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Neogene Clastics

Cooke (1935) in his original description included younger sand,
clay, and conglomerate beds in his Flint River Formation. He later
(1943) tended to exclude these clastic sediments from the forma-
tion, and the present author has followed this policy (Pickering,
1961). Various writers have placed these relatively young clastic
sediments into units named Lafayette, Altamaha, Hawthorne, and
Alum Bluff. The only clues to their age is their superposition over
the weathered upper Oligocene Flint River Formation and from
the anomalous Potassium-Argon age determination of more than
30 million years from a tektite found on the material in nearby
Dodge County (Furcron, 1961). The sediments are lithologically
similar to blanket sands and clays assigned to several geologic units
of the Coastal Plain. Probably all parts of the Neogene from
Miocene to Recent are represented by the sediments. Herrick
(1961) refers to this material simply as residuum.

The Neogene clastic sediments of the area studied are predomi-
nantly tan, brown, or red sand, clay, and gravel characteristically

bleached to light tan at the surface. Cross-bedding and channel-
fﬂling commonly occur near the base of the unit.

The sediment is coarser and more poorly sorted near its base. |
Well rounded pebbles of vein quartz are common just above the
unconformable contact with the Flint River Formation (fig. 11).
The Flint River Formation was weathered very nearly to its
present condition before deposition of the Neogene clastics.
This is demonstrated at locality 22 where the unconformable
contact between the formations cuts through the residual iron
enrichment zone of the Flint River Formation and fragments of
goethite geodes are present in the Neogene sediments. The Neo-
gene sediments vary greatly in thickness; they have been measured
to be as much as 68 feet thick. ‘

The Neogene clastic material of the area studied caps the
interstream divides, which are characterized by gently rolling
upland with few gullies.
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BIOSTRATIGRAPHY
General Discussion

Fossil species observed to be characteristic of the formations
mapped and studied are listed (Table I) and discussed in the
following sections. Illustrations of selected species are included
in the appendix.

TABLE I - BIOSTRATIGRAPHY

]

vr - veryrare

- rare

- common
a - abundant ‘
va - very abundant

Cilinchfield

McBean
Ocala
Cooper
Byram
Flint River

Twiggs

VERTEBRATES
Lamna appendiculata
Carcharias cuspidata lr
Gualeocerdo latidens
Sphyrna sp. 2
Carcharodon megalodon
Myliobatis sp. ‘ r
Pristis sp. ' : vr
Basilosaurus sp. 2 vrivr
Eosiren sp. ? , clr|r

- ECHINOIDS ’ ’

’ Phyllacanthus mortoni rfc
Gagaria mossomi - T
Gagaria chickasawhay vr
Oligopygus wetherbyi vr
Clypeaster rogersi ‘ a
Clypeaster cotteaul r
Periarchus lyelli vr{c

- Periarchus -lyelli pileus-sinensis ” clale

. Periarchus quinquefarius : c
Periarchus quinquefarius kewi

L]
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I
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TABLE I - BIOSTRATIGRAPHY (cont.)

vr - very rare
- rare

¢ - common
- abundant

va - very abundant

McBean

" Clinchfield
Cooper
Byram
Flint River

* Twiggs

Ocala

ECHINOIDS (cont.)
Laganum ocalanum c
Laganum floridanum vr| e
Wythella eldridgei vr
Cassidulus gouldi ) c
Paraster armiger vr
Paraster americanus r|vr
Macropnuestes mortoni vrir
Brissopsis blanpiedi vr

PELECYPODS
Glycymeris cookei _ c
Glycymeris suwaneensis , r

Pecten-suwaneensis s Y
Pecten deshayesi ? : vr
Amusium ocalanum vr
Chlamys spillmani clinchfieldensis cjalc
Chlamys cocoanus c
Crassostrea gigantissima ? a|c
Ostrea sellaeformis vr
Gryphaeostrea plicatella _ c
Ostrea mauricensis ' vrir
Lima halensis T
Crassatellites paramesus va
Phacoides wacissanus
Venus (Chione) bainbridgensis

GASTROPODS '
Agaronia alabamensis r
Xenophora humilis c
Lyria mansfieldi ‘ VI

Cerithium cookei c

-




vr
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TABLE I - BIOSTRATIGRAPHY (cont.)

- very rare
- rare
- common

a - abundant
va - very abundant

McBean

Clinchfield
Ocala

Twiggs

Cooper
Byram

22

Flint River

CORALS

Flabellum cuniformae
Trochocyathus sp.

FORAMINIFERA

Spiroplectammina mississippiensis
Textularia subhauri
Textularia hockleyensis
Textularia adalta
Gaudryina jacksonensis
Karreriella sp. '
Liebusella byramensis
Quinqueloculing vicksburgensis
Quinqueloculina monroei’
Pyrgo sp.

Pyrgo byramensis
Uvigerina vicksburgensis
Uvigerina jacksonensis
Angulogering byramensis
Discorbis assulata
Discorbis arcuatocostata
Mississippinag monsouri
Valvulineria jacksonensis
Valvulineria paucilocula
Gyroidina vicksburgensis
Eponides jacksonensis
Eponides advena
Eponides byramensis
Pararotalia parva
Pararotalia mexicana var.
Siphonina sp.

Siphonina byramensis

[

vr

vr
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TABLE I - BIOSTRATIGRAPHY (cont.)

VI - very rare
r - rare
- common
a - abundant
va - very abundant

McBean

Clinchfield

Ocala

Twiggs

Cooper
Byram

Flint River

23

FORAMINIFERA (cont.}
Siphonina jacksonensis
Cibicides americanus
Cibicides mississippiensis
Cibicides lobatalus
Cibicides planoconvexus
Cibicides westi
Planulina byramensis
Planulina cocoaensis
Planulina cooperensis
Planorbulina mediterranensis
Lepidocyclina ocalana

Lepidocyclina-undosa
Lepidocycling mantelli
Nummulites floridensis
Rebulus alato-limbatus
Robulus alatolimbatus
Marginulina cocoaensis
Dentalina jacksonensis
Dentalina cocoaensis
Nodosaria latejugata
Lagena laevis

Lagena hexagona
Guttulina problema
Globulina gibba giobosa
Nonion advenum
Nonion inexcavatum
Nonion vicksburgensis
Hantkenina alabamensis
Bulimina jacksonensis
Bolivina jacksonensis

o = OO0 6 =

v

[ < e N T

A\

VY

O R " o6 6 O KR 6 6 6

<
—

vr




Geological Survey of Georgia Bulletin 81

TABLE I- BIOSTRATIGRAPHY (cont.)

vr - very rare = =

r - rare T NERE-
SIE= @elolg 2l

¢ - common S|Sl=l8d]e
Q| e €Es 8 SlE

a - abundant °=°|_Eom5
=00

va - very abundant

FORAMINIFERA (cont.)

Reusella eocena c

Reusella oligocenica
Reusella byramensis
Asterigerina subacutia
Alabamina mississippiensis

o 6 O
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McBean Formation

The oyster, Ostrea sellaeformis, occurs near the top~'of the
McBean Formation at the only outcrop observed. This oyster is
regarded ‘as being characteristic of Middle Eocene sediments
wherever found (Veatch and Stephenson, 1911) (Cooke, 1943).
The foraminifer Cibicides westi was found in drill cuttings from
several of the Clinchfield Penn-Dixie Cement Company test holes
by Herrick. It was found in material from the outerop in the ditch
at locality' 11 by the author, Cibicides westi is regarded as being
characteristic of Middle Eocene sediments wherever found (Her-
rick, 1961; Herrick and Vorhis, 1963). ‘

Clinchfield Sand

"’he Chnchﬁeld Sand in the area under cons1derat10n contalns a
megafauna very similar to that of the Ocala Limestone. The
echinoids Periarchus lyelli, P. lyelli pileus-sinensis, and Laganum
floridanus have been observed in this unit, generally in the limy
beds at the top. The characteristic Ocala pectén Chlamys spillmani
clinchfieldensis is common locally in the Clinchfield, 'generally in

the more calcareous portions. An oyster which Stenzel ¢ (personal
commumcamon) identified as Crassostrea gigantissimae occurs at
the top of the Clinchfield but not in the overlying Ocala. Shark,
stingray, porpoise, whale, and sawfish teeth, along with whale and
manatee bones are abundant in the Clinchfield at localities 9
and 10.

The microfauna of the Clinchfield Sand is presently being
studied by S. M. Herrick, U. S. Geological Survey, from samples
provided by the author; a Moodys Branch equivalence for the
Clinchfield Sand has been suggested by Herrick (personal com-
munication, 1966). The presence of -Periarchus ‘Iyelli indicates
possible correlation with the Periarchus lyelli zone of the Moodys
Branch Marl of pemnsular Florida (Toulmin, 1955)

As noted in a previous “s“ect'i(‘)n, Clinchfield” S:and':l;l'é‘s Been
regarded without proof as being of Claiborne age, the equivalent
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of the Gosport Sand of Alabama (MacNeil, 1946; LeGrand, 1962;

Herrick, 1961). However, both the similarity of the megafossils

observed in the Clinchfield to those of the Ocala Limestone of

Jackson age and the resemblance of the microfauna to that of the

Moodys Branch Marl indicate a Jackson age for the Clinchfield.
Ocala Limestone

Fragments of a regular echinoid resembling Phyllacanthus
mortoni have been observed at locality 11 near the base of the
Ocala. This echinoid has also been observed in the Ocala at Lee
County, Florida (Cooke, 1941).

Periarchus lyelli pileus-sinensis is very common in the Ocala at
many outcrop localities (fig.12). This echinoid is common in the
Ocala Limestone of Florida, Alabama, and Georgia (Cooke, 1941).

Figure 12. Periarchus lyelli pileus-sinensis in Ocala Limestone at locality 11.

The echinoid Wythella eldridgei was found at locality 11. It has
not previously been found in Georgia north of Dougherty County.
It is considered to be characteristic of the Ocala Limestone
(Cooke, 1959). Typical Ocala pelecypods encountered at many
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localities in the study area are Crlamys spillmani clinchfieldensis
and Amusium ocalanum. The large foraminifer Lepidocyclina
ocalana is abundant at most outcrops and has frequently been
mentioned in the literature as being characteristic of the Qcala.

The very large irregular echinoid Macropneustes mortoni is
relatively common in fragmented form at most Ocala outcrops;
one intact individual was recovered at locality 11. This echinoid
has been found only in the Ocala Limestone of Florida, Georgia,
and Alabama (Cooke, 1959).

Twiggs Clay

Foraminifera found in the Twiggs Clay in the study area differ
from those in“the underlying Ocala Limestone and the overlying
Cooper Marl. The presence of the Twiggs Clay of Nonion advena
and Textularia hockleyensis is the chief difference.

The irregular echinoid Periarchus lyelli pileus-sinensis occurs in
limestone beds in the Twiggs Clay at localities 6, 12, and 24. This
_echinoid _has been noted by the author from limestone beds’in the ——
Twiggs Clay at outcrops across the eastern part of Georgia.

Cooper Marl

The foraminifera assemblage of the Cooper Marl is very dis-
tinctive. Some of the representative forms common at most out-
crops of the Cooper Marl sampled are: Planulina cooperensis,
Marginulina cocoaensis, Siphonina jacksonensis, Dentalina jackson-
ensis, Bolivina ‘jacksonensis, Liebusella byramensis, Uvigerina
jaeksonensis, and Bulimina jacksonensis.

Cooke and MacNeil (1952) based a change in age of the Cooper.
Marl in South Carolina from Eocene to Oligocene on the presence
of the pelecypod Chlamys cocoana. This pecten is abundant at
most outcrops of the Cooper Marl in the area studied and is
present in the Red Bluff Formation of early Oligocene age in
Alabama (Cooke, 1952).
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The echinoids Periarchus quinquefarius and P. gquinquefarius
kewi occur in the Cooper Marl at localities 7, 13, and 25. These
echinoids are known otherwis¢ only from the Sandersville Lime-
~ stone of east Georgla The exact age of the Sandersville is not

‘known, and the presence of thls unusual echinoid may provide a
:,,means of estabhshmg correlathn with the Cooper Marl.

" The ech1n01d Paraster americanus may be found at localities
16 and 17. Thls(spemes has not been previously encountered in
the Cooper Marl; it occurs in Vicksburg (Middle Oligocene) sedi-
“ments of Mississippi (Cooke, 1942; Clarke and Twichell, 1915).

The echinoid Brissopsis blandpedi also occurs at localities 16
and 17 and has not been noted from Georgia before. It is known
only from the Glendon Limestone of Middle Oligocene age in
M1551s51pp1 (Cooke, 194-2)

BYRAM FORMATION
The first biostratigraphic evidence for the presence of the

Byram Formation in Georgia was obtained from the west bank
of the Ocmulgee River at locality 33 (Herrick, Pickering, and

. Sachs, 1966). The correlation of these sediments with the Byram

Formation in Mississippi was based primarily on this work. Of
the 77 species of foraminifera identified from these sediments
at ‘locality 33, 58 are listed in the literature as occuring in the
Byram Formation in Mississippi. Also the irregular echinoid
Paraster .americanus, which was found in Unit B, occurs in the
Mint S‘pr‘ing"member of the Byram Formation in Mississippi. The
writer has noted a similar suite of fossils from the type locality
of the Jacksonboro Limestone of Screven County, Georgia
(Dall and Harris, 1892), and correlation with this unit is here
suggested.
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Flint River Formation

Foraminifera assemblages of the Flint River Formation may be
distinguished from those of the Cooper Marl and the Byram
Formation in the area studied by the presence of abundant
miliolids (Quinqueloculina and Pyrgo) and Pararotalia mexicana
var. These forms are characteristic of the Flint River Formation
in Georgia (Herrick, personal communication, 1966). -

Pecten poulsoni, present in most Flint River Formation out-
crops in the area mapped, is also found in Flint River Formation
outcrops at Bainbridge, Georgia (Dall, 1916).

Glycymeris cookei and G. suwannensis are present at all major
outcrops of the Flint River Formation in the area studied and have
been noted from the Flint Rlver Format1on of southwest Georgla
(Dall, 1916). ' ’

The regular echinoid Gagarza mossomi was observed at localities

16 and 17. This echinoid has prev1ously been found in Fiorlda in

the Upper Ohgocene Suwannee Limestone ( Cooke, 1941)

The .irregular echinoid Cassidulus gouldi is.common at almost
all outcrops of the Flint River Formation. The Flint River Forma-
tion of central and west Georgia and the Suwannee Limestone of
Florida contain Cassidulus gouldi in abundance (Cooke, 1943).

N eogene Clastics

The Neogene clastic sediments of the area mapped are not
generally fossiliferous, but a few fragments of oysters were found
in the purple clay included in these rocks at locality 31. The frag-
ments cannot be further identified. Since they are stained and
enclosed in -sandy clay near the base of the unit, it can be
concluded that they are fossil remains rather than recent exotic
material.
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PALEOECOLOGY

McBean Formation

The carbonaceous nature of the top of the McBean Formation
and the presence of plant fossils and oysters indicate that the
environment of deposition was probably quite near shore, and
very possibly, in brackish water conditions. The abundant glauco-
nite encountered further down in the formation in the test holes
drilled at Clinchfield is an indicator of reducing conditions.

Clinehfield Sand

The environment of deposition of the Clinchfield Sand is one
“of high energy. The quartz grains are abraded and rounded and are
rather well sorted. Fossil fragments in the sand are
Jhkew1se broken and abraded The less resistant minerals of the
heavy mineral sulte such as. feldspar and hornblende, have been
weathered and somewhat altered -

The formation is more limy near its upper contact, and there
are beds of limy sardstone near the base of the overlying Ocala
Limestone. These beds are characterized by their extensive large
oyster assemblages, indicating a shallow water environment. Many
of the oysters are scattered at random through the sediment with
little orientation of the separate valves. Broken shells are more
common than whole ones. At locality 10, on the west side of the
Clinchfield Penn-Dixie Portland Cement Company silica pit, ‘“‘reef-
like” accumulations of articulated oysters in their growth posi-
tions are encountered. Associated with these oyster beds are
abundant small pelecypods (Cardium, Venericardia., Glycymeris,
and others). These pelecypods are also often articulated.

The fauna of the limy sandstone beds represents a benthonic
‘biotic community with few exotic elements. Some individuals
have been drilled by boring gastropods. A general
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killing of the fauna appears to have resulted from the silting
episode which provided the succeeding sedimentary cover. Where a
lithologic change indicates the introduction of more favorable
environmental conditions, as at the base of the limestone beds, an
abundance of species is present.

QOcala Limestone

The Ocala varies from a calcisiltite to a calcirudite and is
composed predominantly of broken bryozoan fragments. This sort
of clastic accumulation represents a high energy environment of
strong bottom currents. Some portions of the calcirudite are quite
winnowed and well sorted, and there is no fine matrix surrounding
the coarse fossil fragments. Commonly, h'owever, a matrix of silt-
size carbonate particles occurs in the Ocala. No unfragmented
bryozoa have been observed in living position in the Ocala.

Almost all the fossil material in the formation appears to have
been transported from original living positions by strong bottom
currents. The large, flat echinoids occur in sedimentary cohcentra:_

“tions in large numbers in all orientations The  pectens are
seldom articulated and are buried at all angles to bedding. Their
hinge areas are seldom unbroken. The coin-sized, large foramini-
fera have been winnowed into helter-skelter masses and are often
fragmented. Large manatee, whale, and crocodile bones are usually
whole, probably due to their greater strength.

Usually, the faunal elements observed in the Ocala Limestone
are clearly exotic. The remains seem not to have moved a great
distance for they are little abraded. Possibly the Ocala in the area
studied represents a region of accumulated animal debris from
nearby banks and reefs. The Ocala is a very extensive formation,
and paleoecological work on a larger scale is needed.

Twiggs Clay

The typical argillaceous portions of the Twiggs contain no
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megafossils, but articulated ostracod and unfragmented foramini-
feral shells are common. Small pelecypods were observed at
locality 11 with bright color patterns, indicating a photic, shallow
. water environment. The clay is thick-bedded and indicative of
quiet, low. energy, bottom conditions with rapid sedimentation.
Such conditions do not favor prolific bottom life. Some of the
. microfossils may represent forms whose remains accumulated as
sediments from water zones above the bottom. For others, death
probably resulted from silting and rapid burial.

‘Cooke (1943), LeGrand (1962), and King (1962) stated that
the Twiggs Clay is a bentonite or a weathered volcanic ash. The
clay is a mixture of the clay mineral montmorillonite with silt-size
particles of calcium carbonate, mica, and quartz. Foraminifer
tests, which are abundant in the sediment, are generally remark-
ably well preserved The writer finds it most difficult to believe
"'that the sédiment was once a Volcamc ash embedding consistently

abundant benthomc foramlmfers or that the ash could have
~ weathered so completely as to destroy any glass and volcanic
minerals and leave the délicate” hyallne foraminifer tests intact
and shiny. No textural or structural features suggesting ash deposi-
tion were observed in the field or the laboratory, Numerous
samples of Twiggs Clay from many localities were washed,
screened, and exarmined by the author for microfossils; no glass
shards were observed. In the writer’s opinion, the Twiggs Clay
was precipitated as colloidal particles formed by the action of
salt water on normal terrestrial clay minerals.

There are limestone beds in the Twiggs Clay which represent a:
reef-like . enviroizment. Echinoid shells encountered in these
beds lie upright in a life position. Corals occur attached to
each other and to pelecypod masses. Pelecypods are articulated,
and the.larger foraminifera lie flat. No fragmentation of fossils in
these beds has been:observed. These reef-like beds of limestone
may end abruptly in massive Twiggs Clay.
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Cooper Marl

The Cooper Marl shows more facies change in the area studied
than any other exposed formation. Thus, the fauna of the Cooper
1s more varied than the fauna of other formations studied.

The echinoid Periarchus quinguefarius is found in the Cooper
Marl at its updip edge, at localities 7 and 13. The formation at
locatity 5 is a very glauconitic silt with white calcareous clay
pockets which are highly fossiliferous. The echinoid tests occur as
broken and whole individuals in the pockets and in the silt. At
locality 13, Periarchus quinquefarius is found in sandy limestone
with little clay. Six miles downdip at locality 25 there is another

occurrence of this echinoid, in rock similar to that at locality 6,
but just off the flank of a calcarenite reef-like structure. Periaichus

quinquefarius has been observed in the Cooper Marl of central
Georgia and east Georgia and the Sandersville Limestone of east
central Georgia in fine-grained calcarenite. The occurrence of this
form in such varied lithology, and the fact that it has not been
found in any other formation, indicate that Periarchus quinque-
farius may be a good fossil for correlation between the Sanders-

ville and the Cooper. T

Chlamys cocoana, a small pelecypod, is common at most out-
crops of Cooper Marl throughout the area, regardiess of facies.
Since it is also found in the Red Bluff Clay of Alabama and is

restricted to the Cooper and Red Bluff, this fossil may offer:

reasonable correlation with the Alabama section.

The coral Flabellum cuniformae, which has been cited often as
a guide fossil to the Late Eocene, is found in the Cooper Marl at
all outcrops of rather pure calcarenite. Apparently it could
tolerate no silt or clay suspended in the water. Flabellum
cuniformae occurs throughout the Upper Eocene-Lower Oligocene
of the Southeast wherever clean calcarenite occurs. For this reason
the use of this fossil for correlation seems unsupported by field
evidence.
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Bryozoans occur abundantly in the Cooper Marl north of a line
between locality 19 and Elko but have not been observed south of
this line.

The echinoids Paraster americanus and Brissopsis blanpiedi
occur in large numbers (fig. 13) in the Cooper Marl at localities 16
and 17. They seem to have preferred a soft, somewhat sandy

Figure 13. Brissopsis blanpiedi in place in Cooper Marl at locality 16.

bottom and are generally found just beneath a zone of abundant
worm borings. The worm workings may indicate a sediment
unusually rich in organic matter.

The pelagic, deep water foraminifer Globigerina sp. is absent
in the updip Cooper Marl but present at downdip exposures.
This is thought to be due to deeper water conditions downdip.
Agglutinated foraminifera such as Textularia sp. are more abun-
dant in more clastic lithologies, no doubt owing to the greater
availability there of test construction materials.

Byram Formation

Unit B of the Byram Formation consists predominately of
medium- to fine-grained carbonate fragments and abundant tests
of smaller foraminifera. The carbonate fragments are rather
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angular and the foraminifer tests are not abraded or broken
indicating their deposition was probably in rather quiet water.
The coin-shaped large foraminifera, Lepidocyclina mantelli, occurs
most abundantly in a well defined bed approximately three feet
in thickness in which it is scattered helter-skelter at all orienta-
tions, but the fragile test is generally unbroken. It is not known
whether the random orientation of the tests of Lepidocyclina
mantelll represents their mode of life in the bottom sediment or
whether they were carried in by a gentle bottom current which did
not fragment them. As the bed of concentration of these larger
foraminifera is remarkably continuous over 200 yards distance
the former hypothesis seems more tenable.

The massive nature of Unit B and the lack of apparent bedding
indicates that deposition was probably continuous and the envi-
ronment rather similar through the entire unit. Echinoids, gastro-
pods, and corals are generally found in their living positions
throughout the unit. '

- The rhythmic alternating nature of the lithology of Unit A

suggests that environmental conditions ‘ﬂuctuzfted"r‘égularly"duﬁh?g"

deposition, probably due to varying availabilities of clastic silt
and clay. The base of each of the tan clay beds of Unit A contains
a very great abundance of fossil material indicating that probably
the influx of silt and clay killed large numbers of organisms by
clogging their breathing apparatus. Most of the fossil remains
observed in Unit A were in their approximate living positions,
indicating a probable life assemblage rather than a sedimentary
accumulation of miscellaneous fossil material. Corals were ob-
served to be considerably more abundant in the lower bed of
limestone than in any other part of the unit. This limestone bed
is also the thickest bed probably indicating that deposition
occurred over a longer period of time during which corals could
become more firmly established.

Flint River Formation

The Flint River Formation 1s sandy in the northwestern
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exposures but contains no sand to the southeast. This feature may
indicate a major source of terrestrial clastic sediments from a
northwest direction, possibly a large river. The presence of large
oysters in chert-cemented sands in the Flint River Formation may
indicate brackish water.

There is a definite association between the echinoid Cassidulus
gouldi and various types of ostracods. Casts of this echinoid are
often filled with ostracods, which are quite rare in the Flint River
as a whole. Apparently these echinoids died unburied, and ostra-
cods entered their tests and fed on the interior soft parts until
burial rendered their escape impossible. Thus casts of Cassidulus
gouldi often show abundant ostracods on the surface (fig. 14).

Figure 14. Ostracods preserved on the silicified mold of the interior of
Cassidulus gouldi

Large foraminifera, anainly Lepidocyclina undosa and Lepido-
cyclina favosa, are common at most outcrops of the Flint River
Formation. At locality 26 there is a large boulder illustrating an
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unusual assemblage of vast numbers of these large protozoans
(fig. 15). The tests are scattered helter-skelter at all angles in a
volume of two to three cubic yards. This assemblage may be the
result of rapid burial of an unusually productive bottom com-
munity, or it may represent a preserved ‘‘swash line’’ concentra-
tion of individuals. The tests are not broken or fragmented.

Figure 15 Foraminifer tests concentrated in Flint River Formation chert.

Pelecypod shells in the Flint River Formation are disarticulated
and broken in local, lens-like concentrations of spectacular num-
bers. This may indicate ‘“‘swash line” beach type deposits. The
abundance of Quinqueloculina, Pyrgo, and Reussella tests also
seems to indicate near-shore conditions. Alga-like masses with
associated small solitary corals, gastropods, and regular echinoids,
indicate that shallow, clear water conditions with high associated
energy may have produced true reef development. The fauna of
the Flint River Formation appears to have tropical to subtropical
affinities, further substantiating this premise.
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MINERAL RESOURCES
Iron

There is a zone, 0 to 10 feet thick, of limonite-hematite
enrichment in the residuum of the Flint River Formation. This
zone is near the top of the residuum and is a mappable horizon
(Pickering, 1961). The iron concentration is intermittent and,
where present, generally overlies the chert of the Flint River
Formation. Where there are good concentrations of iron in the
residuum, chert is usually not as prominent as where there is
no iron enrichment.

Figure 16. Limonite occurs as large spherical concretions, such as at this
outcrop 3 mi. west of Hawkinsville on Old Pinehurst Road.

As discussed earlier, limonitic enrichment, in the form of con-
cretions, geodes, dornicks, and iron-cemented sandstone, appar-
ently was produced by the replacement of limestone during solu-

tion and silicification (Haseltine, 1926; Pickering, 1961). Limonite
geodes line chertified solution cavities at localities 28, 30, 32, and
33. It is suggested the iron was not derived from iron minerals
originally present in the limestone but from iron-rich ground
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water solutions derived from rocks of the piedmont area.

Iron mining, in the area studied, began in 1961 (Pickering,
1961) and was almost continuous to 1965 at localities 29, 30,
31, and 39. Average ore grade has been 51 percent iron, with
desirably low phosphorus. It is shipped to Birmingham, Alabama,
to raise the quality of the low-grade Clinton-type hematite ore.

Mining was accomplished by a small (34-yard) power shovel and
front-end loader. It was trucked about 5 miles to a single log
washer, cleaned, and trucked 7 miles to the railhead at Unadilla.

Limestone

The Ocala Limestone has been quarried in the area mapped

since 1912 (Brantley, 1916). For many years all of the stone
was used for agricultural lime, for road metal, and for aggregate.
In 1941 Penn-Dixie Cement Company began production of Port-
land Cement from the Ocala Limestone, Twiggs Clay, and Clinch-
field Sand. Production has been continuous since that time, and

—_____localities 10 and 11-have been-quarried for-this purpose. Georgia

Lime Rock Company is quarrying the Ocala for agricultural lime-
stone at locality 23.

The Ocala Limestone has been reported to be 89 to 97 percent
calcium carbonate (table III) in the outcrop area studied (Brant-
ley, 1916). Thickness is generally about 40 feet along the Big
Indian Creek valley; but locally, solution or erosion has reduced
thickness to less than 15 feet.

The Cooper Marl has been quarried for agricultural limestone at
localities 16, 17, 21, and 25, where the formation is a soft calcare-
ous marl. Small operations should be able to compete favorably
for local lime requirements, as the rock is easily worked and over-
burden is negligible. Production could be resumed at many places
along the banks of the Ocmulgee River.
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Fuller’s Earth

Twiggs Clay throughout the area mapped consists of a plastic
gray-blue to green fuller’s earth in the area of Pike’s Peak in
Twiggs County and Wrens in Jefferson County, Georgia. Fuller’s
~ earth is mined and sold for a variety of purposes. As a part of the

- Department of Mines, Mining and Geology Georgia Minerals

Exploration Program test holes are being cored in the Twiggs Clay
thrdughout its area of outcrop in South Georgia and tests are
being made to determine economic féasibility. Several test holes
have been cored for areas underlain by Twiggs Clay in the Perry
and Cochran quadrangles; test results will be published when
available. L |

The TWiggs Clay méy also be well adapted to the manufacture
of rock wool insulation or light weight aggregate; tests for these
commodities are presently being made.

. _k.'l.“heE Twiggs Clay, which is being removed as overburden in large
tonnages from limestone quatrying operations in the area studied,
. is presently being used in only small quantity as an additive in the
- manufacture of Portland: Cement. It is hoped that additional

....research by the Department of Mines in cooperation with the

- Georgia Institute of Technology will reveal some use for this

. ..product which is now being discarded.

‘High Silica Sand

‘The Clinchfield Sand in its area of outcrop is generally highly
iron stained and would be very difficult to beneficiate to an
acceptable high silica sand product. However, where the forma-
tion has been protected from staining by the overlying Ocala
Limestone it is relatively free from objectionable iron, and attri-
tion scrubbing will produce a silica product which is quite low in
iron. Large acreages of Ocala Limestone have been removed by
quarrying operations in the area south of Big Indian Creek. In
these quarry areas Clinchfield Sand is in a relatively unstained
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condition with very little overburden and is readily accessible to
available mining and loading equipment and to rail transportation
facilities.

The Clinchfield Sand does contain from two to six percent
calcium carbonate in the form of coarse- to fine-grained organic
debris. Most of this carbonate material is very fine-grained and can
be removed by screening. In order to produce a salable high silica
product, however, the remaining carbonate would have to be

removed by some method, probably froth flotation.

Only a portion of the Clinchfield Sand is sufficiently coarse-
grained to be used as a raw material for glass manufacture; how-
ever, the remaining fine-grained quartz sand would have a consi-
derable market potential for the manufacture of sodium meta-
silicate and the making of silica-lime bricks. This fine-grained
sand could also be crushed and sold for silica flour.

It may be readily caiculated that if the average thickness of the

-Clinchfield Sand -is-only fifteen feet there-is a minimum of more--

than 325,000,000 tons of silica sand available for mining in
presently active quarry areas in Houston County.

Construction Sand

There are very large tonnages of construction grade sand avail-
able in Pleistocene high terrace deposits along the east bank of the
Ocmulgee River throughout the area studied. This material has
been mined from several small pits along Georgia Highway 126
about three miles north of Hartford but is not presently being
used in any way. If the building industry in the area should
require the production of large quantities of construction sand,
these deposits should be of great use.
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SUMMARY AND CONCLUSIONS

The exposed Tertiary rocks of the area studied may be divided
and mapped lithologically and paleontologically as seven distinct
formations overlain by a series of undivided Neogene clastics.
These formations are, in ascending stratigraphic order: McBean
Formation, Clinchfield Sand, Ocala Limestone, Twiggs Clay,
Cooper Marl, Byram Formation, and Flint River Formation. Re-
gional dip is from ten to fifteen feet per mile to the southeast.

Study of the paleontology in the area mapped reveals that the
sand under the Ocala Limestone has a late Eocene fauna. Further

~ it has been concluded that this sand should be referred to as the

Clinchfield Sand Formation. The Alabama term *““Gosport Sand”
is not applicable to this unit.

The Ocala Limestone is a distinctive formation and is not a
ridge-forming unit as has been previously assumed by some
authors. The Flint River Formation holds ﬁp the ‘““Ocala Escarp-
- ment” just south of Clinchfield.

"Formational status has been suggested for the Twiggs Clay.
The Twiggs has been shown not to exist beneath the Ocala; it
.was there confused in the past with the McBean.

The Cooper Maxrl is present ini central Georgia and is the litho-
logic equivalent of the Cooper Marl of South Carolina. Examina-
tion of fossils encountered in the Cooper Marl shows possibilities
for correlation with the Sandersville Limestone of east central
Georgia, a unit of previously undetermined age.

- Detailed study of the paleontology of the Cooper Marl has
shown the presence of a number of forms regarded as Oligocene in
other states. Further substantiation is therefore given to recent
suggestions that the Cooper Marl is of Early Oligocene age. The
Cooper is not present along the “Ocala Escarpment” where it has
been previously mapped. Updip, the Cooper Maxl is indeed a
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typical marl containing about equal proportions of sand, clay, and
carbonate but downdip, this formation is represented almost
entirely by limestone.

The Byram Formation has been mapped and described along
the Ocmulgee River south of Hawkinsville.

The Flint River Formation is represented by the residual pro-
ducts of an Oligocene limestone. It is the approximate updip
faunal equivalent of the Suwannee Limestone of Florida and south
Georgia. The Flint River Formation is sandy and conglomeratic to
the northwest. South of this area there is a belt of calcarenite to
calcirudite which has been silicified to loose, porous tripoli. South
of this belt much of the chert in the formation is compact,
nonporous chalcedony and jasper.

The interstream divides are capped with a blanket of sand, clay,
and conglomerate which cannot be subdivided. The age of this
material can be only assigned to the undivided Neogene.

" "Reported for the first time as aV'résult'""‘é’f“"thié"‘»étﬁdif“‘éifé":"""

Periarchus lyelli, P. Iyelli pileus-sinensis, Laganum floridanum,
Chlamys spillmani clinchfieldensis, and Crassostrea gigantissima
from the Clinchfield Sand; and the echinoids Paraster americanus,
Periarchus quinquefarius, P. quinquefarius kewi, and Brissopsis
blandpiedi from the Cooper Marl.

Paleoecological study has shown that the Clinchfield Sand was
deposited in shallow water under high energy conditions. Change
in environment to lower energy conditions led to deposition of
sandy limestone beds near the top of the Clinchfield. The number
of species present at this change of environmental conditions is
relatively large, and all often appear in living position.

The Ocala Limestone is shown to be a high energy bioclastic
accumulation of transported organic debris.
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The Twiggs Clay has a shallow water pelecypod fauna and no
indication of volcanic ash accumulation as previously thought.

The, Cooper. Marl shows clear facies: change from more clastic
clay marl updip t6 fine-grained limestone downdip.

. The Flint River Formation shows a sandy facies at the north-
west edge of the area studied, a coarse bioclastic facies across the
central portion, and a compact, fine-grained facies along the south-
west edge. Areas resembling true reefs are present with a typical
alga-coral-.gasjaﬁropod—\xjegul‘ar echinoid assemblage.

The youngest sediments of the area are a complex blanket of
sands, clays; and conglomerates of Neogene age. The sedimentary
features of this material indicate a terrestrial or deltaic origin.

High silica sand from the Clinchfield Sand in the Perry and
LCochran guadrangles was sampled by drilling at Clinchfield, and an
analysis of this material is included. Measured sections of lime-
stone from the Ocala Limestone and the Cooper Marl in the area
have present or future economic potential as agricultural lime and
for cement manufacture. Iron mining in the area is described, and

other possible economic mineral resources are enumerated and
described.
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Illustrations of selected fossils
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Illustrations by Carl Vardaman
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Glveymeris cookei  3X
Flint River Formation

Glycymeris suwaneensis  2X

Flint River Formation
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Chlamys spillmani clinchfieldensis 1X
Clinchfield Sand, Ocala Limestone, Twiggs Clay

Chlamys cocoana

Cooper Marl
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Pelecypods
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SX

1

Phacoides wacissanus

i0on

Flint River Format

5X

4

tel]a

Gryphostrea plica

Cooper Marl
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Clypeaster rogersi

1X
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Byram Formation
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APPENDIX B  Echinoids

Flint River Formation

1X

i

Clypeaster cotteau
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Perigrchus lyelli 95X
MeBean Formation, Ciinchfield Sand, Ocala Limestone
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Periarchus lyelli pileus-sinensis ~ 1.1X
Clinchfield Sand, Ocala Limestone, Twiggs Clay
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Periarchus quinquefarius  1.1X Cooper Marl
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Periarchus quinquefarius kewi 1.3X Cooper Marl
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APPENDIX B Echinoids

Ocala Limestone

.856X

Wythella eidridgi
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Clinchfield Sand, Ocala Limestone
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Cooper Marl

8X

Paraster americanus



Cassidulus gouldi
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1.36X Flint River Formation
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APPENDIX C Corals

Flint River Formation

1.7X

Trochocyathus sp.
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