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Analyses of a series of integrsted solution conduits and 
emergent reef deposits on San Salvador, Bahamaa providea evidence 
for a significant re-evaluation of sea level fluctuations during 
the last 125,000 years. Amino acid racemization and 
Uranium-series dsting of fOSSil molluscs, corals, and apeleothems 
have established a chronology for the deposition of the 
sedimentsry rock units in which the conduits sre formed , the 
deposition of the exposed reef, and minimum time for Cave 
formation and the timing of changes in internal cave conditions . 

The elevation of a 125 , 000 year old reef on San Salvador , 
aa well sa published info r mation on the Bahamas in general, makes 
it evident thst no tectonic uplift, and little , if any. 
subsidence has taken place during the time in question. The 
isolated pOSition and small si~e of the island and its sssocisted 
submarine platform, regardless of sea le.el elevation, combined 
with its low relief and uniform lithology dictate that sea level 
and .. ater table must be intimately linked. 

An extensive eolian calcarenite with an amino acid 
racemization age of 70 , 000. + 20,000 years contains horizontal 
solution conduits up to 50 -aquare meters in cross section. 
Uraniu~-series age dates from a stalagaite collected in gro .. th 
position from one of those conduits indicates that major growth 
episodes occurred at 49,000 ± 2,000 and 37 , 000 ± 2,000 years ago. 
On a tectonically stshle platform such as San Salvador Island, 
the geologic features snd ages are direct evidence of changes in 
Late Pleistocene sea level. During the time interval of 90 to 70 
ka (kilo anni; thousand JearB) ses level below -2 meters is 
required for the deposition of the eolian calcarenite that 
extends to at least that elevation. The younger solution 
conduits within the calcarenite are evidence thst sea level later 
became high enough to support a fresh .. ater lena .. hich formed the 
conduits that have phreatic solutions I ceiling features that 
extend to +7 meters. Dated speleothem material reveals that sea 
level had fallen below -1 meters by 49 , 000 years ago . Ma r ine 
deposits .. ithin the stalagmite require that sea level he at or 
above present elevation in the 49 I<a to 37 ka time apan . Th e se 
data from San Salvador appear to settle a long-standing debate 
concerning a high sea level stand during the mid-Wisconsinan 
(Thom, 1973; 810001, 1983b). 
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(ThOIll , 1973; Bl00ll , 1983b). 

Introduction 

Current estimates of Late Pleistocene high aea level 

stands have been derived in part from data obtained on Barbadoa 

and New 

horizons 

Guinea, where tectonic activity has raised dateable reef 

into the terrestrial aampling range (Fairbanks & 

Matthews, 1918; 

assul1lpt ions on 

Blool1l , 

rates 

et al .. 1974). 

of upl ift 

Those techniques require 

that are d if ficult to 

substantiate. Indirect evidence of high sea level stands have 

also been obtained froll g e ochellical analyaea of deep-water cores 

taken off the Bahalla Banks (Boardman , et aI., 1983; Boardman, 

this volume), wherein pulses of aragonite-rich pl'esumed 

shallow-water lIaterial washed into deep basins are used aa 

e v idence that the bank platforms were transgressed by high sea 

however, others interpl'et the data 

al., 1983) . O%ygen isotope data from 

levela those time s; 

differently (Dl'o x!er, ., 
deep sea cores and other geologic aources are also comllonly used 

to p r ov ide indirect eVidence of sea level (Broeckel' & Van Donk, 

1970; Ellilian1, 1972; Shackleton & Matthews , \977; etc.) . The 

interpreters of Pleistocene sea Level changes must deal with the 

possibility 

sea level 

Pl'ec ipi t au sl y 

that ice sheet growth a nd receSSion, and consequently 

fall and rise, can occur quite quic k ly and 

(BloOII, 1983a; Mercer, 1978). This raises t he 

t ha t short term sea level e xcursiona may escape the possibility 

reaolving 

especislly 

power of 1II0st CUl'rent inveatigative techniques, 

1 f the e xcursion is continuous and does not stabilio:e 

at a aingle eleva t ion or set of elevations for significant time 
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intervals . 

To addre"s thla proble. , noyel techniqu.,., have been 

applied to San Selvador laland , 8aha.as (Carew & Hylroie , 1983). 

The data discussed herein have been calibrated by pr ovan aethoda 

on well-established portione of the Late Pleistocene .ea le yel 

curve , then applied to portions of the curve where the aituation 

i. leiS well-understood . In particular , the data have bearing on 

a recently described a.a level high at apro~i.ateIJ 80 ka 

(Cronin , al., 1981: Board.an , et al., 1983) , and the 

.uch-diacussed sea level hi,h of appro~i.ately 40 k. (Tho., 1973 ; 

8100. 1983b). In addition to our work which requirea a lIigh sea 

atand approxiaately 40 ka, study of Morwegian glacial 

atratigraphy lias led to the recognition of a middle Weichselian 

ice-free period • called the Aleauod Inters tadi al (Haog erud, 

198Ia , b). Tile depoaita indicative of that ice- free interval are 

dated at app r oxiaately 40 ka to 47 ka. 

San Salvado r Ialand , Bahaaas was aelected tor a atudy of 

Late Pleistoceoe sea levela becau.lle it Is part of tile Balla.as 

trend, which haa been tectonically atable over the ti." fra.e 

pertinent to tllis inveatigation (Hull i ns & Lynta , 1977). I n 

addition , the i sland 11 an iaolated , stee p-walled plat f orm that 

would exhibit a 8ini8al change in a i~e over the gen e r ally 

aecepted range of Pleiatoeene sea leyel e~euraion.. Thi. is an 

i.portant parameter io providing boundery eooditions 00 the 

eolutlon condoit deyelop.ent withio the islend (Hrlroie , 1978; 

1980; 1983: Carew , Hylrole , & Lively , 1982) . San Salvador is a 

platform of shallow-water carbonates that extend at lesat 3 k. 
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down to what is inte~preted aa an o r iginal pervaaively basalt 

intruded 

( Hullins 

continental - frag.ent , or original baaaitic volcanic peak 

& Lynta, 1917) . A living h insing reef and narrow 

lagoonal facies a re active today , and these grade onshore i nto 

beach r oc k with occaaional foasil reefa. Thia ~arine sequence 

tnte r fi nse rs with e xtensi ve eolian c al c arenit e depos i ts wh ich 

have a cur r ent vertical extent of 38 II. Paleoso ls cut acroas 

both te rr ea t rial 

axtenai ve surface 

and .arine deposits . The island has an 

and aubaurface karat , .oat of wh ich is 

currant ly i nactive. The coa el uaiona reached co nee rntas aea le vel 

high atands are baaed largely on data derived frOIl the study of 

two aignif i c ant s e ologic featurea on San Salvador : a foasil reef, 

and a l a r ge solution cond u it ayatem . In Cockb ur n Town , on the 

we at aide of San Salva do r , an emergent foasil reef ( wit h 

elevations up to 4 • above preaent aea level) parallala the coas t 

for over 700 .e te r a . Sa.plea of the co r als Acropo r a ce rv icornis 

and Diploria at r igosa and the bivalve lIolluac Chione eaneellata 

wa r e coll ected for dating by aaino acid race.tzation and 

Uraniull-aertea lIethods . 

Solution condui t a a r e found st IIsny l ocal i tiea on the 

ialand , the lIost significant baing Ligh th ouse Cave , beneath Dixo n 

Hi l l in the northeaat po ~ tlon of the island . Lighthouse Ca ve is 

a well-developed aolutional network with paaaagea ranging f r oll 

0.5 aq uare .eters to 50 aquare aete r a . It ia developad in eol i an 

ca l ca renites that e xt end to at least -2 ., and phreatic 

(Bub- water t ah l e o r tube-full) develop. ent extenda froll +7 • 

elavation to at leaat -2 II . Samp le s of the wall r ock and the 
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contained fossils of the pul~onate gastropod Cerion ap. ~ere 

collected for a~ino ac id analyses, and speleot he ms ~ere removed 

for Uranium-aeries dating . The stalagmites analy~ed ~ere taken 

from gro~ th position on the floor of a portion of the cave system 

that flooded by marine ~a ter . The base of the stalagmites 

(~htch gro~ only under s ub a er ial conditions) is inundated by the 

~a te r even at lo ~ tide . 

The Johnson Sea-Link submersible has been used to examine 

near-~ertical 

south~eatern end . 

subAlerged , ~all .f the ialand at 

A ~e ll developed reef - coDstructive terrace or 

~ave-cut platform 1 a found at some localities at a depth of -5511. 

and ~nat have been forAled du r ing s at i ll-stand in aea level at 

the -50 to -SSm poaition . At - '10511. a number of ~av e-cut not c hes 

and overhanglngs, and a number of large horizontal solution 

cond u ita that open onto the islsnd ~sll are indicative of a psat ... level at that elevation . One major solution conduit ~a s 

located at -125~. Solution conduita at prefe r red horizona in a 

unifor~ lithology argue fo r a still-stand in sea level at those 

ho r izona for a time period of a l east a fe~ thousand years . 

These features may be indicative of eventa during the lIaxi.ulI aea 

level lo ~er ing of the Late IHscon sln an and its !lub!lequent rise to 

present elevation, ., they may reflect the effects of older 

glacial stage a • The usefulness of the aubllersible data on low 

••• level sti ll-stands is l i ~ited by our preaent inability to 

date the featurea , and therefore fit the .. into the Pleistocene 

sea level chronology of San Salvador Ialand (Care ~ & Mylroie , 

1984) . 



Amino Acid Analyses 

Anslyses of t ~e enantio~eric (OIL) ratios of s ix amino 

acids in t~e total ~ydrolyzates of Cerion sp . and C~ione 

sa~ples hav e 

described 

been conducted by gas c~romstogrsphic 

else ... here (Wehmiller /I Eme raon , 1980; 

canc e lla t a 

procedures 

Wehmiller, 1982 ). T ... o C~ione fr om the Coc kburn Town re e f and 16 

Cerion samples from var i ous calcarenite dune sites (including the 

cave ... all at Light~ouse Cave) ~a ve been studied (Csre .... 1983s . b) . 

Because msny of t~e Cerion ssmples were c~al ky and poorly 

pres e rv e d . enantiomeric r at i o analyses of some of the cslcs re nite 

matrices (usually nesrly pur e carbonate . consisting of ooids, 

f ora~s and shell fragments) ~ave also been performed in o rde r to 

assess t~e magnitude of natural diagenetic contamination of the 

Cerion amino a cida ... it~ thoae of t~e surrounding mat ri x. 

Co-varying glutamic a cid and leucine D/L valuea are 

plotted 

valine. 

i n Figure 1 . Results for other amino acids (alanine , 

prol i ne , phenylalanine, and aspartic aci d ) ahow the aame 

relative tren ds as seen i n Figure I , and are generally consiat e nt 

... ith the int r agene ric racemization tr e nds observed in oth e r 

molluscs (Lajoie. et sl . , 1980) . The D/L glut a mic ac i d va lu e s in 

Cer ion app e ar s1 ig ~tly (ca . 15%) gr eater t~an ... ould be expected 

from previous g l utamiC 

(Lajoie , et aI., 1980) ; 

is unique to Ceri o n, 

t~ermal or diag e netic 

studied. The relative 

acid-leucine int ra ge ne r !c obse rvations 

it 1s not known w~et~er thia relationship 

or whether it ia a con,equ e nc e of ,ome 

effect in~e re nt to t~e depoaita be ing 

racem ization rates fo r different amino 
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$ctda in the aatri . ssaples are rarely different f r oa thoae in 

t he Ce ri on (o r in other aolluaes), so theae relattwe rates 

b, the~selwea, be used in thia eaae to identify 

eontaatnatio n in the Ce ri oo reaults. Hovewer, for the follo v ing 

r e saon s ve conc lude that the ~oat reliab le Certon reaulta are 

those in the shsded region of Figure 1 , (1) ~ost of theae sa~ples 

were ~echanically sound and physically veIl preaerved , while 

t hoae v ith lover D/L val uea vere c halky and poorly preaerved; (2) 

highest D/L walue a aoat likely r ep resent the least aaount of 

e ontaainatio n vith either Hodero (OIL _ 0) or .at ri. (OIL _ 

0 . 2-0 . 3) a.ino a c id a; (3) aoat o f the lover D/L walues in Cerion 

are qu it e a i .i lar to the ast r ix D/L walues , ta plying that these 

poorly pr eserved sa~plea co ntain primarily a.t rlx .aino seida; 

(4) preciaion of ~ultiple snalyaea f r om single aites is gene r slly 

poorer for thos e samples vith lover D/L value s than for thoae 

vith the higher OIL values . Ths geologic setting and the hiato r y 

of the Ce rion sa.ples does not preclude .ulttple agea and lo r 

coaplex theraal hiatories as explana tion s f o r the vid s rsnge o f 

obse r.,ed D/L .,alues , but at present ve prefe r to interpret the 

reaul t a of Figu r e I aa being indicatt.e of one aajor c alc arenite 

event, repre sented by D/L valu ea of 0 . 623 ± 0 . 068 dune - f a riling 

(leuc ine) end 0 . 622 ± 0 . OS3 (gl utealie acid) . More data v iII 

probably per.it greater re.olution of thi a "event" i n to IIO re 

dia c r ete inte rwals of ca lcarenite dune foraation . 

Al so ahovn i n Figure 1 are the leucine and glutaa i c acid 

data for Chione cancel lata f r oa the Cockbur n Town fossil reef . 

These data are consistent vith i ntrag eneri e t r ends f o r thia genua 
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(Lajoie, et ,,1. , 1980) and also .. lth results obtsined by Belknap 

(1979) fo r Lucin" fro. a nea r by Uranium-seriea dated 130 ka reef 

site on Eleuthera Island , Bahamaa . 

The age of the moat reliable Cerio n samples constraina 

the ma x imum a ge of Ligh t house Ca ve itsel f o r a ny fresh wat er 

deposit" ther e in . The ".lno ac1d ag e e a t tma te f or these rel ie s 

upon the assum ption t hat the Chione a a mplea fro. Coc kburn To wn 

reef a r e approxi.ately 130 , 000 Jeara i n age , an d t hat theae da ta 

prow ide a kin et ic cal i bra t ion fo r local !ffec t iwe Qua t e r na r y 

Te.peraturea (aee WehmUle r , 1982. fo r disc uaaion of effect t .. e 

te .. peratu r ea) . Furt he r .ore , t he Ce ri on r esu l ts .uat be COover ted 

intO "equi valen t~ ChiOne in or der to apply any local kinetica 

calib r ate d in this .anner . Based upon the a spa r ti c acid/leuci ne 

ratio of 1.6 ± 0 . 3 obse rw ed in the Ceri on sallp lea , lie conclu de 

that Cer i on i s one of a grou p o f n f " a t - r aceml~ing ~ genera 

(Weh_ille r , 1982) , and that an app r oximate converaio n of Ce r io n 

enantiome r ic ratios to equiwalen t Chione valuea caD be .ade us i ng 

intergener1c re l" t ionship. obse rv ed in co-exiating aa .. ple. o f 

" faat- " and " alo li - r acelll~ i ng " lIolluacan genera in Pleiatocene 

• "rine 

Uaing 

Belknsp 

Lajoie 

deposi t s e l s ew here (Belknap , 1979 ; Lajoie , e t a l . , 1980) • 

t he l eu cin e non- l i ne ar ki ne t ic model of Wehmi lle r en d 

(1982 , Fig . 8) , t he leUCine " fast t o slo w" convers1.o n of 

et s l . ( 1980 , Fig . 4) , and Coc kb ur n Town r eef Chione dsts 

aa a local k inetic cali br ation , we pro poae an age of 70 , 000 + 

2.0 , 000 yeara f or the g r oup oC the most r e li a bl e Ce r i on aa.p l es 

depicted in Fi gure I. The uncer t a i nt y gi ve n for th i s ag e 

esti.a t e ia due t o the co.biDed effect of a na l yt 1ca1 iapreeia i on 
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and an assumed effective temperature uncertainty of ± 0.5 degrees 

Celsius . The use of linear kinetic models (see Wehmiller , 1982), 

other poss ible and ressonable intergeneric con versions, or other 

lI .. ino acids (e . g., gluta .. ic ac i d in Figure I) .. auld not reduce 

the above age estimate and vould not increase it above the age of 

the Chione samples from Cockburn To .. n re e f . 

Uranium-Series Analrses 

The results of the Uranium-series age analyses ar e shovn 

in Table The dates On the t va corsI ssmples vere obtsined 

from Lamont-Doherty Geological Observatory through the sssistance 

of John Goddard , using procedures described by Thurber, et al . 

(1965) . Uraniull contents vere suitably high (2 . 9 , 3 . 4 ppm) and 

232Th activity vas nit. Hovever , both coral samples shoved 

evidence o f calCite rec r ystallization (aee Table I). 

0" 

ano01lslousl1 

calCite , as 

interpretation of the coral dates 1s that they are 

young 

<h' 

from the sample 

With no evidence 

due to recrystallization of aragonite to 

younger sge of 90 , pOO ± 5 , 000 years is derived 

.. ith the greater a mount of recrystallization . 

for Pleistocene tectonic uplift On the Bahama 

platfor .. , the amino acid racemizat ion results on the Chione 

cancel lata samples from the Cockburn To ... n reef in agreement .. ith 

a 130,000 year age , ve interpret the emergent reef to be the 

result of formation during the generslly sccepted 125 ka high ses 

stand. In 

ne.. aamples 

However , the 

order 

that 

fact 

to remOve the ambiguit y f r om the coral dates, 

are free of calcite are heing analyzed . 

that the coral U-s erie s ages do not precisely 
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agree vith the a.ino acid data does not detract f roa the 

speleo them and calcarenite rea u lta; it is onl, necessa r , th at the 

reef be older than 100,000 yeara , vhich i t clea r ly ia . 

The spe leot hem ages vere determined by Lively , usi ng the 

facilities at the Minnesota Geological Sur ve, . The anal,tical 

procedure s we r e modified f r o. Thompson (197) . Ten to fift een 

grsms of calcite vere dissolved in aN HN03 to vhich vas added a 

Ion exchange techniques iaola ted U and Th 

v hich we re then sepsrately evaporsted on to atainl ess steel 

planchets fr o. a TTA/ben~ene .ixture. The actlvitiea of the U 

and Th isot o pes vere .essured on an alp ha apectroaete r. Total 

count a under the 228 Th and the 232U pea ks we r e gr eate r than 

6,000 . Becaulle o f low er c ount s under the ssm ple peak s , the 

sa~ples ve r e co unted f or lour to nine ds,a. Chemicsl ,ielda 

averaged 401 fo r Ur anium snd S31 for Thoriu •• 

The r eaul ts fro. the speleothems meet the reQuire.ents 

for reliable agee : (1) ther e is su ff icent U (>0 . 1 ppm); (2) 

230Th /232Th ac tiv i ty r at ioa are high , indicstin g that the 

measured 230Th vas produced b, An ~ decs, of 234U and va s not 

introduced as a detrital phase; (3) t he ages lire in the correct 

st r a tigr aphie order, the o l deat ages are in the bot tom half of 

the atalagalte, the ,oungeat agea a re in the top; (4) the sa.plel 

vere collected f r 08 zon e s of l a. ina ted c alCite vhich ahowed no 

ligna of r e cr,atal l iza ti on o r post-deposit ional alteration . 

The Uraniu.-seriea apeleothem age anal,sea (Tahle 1) 

indicate that depOSition began approxi.a t el, 49 . 000 ± 2 , 000 ,eare 

ago. Sample 'SIISl va s taken about 5 ca above the actual baa e of 
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at the first ~One of ~lean, laminated ~al~ite 

Approxima t e ly 10 ~m above sampl e 181151 , sampl e 

the stalagmite, 

(see Figur e 2). 

181155 yielde d a n age of 51,000 ± 2 , 000 year s. While the sges 

are slightly different, the one aigms errors on the ages overlap . 

This sugges ts that the depostion of ~al~ite was rapid , mak ing the 

time dif ference bet ween the two samples d1ff i~ul t to resolve . 

Due to the one sigAa error ove rl ap, no si8nif ican~ e is st t a~hed 

to the inversion in t he agea , and an age of 49 ka + 2 ka is 

aasigned to th e bottom half of the stalagmite. 

It ahould be noted that esch of the above mentiooed 

samples was colle~ted just above zonea of lay ered, punky c81cite 

con t a i ning shell frag men ts and wor m tubea. I t is apparent that 

the cle8r, well 18minated c81cite was deposited in an air fil l ed 

paS8age. Hg/Sr analyses of the punky ZOneS a re indicative of 

brsckish conditions during th8t deposition ( H. Gastoyne, perSOnal 

communicstions). We envision t hi s as resulting from ma r in e 

interfe rence with the talcite depOSition as a result of a ne ar 

modern sea level elevation . 

about 

Within the upper part of the st a lagmite, two s~~ple s 

10 ~m apar t were colle~ted and dated . Sampl e 181158 

yielded an age of 36,000 ± 2,000 yea rs, and sample '81159 an age 

of 37,000 

suggesting 

thousand 

± 1,000 Jeers . Again , the one sigma errors ove r lap , 

rapid deposi t ion Over an interval of one to t wo 

years. An age o f 37 ka ± 2 ka is assigned to the upp er 

half of the stalagmite. This psrt of the speleothem shows little 

if sn y e vidence of marine interf e reoce and presumably represents 

the entry into a pe r iod when aea level ~as belo~ -1 III . We are 
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• Figure 2 . Longitudinal section 
of stalagmite t, removed from 
the floor of Ligh t house CAve at 
- 1 meters. Ci r cles show UjTh 
sample localities. Bar scale 
in cm. 

Figure 3 . Constra ints on sea level position over the l ast 130,000 years . 
Lines with upward pointing arrows indicate high sea level at or near the 

ldiSPlayed elevation. Lines with downward pointing arrows indicate sea 
level somewhere below the d i spla yed elevation . 
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not able t o de teraine when the stalagmite stopped growing, a s the 

top of the stslsg mite 1s not present . It is a pparent that when 

'" le vel ros e to present day levels, the outer aurface of the 

stalagmi t e be gan to redissolve . 

The Qos t significant feature of these s ts lsgQ ite dates is 

the hiatus in deposition bet ween 49 ka and 37 ka . It is 

particularly so when it 1s noted that bo t h the bottom snd top 20 

cm portions were deposited with!n a f e w thousa nd years time . It 

this histus '" deposition co=bined with the ma rine 

overgrowth(s) which we feel pro vide the eVidence for a high sea 

stand bet ween 49 ks and 37 ka years . Sea wa t er co ve ring the 

stalagmite prev e nted fu r the r r a pid g r owth and at the same time 

led t o the de position of a layer of marine o ve r gr owth consisting 

of serpulid worm tubes . Whether or no t t he hi a tus l a a ted 10,000 

yea,s we do not currently know . I t is possible that wi th f urth e r 

analyses we =a1 be sble to narro w thst ti =e windo w. 

Sampl e 183312 (Table I) , with s Uraniu m-s e r i es age of 

24 , 000 ± 2 , 000 years is f rom 10 Cm abo ve t he ba s e of a large 

stalagmite (stalagmit e '2) alao from Li ghtho us e Cave . The 

230Th / 232 Th a cti vity ratio is 10". making the 24 ,000 Jea r sg e s 

maxim" .. va lue becsuse of an unkno wn amoun t of de tri t al 230Th 

could be pr e sent . 

possible de t r i t al 

Combined " ith the 10" Ur aniu m cont e nt an d the 

this age is no t considered r el i s ble . 

In te rnally . the stslsgmi t e sho" s evidenc e o f recryata l lization 

and possible post-depositions I slt e ra t ion . Some pa , t s o f th e 

stalsgmite also contain ah e lla and possib l y marine overgro " ths . 

I f theae featurea a r e in fact marin e , the n t he a ge of 24, 000 



years does not see .. reaa onab1e In vle" of tile kno"n 10" sea le.el 

during tile late Wisconsinan . Tile . ost probable gro"tll period for 

tllis sample is tile end of tile Wisconsinan and Into tile Ho loc ene, 

"lien sea level "010 returning to present conditiona. 

SOliliarI and Co nclusions 

The Cockbu r n To"n reef on tile "est side of Ssn Ssl vsdor 

can be correlated " i t h 0%Y8en isotope substage 5e (Emilisni , 

1972; Sroecke r & Van Donk , 1970), the Bsrbsdos III (Rendezvous 

Hill) reef (Fsi rbanks & Hstthe"a, 1978), snd othe r reported reef 

terraces o f approxlastely 12 5 , 000 yesre sgo ( Neuasnn & Hoore , 

1975 ; Slooa , et sl., 1974) . The presen c e of this reef on Ssn 

Sal vad or "lth s ~axl .. ua elevstion of epproximstely four meters 

above current .. ean s es level sppesrs to conflrll the ce c coni c 

stsbl1i t y of the island , S8 the 125 ks ses level is ususlly 

asauaed to have been at spp r oxiastely +6 aete r s . Thia suggests 

thst if any verticsl aotlon of the islsnd has been experienced , 

it hss been slight su bsidence , ss generslly reported for the IIsln 

8ahslla platform ( Hu llins & Lynts, 1977). Thst lIesns that sny of 

our estiastes fo r h1gh sea l evele are IIlnll1a . 

The bsse of stalaillite' collec ted froll the -1 .. level of 

Lighthouse 

ka (Tsble 

Ca ve date , by U!Th-sa rl aa lIethods , st epp r o xi llately 49 

I ) . Clearly, the ca ve aust be older than th e 

s ub a erisl ly forlled atslsSliites , but younge r than th e encloalng 

eolian calca r enite . That ca l ca renite, "lI lcll extenda to at leest 

-2 II ele.et10ll , .uat ha"e forlled " ith saa 1."e1 belo ... present 

elevation. Tile "ater table .ust have reached to at least +7 .. to 

>S. 



develop the classic phrestic aolution festuree of the ~alls and 

c e iling of the eave. The type of discharge provided by these 

solution condu i ts, co upled ~ ith the island'e li.ited di.enslons 

require that sea level . uat have been at or abo ve its preaent 

position to place the fresh wate r lens sbove the +6 ~ elewation. 

Th e ~all rock snd ateleglllite dates leave only the 80 ka to SO ka 

ti.e- ~indo~ for this to occur . Recent adwancea tn lteeatone 

sol ution kinetica ( White , 1978; Paleer , 1981) suggest tbat a 

llIinilllu~ ti~e of 10 ,000 to 20 , 000 yeara is neceaasry for pro dction 

of the conduit sizes obse rved . Undated condui t s ~ ith aolutional 

festures exhibiting e aiailar r ange of elevetion have bee n 

described fro~ San Selwsdo r, Andros, snd Nfl~ Prowidellce Islands, 

Bshalllu (Myl ro ie , 1978) . 

Cave 

Bet~ee9 49 ka and 37 ka the atalag_ite froll I.ighthou s e 

teased sro~th, and a later of talca r eous tubea we re 

depoaited on the etalaglllite . Comparison of the ult r a-atrllcture 

of th e ae tubes with those o f 1II0dern se rpull d ~oras sod veraifo r a 

gastropoda (J . Carter , pe r sonal tos~uniestion) Ilti!i:dng the 

scanning electron sicroscope reveale that thet sre indeed of 

serpulld origin . Se rpillid growth 1n eaves haa been reported f r os 

Belhe ( Ma cintyre , et al ., 1982). These tubes were later 

entombed ~ ithin the ststsgstte as stowt h of the speleothe~ 

continlled after 37 ka. The depOsition of subaerial stalagsitie 

material at -1 .. at 49 ks indicates thst the co ndu i t was drained 

to at l e sst that s lewation, snd by implication sea level must 

hawe been at leaat tbst lo~ or lo~er. The se rpu lid over8ro ~th 

coupled ~ith the ceaaation of g r o ~tb bet~een 49 ka and 37 ka 

". 



requira. a ri.e in .ea le •• l to .t l.a.t it. eu~ ~. nt al ••• tion. 

The conti nued g~o~th o f the .t.lagaite afte r 37 k. i ndie.te. that 

.ea l.v.l .ust h.y •• g.in f.ll.n to at l ••• t -1 • . 

Th. concluaion. f r oa ou r data .~e p~aa.nt.d in Figur. 3. 

", fossil ~ •• f end .olution conduit eley.tion., .nd the 

requirelllents for thei~ forll.tion , argue for ••• lev.l to b. in 

the +4 to +6 • r.ng. at both 125 k. and 80 k.-60 ka. iaported 

high ae. ley.l .t .ppro.ia.t.l, 80 k. (Bo.rda.n , . t al., 1983; 

Cronin , .t aI. , 1981) is of .ppropri.te .ge . The deposition of 

", 
leyel 

k.-70 

eolian 

b. 

k •• 

calc. r .nite ~.ll rock of the c.v. requires that sea 

belo~ _2 a but .bov. the bank edge .t .ppro.ill.tely 90 

An .ge of 85 ka ~ould b. con.istent ~t th data for the 

eolian Southampton Fo ~m.ti on of B.rauda (Ra~aon •• t .1 •• 1983) . 

s .. 

", 
1.vel muat 

SO k.-40 

hay. been .t lea.t .t 0 .. (cur r.nt s •• l.vel) in 

k. tiae range to account for the punky c.rbon.te 

depo.ition io the lo~.r half of the stalasaite , .nd fo r the 

serpulid ~o r .s to haye lty.d , but belo~ _1 • el.v.tio n for the 

r.a.ind.r of the L.t. Plei.tocene . 

Ackno~ ledsaent. 

We ~i sh to th.nk the College Center of the Fing.r La ke. 

aahaaian Field Statlon on San S.lvador , B.h •••• for fin.nCisl .nd 

logistical . upport for the field ~ork nec •• aar, to conduct this 

proj.ct . Don .nd t.thy G. r. c •• r . due thanka for their unending 

• ff ort , and their p.raonal .upport. The lIa rbor Branch Foundation 

and CCFL B.h.aisn Fi.ld Station provid.d the support for use of 

the Johnson S •• -Link I Suba.r.ibl. . Th. Souther n i.glonal 

170 



Education Board pro~ided a grant to J . L. C. for funds to obtain 

dating by La~ont-DohertJ Geolog ical Obaervatory . The 

inatitutions of the authors supported all pha aea of this st udy_ 

Assiatence vith 

apect r oscopy for Hg and Sr vaa pro1'ided by G. Asleson and J. 

Deavor of the Chemiatry Department o f the College of Charleaton . 

Thanks to Joan Ne vell for lIo rd processing . 

171 



Education Board pro~ided a grant to J . L. C. for funds to obtain 

dating by La~ont-DohertJ Geolog ical Obaervatory . The 

inatitutions of the authors supported all pha aea of this st udy_ 

Assiatence vith 

apect r oscopy for Hg and Sr vaa pro1'ided by G. Asleson and J. 

Deavor of the Chemiatry Department o f the College of Charleaton . 

Thanks to Joan Ne vell for lIo rd processing . 

171 



REFE RENCE 

Belknap, D.F., 1979 , ... pplication of alii no acid geochronology to 
stratigraphy of Late Cenozoic msrine units of the 
"'tlantic cosstal pla i n: Unpb1 . Ph.D. Disaert., Uni., . 
Dela~are , 532 p. 

Bloom . .... L .• Broecker, W. S., Chappell, J. H. A.. Hatthe~a, R. 
t., and H!!sole11a , t. J . , 1974 . Quaternary aea level 
fluctuations on s tectonic coastl Ne~ 230Th/234U detes 
from the Huon Peniosuls, New GuiDes: Quaternary Rea. , 
v. 4 , p. 185-205 . 

Bloom, .... L., 1983a . The start of the next ice age: Geol. Soc . 
Aller . !batr . Prog. , v . 15 , no. 6 , p . 52B . 

810011 . A. L •• 1983b , Sea level and coastal lIIorphology of the 
United Ststes through the Late Wiaconsin g l acial . aximum 
is Wright , H. E . Jr. (ed.), Late Quaternary En.,ironmenta 

of the United States , Volullle I, S. C. Porter (ed . ): Unh . 
Minn . Press, p . 215-229 . 

Boardman , H. , Dulin, L., and Kenter. R., 1983. High atsnda of aes 
level : rhythmic depostion of bank-de r ived carbonate 
sedillent in the deep periplstforll environllentl Geol. Soc . 
Amer . Abatr. Prog . , Y. 15 . nn. 6. p. 528. 

Broecker, W. S . end Van Dank . J . , 1970, Inaol a tion chengee , ice 
volUmes , and the 180 re cord in deep-aea cores: Revie~a of 
Geophys. and Space Phys ., v . 81 , p. 169-198. 

Care .. , J . L., Hylroie, J. E. and Lively , R. t 1982 , Bahamian caves 
and aea level changel Bahalllas Naturalist, v . 6 , no . 2 , 
p . 5-13. 

Care .. , J . L. and ""lroie. J . E. , 1983 . Ne .. eatimatea of Late 
Pleistocene aea leve l from San Salvador, Bahamaa : Geol . 
Soc. Alle r. Abatrscta ~ ith Prog .• v . 15 , no . 6 , p. 538 . 

Care .... J. L., 1983a , Geochronology of San Salvado r , Bahamas 1.!!. 
Gersce, D. (ed . ) , Field Guide to the Geology of San 
Salvador {Third Edtion)l Sao Salvado r , Bahallaa, CCFL 
Bahallliao Field Station , p. 160-172. 

Care~, J . L , 1983b, The use of allino ac i d racellization dati ng for 
unravelling the chronostratigraphy of San Salvador, 
Bahamas: Pr oceed i ng of tile Firat Sympoaiull on the 
Geology of the Bahamas, Harch 23-25 , 1982 , San Salvador , 
Bahamas , CCFL Bahamian Field Station, p . 12-17 . 

Care~, J. L. "nd ",lroie , J . E., 1984, Submerged evidence of 

172 



Pleistocene low sea levels on San Salvador , Bahallas : 
N. O. A.A. Unde r sea Reses r ch P r oSrall, v. 2 , no. 2 , 
(in pr us) . 

Cron in , T . M., Szabo , B. J . , Aser , T . A., Hazel , J . t . , and 
Owens, J . P., 1981 , Qua t e rn a rJ clilla te~ and sea l e¥<', la 
of the U. S . Atlan tic coastal plain: Scie nc e, v. 2U, 
no . 4479 , p . 233-240 . 

Dr ollie r, A. W. , Schlaser , W., and Whallon , C . C., 1983 , 
Quaterna r y a resonite cJclea and o llJse n-iao t o pe record 
in Ba hallian carbo nate ooze : Ce olosy . v . II , p . 235-239 . 

tlllilia n i . C. E., 1972 , Quaternary paleot e llp e raturea a nd the 
durat io n of th e hish-te mp eratu r e in terval a : Sc i ence , 
v. 178, p . 398 -401. 

Fairban ks , H. C . and Matthe ... s , H. [" 1978 , The aarin e oxygen 
isotope record 1n Pleistoce ne coral , Barbados, West 
In dies: Quaternary Res., v . 10 , p . 181-196 . 

Karllon , H. S ., et 01 ., 1983, U-se r ies and allino acid r ac ell iza t i o n 
geochronology o f Berauda: implications f o r euata ti c ses­
l ev e l fluc tuat ion ove r the paat 2S0 , OOO yea r s : 
Palaeogeogr . Palaeotl illl at ., Pala eoe co l., v. 44 , 
p . 41 -70. 

l.ajoie , [, R. , Welulliller , J . F., and [ennedy, C. L., 1980 , 
Inter-and int ra generlt trends in appare n t racesi zation 
kin etiCS of alii nO acid. in Qua ter na r y 1I01luaks io Rare , 
P . E .. lIoer ing , T . C. , and ling , [, J r . (eda . )' ­
Biogeochellist r y of Allin o ACids: Ne ... To rk, Wiley , 
p . 305-340. 

Ma c i n ty r e , 1. C . , Hutzl er, I ., No rri a, J . N, and raucha ld , 1., 
1982 , A au blllllrine c av e near Colulllbus Cay , 8elize: A 
bi za r re c r ypt i c hab itat 1a Rutzler, I . and Macintyre, 
I . C . (ede. ) , The At lantic Barrier Reef Ecosystem at 
Cani e Bo ... Cay . Belize: 1. Sliithso n. Contr . to Marine 
Sc i., DO. 12 , p . 127-146 . 

Hans erud, J ., 198 1a, The esrly and siddle We ichse lian tn No r ... a y: 
a re vi e ... : Boreaa, v. 10, p. 381-393 . 

Hangerud, J ., 1981b , A 1111ddll Wei chse l ian ice-f re e pe r iod in 
We ate rn Norway: the leaund I n terstadia l: Boreaa , y. 10 , 
p . 44 7-462 . 

Ker c er, J . H. , 1978 , \lest An tarctic ice sheet a nd C02 gree nhouse 
effect : a threat of dieaeter: Natu r e, v. 271, p. 32 1-325. 

Mu lli ns , R . T . and Lynts , C. 10'., 1977 , Origi n of t he no r t h ... ester n 
Ba ha.a Platfor. : r evie ... and r einte rp r e tation: Ceol. Soc . 

'" 



Amer. Bull. , v. 88 , p. 1447-1461 . 

Hrlrol e , J. E. , 1918, SpeleOlene~is in the Ber.uda ialanda: Proc . 
Nst . Speologlcal Soc. Annual Conv . , p . 38 . 

Mrlrote, J. E. , 1980, Caves and karat of San Salvador In Ge r ace , 
D., (ed . >, Field Guide t o the Geologl of San Salvador: 
Sa n Sal vad o r, Baha.as , CCFL Baha. ian Field Stat ion, 
p . 61-9 1. 

Mylroie . J . E . , 1983 , [ arat geolo81 and Pleistoc e ne history of 
Sa n Salvador Is l and , aaha.as: Proc . Ftr~ t S,aposiua on 
the Geololl of the aahallss, Hsrch 23- 25 , 1983 , Ssn 
Sal vador , Bshallas , CC FL Bahallian Fleld Station , p . 6-11 . 

liewllann . A. C. and Hoare, W. S . , 1975, Sea level "' ven t a and 
Pleistoc ene coral ag",a in th'" liorth",r n aahallaa: Quat . 
Re • • , Y. S, p . 215-224 . 

Plilmer, A. Ii., 1981 , H,dro c he llica l factora i n the orilin of 
li .. eatone ca ve a : Pr oc . 8th In te rnat. Congress Spe leologl , 
p. 120-122 . 

Shscklet on , N. J . and H:ltthe wa , R. l . , 1911 , O"lgen isotope 
st ratigr aph, of dated interglacial co r al te rr llces in 
Ba r bados : Iiat ur e . v. 268 , p . 618-620 . 

Tho. , B. G. , 1913 , The d11e •• s of hlah lnterstadilll aea levels 
du r i ng the last Illlcia tlon: Prolress in GeOlr.ph" Y. 5, 
p . 167-246. 

Thollpson , P. , 1973 , S p",leoch ronologl and late Plelatocen e 
cU.at e s inferred for 0 , C , H, U, and Th isotopic 
abundances in speLeothe.s: Unpu bl. Ph.D . Diaser t. , 
HcHaster Univ . • 340 p. 

Thurber , D. L , Broecke r , W. S ., BI.nchllrd, R. t., and Pot r at~, 
H. A. , 1965 , Uraniull-serie' .ges of P.ciflc ato ll coral : 
SCience , Y. 149, p . 55-58 . 

We h .. il ler, J . r ., 1982, A r evi ew of amino racemization atudiea in 
Quate r nar, aolluska: strati l r ap hic and chronolOllc 
applicllttonll in coaatal and lnterllactlll aites , Paclfic 
and Atlanttc coast. , United Stlltes , United lingdoll , 
BlIffin Islllnd , "nd tropic"l ialllnda: Quat. Sci. Rev ., 
v. I , p. 83-120 . 

Weh at ller, J . r. and E.eraon, W. l. , 1980 , C.libra tioll of a .. ino 
acld ra ce_ ixat i on in L"te Plel~tocene _olluak.: Resulta 
hom Ha8d alenll Ba1 , Baja Cali fornia Sur., Hexico, with 
dating ap pli c at iona and paleoclimatic implicationa: The 
Nautilus, v . 94 , no . I , p . 3 1-36. 

17. 



Wehmlller , J . F . and Belknap, D. F .• 1982 , Amin o acid age 
eatt=ate s , Quaternary Atlantt c coastal plain: comparison 
wit h U- serles dste s , bioatratlaraphr . and paleo.asnetlc 
contr ol : Que t. Res . , v. 18 . p. 3 11-336 . 

White, W. B. , 19 78 , Water balance, ma ss balance , and time scales 
for cave system de Ye lopment: Proc . Nat . Spel e ologi c al 
Soc . Ann. Con y . , p . 36 . 




