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RESEARCH LETTERS

Stratigraphic Distribution of Jacksonian
(Priabonian) Echinoids in Georgia:
Comparison and Suggested Correlations
with Florida and the Carolinas

BURCHARD D. CARTER

and ROBERT E. HAMMACK
Department of Geology and Physics,
Georgia Southwestern College,
Americus, GA 31709

PALAIOS, 1989, V. 4, p. 8691

The Jacksonian (Priabonian) of the
southeastern United States has one of the
richest echinoid faunas in the world, yet
heretofore only the fauna of Florida has
been adequately characterized biostrati-
graphically. We outline the stratigraphic
distribution of Jacksonian echinoids in
Georgia and compare it with the zona-
tions used in Florida and other regions.
Data come primarily from collections
made in strata correlated lithostratigra-
phically and biostratigraphically, using
micro-and macrofossils other than echi-
noids, with strata outside the state, par-
ticularly in peninsular Florida. Supple-
mentary data from museum collections
and published sources were subsequently
added. Most species can be stratigraphi-
cally placed based upon these collections,
and the pattern agrees with the distribu-
tions established in Florida. Conversely,
we find support in these patterns for the
use of oligopygoids in biozonation in
Florida. Species not included in the pri-
mary collections were dominantly those of
the upper Jacksonian Oligopygus we-
therbyi zone. We recognize these species
from few individuals in residuum, from
a region of active solution of the Eocene
carbonates. The middle assemblage zone
in Georgia, correlative with the OL-
gopygus haldemani in Florida, has a
much richer fauna, including more
spatangoids, than its counterpart in Flo-
rida. The Georgia strata equivalent to the
Oligopygus phelani zone of Florida have
a fauna similar to, but with lower local
diversity, than correlative rocks of Flo-
rida.

Copyright © 1989, The Society of Economic Paleontologists and Mineralogists

Species from southeast Georgia, previ-
ously considered middle Eocene, are bet-
ter treated as Jacksonian. Two species,
tentatively identified herein, are known
otherwise only from the Castle Hayne
Limestone of the Carolinas, and support
a Jacksonian age for those strata.

INTRODUCTION

McKinney and Jones (1983) and
McKinney and Zachos (1986) have
recently published a biostratigraphic
characterization of Eocene echinoids in
Florida. Several studies of echinoid
paleobiology in the region have relied
explicitly upon this work (McKinney,
1984; Carter, 1987b). Carter’s (1987b)
discussion of the paleobiogeographic
distribution of late Eocene echinoids in
the southeastern United States sug-
gested the possibility of unpreserved
strata in Georgia contributing to the
degree of apparent endemism between
central Florida and the remainder of the
Coastal Plain. This paper outlines our
findings not only on the distribution of
species in Georgia, but on how the
distributions compare with those in
Florida. We find support for the idea of
stratigraphic mismatching between the
regions.

Taxonomy of Eocene echinoids in the
southeastern United States is well sum-
marized in Cooke (1959), with only a
few systematic modifications (Durham,
1955; Kier, 1968; Carter and Beisel,
1987) and new species (Kier, 1967;
1968; Harper and Shaak, 1974; Zachos,
1968). These are of little more than
nomenclatural interest to the present
study. The new taxa described in Kier
(1967; 1968) are the only new species
found in Georgia (see discussion be-
low).

Echinoids have not been used exten-

sively in the zonation of the Eocene in
Georgia; only Periarchus species have
been used at all. Pickering (1970) in-
cluded a local stratigraphic zonation for
the echinoids in a small region near
Perry, Georgia.

In contrast, echinoids are used exten-
sively in biostratigraphy of the Ocala
Group in Florida. Early workers (Puri,
1957) used Periarchus floridanus (treat-
ed as a subspecies of P. lyelli by Cooke,
1959) to identify the lowermost portion
of the sequence. Subsequently three
species of Oligopygus have been found to
be particularly useful in zonation of the
entire Ocala Group (Hunter, 1976; Za-
chos and Shaak, 1978; McKinney and
Jones, 1983), and assemblage zones for
all the Ocala echinoid species have been
identified (McKinney and Zachos, 1986).

MATERIALS AND METHODS

We have made extensive collections
from numerous locations in the Dough-
erty Plain region of Georgia, both from
surface exposures (quarries, stream
bluffs, springs, and other natural expo-
sures) and from water wells. We also
have a small collection from the vicinity
of Perry (Fig. 1). Other workers’ litho-
stratigraphic and biostratigraphic corre-
lations of the strata from which these
collections were made are reported in
Huddlestun (1981) and J. Carter (1984).
These data constitute the core of the
present interpretations. Figure 2 sum-
marizes Huddlestun’s (1981) lithostrati-
graphic and biostratigraphic relation-
ships of the Jacksonian strata of Georgia
and their correlations to the Oligopygus
spp. zonation of central Florida. We
chose the collections used in the first
stage of construction of our zonation,
whether our own or others’, specifically
from the individual units thereon. Some
indication of the completeness of collec-
tions for the units is included in Figure
2. The chart in Figure 3 is primarily a
range chart within these units for the
species in our collections, with addi-
tional species and occurrences added
from the other data sources.

Most additional data were taken from
Cooke (1959). We sorted his species by
locality, and found that in some cases
associations of species reported by
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FIGURE 1—Outline map of Georgia showing generalized outcrop pattern of Eocene rocks
(light shading) and geographic features mentioned in the text. B—Bainbridge; P—Perry;
DP—Dougherty Plain; C—Chattahoochee River; F—Flint River; S—Lake Seminole.

Cooke from individual localities repre-
sented assemblages consistent with the
assemblage zones recognized in Flor-
ida, or with those recognized during our
first-stage analyses. Such data were
added to the core data set we accumu-
lated. Other localities (or groups of
geographically closely spaced locali-
ties—Cooke’s locality data are not al-
ways of optimal precision) from Cooke
contained either no stratigraphically
certain species, or stratigraphically di-
verse species. Such localities contribute

nothing to our zonation. Other litera-
ture sources were generally used only if
the identifications could be verified with
plates or examination of the specimens
in museum collections. Toulmin’s
(1977) collections were checked at the
Alabama Geological Survey. Some of
Pickering’s (1970) collections were ex-
amined at the Georgia Geological Sur-
vey. Huddlestun and Hetrick (1986)
contributed in a minor way for one
easily identified species (not checked).

A few records we used were from

specimens in the collections of the Ala-
bama, Florida, and Georgia Geological
Surveys that have never been reported
in the literature.

Our total data set includes 160
records from approximately 50 locali-
ties, mostly but not universally within
the Dougherty Plain. This number in-
cluded only those species reported in
the literature which we actually used,
for instance not including the localities
we discarded from Cooke’s monograph.
Twenty nine species are treated.
Roughly half of these records are from
our own collections, which are the most
sound geographically, stratigraphically,
and taxonomically.

Our first order assessment of the
zonation in Georgia agrees well with the
assemblage zones recognized in Florida
(compare our Figure 3 with figure 2 of
McKinney and Zachos, 1986). Taking
this agreement as an indication of the
applicability of the Florida zonation in
Georgia, we have added some rare
species and occurrences to our diagram
which we could not fit in on during our
initial assessment (Amblypygus ameri-
canus, Oligopygus phelani, and Eurho-
dia trojana).

Multivariate analyses as in McKinney
and Zachos (1986) were performed, but
analyses using our entire data matrix
failed to produce any pattern in either
g-mode or r-mode analyses. Extensive
pruning of the data, discarding small
samples, produced clusters in agree-
ment with the pattern in Figure 3.
However, in order to get these results
we had to discard all the samples except
the most diverse five or six—the ones
used to manually construct the chart
anyway. Because of this we assume
that numerical analysis is superfluous in
this case. In addition, we arguably
would have done extensive damage to
the data set by deleting so many data.

RESULTS

We recognize a three-fold stratigra-
phic subdivision of the Jacksonian echi-
noid fauna of Georgia (Fig. 3) similar to
that recognized in Florida (McKinney
and Zachos, 1986). The Clinchfield,
lower Tivola, and basal Williston (sensu
Huddlestun, 1981) correspond with the
Oligopygus phelan: zone of Florida; the
Muckalee member of the Williston, and
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FLORIDA GEORGIA
_ s.w. N.E
0. CRYSTAL TOBACCO
CRYSTAL wetherbyi ROAD
OCMULGEE
RIVER P N
K SANDERSVILL
<
WILLISTON holdenani WILLISTON TWIGGS
MUCKALEE
_________ TIVOLA?
o. TIVOLA
INGLIS phelani CLINCHFIELD

WELL-COLLECTED AND DIVERSE.

APPARENTLY WELL-COLLECTED BUT NOT DIVERSE.

POORLY-COLLECTED AND/OR NOT DIVERSE.

FIGURE 2—l.ithostratigraphic and biostratigraphic relationships of the Eocene strata dis-
cussed in the test. Modified from Huddlestun (1981) and McKinney and Jones (1983).

upper Tivola correlate with the O. hal-
demani zone; and the residua in the
Dougherty Plain (?Crystal River), San-
dersville, and Tobacco Road correlate
with the Florida O. wetherbyi zone. The
correlation of the upper Tivola and
Muckalee does not agree with Hud-
dlestun’s (1981) assessment.
Comparison of our chart (Figure 3)
with that of McKinney and Zachos
(1986, figure 2) reveals only one com-
plete inconsistency. Dixieus dixie is
known from a test fragment from the
Clinchfield Sand in a well in southwest
Georgia, whereas in Florida it is re-
stricted to younger parts of the Ocala.
The Muckalee Member of the Wil-
liston in the Dougherty Plain is much
richer in species, including a number of
spatangoids, than the equivalent O. hal-
demani zone of Florida. A number of
these species are either very rare or

unknown from central Florida (e.g.
Macropneustes mortoni, Brissopatagus
alabamensis—Carter, 1987a and in
prep.). The O. phelani and O. wetherbyi
zones have been called “echinoid bio-
somes” to contrast them with the rela-
tively echinoid-poor O. haldemani zone
(“miliolid biosome” and “pectinid bio-
some”—Zachos and Shaak, 1978).

In Florida the uppermost part of the
Ocala is richest in echinoid diversity,
but in Georgia this is the least diverse.
As mentioned above, this probably is a
result of the poor preservation of the
uppermost Ocala in the Dougherty
Plain. This low-lying physiographic prov-
ince of Georgia is a region of extensive
active solution (Cooke, 1943; Beck and
Arden, 1983). Quarries and natural out-
crops (principally stream bluffs) in the
region generally expose middle and
lower zone rocks. Our collections and

those we have examined at the Georgia
Geological Survey include upper zone
species only from residual chert on the
surface of the Plain. Most of the upper
zone species reported by Cooke (1959)
are apparently from similar exposures,
though a couple of his localities in the
vicinity of Bainbridge, on the Chatta-
hoochee and Flint Rivers were appar-
ently in situ exposures of this zone.
These localities are now covered by the
floodwaters of Lake Seminole.

Of the three species of Oligopygus
used in biostratigraphy in Florida, only
O. haldemani is found in any abundance
in Georgia. We have found several
specimens at one locality, and only one
specimen at a second—the most di-
verse locality we know of in the state.
At the most diverse locality of the
proper age reported by Cooke (1959),
which we have also collected intensely,
no specimens have ever been found.
Pickering (1970) reports O. wetherbyi
from the vicinity of Perry, but all the
specimens so labeled in Pickering’s col-
lections at the Georgia Geological Sur-
vey are in fact O. haldemani. Possibly
the rocks of the proper age in Georgia
are too muddy (Branch and Carter,
1985) for this species (McKinney,
1984) except at a few localities. Oli-
gopygus phelani is known in Georgia
from three specimens from a well in the
Dougherty Plain. We have one internal
mold of O. wetherbyi from residuum and
have seen a couple of specimens in a
core from the edge of the Suwannee
Strait which may be this species. The
Alabama Geological Survey has one
specimen from residuum. Thus the oli-
gopygoids are of limited practical use in
the state.

The high diversity of the O. halde-
mani zone equivalent in Georgia is
partly due to the inclusion of five spe-
cies which are found primarily in the O.
wetherbyi zone in Florida (the late Ocala
shallow association of McKinney and
Zachos, 1987). Our examinations of
hand samples and a limited number of
thin sections of the sediments contain-
ing these faunas suggest similar sub-
strate conditions—the rocks in both
cases are poorly washed biopelsparites.
This suggests that during the range of
O. haldemani environmental conditions
were already quieter and more stable,
conditions Florida did not attain until the
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time of O. wetherbyi. Two possible in-
ferences from this are important. First,
the paucity of O. haldemani in Georgia
may reflect a paucity of area of suitable
substrate, emphasizing the importance
JACKSONIAN of environmental control on species of

this genus stressed in the evolutionary

LOWER | MIDDLE | UPPER scenario of McKinney (1984). Second,
Phyllacanthus mortoni - if these substrata were indeed similar to
those preferred by O. wetherbyi later in

Welsbordella johnsont the Jacksonian of Florida, then the ab-
Periorchus plleussinensis solute lack of that species in these rocks
_ suggests that its stratigraphic distribu-

Flbularig voughni tion in Florida is very much temporally

Dixleus dixie [ | (aqd not env@ronmepta]ly) controllec}.
011gopygus phelani - t’f‘il;lzsoztgzgtl){ts its qualifications for use in
Weisbordella cubae

GLYNN COUNTY WELL,
Periarchus lyelll SOUTHEAST GEORGIA
Rhyncholampas georgiensis | Kier (1968) reported six echinoid
Rhyncholompas ericsoni = species from a well in Glynn County, on
the Georgia coast. Two of these spe-
2 S )
*Eurhodia rugosa r ) cies, Lentechinus herricki and Pente-

Echinocyamus bisexus is known also

Phyllacanthus cf. carolinensis from the Castle Hayne Limestone of the
Brochopleurus pretiosus Carolinas (Kier, 1980) from Kier’s “late

s floralanus zone.” My preliminary assessment of

Lytechinu the stratigraphic distribution of the Cas-

Paraster armiger ? | p— dium curator, are unique to this locality.
|
2

011gopygus haldemani tle Hayne species places it within the
sizla clevel - upper “zone 3” or “zone 4” of Zullo and
Agassiz Harris (1986, 1987) which these au-
Macropneustes mortoni P - - thors arg‘_!e .is J?cksonjan_ Ftb.ularia
aglobrissus curvus alabamensts is fairly common in the
Plag Jacksonian of the Gulf Coast (Cooke,
Brissopatagus alabamensis 1959; Toulmin, 1977). The last two
Eupatagus ocalanus species were not certainly assigned })y
patag Kier, but he stated that they were quite
Rhyncholompas conradi _‘— similar to two Jacksonian species—~Pe-
Eurhodia patelliformis riarchus lyelli from the Gulf Coast and
the Carolinas, and Durhamella flori-

PlOglODl‘lSSUS dixie dana from central Florida.
Amblypygus omer icanus |-- Kier (1980) treated these species as
Claibornian, but presented no evidence
Wythella eldridgel -1 for such as assignment except a sup-
Eurhodia trojana -1 posed lithostratigraphic correlation with
the Lake City Limestone of central
0l1gopygus wetherbyl Florida. The echinoids, in contrast, sug-
Mortonella quinquefaria H gest a Jacksonian age. None of these
species allows a more precise stratigra-

phic assignment than this, so they are
not included in Figure 3.

SPECIES SHARED WITH
THE CAROLINAS

Worsley and Laws (1986) and Zullo
and Harris (1986, 1987) have recently

FIGURE 3—Range chart for late Eocene echinoid species in Georgia.
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suggested that the Castle Hayne and
equivalent strata of the Carolinas are in
part Jacksonian, and not entirely Clai-
bornian as is generally held. Based upon
the echinoids, and presumably his expe-
rience with other taxa, Cooke (1959)
refused to assign the Castle Hayne to
either stage. Kier (1980) treated all
these strata as Claibornian, but pro-
vided no argument for such an assign-
ment. The highly endemic fauna of this
region (Carter, 1987b) is the cause of
this uncertainty. Our collections from
the middle zone of the Ocala in Georgia
contain two taxa which we treat as
species shared with the Carolinas. In-
terambulacral test fragments, with at-
tached half-ambulacra, of a cidaroid
species other than the common Phyl-
lacanthus mortoni are known from two
localities in the Dougherty Plain. These
fragments are identical with P. caroli-
nensis as figured in Kier (1980). Though
Cooke (1959) treated this species as a
synonym of P. mortoni the differences
are obvious at a glance. Unfortunately
P. carolinensis is known in the Carolinas
only from the holotype, and its locality
and exact stratigraphic position are not
known.

In addition, we collected a longitudi-
nal third of an elongate cassiduloid from
a quarry near Perry. The specimen
does not include any of the characters
necessary for a positive identification,
but it does have a distinctly longitudi-
nally depressed oral surface as is often
the case with species of Eurhodia
(Carter and Beisel, 1987) and it is too
elongate to be any of the cassidulids
known from the Eocene of the south-
east. It is too large to be Ewurhodia
patelliformis, and so we tentatively as-
sign it to E. rugosa whose shape we
infer it shares. This latter species is
common throughout the Castle Hayne
of the Carolinas, including that portion
which is debatably Jacksonian.

Other species from the Castle Hayne
with Jacksonian affinities in Georgia in-
clude Echinocyamus bisexus (discussed
above); Dixteus dixie (from the “late
zone” of Kier, 1980); Periarchus lyelli
(also from Kier’s “late zone” and zones
“3” and “4” of Zullo and Harris, 1986,
1987); and Rhyncholampas carolinensis
(also from Kier's “late zone,” and
treated as a subspecies of R. conradi by
Cooke, 1959). Cooke (1942) mentioned

a specimen of the latter species from
the Ocala of Florida, but dropped it from
his 1959 monograph. Kier (1980) re-
ported being unable to find the speci-
men at the USNM.

These occurrences of Castle Hayne
echinoid species from Jacksonian rocks
in Georgia lend further support to the
suggested reassignment of the upper
Castle Hayne to that stage (Zullo and
Harris, 1986; 1987).
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