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A REFINED GEOCHRONOLOGY FOR SAN SALVADOR ISLAND, BAHAMAS

James L. Carew
Department of Geology
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Charleston, South Carolina 29424

John E. Mylroie
Department of Geology and Geography
Mississippi State University
Mississippi State, Mississippi 39762

ABSTRACT

Uranium/Thorium isotopic age determina-
tions on numerous fossil reef corals on San

Salvador, Bahamas suggest that reef growth,
and the requisite high stand of sea level,
was either continuous on the island from
about 150,000 years ago to approximately
100,000 years ago, or separate high stands
took place around 140,000, 125,000 and
105,000 years ago. Uranium/Thorium analyses
on speleothems provide evidence for an
additional high stand of sea level on San
Salvador about 49,000 years ago.

Radiocarbon isotopic ages from whole-
rock analyses indicate significant carbonate

production on the San Salvador platform at
5,300 and 3,200 years ago. The deposition of
the 5,300 year-old carbonate allochems into
existing eolian dunes took place when sea
level was at least one meter below its
present elevation. The 3,200 year-old
sediment was deposited in equilibrium with
today’s sea level. Very young (420 years old)
sediment has been deposited and weakly
cemented in intertidal through back-beach
dune settings.

Amino acid racemization analyses of
Cerion sp. suggest that there was substantial
eolianite formation on San Salvador around
100,000+, 85,000, and less than 6,000 years
ago. Additionally, there is reason to believe
that widespread development of paleosol/cal-
crete was centered around 15,000 years ago.

A single radiocarbon date on a caliche
pisolite layer is consistent with that
assumption.

Paleomagnetic analyses of fossil paleosols
indicate that the oldest rock exposed in the
Bahamas is found near the southern coast of
San Salvador. That ' paleosol possesses a
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reversed remnant magnetism;
paleosol and underlying
older than 700,000 years.

therefore,
eolianite must

INTRODUCTION
Geologic investigation of Bahamian islands
provides incomparable insight into the
deposition, modification, and preservation of
carbonate sediments. Because of their
tectonic  stability, they also vyield direct
evidence for Quaternary sea level high

stands that were near or above that of the
present. The study of the geology of San
Salvador Island is particularly informative,
and at times perplexing, for the small size
and isolation of the San Salvador platform
places severe constraints on the carbonate
system. With variation in sea level the size
of the platform does not change significant-
ly, and, unless sea level is high enough to
flood the platform, the carbonate "factory”
is not in operation. Thus, carbonate deposi-
tion of any sort is an indication of marine
flooding of the platform. When sea level is
below the platform, only erosional processes
and the formation of karst and paleosols
occurs,

The
Salvador
fetch, sediment

isolated platform of San
limits on such things as
production, rainfall catch-
ment, freshwater lens size and development,
and karst processes among others. We must
be able to account for all that we find here,
within the limited system that can occupy
the platform. The variability and complexity
of the modern sediments, geology, and karst
development of this island also can be used

small
places

to shed light on the interpretation of pre-
Quaternary carbonate rocks.
Unravelling the chronology of events



represented in the rock record of San
Salvador Island, Bahamas (see Index Map 1)
has been a continuing research effort.
Earlier discussions of the geochronology of
San Salvador have been reported in Carew
(1983a,b), Carew and Mylroie (1983), Carew
and others (1984), and Mylroie and others
(1985). Those previous reports were largely
based upon amino acid racemization of
Cerion sp., and limited Uranium/Thorium
isotopic age determination on corals and
speleothems.  Carew and Mylroie (1985)
provided more geochronologic data in the
context of a discussion of the stratigraphy
and depositional history of San Salvador.
This paper presents a concise discussion of
the geochronology data for San Salvador, as
it is currently known.

THORIUM 230/URANIUM 234
AGE DETERMINATIONS

Fossil Corals

Thirteen (13) Uranium-series isotopic age

determinations on fossil coral have been
conducted (Table 1). Those isotopic ages
range from 171,000 to 103,000 years. The
171,000 year age is from a sample of

Diploria strigosa from the rubble facies of
the Cockburn Town reef (see Index Map 2)
described in detail by Curran and White
(1984, 1985) and White and others (1984).
The in situ corals from the Cockburn Town
reef (Lamont samples #1654c and 1974b)
indicate that the reef framework was built
in  conjunction with the relatively well
established +6m Sangamon high stand of
about 125,000 vyears ago; which correlates
with the oceanic 180 substage 5¢ of Shack-
leton and Opdyke (1973). The presence of
the older coral in the Cockburn Town rubble
facies may be explained by reference to the
Cockburn Town fossil reef as it is today.
Toward the northern end of the outcrop a
coral-boulder rubble deposit is currently
forming. That deposit contains both modern
coral and eroded fossil coral boulders. We
suggest that 125,000 years ago a similar
deposit incorporated material from an older
(171,000 years) fossil reef that was then
being eroded. From that it may be extrapo-
lated that San Salvador experienced a
platform flooding event around 170,000 years
ago.
The remaining coral from

ages range

146,000 to 103,000 years ago. Considering the
one-sigma errors (see Table 1) these dates
can be incorporated into one broad smear of
ages, or may be segregated into three
distinct groups that may represent separate
sea level high stands and coral reef growth-
episodes at about 140,000, 125,000, and
105,000 years ago (Fig. 1). Continuing
analysis of coral from San Salvador, and
elsewhere in the Bahamas, will hopefully

- resolve this dilemma.
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Speleothems
Several stalagmites, situated at present
sea level, have been removed from Light-
house Cave beneath Dixon Hill in north-
eastern San Salvador (see Index Map 2). U-
series ages have been determined from two
of the specimens that contain clean unal-
tered calcite layering (see Table 2). The
upper four dates in Table 2 are from one
stalagmite that contains a layer of serpulid
worm tube encrustation assigned to Filograna
sp. (H. Zibrowius, personal communication,
1986) between the older (49,000 years) and
younger (37,000 years) ages. The lower two
dates (Table 2) are from the central portion
of a 70 cm tall stalagmite. This specimen
also contains a serpulid encrustation between
the dated layers (70,000 and 48,000 years).

The conclusions that can be reached from
these data are as follows. (1) The Dixon Hill
eolianite that contains the cave must have
been deposited prior to 70,000 years ago. (2)
A high stand of sea level, sufficient to place
a freshwater lens at an elevation several
meters above present sea level, must have
occurred before 70,000 vyears ago, because
the solutional cave existed and speleothem
growth began at least 70,000 years ago. Cave
development may have been syngenetic with
the high sea stand -that produced the
sediment for the eolianite deposition. (3) A
later sea level high stand is required for the
serpulid encrustations. The data are consis-
tent with a single high stand about 49,000
years ago, or one between 48,000 and 70,000
and one between 37,000 and 49,000 years
ago.

RADIOCARBON ANALYSES

Eight (8) radiocarbon ages have
determined from whole-rock samples
San Salvador (Table 3). These data indicate

been
from
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TABLE 3.

SAN SALVADOR RADIOCARBON DATES

UNCORRECTED

LOCALITY DATE yBP DATE _yBP
North Point 5345 + 125

North Point 5360 + 110

Hanna Bay 3470 + 80 3210 + 80
Snow Bay 3300 + 50 3100 + 50
Singerbar Point 3040 + 90 2870 + 90
Barker's Point 420 + 70 360 + 70

Bluff (up. Pisolite)

14,286 + 210

12,870 + 210

Lighthouse Cave >50,000
the following. (1) It confirms that the Index Map 2). This may be due to reef
eolianite in which Lighthouse Cave was growth to wave base along the northeastern

formed is greater than 50,000 years old (the
upper limit of the radiocarbon method). (2)
The pisolitic caliche soil horizon exposed
near the top of the Bluff (see Index Map 2)
was formed about 14,000 years ago. This is

consistent with the interpretation of some
amino racemization data in the next to
youngest "amino group” discussed later in
this paper (refer to Table 4). (3) The
remaining dates indicate that there was

significant carbonate allochem production on
the San Salvador platform about 5,300 years
ago; that sediment was deposited in ter-
restrial dunes that extend at least one meter
below present sea level. Thus, the dunes
were deposited at a time when sea level was
at least a meter below its present position.
A second pulse of sediment production
occurred about 3,200 years ago, and that
sediment was deposited as intertidal, beach,
and back-beach dune facies congruent with
modern sea level.

Along the north coast between Singer
(Dump) Point and Barker’s Point (see
Index Map 2) there are rocks that are
assigned to intertidal through back-beach
dune facies that consist of sediment dated at
420 years old. This relatively recent deposi-
tional event may be related to changes in
the wave dynamics of Graham’s Harbor (see

Bar
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margin of the platform, or to erosional
changes in the pre-existing cays and/or
peninsula in Graham’s Harbor. Could it be
related to the supposed post-Columbus

breaching of North Point that produced Cut
Cay?

AMINO ACID RACEMIZATION
Over the past five (5) years we have
been enlarging the number of amino acid
racemization analyses of Cerion sp. from
eolianites and paleosols on San Salvador.
With the increasing number of data points
the complexion of the chronologic interpre-
tation has changed. From more than 50
analyses that "have been conducted, the
twenty-four (24) samples shown in Table 4
comprise those that show a high degree of
reproducibility and no evidence of con-
tamination. Based upon Cerion D/L leucine
ratios, the samples fall into five (5) "amino-
groups". The ages assigned to those groups
have a fair amount of uncertainty, and are
the least precise of our geochronologic data.

Table 4 provides three (3) possible
alternative age assignments. If one accepts
the correlation of Cerion data to Chione

cancellata from the Cockburn Town fossil
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and others
with D/L

reef as described in Carew
(1984), then the "amino group"
0.5-0.6 is assigned an age of 80,000 + 10,000
years. Based on that assumption, we have
previously suggested that the eolianites that
enclose Lighthouse Cave are about 85,000
years old (Carew and Mylroie 1983, 1985;
Carew and others, 1984). However, should
the above assumptions provide to be
incorrect, the alternative ages shown at the
bottom of Table 4 are both plausible and
reasonable. In each case the sea level high
stands necessary for the deposition of the
eolianites can be correlated with an 180
substage.

An examination of the samples that fall
in the D/L = 0.15 to 0.3 “amino group"
reveals that it consists of two types of
Cerion accumulations; ones disseminated
within eolianites, and ones in which Cerion
are associated with paleosol development.
The age of the disseminated Cerion can be
interpreted as 3,000 to 6,000 years and thus
are consistent with the C;, dates obtained
on the same or similar deposits (i.e. Rice
Bay Formation of Carew and Mylroie, 1985).
Likewise, the samples associated with
paleosols can be interpreted as about 13,000
years old and thereby are in the same range
as the C,, date for the upper pisolite at
The Bluff (see Table 3). We further suggest
that those data may support the hypothesis
that rapid denudation of San Salvador, and
extensive development of paleosol, occurred
during the latest Wisconsinan sea level low
stand.

PALEOMAGNETIC ANALYSES

Paleosol/calcrete samples from fifteen
(15) different localities on San Salvador have
been analyzed for their remnant magnetism.
The results indicate that, with a single
exception, all are normally polarized and are
thus indistinguishable on that basis. Based on
our stratigraphic work, and interpretation of
the amino acid data, we believe that those
fourteen (14) paleosols are among those
formed about 15,000 years ago.

However, after AF and thermal demag-
netization, triplicate samples from the
paleosol near the base of the Owl’s Hole
solution pit near Sandy Point on San
Salvador (see Mylroie, 1983, for location and
discussion) yield a predominantly reversed
polarity. The samples retained that reversed
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magnetic  polarity through a range of
temperatures. This reversed magnetism 1is the
result of an in situ chemical event, and
there is no plausible secondary source of
reversal. These results suggest that this
paleosol has an original reversed magnetic
polarity with a chemically induced normal
polarity overprint. These data, first reported

in Mylroie and others (1985), indicate that
this paleosol and the eolianite underlying it
are at least 700,000 years old, as that is the
minimum age of the Matuyama reversed
polarity epoch. As such these rocks are the
oldest surface rocks yet discovered in the
Bahamas. On-going analysis of the paleosol
exposed in Watling’s Quarry (Sandy Point
Plantation Quarry, see Index Map 2) may
show that it is also reversed, as the
petrology of the wunderlying and overlying
rocks is identical to that at Owl’s Hole.

We are aware that more recent short
duration magnetic reversals have  been
reported in the literature (e.g. Denham and

Cox, 1971; Harrison, 1974, Kukla, 1977; Smith
and Foster, 1969), but it is estimated that
the probability that these samples reflect a
geomagnetic excursion during the Brunhes
normal epoch is no better than 1 in 40
(Barton, personal communication, 1985).
Additionally, the probable early Sangamonian
age of the eolianite overlying the Owl’s Hole
paleosol, and the one in Watling’s Quarry,
make correlation of this reversed event with
the Blake event, or any more recent short
duration magnetic reversal, unlikely.

SUMMARY

A compilation of these several varicties
of geochronologic data gathered on San
Salvador has vyielded a detailed history of
San Salvador Island. This history has been
discussed in Carew and Mylroie (1985), and
has resulted in the stratigraphy proposed in
that paper.

Briefly,
Salvador
However,
data gathering may yield
alter these interpretations.

At some time prior to 700,000 years ago
San Salvador Island existed as exposed eolian
ridges, not dissimilar to those at present.
Terrestrial erosional processes resulted in
the reversely magnetized Owl’s Hole paleosol.
Except for an apparent platform flooding

the geologic history of San
can be summarized as follows.
it should be noted that continued
results that will



event indicated by the 171,000 year-old coral
in the rubble facies of the Cockburn Town
reef, there is no known record of subsequent
geologic deposits on San Salvador prior to
the deposition of reefs through eolianites
associated with the Sangamon interglacial sea
level high stand (Grotto Beach Formation of
Carew and Mylroie, 1985). At this time we
cannot determine whether there was one
long high stand from about 150,0000 to
100,000 years ago, or up to three separate
high stand events. We are continuing with
fossil reef investigations in an effort to
resolve this question.

To account for the deposition of the
Dixon Hill eolianite and/or the solutional
formation of Lighthouse Cave, we have
proposed a later sea level high stand at
about 85,000 years ago (Carew and others,
1984; Carew and Mylroie, 1985). Regardless
of the scenario for the ultimate origin of
the cave, it had formed and was dry by at
least 70,000 years ago, as speleothem growth
had been initiated by that time.

The presence of serpulid worm tube
encrustation within two stalagmites collected
at sea level from Lighthouse Cave requires
at least one mid-Wisconsinan sea level high
stand at nearly the same elevation as
present sea level. The most reasonable time
for that event is approximately 49,000 years
ago.

Some of the amino
data and one C,;, age
rapid
tion

acid racemization
suggest to us that
island denudation and paleosol forma-
may have been coincident with the
latest Wisconsinan glacial advance and sea
level depression about 15,000 years ago.
Subsequently sea level rose toward today’s
position. Considering C,, data, about 5,300
years ago substantial sediment was being
produced as the ocean flooded the San
Salvador platform. Some of that sediment
was eventually blown into eolianites along
the eastern margin of San Salvador (North
Point Member of Carew and Mylroie, 1985).
Because those eolianite deposits dip steeply
below present sea level they must have been
formed when sea level was at least one
meter below its present position, but clearly
on the platform.

The C,4 data also indicate that a large
volume of sediment with an average age of

approximately 3,200 years was produced on
San Salvador. Those sediments have been
deposited in geologic settings in equilibrium
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with present sea level (Hanna Bay Member
of Carew and Mylroie, 1985). One very young
date from rocks exposed on the north coast
indicates that sediment only a few hundred
years old has been deposited in a variety of

coastal  facies; and reported cases of
historical objects cemented into beach rock
(Adams, 1983) show that the process is on-
going.

ACKNOWLEDGMENTS

We extend our thanks to Don and Kathy
Gerace and the staff of the CCFL Bahamian
Field Station for their continuing support of
our research. Funds for sample analyses have
also been provided by the Southern Regional

Education Board, Murray State University,
Mississippi  State University, and the College
of Charleston Foundation. Sample analyses
have been provided by: John Wehmiller,

University of Delaware, amino acid analyses;
Richard Lively, Minnesota Geological Survey,
speleothems; John Goddard, Lamont-Doherty
Geological Observatory, corals; Charles
Barton, Australian Bureau of Mineral
Resources, paleomagnetic analyses; Sam
Valastro, Radiocarbon Lab, University of
Texas at Austin. We also than Joan Newell
for word processing.

REFERENCES CITED

Adams, R W, 1983, General guide to the
geological features of San Salvador, in
Gerace, D.T., ed., Field guide to the

geology of San Salvador (Third Edition):
CCFL BahamianField Station, p. 1-66.

Carew, J.L., 1983a, Geochronology of San
Salvador, Bahamas, in Gerace, D.T., ed.,
Field guide to the geology of San

Salvador (Third Edition): CCFL Bahamian

Field Station, p.160-172.

Carew, J.L., 1983b, The use of amino acid
racemization dating for unravelling the
chronostratigraphy of San Salvador, Baha-
mas, in Gerace, D.T., ed., Proceedings of
the first symposium on the geology of the

Bahamas, March 23-25, 1982: CCFL
Bahamian Field Station, p. 12-17.

Carew, JL., and Mylroie, JE., 1983, New
estimates of Late Pleistocene sea level



from San Salvador, Bahamas: Geological
Society of American  Abstracts with
Programs, v. 15, no. 6, p. 538.

Carew, J.L., and Mylroie,
Pleistocene and Holocene
San Salvador Island, Bahamas, with
reference to marine  and terrestrial
lithofacies at French Bay, Curran,
H.A., ed.,, Pleistocene and  Holocene
carbonate environments on San Salvador
Island, Bahamas - Guidebook for
Geological Society of America, Orlando
annual meeting field trip #2: Ft
Lauderdale, Florida: CCFL  Bahamian
Field Station, p. 11-61. (reprinted in
1986 by the Georgia Geological Society
and CCFL Bahamian Field Station as
Guidebook for Field Trip #! for the
Society of Economic  Paleontologists and
Mineralogists Annual Meeting in Atlanta,

T.E:;st 1985, - The
stratigraphy of

in

p. 11-61).

Carew, J.L., Mylroie, J.E., Wehmiller, IF,
and Lively, R.S., 1984, Estimates of late
Pleistocene sea level high stands from
San Salvador, Bahamas, in Teeter, J.W,
ed.,, Proceedings of the second sym-
posium on the geology of the Bahamas:

CCFL Bahamian Field Station, p. 153-175.

Curran, H.A., and White, B., 1984, Field
guide to the Cockburn Town fossil reef,
San Salvador, Bahamas, in Teeter, J.W.,
ed., Proceedings of the second sym-
posium on the geology of the Bahamas:
CCFL Bahamian Field Station, p. 71-96.

Curran, H.A., and White, 'B... 1985, The
Cockburn Town fossil coral reef. in
Curran, H.A., ed., Pleistocene and
Holocene carbonate environments on San
Salvador Island, Bahamas - Guidebook
for Geological Society of America,
Orlando annual meeting field trip #2:
Ft. Lauderdale, Florida, CCFL Bahamian

Field Station, p. 95-120.

Denham, C.R., and Cox, A. 1971, Evidence
that the Laschamp polarity event did not
occur 13,300-30,400 years ago: Earth and
Planetary Science Letters, v. 13, p. 181-
190.

Harrison,
record

C.G.A.,
from

1974,
deep-sca

The paleomagnetic
sediment cores:

44

Earth-Science Reviews, v. 10, p. 1-36.

Kukla, (€% 18 197, Pleistocene land-sea
correlations. I. Europe: Earth Science
Reviews, v. 13, p. 307-374.

Mylroie, J.E., 1983, Caves and karst of San
Salvador, in Gerace, D.T., ed., Field guide
to the geology of San Salvador (Third
Edition): CCFL Bahamian Field Station,
p. 67-91.

Mylroie, J.E., Carew, JL., and Barton, C.E,
1985, Paleosols and karst development,
San Salvador Island, Bahamas: Program of
the 1985 National Speleological Socicty
Annual Convention, p. 43.

Shackleton,
Oxygen

N.J., and Opdyke, N.D,
isotope and paleomagnetic strati-
graphy of Equatorial Pacific core V-28-
238: Oxygen isotope temperatures and ice
volumes on a 10% year and 10® year scale:
Quaternary Research, v. 3., p. 39-55.

1973,

Smith, J.D., and Foster, J.H., 1969, Geomag-
netic reversals in Brunhes normal polarity
epoch: Science, v. 163, p. 565-567.

White, B., Kurkjy, K.A., and Curran, H.A,
1984, A shallowing-upward sequence in a
Pleistocene coral reef and  associated
facies, San Salvador, Bahamas, in Teecter,
IWe - -eds Proceedings of the second
symposium on the geology of the Baha-
mas: CCFL Bahamian Field Station, p.
53-70.



