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Opaline Sediments of the Southeastern Coastal Plain

and Horizon A: Biogenic Origin

Abstract. Scanning electron microscope techniques show that Eocene opaline
claystones (fuller's earth and buhrstone) of the Atlantic and Gulf Coastal Plain,
deposits long considered volcanic in origin, are actually highly altered diatomites
formed as transgressive facies in normal marine continental shelf environments.
These findings are in agreement with a biogenic origin for time-equivalent
horizon A and A" deep-sea cherts of the North Atlantic and Caribbean.

Opaline (cristobalite-rich) Eocene
claystone deposits of the Atlantic and
Gulf Coastal Plain have recently been
cited in Science (1) and elsewhere (2)
as examples of altered rhyolitic ashes
which accumulated in nearshore or
brackish coastal environments. Such
ashes are also thought to have been
distributed by atmospheric and water
currents into the North Atlantic Ocean
basin where they were presumably re-
sponsible for the formation of the
cristobalite-rich, horizon A Eocene
cherts (7, 3). We present evidence here
to show that opaline claystones of the
coastal plain are altered diatomites, not
ashes, and that they formed in normal
marine rather than in restricted coastal
environments. Our evidence is compati-
ble with a biogenic rather than a vol-
canic origin for the horizon A cherts
and their Caribbean equivalents (hori-
zon A”).

Opaline claystones are unusually
porous, lightweight siliceous rocks
which possess oil clarification proper-
ties (4). Accordingly, they have been
referred to locally as fuller’s earth (5)

or buhrstone (6). Scanning electron
microscopy of fracture surfaces of
opaline claystones from 14 Southeast-
ern Coastal Plain localities (Mississippi
to South Carolina; see Table 1) reveals
siliceous microfossils which occur as
molds in 90 percent of the samples
examined. The fossils are most abun-
dant in samples which contain 60 to
90 percent SiO.. The opaline material
is unidimensionally disordered alpha-
cristobalite (7) in the form of bladed
microspherulites (8). Most of the
microfossil molds are of marine di-
atoms including large and small cen-
trics '(Fig. 1A), pennates and forms
which resemble Triceratium (Fig. 1B),
and Actinoptychus (Fig. 1C). Sponge

spicule (Fig. 1D) and radiolarian
molds (9) are interspersed in the South
Carolina and Alabama  material.

Clearly, the opaline claystones repre-
sent highly altered diatomite deposits
rather than ash beds. Most microfos-
sils in the deposits, however, have been
completely destroyed by dissolution.
Siliceous microfossils have not been
reported previously in South Carolina

Table 1. Opaline élaystone samples which contain siliceous microfossil molds. The Black
Mingo and McBean units were collected by S. D. Heron. All other samples were collected

by the authors.

Formation

Samples and localities

Age

Nanafalia
(Grampian Hills member)

Black Mingo
(opaline facies)

GH-1 (Wilcox County, Ala.)

9-6-1 (Sandy Run Creek, S.C.);
9-9-1 (Big Beaver Creek, S.C.);

Late Paleocenc

Early-Middle
Eocene

6-10-4, 9-11-4 (Little Beaver
Creek, S.C.); 9-18-1, 9-18-2
(Bates Mill Creek, S.C.); 9-67-1,
9-67-2, 9-67-3 (Thelma Hill
property, Calhoun County, S.C.);
9-68-2 (Dicks Swamp, S.C.);
A-183-1 (Williamsburg Bridge,
S.C.); 43-6-1, (Tavern Creek,
S.C.); 43-7-5 (Holy Cross
Church, Sumter County, S.C.)

McBean
Tallahatta

A-3-1, A-3-2 (Early Branch, S.C.)

Middle Eocene

T-3 [Choctaw County, Ala.;
locality 135 of Toulmin and
LaMoreaux (17)]; I-10-12,
1-10-13, 33-1 (U.S. Highway
1-10, Meridian, Miss.)

Barnwell
(Twiggs Clay member)

KL-1 (Georgia-Tennessee Clay
Corporation pit, Wrens, Ga.)

Late Eocene
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and Georgia fuller’s earth deposits to
our knowledge, although they are

mentioned in an 1894 report on the
Tallahatta buhrstones of Alabama (6).
The significance of that early observa-
tion of siliceous microfossils, however,
was overlooked during later mineral-

ogical studies (/0), particularly x-ray
studies (2) which established the
presence of zeolite (clinoptilolite),
montmorillonite, and alpha-cristobalite
in the Tallahatta formation. Mineral-
ogists concluded (I, 2, 4) that the
clinoptilolite, cristobalite, and at least

a portion of the montmorillonite in
Eocene coastal plain sediments repre-
sent a suite of alteration products from
devitrified volcanic glass. Most of the
montmorillonite, however, may be
detrital [(4); see also (I1)], and zeo-
lites are generally rare or absent in the
cristobalite-rich beds of the Tallahatta
formation (2) and of the Black Mingo
formation of South Carolina (4). In-
stead, zeolites are concentrated in the
soft clay units of the Alabama material
(2), and no zeolites are present in the
Twiggs Clay (Barnwell formation) of
Georgia (12).

Early diagenesis of the Eocene diat-
omites of the coastal plain probably
followed a pattern recently postulated
for deep-sea siliceous ooze diagenesis,
that is, in situ dissolution of biogenous
opal with silica reprecipitated inorgan-
ically as authigenic disordered alpha-
cristobalite (8, 13). In places where
the opal contents of deep-sea oozes are
extremely high, molds of microfossils
may not be preserved. Significantly,
once diagenesis begins, practically all
available biogenous opal in the affected
material may be converted to cristo-
balite with little trace remaining of the
original substance (I4). Radiolarians
and certain diatom taxa (for example,
Actinoptychus) which occur in our
coastal plain material do not tolerate
fresh or brackish water; therefore,
these deposits must have formed in
open marine, nonrestricted shelf en-
vironments. Abundant pteropods in the
buhrstones of the Tallahatta formation
(I5) and the lithostratigraphies of
the opaline claystone formations in
question also suggest normal marine
environments. At all outcrop localities
studied, opaline claystones overlie
quartz sands or montmorillonite-rich
clays, or both, which can be inter-
preted as beach, tidal flat, or offshore
bar facies of transgressive sequences
[for example, see (16)]. The opaline
sediments represent near- to offshore,
normal marine facies of these transgres-

Fig. 1. Microfossil molds in Eocene opal-
ine claystones of the Southeastern Coastal
Plain. (A) Centric diatoms (arrows indi-
cate small centrics; L, large centrics);
sample KL-1, Twiggs Clay member (scale,
20 pm). (B) Triceratium sp. (diatom). Note
bladed microspherulites of cristobalite
which line mold interior; sample 43-7-5,
Black Mingo formation (scale, 5§ um). (C)
Actinoptychus sp. (diatom); sample KL-1,
Twiggs Clay member (scale, 5 um). (D)
Sponge spicule; sample 9-67-3, Black
Mingo formation (scale, 50 um).
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 sive sequences. In Alabama (I7) and
Georgia (12, 18), opaline claystones
are overlain by regressive sand units
which complete the record of what
may be considered classic transgressive-
regressive depositional cycles.

Our evidence makes it necessary to
revise presently accepted paleoenviron-
mental interpretations and models of
Eocene coastal lithofacies. For in-
stance, Reynolds’ (2) proposal of re-
stricted back-bay coastal lagoons as
sites of cristobalite deposition is in-
compatible with the open marine en-
vironment we demonstrate. His model
of direct chemical precipitation of
cristobalite from circulating bottom
waters, therefore, is invalid and un-
necessary in view of the fact that the
immediate silica source was diatomite
rather than volcanic ash. Similarly, the
Twiggs Clay of Georgia should be con-
sidered not a regressive unit composed
of detrital clastics (I8) of a deltaic
complex (19) but rather a diatomace-
ous member of a transgressive se-
quence which also includes the time-
equivalent outer shelf marls and lime-
stones illustrated by Carver (12) in his
figure 3. We believe such reinterpreta-
tions will aid (i) location of additional
deposits of economically important
fuller’s earth in the coastal plain and
(ii) more faithful reconstruction of
Eocene paleoenvironments of deposi-
tion in the western Atlantic-Caribbean
area,

With respect to the source of the
diatomite deposits, profuse blooms of
siliceous plankton along the continental
shelves at various times during the
Eocene could have been stimulated by
nutrients supplied by favorable ocean
current systems. Ramsay (20) presents
a paleocurrent model which explains
high Eocene siliceous plankton pro-
ductivity not only in the Gulf of Mex-
ico and Caribbean but also in the
North Atlantic where the horizon A
cherts formed. Our data, which include
a failure to detect textural or structural
features that would suggest ash deposi-
tion, are compatible with Ramsay’s
model. Some zeolites do occur in
Eocene coastal plain deposits, and these
may owe their origin to the deposition
of various types of volcanic ash; never-
theless, these ashes were certainly not
as volumetrically important as mineral-
ogists (I, 2, 10) have suggested. Any
ash deposition was apparently inci-
dental to rather than causative of a
general pattern of biogenic silica depo-
sition (21), as indicated by the fact
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that the times of formation of the
Paleocene Grampian Hills member of
the Nanafalia formation and of the
Upper Eocene Twiggs Clay (15 m
thick) are not coincident with the
schedule of rhyolitic volcanic activity
in the Caribbean defined by Gibson and
Towe (1) and Mattson and Pessagno
(3). We conclude, therefore, that the
opaline claystones of the coastal plain,
which are all essentially identical in
hand specimen, mineral content, and
microstructure, owe their unusual char-
acter to a biogenic mode of deposition.
FRED M. WEAVER
SHERWOOD W. WISE, JRr.
Department of Geology,
Florida State University,
Tallahassee 32306
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Jovian Atmosphere: Structure and Composition
between the Turbopause and the Mesopause

Abstract. The occultation of the star Beta Scorpii by Jupiter was observed at
high time resolution in three wavelength channels. The results imply a temperature
of 220°K at an altitude in the Jovian atmosphere corresponding to 101" molecules
per cubic centimeter, and temperature fluctuations of 2° to 10°K over vertical
scales of 2 to 10 kilometers. They suggest that the vertical eddy diffusion
coefficient near the turbopause has a lower limit of 7 X 10° square centimeters
per second, and that the turbopause lies above the altitude where the density is
5 % 10" molecules per cubic centimeter. Below the turbopause, the ratio of
hydrogen to helium is consistent with cosmic abundances.

On 13 May 1971, the planet Jupiter
occulted the multiple star system Beta
Scorpii. The visual magnitude of Beta
Scorpii A is 2.76, and an occultation of
so brilliant a star by Jupiter is esti-
mated to occur once every 103 years
(1). We observed the occultation event
with the 152-cm Rockefeller reflector
of Boyden Observatory (Bloemfontein,

South Africa), with a three-channel
photometer having the following cen-
tral wavelengths: channel 1, 3530 A;
channel 2, 3934 A; channel 3, 6201 A.
The time resolution of the observations
was 0.01 second. A detailed description
of the instrumentation has been pub-
lished elsewhere (2). While the oc-
cultation event was widely observed
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