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The Be rm uda and Bahama I s lands ha~e a e upe rf lelal1y 
eiaUar geo l ogy eonsia ti ng of i nt erfingering marine an d e olian 
lille.tones , .. htch ha s been lIeethered t nto e c le sa t e karst 
la ndacape . 4tf- fiUed aolution cond uit a and e. ye •• r e abundant 
i n both island g r ou p., but di ff er aar ked l y i n their present 
configuration . Beraudian e.yee a r e large c ha abe r . o r eeries of 
ehaabera foraed al.oat entirely by col l apae proceaaea. 
Sol utionsl surfaces are r are and the ca ye a are f l oored e ntirely 
by col lapse aate ria l e~tending to sea leyel . Bahaaian cayea are 
aolution conduita of a tubular nature .. ith bedrock floora aod 
lIell deyeloped solutlonal surfacaa . 

The differences in caye deyelopment are due t o the 
pra.ence i n the Berauda lslallda of ~olca n ic aateriel tallediately 
beneath a thi n Itaestone cova r. During Pleiatocene low aea leYel 
atanda, the limestolle/baaalt contact, which haa considerable 
r elief, acted to chan na l aubau rface flow into a fe ll lIajo r 
pathllaya , producing extr ellely l arge c onduits. Durll1g and aft e r 
fo r aa ti on, theae conduita , bacauaa of the i r large a ize, underllent 
pr og radati ona l col la pse t o the aurface, foraing t ypical Beraudian 
cayea . Dur illg past h i gh aea !eyel a tands, the Uaited catc hae nt 
a r ea of the exposed island pr oducad aino r aaaU aolu tio n tubea . 

In t he Baha.aa, the It .eatone ia of a rel.tlye unifora 
lithology f or aally k ilaetar. of dept h. Regardlesa of Plalatocene 
aea levels , the production of co ndu ita ia not I nflu e nced by 
a ubeurface topography or lithology , but by eoapetition for 
ayailable surfac e f r eah llate r recharge . The cOlldults produced , 
wh ile o f ap preciable aize , are a.a ll e r and ao r e atab le tha n I n 
Barllu da , an d collapae featuree aiatlar to thosa ill Barauda are 
rare . Hare aurface a r ea of tha Bahalls I s l anda lIaa e~poaad duri ll g 
past high sea l eve l etanda resulting in large aeteoric 
catch .. anta , and lIajo r d ry f oss il "ys te lls can be ente r ed today . 
Solution condui ts fo rmed at lo w sea level ata nda in bot h tsle nd 
sJste .. s are current l y fl oo ded, but can be obaer .. ed with 
appro priat e technology . 

Illt r oduct 10n 

Th e Berauda Ialanda , located 1300 k. due eaa t of the 

Ca rolinaa , a nd t he Bahaaa Ialaod a, extending aouthean fo r 1000 

k. fro. the Florida Strait a , haye a su perfiCially at.i iar 

geolo87 · Both island g r oup a a re . ade up of a urtety of 

'" 



Pleistocene Hol ocene ca rbonate r oc ka of lIarine and 

terrestrial origin. T~ese rocka interfinger in a cOllplez manne r 

t~at r e fl ec ta the sea level snd climatic variations of t~e 

Pleiatocene. The _ajar dlfference in t~eae t wo tectonically 

atable platforlls !. in t~e thickne.s of the carbon.te rock s . In 

the Bllhllllllll , the Cll rbonates er.tend a t leallc lIeve ral kilo_ete ra 

downward, restin g on pervas!'ely intrude d c ru stal fragments 

( Kullin s and Lynn , 1911 ) , wh i le in Berlluda, the ca rbonatell are a 

thin veneer a few hundred lIetera t ~ick o r lellll, 0'Oer111n8 the 

basalt o f the ori8inal volcan i c co ne (Kylr01e , 1918). Dlltlliled 

d1scuas10nll of 

Lllnd , et al 

Bermuda st r ll t igrap h y and g e o l ogy ca n be found in 

(1961) and Rll r llo n , et al (1983) , lind Ba haelan 

atra t igraph1 lind geolog y i ll di scussed in Gar r ett lind Gould ( 1984 ) 

and Cllr e w and Kyl ro ie (this volume) . In both lalllnd groupll , the 

bulk o f t~e land s urfa c e is made up of eo lian ca l cll renites , w ~ich 

interfinger with _lIrine l ieell t onea below ele,ationa of +6 e. 

T~e porous Iieestone au r hce of the 181llnd gr oupll has 

made karst processes the dominant agent in landform produ ction . 

Closed d e preasions, ai nkholell lind c avea are abundant . and a urfa ce 

IIt re llea non-e .. iste n t . The freshwater lens 1s lIinieal 1n Ber_uda, 

a nd in t~e Bahamas ranges f r ail very large , as on AndrOIl I sland, 

to taolated patches o n San Sal vad or bland . 

One of t~e _ajor geoeorp hi c differencea of the island 

groups 1. i n the nature of their ca ve f orllation . The preaently 

air -fil led caves of Be r mu da are distinctly di ffe r ent fro ll t~eir 

Bahallilln co unterpart . , .nd refle c t t~e illpac t of Pleistocene Il ea 

level cha nges on the IIlIjor geologic dif fe r enclI between the illiand 

>14 



aroupa . 

Ca yes of Bermuda 

The cayea of 8erllluda hav e beeo know~ and atud ied for a 

fairly lona tiae, inc luding early works by Swinne rt on ( 1929 ) and 

Bretz ( 1960) snd c o nt inu ina to lat e r atudiea by Pal.er , et al 

( 1977 ) . The alanifi cance of tha c ayes ia in thei r morpho logy , 

Wi th few e xceptio ns the eotera b le cavea co naist of col lapae 

dolinea o r fi ssu r es lead ina i nto a c ha.ber o r aeries of chaabers 

for aa d by c ollap ae o f rock into an underlyina void , whi ch often 

le:lds downw>:lr d to aea leyel and below. The bedrock ce ili na and 

well s exhibit fractllre faces , and rarely show so lutional f oras 

(s peleogen a) . The aize and co ntinuity o f a liven ca va is 

dependant on t he amount of collapse that haa occ urred, the dearee 

to whi ch the collapae haa le f t a atable overhung ceil ing, and the 

abili ty of t he underlying void t o accept t he collapaed aaterial . 

Fi lilre 1 ahows the plan and profile of two adjacent , typiu,l 

Be rmuda c ayea , Majo r aecondary lIo dification of the c hambera 

occu r s due to ape leo the. depoaition and pipioa of au r face 

r esidual aol1 into t he csye , The wster level in the ca ves 

flu c tuat es with the tides , and pilea o f collapae a at e rial are 

known to c ontinue at leaat 30 m below wster ley e l ( Har lll on , et aI , 

1983) . At loca ti ons where t he se csves Intera ec t ope n baya snd 

lagoona, t idal borea can be nbaerved fl ov ina into ( hilh tide ) and 

ou t o f (lo w tide) th e ialand. The tida l boraa, co.hi ned with the 

tidal fluctuatons of the water found In the ca¥ea, aUlseats :I 

s r eat deal of int e r con nectio n between the ca ve a be lnv s es level . 
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Figure I : Plan and pr ofile of t wo typical Berilluda caves, Both 
caves are ent era ble portions of coll apse piles ext e nding beneath 
an ove r hanging ledge down to sea le vel. I n the case of Chu r ch 
Cave , two adjacent collapses have united to produc e a large lake 
chamber . No bedroc k floor or solution sur f ace (speleogenJ is 
Seen 1n etther Ca ve . Note dimensions sre in feet and the plsn 
snd profile are not at the ssme scale . 
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The abundance of colla pae featuraa , coupled .. ith the 

rela t i ve paucity of speleoge na , haa l ad ~oat i nvea t iga t o r a o f 

Be rllud a ca ve s to propose the creat io n of solu tional ... oids at 

depth, .. ith a aubaaquent progradational collapse of the c.Uing 

to an ele ... ation abo ... e preaant aaa 1e ... e1. 

The genesia of the Be r lluda c avea ia at r ong l y interrelated 

t o euatatic sea level change. a.aoc iat.d .. ith the Pleia t ocene 

glacial episodea . Stalac tites can be observed located ... 11 belo .. 

preaent aea level , ind i ca t ing depoai t ion du ring a 10 .. "ea le ... el 

atand. Large breakd o .. n blocka , aOlle sho .. ing "talactite s .. ith t .. o 

or three diffe r ent g r o .. th orientatiooa , are located belo .... ater 

le ... el . Such featu r ea indicate a cOllpla x hiato r y of aolutio n at 

depth, collapae , calc tte de position , block rotat ion , lIor. calci t e 

deposition, ending in aubllergence by riaing aea level. C"lcite 

spel.oth'lI sallplea 

of 100,000 year" 

ha ... e been datad frOIl Berlluda ca yea in axceaa 

old ( Harllon, et aI , 1983) , indicat in g a 

significant age to the cava c haRbe r s in .. h ic h the ca l Cite .. as 

depoait.d . 

True aolutio n con dnit. are rare on the ialanda . E ... e n 

finding a cave paaaage .. ith an in-place bed r ock floo r ia 

dif fi cult , regardlesa of the lack o r abundance of apeleogena . 

Kany allall solution tubes can be found on the au rface, although 

lIoat are .uch too allall to e nter. SOlie caye" . s uch aa Cryatal 

Cave and Leallin,ton Ca ... e, h .... e a reas .. hare ape l eo,alla c ao be 

observed . The beat e xa mpl es o f aolutional co nduits aT e found in 

the Gove r nllent Quar ry area . Here 10" (0 .25 - 1 II) , .. ide (l - 3 

II) aolution tubes can be found at a aln,le ho ri zontal datull 



appfo~l.ately 6 • above pr •• ent ses level. The •• tube. c ut 

aerosa exiating pri.ary . tr uctu r es i n the li •• atone (foreaet 

beds) , e nd the "alill ha,e exteoalYe apeleolen de'elopeent . 

I •• edtstely belo" the lIolution tub es in the quarry ia a larle 

collapse cave "hich extenda below sea l evel , and extend a upward 

to i o teraect one of the .olution tubea. The orientation o f the 

Gover n.ent Qua rry eolutlon tubea at a alngle horizOIl auggeata 

control by a "ideapr.ad featllre , allch aa a freah"ater lena 

allpported on an older . but highe r aea lev.l. The .olutlon 

conduita are olde r th," the ,"s t re cent co llapae event in the 

underlying ceve. 

Speteo s eneaia 

Mechaniaea have been propoaed ( Pa lmer , .t aI. , 1977) to 

explain the ao111tion kinetice of tile limeetonell in Bereudll, 

taking into account the age of the rock, relative aaouots of 

freell end aalt water pr eaeot , tile varioua typell of CaCOJ 

in'olved, and the ion conc."trations. 

fOflled 

glaeial 

du ring 

Bretz ( 1960) hea propolI.d that the Berlluda cavea "ere 

during low Ilea level lIunda produced by the Pleiatocene 

episodes. The enti r e cerbonete platfo rs " ould be exposed 

tlleae condition" and the greater lI urf,ce a r ea lIould 

allpport a large freahwater l en.. Movesent of " 'ter .ea llard along 

the air/lena bOllndary would elltablillh larg. ao lution coodu1tll at 

• hor1zoll(") well belo" preaent aea level. Prolradatiooal 

collepae , .. ea rli er dellcribed , would yield the elttat ing 

aorphology of the cevell. 
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S t udy of t~e volcanic/carbonate interface Dr boundary on 

Ber~uda indicatea t~at it ia undulatory and con tains significant 

reli ef (Stsnley and S .... ift, 1968) . 

the contact to 

at one location 

Quarry , lIIarine 

be .boye .ea level, though aaaked by c. r bo n.tes, 

(R . Harmon , pers. coa~.). In t he Goyernaent 

liaestones expoaed ueaf aea le vel in the lo .... er 

caye cOlltain baaalt c hips up t o 2 . 5 ca acroas , indic.ting a 

nearby .ou r ce of b •• alt at the .pp r oxia.te elevation of the 

lisestone .... hen it .... a. depoaited. 

The aignific.nce of the Yolcanic/carbonate bo undary is 

that it represents .n in.oluble a nd relatively taperae.ble 

base.ent to ground ..... ter fl o .... . Th ia ~ay be of little iaport.nce 

" 
of 

present aea 

t~ia cootact 

level. , due to a probable amall ar e a of e xpo.ure 

eboye eea leyel .... ithin the 1.l.nd aass. Duri ng 

past , lo .... er sea leyel. , th e entire carbonate platfora .... ou ld haye 

been .... ell aboye .ea level, and a lII uch 1.r,er portion of the 

yolcani c/ca rbonate boundary alao .... ould ~ave been expo.ed abo ye 

, .. level isl.nd mass. percolating 

ground ..... ter .... o u1d be concentrate d by the .ub.urface .... ate r .hed of 

the yolcenic/carbonate bound.rr. Solut i on con du1t ..... ou1d fora .t 

and immedi.tely aboye t~ia cont.c t , follo .... ing the topography of 

t he cont.ct in the 'Ya11 a b1e do .... n-gradient direction to •• a leyel 

" thet t1ae . Very large so lutl on condui t . co ul d be expected to 

fo r a , and col l.pae debriS .... ou1 d be r eso yed and/or consolid.ted by 

vadose etream action. Voids wou ld be produ ce d w it~ suff1cient 

yoluee to accept 

con figuration. of 

the collapee t~at seee. to have produted the 

the e xi sting caye. on the i sland. Thi •• ode l 
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Caves 2i the Bah.~.a 

The unique nsture of the Ber.uds cswes beco.es .ore 

apparent .. hen co. parad to the ca ve a of the Bahaaa Islands . The 

~ajoc differences 

size of .any o f 

between the Baha~as and Berauda ace the larger 

the B"haa. Ialands, snd the lack of any 

woleanic/carbonate contact in the vicinity of paat or preaent aea 

levele. The 

fluctuation 

lsrger island 

and agitation 

size attenuatea the effect of tidal 

of the ground"ater , sllowing a 

subatantlal fresh ... tec lena to develop on a08e Baha.ian i alan da . 

The top of thia lena is alig htly abowe preaent aea level, and 

aigcation of water froa the interior of the is land to ita .argina 

is capable of for.ing traditi ona l c s ve conduits st this ho r izon 

undec condit ions en vt aioned by Bretz (1960) for Berauda . 

Many abandoned solution conduits are e~posed todsy in the 

Saha.as at elevattons appro~i.ately 6 a above present sea level, 

relsted to an earlier, higher aea level . Examplea incl ude 

Micholato .. n Cave ( Figure 2) and Morgans Bluff Ca ve on Androa 

Island , Hunt ' s Ca ve on Mev PrOVidence rsland , and Ligh t houa s Cave 

on Ssn Ssl vador rsland. For a description of so.e of these 

c ave s , see Mylrole (1978 and 1983) . Theae Caves sre class ic 

phreatic" tubular conduita that e~htbit Ister v",do", e incision 

featurea . 

developed 

They contain relatively little tollapae , .. ith .. ell 

", peleogena abundant, in c luding 

spo nge lio r k , natural bridges and boneyard . 

Ceiling pocketa , 

Figure 2, Iholiln8 

Micholatolin Ca ve on Andros Isllnd , Is a typical e.a.ple and 
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Figure 2: Plan vi e w with c r oss sec t ions of Nicholsto wn Ca ve , 
And r o a IsIsnd , 6aha 8 a s , a t ypical a ubaerial 6aha 8 ian c ave . The 
ca ve Is • series o f solutiona11y f or.ed bedrock t u bes t hat 
.ig r ate in th r ee di.ensions . Later vadose incision hsa produ ced 
vertical aha ft a in the cave f l oor . The .'I:I: i.u. e l evation o f 
soluti o nal aurfacea is appro~i.stely 6 • sbo ve sea leve l. 
Collapae 115 .. i n o r , although the ca ve no longer r e latea to th e 
pre s ent surface t opog ra phy . Note dl lll en sio ns s r e in f ee t. 



con tru,t. .lIarply .. itll the 8erauda e~aaple i n Fig ure 1 . Soae of 

these co nduits 1'Iaye i ap re •• ive dilllenllionll , lis 1n L1glltllou.e Ca ve , 

San Sal vador , lIhere tile lIIain pasuge is 15 Il lIide and 5 II higll 

for a 50 a atretch . The caye 1'Ia. onl y ainor collap.e , indicating 

that perhapa e ye n larger co nduit. a re neceaaary to produce large 

co llapse ca yes . 

So lution conduita have al.o been located at -105 III depth, 

.nd -125 a deptll in the 8.h ••••• The de velopaent of aolution 

conduit. .t preferred ho rizon s in • relathely unUora lithology 

.uggests • freshllate r len. cont rolled by .ea l e vel . The 

signific.nce of s fre.h .. ater lene con tro lled by . e a level , •• 

oppo.ed to • non-ho r i1l: 0ntal 11tll.ologlc boundar y, ta that conduit 

place.ent and aize i . con troll ed by co.petition for aurf.ce 

recharge . Tllis producea lIIany COlllpe t ing ph r eatic conduit •• t 

.h.l 1011 depth. IIhicll say inte r connec t. Co.pet ition for rech.rge 

and tile lack of y.d o.e flov (no pe r clling Ittllology pre.ent) 

prewent cond u i ta froll de veloping tile ... ssiye propo rtion s see n in 

Bermud • • 

8.11 ••••. 

Large sc.le 

Tlli. 1II0del 

presented in Figure 3b . 

Discussion 

collapge 

of C9Ve 

c9 ve s are tile ref are rare in tile 

developllent in tile 89119.99 1. 

The diffe r ence 1n C9ye. of tile tva isl.nd Sro up. 9ppe. r a 

to de pend on c ondition. cont r olli ns tile po.ition, orientation , 

.nd relief on t he lIa ter table du ring lOll aee le,el stand.. D.ta 

frail San Sa lvador I .land , Ballaa •• (Ca rell .nd Myl r oie , 1983) , 

.1I0lls tll.t the large conduit of Light house C ... lIuat lIaye foraed 
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Figure 3: Idealized and diagrammatic com pa ri son o f Ca ve 
formation in Bermuda (a) and in the Bahamas (b) . Present sea 
level and intermediate glacial sea levels snd the 801utio nsl 
features associated ~ith. the.. are eliminated for clarity _ In 
both cases, a and b, glaclal h1811 s e a level s tand s produce .. odest 
solution conduits i n a f reshwa ter lens perched on sea water. 
Conduit siz e is limited by the available meteoric catchmen t . 
During glacial 10 .... sea level stends, lIeteoric catch ment area 
i. ncreases in both cas es , and co ndu i t s Sre larger Recordingl,. In 
Be rm uda (a), the presence of the i rregular basalt/ liaestone 
contac t chann el s groundwater into a f e w major con du ita of 
aignificant size . Late r progradational collapse pro duces the 
t ypi c al Bermuda cave pictured in Figure 1 . In the Bahamas (b) , 
nO li thologi c conc entration of groundwater occurs, and recharge 
competition leads to many mode r ate ly siz e d condu i ts. Theae 
cond uit s are not l a rge enough t o produce the collapse fes ture s 
seen on Ber'lU da . Note the disgralls sre not to s cale . 
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o ... e~ a .11:1:1I1um t l aa of 30 , 000 yea r s, at a hlghe~ eee le ... el atand 

IIhen catchllent area lIould ha ... e been even teaa than that at 

present . Cle a rly a controll i ng litho l ogy , as sho ll n 1n Figure 3. , 

could forll the larger c onduit. needed to produce the .cale of 

collapae .een on Beraud. ( Figure 1 ) . 

Jennings (196S) d e sc~ibell c. ve an d It. r .t development tn 

eolian c.lca re nite. of Aus t ra l ia . He lIa ltea • atrons a r g u. ent for 

syngenetic It. r at develo pllent in eoli .n c.lc. r enite s ( i.e. , It.rat 

concu r rent with con.o lidati o n of the .01ian developaa nt 

cslc.reni te.) . Thia lIa y e x pla in aOlle of the k.r.t fe.t ure. aeen 

In the Baha .aa , bu t in itaelf ca nnot e xplain the '0 Berllud. ,,' 
l. r ge co llapae c..... J enning . .lao desc rib •• large col lapae 

featurea in the Au.t r allsn eoli.n c.lc.renites that . r e very 

siMilar to those [rola Be rmud.. Ha ny of t he Aust r al i an ca yes , 

onea, ar e forlled whe r e an illper ... lo ua 

eolian calca renite, perching the c._e 

especia lly the la~ge.t 

unde r liea the 

stres. and producing long, l inea r patterned ca_ ea . The a bility 

o f the pe r ch e d caye st r es.. to rello ye and co nsol i dat e co lla pae 

,,' lIateri.l , 

proce •• e., 

base lle nt ia 

to undercut ca.e wall. ill document ed . F r o ll theae 

... ery l.rge c a ... e 

reaponaible and 

sa"e ra.ul ta . 

c onduita c.n forll. The i_per_Ious 

a aillple freah water lens would not 

Sub-water table (p hr eatic) c ._ea produce the 

prod uce d by 

su bsurfa ce , 

o fresb water lens csn fo r a b r oad c ha.bera 1n tbe 

but tbe, can not produce , conaolidate or 

collapse a ate r ial tbe 

pr oduca the volulle 

prograda t i on. l c o ll.p.e. 

'0, 
of 

a pe r ched yadose streall can, snd so 

void necess.r, f" ls r ge .csle 

'" 



The rapid tiae of for.ation for Liahthouae C.~e, and the 

lack of coordination of 

pre.ent day topoar.phy . 

Pleistocene c.rbo.tes .ra 

it and .any other S.h •• i.n c.¥e. with 

.ugge.ts that denudstion rstes for 

extre.ely high . Ex.aination of the 

data avail.ble imply that the combination of cli •• tic a nd sea 

level change during the Late Pl ei.tocene , coupled with vulne r able 

ca rbonate m.te r i.l, c.n produce landfor.. th.t e¥ol¥e ve r y 

r.pidly , both on the . urf. ce and in the .ub.urface. Such 

co.p re •• ioo of ewents •• gni(ie. the effect of geoloaic pr oces. es . 

Concl u.tons 

The absence of. aigoific.nt nuaber of coll.pse caves in 

the Bahamas suggests that wate r .lgration seaw.rd in • fresh water 

len8 at a low sea laval atand is not suffiCient to produce 

condu it s large enough to generate and accept the aca l e of 

collapae 

aoderate 

.een 

8 i~e develop . Thia 

Inatead , many coapeting conduita of 

implic.tes tha volc.nic /c. r bona t e 

contact for l.rge condoit for.ation ( with aubaequent large scsle 

co llapae ) in Se r .uds. The lerge solution conduits located in t he 

Baha.a8 at 

anough to 

the ability 

ca l ca renite. 

app r oxiaately 6 a above sea le~el do not aee. large 

prod uce collapae aa aeen in Beraud.. They do indicat e 

of a freshwater lena co pr oduce conduits in eolian 

and they aa1 be reI. ted to the aaae aea le~el e~ent 

that pr oduced the .aall aolution tubea in the Go~ernaent Qu. r ry . 

Berauda. Co l lsp se cavea .iatlar to thoae .een 10 Berauda , o r 

c onduit. large enoogh to pr oduce auch collapse have not been 

deac r ibed .a yet 1n the S.h ••••• 

125 



The e viden ce from Aua t" Ua indicatea that the larseat 

voJda are produced in eolian calcar e nitea when an impervious 

base.ent exiata that c an channel wate r flow aa a perched at r ea. , 

and theae voida are capab le of producing the .agnit ude of 

collapae aeen in Be r .uda . S .. all acal e collapae a lso can occur 

due to aolu t ion on a f r eahwater lena , and perhaps ao.e of the 

allaller collapse at r uct ure a in Bermuda and the Bahallas have this 

o rig in . 

The geolog1 of the Ber.uda and Bahalla Islanda, coupled 

.. ith the va ri ablea o f t he Late Pleiatocene , have accentuated the 

baaic geologic difference bet .. een the i sland groupa, as expreaaed 

b, cave development. There are conslde r ationa t ha t othe r 

geological aapec ta may be aia1 1a r1y enhanc e d. 
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