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Quaternary climatic changes in the Caribbean 
and N. South-America 
B y J . I . S. Z O N N E V E L D , Ut rech t 

S u m m a r y . This paper gives an inventarization of the available data concerning quater
nary climatic changes in the Caribbean and the northern parts of South America. 

I t appears that in Colombia, N. W. Venezuela, the Leeward Islands of the Netherlands 
Antilles and Barbados the pluvial periods coincided with the glacial periods in higher latitudes. 

The evidence for Guyana and Surinam is still insufficient to establish definitely the climatic 
evolution, altough the available data seem to indicate that during the glacial periods the climate 
was less humid than at present: this would correspond with a shifting of the "arid" belt over some 
10 degrees. 

Z u s a m m e n f a s s u n g . Es wurden in dieser kurzen Arbeit Literaturangaben über die 
quartären Klimaänderungen gesammelt, die aus dem karibischen Gebiet und den benachbarten 
Teilen Südamerikas bekannt sind. Man kann feststellen, daß in Kolumbien, Nordwest-Venezuela, 
Aruba, Curacao, Bonaire und Barbados pluviale Perioden etwa synchron waren mit den Glazialen 
in Gebieten höherer Breite. 

Die Daten aus Guyana und Suriname lassen zwar noch keine endgültigen Schlüsse zu, doch 
deutet vieles darauf hin, daß dort während der Glazialzeiten trockenere klimatische Bedingungen 
herrschten als heute. Das würde einer Verschiebung der „ariden" Zone um etwa 10° entsprechen. 

R e c e n t pa l aeoc l ima t i c research in A f r i c a has indicated tha t only part o f the pluvials 
that we re recognized in different regions o f the cont inent , were synchronous wi th the 
glacial periods o f m o r e poleward regions (cf . T R I C A R T , M I C H E L and V O G T , 1 9 5 7 ; 
B E R N A R D , 1 9 6 2 ; B Ü D E L , 1 9 6 3 ; F A I R B R I D G E , 1 9 6 4 ; see also P E N C K , 1 9 1 3 ) . 

As a general rule it appears that dur ing the glacia l periods, the boundar ies o f the 
different c l imat ic belts shifted towards t he equator . In these periods the mesothermal 
zones as wel l as the a r i d zones of the n o r t h e r n hemisphere wil l have m o v e d southward 
and the be l t o f the equa to r i a l rainforest na r rowed . E v e n in equatorial regions eolian 
sands were deposited ( D E H E I N Z E L I N , 1 9 5 2 ) . O n l y in the zone o f the c l ima to log ica l (or 
the rmal ) equator , some degrees southward o f the as t ronomica l one , the t rop ica l rain
forest cou ld survive. D u r i n g the in terglacia ls the c l ima t i c belts shifted again towards the 
poles (c f . the diagram publ ished by F A I R B R I D G E in 1 9 6 1 and 1 9 6 4 ) . 

A l t h o u g h the shifting o f the cl imat ic be l t s was not as simple as ind ica ted above , we 
m a y accep t that in the N . S a h a r a the p luv ia l periods co inc ided with the glac ia ls but that 
in the m o r e southern regions , pluvial pe r iods have to be cor re la ted with in te rg lac ia l t imes. 

F o r the corresponding regions in the N e w W o r l d , v i z . the Car ibbean and the adjacent 
par t o f Sou th -Amer i ca it seems worth w h i l e to gather the equivalent pa l aeoc l ima t i c in
fo rmat ion in order to l o o k for similar conclus ions , a l though admit tedly our knowledge 
o f the Q u a t e r n a r y c l i m a t i c changes in this p a r t o f the w o r l d is rather incomple te . In this 
paper dedica ted to the mas te r o f q u a t e r n a r y research, P r o f . D r . P . W O L D S T E D T , we will 
a t t empt to provide a b r i e f inventar isat ion on this s u b j e c t 1 ) . 

Pa l aeoc l ima t i c changes manifest themselves by the fo l lowing phenomena: 

A. m o v e m e n t s o f the levels o f seas and lakes 
B . changes in temperature o f the seawater 
C . pedo log ica l changes, incrus t ra t ions 
D . changes in the vegeta t ion 
E . changes in groundwater condi t ions 
F . changes in the geomorphologica l processes. 

i ) The author is much indebted to Prof. J . B . B I R D , Montreal and Dr. K. DUPHORN, Hannover, 
who kindly gave him some valuable references and to Mrs. M. VAN DER M A E S E N and Dr. H. 
BOISSEVAIN, who corrected the manuscript linguistically. 
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ad A . Q u a t e r n a r y movements o f sealevel , most ly recorded by fossil — ei ther elevated 
or submerged — coastl ines and terraces , are caused b y the accre t ion or melt ing o f 

grea t masses o f in land ice. T h e y have no direct re la t ion wi th local c l ima t i c changes in 
regions l ike the C a r i b b e a n . Y e t the study o f former lealevels in this a rea is v e r y impor
t a n t as it offers the possibi l i ty to c o m p a r e the t iming o f the local c l imat ic sequences wi th 
those o f the extension and shrinking o f the great ice masses. 

I n the C a r i b b e a n and along the nor th coast o f Sou th Amer i ca many da ta are ava i l 
ab le concerning mar ine terraces and submar ine benches. I t is true that t ec ton ic movements 
wi l l have changed the or ig inal height o f some o f these "wa te rmarks" , especia l ly the older 
ones . Y e t the influence o f the changed sealevels, both a b o v e and below the recent one is 
ev ident . H igh sealevels indicated b y mar ine terraces (abras ion terraces as wel l as accu
mula t ive benches) have been ment ioned b y J U K E S - B R O W N E and H A R R I S O N ( 1 8 9 1 ) , M O L E N -
G R A A F F ( 1 9 2 9 ) , R U T T E N ( 1 9 3 2 ) , W E S T E R M A N N ( 1 9 3 2 ) , P I J P E R S ( 1 9 3 3 ) , Z O N N E V E L D ( 1 9 6 0 ) , 

D E B U I S O N J E ( 1 9 6 4 ) and many others . L o w sealevels, evidenced by d r o w n e d va l ley-
systems and submarine benches are descr ibed e. g. by M O L E N G R A A F F ( 1 9 2 9 ) and N O T A 
( 1 9 5 8 ) . These w a t e r m a r k s are the more va luab le i f — as is the case in some instances — 
absolute datings are ava i l ab le . 

N O T A , for ins tance, found that his 4 0 and 1 2 fa thom levels off the A t l a n t i c coast o f 
G u y a n a could be da ted as resp. 1 1 . 0 0 0 and 8 . 0 0 0 years ago, i . e . during the la te- and 
pos tg lac ia l rise o f the sealevel . 

B R O E C K E R et a l . ( 1 9 6 7 ) show tha t in Ba rbados the l o w e r three e levated terraces origi
na ted between 8 2 . 0 0 0 and 1 2 2 . 0 0 0 years B . P . after eva lua t ion o f the t ec ton ic influence 
and compar i son wi th the ava i lab le da ta concern ing seawater temperatures in the adjacent 
seas ( E M I L I A N I , 1 9 6 5 , 1 9 6 6 ) . T h e authors indeed evidence tha t the high sealevels cor re
sponded wi th high temperatures o f the seawater and occur red in a per iod k n o w n as an 
in terg lac ia l ( the last in te rg lac ia l ) . 

In Af r i ca the anc ien t coastl ine a long the great lakes p layed an impor tan t role in the 
h i s to ry o f pa l aeoc l ima t i c research (c . f. N I L S S O N , 1 9 3 1 ; K E N D A L L , 1 9 6 5 ) . I n nor thern 
Sou th Amer ica on ly the vicissitudes o f the ( former) L a k e o f Bogota , C o l o m b i a , could 
be t aken in cons idera t ion (see ad D ) . 

a d B . Espec ia l ly the publ ica t ions o f E M I L I A N I ( 1 9 6 5 , 1 9 6 6 ) and E R I C S O N C . S . , 1 9 6 4 ) give 
interesting da ta concerning the changes in t empera ture o f the C a r i b b e a n seawater . 

As has been said before , these data can be corre la ted wi th those concern ing higher and 
lower sealevels: high sealevels p rove to be synchronous wi th high water - tempera tures 
a n d v i c e versa. 

a d C . Unde r cer ta in c l imat ic condi t ions deposit ion o f carbona tes (and o ther mater ia ls ) 
can result in the format ion o f t raver t ine masses or caliches. W I L H E L M Y ( 1 9 5 4 ) 

ment ions suchlike fossil incrustat ions in nor thern Venezue la , espacial ly on the peninsula 
o f Gua j i r a for which he postulates c l ima t i c condi t ions t ha t were more humid than the 
present (very dry) ones. 

B A R K E R ( 1 9 6 0 ) found that under t rop ica l rainforest , grani tes are a t tacked b y chemical 
wea ther ing in such a w a y that minera ls l ike epidote and hornblende p rac t i ca l l y dis
appear . I f , however , the forest is absent , these minerals a re resistant against weather ing . 
T h e same author ment ions the occur rence o f epidote and hornblende in a sample from 
a la te r i t ic layer in the humid forest o f Su r inam and concludes that this must point to 
pa l aeoc l ima t i c condi t ions unfavorab le for humid t rop ica l forests. 

ad D . A very impor t an t indicator for pa laeoc l imates is the vegetat ion (a l though it is 
known tha t the vegeta t ion not a lways is apt to keep pace with the c l ima t i c changes 

and tha t sometimes o ther factors than c l ima te may cause vegeta t ional changes) . U p t i l l 
n o w qua te rnary pa laeobo tan ica l da t a are known from Cos ta R i c a , C o l o m b i a and 
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G u y a n a . I n Cos t a R i c a ( M A R T I N , 1 9 6 4 ) a n d C o l o m b i a ( V A N D E R H A M M E N and G O N Z A L E Z , 
1 9 6 0 ) po l lenanalys is revea led that dur ing the glacia l periods the t imber- l ine in the 
mounta ins w a s some 1 0 0 0 m lower than a t present t imes. T h e last ment ioned authors also 
showed t h a t during the per iods with a h igh t imber- l ine ( the interglacia ls) , the level o f the 
L a k e o f B o g o t a was lowered , apparent ly due to a decrease o f the prec ip i ta t ion . In o ther 
words : in terpluvia ls could be correlated w i t h in terglac ia ls . 

F r o m the lowlands o f the Llanos o f C o l o m b i a and Venezue la no pa laeoc l ima t i c data 
are k n o w n f rom pleistocene t imes. W I J M S T R A and V A N D E R H A M M E N ( 1 9 6 6 ) ana lysed some 
pollen ou t o f the L lanos Or ienta les o f C o l o m b i a , but the oldest samples on ly date f rom 
a p p r o x i m a t e l y 6 . 0 0 0 years B . P . In G u y a n a the same authors invest igated a profile tha t 
yielded s t r a t a as old as 9 . 0 0 0 — 1 0 . 0 0 0 B . P . T h e pol len evidence appears to point to 
closed d r y forest or c losed savanna w o o d l a n d condi t ions during late g lac ia l t imes in a 
region t h a t now has a s avanna character ( R u p u n u n i ) . P r o f . H I L L S o f M c G i l l Univers i ty , 
Mon t r ea l (o ra l communica t i on ) , however , exp la ined tha t the lake where the samples 
were t aken , is in fact a k ind o f an o x b o w l a k e ; so it is not excluded that in former t imes 
this l ake h a d an open connec t ion with t he I reng R i v e r . This r iver drains a large area 
covered w i t h different types o f forests a n d savannas . In o ther words : there is a possibi l i ty 
that pa r t o f the pollen con ten t o f the sa id profile especial ly o f the older par t , does no t 
provide in format ion abou t the (former) vege ta t ion o f the proper surroundings but o f the 
(forest) vege ta t ion of h igher parts of the d r a inage basis o f the Ireng R i v e r . 

Also in the coastal a reas o f Guyana V A N D E R H A M M E N ( 1 9 6 1 ) made some ve ry inter
esting invest igat ions . H e showed that in the subsoil o f G e o r g e t o w n a savanna- l ike vege
tat ion c o u l d be cor re la ted with a (g lac ia l ) l ow sealevel . After a rise o f the sealevel a 
(mangrove ) vegetat ion c a m e into the p ic tu re . Ac tua l ly this mangrove vege ta t ion i tself 
does no t p o i n t to c l imat ic changes; it is an evidence for the ingression o f the sea under 
influence o f the rising sealevel . T h e s a v a n n a vegeta t ion, however , could indicate a 
c l imate w i th a treeless vege ta t ion in an a r ea where in present times the na tura l condi t ions 
tend to a humid rain forest . 

ad E . T A M E R S ( 1 9 6 6 , 1 9 6 7 ) recently publ i shed some interest ing data concern ing the age 
o f g roundwater masses in the ne ighbourhood o f M a r a c a i b o and on the peninsula 

of G u a j i r a in N . W . Venezue la . 

In these areas, at present , the po ten t i a l evapora t ion is approx ima te ly four to five 
times h igher than the prec ip i ta t ion . T h e r e f o r e recent r a inwa te r is not in a s i tuat ion to 
reach the groundwater reservoir . Recharge o f the g roundwate r basins could on ly have 
occurred dur ing periods wi th more p rec ip i t a t ion (and perhaps less evapo ra t i on ) , i. e. 
during p luv ia l periods. Accord ing to r a d i o c a r b o n datings published by T A M E R S ( 1 9 6 7 ) 
most o f the groundwater samples in the ne ighbourhood o f M a r a c a i b o are a p p r o x i m a t e l y 
1 0 . 0 0 0 — 3 5 . 0 0 0 years o ld . T h e pluvial pe r iod during which the recharge o f the aquifer 
has t aken p lace evident ly coincided w i th the last ( W ü r m , Weichsel, Wiscons in ) glacia l 
period. I n Gua j i r a T A M E R S ( 1 9 6 6 ) found ages in the range o f 5 . 0 0 0 — 8 . 0 0 0 years , the 
t ime o f the Ho locene c l ima t i c opt imum. H e concludes tha t here the g roundwate r reser
voi r cou ld have been charged during a p l u v i a l that could correspond with the period o f 
higher p rec ip i t a t ion recognized by B U T Z E R ( 1 9 6 1 ) in the Medi te r ranean regions. 

ad F . F i n a l l y some geomorphologica l p h e n o m e n a m a y poin t to a l ternat ions o f pluvial 
a n d interpluvial per iods in the C a r i b b e a n and the nor thern par t o f Sou th Amer i ca . 

W I L H E L M Y ( 1 9 5 4 ) c a l l ed at tention to t he " foss i l " character o f the va l leys o f C u r a c a o 
which w o u l d reflect condi t ions more humid t han those o f recent times. 

O n B o n a i r e and B a r b a d o s B L U M E ( 1 9 6 8 ) could establish tha t along the f ront o f some 
cuesta- l ike forms slumping and spring eros ion must h a v e occurred under c l imat ic con 
ditions cons iderab ly more humid than at present . 
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T R I C A R T and C A I L L E U X ( 1 9 6 5 ) r ecord an obse rva t ion on Barbados where a large 
l imestone block which during a humid pe r iod was m o v e d downward b y slumping, was 
recen t ly a t tacked b y sealevel solution. T h e local s i tuat ion leads them to conclude that 
the s lumping took p lace during the last g lac ia l period when the sealevel was lower than 
a t present . 

A ve ry interesting study was car r ied ou t by D E B U I S O N J E ( 1 9 6 4 ) w h o postulates tha t 
some mar ine terraces (representing fr inging and bar r ie r reefs buil t up during periods wi th 
h igh sealevels) were formed under re la t ive ly ar id condi t ions . Moreove r , he found evi
dence tha t the lower sealevels coincided wi th more humid periods. 

R e c e n t l y G A R N E R ( 1 9 6 7 ) expressed the idea that the in t r ica te systems o f rapids and 
wa te r fa l l s tha t are character is t ic for m a n y rivers in Venezue la (and other t rop ica l regions) 
w o u l d be connec ted wi th a t ransi t ion f rom dry to humid condi t ions : the rivers tha t had 
or ig ina ted during this t ransi t ion would not ye t have had the oppor tuni ty to degrade their 
beds and would on ly find their w a y in unconcen t ra ted and unorganized channel systems 
( " r ive r s in the m a k i n g " ) . In my opinion, however , this v i ew is based on a misconcept ion 
conce rn ing the evolu t ion and character o f r ivers in humid t ropical regions (cf . Z O N N E 
V E L D , 1 9 5 2 , 1 9 6 8 ; T R I C A R T , 1 9 5 9 ; B A R K E R , 1 9 6 0 ) . 

T h e observat ions , made by G A L O N ( 1 9 6 6 A , 1 9 6 6 B ) are more impor tan t in terms o f 
pa l ae oc l i m a t i c evidence . G A L O N refers to erosional forms which apparen t ly were moul 
ded under semiarid condi t ions (he found the same "branched slope incis ions" in ac t ion in 
a c t i o n in semi-arid regions) but which in present days are covered wi th t rop ica l ra in
forest . Also Z O N N E V E L D ( 1 9 6 7 ) ment ions fossil l andforms in southern Sur inam, resembling 
fossil " l a v a k a s " , which must have o r ig ina ted in periods o f greater extension o f the 
savannas (ac tua l ly a large part o f the recent savannas in tha t area has to be regarded 
as an th ropogen ic ) . 

"When the da ta rev iewed are o v e r l o o k e d and considered, it becomes evident tha t the 
va lue o f the in format ion is unequal . S o m e da ta on ly ind ica te that at one t ime o r the 
o t h e r c l imat ic changes did occur , pa r t ly in regions tha t a re now re la t ive ly dry ( C u r a c a o , 
B o n a i r e , N . W . Venezue la and also B a r b a d o s ) , pa r t ly in the regions wi th humid t ropica l 
c l imates (the nor thern pa r t o f South A m e r i c a ) . 2 ) 

O n the other h a n d other data p rov ide more e x a c t informat ion and concern the 
re la t ion between loca l c l imat ic changes and the sequence o f glacials and interglacia ls . 
T h e evidence o f C u r a c a o ( D E B U I S O N J E , 1 9 6 4 ) , C o l o m b i a ( V A N D E R H A M M E N and G O N 

Z A L E Z , 1 9 6 0 ) , B a r b a d o s ( T R I C A R T and C A I L L E U X , 1 9 6 5 ) and M a r a c a i b o ( T A M E R S 1 9 6 7 ) 

c l e a r l y point to humid condit ions during the last glacial (or par t o f it) and to ( re la t ive) 
a r i d i t y during in terglac ia ls . 

T h e evidence f rom G u y a n a and S u r i n a m , however , is still insufficient to establish the 
c l i m a t i c evolut ion in tha t area, a l tough the ava i lab le da ta seem to indica te tha t in the 
G u y a n a s the least humid condit ions co inc ided with glacia ls . This would mean tha t during 
the t ransi t ion from an interglacia l to a g lac ia l period the (semi-) arid zone shifted south
w a r d and tha t it wen t back again when the glacia l was succeeded by the nex t in terglac ia l . 
T h i s would cor respond with a shifting ove r some 1 0 degrees. 

A t present it is preferable to avo id speculat ion and to wai t for the results o f new 
research to be car r ied out in eastern Venezue la , nor thern B r a z i l and the three Guyanas . 

2 ) One would expect that also in French Guyana such indications will be found, in spite of the 
information already given by CAILLEUX ( 1 9 5 9 ) that in this country during the Pleistocene ap
parently no important climatic changes had occurred. 
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