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BAUXITE AND FULLERS EARTH OF THE
COASTAL PLAIN OF GEORGIA

INTRODUCTION

TOPOGRAPHIC AND GEOLOGIC FEATURES OF THE
'COASTAL PLAIN

As an introduction to the description of the bauxite and fullers
earth deposits it is necessary to deseribe briefly the physiography and
general geology of the Coastal Plain. These subjects are more fully
discussed in the recent report on ‘‘ The geology of the Coastal Plain of
Georgia,’’ by Otto Veatch and L. W. Stephenson’; but the field work
in preparation of the present report has shown the necessity of mak-
ing important changes in the correlation of the strata, notably in the
areal distribution of the Jackson and Claiborne strata.

PHYSIOGRAPHY

The Coastal Plain includes the portion of the State lying south and
southeast of the Piedmont Plain. The division between the two is the
Fall Line, passing through Columbus, Macon, Milledgeville and
Augusta. The area underlain by Cretaceous and later sediments is
about 35,000 square miles, but as a physiographic unit the Coastal
Plain includes also several thousand square miles of the ecrystalline
area formerly overlapped by these sediments.

Topography.—The region is a low plain with an average tilt to
southward or southeastward of three to four feet per mile. The eleva-

1 Geol. Survey of Ga. Bull. 26, 1811,
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- tion varies from sea level to a maximum of 700 feet along the Fall
Line. '

The surface is sufficiently diversified to justify the recognition of
several physiographic areas, of which the most distinetive is the Fall
Line Hillg area, a belt 40 to 50 miles wide extending entirely across
the State just south of the Fall Line. This belt is characterized by
flat-topped hills having a uniform elevation, intersected by deep val-
leys with steep slopes, which are cut by deep V-shaped gullies. The
larger rivers have cut their valleys down more than 400 feet below the
level of the upland plains.

The Fall Line Hills belt coincides roughly with the outecrop of the
Cretaceous and Eocene beds, in which occur the bauxite deposits and
the more extensive beds of fullers earth treated in this report.
Throughout the area good sections of the geologic formations are
exposed in creek beds and gullies, so that the working out of the
geology is comparatively easy.

A large area south of the Fall Line Hills is included in the Dough-
erty Plain and Altamaha Upland. These areas are flat to gently roll-
ing, but the Southern.Limesink region, comprising the southern tier of
counties in the western half of the State, exhibits more broken topog-
raphy, although the relief is much less than in the Fall Line Hills.
In the Limesink region are found most of the fullers earth deposits
of the Alum Bluff formation.

Drainage.—The Coastal Plain is made up of seven drainage basins:
(1) Savannah; (2) Ogeechee; (3) Altamaha; (4) Satilla and St.
Marys; (5) Suwanee; (6) Ochlockonee; and (7) Apalachicola,
drained by Chattahoochee and Flint rivers. The first four drain into
the Atlantic, and the other three into the Gulf of Mexico. The rivers
rising in the Piedmont are Savannah, Ogeechee, Oconee, Ocmulgee,
Flint, and Chattahoochee, all of which have cut deep valleys through
the Fall Line Hills belt, and are in many places bordered by high
bluffs. These rivers are characterized by their muddy water; while
the smaller rivers rising in the Coastal Plain are clear, but usually
discolored by organic matter in solution or suspension.
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The rivers flow south or southeast, corresponding to the initial
glope of the new land surface on which they started their courses;
but occasionally deflected by slight irregularities in the original sur-
. face or by geologic factors. In the areas underlain by the soft lime-
stones of the Jackson, Vicksburg and Chattahoochee formations, lime-
ginks and caverns are common and a considerable portion of the
drainage flows through underground channels.

Elevations ——As no-topographic maps have been made within the
area of the Coastal Plain, excepting portions of the Columbus, Tal-
botton and Milledgeville quadrangles, a list of elevations of places
mentioned in the report is given below. Most of the elevations are
taken from a list previously published;' the others are based on
aneroid barometer readings, carried from near-by points of known

altitude, and checked several times in most cases.

for such elevations is believed to be about 10 feet.
List of Elevations

The limit of error

. . Elevation
cha.hty Authority Teet
Abbeville (low water, railroad bridge).......... U. S. A. Eng. 169.33
Adamg Park ......iiiiiiiiiiii i, U.8.G. 8. 259
7 - G.8.&F. 246
Adbany . .oiiii i e e C. of Ga. 184
AmMeTicus L ..iiieiiiii i i e, C. of Ga. 360
Andersonville ... ...i.iiiii i e C. of Ga. 394
Augusta (Union Station).................eeu.. City Engineer 143
Augusta (river gage)............ieiiiiiiinnn. Weather bureaun 100
Bainbridge .....oviniiiiiiii e A.C.L. 110
Bainbridge (river level)....................... Aneroid 80
Bath o Aneroid 400
Baxley ...i.iiiiiii i U.8.G. 8. 206
Belair ...coe Ga.R.R. 295
Berzelia .......oviiniiniiiiiiiii e, Ga. R.R. 488
Bonaire ............ciiiiiiiieiie G.S.&F. 354
Boston ......c.iiiii e A C L. 194

- lGyeolog'y of the Coastal Plain of Georgia; Geol.

Survey of Ga. Bull. 26, pp. 51-

Ground waters of the Coastal Plain of Georgia; U. S. Geol. Survey Water-sup-

Vly paper 341, pp. 44-51, 1915,
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. i Elevation

Locality Authority Feet
Bullards ......oviiiiirnrierreascaarsasosanes U.8.G. 8. 259
Byromville .......... ... i il A.B. & A. 365¢
BYTON & iviiiitertinisriurneneronsocnsnsocnnnns C. of Ga. 515
CAITO  oveiener e inetiiienneaeeansanaannnnn A.C. L. 237
Chalker ....covivieeierneninennenncnecannnesnn Aneroid 330
CHINAX tittineinrnnineeonereaenaneasasananas A.C. L. 277
Cochran .....ceniiuiiiiii ittt ran i U.8.G. 8. 342
L014] [ P Sou. Ry. 303
Columbus (Union Station)..e..ececeeeraes eesesf C.of Ga. 260
Columbus (river level)......cvviuvenenernnenn, U.8.G. 8. 200
Cordele .vviurennininiiiiiiiiiatieraananenans G.8. & F. 336
Cuthbert .....coviiiiiiiiiiiiiiiieinenannennns C. of Ga. 446
Danville (M. D. & S. station)....eeeeevnenennn. Anmneroid 460
Davishoro «eevvriiriiiiieinnisrsnssoennceenns C. of Ga. 302
Dawsom +.vvnrirnirier it nnereneacennnnns C. of Ga. 352
DiXIE o itieiersinrenernecnsnrnnnseanonenanons A.C. L. 130
0o C. of Ga. 104
Dry Braneh . ...oeivninrnenerrinnnnnneenneans M.D. & 8. 3689
Dublin ...ttt ittt it iatrennanaae, M.D. &S. 231¢
Dublin (low water level).......covivnvennn... U. 8. A. Eng. 160.6
DUALEY .+ veeevreee e et e e M. D. &S, 3259
o O G.S. & F. 443
Elaville o.oviiiiiieninrinnnneneeesononenns J. W. Spencer 591
Faceville ...ttt A.C. L. 296
Fitzgerald .......coiiiiiiiiinnnnienennnennens A.B.& A, 388¢
Fitzpatrick ....cveiviniiiiriiiinnnnenrenns M.D.&8S. 541¢
Fort Gaines ..ovvvvrniieennnennenennneennns C. of Ga. 163
Fort Gaines (zero on river gage)............... Aneroid 95
Fort Valloy ...oviniiiniiiereirennnennnennenn. C. of Ga. 522
Gallemore ....iviuieiiiieriiaenn e, M.D.&S. 394¢
Gibson (Augusta Southern station)............. Aneroid 385
L6 0T s 3 - C. of Ga. 348
Greens Cut ........ccoviieevnnnnnnnnnnnnnen.. C. of Ga. 284
GIiSWOId «.vetenr vttt ineirineeeeneenaeannns C. of Ga. 447
Grovania ......vieeieieinenenennnnneoreonnnnas G.8.& F. 444
GrovetoWn ......viinviinnenreeenennnnnncncann Ga. R.R. 495
Harlem ..ottt iiienineerennnnnnenss Ga.R.R. 548
Hawkingville .....coviiiiiniiiniinnnnnneenns, Weather Bureau 435
Hawkingville (low water level)................. U. 8.A. Eng. 200.2
Hephzibah ....oiiiiiiiiiiiiiniiienreneneenen .| Weather Bureau 402
Irwinton (Court House).......ooovvvunrrenn... Aneroid 460
Jeffersonville M.D. & 8.

.................................

526
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. Elevation

Locality Authority Feet
Kathleen ....... ereeceestcententaaetacanrons G.S.&F. 330
KNOXville ..vovververnaiesaneioerntienansnnann J. E. Thomas 640
P 117+ + T C. of Ga. 385
711, A.B.&A. 3647
Louisville ..voveevrieriiienineeeaenrnnnnnnans Weather Bureau 259
Louisville (Court House)........vevuvnvniunnnn. Aneroid 315
Lumber City ..cvvenveriniiiiiiiiiiiiiiaennns U.8.G. 8. 146
Lumber City (low water level).................. U. 8. A. Eng. 84.7
McBean ....... eracaane cesnesenan C. of Ga, 1349
MceBean ....cecocevsvvncne .e sesscceascssss| Aneroid 180
MeIntyre ..oeveveeniecueeriennecenninennscnss C. of Ga. 261
Macon (near old Sou. Ry. station).............. U.8. G.S. 311
Macon (low water level)...................oun. U. 8. A. Eng. 279.02
Macon JUunCtion .....ciceviereenentneenncan... C. of Ga. 350
Marshallville ......coiiiiiiiiiinniiiennnnnnn., C. of Ga. 500
Metealf oiuuinieneiiiniieernninsnnnoonarannnns A C. L. 170
Midville ....ooviiiniiiiiiieiarereeonnnnn.n, C. of Ga. 186
Milledgeville ..........ooiiiiiiiiiennininen.. Ga. R.R. 276
Milledgeville (low water level).................. U. 8. A. Eng. 241.29
Millen .vvvtitnte ittt e et e C. of Ga. 156
MODtezUMA . ovenervenrrinnenreeneennenennnnns C. of Ga. 300
MoOntrose ...oeviieriiiii it iiiirr M. D. & 8. 391
OCONEE .. vivrverieernerainoiionnennanans eees.l C.ofGa, 223
Ogeechoe .. .vvieeveniiiitiiieernineernnennns C. of Ga. 111
OglethOTPe . ..evinvernennrennaienenenenennss C. of Ga. 299
L0 10, - A.C L. 148
Perry (Court House).......vevvevinrnnrennnn.. Aneroid 380
Pikes Peak (station)...........c.cuveuvunenn.., M.D. &S. 534
Quitman ....... .. i it e A C. L. 173
Richland ...ovvvrvne i, S. A L. 600
2 o v Rough estimate 620
Boberts ..ooveiiini i e Ga. R.R. 557
Bockyford .......coiviniiiiiiiiii i C. of Ga. 130
Bandersville (Augusta Southern station)......... Aneroid 455
8bell Bluff (low water level)........c..uu...s.. U. S.A. Eng. 87
Bhell Bluff (highest point).......eevenevnnn.... U. S.A. Eng. 237
Shellman ...........c.iviiviivniininnnnnn... C. of Ga. 379¢
Bmithville ........ocviieeinnienneiraernnnnnn, C. of Ga. 332
Bumhill ... C. of Ga. 362
Bwift Creek ......coviiiiieriieineienennnnn, M.D. & S. 3241
Temnille ......oeveiriniiinneeenereaneennn. C. of Ga. 469
Thomasville ........c.vveuniveeniirrnnnnnnnn.. A.C.L. 250
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. Elevation
Locality Authority Feet
i
ThOMSOM . cvveuroenonesoensnssansneceensusans Ga. R.R. 503
Tiftom . vviiiiiineivnnroncnncons ) 7 A.C. L. 370
Tivola . eveivienenoenrnenosasnsooassonancnnns G. 8. &F. 300
TOOMSDOTO vt vveerevneonnnorsosnsencunanennns C.of Ga. 227
Valdosta ..ooveivrvernseeanesnnnsnannennnaneas A.C.L. 215
VIEHNA . ivirevrenreosenanoeanessnosoonasssan G.S. &F. 350
Wadley ...vitiriniiiiiieinitreniaiaaaanaae C. of Ga. 234
Warrenton .....eceecevecscossnssacs ceiecanens Ga. R.R. 500
Warthen .....iieiinenieennererenssncnsonnes Aneroid 485
Waynesboro .....cooveieiniiiiiiiicrennnanennns C. of Ga. 286
Westlake .....cuviiiiininnnenenionannennennns U.8.G. S. 235
Whigham . ..iiierineiionnecrivnsscssnaneannss A.C.L. . 265
WIENS .. cvvveriuersecncccinnsns [ ... Aneroid 410

The abbreviations used are:

A B. & A, —Atlanta, Birmingham & Atlantic Railroad.
A, C L. —Atlantiec Coast Line Railroad.

C. of Ga. —Central of Georgia Railway.

Ga. R. R. ~—Georgia Railroad.

G. 8. &F. — Georgia Southern & Florida Railway.
M. D. & 8. —Macon, Dublin & Savannah Railroad.

8. A L. —Seaboard Air Line.

U. 8. A, Eng. —United States Army Engineers.

U.8.G. 8 —TUnited States Geological Survey.

STRUCTURE

The geologic structure of the Coastal Plain formations is simple,
ag the beds are almost undisturbed except for a gentle tilting which
has given them a general southward and coastward dip. There is
evidence of slight folding, producing broad anticlines and synclines
which have had some effect on the drainage, but can not be detected
by ordinary observation. The crystalline basement at the Fall Line
has a slope of 50 to 75 feet per mile, the Lower Cretaceous beds prob-
ably dip as much as 40 feet per mile, while the younger formations
have progressively lower angles of dip up to the Alum Bluff forma-
tion, which lies practically horizontal. Within the Coastal Plain all
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economic deposits of clay or bauxite have the form of nearly horizontal

beds or lenses.

GEOLOGY

The Coastal Plain of Georgia, considered as a geologic unit, is
underlain entirely by strata of Cretaceous and later age. The beds
consist of a variety of sands, clays, marls, and limestones, dominantly
of marine origin, resting unconformably on the eroded surface of the
ancient crystalline rocks which make up the Piedmont and Appa-
lachian provinces. The Coastal Plain beds are to a large extent un-
consolidated, and have been but little altered from their original eon-
dition. They have not been subjected to any great orogenic move-
ments, the only disturbance being an uplift accompanied by very
slight tilting and warping.

The thickness of the sedimentary beds of the Coastal Plain has
been estimated at 4,000 to 5,000 feet. On account of the variability
of the strata and lack of good exposures over a large part of the ares
it is impossible at present to make a closer estimate.

The subdivisions of the beds are shown in the accompanying table.
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Table of Geologic Formations of the Coastal Plain
SvsTEM | SERIES | GROUP FORMATION MEMBER T;Iégg
Recent T
Q\rllg:ter- “Pleisto- | Colum- _Satilla formation 10-560
¥ cene bia Okefenokee formation 5-40
Pliocene Charlton formation Unde-
term
] Duplin marl 10-15
Miocene Marks Head marl 45
Alum Bluff formation 150
Tertiary | Oligo- | Appa- | Chattahoochee forma-
cene |lachicola tion 150
Vicksburg formation 50?
Barnwell formation Sand and marl } 150?
Jackson Twiggs clay
Ocala limestone - 1007
; McBean formation
Eocene | (ol | renTiated OT }‘ 100?
T | Wilcox formation 150
Midway formation 400
Providence
Ripley formation _sand member
Cusseta 950
Creta- | ypper sand member
ceous Marine beds
; Tombigbee
Eutaw formation sand rr%ember } 560
Lower beds
Lower Not subdivided 350-600
Pre-Cam-
brian

PRE-CAMBRIAN ROCKS

The crystalline area of Georgia, including the Piedmont Plain and

the Blue Ridge, is composed of igneous and metamorphie rocks, in-

cluding granites, gneisses, schists, basic eruptives, and highly meta-

morphosed shale, sandstone, and limestone.

These constitute the old-

est rocks of the State, and are in the main of pre-Cambrian age. They

have been deeply buried and subjected to intense differential pressure,
which caused complex folding and faulting, with the development of

schistosity.
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From the rocks of this area has been derived practically all of the
material which makes up the sediments of the Coastal Plain. The
pulk of the sediments represents the products of the erosion of 2,000
feet or more of rock from the erystalline area of the State. The un-
conformity at the top of the crystalline rocks represents an enormous
interval of time. The Piedmont and Coastal Plain areas remained °
above sea level during the entire Paleozoic era and the greater part
. of the Mesozoic; and when the Coastal Plain portion finally became
submerged, in early Cretaceous time, the land had been reduced to
an almost featureless plain.

LOWER CRETACEOUS

The Lower Cretaceous beds consist chiefly of coarse, cross-bedded,
arkosic sand with subordinate lenses of light-colored to pure white
clay approaching kaolin in composition. Interbedded with the white
clays are smaller lenses of bauxite. The series contains no marine
fossils and is of shallow water, and presumably of fresh water origin.
The origin of the kaolin and the bauxite with detailed descriptions of
the beds will be taken up under the discussion of the bauxite deposits.
1t is evident that the coarse sands and more or less pure kaolins were
derived from the thoroughly weathered material which must have
covered the surface of the crystalline rocks when the forces of erosion
became active after a long period of quiescence. The absence of lime-
stone and other caleareous sediments is notable, and is significant of
deposition: of completely weathered material in shallow water.

UPPER CRETACEOUS
EUTAW FORMATION

The Eutaw formation, of Upper Cretaceous age, consists of cal-
careous sand, sandy limestone and more or less sandy clay of marine
origin, and crossbedded sands and clays of shallow marine or estuarine
origin. The basal beds are arkosic, micaceous sand and dark gray to
black clay containing lignite. There is considerable variation in the
character of the materials, both vertically and horizontally, but fossil
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marine shells occur throughout the formation and are locally suffi-
ciently abundant to form shell marls. The Tombighee sand member,
which comprises the upper 120 feet of the formation near Chatta-
hoochee River, consists of massive marine beds of calcareous sand and
clay. The total thickness of the formation is estimated to be 560 feet
along the Chattahoochee, but it thins rapidly toward the east, and is
overlapped by the Ripley formation in Taylor County. It is separated
from the Lower Cretaceous by an unconformity, but is conformable
with the overlying beds of the Ripley formation.

RIPLEY FORMATION

The Ripley formation consists of gray, calcareous, micaceous sand;
dark gray to black sandy clay and shell marl, with at intervals nodu-
lar layers of gray, calcareous sand or impure sandy limestone of
marine origin; fine to coarse crossbedded sand with subordinate
lenses of light colored clay or dark, lignitic clay of shallow water
origin, Marine beds only are exposed along the Chattahoochee, but
eastward two shallow water members occupy positions at the top and
bottom of the formation, the Cusseta sand member below and the
Providence sand member above. The marine beds pinch out between
the two sand members and disappear in Macon County. The sand
members are non-calcareous beds, consisting predominantly of coarse,
irregularly bedded sands with subordinant lenses and layers of light-
colored clay. Lithologically these members resemble the Lower Cre-
taceous beds, and the Providence member in Houston County con-
tains workable deposits of kaolin. Although both the other kaolin-
bearing formations, the Lower Cretaceous and the Midway, contain
bauxite, none has ever been discovered in the Upper Cretaceous beds.

The thickness of the Ripley formation along the Chattahoochee is
estimated to be 950 feet, with an average dip of 32 feet per mile.
This formation, like the Eutaw, thins to eastward, 'and disappears be-
neath the Eocene beds in Twiggs County.

At the close of the Ripley deposition the surface was uplifted and
remained above sea level for a long period. That the post-Cretaceous
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unconformity is an important one is shown by the fact that few, if

any, species of plants or animals survived from the Cretaceous into

Eocene time.
MIDWAY FORMATION

The Midway formation consists of ferruginous sand and local beds
of white clay, together with fossiliferous limestone, marl, clay, and
calcareous quartzite. The basal beds consist of sand and clay which
resemble lithologically the underlying Cretaceous material. Higher
in the section limestones become prominent, and are exposed at Fort
Gaines and along Flint River near Oglethorpe. Overlying the lime-
stone along Flint River is a series of shallow water deposits of coarse
sand with lenses of white clay and associated bauxite, almost identical
with the Lower Cretaceous beds in appearance and composition.
These beds are destitute of fossils, and are referred to the Midway
formation on account of their geographic position, although there is
a slight possibility that they may belong to the Wilcox.

The estimated thickness of the Midway formation is 400 feet.
Like the Upper Cretaceous beds, it is overlapped by later formations
to the northeast, and disappears in Houston County.

WILCOX FORMATION

The Wilcox formation consists of dark-colored, lignitic and glau-
conitic clay in the nature of fullers earth and vari-colored unconsoli-
dated sand and clay. On Chattahoochee River the formation consists
largely of glauconitic shell marl, characterized by Osirea thirsae
(Gabb), but farther eastward determinable fossils aré very rare.

In the Coastal Plain Report the following statement is made:*
“‘In Schley and Macon eounties and in the vicinity of Andersonville,
the strata which might be referred to this formation on the basis of
geographic position are mainly red and vari-colored sands with mas-
sive beds of white clay, very pure and in the nature of sedimentary
kaolin, bearing little resemblance to the strata on Chattahoochee

1 Geol. Survey of Ga. Bull. 26, p. 228, 1911.



12 . GEOLOGICAL SURVEY OF GEORGIA

River.”” When that report was written the unconformity at Copperas
Bluff on Flint River had not been recognized, and the Sweetwater
bauxite mine, which shows an unconformity between the kaolin and
the red sands, had not been opened. In this report all of the bauxite
and kaolin are considered as belonging to the Midway formation,
while the red sands and the pyritic beds of Copperas Bluff are cor-
related with the Wilecox. As there is no paleontologic evidence to sup-
port this correlation, it must be considered subject to revision.

The maximum thickness of the Wilcox formation is estimated at
150 feet, and the width of the belt of outerop between Chattahoochee
and Flint rivers does not exceed five or six miles. No exposures at-
tributable to the formation are found east of Flint River, as the Jack-
son formations overlap onto the Cretaceous a short distance from the
river. The Wilcox beds are separated from the Midway by a distinet
unconformity, but the relation with the Claiborne strata is obscure.
Apparently deposition was practically continuous from the Wilcox up
into the Claiborne, although evidence of a slight unconformity is
found at several localities.

CLAIBORNE AGE

Field work by J. E. Brantly, formerly Assistant State Geologist
of Georgia, Dr. C. Wythe Cooke, of the United States Geological
Survey, and the writer, has shown that the Claiborne is of much
smaller areal extent than formerly mapped, and that the ‘‘Congaree
clay member of the McBean formation’’ and a large part of the
“‘Barnwell sand’’ should be referred to the Jackson.!

The Claiborne in Georgia consists of two formations, which are,
however, not areally continuous, as the strata of Claiborne age are
overlapped by the Jackson throughout the central part of the State.

t The stratigraphy of the Eocene beds of the Coastal Plain of Georgia is dis-
cussed in a manuscript report by C. W. Cooke and H. K. Shearer, now awaliting
publication by the U. 8. Geological Survey as a Professional Paper of the series
of “Shorter contributions to general geology.” The evidence for changes in cor-
relation and nomenclature of the formations making up the Claiborne and Jackson
is discussed in that paper.
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McBEAN FORMATION

The McBean formation consists of sandy shell marl and argilla-
ceous, glauconitie, calcareous and lignitic sands. It outerops only in
the Savannah and tributary valleys, in Richmond and Burke coun-
ties, the best exposures being at Shell Bluff, Savannah River, and
along McBean Creek. '

A thickness of 80 feet of McBean beds is exposed at Shell Bluff,
and the entire thickness is something more than 100 feet. The Me-
Bean formation overlies beds of Lower Cretaceous age with marked
unconformity, but deposition was almost continuous upward into the
Jackson, and only locally is there any indication of an unconformity.

UNDIFFERENTIATED CLAIBORNE

Beds of Claiborne age also outcrop in western Georgia, with the
best exposures in the Fort Gaines Bluff on Chattahoochee River and
in the Danville Ferry Bluff on Flint River, 1614 miles east of Amer-
jeus. Fossiliferous beds are exposed at both these localities, a’nd the
horizon has been determined as equivalent to the beds below the Osirea
georgiang horizon at Shell Bluff; in the area between the two rivers
the formation is thin and fossils are rare.

Along Chattahoochee River Langdon® recognized a lower buhrstone
and an upper calcareous member of the Claiborne. The division,
however, can not be carried farther eastward, so the beds are classed
as undifferentiated Claiborne, although at least the lower portion is
probably equivalent to, and areally continuous with the Tallahatta
buhrstone of Alabama.

Between Flint and Chattahoochee rivers the Claiborne rests upon
the Wilcox formation, and at Fort Gaines and Cuthbert there is evi-
dence of an erosion unconformity, probably of minor importance,
separating the two formations. It is overlain by red argillaceous
sand belonging to the Jackson or Vicksburg formations, but as the
upper and northern portions of the Claiborne also weather to red
sand, it is difficult to locate the contacts. The thickness of the Clai-

! Geology of the Coastal Plain of Alabama; Geol. Survey of Ala., p. 744, 1894.



14 GEOLOGICAL SURVEY OF GEORGIA

borne on Chattahoochee River was measured by Langdon as 212 feet.
At Fort Gaines the total thickness of beds which may be considered
ag Claiborne is 200 or 205 feet, but at Cuthbert it is reduced to 50
feet or less. The average thickness of beds outcropping between Cuth-
bert and Americus probably does not exceed 100 feet.

Near Fort Gaines certain strata of the Claiborne have some resem-
blance to fullers earth, but the clay is not likely to be of any economie
value.

JACKSON AGE

The Jackson in eentral (Georgia reaches its greatest development
east of Mississippi, and is by far the thickest and most important’
Eocene formation of the State. At the close of the Claiborne period
a marked depression of the land occurred in central and eastern Geor-
gia, and the entire area covered by earlier Eocene and Cretaceous beds
sank below sea level. Strata of Jackson age were deposited, covering
all of the earlier Coastal Plain formations and overlapping onto the
crystalline rocks of the Piedmont area.

The ‘‘Congaree clay member of the McBean formation’’ and the
greater part of the ‘‘Barnwell sand’’ of the Coastal Plain report!
have been found to be of Jackson age, as they overlie the typical
Jackson bryozoan limestone throughout central Georgia. The sub-
divisions of the Jackson group described in the paper previously men-
tioned? are as follows:

Jackson
2. Barnwell formation.
Twiggs clay member of Barnwell.
1. Ocala limestone.

OCALA LIMESTONE
The Ocala limestone is a thick stratum of highly fossiliferous
limestone and marl, characterized especially by Pecten perplanus
Morton, Periarchus pileus-sinensis (Rav.), and numerous Bryozoa,
* known as the ‘‘Rich Hill fauna’’, from a typical exposure at Rich

1 Geol. Survey of Ga. Bull. 26, 1911.
2 See footnote p. 12.
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Hill, Crawford County. Along the course of Flint River below Dooly
County, and throughout southwestern Georgia, the Ocala limestone
makes up the whole of the Jackson; but to northward and eastward,
as the Jackson shore line is approached, the limestone grades into
clay and the clay into sand not only vertically, but also along the
strike. The typical Ocala limestone is not found northeast of Wilk-
jnson County, although the Jackson strata farther northeast carry
local lenses of limestone with a somewhat different fauna.

TWIGGS CLAY MEMBER

The Twiggs clay member of the Barnwell formation,'formerly
described as the ‘‘Congaree clay member of the McBean formation’’?,
ijs named from Twiggs County, Georgia, where it is best exposed and
seems to be thickest. The member consists of extensive, but not en-
tirely continuous, beds and lenses of clay, varying from porous and
giliceous to calcareous, glauconitic, pyritiferous, carbonaceous, or
lignitic. Almost all of the clay has some of the characteristics of
fullers earth, and a large part of it is light and porous and free from
calcium carbonate, pyrite, and carbonaceous matter, and therefore
likely to be of commercial value as a bleaching earth.

The clay member occurs at the base of the Barnwell formation
and near the northern margin of the area of deposition. Tt lies con-
formably above the Oecala limestone, which passes from pure lime-
stone into marl, ealeareous clay, and fullers earth by insensible grad-
ations, and is overlain by red sand of the Barnwell formation. Local
unconformities between the clay member and the red sand have been
noted at several points near the northern margin of the formation.
The Twiggs clay member, including some interbedded sand, attains
& thickness of at least 100 feet in Twiggs County, but the average
thickness is much less.

BARNWELL FORMATION

The Barnwell formation lies principally above the Twiggs clay
member, and the entire formation, where the clay member is absent,

1 Geol. Survey of Ga. Bull. 26, pp. 267-284, 1911.
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consists dominantly of argillaceous and glauconitic sand which be-
comes red or mottled on weathering, There are loeal beds of lime-
stone, occuring principally in Washington County, and beds made
up of Ostrea georgiana shells in a matrix of marl or calcareous clay
become increasingly prominent from Wilkinson County eastward to
Savannah River. Local beds of plastic clay and fossiliferous chert
layers, which were originally limestone or calcareous sandstone, are
also abundant.

The thickness of the Barnwell formation has not been aceurately
measured, but it is considerably in excess of 100 feet. As the coast
line during Jackson time moved farther inland than at any time
since the Lower Cretaceous, and as the Jackson deposits near the
shore consisted entirely of argillaceous sand which, in the absence
of the limestone and fullers earth strata, must be correlated with
the Barnwell formation, it overlies unconformably all of the earlier
sedimentary deposits of the Coastal Plain, and locally overlaps onto
the crystalline area. The relation of the Barnwell to the overlying
formations is not well determined, principally on account of the
similarity of its materials to some of the overlying beds. In eastern
Georgia it is overlain unconformably by sands and clays of the Alum
Bluff formation. West of Oconee River it is overlain by red, argil-
laceous sand containing fossiliferous chert which indicates Vicksburg
(Oligocene) age, but the boundary between the formations has not
been accurately located. In southwestern Georgia and southern Ala-
bama the Barnwell formation is absent, and the Oecala limestone is
conformably overlain by very similar limestone of Vicksburg age.

VICKSBURG FORMATION

The Vicksburg, the earliest Oligocene formation in Georgia, is thin,
and consists principally of bright red argillaceous sand, which is
largely residual and shows no trace of stratification. Fossiliferous
chert fragments and ledges are abundant, derived from the complete
silicification of thin beds of impure limestone. Unaltered limestone
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of the formation is found only along Ocmulgee River below Hawkins-
ville. ’

The thickness of the Vicksburg formation cannot be accurately
estimated, but it is certainly less than 100 feet over most of the area
of deposition.

APALACHICOLA GROUP

The Apalachicola group of the Oligocene series consists of the
Chattahoochee und Alum Bluff formations.

CHATTAHOOCHEE FORMATION

The Chattahoochee formation consists of gray and drab, compact,
fossiliferous limestone and a little calcareous sand or sandstone. The
maximum thickness is estimated at 200 to 250 feet, but the area of
surface exposures is small, and the outcrops are confined to narrow
belts along the rivers in the southern part of the Coastal Plain.

ALUM BLUFF FORMATION

The Alum Bluftf formation presents a number of lithologic phases.
Fullers earth and local beds of marl and caleareous sand and clay
oceur in the lower part of the formation. The upper beds include
coarse, angular sand, aluminous sandstone or grit, greenish or gray
argﬂlaceous sands, and sandy, laminated clays.

The greater part of the mottled sands and clays, which form the
most extensive. superficial formation of the Coastal Plain, and which
were formerly described as the ‘‘ Altamaha’’ or ‘‘Lafayette’’ forma-
tion of the Pliocene series, is believed to be weathered material of
the Alum Bluff formation. This weathered and residual material
covers most of the portion of the State east of Flint River and south
of Vienna, Dublin, Hawkinsville, Sandersville and Waynesbhoro, but
the outerops of the fullers earth and calcareous beds follow the
courses of the larger streams throughout the southern part of the
State, and are exposed almost continuously along the Florida line.
The thickness is not more than 200 or 300 feet, but the beds lie almost
horizontal, which explains the large area of outerop.
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MIOCENE SERIES

The Miocene series consists of two thin marl formations, the
‘Marks Head and the Duplin, which are exposed only along the lower
‘courses of the rivers flowing into the Atlantic.

PLIOCENE SERIES

The lower part of the Pliocene series is the Charlton formation,
which is calcareous. Widely distributed sand, clay, and gravel,
devoid of fossils and calcareous beds, have been referred to as the
‘‘ Altamaha (Lafayette?) formation’’ of the Pliocene, but over a large
area they can not be distinguished from the weathered material of the
Alum Bluff formation. The original ‘‘Altamaha grit’’ of Dall be-
longs to the Alum Bluff formation.

PLEISTOCENE AND RECENT SERIES

The quarternary strata are divided into the Okefenokee and
Satilla formations of Pleistocene age and recent surficial sand de-
posits. The Pleistocene beds consist of flood plain and coastal ter-
race deposits, swamp deposits, and beach sand and mud.
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PART 1. BAUXITE DEPOSITS
DEFINITION

The statement has been made many times that there are three
hydrated oxides of aluminum: diaspore (Al,0,H,Q), bauxite A},0,.-
2H,0), and gibbsite or hydrargillie (Al,0,.3H,0). Of these, diaspore
and gibbsite are definite minerals, found in crystalline form; but the
dihydrate has never been identified and its existence is doubtful. For
practical purposes, bauxite may be defined as an ore rather than a
mineral, being a hydrate of alumina, or a mixture of several hydrates,
of sufficient purity to serve as a commercial source of aluminum or its

salts.

OCCURRENCE AND DISTRIBUTION
GENERAL DISTRIBUTION

Although aluminum is the most abundant metal in the crust of
the earth, its tendency to enter into combination, especially with
gilica, is so great that the free metal is never found in nature, and
rather unusual geologic conditions are necessary for the separation
and accumulation of the oxide or hydroxide. As no method for
extracting aluminum from the silicate minerals has proven profitable,
and since the limited deposits of corundum, the anhydrous oxide, are
more valuable for abrasives than as a source of aluminum, bauxite at
.the present time provides all the aluminum of commerce. '

Bauxite is found in a limited number of localities, widely dis-
-tributed over the earth, but the known deposits are all comparatively
small. In view of the rapidly increasing demand for aluminum and
its éompounds these deposits are likely to become exhausted in the
~near future, so all new discoveries, however small, are worthy of
“ea'reful investigation.

The known bauxite localities are: in France, in the departments
of Bouches du Rhone, Var, Herault, Ariege, and Puy-du-Déme, es-
- pecially near the villages of Baux, Thoronet, and Villeveyrac; in
; G_ermany, principally near Vogelsburg; in Austria near Wochein
and Freistritz and in the province of Istria; in Ireland in the Glen-
ariff Valley, county Antrim; in India, rather widely distributed in



20 GEOLOGICAL SURVEY OF GEORGIA

the form of laterites; in Italy; in British and Dutch Guiana; and in
the United States in Arkansas, New Mexico, north Georgia, Alabama
. and Tennessee, and the Coastal Plain of Georgia.

FOREIGN LOCALITIES:

France—The deposits of southern France, of which those near
the village of Baux were first discovered -and are best known, are
found at or near the base of the Upper Cretaceous beds, which lie
unconformably above the Urgonian limestone of the Lower Creta-
ceous. The bauxite forms a bed 30 feet or more in thickness just
above the unconformity. Above the principal bed are thinner baux-
ite strata interbedded with marl and concretionary limestone. Locally
the bauxite nodules have a calcareous matrix. The stratification of
the bauxite and associated beds is sharp and distinet, and the series
as a whole has all the characteristics of a lacustrine or estaurine de-
posit. The origin of the alumina is ascribed to sulphate solutions
brought to the surface by hot springs or geysers. - The aluminum
hydroxide was precipitated by the reaction between aluminum sul-
phate and calcium carbonate and deposited along with the other sedi-
ments. The strong tendency of the newly precipitated hydrate to
assume nodular form and to pull other material into that form is
shown in one bed which contains limestone concretions ‘‘as large as
apples’’, with cores of bauxite. Since deposition the formations have
undergone rather intense folding, which was naturally accompanied
by high pressure and probably high temperatﬁre. This has brought
about partial dehydration of the mineral, so that it now approximates
diaspore in composition.

Deposits of another type are found at various places in the de-
partment of Puy-du-Déme. The bauxite is principally of the red
variety, and forms a mass 15 to 75 feet thick, resting upon an eroded
surface of gneiss. It is overlain by clay and basalt of Miocene age,
limestone being entirely absent. The deposits have probably the
same origin as those of Germany and Arkansas.

c 1 The_following brief descriptions of foreign deposits are abstracted from Hayes,

. W., Bauxite: U. S. Geol. Survey Sixteenth Ann. Rept. pt. 3, pp. 547-597, 1895;
and from the chapters on bauxite in the U. S. Geol. Survey Mineral Resources.
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Germany.—The German deposits occur principally in the vicinity
of Vogelsburg. The bauxite is associated with iron ore, both occur-
ring as small masses in a gray or reddish-brown, slightly rearranged
residual clay. Both clay and bauxite are products of weathering of
the basalt, as the ore retains the texture and some of the minerals of
the basalt. The ore is dominantly the trihydrate. The German de-
posits are of small commercial importance, and no production is re-
ported in recent years.

Austria.—The bauxite of Wochein, in the province of Styria, Aus-

tria, is dense and earthly, without nodular structure. On account of
its unusual character it is given the distinctive name of wocheinite,
The aluminum content is high, over 70 per cent in some analyses,
but the iron oxide is also high and the low content of water is insuffi-
cient to form even the monohydrate.
- Bauxite deposits are said to be of frequent occurrence in the form
of small pockets in a red sandstone in the province of Istria, near
the port of Torre. The ore is of good quality and uniform composi-
tion. There are calculated to be 1,000 workable pockets containing
an average of 300 tons each.

Hungary.—Extensive deposits, estimated at 5,000,000 to 18,000,-
000 tons, occur as irregular lenses and superficial accumulations in a
Jurassic limestone of the Bihar Mountains in Hungary. The occur-
rence seems to be similar to the Baux deposits of France.

Ireland.—The deposits of Ireland are found in Glenariff Valley,
county Antrim, in the extreme northeastern part of the island. The
ore forms a continuous bed associated with pisolitic iron ore, with
flows of dolerite and beds of tuff both above and below. Hayes!
states that both iron ore and bauxite appear to be lacustral deposits,
derived from the voleanie rocks largely by alteration in place and
secondary replacement. They are, therefore, in many respects similar
to the German and Arkansas deposits. The dominant aluminum
mineral is the trihydrate, and the ores contain high percentages of
one or more of the impurities silica, titanium dioxide, or ferric oxide.

189‘5Hayes, C. W., Bauxite: U. 8. Geol. Survey Sixteenth Ann. Rept., pt. 3, p. 549,
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India.—The laterites of India are superficial deposits due to com-
plete weathering, during which practically all of the silica has been
leached from the rock. In samples from the Bailier tahsil, Balaghat
district, the alumina ranged from 52 to nearly 59 per cent, with silica
from 0.58 to 2.65 per cent. The proportion of titanium oxide is al-
ways high, and the iron oxide is usually so, although in one sample
it was only 2.70 per cent. Small quantities of ore have been mined
and shipped to Europe, but the recent production has been used only
in the manufacture of cement.

Italy.—In Italy, one bauxite mine has been in operation since
1907, with an annual production of about 6,000 tons. The ore forms
a surface deposit (1,000,000 square meters of a thickness of 3 meters)
on the slope of Monte Turchio. The bauxite is highly ferruginous,
sometimes containing over 25 per cent of Fe,0,, and was formerly
classified as an iron ore.! )

Guiana.—During the last two or three years there has been con-
siderable activity in exploring for bauxite in British and Dutch
Guiana. An American syndicate has purchased or secured the min-
eral rights on about 20,000 acres of land.? The deposits are known
to be large, but no description of the geology has been published. The
known deposits are located on or near Demerara and Surinam rivers,
along the line separating the recent sedimentary beds of the Coastal
Plain from the mountainous crystalline area.

AMERICAN LOCALITIES
North Georgia-Alabama-Tennessee.*—Bauxite was first discovered
in the United States near Rome, Ga., and the first mining was done
on the Holland property, in Floyd County in April, 1888. The prin-
cipal deposits of the region are found in the valley of the Coosa River,
between Adairsville, Ga. and Jacksonville, Ala., but several important
deposits have also been found in Tennessee near Chattanooga.
1 Molinari, Dr. Ettore, General and industrial inorganic chemistry, Tran.slation of
3d. ed., p. 571, 1912,
2 Phalen, w. C., U. 8. Geol. Survey Mineral Resources 1915, p. 162, 1916.
547' grgl?yeiséb 5C. W., Bauxite: U. 8. Geol. Survey, Sixteenth Ann. Rept., pt. 3, pp.

‘Watson, Thomas L., A preliminary report on the bauxite deposits of Georgia:
Geol. Survey of Ga. Bull. 11, 1904,
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The deposits differ from all other American, and from most of
those of foreign countries, as they are not bedded, and are not the
product of weathering of any associated rock. The bauxite occurs
in compact, irregularly shaped masses or pockets, always in residual
material from the Knox dolomite or in immediately overlying forma-
tions. The deposits are not associated with any particular horizon
within the dolomite; on the other hand their stratigraphic range is at
least 4,000 feet. The pockets are, however, localized in groups about
certain centers and along fault lines, and nearly all outcrop between
850 and 950 feet above sea level, although the relief of the district
varies between 650 and 1,200 feet. The ore is closely associated with,
and usually surrounded by, masses of white or mottled kaolin, but
neither the ore nor the kaolin contain any calcareous matter from
the dolomite, nor any fragments of the chert which are so abundant
in the surrounding residual clays.

These facts indicate that the deposits were formed near the sur-
face during a period when the land was nearly base-levelled. This
condition existed during Eocene time. The best explanation of the
genesis of the deposits is that proposed by Hayes, who supposes that
the alumina was derived from the thick beds of the Conasauga 