson strata in i e
the kaolin mining districts of Georgia, northeast of theSOUthweSt COrners so in most of the map area only minimum

Ocmulgee River” Subsequent reports by Buie (1980) angwicknesses of the Huber Formation can be obtained without

Buie and Schrader (this volume) have provided additiona?lmsurface technigues. Elevatidifferences between fluvial

information on both the Huber Formation and the CretaceotficPOSIts along Town a-nd.HoIIow C_rgek and.the base of the
sequence underlying it. The Huber Formation and the Cret&’Y Branch Formation indicate a minimum thickness of 30.4

ceous sequence underlying it. The Huber Formation exten for the Huber in the eastern half of Hollow Creek quadran-

into Aiken County, South Carolina (Buie and Schrader, thid'©: In Graniteville quadrangl(Figure 3) Cretaceous strata

volume), and has been mapped in Hollow Creek and Graffceur at the surface throughout much of the map area, but

iteville quadrangles by the authors (Figures 1, 2 & 3), irexcept f_or.a feyv_localities, the Cretaceous sequence-Huber
Jackson quadrangle by Mittwede (this volume), and in oaKoNtactis indefinitely known.
wood quadrangle by Kite (this volume). Lithology
Distribution The lower part of the Huber Formation is lithologically
istinguishable from the undging Cretaceous strata and
he overlying sequence of the upper Huber. In Georgia Buie
(1978) recognized a minor stigraphic break near the mid-
dle of the unit. He described the sediments below the break
as being more laminated and having more mica and dark
heavy minerals than sediments above the break.
In Hollow Creek and Graniteville quadrangles the lower

The Huber Formation occurs at the surface extensivel
in the Hollow Creek and Gréaville map areas. In Hollow
Creek quadrangle the Huber ig thidest unit exposed except
in the northwest and very gihwest corners where Creta-
ceous strata occur. Along Tov@reek and Hollow Creek the
Huber underlies the broad skreas extending from the
flood plains to near the break in slope at the edge of the
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Figure 8. View showing exposures of the lower Huber Formation. Stop 5A.

Taof -
A

Figure 9. Close-up view of cross-bedded fine sand in the lower Huber Formation. Stop 5A.

Huber is in general quite different from the upper partsome layers. The clay strata generally contain some silt and
although in places traitional lithologies make it difficult to  fine sand. The sand in the lower Huber is typically clean and
single out a specific horizon separating the two sequencel®ose with little or no interstitial clay. Individual quartz
The lower Huber (Figure 8) isharacteristicly comprised grains are angular to subangular. The fine heavy minerals
of intercalated thinly laminated to thin-bedded, laterally con-occur both disseminated andncentrated in thin laminae.
tinuous, subhorizontal, slightly undulatory clay layers andrhe mica is fine to coarse grained. Large burrows 1 —2 cm in
laminated to medium-bedded, fine- to medium-graineddiameter and locally abundant small burrows 2 — 3 mm in
moderately well sorted, micaceous, quartz sand with abumiameter are fairly common in the fine sands of the lower
dant fine-grained dark heavy minerals. Stratification is disHuber. The burrows suggestaarine environment. In Oak-
tinctively thinner, better defined, and generally has a mor&ood quadrangle Kite (this volume) reports collecting shark
prominent horizontal aspect than layering in the uppeteeth, ray teeth, and ray spines from the lower Huber.

Huber. There is, nevertheless, some fine cross-bedding in Some beds in the upper part of the lower Huber are
many of the sand beds (ki@ 9). There are well-bedded lithologically similar to some of those in the overlying upper
clay sequences up to 0.6 m thievhich are internally thinly Huber. Beds that occur in, bare not typical of, the lower
laminated to thin-bedded. lHpontal burrows occur between Huber are fine- to @rse-grained, poorlgorted, cross-bed-
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Figure 10. Close-up view of very coar se-grained, poorly sorted sand with clay ballsin the upper Huber Formation, Stop 5.

ded, micaceous, and with flat clay rip-up clasts. (Shearer, 1917) at the old pit of the General Reduction Com-
The upper part of théduber commonly includes a pany.
sequence of very thick-bedded (1-2 m), fining upward kaoli-  As proposed by Huddlestun and Hetrick (1979) the Dry
nitic sand layers. The base of each of these beds commorByanch Formation includes three interfingering and inter-
includes a kaolin ball to kaolin boulder conglomerate withgrading but distinct lithofaels termed the Twiggs Clay
associated very coarse quastnd, granules or pebbles, and (named by Shearer, 1917),ethrwinton Sand (nhamed by
dark heavy minerals. Many of the kaolin clasts are pisoliticLaMoreaux, 1946), and the Griffins Landing Sand (named
Interstitial kaolin is abundardand the beds are moderately by Huddlestun and Hetrick, 1979). They described the
indurated. Beds are typicallpoorly sorted, very coarse, Twiggs Clay lithofacies as a “marine, montmorillonite clay”;
grained, and crudely bedded near the base (Figure 10), ke Irwinton Sand lithofacies as “a distinctly bedded sand
some layers fine upward to medium-grained, thinly beddednd sand and clay”; and the Griffins Landing Sand as “a
sand. rudely bedded to massive-bedded, calcareous, fossiliferous
At most exposures of the top of the Huber Formation irsand.” Of these three lithofacies only the Twiggs Clay and
both Hollow Creek and Granitdld quadrangles there is a Irwinton Sand occur in the How Creek-Graniteville area.
massive kaolin bed. These beal® pure to sandy, locally Because of the interlayered and interfingered relationship of
pisolitic, cream to light gray in color, with orange to purplethese lithofacies irour study area we follow Huddlestun’s
mottling, and charaetized by a noticedyp hackly fracture and Hetrick’s (1979) suggestion that the Dry Branch lithofa-
(Figure 7). Locally where purple mottling is enhanced thereies names be used simply as informal lithologic terms.
may also be some ferruginous concretions from abundant
pea-sized spheroids, to irregijeshaped bodies greater than Previous Work
10 cm in diameter. At many exposures in the northwestern  prior to the work of ourselves in Hollow Creek and

part of Hollow Creek quadrangle the very top of the massivgsgpiteville quadrangles, Steve Mittwede in Jackson quad-

kaolin bed is dark gray to dark brown, locally pyritic, and i”rangle (this volume), and Lou Kit in Oakwood quadrangle
places contains abundant leawescoal-like altered woody (this volume) the Dry Branch Formation had not been

material. mapped with that name in South Carolina. Smith and White
(1979), in their reconnaissance work in Aiken County, rec-

DRY BRANCH FORMATION ognized the occurrence ofethDry Branch Formation but
they lumped it with the Tobacd®oad Sand as a single map
Introduction unit, the Barnwell Group (Smith, 1979).

Previous workers recognized the strata we map as Dry

and Hetrick (1979) for exposures near the community of Dr .ranch but they assigned those beds to th.e McBean Forma-
( ) P y ion. Along Town Creek and Hollow Creek, in Hollow Creek

Branch in Twiggs County, Georgia. This type locality is only
0.6 miles (1 k theast of the Twi Clay t localit and New Ellenton quadrangles, Cooke (1936, plate 2)
miles (1 km) northeast of the Twiggs Clay type locali ymapped the Dry Branch sands below the Barnwell (Tobacco

The Dry Branch Formation was named by Huddlestun
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Figure 11. Close-up view of the Twiggs Clay lithology in the lower part of the Dry Branch Formation. The view shows a bed freshly
exposed during mining operations. Pencil for scale. Sop 5.

Figure 12. Twiggs Clay lithology in the lower part of the Dry Branch Formation. The view shows beds, not freshly exposed, that have
begun to desiccate. Sop 5.

Road Sand) pebble zone tie McBean Formation. Lang strata that are late Eoceneparssibly younger in age (Zullo,
(1940, p. 43) also believed the sands just below the BarnwalVilloughby, and Nystrom, this volume; Harris and Fullagar,
(Tobacco Road Sand) along Town Creek and on the southis volume).

bank of Horse Creek were McBean, either as sands in the In the deeply incised terrawf Hollow Creek and Gran-
base of the Barnwell derived from the McBean or as isolateiteville quadrangles Hors&€reek, Town Creek, Hollow
remnants of the McBean. lareas that are now Hollow Creek, and their larger tributaries have cut downward 200 to
Creek, New Ellenton, and Jackson 7.5-minute quadrangle300 feet below the surfaces of the adjacent upland divides.
(Figure 1) Siple (1967) mappeide strata immediately below The broad, relatively flat uptals are capped by the resistant
the Barnwell Formation (Tobacco Road Sand) as thd&obacco Road Sand (though Neogene alluvial gravels locally
McBean Formation. Thus Cooke (1936), Lang (1940), andverlie the Tobacco Roadéthere is commonly a break in
Siple (1967) mapped as middi®cene (McBean Formation) slope at the base of the urSince the major streams have cut
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well down into the Huber Formation, and along upper Horsén some exposures.
Creek have even eroded through the Cretaceous to bedrock,
the distribution of the outcropping Dry Branch Formation is Lithology
along the higher parts of the slopes just below the base of the
Tobacco Road Sand.Distribution

The Dry Branch Formatiorunderlies all of Hollow
Creek quadrangle and mosttbe Graniteville quadrangle.
Whether the Dry Branch occursthe northwest quadrant of
the Graniteville quadrangle is uncertain.

In the lower Dry Branch the Twiggs Clay lithology typi-
cally occurs in well-layeredequences of very thin-bedded
to thin-bedded, montmorillonitic clay from 1 to 2 m thick.
The sequences may be gray, olive green, brown, purple, or
cream colored. Individual cldgyers are separated by brown
to purple, thin parting planes 1 to 2 m thick comprised of
micaceous, silty, well sorted, fine-grained, quartz sand. Hori-
zontal burrows are common ¢ine parting surfaces (Figure
The Dry Branch Formation is 6.1 to 12.2 m thick over1l) . Where Twiggs Clay exposusrare wet there is little real
much of the Hollow Creek quadrangle. It may exceed 15.2 rparting though layering may be prominent. Wet Twiggs Clay
in thickness in the vicinity of Huber Corporation’s Ideal pittends to be very plastic. Twiggs Clay samples removed from
(Stop 6, road log this volume) where an incomplete 14 mvet exposures desiccate rapidly. Dry exposures are generally
section was measured. In theutheastern quadrant of the characterized by a prominebedding plane fissility where
Hollow Creek map area the DBranch is 12.2 to 15.2 m layers separate into thin brittle chips parallel to stratifcation
thick. Nevertheless, at a number of exposures the unit is leéBigure 12). At some localities where there is no exposure
than 3 m thick. The unconformable surface of the Huber Foithe presence of Twiggs Clay sequences can be recognized by
mation may have 6.1 m of local relief within a single largeabundant thin clay chips indhsoil. In places chert concre-
kaolin pit. The base of thBobacco Road sand, furthermore, tions weather out of Twiggs Clay sequences.
is characterized by broad scdeatures that have an ampli- Another lithology common to the lower Dry Branch
tude of 6.1 m in the Pepper Branch and Barden pits (see roadnsists of layers of thinly laminated to very thin-bedded
log, Stops 5A and 12, this volume). The relief at the base dight tan quartz sands intereséd with cream white, wavy,
the Tobacco Road combined witke irregular surface on the discontinuous clay laminae 1 to 2 mm thick. The sand is
Huber results in fairly abrupt and unpredictable local thick-moderately well sorted, fine- to medium-grained, and suban-
ening and thinning of the Drigranch Formation. There is a gular. There is generally little mixing of the clay and sand in

Thickness

general tendency for the unit to thicken down-dip. these beds, the thin clay laminae tend to be pure clay and
sharply segregated from the sand which is also relatively
Dry Branch — Huber Contact pure sand. Many of these beds are about 30 percent clay and

At many exposures showing the Dry Branch — Huber/ O Percent sand. , ,
contact, particularly in northern and western Hollow Creek YeIIow,_ medmm—_gramed to coarse-grained or Very
quadrangle, the top of the Huber is massive kaolin. At suchoarse-grained, prominently cesbedded sand occurs inter-
exposures the contact is shamd prominent. In the south- |2yered with the Twiggs Clay lithology in the lower Dry
eastern quadrant of the Holld@reek quadrangle the upper- Branch but is particularlycharacteristic of the middle to

most Huber Formation in many places consists of sand4’Per parts of the unit (Figulie8). The festoon crossbedding

similar to those in the Dry Branch Formation. Furthermore!S d€fined by thin white clay laminae, and alternating

the distinctive Twiggs Clay littlogy that is characteristic of Medium-grained to coarse-grained sand textures. The sand is
the lower Dry Branch in most of Hollow Creek quadrangle jclean, loose, apd _has little or no interstitial clay. Large bur-
apparently absent or only sporadically developed. Thus iFPWS 1 —2 cmin diamet are locally abundant.

this area the Huber — Dry Branch contact is difficult to recog- /" Hollow Creek and Graniteville quadrangles the
nize. uppermost 1 to 2 meters of the Dry Branch Formation gener-

At the base of the Dry Bnch Formation in Hollow ally consists of inter-laminatiesand and clay. The thin clay

creek quadrangle there is generally a 0.3 to 0.61 m thick bd@Minae are cream to tan-colored, wispy, discontinuous, and
of yellow, pebbly sand. The lowermost 2 to 5 cm of this pediNdulatory. The sand laminae may be moderately well sorted

includes a concentration of dark brown to violet heavy min@nd fine- to medium-grained, or poorly sorted and medium-

erals. In places a limonitic est has formed. Quartz pebbles 1 Very coarse-grained. At some localities, such as Stop 7 on

in the basal Dry Branch are subrounded to well-rounded arfdedon Dairy’s property, thtamination is poorly defined

many are ellipsoidal or discoidal in shape generally alignedl! the uppermost .3 meters and very coarse sand grains, gran-
gules, and pebbles occur intermixed with finer sand. This

parallel to bedding. The sand fraction is poorly sorted, X i ,
medium- to coarse-grained, dasubangular to subrounded. CO@TSer material appears tovhaeen bioturbated down into
Large burrows 1 — 3 cm in diaster occur locally. Thin, dis- the top of the Dry Branch frorthe overlying very coarse-

continuous, undulatory clay laminae occur in this basal befr@ined, pebbly, basal Tobacco Road Sand.
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Figure 13. Dry Branch Formation. L oose, cross-bedded sandswith clay laminae. The sands between clay laminae have little inter sti-
tial clay. Bedsfreshly exposed during mining operations. Stop 5.

F ke

.

Figure 14. Section of the Dry Branch Formation. Here the Dry Branch lies unconformably on a kaolin bed (foreground, in broom
straw) of the upper Huber Formation. The contact with the Tobacco Road Sand is not well shown but is present in the upper right-
hand corner of the photograph. Stop 5A.

In eastern Georgia Huddlestun and Hetrick (1979, p. 19)wiggs Clay. The Twiggs lithakcies of the Dry Branch For-
noted the occurrence of a usefoérker bed of thinly inter- mation in Georgia was originally called the Congaree clay by
bedded clay and fine sand in the top of the Dry Branch FoMeatch and Stephenson (191iho described the clay as the
mation, which could possibly be correlated with the abovédasal member of the McBean Formation and considered it

described uppermost Dry Branch lithology. oldest Claibornian in age. Shearer (1917) named the Twiggs
Clay, classified it as a member of the Barnwell Formation,
Age and assigned it to the Jack&mn. Cooke and Shearer (1918)

The Dry Branch Formation wszassigned a lower Jack- cited fossil evidence for assigning the Barnwell to the late

sonian age by Huddlestun and Hetrick (1979) when thegocene. Sloan (1908) originated the Barnwell Phase and

named the unit. Much of the evidence bearing on the age Bf2ced it in the middle Eooe. Cooke (1943) followed the
the Dry Branch Formation kabeen collected from the USa9€ of Cooke and Shearer (1918) but restored part of the
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Congaree clay to the McBean Formation, indicating that iNystrom (this volume) also suggests a late Oligocene or
might be of late Eocene ade.east-central Georgia LaMor- early Miocene age for the DiBranch Formation. This evi-
eaux (1946) made the Twiggs Clay and Irwinton Sand mendence is based on the identification of a barnacle in the
bers of the Barnwell Formation which he assigned to the lateppermost Dry Branch with species from the North Caro-
Eocene. Herrick and Counts (1968) working in eastern Geotina Belgrade Formation considered to be lower Miocene
gia considered the Twiggs the updlastic equivalent of the (Zullo, 1979) or upper Oligocene (Ward, and others, 1978).
Ocala Limestone and therefdede Eocene in age. Yet they

believed the Irwinton sand, also part of the Dry Branch For- TOBACCO ROAD SAND
mation of Huddlestun and Hetrick (1979), to be the updip
equivalent of the Cooper Maaihd thus Oligocene in age. In Previous Work

central Georgia Pickering (1970) considered the Twiggs ]
Clay as late Eocene in age. Carver (1972) assigned the Huddlestun and Hetrick1978) named the Tobacco
Twiggs Clay, the Irwinton Sand and the Barnwell FormatiorfRoad Sand as a strat|graph|gtum Wh!Ch they aSS|gn'ed a
to his Jackson Group of late Eocene age. Huddlestun, atfe Eocene age, that cortsigoredominantly of medium-
others (1974) recognized the Twiggs Clay as a member grained to coarse-grained quartz sand with subordinate
the Barnwell Formation and sgified an early late Eocene @mounts of clay, mica, chert, calcite, and rarely glauconite.
age for it. The type locality of the Taxco Road Sand is on the east
Siple (1967, Plate 1) mapped the Dry Branch in southside of Morgan Road, 0.35 mile (0.56 km) north of the junc-
ern Hollow Creek quadrangle as part of the McBean Formdlon of Morgan Road and Tabco Road, south of Augusta in
tion which he assigned a late Claiborne age following Cook&ichmond County, Georgia. _
and MacNeil (1952). He did not encounter the Twiggs Clay ~ Cooke (1936, p. 62; 1943, p. 90) described the Barnwell
lithofacies in the Hollow Creek-@niteville area, but he did Sand or Bamwell Formation as fine to coarse, reddish, peb-
observe “fullers earth” (see road log, Stop 14) north ofly sand or as fine to coars®ugh, argillaceous, red sand
Aiken, and tentatively suggested it might be either Congare¥ith flat, polished beach pebbles. Lang (1940, p. 43-45)
Formation of lower Claibornian age or possibly Blackdescribed the Barnwell Formatias buff to deep-red, clayey
Mingo Formation of early Eocene or Wilcox age (Siple,Sa@nd, and he emphasized thesence of very smooth, well
1967, p. 46 and 47). HeroRobinson, and Johnson (1965) polished quartz pebbles. The descriptions of Cooke (1936,
assigned this clay to the Black Mingo Formation. 1943) and Lang (1940) generally approximate a description
Cooke and MacNeil (1952, p. 22) stated that “the depos?f the present Tobacco Rodsand. LaMoreaux (1946a;
its of Claiborne ad Jackson age have never been properi946b, p. 63, 64) described the “upper sand member of the
delimited in either eastern Georgia or South Carolina.” on8arnwell formation” as coarse red sand with flat, polished
of the chief reasons for theratigraphic confusion that has beach pebbles at the base; he was the first to recognize sepa-
occurred in this region has been the misidentification of th&ately the beds that are now called the Tobacco Road Sand.
several fullers earth horizonsathoccur here in Clairbornian Huddlestun and Hetrick (1979) discussed the history of
and Jacksonian age strata, and further east toward the Conéﬁﬁ term “Barnwell” in South Carolina and Georgia, raised
ree River, in Paleocene strata. the Barnwell Formation to éhBarnwell Group, and included
Prowell and O’Connor (1978) reported that palynologi-Within it the Clinchfield Sandit the base, the Dry Branch
cal analyses of Twiggs Clay samples from eastern GeorgfgPrmation, and the TobacdBoad Sand. Diagnostic late
have shown that the clay is late Eocene (Clairbornian (?) tgocene fossils have been désed from the Clinchfield
Jacksonian). Newell, and others (1980) also stated that pop@nd and Dry Branch Formation (see Huddlestun and

len collected from numerous localities in the Augusta arekletrick, 1979 for references), and they (Huddlestun and

Thus since the Twiggs Clayhfacies of the Dry Branch to be late Eocene in age,da@ on the sporadic occurrence of
Formation was first named by Sheain 1917, most workers in the echinoid Pariarchus quinquefarius.
Georgia have assigned to it a Jacksonian or early Jacksonian agel-ithology

Harris and Fullagar (this volume), however, provide evi-  The Tobacco Road Sand is a sand body composed pre-
dence that the upper Twig@ay (part of the Dry Branch dominantly of medium-grained to very coarse-grained, angu-
Formation) is considerably younger than previously thoughtar to subrounded, poorly sorted to moderately well sorted,
They sampled the upper Twiggs Clay bed at the Medusguartz sand, with abundant quartz granules and pebbles, and
Portland Cement Company in Houston County, Georgia fowith abundant interstitial clay that gives a light orange-red to
authigenic glauconite. Glaucaaifrom the sampled horizon red color to the formation in its typical exposures (Figure
yielded a Rb-Sr isochron age of 282 m.y. indicating dep- 16). Medium-grained to vergoarse-grained quartz sand
osition at the end of the Oligocene or the beginning of thdominates in the Tobacco Road, but some very fine-grained
Miocene. Fossil evidence byZullo, Willoughby, and to fine-grained quartz sand occurs throughout.
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The characteristic color of éhTobacco Road is due to a apparent slight disconformity on the Dry Branch Formation.
significant content of orange-rethy that occurs as an inter- Huddlestun and Hetrick (1978, p. 63) noted that the basal
stitial filling, but the clay is seldom so abundant that it fillspebble zone occurs in the updip, nearshore facies of the
all pore spaces or is matrigfining. Minor amounts of bed- Tobacco Road and that a zonechérty, silicified limestone,
ded clay also occur in the Bacco Road, as clay stringers sandy limestone, or calcareosiand occurs sporadically at
and as clay laminae (Figures, IB). Clay stringers are irreg- the base of the Tobacco Road in the offshore facies. LaMor-
ular, wispy concentrations ofhite clay, presumably now eaux (1940a, 1940b) considered that the discoidal pebbles in
kaolin, that are only a few mthick and a few cm in length; the base of the Tobacco Roftds “upper sand member of
they are seldom abundant lm&n be an aid in recognizing the Barnwell formation”) were derived from the crystalline
original bedding. The irregular, wispy clay stringers arePiedmont and were worn and accumulated as flat beach peb-
common near the base of tfemation and can be seen in bles. Apparently, then, thestioidal beach pebbles accumu-
exposures that are not deeplgathered. White to purple lated at the base of the Tadtro Road in updip, nearshore
bedded clay laminae with silt and fine sand, and up to 1 careas while calcareous sedim®& now largely altered to
thick, occur in the upper Tobacco Road but they are not conchert, were being deposited in offshore areas. In addition to
mon. The bedded clay layers will be seen at Stop 9 in soutthe well-known pebble zone at the base of the Tobacco Road
eastern Hollow Creek quadrdegand can be seen along Sand, a bed of well-roundedsdoidal or ovoid pebbles also
isolated road cut exposuresupland areas elsewhere in Hol- occurs locally at the base thie Dry Branch Formation; local
low Creek quadrangle. elevations of the contact ancktlithologies of the beds asso-

Based on observations of two rare, unweathered expa@iated with a pebble zone cha used to distinguish between
sures, Huddlestun and Heki¢1978, p. 63) concluded that the two formations.
the offshore facies (see below) of the Tobacco Road Sand, Stratigraphic relations atéhbase of the Tobacco Road
“before it was oxidized ancehched, considered mainly of in northern Graniteville quadralegare unclear at present. At
unfossiliferous, massive-bedtle bioturbated, slightly the southwest side of the Barden kaolin pit (Stop 11) the
argillaceous, glauconitic, ightly micaceous, greenish-gray Tobacco Road Sand lies dirlgcbn massive kaolin of the
sand.” Presumably the orange-reddeep red color that is upper Huber Formation and the Dry Branch Formation is
typical in most exposures of the Tobacco Road Sand iabsent, but at the base of the “high wall” farther north on the
derived from weathering of non-quartz mineral grainssame property, 3-5 m of loose, unconsolidated, fine- to
chiefly glauconite, that were part of the original sedimentcoarse-grained yellow or yellow-orange sand of the Dry
Typical weathered, clay-richmoderately well indurated, Branch Formation is present above kaolin of the upper Huber
orange-red or deep red sand exposures of the Tobacco Rdaatrmation and below the coarse, pebbly red sand of the
are at Stops 7, 8, 9, 11, and 12 of the Road Log (this volFobacco Road. The Tobacco Radmks extend to the north-
ume). Atypical, relatively unweathered, clay-poor, loosegern edge of Graniteville quadrangle, based on exposures and
unconsolidated, white to cream sand, with burrows outlinedn auger hole (S.C.G.S. Aiken County # 30) at Graniteville
by white clay, in the TobacdRoad are present at the Congerfire tower and on similar eletions above 500 ft (152 m) in
pit (Stop 11) and in the “high wall” in the Barden pit (samethe northernmost, western part of the quadrangle. At locality
property as Stop 12). 3 of Zullo, Willoughby, and Nystrom (this volume) in north-

The base of the Tobacco Road Sand generally includesastern Graniteville quadrangle, sand and reddish residuum
abundant coarse to very coarse quartz sand and noticeableatith a basal discoidal pebble zone lie directly on kaolin of
abundant quartz granules apdbbles (Figure 15). Pebbles the upper Huber Formation. The basal pebble zone here
are up to 5 or 6 cm in dimension. The most well-roundeaould be either Tobacco Road Dry Branch, but the Dry
pebbles are discoidal or ovoid in shape. The basal or discdBranch Formation does occtwo the northeast, in Aiken
dal pebble zone was described or mentioned by Cookdorthwest quadrangle (locality 2 of Zullo, Willoughby, and
(1936, p. 90; 1943, p. 62, 3ang (1940, p. 43-45), LaM- Nystrom, this volume; and at the other localities in the quad-
oreaux (1946a, p. 10; 1046b, p. 63, 64), Herrick and Countangle) and at localities in Foxtown quadrangle. Whether the
(1968, p. 38), Carver (1972, p68), Huddlestun and Hetrick absence of the Dry Branch Faation in the Barden pit is an
(1978, 1979), and Smith (1979, 19, 22). Although the dis- isolated situation or whether the Dry Branch pinches out
coidal or ellipsoidalpebbles are most characteristic of thebeneath the Tobacco Road in iypdreas elsewhere is a topic
basal Tobacco Road, angular or subangular pebbles may foe continued investigation, but one that is made difficult by
quite common or even predominant at a given exposure. the intense weathering of the more updip strata.

Distribution Fossils

In Hollow Creek quadrangle and southern Graniteville  Fossiliferous, silicified or silica-cemented sandstones
guadrangle the Tobacco Road Sand lies conformably or withccur in the upper part ofétDry Branch Formation overly-
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Figure 15. Discoidal quartz pebble bed at the base of the Tobacco Road Sand. The upper part of the Dry Branch shown hereis sand
with clay laminae. Hammer (right) for scale. Kaolin haul road in Dixie Clay Company’s M cNamee No. 2 pit.

N -:._ --,, . -'.-: e Mﬁ“%
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Figure 16. Tobacco Road Sand lying on the Dry Branch Formation. Notice the relief on the contact. Bushes and small pine trees
(upper right) for scale. Sop 11.

ing the Twiggs Clay lithology at locality 4, in northeasternSand in Washington and Burke counties in Georgia (Hud-
Hollow Creek quadrangle,nd at locality 2 in southern dlestun and Hetrick, 1978, p. 63, 65; 1979).

Aiken Northwest quadrangle, of Zullo, Willoughby, and

Nystrom (this volume). Fodserous, silicified rocks at Age

localities 1 and 3 (Graniteville quadrangle) of Zullo, Wil- Huddlestun and Hetrick (1978) assigned a late Eocene
loughby, and Nystrom (this volume) could be from either th%]acksonian) age to the Tobacco Road Sand based on the
Dry Branch Formation or ém the lower Tobacco Road qcqyrrence of the echinoeriarchus quinqueferiuat local-
Sand. Thus, at present thadmnce for fossiliferous, silici- ities in the base of the Tabco Road, in the Sandersville
fied rocks in the base oféhlobacco Road in Aiken County Limestone Member of the Tobacco Road, and in the “Cooper
is not certain. At any rateghe barnacle-bearing, silicified Marl” of Georgia. Huddlestun and Hetrick (1978, p. 67, 68)
rocks in Aiken County, South Carolina are updip, ”earShorEonsidered the Tobacco Roadn8do be the updip equiva-

deposits as compared with the down-dip, offshore limestongs of the “Cooper Marl” oGeorgia, which includes a P16
and cherts that are known frafre base of the Tobacco Road |4 nkionic foraminiferal assemblage and probably is equiva-
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Figure 17. Lower part of the Tobacco Road Sand showing poorly sorted, medium-grained to very coarse-grained sand with clay
balls. Dark toneisfrom abundant interstitial clay. Sop 11.

Figure 18. Upper part of the Tobacco Road Sand showing fine-grained, clayey sand with clay laminae and rip-up clasts. Sop 9.

lent, in part, to planktonic foraminiferal zone P17 as well.Rb-Sr glauconite isochron from samples of the Twiggs Clay
Thus Huddlesturand Hetrick (1978)egard the Tobacco in central Georgia for an age of 2302 m.y., or near the
Road as latest Eocene (Prialonbr Bartonian; Jacksonian) Oligocene-Miocene boundary.
in age. Huddlestun and Hetrick (1978, p. 58) and Huddlestun
(this volume_) differentiate # “Cooper Marlj’ of Georgia UPLAND FLUVIAL CHANNEL DEPOSITS
from the typical Cooper Marl of South Carolina.

Upland I_:Iuvial Channel Deposij[sZuIIo, Willougr_\by, and Introduction
Nystrom (this volume) present evidence suggesting a late o )
Oligocene or early Miocene ador the Dry Branch Forma- In Hollow Creek and Graniteville quadrangles (Figures
tion and Tobacco Road Sandased on a barnacle specieslv 2 and 3) there are fluvial @hnel deposits of coarse gravel
recovered from localities ithe Dry Branch Formation and and poorly sorted sand irregularly and discontinuously occu-
possibly the Tobacco Road Sand in western Aiken County 4%ing some of the high areastok interfluves. The deposits
well as from the Balgrade Formation of North Carolina. Har0ccur up to 18 km (11.2 mi.), measured perpendicularly,
ris and Fullagar (this volumeresent evidence based on afrom the present Savannah Riwhannel. Except for Quater-
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nary alluvial sediments alorresent stream channels, theseAiken County as a distinct unit, rather he mistakenly
deposits represent the youngest map unit in the study area.dalieved (Doering, 1960, p. 189) that Cooke’s (1936) Barn-
most places the unit lies onetiTobacco Road Sand, but at well sand (Tobacco Road Sgmdas his early Pleistocene
some localities erosional processes associated with depo€litronelle Formation and the youngest mappable unit in the
tion of the unit have channeled through the Tobacco Roaarea.
Sand and the gravelly sedims lie directly on the Dry The term “Citronelle Formation” was also used by
Branch Formation. Deposits of the unit are most abundar@mith and White (1979) but in a sense different from Doer-
and thickest in the northern part of Hollow Creek quadrangléng (1960, 1976). On their Aiken County reconnaissance
where locally they are a little more than 6.1 m thick. A stratiinap, Smith and White (1979) delineated the channel depos-
graphic section measured a¢ tBhicora pit (see Appendix to its but designated them “Giatnelle Formation.” Yet Smith
the field guide, Stop 10, this volume) is capped by 6.4 meted979) indicated they were discontinuous and described
(21 feet) of gravelly sand including 1.5 meters (5 feet) othem as unconformably overlying late Eocene strata of the
cobbly residuum and soil. The best exposure of the unit (Figgarnwell Group (the Todcco Road Sand and the Dry
ure 19) is in a cut on the nortdide of a kaolin haul road, Branch Formation).
approximately 100 meters south of the Chicora pit. In the  Siple (1967, p. 62, 63), in his geological report on the
roadcut interlayered gravedsmd sands lie unconformably on Savannah River Plant and surrounding area, described the
the Dry Branch Formation at an elevation of 420 to 430 feesame gravel deposits referring to them as “alluvial deposits
At the west end of the cut there is a sharp scour-surface coof late Tertiary age.” He noted they occurred irregularly on
tact (Figure 20). interstream divides in deposits from 5 to 20 feet thick. He did
not, however, delineate these deposits on his geologic map.
Previous Work Northeast of the Congaree River Colquhoun (1965)

The upland fluvial channel deposits were noted by SloafRPserved similar fluvial deppsits occurring at elt_evations up
(1904, p. 79; 1908, p. 479) in the Hollow Creek-Granitevillet© 450 and 500 feet. He asagned_these to the Citronelle For-
area. He included them ihis Lafayette Phase which he Mation and indicated a pre-late Miocene age.
assigned a Pleistocene agdcGee (1891) had already Sloan (1908, p. 479) recognized near the Congaree the
mapped the Lafayette Formation through the Aiken-August§aMe high-level gravelly sediments and described them, as
area in tracing the unit acshe upper Atlantic and Gulf Well @s analogous depositsjazent to the Wateree and Pee
Coastal Plains. He believecethnit was Miocene to Pliocene D€€ Vers, as part of his Lafayette Phase.
in age (McGee, 1891, p. 498je certainly included the
channel deposits in the Lagktte Formation in western
Aiken County, but his description (McGee, 1891, p. 484) In the northern part of Hollow Creek quadrangle there
suggests he also included the Tobacco Road Sand as partaoé a few localities where igmal bedding (Figure 19) is
the same formation. The term Lafayette Formation was forexposed and the deposits are unequivocally “in place”. These
mally abandoned in 1915 when the type locality in Lafayetteites are all on high parts thfe interfluves and range in ele-
County, Mississippi was found to be Eocene in age (Doeringjation from 390 to 440 feet. Most commonly one encounters
1976). Sloan (1908), however, recognized the gravel deposit@g gravels with the sand component largely removed by
constituted a distinct and separate unit and did not associateathering and erosion. Thedeposits occur at elevations
them with his underlyingBarnwell Phase (Tobacco Road up to 460 feet. Nevertheless, some of the highest parts of the
Sand) which he classified as middle Eocene. interstream divides, at elev@ns up to 480 feet, are not

Cooke (1936) did not mention in his text or show on hiscapped by the gravel deposits. Therefore, the deposits did not
maps any indication of the oacance of the upland channel blanket the entire region but were originally confined to
deposits. These sediments were recognized, however, byeandering channels that sprehd gravels iegularly over
Lang (1940, p. 45, 46) who described them as “Gravel o locally broad area. Along the interfluves in the southern
another type, which reaches the size of cobbles.” He wagsart of Hollow Creek quadrangle lag gravel deposits occur
uncertain whether the sediments were part of the Barnwelin the high areas atevations between 350 and 370 feet, 80
Formation (Tobacco Road Sanaf) not, and suggested they to 90 feet lower than the ramgf elevations in the northern
may have been deposited digrione of the Pleistocene ero- part of the quadrangle. Although there is a general tendency
sional cycles. for the deposits to occur at the lower elevations toward the

Doering (1960, 1976) mapped the Citronelle Formationsouthern part of the map aré¢lagre appears to be no signifi-
which he assigned to the eaPieistocene, as a regional sur- cant variation in elevation with local areas on the inter-
face unit mantling a large part of the southeastern Coastiiives. Mass movement processes, however, have caused
Plain including most of Aiken County. There is no evidencesome lag gravels to be transported downslope.
he recognized the upland fluvial channel deposits in western

Distribution
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Figure 20. Unconformable contact between upland fluvial channel deposits and upper Dry Branch Formation. Notice the white,
weathered clay granules and pebblesin the upland fluvial channel deposits aswell asthe quartz cobbles at the base. Sop 10.

Lithology with some quartz granules. &hlyuarts sand grains are sub-

The upland fluvial channel deposits typically consist Ofrounded.to angular. The sand fra_ct|on mcludgs.some dark
. S . . ; heavy minerals. Much of the clay in the sand is in the form
light pinkish orange, indurated, gritty quartz sand irregularly

interbedded with pebble-cobble layers (Figure 19). AIthouQrgrrI:l?r?;r]re%r?g? though there is also considerable matrix-

lag gravels derived from thls.mmnay C?nS'St largely pf peb- The pebbles and cobbles, except for some clay clasts in
bles and cobbles, exposurés place” are predominantly . . . i
this size range, are entirely rnprised of quartz. They are

comprised of sand. The pebble-cobble fraction makes URdunded to well-rounded, subspherical, generally from 3 to

only 25 to 35 percent of the sediments. A .
The quartz sand component is distinctive for the white10 cm in diameter, and varyofn coarsely crystalline smoky

. . o or milky white quartz, to granular tan quartz. As a result of
flecks or grains of kaolin that occur within it. The angular : A
) i e rolonged weathering many of the cobbles break easily into
outline of some of these grains suggest they were originall

. ’ .~ fine fragments when tapped with a hammer.
feldspar now altered to kaolin. The sand is clayey, mica- . e . . .
. : The irregular stratification #t characterizes this unit is
ceous, poorly sorted, and medium- to very coarse-grained
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prominently defined by the gently inclined pebble-cobble 143.
layers that stand out in refion exposure surfaces (Figure _____, 1936, Geology of the Coastal Plain of South Carolina: U.S.
19). These layers generally range from 10 cm to 0.6 m thick, Geol. Surv,, Bull. 867, 196 p. . .
but bed thickness varies laterally within a single exposure— 19‘|;3,||G321Ilogi/2? the Coastal Pain of Georgia: U.S. Geol.
and layers bifurcate and ceate erratically. The cross-bed- V-, BUT. =24, 1oL P. . .

. . . ___, and F.S. MacNeil, 1952, Tertiary stratigraphy of South
g:aedcsoabr;)?eu;ts;l:yers may be thicker or thinner than the pe Carolina: U.S. Geol. Surv., Prof. Paper 243-B, p. 19-29.

. . L , and H.K. Shearer, 1918, Deposits of Claiborne and Jackson
The scouring at the base of the unit, the inclined layers age in Georgia: U.S. Geol. Surv., Prof. Paper 120.

of pebbles and cobbles interbedded irregularly with poorlyyoering, J.A., 1960, Quaternary surface formations of southern part

sorted immature sand, theoss-bedding, and cut and fill of Atlantic Coastal Plain: J. Geol., v. 68, p. 182-202.

structures, all indicate fluvial channel deposition. , 1976, The Lafayette Formation reviewed: S.C. Div. Geol.,
Geol. Notes, v. 20, p. 34-44.

Faye, R.E., and D.C. Prowell, 1982, Effects of Late Cretaceous and

Cenozoic faulting on the geology and hydrology of the Coastal

We thank Norman K. Olson, State Geologist, for his Plain near the Savannah River, Georgia and South Carolina
encouragement in all phasesooir work in Aiken County. In U.S. Geol. Surv. Open-File Report 82-156, 73 p.
particular we thank him for developing and printing all theHaTis, W.B., and PD. Fullagar, 1982, Rb-Sr glauconite isochron,
photographs in this article, as well as the cover photograph. Z"(‘)’L%gt; gggﬂf\/g{ﬂ‘: Dry Branch Formation, Houston
Agnes Streeter typed numerous preliminary drafts and the : X '
final draft of this paper. Lou Kite drafted the figures andHeron‘ SD., Jr., GC. Robinson, and H.S. Johnson, Jr. 1965, Clays

. . . and opal-bearing claystones of the South Carolina Coastal
assisted .Wlth numerous ideintal tasks. Norma Yates Plain: Div. of Geology, South Carolina State Dev. Bd., Bull. 31,
helped with typing at various stages. 66 p.

The kaolin mining companies in western Aiken Countynerrick, SM., and H.B. Counts, 1968, Late Tertiary stratigraphy of
provided access to their properties and made possible much eastern Georgia: Guidebook for third ann. field trip, Ga. Geol.
of our more important work. G.C. Bentley, A.M. Tewkes-  Society, 88 p.
bury, A.L. Long, and especially W.H. Kirkland of J.M. Huddlestun, PF., 1982, The development of the stratigraphic termi-
Huber Corporation aided ourfefts. Mark Smith and Pete nology of the Claibornian and Jacksonian marine deposits of
Hutto of Dixie Clay Compan also provided access and  Western South Carolinaand eastern Georgia: this volume.
assistance. . and JH. Hetrick, 1978, Stratigraphy of the Tobacco Road

We are indebted to Paul Huddlestun and B.F. Buie for Sad —anew formation, in Short contributions to the geology
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FIELD GUIDE TO THE STRATIGRAPHY OF THE HOLLOW CREEK — GRANITEVILLE AREA, AIKEN
COUNTY, SOUTH CAROLINA

Paul G. Nystrom, Jr., Ralph H. Willoughby, and Lucille E. Kite
South Carolina Geological Survey, Harbiseorest Road, Columbia, South Carolina 29210
with contributions from
Lamar Long, Ed Schrader, and Charles Muir
J.M. Huber CorporationClay Division, Route 4 tber, Macon, Georgia 31298
A. Richard Henderson

State Oil and Gas Boardackson,

INTRODUCTION Mileage

Mississippi 39205

Itinerary

Cumulative Interval

The purpose of the field tris to examine the Creta- g
ceous, Tertiary, and Pleistoceng g®atigraphy in part of the
kaolin mining district, southwestern Aiken County, South
Carolina, and to discuss the age and origin of the strath'O
graphic units there. The all-day trip on Saturday, October 9.2
will visit ten stops showing local feldspathic bedrock, Creta- g
ceous and lower Tertiary kaolinitic units, exposures of the
upper Eocene (?), Oligoceng,(@ Miocene (?) Dry Branch
Formation and Tobacco Ro&hnd (Barnwell Group), and 3.65
Pleistocene (?) upland fluvial channel deposits. The half-day
trip on Sunday, October 10 will visit four stops showing3.85
three exposures of lower Temyakaolinitic strata and three
exposures of the Barnwell Grogpdiments, including a dis- 3 g5
tinctive fossil hash facies.

Please bring your own hard hat for our visits to activeA"25
kaolin mines.The field trips on both Saturday, October 9 and
Sunday, October 10, 1982 will assemble in the parking lot of
Ramada Inn on the north side of U.S. Highway 1 and U.S.
Highway 78 (Richland Avenue West) in Aiken, South Caro-
lina. Both trips will be by bus only. Departure promptly at
8:00 a.m. is planned for both days.
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Normal K. Olson enthusisisally encouraged our work
in Aiken County. Agnes Streeter cheerfully endured the typ-
ing of several drafts of the road log.
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Graniteville Company, Southern Railway, Gordon Farmer of
Augusta Concrete Block Company, Herndon Dairy propri-
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generously permitted access teithproperties for the field
trip.

ROAD LOG — SATURDAY TRIP

Meet in parking lot of Ramada Inn on the north side of
U.S. Highway 1 and U.S. Highway 78 (Richland Avenue
West) on the west side of Aiken, South Carolina. Leave park-
ing lot at 8:00 a.m., Saturday, October 9, 1982.
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Leave parking lot. Turn right (west) onto U.S. 1
& U.S. 78.

1.0 Getinright turnlane.
0.2 Turnright onto Gregg Highway (S.C. S-2-895).

1.3 Pass under electric powerlines east of Gran-
iteville.

1.15 Cometo stop. “T” intersection with Canal Street
(S.C. 191) in Graniteville. Turn right (north)

0.2 Cross bridge over canal. Mileage here may vary
because of new bridge being built.

0.1 Crossrailroad tracks.

0.3 Cross canal again, and park on dirt road and on
pullover immediately past bridge on right (east)
side of road.

Stop 1. Cross road carefully, walk south across high-
way bridge over canal, then enter wooded path on
right (west), just past the bridge, to the dam and spill-
way to Flat Rock Pond. Discussion by Ralph Wil-
loughby.

The Graniteville granite in the spillway of Flat Rock
Pond and along Horse Creek at this stop varies from
fresh to weathered. The sediment accumulating in the
bed of Horse Creek below the spillway, when not dis-
turbed by heavy flow of water, consists largely of
kaolin weathered from the granite, and little weath-
ered feldspar is present. The setting provides an obvi-
ous example for the ultimate source of kaolin in the
sediments of western Aiken County.

Stop 2. Go back to buses, walk to railroad tracks and
follow tracks northward to railroad cuts at south end
of railroad siding. Discussion by Ralph Willoughby.

The sediments in the railroad cut here are near the
base of the local sedimentary sequence and are
assigned to the Cretaceous. Two features are notewor-
thy: (1) kaolin beds and laminae are present in these
sediments that accumulated only a few meters above
granite bedrock; and (2) burrows are not present in
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Figure 1. Highway map of a part of Aiken County, South Carolina, showing location of field trip stopsfor Saturday, October 9, 1982.
Rl isthelocation of Ramada Inn in Aiken, starting point for thefield trip.

these Cretaceous sediments. The fine-grained, well Downtown Graniteville; the Graniteville Com-
sorted sands that occur in part of the exposure here are pany on right (east). Continue straight (south) on
less characteristic of the Cretaceous stratigraphy than S.C. 191
the coarser, less well sorted sands with kaolin balls. 6.1 09 Trafficlight at intersection. Turn right (south) on
Go back to buses. Turn buses around, drive south on S.C. S.C. 421 or Augusta Road.
191 back to Graniteville. 73 12 Turnleft (east) on road S-2-488.

485 0.6 Intersection with Gregg Highway on left. Con- 76 0.3 Turn left on dirt road.

tinue straight (south) on S.C. 191. ] ) ) ]
o ) o 7.75 0.15 Drive straight ahead to pit. Park buses. Stop 3 is
5.0 0.15 Graniteville granite quarry (abandoned) is in Straight ahead.

woods across canal on right (east).
52 0.2 Bear right, cross railroad tracks then bear left. Stop 3. Discussion by Ralph Willoughby.

68
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The contrast between the bright white, coarsely mus-
covitic, angular to subangular, very coarse to pebbly,
non-burrowed, lower sands and the overlying cream
to yellow-orange, silty, clayey, angular to subrounded,
fine-grained sands of the lower Huber Formation is
striking. The abundance of coarse mica, the abun-
dance of angular to subrounded coarse quartz sand
grains and pebbles, and the absence of burrowing are
characteristic of Cretaceous strata in western Aiken
County, and the presence of burrows differentiates
Tertiary from Cretaceous strata. Pisolitic kaolin boul-
dersin the base of the upper sequence (Tertiary; base
of the Huber Formation) attest to the period of weath-
ering and erosion that occurred between the time of
deposition of the two stratigraphic sequences. The
elevation of +310 ft (94 m) at the pit is comparable to
the elevation of from 310 ft (94 m) to 320 ft (98 m)
for the top of Cretaceous kaolin beds in the nearby
McNamee, Pepper Branch, Ideal, and Paragon kaolin

mines.

7.9 0.15 Return to hard-surface road. Turn right (west) on
S-2-488.

8.2 0.3 Come to stop. Intersection with S.C. 421. Turn
left (south) on S.C. 421.

11.7 3.5 Trafficlight and intersection with county road S-
2-62. Continue straight (south) on S.C. 421.

125 0.8 Bridge over railroad tracks

149 2.4 Roaddivides.

15.15 0.25 Enter U.S. 1
15.2 0.05 Bear right onto exit rampto U.S. 1 & U.S. 78.
16.7 1.5 Getinleftturnlane.

16.8 0.1 Turn left (south) into parking lot of K-Mart
store. Go straight through, passing to the left of
and behind the store building.

Bear right to stop sign. Come to stop at sign,
then turn right (east onto paved road (Road S-2-
895).

17.1 0.1 Bearright at intersection.

17.15 0.05 Turn left onto divided road. Then immediately
take first left turn (south) after entering divided
road. Gibbes Auto and Truck Sales on | eft.

17.3 0.15 Bear l€ft.

17.4 0.1 Park in parking lot of August Concrete Block
Company. Exit buses and walk eastward 0.1
mile to Stop 4.

STOP 4. Discussion by Paul Nystrom and Ralph Wil-
loughby.

170 02

At this bluff about 3 m of Cretaceous kaolinitic sands
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are overlain by athick sequence (nearly 10 m, exclud-
ing residuum) of fluvial sediments. These exposures
are within the type area of Sloan’s (1904, 1908) Ham-
burg Phase, though he did not specify a type locality.
His description indicates the kaolinitic sands here
were included in his Lower Hamburg strata which he
assigned to the Lower Cretaceous. Cooke (1926) reas-
signed these sediments to the Middendorf and classi-
fied them as basa Upper Cretaceous. Later Cooke
(1936) placed Middendorf strata under the name Tus-
caloosa believing the Middendorf was just a north-
eastward extension of the Tuscaloosa. As used by
Cooke (1936) the Tuscaloosa included al the kaoli-
nitic strata (Cretaceous and Tertiary).

Not far from here Cooke (1936, p. 25) described a
section measured up the bluffs northwest of U.S.
Highway 1. The kaolinitic sands and clays he termed
Tuscaloosa (Upper Cretaceous). The overlying sedi-
ments he assigned to the Pleistocene. On his geologic
map (Cooke, 1936, plate 1) he showed small areas of
Brandywine, Coharie, and Sunderland (Pleistocene)
depositsin this area.

Turn around. Leave parking lot.

17.4 0.05 Bear left, then come to stop. Turn right (east)
and enter U.S. 1 & U.S. 78. Pass under bridge
and continueeaston U.S. 1 & U.S. 78.

18.75 1.3 Turnright (south) onto S.C. 421.

19.0 0.25 Passunder bridge.

20.6 1.6 Clearwater Elementary School on left.
21.75 1.15 Highway bridge passes over railroad tracks.

21.9 0.15 Turnright (east) onto Dixie Clay Road (S.2-46).

229 1.0 Bear left (straight east) onto dirt road. Enter
property of Dixie Clay Company.

23.2 0.3 Bear left a Y intersection and cross railroad
tracks.

234 0.2 Dixie Clay kaolin plant on right, office on left.
Continue straight, passing old country store on
right.

235 0.1 Turnleft (north) at Y intersection.

23.7 0.2 Bear right.

24.0 0.3 Park buses.

STOP 5. Proceed to the floor of Dixie Clay Com-
pany’s McNamee #2 pit. Discussion by Paul Nystrom.

Kaolin has been mined from this tract since 1852
when the Bath Pottery Company had an operation
undoubtedly located west of the present mine (Smith,
1949). Dixie Clay Company is currently mining
kaolin from two levels in the stratigraphic section
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here. At the base of the section Cretaceous soft kaolin
(see Buie, 1978, 1980; Buie and Schrader, this vol-
ume) is being mined from the floor of the pit. About
14 m upsection hard kaolin is being mined from the
uppermost part of the Huber Formation (Tertiary,
Claibornian or older; Buie, 1978). Thispit is an excel-
lent place to compare the differing characteristics of
the two types of commercial kaolin.

In the southeastern wall of the mine approximately 45
m of section is exposed including the upper part of the
Cretaceous sequence, a complete section of the Huber
Formation, a compl ete section of the Dry Branch For-
mation, and the basal part of the Tobacco Road Sand.

The Cretaceous soft kaolin sequenceis 7 to 8 m thick,
and tan to cream-white; the uppermost meter is
pisolitic. A characteristic subconchoidal fracture typi-
fies the kaolin.

The Cretaceous sequence is unconformably overlain
by the Huber Formation which is 20 m thick. At the
very base of the Huber, coarse-grained dark heavy
minerals in poorly sorted kaolinitic sand are concen-
trated on the uneven surface scoured into the Creta
ceous kaolin. The lower 1.4 m of the Huber consists
of poorly sorted, very coarse-grained and pebbly
sand. Above this is a distinctive sequence about 6 m
thick of intercalated, well-sorted, very fine- to fine-
grained “sugar sands’ and laminated to thin-bedded,
laterally continuous, clay layers (Bed 4 in Appendix,
Stop 5). If there are any Paleocene strata in this sec-
tion they occur between the base of the Huber and the
top of Bed 4. Above Bed 4 the kaolinitic sand strata
are coarser, more poorly sorted, and some are dis-
tinctly fining-upward layers. The uppermost Huber
bed is a massive kaolin layer about 6 m thick that has
acharacteristic hackly fracture.

The Huber Formation is unconformably overlain by
the Dry Branch Formation of the Barnwell Group
defined by Huddlestun and Hetrick (1979) and
assigned to the late Eocene. Zullo, Willoughby, and
Nystrom (this volume) and Harris and Fullagar (this
volume) provide evidence that suggests the Dry
Branch is late Oligocene or early Miocenein age.

The section here includes a little more than 13 m of
the Dry Branch Formation. At the base of the forma-
tion is a 0.23 m thick bed of poorly sorted, coarse-
grained and pebbly sand with dark heavy minerals
concentrated at the base. A bed like this generaly
occurs at the base of the Dry Branch in Hollow Creek
guadrangle and in southern Graniteville quadrangle.
Several laminated to thin-bedded montmorillonitic
clay sequences with micaceous, silty sand partings
(Twiggs Clay lithology) occur in the lower part of the
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formation. Interlayered with the clay sequences and
comprising much of the middle part of the unit are
yellow, cross-bedded, coarse-grained, poorly sorted
and moderately well sorted sand beds with little or no
interstitial clay (Irwinton lithology). The upper 4 m of
the Dry Branch includes two intervals of clay laminae
intercalated with fine- to medium-grained sand sepa-
rated by a 2.5 m thick bed of massive, indurated,
coarse-grained to very coarse-grained orange-red
sand.

Uncoformably overlying the Dry Branch Formation at
the top of the section is the lower part of the Tobacco
Road Sand. Both formations were defined by Hud-
dlestun and Hetrick (1978, 1979) as units in the Barn-
well Group and assigned to the late Eocene
(Jacksonian). The proposed late Oligocene or early
Miocene age for the underlying Dry Branch Forma-
tion (Zullo, Willoughby, and Nystrom, this volume;
Harris and Fullagar, this volume) directly affects age
interpretations for the Tobacco Road Sand.

A few scattered discoidal quartz pebbles and abun-
dant flat, white to purple clay clasts occur at the base
of the Tobacco Road. The lower part of the unit here
is dark red-maroon, medium- to coarse-grained,
poorly sorted sand.

LUNCH
Board buses and exit pit.
24.65 0.65 Bear right at intersection with other dirt road.
24.7 0.05 Pass by Dixie Clay office and plant.
24.9 0.2 Crossrailroad tracks and bear right.
25.1 0.2 Bear left ondirt road.

25.15 0.05 Come to stop. Turn left (south) onto Dixie Clay
Road (Road S-2-46).

25.95 0.8 Dirt entrance road to Dixie Clay Company’s
Pepper Branch pit on right (south).

STOP 5A. (Alternate)

In this pit Dixie Clay Company has mined soft kaolin
from the top of the Cretaceous. About 45 meters of
stratigraphic section was measured and described in
detail in the northeastern corner of the mine (see
Appendix, Stop 5A). As far as we know this is the
thickest section of exposed strata in Aiken County.
The units exposed include the uppermost part of the
Cretaceous sequence (2.5 m), a complete section of
the Huber Formation (29.3 m), a complete section of
the Dry Branch Formation (8.5 m), and the basal part
of the Tobacco Road Sand (2.4 m), excluding overly-
ing residuum.

The pit is only about 1220 m SSE of Dixie Clay’s
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McNamee #2 pit and the same units are exposed in
both pits, so the two sections are generaly similar.
The Huber is about 9 m thicker in the Pepper Branch
pit and the Dry Branch is 4.6 m thinner. The upper-
most bed in the Huber isavery thick (12.5 m) layer of
massive kaolin but much of it is purple mottled, some
of it is sandy, and the bed is of poor quality. The basal
Tobacco Road Sand at the Pepper Branch pit is prom-
inently cross-bedded, with abundant kaolin balls and
many small clay-lined burrows about 2 mm in diame-
ter. Sparse well-rounded, discoidal quartz pebbles
occur at the base of the poorly sorted, fine-grained to
very coarse-grained, pinkish red sand of the Tobacco
Road.

Continue straight (east) on Dixie Clay Road.

1.15 Come to stop. Turn left (north) onto Pine Log
Road (S-2-65).

0.05 Turn left (east) onto Huber Clay Road (S-2-66).

1.05 Turn left (east) onto dirt road to J.M. Huber Cor-
poration’s Ideal pit.

0.2 Aiken County landfill on right (west).

0.1 Bearright.

0.3 Park buses.

STOP 6. Exit buses at J.M. Huber Corporation’s | deal
pit. Discussion by Aubrey L. Long, Ed L. Schrader,
Charles H. Muir, and A. Richard Henderson.

About 36.4 meters of strata were measured and
described in detail in J.M. Huber Corporation’s Ideal
mine (see Appendix, Stop 6). Units included in the
section are the top of the Cretaceous sequence (.76
m), a complete section of the Huber Formation (18.9
m), and a thick but incomplete section of the Dry
Branch Formation (14.2 m).

Board buses and exit pit.
294 0.6

27.1

27.15
28.2

284
285
28.8

Come to stop. Turn right (south) onto Huber
Clay Road (S-2-66).

Come to stop. Turn right (south) onto Pine Log
Road (S-2-65).

30.55 0.05 Dixie Clay road on right (west). Continue south
on Pine Log Road.

30.75 0.2 Turn left (east) onto Herndon Dairy Road (S.-2-
778). Entrance to Herndon’s Dairy on left. Con-
tinue straight (east).

33.8 0.05 Crossover Town Creek.
34.2 0.4 Park buses.

STOP 7. Borrow pit on left (north) on Herndon
Dairy’s property. Discussion by Paul Nystrom.

305 11

The section exposed here includes upper Huber sand
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and clay strata, a complete section of the Dry Branch
Formation, and the base of the Tobacco Road Sand.
The upper Huber sequence includes laminated to thin-
bedded, fine-grained, well sorted, micaceous sands
with kaolin clasts, laminated to thin-bedded kaolin,
and a massive kaolin bed at the top. Thin-bedded,
fine-grained sand like thisis more typical of the lower
part of the Huber. Upper Huber sand is generaly
thick-bedded to very thick-bedded, medium-grained
to very coarse-grained, and poorly sorted.

In the Dry Branch section there are several intervals
of laminated to very thin-bedded montmorillonitic
clay with partings of fine-grained, micaceous, silty
sand (Twiggs Clay lithology). As is generaly the
case, these intervals occur in the lower part of the
unit. Irwinton-like strata comprise the upper part of
the Dry Branch here. These include horizontally bed-
ded, cross-bedded, moderately well sorted, and poorly
sorted layers, most with very thin, undulating, white
clay laminae; some layers are prominently burrowed.

The basal Tobacco Road Sand is comprised of
orange-red, indurated, poorly sorted, coarse-grained,
clayey sand with quartz granules. This lithology is
representative of the basal Tobacco Road in many
exposures within the field trip area, and the abrupt
change to this sediment marks the contact. At this
locality there is no well-defined quartz pebble zone
marking the base of the unit, though a few scattered
pebbles occur.

Board buses and continue eastward on Herndon Diary
Rad.

355 1.3 Come to stop. Turn right (south) onto silver
Bluff Road (S.C. 302).

36.16 0.65 Good Hope Church on right.
36.6 0.45 Incised Carolinabay on right.

38.1 1.5 Storm Branch Road (S-2-146) intersects on right
(west). Continue straight (south).

38.15 0.05 Old White Pond Road (S-2-146) intersects on
left (east). Continue straight (south).

40.15 2.0 Come to stop. Traffic light and intersection with
U.S. 278 at community of Hollow Creek. Turn
right (west) onto U.S. 278.

1.25 Huber Formation exposed in road cuts.
0.2
0.7
11

41.4
41.6
42.3
43.4

Cross bridge over Town Creek.
Pass through community of Spiderweb.

Intersection with Pine Log Road (S-2-65). Turn
left (south) onto Pine Log Road.

1.4 Park buses.
STOP 8. Borrow pit on the Cassels estate. Leave
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buses and follow path through the woods eastward to
the pit. Discussion by Paul Nystrom.

A stratigraphic section 11 meters thick was measured
and described in detail at this borrow pit (see Appen-
dix, Stop 8), where part of the Dry Branch Formation
and the basal part of the Tobacco Road Sand are
exposed. The base of the Dry Branch is below the sur-
face so the 7.9 m measured represents an incomplete
section. Clay laminae intercalated with mainly fine-
grained, well sorted sand and paper-thin silty sand
partings comprise the lower 2.25 m of the exposed
Dry Branch. Above the laminated interval is a
sequence consisting chiefly of cross-bedded, medium-
to coarse-grained locally well-burrowed sand. Two
kinds of burrows occur, small ones 1-2 mm in diame-
ter and large ones 10-25 mm in diameter. Pebbly sand
beds occur at the base and at the top of the cross-bed-
ded sequence. The uppermost meter of the Dry
Branch is comprised of fine- to medium-grained and
medium-grained sand with quartz granules and with
wispy, discontinuous, undulatory clay laminae.

The Tobacco Road Sand unconformably overlies the
Dry Branch Formation. A prominent pebble zone con-
sisting of well rounded, ellipsoidal to discoidal quartz
pebbles 5-20 mm in diameter marks the base of the
Tobacco Road. Sand associated with the pebble zone
is poorly sorted and medium-grained to very coarse-
grained. Above the pebble zone the sand becomes
medium-grained and moderately well sorted with
faint, wispy clay laminae.

Board buses and continue south on Pine Log Road.

452 0.4 Come to stop. Intersection with S.C. 125. Turn
left (southeast).

459 0.7 Turn left (northeast) onto Silver Bluff Road,
S.C. 203.

47.2 1.3 Cross bridge over Town Creek.

49.1 1.9 Cometo stop. Intersection with U.S. 278 at com-
munity of Hollow Creek. Turn right (east) onto
U.S. 278.

49.3 0.2 Crossbridge over Hollow Creek.

51.2 1.9 Turn right (south) onto DeSoto Drive (S-2-
1859).

51.6 0.4 Silver Bluff High School on right.

52.2 0.6 Turnleft (south) onto dirt road. Turn left (east).

52.25 0.05 T intersection with another dirt road. Turn left
(east).

53.15 0.9 Park buses.

STOP 9.Leave buses and see sectiDiscussion byaul Nystrom.

Beginning at the base of the hill we measured and

described 16.25 m of Tobacco Road Sand strata
before we encountered residuum (see Appendix, Stop
9). Thisisthe thickest section of Tobacco Road strata
we have seen. Though the base of the unit is not
exposed, the lowermost 2.8 m of Bed 1 is the same
lithology observed at numerous outcrops in Hollow
Creek quadrangle where the base can be seen. This
suggests the lowest part of the exposed section lies
just above the Dry Branch Formation. Bed 1 is purple,
massive and indurated, poorly sorted, medium-
grained to very coarse-grained sand with granules and
afew scattered pebbles.

Above Bed 1 there are a variety of fine- to coarse-
grained sand lithologies. In the middle part of the sec-
tion most of the beds are burrowed, the burrows being
1-2 cm in diameter. Note that Bed 4 is lithologically
identical to beds commonly found in the Dry Branch
Formation.

There has been some discussion above whether the
Tobacco Road Sand represents a transgressive or
regressive sequence. Thisis a good place to examine
the unit with an eye toward making a judgement on
that question.

Board buses and continue on dirt road.
54.25 1.1 Y intersection with dirt road. Bear |€ft.
54.4 0.15 T intersection with dirt road. Bear | eft.

545 0.1 Come to stop. Intersection with U.S. 278. Turn

left (west) onto U.S. 278.

DeSoto Drive enters from left (south). Continue
straight (west).

Cross bridge over Hollow Creek.

Intersection with Silver Bluff Road (S.C. 302).
Turn right (north).

Y intersection. Bear left (northwest) onto Storm
Branch Leg (S-2-145).

59.35 1.75 Y intersection. Bear |eft (west) on S-2-145.
59.7 0.35 Cross bridge over Town Creek.
625 28

549 04

56.8 1.9
570 02

576 0.6

Come to stop at intersection. Turn right (north)
onto Pine Log Road (S-2-65).

Herndon Dairy Road (S-2-778) enters from
right. Continue straight (north).

64.25 0.15 Dixie Clay Road (S-2-46) enters from left. Con-
tinue straight (northeast).

64.3 0.05 Huber Clay Road (S-2-66) enters from left. Con-
tinue straight (northeast).

1.3 Turn left (west) off of Pine Log Road onto dirt
road. Enter property of JM. Huber Corporation.
Park buses and walk to outcrops and to Chicora

641 16

65.6
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pit.
STOP 10. Discussion by Paul Nystrom.

At this pit hard kaolin is mined from the top of the
Huber Formation. The 17.7 m section measured and
described here (see Appendix, Stop 10) includes 4.7
m of massive kaolin, 6.6 m of the Dry Branch Forma-
tion, and 4.9 m of the upland fluvial channel deposits.
The Tobacco Road Sand which occurs above the Dry
Branch in surrounding areas has been completely
removed by scouring associated with the deposition
of these sediments.

The Huber kaolin is cream-colored to light gray, mas-
sive, pure, and has a hackly fracture characteristic of
the Tertiary kaolins.

A pebbly sand with prominent, well rounded quartz
pebbles up to 3 cm in diameter occurs at the base of
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Figure 2. Highway map of a part of Aiken County, South Carolina, showing location of field trip stopsfor Sunday, October 10, 1982.
Rl isthelocation of Ramada Inn in Aiken, starting point for thefield trip.

the overlying Dry Branch. The lower third of the for-
mation consists mainly of poorly sorted medium-
grained to very coarse-grained sand with quartz gran-
ules and pebbles. In the middle and upper parts of the
unit are sand beds with thin clay laminae. There is no
Twiggs Clay lithology in this section of the Dry
Branch.

The 4.9 m of channel gravel here is the thickest sec-
tion of the unit that we know of. These sediments are
distinguished by the well rounded, sub-spherical,
quartz pebbles and cobbles 3-10 cm in diameter.
Prominent lag gravels form over these deposits in
many upland areas of Hollow Creek quadrangle and
the southern part of Graniteville quadrangle. The best
exposure we have found islocated along the haul road
just south of the Chicora pit.
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Return to buses. Turn around, then turn left (north)
onto Pine Log Road (S-2-65).

0.6 Y intersection. Road S-2-87 enters from |eft.
Bear right (northeast).

2.8 Intersection with S-2-81. Continue straight
(northeast) on Pine Log Road.

0.6 Entrance to JM. Huber Corporation’s Conger
pit on left. Continue straight (east) on Pine Log
Road.

0.5 Turn left (north) onto Huntsman Road.

0.3 Come to stop. Turn left (west) onto Hitchcock
Parkway (S.C. 478).

2.4 Come to stop at 4-way stop intersection. Con-
tinue straight (north) on S.C. 478.

0.2 Getinright lane. Turnright (east) and enter U.S.
1& US. 78

73.85 0.85 Aiken bypass road (S.C. 118) intersects at left.

74.9

Meet in parking lot of Ramada Inn on U.S. 1 & U.S. 78 in

Continue straight (east) on U.S. 1 & U.S. 78.
1.05 Turn left (north) into parking lot of Ramada Inn.
END OF DAY.

ROAD LOG — SUNDAY TRIP

59
6.5
9.05

9.35

9.45

11.45

11.85

Aiken, S.C. Leave parking lot at 8:00 a.m. on Sunday, Octol3.3
ber 10, 1982.

Mileage Itinerary
Cumulativelnterval

OLeave parking lot. Turn rigtvest) onto &.S. 1 & U.S. 78.

1.05

1.7
19
21

4.55
4.85

5.3

5.6

1.05 Aiken bypassroad (S.C. 118) intersects on right.
Continue straight (west) on U.S. 1 & U.S. 78.

0.65 Get in left lane.
0.2 Trafficlight. Turn left (south) onto S.C. 478.

0.2 Cometo stop at 4-way stop sign and intersection
with S.C. 421. Continue straight (south) on S.C.
478.

2.45 Turn right (south) onto Huntsman Road.

0.3 Come to stop. Turn right (west) onto Pine Log
Road.

0.45 Turn right (north) onto paved entrance and dirt
road. Enter property of J.M. Huber Corporation.
A wak from the entrance of the pit may be
required.

0.3 Park. Leave buses and walk to JM. Huber Cor-
poration’s Conger pit.

STOP 11. Discussion by A.L. Long, Ed L. Schrader,
CharlesH. Muir, and A. Richard Henderson.

Kaolin and sand of the upper Huber Formation, the
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13.7

Dry Branch Formation, and the lower part of the
Tobacco Road Sand are exposed in the Conger pit.
Burrows are noticeable in the upper Huber sands and
in the Tobacco Road Sand. Where the surficial weath-
ering (clay-enrichment) rind is scraped away from the
Tobacco Road in the southwest corner of the pit, the
fresh exposures with well-preserved bedding features
and burrows probably represent very closely the origi-
nal character of the formation.

Board buses. Turn around and return to paved road at
entrance.

0.3 Turnright (west) onto Pine Log Road.
0.6 Turnright (northwest) onto road S-2-81.

2.55 Traffic light at intersection with S.C. 421. War-
renville. Continue straight (north) onto S.C. 191.

0.3 Pass under U.S. 1 & U.S. 78. Turn left (west)
onto road S-2-104 just beyond underpass.

0.1 Passentrancerampto U.S.1& U.S. 78. Stay on
road S-2-104.

0.2 JM. Huber Corporation’s Graniteville plant on
right and Permenter pit on left. Continue straight
(west) S-2-104.

0.4 Bear l€eft (south) at Y intersection onto road S-2-
255.

1.45 Turn right (west) onto dirt road and entrance to
J.M. Huber Corporation’s Barden pit.

0.4 Park. Leave buses and walk to exposures at the
Barden pit.

STOP 12. Discussion by Ralph Willoughby.

Boulders at this site (SCGS A-001a) were piled
together during kaolin mining operations. The silica
cemented sandstone blocks include abundant impres-
sions and silica replacements of a barnacle species
and less abundant impressions and silica replacements
of a pectinid bivalve mollusk and of echinoderm
plates. Silica-replacement fossils can be picked from
the weathering residue in pockets of the rock. Rem-
nants of the silica-cemented rock occur throughout
the dump material of the mine. Unfortunately none of
the rocks are exposed in place in present exposures of
this mine, but they were moved from overlying the
kaolin beds and therefore should represent either the
Dry Branch Formation or the Tobacco Road Sand.
Coarse, red Tobacco Road Sand lies directly on kaolin
of the upper Huber Formation in the corner of the pit a
short walk west-northwest from here (see Appendix,
Stop 12), and the Dry Branch Formation lies above
kaolin of the upper Huber Formation and below the
Tobacco Road Sand elsewhere in the pit.
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These silica-cemented, fossiliferous sandstone blocks
are a loca occurrence of the “buhrstones’ of upland
areas in western Aiken County noted by Sloan (1904).
Board buses and return to paved road.

14.05 0.35 Turn left (north) onto road S-2-265.
154 1.35 Bear right (north) at Y intersection.

1545 0.05 Y intersection with road S-2-104. Turn right
(east) onto S-2-104.

155 0.05Y intersection with road S-2-104. Turn right
(east) onto S-2-104.

J.M. Huber Corporation’s Graniteville plant on
left and Permenter pit on right. Continue straight
(east) on S-2-104.

Pass entrance ramp to U.S. 1 & U.S. 78. Con-
tinue straight on S-2-104.

Come to stop. Madison. Turn left (north) onto
S.C. 191.

Downtown Graniteville. Graniteville Company
on |eft.

Traffic light. Continue straight (north) on S.C.
191.

19.15 0.15 Turn right (east) onto Gregg Highway (S-2-895).
19.95 0.8 Turn right (sough) into Graniteville Cementery.

20.1 0.15 Park. Leave buses and walk eastward through
woods to Stop 13.

STOP 13. Discussion by Ralph Willoughby.

Kaolin and sands of the upper Huber Formation are
seen at this massive exposure. The section (see
Appendix, Stop 13) was measured amost directly
underneath the power lines. Despite Siple’s (1967, p.
26, 27, Figure 7) recognition of Barnwell Formation
on Tuscal oosa Formation (the upper Huber Formation
of our usage) here, we regard the entire exposure,
including the red sands overlying the massive, white
kaolin beds, as in the upper Huber Formation. The
interpretation is based largely on the assignment of
our Bed 7 (presumably equivalent to Siple's “beds of
laminated clay” to the Huber Formation rather than to
the Dry Branch Formation or the Tobacco Road Sand.

20.25 0.15 Board buses and turn around. Turn left (west)
onto Gregg Highway (S-2-895).

21.0 0.75 Cometo stop at intersection with S.C. 191. Turn
right (north).

21.25 0.25 Intersection with Trolley Line Road. Turn right
(east).

235 2.25 Traffic light. University of South Carolina,
Aiken, campus on right. Turn left (north) onto
S.C. 118 (Aiken bypass).

159 04

179 20

180 0.1
18.7 0.7

190 03

24.6

26.8

271.7

27.8

30.1
32.0
32.2
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1.1 Traffic light at intersection with Vaucluse Road.

Continue north on S.C. 118.

Traffic light at intersection with S.C. 19. Con-
tinue east on S.C. 118 (U.S. 1 & U.S. 78 truck

2.2

route).
0.9 Getinleft lane.
0.1 Traffic light at intersection. Turn left (north)

ontoU.S.1& U.S. 78.
2.3 Cross bridge over dirt road.
19

0.2

Turn right onto dirt road

Park buses. Walk eastward in woods road 0.4
mile to Stop 14.

STOP 14. Discussion by Ralph Willoughby.

Exposures at the base of the pit consist of fullers earth
that we resognize as the Twiggs Clay lithology of the
Dry Branch Formation. Earlier mining extended east-
ward to the bed of Bradley Mill Branch, where gouge
scars from heavy-equipment loading buckets remain
in the Twiggs Clay lithology.

Silica-cemented sandstone is present, in place, in a
low wall at the north end of the pit, and includes abun-
dant, excellently preserved, silica-replaced barnacle
plates and rare pectinid mollusks. Pectinid impres-
sions also are present at the top of the fullers earth in
the base of the pit.

The locadlity has an interesting historical context.
According to Heron, Robinson, and Johnson (1965, p.
50) the site was mined for “opal claystone’ by Uni-
versal Clay Company. Heron, Robinson, and Johnson
(1965, p. 50) referred the site to the Black Mingo For-
mation, which, following Cooke (1936, p. 41), they
(Heron, Robinson, and Johnson, 1965, p. 19) consid-
ered as including all beds of Eocene strata older than
the McBean Formation. Workers after Cooke (1936)
have recognized strata of Paleocene age within the
Black Mingo; see Powell and Baum (1981, p. 55) for
a brief historical background. Siple (1967, p. 46-47)
discussed the locality, with its hackly clay and overly-
ing bed of indurated shell rock or coguina, and he ten-
tatively suggested that it might be either the Congaree
Formation of middle Eocene (Claibornian) age or
possibly the Black Mingo Formation of early Eocene
age. Zullo, Willoughby, and Nystrom (this volume)
present evidence based on the barnacle species known
from this locality and other localities in western
Aiken County that suggests a late Oligocene or early
Miocene age. We recognize the site as including the
Twiggs Clay lithology and sands of the Dry Branch
Formation, which Huddlestun and Hetrick (1979)
assign alate Eocene age. Thus, according to the inter-
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pretation the reader prefers, the locality is either Pale-
ocene, early Eocene, middle Eocene, late Eocene, late
Oligocene, or early Miocene in age!

Last Stop. Return to buses, board, and turn around.
32.25 0.05 Turn left (south) onto U.S. 1 & U.S. 78.

36.55 4.3 Traffic light. Go straight.

36.65 0.1 Traffic light at intersection. Turn right (west)
onto S.C. 118.

37.65 1.0 Traffic light at intersection with S.C. 19. Con-
tinue west on S.C. 118.

39.85 2.2 Traffic light at intersection with Vaucluse Road.
Continue south on S.C. 118.

40.95 1.1 Traffic light at intersection with Trolley Line

Road (S-2-80). Continue south on S.C. 118.
41.2 0.25 University of South Carolina, Aiken Campus, on

right.
41.85 0.65 Traffic light at intersection. Turn left (east) onto
US 1& U.S 78

42.9 1.05 Turn left (north) into Ramada Inn parking lot.
END OF FIELD TRIP.
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STOP 2

RAILROAD CUT

EXPOSURES ON SOUTHERN RAILWAY LINE APPROXIMATELY 0.70 MILE (1.14 KM) NORTH 5° WEST OF THE
INTERSECTION OF GREGG HIGHWAY (S-2-895) AND S.C. HIGHWAY 191 IN GRANITEVILLE, S.C. (NORTHERN
GRANITEVILLE, S.C., 7.5-MINUTE QUADRANGLE).

Lithostratigraphic
Unit and bed Description Thickness
number

CRETACEOUS

Sand, medium-to coarse-grained, predominantly medium-grained, with abundant interstitial

clay and with silt, fine, sand, and scattered very coarse quartz sand and quartz pebbles; angular

to subrounded; moderately well indurated; cream-white to light yellow-orange or light yellow- .6 m
brown. (2.01t)

BED 5

Base of kaolin-bearing stratain a nearly vertical cliff. Sand and kaolin, interbedded, in alternat-

ing laminae and beds (0.5-3 cm) outlined with fine sand, heavy minerals, and high clay content;

beds horizontal to gently inclined; firmly indurate. Sand isfine-grained, silty, with medium-to
coarse-grained sand in some beds; with interstitial to matrix-forming kaolin clay and very fine-

grained to fine-grained dark heavy minerals. Clay is kaolinitic, silty, with fine quartz sand, and 1.2m
with kaolin balls 0.5-5 cm in some layers. (3.9f1)

BED 4

Sand, coarse-grained to very coarse-grained; moderately well sorted; angular to subrounded;
BED 3 with some fine-grained sand, interstitial kaolin clay and scattered kaolin clastsupto 3cm; gen- .9m
tly cross- bedded; loose to lightly indurated. (3.011)

Sand, coarse-grained to very coarse-grained, with quartz granules and pebbles; angular to sub-

rounded; moderately well sorted; with interstitial kaolin clay as well as sand-size grains and

occasional pebbles, up to 5 cm; with muscovite grains, some up to 0.5 cm; with accessory very
fine-grained to medium-grained dark heavy minerals; bedding subhorizontal; indurated; cream-

white to yellow-brown in color. Upper 0.1 mincludes layers of fine-to medium-grainedsand  1.5m
and of course-grained to very coarse-grained sand, without abundant pebbles or granules. (4.9f1)

BED 2

Sand, medium-to coarse-grained, mostly coarse-grained, moderately well sorted; angular to sub-
BED 1 angular; with interstitial kaolin clay and kaolin balls and pebbles, upto 5 cm; also withfineto 1.3 m
coarse muscovite grains; bedding horizontal to subhorizontal; lightly indurated; white to cream. (4.3 ft)

1.6m

Covered interval. (5.2 ft)

7.1m
(23.3ft)
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Stop 3. Borrow pit at trailer park south of Warrenville.
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STOP 3

EROSIONAL UNCONFORMITY WITH PISOLITIC KAOLIN BOULDERS

EXPOSURES IN AN ABANDONED PIT, JUST NORTH OF A TRAILER PARK, 1.09 MILES (1.75 KM) SOUTH 20°
WEST OF THE INTERSECTION OF S.C. HIGHWAY 421 AND RICHARDSON'S LAKE ROAD (S-2-81) IN WARREN-
VILLE, S.C. (GRANITEVILLE, S.C., 7.5-MINUTE QUADRANGLE).

Lithostratigraphic

Unit and bed Description Thickness
number
BED 5 Loose sand and soil. 2m

(7ft)

HUBER FORMATION

Sand, medium-grained to coarse-grained, with some very fine-grained and fine-grained sand
and with abundant quartz pebbles up to 3 cm; with interstitial clay and abundant kaolin balls up

BED 4 to 10 cm; poorly sorted; very stiff, well indurated; yellow-orange in color, mottled in upper 0.5- | 1.9 m
0.7m. (6.2ft)
Sand, very fine-grained to fine-grained; silty, clayey; in laminae to thin beds and with prominent

BED 3 clay laminae; subhorizontal to gently dipping; with subhorizontal curving burrows 1-2.5cmin

diameter and smaller (to 0.7 cm in diameter), horizontal to vertical, kaolin-filled burrows; stiff, [1.5m
well indurated; cream-white where fresh to salmon pink or yellow where weathered. (4.911)

Bed of pisolitic kaolin, mostly pure pisolitic kaolin, as cobbles and bouldersto 1.7 m in dimen-
BED 2 sion; with subrounded to rounded, coarse-grained quartz sand and quartz pebbles; lightly indu- |.7m
rated. Pisolitic zones are 0-2 m thick in other parts of this pit. Probable base of Tertiary strata. | (2.3 ft)

CRETACEOUS
Sand, medium-grained to very coarse-grained, with common quartz granules and pebbles, up to
2 cm; mostly angular to subangular but with the larger grains subrounded; with fine- to coarse-
BED 1 grained muscovite flakes; with very fine-grained and fine-grained dark heavy mineralsin some
layers, especially concentrated in lower 0.5 m; bedding gently inclined; very lightly indurated; |3.8m
bright whitein color. Probable to of Cretaceous strata. (12.51t)
81m
(26.6ft)
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STOP4

HAMBURG BLUFFS

0.59 MILE (0.96 KM) NORTH 52° EAST OF THE CENTER OF THE FOUR-LANE U.S. HIGHWAY BRIDGE ACROSS
THE SAVANNAH RIVER (AUGUSTA EAST, GA.-S.C. 7.5-MINUTE QUADRANGLE).

Lithostratigraphic

Unit and bed Description Thickness
number
. - 21m
BED 9b Residuum. Similar to Bed 8b. Top of bluff. (6.911)
BED 9a Residuum. Similar to Bed 8a. 4m
’ (1.311t)

BED 8b Residuum. Sand, fine- to medium-grained, subangular, moderately well sorted, withabun- .9 m

dant interstitial clay. (3.0ft)

Residuum. Micaceous, clayey silt with very fine-grained sand, to micaceous, sandy, silty .6m
BED 8a clay 2.01)

FLUVIAL TERRACE DEPOSITS

Sand, predominantly fine- to medium-grained, with some coarse sand and scattered quartz
granules, very micaceous, moderately well sorted; with fairly abundant interstitial clayand 1.1 m

BED 7b local lenses of sandy clay 1 to 4 cm thick and up to 20 cm long; weathered, with clay mottling (3.6 ft)
in upper 0.5 m. Beds 4 through 7 form a prominent slope.
Sand, fine-to medium-grained, moderately well sorted, with some mica and interstitial clay am
BED 7a that increases locally to matrix-forming. Transitiona from clay unit below to sandy layer '(1 0ft)
above. '
. T Am
BED 6 Clay, sandy, with some silt; stiff, gray. (310)
. 9m
Covered interval. (3.0)
BED 5 Clay, silty, with very fine-grained to fine-grained sand; gray to light yellow-tan in color, mot- 1.2m
tled. Grades upward into sandy clay with little silt. (3.9ft)
Sand, medium-to coarse-grained, with some fine-grained and very coarse-grained sand and
BED 4d fine- to medium-grained heavy minerals; moderately well sorted; crosshedded, in bed sets 1
to 5 cm thick; lightly consolidated; cream to yellow or pink in color. Upper 0.1t00.3 m .5m
grades into micaceous, clayey, silty, fine-grained quartz sand. (1.6 ft)
Sand, fine-grained to very coarse-grained, subangular to rounded, with micaflakes, heavy
BED 4c minerals, interstitial clay, clay casts up to 4 cm, rounded and weathered feldspar grains up to 38m
1.5 cm, and abundant quartz pebbles up to 3 cm; crossbedded, with dips up to 20°; lightly )
; ) : (12.5ft)
indurated, light yellow-tan in color.
BED 4b Sand, predominantly medium-to coarse-grained, poorly to moderately well sorted; similarto 1.4 m

Bed 4a except lacking cobbles or abundant pebbles. (4.6 1)
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BED 4a

CRETACEOUS

BED 3

BED 2

BED 1b

BED 1a

Basal conglomerate, with fine-grained to very coarse-grained quartz sand and abundant

quartz granules, pebbles, and cobbles; pebbles (up to 3 cm) and smaller grains subangular to

rounded, cobbles (to 10 cm) well-rounded; with fine-to medium-grained clay casts and con-

centrated dark, heavy minerals, and some interstitial clay; also with some reworked clasts of

granule and pebble conglomerate; poorly sorted; loose to very lightly indurated; light cream- .4 m
orangein color. Base of terrace deposit. (2.31t)

Sand, fine-to medium-grained, with fine-grained to very coarse mica flakes, some fine-

grained, dark heavy minerals, interstitial kaolin, and some kaolin balls up to 1.5 cm; moder-

ately well sorted; crossbedded with beds dipping up to 20°; lightly indurated; creamin color. .8 m
Top of Cretaceous strata. (2.6 1)

Sand, fine- to coarse-grained, with flat kaolin clasts up to 7 cm by 12 cm in kaolin-cobble
conglomerate with abundant, dark heavy minerals; lightly indurated; bedding poorly defined, 1.0 m

subhorizontal, fining upward; white to light gray; pinches out laterally. (3.311)
Similar to Bed 1 but with no quartz pebbles larger than 1 cm. '(13n;t)

Sand, medium-grained to very coarse-grained, with abundant quartz granules, pebbles (up to

3 cm), and some fine sand; with interstitial kaolin and kaolin clasts up to 3 cm; with medium-

grained to coarse-grained micaflakes and fine-grained to granule-sized (to 3 mm) dark heavy
minerals, bedding massive, subhorizontal, poorly defined, fining upward; lightly indurated; 1.1 m
cream to light gray. Prominent, inclined dark heavy mineral layer at 0.7 m. (3.6 ft)

16.7m
(54.81 ft)
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STOP5

DIXIE CLAY COMPANY’SMCNAMEE NO.2PIT

1.0 MILE (1.6 KM) NORTH 50 O WEST OF THE INTERSECTION OF DIXIE CLAY ROAD (S-2-65) AND PINE LOG ROAD (S-2-65)
IN NORTHWESTERN HOLLOW CREEK, S.C. 7.5-MINUTE QUADRANGLE.

Lithostratigraphic

Unit and bed Description Thickness
number

Soil horizon; sand, medium-to coarse-grained, poorly sorted; structureless, loose; color light 9m
BED 20

gray. (2.95ft)
TOBACCO ROAD SAND
BED 19 Residuum; sand, medium-to coarse-grained, poorly sorted; featureless; upper portion mottled; m

color red-orange to orange. (3.281t)

Sand, medium-to coarse-grained, poorly sorted, angular to subangular grains, basal portion with
BED 18 few scattered discoidal quartz pebbles and abundant flat, white to purple clay clasts; abundant
interstitial clay; indurated; color dark red-maroon.

m
(3.28 ft)

DRY BRANCH FORMATION

Sand, fine-to medium-grained, moderately well sorted, angular grains; with wispy clay enriched 1.47 m

BED 17b thin laminae; minor amount interstitial clay; color yellow. (4.811)
BED 17a Sand, coarse-grained, poorly sorted, angular grains; indurated; massive, color orange-red. (2é52r;1t)
BED 16 Sand, clayey, laminated; interlayered with very thin clay beds. '(31’51? ft)
BED 15 Sand, medium-to coarse-grained; with crossbedding defined by thin clay laminae, color yellow. (169;?0
BED 14 Sand, clayey; abundant clay clasts of red orange, purple, light gray and dark gray scattered .09m
throughout; massive, unstructured; color orange-red. (-33ft)
) oo . 133m
BED 13c Sand, medium-to coarse-grained; mottled; color rust-brown to yellow. (4.36 ft)
BED 13b Sand, coarse-grained moderately sorted, angular grains; clayey; color yellow. (3 2;5 ft)
Pebbles, quartz, very well rounded, discoidal or ellipsoidal, up to 2 cm long; in amatrix of sand,
BED 13a medium-to very coarse-grained, poorly sorted, angular to subangular; color yellow-greentorust .30 m
brown. (1.0ft)
. . . 122m
BED 12 Clay, very thinly bedded; becomes sandy in uppermost .3 m. (4.0ft)
Sand, coarse-to very coarse-grained and pebbly, poorly sorted with some fine-to medium-
BED 11 grained fraction, angular to subangular grains; cross bedding defined by clay laminae and tex-  1.43m

tural changes; color yellow. (4.7 ft)
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BED 10

BED 9

HUBER FORMATION

BED 8

BED 7

BED 6

BED 5b

BED 5a

BED 4e

BED 4d

BED 4c

BED 4b

BED 4a

BED 3b

BED 3a

CRETACEOUS

Clay, thin beds separated by sand laminae; prominent bedding plane fissility; color light gray
clay with rust brown and purple sand.

Sand, coarse-grained and pebbly, poorly sorted; dark heavy minerals concentrated at base.

Kaolin, pure clay with little or no sand; massive, stiff; hackly fracture when dry’ color white to
light gray, with some maroon to orange mottling.

Sand, fine-to coarse-grained and granular, poorly sorted with pebblesin basal portion; distinct
fining upwards sequence, clay increases from interstitial to matrix forming, uppermost portion
of bed characterized by very sandy clay, kaolinitic, massive; color medium gray with .3-.9m
maroon band at base.

Sand, fine-to coarse-grained, poorly sorted, with basal .3 m also containing very coarse sand,
granules and pebbles; abundant muscovite flakes up to 10 cm; abundant dark heavy minerals;
interstitial clay; distinct fining upwards sequence; unbedded; color light yellow.

Sand and clay, fine-to medium-grained quartz sand, angular to subangular grains; abundant
mica, fine-to medium-grained; massive, unstratified, stiff, indurated; color medium gray weath
ered yellow.

Sand, medium-to coarse-grained, poorly sorted, with some quartz pebbles, angular to subangu-
lar sand grains; some fine-to coarse-grained dark heavy minerals; micaceous, flakesup to 5 mm;
abundant interstitial clay; crude thin bedding defined by grain size variation from sand to pebbly
sand with rounded kaolin balls 1 to 2 cm diameter, moderately indurated.

Clay, kaolinitic, thinly bedded; with laminae of very fine-to fine-grained sand.

Sand, medium-to very coarse-grained with some granules and pebbles (up to 6 mm), some fine-
grained sand fraction, poorly sorted, angular to subangular grains; gently undulating clay lami-
nee.

Clay, kaolinitic, laminated to thinly bedded; with thin interbeds of quartz sand, fine-grained,
with some dark heavy mineral grains.

Sand, very fine-to fine grained, well sorted angular to subangular; very fine-grained dark heavy
minerals; micaceous; loose, little interstitial clay; with clay laminae; thinly bedded, subhorizon-
tal and laterally continuous.

Clay, kaolinitic, irregular and wavy laminations to gently undulating thin beds.

Sand, very coarse-grained and pebbly, poorly sorted, angular to subangular grains, fining
upwards sequence; abundant fine-to coarse-grained dark heavy minerals; with medium-to
coarse-grained muscovite; kaolin clay clasts abundant in lower portion of bed; abundant intersti-
tial kaolin; white kaolinitic clay laminae define horizontal to gently inclined bedding; color
whiteto light gray.

Sand, very coarse-grained with pebbles up to 15 mm, poorly sorted, angular to subangular
grains, fining upwards sequence; abundant coarse-to very coarse-grained dark heavy minerals,
particularly concentrated at base; some fin-to coarse—grained muscovite; abundant interstitial
kaolinitic clay; irregular bedding; local small scale scouring into clay below; color whiteto light

gray.
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1.2m
(3.91t)

.23m
(.75 ft)

6.0m
(19.7 ft)

32m
(10.5ft)

1.68m
(5.5ft)

1.04m
(3.4ft)

1.31m
(4.3 ft)

46 m
(1.5f11)
.58 m

(1.9t)

.67 m
(2.2ft)

2.32m
7.6f1)

1.16m
(3.8ft)

7m
(2.3 ft)

7m
(2.3 ft)



Kaolin, pure clay, soft, pisolitic in upper 1 m; very well developed conchoidal fracture; mottled 7.67 m

BED 2 in lower portion; color white to cream to tan. (25.39 ft)
Clay, kaolinitic, silty, very micaceous; with fine-grained dark heavy minerals; massive; color 122m
BED 1 . .
cream to gray with yellow-brown mottling. (4.0ft)
445m
(146.2 ft)
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Sop 5. Dixie Clay Co.'s McNamee #2 pit.

87



STOP 5A (ALTERNATIVE STOP)

DIXIE CLAY’SPEPPER BRANCH PIT

1.0 MILE (1.6 KM) SOUTH 86x WEST OF THE INTERSECTION OF DIXIE CLAY ROAD (S-2-46) AND PINE LOG
ROAD (5-2-65) IN NORTHWESTERN HOLLOW CREEK, S.C., 7.5-MINUTE QUADRANGLE.

Lithostratigraphic

unit and bed Description Thickness
number
Soil horizon; sand, fine-grained, moderately well sorted, angular to subangular grains; loose, 9m
BED 17 .
structureless; color light gray. (3.011)
BED 16 Illuvial horizon; clay rich soil; contains rounded cobble material; weathered and mottled. (1:'3232 ft)
TOBACCO ROAD SAND
BED 15 Residuum; sand, fine- to medium-grained, moderately sorted, subangular grains; clayey; indu- 1.3 m
rated, color reddish-orange mottled with cream to light gray. (4.211)
Sand, fine- to very coarse-grained, poorly sorted, subangular grains; few rounded and discoidal
BED 14 pebbles at base; abundant kaolinitic clay clasts; prominently crossbedded; clayey; abundant bur- 1.1 m

rows 2 mm in diameter, 20-30 mm long; indurated; color pinkish red. (3.5ft)
DRY BRANCH FORMATION

Sand, fine- to coarse-grained, poorly sorted; laminated to very thinly bedded; interlayered with .7 m

BED 13c clay laminae. (2.33 1)

BED 13b Sand, fine- to coarse-grained, poorly sorted, subangular grains, wispy clay laminaeto very thin .55 m
clay beds which vaguely define stratification; color yellow-brown. (1.8ft)
Sand, fine- to medium-grained, poorly to moderately sorted, subangular grains; some fine-

BED 13a grained dark heavy minerals; few wispy thin clay laminae vaguely define layering; massive; 1.7m
well indurated; color yellow-brown. (5.6 ft)

. .96 m

Covered interval. (3.21ft)

BED 12 Clay, montmorillonitic, characterized by very thin bedding plane fissility when dry; with chert .8 m
concretions up to 10-12 cm diameter; color light brown. (2.5ft)
Sand, fine- to coarse-grained, poorly sorted. Angular to subangular grains; quartz pebbles, 5-30

BED 11 mm diameter, very well rounded, some discoidd; characterized by undulatory wispy clay lami-
nae; clayey; discontinuous chert horizon, dove-gray to cream colored, in uppermost 3cm of bed; 1.6 m
color white mottled tan-brown. (5.4ft)
Sand, fine- to medium-grained, moderately well sorted with some coarse- to very coarse-grained

BED 10d fraction, subangular grains; abundant fine-grained dark heavy minerals; loose; clay, aslaminae .8 m
and very thin beds separated by sand interlayers 2-15 mm thick; color tan to cream. (2.75 1)
Sand, medium- to coarse-grained with some granules, moderately well sorted, subangular to

BED 10c subrounded grains; medium-grained dark heavy minerals; few clay laminag; clay-lined burrows .4 m

10-12 mm diameter. (1.33f1)
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BED 10b

BED 10a

HUBER FORMATION

BED 9

BED 8b

BED 8a

BED 7

BED 6

BED 5

BED 4

BED 3

BED 2

CRETACEOUS

Sand, fine- to medium-grained to medium- to coarse-grained, moderately well to well sorted,
subangular to rounded grains, some fine- to medium-grained dark heavy minerals; interlayered
with white clay laminae.

Sand, fine- to very coarse-grained with pebbles, poorly sorted, subangular grains; fine-grained
dark heavy minerals; few cream colored clay laminae; basal 2-3 cm of purple, coarse- to very
coarse-grained sand and quartz pebbles with abundant dark heavy minerals, sand above base is
tallow-brown to pinkish.

Kaolin, pure to sandy clay; massive, hackly fracture; basal 5 m is purple mottled, locally
pisolitic and has abundant pea-sized ferruginous spheroids; above thisis 2 m zone of whiteto
light gray, with abundant burrows (2 mm diameter and 20-40 mm long) partially sand-filled;
above this burrowed zoneis 2.5 m of purple color, with abundant deep purple iron oxide concre-
tions up to 3 cm in diameter, also many sand-filled burrows 2-3 mm in diameter; uppermost 2.2
m of bed is cream to light gray in color with medium- to coarse-grained sand throughout, also
contains ferruginous concretions up to 10 cm in diameter.

Silt, very micaceous with fine- to very coarse-grained flakes; kaolin clasts, sand-sized and up to
2 cm diameter; laminated to thinly bedded; uppermost .6 m contains kaolin filled burrows 8 m
diameter and up to 12 cm long; color cream to pale pink to yellow-color.

Sand, fine- to coarse-grained, poorly sorted; micaceous, fine- to coarse-grained flakes; fining
upwards sequence, base marked by kaolin balls 2-5 cm in diameter, medium- to coarse-grained
quartz sand with dark heavy minerals; very clayey, kaolin in form of sand-sized coarse- to very
coarse-grained clasts; uppermost .6 m very thinly bedded with small scale crossbedding (2-5
cm).

Sand, fining upwards sequence, medium- to very coarse-grained and poorly sorted to fine- to
medium-grained and moderately sorted; very micaceous; base marked by kaolin ball conglom-
erate, kaolin balls up to .45 m, most 2-8 cm diameter, with abundant fine- to medium-grained
dark heavy mineralsin coarse- to very coarse-grained quartz sand; kaolin clasts, sand-sized to 3
cm in diameter, are abundant and scattered throughout bed; bedding increases from crudely
defined in lower portion to moderately well defined and very thin beds in upper portion.

Sand, coarse- to very coarse-grained, poorly sorted; with abundant coarse-grained micaand
abundant kaolin clasts 5-20 mm in diameter; base marked by kaolin ball conglomerate with clay
clasts up to 30 cm in diameter, some clay balls are pisolitic; poorly defined very thin bedding.

Sand, fine - coarse-grained and poorly sorted to fine-grained, well sorted, angular grains; mica-
ceous; clay present as laminae and very thin beds, but is absent in the uppermost portion of the
bed; color white to cream.

Sand, fine- to coarse-grained, poorly sorted, micaceous; some clay laminae present; some local
crossbedding vaguely defined; color yellowish-white.

Sand, fine- to coarse-grained, poorly sorted, micaceous with clay in very thin laminae to very
thin beds; few discoidal kaolin clasts; abundant small burrows in middle portion; base marked
by thin iron-stained horizon, color white to cream.

Sand, fine-grained, well sorted; micaceous; with fine-grained dark heavy minerals disseminated
throughout the bed and locally concentrated in thin laminae; thin bedding defined by horizontal
clay laminae which are laterally continuous; small scale crossbedding poorly defined by sand;
sand loose, no interstitial clay; color white.
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Dixie Clay Co.’s Pepper Branch pit.

MATCHLINE

Kaolin, pure soft clay, few pisolitesin uppermost portion; massive, poorly developed conchoidal 2.4 m

(8.0t)

4361 m
(142.4 ft)



STOP 6

J.M. HUBER CORPORATION'SIDEAL MINE

0.55 MILE SOUTH OF HUBER'S LANGLEY PLANT ALONG SOUTH CAROLINA SECONDARY HIGHWAY 66 IN
AIKEN COUNTY, SOUTH CAROLINA

by
LAMAR LONG, ED SCHRADER, CHARLESMUIR (J.M. CORPORATION, CLAY DIVISION) AND A.
RICHARD HENDERSON (STATE OF OIL AND GASBOARD, MISSISSIPPI)

Lithostratigraphic

unit and bed Description Thickness
number
BED 11 Residuum: argillaceous sand, unconsolidated but firm; massive bedded; reddish brown color. (2853 er

DRY BRANCH FORMATION

Sand and gravel: medium- to coarse-grained, moderately sorted, gravel mostly granules with
some pebbles, some scattered clay wisps, becoming more abundant with depth, manganese
oxide scattered throughout, concentrated at base forming a black maganiferous ledge. Appears
to channdl in to clay below.

BED 10 3.96m

(13.0 ft)

Massive to bedded clay, with fewer laminae than clay below, laminae present in upper 15-18cm  0.91 m

BED 9 (6-7 in) buff colored (smectite?), clay highly cracked and fractured, shrinkage cracks probable. (3.0 ft)

Sand and claystone: part of channel cut, coarse-grained sand and gravel with black manganese

stain in top 0.67 m (2.2 ft) some of black-stained material causes ledges up to 0.61 m (2 ft)

below is 12.7 cm (5 in) of ochre-colored to black claystone; underlying the claystoneis 0.4 m

(2.3 ft) 0.4 m of coarse-grained, subrounded buff to black manganese-cemented sand and gravel;

bottom of channel cut is0.7 m (2.6 ft) of bedded to massive clay, highly conchoidally fractured, 2.32m
laminae are iron-stained and silty, up to 1 mm thick. (7.6ft)

BED 8

Sand and clay: top 1.74 m (5.7) is moderate yellowish-brown, medium- to coarse-grained sand

with clay whisps up to 5 mm thick, moderately sorted, subangular to subrounded, the underlying

1.13 m (3.7 ft) is banded channel fill clay, fairly massive, irregularly bioturbated, contains silty

to fine-grained sand stringers, upper 10.16 cm (1.4 ft) of fine- to medium-grained sand, biotur-

bated, primarily tan in color; and bottom 23 cm (0.75 ft) consists of alternating tan to brown silts  3.51m
and clays, 2-5 mm thick, highly mottled and bioturbated. (11.5f1)

BED 7

Sand and gravel: afining upwards sequence, top 1.25 m (4.1 ft) consists of alternating fine-

grained sand to coarse gravel with some ironstone fragments within the fine portion, sub-

rounded, some clay ballsup to 5 cm (2 in) in diameter; bottom 0.46 m (1.5 ft) isa granular-sized

gravel that grades upward into a coarse-grained sand, tan to dark brown in color, large lenticular

shaped clay ballsin sand, scattered within coarse gravel isironstone fragments, contact withbed 1.71 m
below isahighly irregular contact. (5.6 ft)

BED 6

Clay: massive but bedded clay with micaceous silt, within the clay some soft sediment deforma-
BED 5 tionis evident above a silty zone approximately 1.9 cm (0.75 ft) thick, top 10cm (4 in) ismot-  0.40 m
tled with iron oxide, disturbance of sediment caused by probable bioturbation. (1.3ft)
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Sand and gravel: alternating coarse-grained sand to gavel with afew clay drapes approximately

3to 4 cm thick scattered throughout, various iron stains apparently oriented to bedding planes,

iron concentration scattered throughout, kaolin ballsup to 5 cm (2 in) in diameter concentrated

inlower portion. Gravel concentrated in upper 15 cm (6 in) bottom 10 cm (4 in) consist of gran-

ular sized gravel aternately iron-cemented, micaceous throughout, micaflakesupto5cmin 137m
diameter. (4.5ft)

BED 4

HUBER FORMATION

Sand and gravel: crossbedded, medium- to coarse-grained sands and gravels, subrounded smoky
quartz present, laminae of heavy mineralsin sand fraction, soma kaolinitic zones; about 8.5 m
BED 2 (28 ft) deep color changes from grey and white to tan, at about 10.4 m (34 ft) isazone 0.3 m
(1.0 ft) thick of clay ballsup to 30 cm (12 in) in diameter, below this zone, abundantly clay
drapes that are not seen above the zone of clay balls occur in the sands and gravels, drapesvary 13.11 M
in size fro laminae to beds. (43.0ft)

CRETACEOUS

276 M

BED 1 Kaolinitic clay, breaks with a conchoidal fracture, contact with above isirregular. 25 1ft)

36.43M
(1195 ft)

MEMBER
FORMATION
GROUP
EPOCH
PERIOD

DRY BRANCH
BARNWELL
UPPER EOCENE

TERTIARY

HUBER

PALEOCENE / EOCENE

Stop 6Huber’s1deal Mine

CRETACECOUS
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STOP7
BORROW PIT OFF HERNDON DAIRY ROAD

1.32 MILES (1.12 KM) SOUTH 84x WEST OF THE INTERSECTION OF HERNDON DAIRY ROAD (S-2-788) AND SIL-
VER BLUFF ROAD (S.C. HIGHWAY 302) IN NORTHEASTERN HOLLOW CREEK, S.C.,, 7.5 MINUTE QUADRAN-

GLE.

Lithostratigraphic
unit and bed
number

Description

TOBACCO ROAD FORMATION

BED 11c

BED 11b

BED 1la

Sandy soil, loose.

Residuum, sand, clayey, mottled and weathered.

Sand, coarse-grained to granular, poorly sorted, grains subangular; some medium- to coarse-
grained dark heavy minerals; afew scattered rounded quartz pebbles at base; abundant intersti-
tial clay, indurated, afew thin wispy clay laminae which give afaint suggestion of stratification;
color orange-red.

DRY BRANCH FORMATION

BED 10d

BED 10c

BED 10b

BED 10a

BED 9

BED 8b

BED 8a

BED 7

Sand, fine- to medium-grained, moderately well sorted, with some coarse- to very coarse-
grained sand, granules and pebbles in uppermost portion; appears transitional with overlying
unit; with thin white clay laminae, undulatory and discontinuous; color orange-red.

Sand, medium- to very coarse-grained, poorly sorted to moderately well sorted; with thin white
clay laminae; bioturbated.

Sand, fine- to medium-grained, moderately well sorted; with thin white clay laminae, undula-
tory and disrupted, bioturbated.

Sand, fine- to coarse-grained, moderately sorted; with medium-0 to coarse-grained dark heavy
minerals; with thin crossbeds alternating fine- to medium-grained and coarse-grained sand lay-
ers; many large (6-10 mm diameter) white clay lined burrows.

Sand, medium- to very coarse-grained, granular and pebbly, poorly sorted, subangular grains;
basal portion with some white clay laminae; some disrupted clay laminae give evidence of bio-
turbation.

Sand, fine- to medium-grained, moderately well sorted; with uppermost .15 m of fine- to coarse-
grained sand, slightly pebbly and poorly sorted; bioturbated, with distinct burrows.

Sand, fine- to medium-grained, moderately well sorted, subangular grains; with fine-grained
dark heavy minerals; white clay laminae discontinuous and undulatory; lower portion of bed
with continuous montmorillonitic clay laminae 3-10 mm thick 6-10 cm apart; upper portion bio-
turbated.

Clay, montmorillonitic, laminations up to 1 cm thick; interlaminae of sand, fine-grained, well
sorted, micaceous, with dark heavy minerals; horizontal burrows.
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Thickness

3m
(1.0ft)

91m
(3.0ft)

117m
(3.83 ft)

.69 m
(2.25 ft)

.36 m
(1.17 1Y)

.59 m
(2.92 ft)

.76m
(2.5ft)

1.32m
(4.33 ft)

46 m
(1.5f1t)

.79m
(2.58 ft)

1.07m
(35ft)



Sand, fine-grained, well sorted, with very coarse grains and granules distributed throughout,
subangular grains, fine-grained dark heavy minerals; slightly clayey, distinct discontinuous

BED 6 undulatory white clay laminae; color mottled cream white and yellow-brown, weathered very .86 m
light tan. (2.83ft)

BED 5e Clay, montmorillonitic, laminated, with some thin sand partings; color light gray to purple. '(132 ft)

BED 5d Sand, fine- to very coarse-grained, poorly sorted, subangular grains; abundant fine-grained dark .43 m
heavy minerals; clayey color yellow-brown mottled. (1.42ft)
Clay, montmorillonitic, laminated to very thin bedded (5-25 mm thick); with thin partings of

BED 5c sand, fine-grained, well sorted, silty, micaceous, with fine-grained, dark heavy minerals; abun-
dant horizontal sand-filled burrows, some containing coarse- to very coarse-grained sand. Color .33 m
light gray to purple. (2.08 ft)

BED 5b Sand, coarse- to very coarse-grained, moderately well sorted, subangular grains, some dark .79m
heavy minerals; relatively clean with little interstitial clay; color orange-yellow. (2.58 ft)

Clay, montmorillonitic, laminated to very thinly bedded; with thin interlaminae of sand, fine-

BED 5a grained and well sorted to fine- to coarse-grained and poorly sorted, silty, micaceous, with abun- .(235Tt)
dant fine-grained dark heavy minerals; some horizontal sand-filled burrows; color purple. '
Sand, medium- to very coarse-grained and granular, poorly sorted, subangular to subrounded
BED 4 grains, base marked by thin bed of limonite-cemented sand, coarse- to very coarse-grained and .36 m
granular with pebbles, poorly sorted, subangular grains. (127 1t)
HUBER FORMATION
. L . . . . 3.07m
BED 3 Kaolin, massive; hackly, texture when dry; color light gray with purple mottling. (10.08 ft)
BED 2 Clay, kaolinitic, laminated to thinly bedded, with paper thin partings of silt. 'élor?t)

Sand, fine-grained, well sorted, angular to subangular grains, micaceous with fine- to coarse-
grained flakes; with kaolinitic clay clasts up to 25 mm diameter; laminated to thinly bedded,

BED 1 bedding defined by concentrations of fine-grained dark heavy minerals; sand isclean and loose; 1.68 m
locally very thin discontinuous white clay laminae and burrows. (5.5ft)
16.88 m
(55.32 ft)
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STOP 8

CASSELSPIT

0.8 MILE (1.48 KM) NORTH 14x WEST OF THE INTERSECTION OF S.C. HIGHWAY 125 AND SILVER BLUFF ROAD
(S.C. HIGHWAY 302), IN SOUTHWESTERN HOLLOW CREEK, S.C., 7.5-MINUTE QUADRANGLE.

Lithostratigraphic

unit and bed Description Thickness
number
BED 6 Sandy soil, clayey, with abundant irregular plinthite nodules; color red. (3;5121 ft)
BED 5 Illuvia horizon, fissile clay when dry, color light tan to cream. .(?L.rgft)
TOBACCO ROAD SAND

Sand with basal pebble zone; pebble zone consists of well rounded and ellipsoidal to discoidal
quartz pebbles 5-20 mm in size, in amatrix of sand, medium-grained to very coarse-grained,
poorly sorted, clayey, pebble zone .18 m (7 in.) thick; sand, transitional with pebble zone below

BED 4 medium-grained sand to very coarse-grained with granules and small pebbles; grades up into
medium-grained sand, fairly well sorted, grains subangular, few medium- to coarse-grained dark
heavy minerals; faint wispy clay laminae undulatory and discontinuous, sand otherwise mas- 23m
sive, unbedded; indurated; color orange red. (7.61t)

DRY BRANCH FORMATION

Sand, medium-grained to granular, poorly sorted, subangular grains; characterized by some

BED 3e wispy clay laminae, discontinuous and undulatory, tan color; transitional with overlying pebble .6 m
zone; color purpleto tan. (1.911)

BED 3d Sand, fine- to medium-grained, subangular, micaceous, clayey; characterized by wispy clay .36m
laminae that are undulatory and discontinuous; color purple to tan. (1.2 1)
Sand, granular to pebbly, poorly sorted, subangular grains; with some fine-grained to granular .92 m

BED 3c : . .
dark heavy minerals; clean and loose; color yellow-brown. (3.0ft)
Sand, medium- to coarse-grained; crossbedding defined by clay laminage; individual sand strata

BED 3b (10-25 mm) defined by texture, locally well burrowed, small burrows of 1-2 mm and large bur- 3.4 m
rows 10-25 mm in diameter. (1.1 1)

BED 3a Sand, fine- to medium-grained; with pebbles; loose. (?1 r(]; ft)

BED 2 Clay, massive appearance, fissile when dry; locally laminated with faint paper thin partingsof .97 m
micaceous, very fine sand to silt; color purple, light brown, mottled to red. (3.17 ft)

BED 1e Sand, fine-grained, well sorted, subangular grained; with abundant fine-grained dark heavy min- .18 m
erals; very thin white clay laminae separated by 25 mm interlayers of sand. (.58 ft)
Sand and clay interlaminated; clay laminae 1-4 mm thick, laterally continuous, color purple, tan

BED 1d and cream; sand, very fine-grained, well sorted, micaceous, with abundant fine-grained dark .34 m

heavy minerals sand laminae 1-3 mm thick; color brown to yellow. (1.221t)
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BED 1c

BED 1b

BED 1a

TOBACCO ROAD SAND{RESIDUUM

BRANCH FORMATION

DRY

3e
3d

3c

3b

Sand, medium-grained, well sorted, subrounded grains, clean; sand as an interlayer between thin
clay beds; color yellow to brown.

Clay, laminated, laterally continuous laminag; color purple and gray; clay laminae separated by
silty sand, very fine-grained, well sorted subangular grains, micaceous, with abundant very fine-
grained dark heavy minerals, in paper thin to 2 mm thick laminae, color brown.

Sand and clay interlaminated; basal horizon (50 mm) of clay interlaminated with sand, fine-
grained, well sorted, subangular grains, micaceous, with fine-grained dark heavy minerals; fol-
lowed by horizon (28 cm) of sand, medium- to coarse-grained or very coarse-grained to granu-
lar, moderately sorted, with thinly laminated to thinly bedded clay which defines crossbedding
in the upper portion of this horizon (25 cm) of sand, medium-grained and well sorted to
medium- to very coarse-grained and poorly sorted, thinly bedded, clean, with thin clay laminae
2-10 mm thick; sand color yellow to brown to red.
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Sop 8Borrow pit on Cassels estate.

.09m
(-29 ft)

.13 m
(.42 ft)

58 m
(1.92 ft)

10.82m
(355 ft)



STOP9

EXPOSURESALONG DIRT ROAD IN SOUTHEASTERN HOLLOW CREEK 7.5-MINUTE QUADRAN-
GLE

BASE OF EXPOSED SECTION IS 2.83 MILES (4.54 KM) SOUTH 47x EAST OF THE INTERSECTION OF U.S. HIGH-
WAY 278 AND SILVER BLUFF ROAD (S.S. HIGHWAY 302).

Lithostratigraphic

unit and bed Description Thickness
number
TOBACCO ROAD SAND
Sand, medium- to coarse-grained with some very coarse grains, poorly sorted, to moderately
o : . i g 1.83m
BED 8 sorted, subangular grains; very abundant coarse-grained to granular white clay clasts; somefine- (6.0f)

to medium-grained dark heavy minerals; color pink.

Sand, very fine- to fine-grained, moderately well to well sorted; fine- to medium-grained white

clay clasts; very fine- to fine-grained dark heavy minerals; abundant interstitial clay; discontinu- 2.75m
ous thin clay laminae which define stratification; some crossbedding defined by purpleto light (9.0 ft)
gray clay clasts; color orange-red.

BED 7

Sand, very fine- to fine grained, silty; micaceous with fine- to medium-grained flakes; some

very fine- to fine-grained dark heavy minerals; fine- to medium-grained white clay clasts; abun- 1.14 m
dant interstitial clay; irregular and discontinuous thin wispy clay laminae purplish gray n color;  (3.75 ft)
bioturbated with some distinct burrows.

BED 6

Sand, basal 1 m of bed fine- to very coarse- grained and granular with some well rounded peb-

bles up to 1.5 cm, poorly sorted, angular to subangular grains, micaceous, abundant interstitial

clay; remainder of bed very fine- to fine-grained sand, with some coarse- to very fine- tofinee  3.13m
grained sand, with some coarse- to very-coarse-grained fraction, moderately sorted; entirebed  (10.25 ft)
characterized by irregular and disrupted clay segregations, a result of bioturbation, burrowing,

which gives appearance of no stratification; color yellow-tan.

BED 5

Sand, fine- to coarse-grained, poorly to moderately sorted; with thin white clay laminae which
BED 4 arelaterally continuous; and define stratification; locally laminae have been disrupted by biotur-
bation and burrowing, some distinct burrows 1-2 cm diameter; indurated; color yellow-orange.

147 m
(4.83 ft)

BED 3 Sand, fine- to coarse-grained with some very coarse grains, poorly sorted, subangular; intersti- .66 m

tial clay; unstratified and massive; indurated; color purple. (2.17 ft)
Sand, fine- to coarse-grained, poorly sorted, subangular grain; some fine-grained dark heavy 231m
BED 2 minerals; interstitial clay; bioturbated with some distinct burrows 1-2 cm diameter; indurated; (7' 58 fi)

color orange-tan.

Sand, medium- to very coarse-grained with granules, some fine-grained fraction and a few scat-

tered pebbles, poorly sorted, angular to subangular grains; some fine- to medium-grained dark 2.8 m
heavy minerals’ slightly micaceous; few discontinuous purple clay laminae; unstratified and (9.17 ft)
massive; indurated; color purple.

BED 1

16.09m
(52.75 ft)
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STOP 10

J.J. HUBER CORPORATION'SCHICORA PIT

1.13 MILE (1.82 KM) NORTH 44x EAST OF THE INTERSECTION OF PINE LOG ROAD (S-2-65) AND HUBER CLAY
ROAD (5-2-66) IN NORTHWESTERN HOLLOW CREEK, S.C., 7.5-MINUTE QUADRANGLE.

Lithostratigraphic

unit and bed Description Thickness
number
BED 8 Soil horizon; rounded quartz cobbles in loose sand matrix; color gray. (; g] ft)
BED 7 Residuum; rounded quartz cobblesin clayey sand matrix; color red. (g r; ft)

UPLAND FLUVIAL CHANNEL DEPOSITS

Quartz cobbles, 3-10 cm in diameter, rounded to well rounded; in a matrix of medium- to very
coarse-grained and granular sand, poorly sorted, angular to subrounded grains; clayey, with

BED 6 sand-sized white clay grains; also some sandy micaceous clay clasts up to 40 cm in diameter;
bedded with individual cobbled beds 10-60 cm thick; cobble beds are laterally discontinuous, 4.9 m
coalescing and changing in thickness; color light pink-orange; abrupt contact with bed below.  (16.0 ft)

DRY BRANCH FORMATION

Sand, fine-grained, well sorted, with minor coarse- to very coarse-grained fraction; somefine- .8 m

BEDS to coarse-grained mica, thin clay laminae green and purplein color laterally continuous. (2.7 ft)
And, fine- to medium-grained, moderately sorted, subangular to subrounded grains, with some

BED 4 fine- to very coarse-grained mica; some fine-grained dark heavy minerals; few wispy discontin- 1.3 m
uous clay laminae; color purpleto red. (4.411)
Sand, medium- to coarse-grained, moderately well sorted, subangular to subrounded grains;

BED 3 with abundant fine-grained dark heavy minerals; abundant laminated to thin-bedded clay, undu-
latory and continuous becoming discontinuous to upper .6 m; very little interstitial clay; color 1.8 m
red to orange in lower 1.2 m, yellow to orange in upper .6 m. (6.0ft)

BED 2e Sand, fine- to very coarse-grained, poorly to moderately sorted; unstratified; color yellow to 1.8m
orange; gradational with bed below. (2.411)
Sand, medium- to very coarse-grained with granules and pebbles throughout, poorly sorted;

BED 2d pebbles are up to 1 cm diameter, subrounded to well rounded; few very thin clay laminae poorly .9 m
define a vague thinly bedded stratification; color red to yellow. (2.8 1)

BED 2¢ Sand, fine- to coarse-grained with some very coarse-grained to granular fraction, poorly sorted, .15m
subangular to subrounded grains; very clayey; laminated; color brown. (.5ft)
Sand, fine- to medium-grained with very coarse-grained sand, granules and pebbles throughout;

BED 2b pebbles are well rounded and up to 1 cm diameter; with very thin discontinuous clay laminag;,  .5m
color brownish yellow. (1.6ft)
Pebbly sand, sand very coarse-grained and granular with minor medium- to coarse-grained frac-

BED 2a tion, poorly sorted, subangular to subrounded sand gains; pebbles up to 3 cm diameter and well .3 m

rounded. (1.11t)
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HUBER FORMATION

BED 1

Sop 11. Huber’s Conger pit.
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FORMATION

HUBER

Kaolin, pure clay massive, with a hackly fracture; color cream to very light gray with orange
mottling.

-0

47m
(153 ft)

17.55m
(57.9 ft)

Sop 12. Barden

pit,

J.M. Huber

Corporation prop-
erty.



STOP 11
J.M. HUBER CORPORATION'SCONGER PIT

1500 FEET NORTH OF PINE LOG ROAD, 2.5 MILESWEST OF INTERSECTION OF PINE LOG ROAD AND SILVER BLUFF ROAD
by LAMAR LONG ED SCHRADER, CHARLES MUIR (J.M. HUBER CORPORATION, CLAY DIVISION) AND A.
RICHARD HENDERSON (STATE OIL AND GASBOARD, MISSISSIPPI).

Lithostratigraphic
unit and bed
number

Description

TOBACCO ROAD FORMATION

BED 10

BED 9

BED 8

Sand: fine-grained, moderately well sorted, subangular to subrounded. Abundant heavy miner-
as.

Sand and clay: fining upwards sequence; very coarse-grained, angular to subrounded sand and
scattered gravel in bottom 1.65 m (5.4 ft). Abundant fine-grained heavy minerals, scattered clay
balls, buff to brownish red, red color along bedding planes and burrows. Intop 7.6 cm (3 in) of
sands extremely coarse sands decreasing in context; coarse-grained sand with scattered clay
balls for next 0.9 m (3.0 ft), abundant fine-grained heavy minerals, buff to brownish red, red
color along bedding planes and burrows; grades into poorly sorted, medium-grained sand for
next 1.0 m (3.3 ft) subangular to subrouned. Predominantly buff-colored with vertical burrows.
Red stain along bedding planes and burrows; grades in clay at top 0.82 m (2.7 ft).

Clay: very poorly sorted sandy clay, reddish brown with some gray lenses, white discoidal clay
ballsup to 5 cm (2 in) in diameter, quartz grains up to 5 mm.

DRY BRANCH FORMATION

BED 7

BED 6

BED 5

BED 4

BED 3

HUBER FORMATION

Slit and clay: fining upwards sequence, transition from sandy silt to silty clay, transition evident
approximately 0.49 m (1.6 ft) from base. Light yellowish brown to gray with some red.

Light yellowish brown clayey sand to coarse-grained quartz sand, in lower 0.90 m (3 ft) clay
whisps are more abundant, within the clay matrix there are some thin pebble zones, pebbles are
composed of elongate discoidal clay balls; at contact with unit below islight yellowish brown
medium- to coarse-grained sand, subrounded to subangular, abundant clay whisps and lenses up
to 2.5 cm (1in) thick.

Sand: fining upwards sequence, fine- to coarse-grained sand grading into clayey sand and silt at
top, extreme bioturbation, slightly micaceous with occasional clay whisps which appear to man-
tleripples, color in lower portion is moderate yellow brown abruptly changing to dark red in

upper clayey zone.

Sand: mauve-colored, medium- to coarse-grained quartz sand, angular to subangular at top grad-
ing to rounded to subrounded at bottom, moderate amount of heavy minerals scattered through-
out at top, becoming less abundant as go down, moderate to well sorted, rare clay whisps,
bottom 1.46 m (4.8 ft) is white, mauve to gray, orange-red, buff and purple, extreme amount of
bioturbation: bottom 0.1 m (0.4 ft) is transitional with underlying unit.

Sand: coarse- to very coarse-grained clayey sand with scattered gravel and clay balls, subangu-
lar, upper 12.7 cm (5 in) has fewer clay balls and gravel is absent.
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Thickness

1.16m
(3.8f)

4.37m
(14.3ft)

04m
(1.3 ft)

1.25m
(4110

1.28m
(4.2 ft)

1.19m
(3.91t)

345m
(11.3t)

0.38m
(1.2f0)



Kaolinitic clay: gray, sandy, many Callianassa burrows with sand infilling burrows, at base of
BED 2 clay is conglomerate zone, contact with Barnwell Group isirregular with pebble zoneaongtop 1.62m
of clay. (5.3ft)

Sand: cross-bedded, fine- to medium-grained quartz sand, micaceous with coarse quartz peb-
bles, clay balls, and fine-grained heavy minerals; the color of this bed iswhite to gray with

BED 1 orange iron stains, some sand-filled burrows3to 4.5cm 0.1to 1.5inlong and up to 3.8 cm (1.5 (15515 frtr;
in) diameter. '
16.65m
(54.50ft)

STOP 12

J.M. HUBER CORPORATION'SBARDEN PIT

BARNACLE-ROCK SITE IS 1.2 MILE (1.79 KM) SOUTH 24x WEST OF JACKSONVILLE CHURCH IN WEST-CEN-
TRAL; GRANITEVILLE, S.C. 7.5-MINUTE QUADRANGLE. TOBACCO ROAD SAND LIES ON KAOLIN IN SOUTH-
WEST CORNER OF THE PIT, 0.06-MILE (0.10 KM) WEST-NORTHWEST OF THE BARNACLE-ROCK SITE. THE
“HIGH WALL” ON THE PROPERTY AND MENTIONED IN THE TEXT WILL NOT BEVISITED BY THE FIELD TRIP
BUT I1S0.3 MILE (0.5 KM) NORTH 16x EAST OF THE BARNACLE-ROCK SITE.

Lithostratigraphic

unit and bed Description Thickness
number
BED 7 Loose sand and soil: base characterized by abundant concentric iron concentrations (plinthites). (11'133Tt)
TOBACCO ROAD SAND
Sand, predominantly medium-grained, well sorted, angular to moderately well rounded; with
BED 6b abundant interstitial clay; bedding horizontal, in faintly discerniblethin beds; light orange-redin 2.0 m
color, locally with a slight purple cast from some of the clays. (6.6 ft)

Sand, predominantly medium-grained to very coarse-grained; with somefine-grained sand; with
abundant quartz granules and pebbles; up to 2 cm; with abundant interstitial clay and scattered

BED 6a white clay grainsto 2 mm; quartz sand angular to subangular, quartz pebbles subrounded, diss .3 m
coidal to ovoid; light orange--red in color. (1.0ft)
. 6m
Covered interval. 201t
BED 5C Same as Bed 5b except with scattered to common kaolin balls up to 1.15 cm. (1é03n;t)
BED 5b Sand, asin Bed 5a except lacking quartz pebbles, clay bals, and clay stringers. Gradational 9m

from Bed 5a. (3.01t)
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BED 5a

BED 4

BED 3

BED 2

HUBER FORMATION

BED 1

Sand, medium- to very coarse-grained, with abundant quartz granules and pebblesup to 1.5 cm;
sand angular to subangular, granules and pebbles subrounded to rounded; with scattered clay
balls and short (up to 2 cm), white clay stringers; with abundant interstitial clay; bedding
crudely defined; light orange-red in color.

Sand, fine- to medium-grained, angular to subangular, moderately well sorted, with scattered
quartz pebbles and clay clasts up to 1 cm; with abundant interstitial clay; massively bedded;
light orange-red in color.

Discoidal quartz pebble layer. Matrix issame asin Bed 2, but with more abundant quartz gran-
ules and very abundant, concentrated, subrounded to very well rounded, discoidal to ovoid
quartz pebbles. No sharp boundary with Bed 2.

Sand, fine-grained to very coarse-grained, angular to subangular, with abundant quartz granules
and pebbles to 5 mm; with abundant kaolin ballsto 2 cm, rarely to 4 cm; with abundant intersti-

tia clay; poorly sorted; bedding crudely defined by changesin grain size; light orange-red in
color.

Kaolin, massive, light to dark gray, with local purple coloration. Locally thiskaolin bed extends
2to 3 m higher.

Covered interval (up from water’s edge in pit.)

STOP 13
GRANITEVILLE CEMETERY HILL

1m
(3f0)

5m
(1.6 ft)

Am
(:3ft)

1.0m
(3.3ft)

40m
(13.1ft)

(3fY)

11.9m
(39.1 ft)

EXPOSURES ARE ON SOUTH SIDE OF GREGG HIGHWAY (S-2-895) 1.08 MILES (1.73 KM) SOUTH 75x EAST OF
THE INTERSECTION OF GREGG HIGHWAY (S-2-895) AND S.C. HIGHWAY 191 IN EAST-CENTRAL GRAN-
ITEVILLE, S.C., 7.5-MINUTE QUADRANGLE.

Lithostratigraphic
unit and bed

number

HUBER FORMATION

BED 7

BED 6

BED 5b

Description

Clay, kaolinitic, with fine- to medium-grained quartz sand and muscovite flakes; weathered,
mottled, white to light purple. Top of exposure.

Residuum. Sand, very fine- to fine-grained, with present to abundant interstitial clay; with fine-
to medium-grained muscovite flakes and very fine-grained dark heavy mineras; well sorted;
weathered, yellow-tan in color.

Clay, kaolinitic, rather pure, with very little silt of grit; made up of clay beds 1-10 cm thick separated

by laminae or thin beds of fine- to medium-grained quartz sand; bedding distinct, subhorizontal to
locally inclined 10°; white to cream. Beds 5aand 5b grade laterally into clayey, kaolinitic sand.
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Thickness

2m
(.7 )

3m
(1.0ft)

1.95m
(6.4ft)



BED 5a Clay kaolin matrix, with abundant medium- to coarse-grained quartz sand. Basal sandy layer. (ls frtr;
Kaolin, gritty, with minor silt and fine- to medium-grained quartz sand, occasiona quartz gran-
ulesto 3 mm, and with some muscovite flakesto 1 or 2 mm; fines upward by loss of the coarser

BED 4 quartz fraction and by decrease in percentage of finer quartz sand; gritty only in about the lower
1.6-2.0 m; massive; white or cream, locally with yellow-tan weathering mottles. Thetop of this 4.0m
kaolin bed is the prominent upper kaolin seen all around the wall of the pit. (13.111)

BED 3b Sand, fine- to medium-grained, with abundant interstitial clay, some muscovite flakesand fine- .15m
grained dark heavy minerals; well consolidated; yellow-tan in color. (.5ft)
Clay, silty, sandy, with very fine-grained and fine-grained quartz sand, sparse fine-grained dark
heavy minerals, and silty or fin-grained muscovite flakes' stiff, firmly indurated, forming steep

BED 3a or intermediate slopes; bedding massiveto first view but separated by laminae and thin beds;

beds: cream where fresh to yellow-cream or yellow-tan weathered. Coarsens and darkens A5m

upward to bed 3a. (.5ft)

Sand, very fine-grained to medium-grained with muscovite flakes up to 2.5 mm and sparse,
fine-grained dark heavy minerds; interstitial clay almost lacking, clay laminae prominent on
BED 2 bedding surfaces (1-3 cm apart) in lower 0.6 m of unit but absent above; moderately well sorted
to well sorted; loose, not indurated, slope-forming, white. Cream, or ocher-yellow in color. 1.1m
Upper 0.1-0.2 m of unit with ocher-yellow iron stains, uppermost 0-2 cm locally iron-cemented. (3.6 ft)

Sand, predominantly medium- to coarse-grained, with some fine-grained sand and abundant

quartz granules and pebbles up to 1.5 cm angular to subangular; with muscovite flakesto 3 mm,
fine-grained dark heavy minerals, interstitial clay present but not abundant, and some clay clasts

up to 1 cm, bedding subhorizontal, in loosely defined bedding units 0.5-6 cm thick; looseto very

lightly indurated; white, cream, or light yellow-tan inn color. Some bedding layersmarkedby 2.4 m
white clay (kaolin) laminae or thin beds. Clay beds locally to matrix-forming, up to 4 cm thick. (7.9 ft)

BED 1

104 m
(34.2 ft)

STOP 14

FULLERSEARTH PIT SOUTHEAST OF AIKEN MUNICIPAL AIRPORT

0.51 MILE (0.82 KM) SOUTH 40x EAST OF THE INTERSECTION OF REYNOLDS POND ROAD (S-2-26) AND U.S.
HIGHWAY 1IN SOUTHERN AIKEN NORTHWEST 7.5-MINUTE QUADRANGLE. TWO SHORT SECTIONS WERE
MEASURED.

Lithostratigraphic

unit and bed STOI.D 1_4a Thickness
Description
number
Residuum. Sand, fine-grained to very coarse-grained, with abundant quartz pebblesup to 2 cm;
BED 5 angular to moderately well rounded; poorly sorted; with abundant interstitial clay; also with 12m

abundant plinthite pebbles up to 2 cm; weathered, mottled, yellow-orange in color. (3.9f1)

DRY BRANCH FORMATION
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BED 4

BED 3

BED 2

BED 1

Lithostratigraphic
unit and bed

BED 1

number

Sand, fine- to medium-grained, with some coarse-grained quartz sand, granules, and pebbles;
angular to subangular; with abundant interstitial clay with well rounded clay clastsup to 1.5 cm;
poorly sorted; bedding well defined by irregular, wispy, sandy clay laminae and thin beds;
weathered; sand intervals light cream-pink in color; clay beds medium gray where freshest,
white, light gray, or light purple where more weathered.

Covered interval.

Clay, montmorillonitic, asin Bed 1.

Clay, dense, compact, silica-rich or partidly silica-replaced; with conchoidal fracture; light gray
to dark gray.

Clay, montmorillonitic, laminated to thin-bedded, with very minor silt of fine-grained quartz

sand and muscovite flakes; dark olive-gray wherefreshly exposed, yellow-tan where weathered.
Twiggs Clay lithology.

STOP 14B

Description

Silicified, fossiliferous rock and fragments weathered from it. Sand (and silica-cemented sand-
stone), fine-grained to very coarse-grained, with abundant quartz granules and pebbles up to 2.7
cm; sand angular to subrounded, pebblesto moderately well rounded; with some interstitial clay
and with very, very abundant, silica-replaced, barnacle plates and fairly rare, silica-replaced,
delicate, pectinid bivalve mollusk valves; poorly sorted; bright white were fresh, to dull yellow-
buff where weathered.

Covered interval.

Base of section. Top of montmorillonitic clay in BED 3, STOP 144, projects to this level.
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22m
(7.21t)

33m
(10.8 ft)

3m
(1.0ft)

Am

(1.3 t)

1.8m
(5.9ft)

9.2m
(30.1 ft)

Thickness

12m
(3.91t)

11m
(3.6ft)

23m
(7.5ft)
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Sop 13. Cemetery hill, east of Graniteville.
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Sop 14a. Fuller’'s Earth pit south of Aiken Municipal Airport.

107




