made of another cobble segment (Fig.
2B). Cortex is preserved on the right lat-
eral margin of the piece, forming an
abrupt edge at nearly right angles to the
horizontal plane of the flake. Retouch
departs from this cortical edge and in-
vades a restricted area of the right side of
the dorsal surface. Repeated massive to
diminutive expanding and stepped-ex-
panding flake removals have produced a
concavity at the juncture of the dorsal
surface and the cortex, which could al-
most be called a steep notch if one were
to regard the cortical surface as the base
of the worked edge. The flake is 9.4 cm
long, 5.7 cm wide, and 2.9 cm thick. Al-
though the piece is a convincing artifact,
it might very well have gone unrecog-
nized as such had we not first discovered
the chopper.

Most previous attempts to find stone
artifacts in situ in mid-Pleistocene depos-
its in Java have focused on those made of
fine-grained siliceous rocks. Thus far,
these efforts have produced pieces
whose artifactual nature is dubious at
best. Convincing artifacts in such raw
materials, which may derive from mid-
Pleistocene deposits but whose associa-
tion with those deposits remains ques-
tionable, are of course known (3). Some
large boules of igneous rock, including
many of seemingly natural origin and a
very few which may be artifactual, have
also been collected from mid-Pleistocene
fossiliferous levels. The discoveries at
Sambungmachan suggest that as more
attention is given to all classes of raw
materials, including the volcanic rocks
so common in Javan sediments, we can
expect at last to obtain more knowledge
of the technological equipment of early
hominids in Java.
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Regional Implications of Triassic or Jurassic Age for Basalt

and Sedimentary Red Beds in the South Carolina Coastal Plain

Abstract. Whole rock potassium-argon ages for samples of subsurface basalt re-
covered near Charleston, South Carolina, are interpreted to indicate a Triassic or
Jurassic age for the basalt and underlying sedimentary red beds. This age is consist-
ent with existing evidence indicating that an early Mesozoic basin is present in the
subsurface of a large part of the coastal plain of South Carolina, Georgia, Florida,

and Alabama.

The presence of subsurface early
Mesozoic rocks beneath Cretaceous
sediments of the South Carolina coastal
plain has been suggested (/-3). Whole
rock potassium-argon ages for samples
of basalt from deep wells near Charles-
ton, South Carolina, are the first isotopic
ages to confirm the presence of Triassic
or Jurassic volcanic and sedimentary
rocks in South Carolina. The new potas-
sium-argon ages also support the Tri-
assic or Jurassic age assigned to a more
widespread subsurface province of little-
deformed sedimentary red beds and maf-

ic igneous rocks in the southeastern
United States.

Subsurface continuation of rocks of
the Appalachian orogen beneath the
southeastern Atlantic and eastern Gulf
coastal plains has been a traditional con-
cept in North American geology. How-
ever, research done during the past 25
years has shown that this coastal plain
“‘basement’’ is actually composed of
several geologic provinces containing di-
verse rock types of different ages and
tectonic origins. Data presented as early
as 1951 ¢, 5) indicate that ‘‘basement”

Table 1. Whole rock potassium-argon ages of subsurface Triassic or Jurassic igneous rocks in
South Carolina, Georgia, and northern Florida. Locations of numbered wells are shown in Fig.
1; USGS, U.S. Geological Survey. Samples from well 1-2 were analyzed twice; ages are the

averages of the two analyses.

Rock

AT, Age
Well and KO rad M0ApR o "
No. Sample depth @ W0 @) (> 10
(m) mole/g) years)
1-1 Clubhouse Crossroads 1;  Basalt, 0.625 0.8968 83 97.0 = 4.2%
R. F. Marvin, USGS 772
analyst (/13)
1-1 Clubhouse Crossroads 1;  Basalt, 1.40 2.309 85 111 += 4.0%
R. F. Marvin, USGS 785
analyst (13)
1-2  Clubhouse Crossroads 2;  Basalt, 0.992 = 3.010 853 204 = 4.1
M. A. Lanphere, 818.7 0.015 3.054 80.1
USGS analyst
1-2 Clubhouse Crossroads 2;  Basalt, 0.355 = 0.8702 56.3 162 += 32
M. A. Lanphere, 842.3 0.004 0.8643 55.2
USGS analyst
1-2 Clubhouse Crossroads 2;  Basalt, 0.259 = 0.7266 60.0 186 = 3.7
M. A. Lanphere, 907.4 0.018 0.7368 63.5
USGS analyst
2 Mobil I.C., offshore Diabase, 186 =+ 11%
Franklin County, Fla., 4354 190 =+ 9%
Mobil Lab (/10) (four 199 =+ 12%
samples) 208 =+ 12%
3 Stanolind No. 1, J. H. Diabase, 186 =+ 5%
Pullen, Mitchell 2219
County, Ga. (7)
4 Hunt No. 2, Superior Diabase 195 =+ 15%
Pines, Echols or basalt,
County, Ga. (7) 1260

*Published ages have been recalculated based on the following decay constants: Xe = 0.581 X 1071 year™!;
g = 4.962 X 1071 year~'; “K/Kpa = 1.167 X 10~ mole/mole.
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rocks in the subsurface of eastern Ala-
bama, central and southern Georgia, and
northern Florida can be divided into
three main provinces (Fig. 1): a northern
province consisting of strongly deformed
crystalline rocks representing the Ap-
palachian orogen; a central province
consisting of little-deformed sedimentary
red beds, basalt, and diabase of pre-
sumed Triassic age; and a southern prov-
ince composed of little-deformed Paleo-
zoic sedimentary rocks and underlying
crystalline rocks of presumed Paleozoic
and Precambrian age. Lower Mesozoic
volcanic rocks are also spatially associ-

ated with the southern province. Felsic
volcanic rocks in eastern Georgia and
rocks of uncertain composition in South
Carolina (Fig. 1) bear an unknown rela-
tionship to the three main provinces.
Later studies (6-10) confirmed the exis-
tence of these provinces and better de-
fined their extent and ages. The infer-
ence of an early Mesozoic age for rocks
of the central province is supported by
three sets of potassium-argon ages in
Georgia and Florida (Table 1). In addi-
tion to sequences in the central province,
other smaller subcrops of presumed Tri-
assic age have been either documented

Subsurface

bod

Exposed

Northern province: exposed and subsurface
rocks of the Appalachian orogen

Central province: exposed and subsurface volcanic and
sedimentary rocks of Triassic or Jurassic age

Southern province: subsurface crystalline rocks, possibly as
old as Precambrian, Paleozic sedimentary rocks, and

Triassic and Jurassic volcanic complexes

Fig. 1. Distribution of major tectonic provinces beneath the coastal plains of the southeastern

Pre-Cretaceous rocks of uncertain age and tectonic affinities

United States. Province boundaries are highly generalized from data in many sources (/-12).

Numbered wells refer to dated samples in Table 1. The bathymetric contour shown is 200 m

below mean sea level.
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or suggested to occur within the bounds
of the northern province 3, 11, 12).

Two recent studies (/, /2) have ex-
tended the central early Mesozoic prov-
ince into eastern Georgia and south-
eastern South Carolina (Fig. 1) on the
basis of aeromagnetic, gravity, and deep-
well data. Included in these data are the
three deep test holes drilled by the U.S.
Geological Survey at Clubhouse Cross-
roads (32°54’'N, 80°19'W), Dorchester
County, South Carolina. At Clubhouse
Crossroads, beneath a sequence of Up-
per Cretaceous, Tertiary, and Pleisto-
cene sedimentary units 750 to 775 m
thick (13, 14), as much as 257 m of sub-
aerial basalt flows overlies a minimum of
120 m of red sandstone, mudstone, and
conglomerate.

Previously reported potassium-argon
ages for two samples of Clubhouse
Crossroads 1 basalt (Table 1) suggested a
middle Cretaceous age (/3). The potas-
sium-argon ages are compatible with
Cenomanian fossils (/4) in sediments im-
mediately overlying the basalt, but these
ages are now considered as minimum
values because of the observed mineral-
ogic and chemical alteration of the dated
samples. In a study of the Clubhouse
Crossroads 1 basalt (including the dated
samples), Gottfried et al. noted such
chemical alteration effects as high and
variable H,O and CO, contents (2).
These investigators reviewed the prob-
lems inherent in potassium-argon dating
of altered basalts and concluded that the
Clubhouse Crossroads 1 basalt could be
considered only as pre-Late Cretaceous
in age.

Three dated samples from Clubhouse
Crossroads 2 are less geochemically al-
tered and have yielded older ages than the
Clubhouse Crossroads 1 basalt (Table 1).
Despite the clustering of ages from Club-
house Crossroads 2, the lack of a linear
relationship between age and depth re-
flects the observed, relatively minor,
chemical and mineralogic alteration of
the dated samples.

The ages of the Clubhouse Crossroads
2 basalt are within the range of ages typi-
cally found for eastern North American
“Triassic’’ basalts and diabases (/5). Re-
cent isotopic dates and fossil data sug-
gest that some of these traditional “*Tri-
assic’’ basalts and interlayered sedimen-
tary rocks are actually Early Jurassic in
age (16-18). In view of the difficulties in
interpreting potassium-argon ages of al-
tered rocks (I3, 19) and the spread in the
ages of the South Carolina basalts, no
precise age assignment is made for the
Clubhouse Crossroads basalt and under-
lying red beds. The age assignment used
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herein for this sequence is Late Triassic
to Early Jurassic.

Chemical characteristics of the basalt
and the lithology of the red beds suggest
correlations and hence relative age de-
terminations for these rocks. The abun-
dances of major, minor, and rare-earth
elements in the Clubhouse Crossroads 1
basalt have been compared with the
compositions of other basalt types by
Gottfried er al. (2). Conclusions from
their comparison (2, p. 110) are that the
studied basalts are quartz normative tho-
leiites and that ** ... they are related
in space and time to the (Triassic and
Jurassic) tholeiitic province of eastern
North America and have features in
common with quartz normative tho-
leiitic suites found on other rifted con-
tinental margins.”’ Preliminary geochem-
ical data for basalts from Clubhouse
Crossroads 2 and 3 support these con-
clusions.

Tenuous correlation of the unfossilif-
erous (20) red bed sequence beneath the
basalt with the lithologically similar con-
tinental Newark Group (Upper Triassic
and Lower Jurassic) (I7) of eastern
North America is compatible with the
ages measured on the basalt. The red
beds below the Clubhouse Crossroads
basalt bear a general lithologic similarity
to exposed rocks of the Newark Group.
The upper 7 m of the Clubhouse Cross-
roads red beds consists of reddish, very-
fine-grained to fine-grained, current-bed-
ded arkosic sandstone overlying 31 m of
structureless red mudstone. The basal 82
m are composed of interbedded red mud-
stone and coarse-grained to conglomer-
atic, arkosic, red sandstone. Sorting is
poor in the coarse-grained rocks, and
textural and mineralogic immaturity is
indicated by the abundance of feldspar,
quartz-feldspar lithic fragments, and
polycrystalline quartz. The primary sedi-
mentary structures displayed by these
rocks are compatible with interpre-
tations of continental environments of
deposition. Unfossiliferous, predomi-
nantly red, continental siliciclastic rocks
are typical of the Newark Group, and
lithologic similarity to this sequence has
been used to suggest an early Mesozoic
age for other red bed sequences buried
beneath the coastal plain (3).

The isotopic and geologic data summa-
rized above support reports that suggest
the presence of a large early Mesozoic
basin (graben?) extending across the
southeastern United States from the
eastern Gulf Coast to the Atlantic Coast,
and perhaps offshore (27). This basin is
much wider than its exposed counter-
parts in the Appalachians and is filled by
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at least 1800 m of red sedimentary rock
and tholeiitic basalt at its southwestern
end (22) and perhaps by as much as 1500
m in South Carolina 23).

The origin of this large feature is as-
cribed to crustal extension producing
continental fragmentation and sub-
sequent events just prior to and during
the early stages of the opening of the
modern Atlantic Ocean. Van Houten
(19) has suggested a succession of such
tectonic events. Three of these events,
(i) initial fragmentation and basin-filling
of a central Atlantic arch (Late Triassic
and earliest Jurassic), (ii) extrusion of
basaltic lava after basin-filling began
(Early Jurassic), and (iii) injection of
postdeformational dikes (Early Juras-
sic), appear to be recorded by rocks in
the South Carolina and Georgia sub-
surface (24). The final events in this suc-
cession, (iv) open-marine flooding of a
Jurassic central-Atlantic rift, (v) produc-
tion of oceanic crust, and (vi) large-scale
continental separation, are apparently
not represented by rocks of the South
Carolina-Georgia basin. The presence of
different types of pre-Mesozoic rocks on
either side of this South Carolina-Geor-
gia basin (25, 26) suggests that this zone
of crustal extension may have been a pri-
mary tectonic boundary since at least the
late Paleozoic.
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Australopithecine Enamel Prism Patterns

Abstract. Following a recent suggestion that tooth enamel prism shape differs
within Hominoidea, the teeth of a number of extinct and extant hominoid species
were analyzed by scanning electron microscopy. The enamel prism patterns of some
gracile and robust australopithecine specimens from Sterkfontein, Swartkrans, and
Kromdraai are recorded. The characteristic arrangements of enamel prisms in all
modern and extinct hominoid species were found to be essentially similar. The impli-
cations of enamel prisms for phylogenetic deduction in Hominoidea are discussed.

Recent electron microscopic work has
shown that the division of tooth enamel
into prisms is primarily due to the repeti-
tive orientation of the minute crystallites
which compose the inorganic part of the
enamel. Analysis of the different pat-
terns assumed by the enamel prisms in
various mammalian dentitions has led
several workers to conclude that enamel
strcture permits designation to particu-

lar taxonomic groups (/). Boyde 2-4)
has summarized and added much to the
state of knowledge of the distribution of
prism patterns in mammals (Fig. 1). A re-
cent scanning electron microscopic
study of the teeth of selected hominoid
primates has suggested that the extant
pongids have a prism pattern distinctly
different from that of Homo sapiens (5).
Gantt et al. (5) applied this technique of

n

Fig. 1. Schematic representation of prism patterns in the enamel of mammals. Each diagram
shows on the left the prism boundaries or sheaths, which represent planes of abrupt change in
crystallite orientation within the enamel; on the right the secretory territories of the amelo-
blasts; and in the middle the relationship of prism sheaths to the secretory territories. The
stippling represents the areas which are defined as prisms in the various patterns. (a) Pattern 1,
predominant in members of the orders Cetacea (Odontoceti), Insectivora, Chiroptera, and Si-
renia. (b) Pattern 2, in Ungulata and Marsupialia, also in primates. (c) Pattern 3, in Primates,
Carnivora, and Proboscidea. (d) Pattern R (modified pattern 2), in rodent incisors. Only in
pattern 3 enamel (c) is all the enamel attributable to prisms; although they are of exactly the
same composition, we refer to interprismatic regions in the other prism patterns. [Adapted from
figure 1 in (2) and figures 5 to 8 in (¢)]
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prism analysis to the Miocene hominoid
Ramapithecus in an attempt to shed light
on the controversial phylogenetic status
of .this primate (6). They recorded a
prism pattern for Ramapithecus (5)
which is similar to that of H. sapiens
(Fig. 1c) and unlike the circular or hexag-
onal patterns which they described for
the pongids (Fig. 1a). It was noted that
prism patterns may be of potential use
for functional analyses as well as phylo-
genetic and taxonomic purposes (5).

The purpose of the study reported
here is to record the enamel prism pat-
terns found in several australopithecine
specimens from the Transvaal limestone
caves, to compare them with those found
in other hominoids, and to discuss the
potential of prism patterns for phyloge-
netic deduction in the Hominoidea.

The gracile australopithecine sample
which was examined included STS 21
(RM?), STS 4 (LM,), STS 49 (LP?), and
STS 1881 (LM?3) from Sterkfontein Mem-
ber 4. The sample of robust austra-
lopithecine teeth comprised SK 855
(LMjy), SK 74c¢ (RP*), SK 875 (fragment),
and SK 879 (fragment) from Swartkrans
Member 1 and TM 1603 (LM?), TM 1517
(LM3), two recently excavated teeth KB
5223 (LM,), and a heavily worn molar
fragment (KB 5222) from the Kromdraai
australopithecine site (7, 8). The extant
comparative series included a number of
permanent premolars and molars of Pan
troglodytes (N = 2 individuals), Gorilla
gorilla (N = 1), Pongo pygmaeus (N =
3), and H. sapiens (N = 4). The speci-
mens were prepared for examination in
the microscope as outlined previously
(), and examined in a JEOL JSM-35
scanning electron microscope at various
magnifications. On each specimen all
available surfaces (occlusal, buccal, lin-
gual, mesial, and distal) were studied. In
each case the tooth was rotated so that
the heads of prisms were perpendicular
or nearly perpendicular to the electron
beam. .

On all hominid and pongid specimens
pattern 3 (Fig. 1c), also referred to as the
keyhole pattern, was found to pre-
dominate on all surfaces examined (Figs.
2a, 3a, and 4a). Other prism configura-
tions (Figs. 2, b and c, 3b, and 4b) were
encountered on the teeth of each spe-
cies, but these occurred in isolated
patches only. In both hominids and
pongids of the present sample pattern 1
(Fig. 1a) was restricted to the occlusal
surfaces, and apparently associated with
cuspal convexities (Figs. 2b and 3b).
Prism configurations which approached
those of pattern 2 (Fig. 1b) were present
in patches on teeth of each species,
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