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Quaternary climatic changes in the Caribbean
and N. South-America
By J.I.S. ZoNNEVELD, Utrecht

Summary. This paper gives an inventarization of the available data concerning quater-
nary climatic changes in the Caribbean and the northern parts of South America.

It 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
wafiless humid than at present: this would correspond with a shifting of the “arid* belt over some
10 degrees.

Zusammenfassung. Es wurden in dieser kurzen Arbeit Literaturangaben iiber die
quartiren Klimainderungen gesammelt, die aus dem karibischen Gebiet und den benachbarten
Teilen Siidamerikas bekannt sind. Man kann feststellen, dafl in Kolumbien, Nordwest-Venezuela,
Aruba, Curagao, Bonaire und Barbados pluviale Perioden etwa synchron waren mit den Glazialen
in Gebieten hoherer Breite.

Die Daten aus Guyana und Suriname lassen zwar noch keine endgiiltigen Schliisse zu, doch
deutet vieles darauf hin, dafl dort wihrend der Glazialzeiten trockenere klimatische Bedingungen
herrschten als heute. Das wiirde einer Verschiebung der ,ariden“ Zone um etwa 10° entsprechen.

Recent palaeoclimatic research in Africa has indicated that only part of the pluvials
that were recognized in different regions of the continent, were synchronous with the
glacial periods of more poleward regions (cf. TricarT, MicHEL and VocT, 1957;
BERNARD, 1962; BUDEL, 1963; FAIRBRIDGE, 1964; see also PENCK, 1913).

As a general rule it appears that during the glacial periods, the boundaries of the
different climatic belts shifted towards the equator. In these periods the mesothermal
zones as well as the arid zones of the northern hemisphere will have moved southward
and the belt of the equatorial rainforest narrowed. Even in equatorial regions eolian
sands were deposited (DE HeINzeLIN, 1952). Only in the zone of the climatological (or
thermal) equator, some degrees southward of the astronomical one , the tropical rain-
forest could survive. During the interglacials the climatic belts shifted again towards the
poles (cf. the diagram published by FAIRBRIDGE in 1961 and 1964).

Although the shifting of the climatic belts was not as simple as indicated above, we
may accept that in the N. Sahara the pluvial periods coincided with the glacials but that
in the more southern regions, pluvial periods have to be correlated with interglacial times.

For the corresponding regions in the New World, viz. the Caribbean and the adjacent
part of South-America it seems worth while to gather the equivalent palaeoclimatic in-
formation in order to look for similar conclusions, although admittedly our knowledge
of the Quaternary climatic changes in this part of the world is rather incomplete. In this
paper dedicated to the master of quaternary research, Prof. Dr. P. WoLDSTEDT, we will
attempt to provide a brief inventarisation on this subject?).

Palaeoclimatic changes manifest themselves by the following phenomena:

movements of the levels of seas and lakes
changes in temperature of the seawater
pedological changes, incrustrations

. changes in the vegetation

changes in groundwater conditions
changes in the geomorphological processes.

MEYO W

1) The author is much indebted to Prof. J. B. Birp, Montreal and Dr. K. DupHoRrN, Hannover,
who kindly gave him some valuable references and to Mrs. M. vaN DER MAESEN and Dr. H.
BoissevaIn, who corrected the manuscript linguistically.
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ad A. Quaternary movements of sealevel, mostly recorded by fossil — either elevated

or submerged — coastlines and terraces, are caused by the accretion or melting of
great masses of inland ice. They have no direct relation with local climatic changes in
regions like the Caribbean. Yet the study of former lealevels in this area is very impor-
tant as it offers the possibility to compare the timing of the local climatic sequences with
those of the extension and shrinking of the great ice masses.

In the Caribbean and along the north coast of South America many data are avail-
able concerning marine terraces and submarine benches. It is true that tectonic movements
will have changed the original height of some of these “watermarks®, especially the older
ones. Yet the influence of the changed sealevels, both above and below the recent one is
evident. High sealevels indicated by marine terraces (abrasion terraces as well as accu-
mulative benches) have been mentioned by Jukes-BrRowNE and HaRRIsON (1891), MOLEN-
GRAAFF (1929), RUTTEN (1932), WESTERMANN (1932), P1yPERS (1933), ZONNEVELD (1960),
DE Buisonji (1964) and many others. Low sealevels, evidenced by drowned valley-
systems and submarine benches are described e.g. by MoLENGRAAFF (1929) and NoTta
(1958). These watermarks are the more valuable if — as is the case in some instances —
absolute datings are available.

NoTa, for instance, found that his 40 and 12 fathom levels off the Atlantic coast of
Guyana could be dated as resp. 11.000 and 8.000 years ago, i.e. during the late- and
postglacial rise of the sealevel.

BrOECKER et al. (1967) show that in Barbados the lower three elevated terraces origi-
nated between 82.000 and 122.000 years B. P. after evaluation of the tectonic influence
and comparison with the available data concerning seawater temperatures in the adjacent
seas (EMILIANIL, 1965, 1966). The authors indeed evidence that the high sealevels corre-
sponded with high temperatures of the seawater and occurred in a period known as an
interglacial (the last interglacial).

In Africa the ancient coastline along the great lakes played an important role in the
history of palaeoclimatic research (c.f. NiLsson, 1931; KenpALL, 1965). In northern
South America only the vicissitudes of the (former) Lake of Bogota, Colombia, could
be taken in consideration (see ad D).

ad B. Especially the publications of EmiLiant (1965, 1966) and ERrICsON c.s., 1964) give

interesting data concerning the changes in temperature of the Caribbean seawater.
As has been said before, these data can be correlated with those concerning higher and
lower sealevels: high sealevels prove to be synchronous with high water-temperatures
and vice versa.

ad C. Under certain climatic conditions deposition of carbonates (and other materials)

can result in the formation of travertine masses or caliches. WiLHELMY (1954)
mentions suchlike fossil incrustations in northern Venezuela, espacially on the peninsula
of Guajira for which he postulates climatic conditions that were more humid than the
present (very dry) ones.

BAKKER (1960) found that under tropical rainforest, granites are attacked by chemical
weathering in such a way that minerals like epidote and hornblende practically dis-
appear. If, however, the forest is absent, these minerals are resistant against weathering.
The same author mentions the occurrence of epidote and hornblende in a sample from
a lateritic layer in the humid forest of Surinam and concludes that this must point to
palaeoclimatic conditions unfavorable for humid tropical forests.
ad D. A very important indicator for palaeoclimates is the vegetation (although it is

known that the vegetation not always is apt to keep pace with the climatic changes
and that sometimes other factors than climate may cause vegetational changes). Up till
now quaternary palaeobotanical data are known from Costa Rica, Colombia and
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Guyana. In Costa Rica (MARTIN, 1964) and Colombia (VAN DER HAMMEN and GONZALEZ,
1960) pollenanalysis revealed that during the glacial periods the timber-line in the
mountains was some 1000 m lower than at present times. The last mentioned authors also
showed that during the periods with a high timber-line (the interglacials), the level of the
Lake of Bogota was lowered, apparently due to a decrease of the precipitation. In other
words: interpluvials could be correlated with interglacials.

From the lowlands of the Llanos of Colombia and Venezuela no palaeoclimatic data
are known from pleistocene times. WijMsTRA and VAN DER HAMMEN (1966) analysed some
pollen out of the Llanos Orientales of Colombia, but the oldest samples only date from
approximately 6.000 years B. P. In Guyana the same authors investigated a profile that
yielded strata as old as 9.000—10.000 B.P. The pollen evidence appears to point to
closed dry forest or closed savanna woodland conditions during late glacial times in a
region that now has a savanna character (Rupununi). Prof. HirLs of McGill University,
Montreal (oral communication), however, explained that the lake where the samples
were taken, is in fact a kind of an oxbow lake; so it is not excluded that in former times
this lake had an open connection with the Ireng River. This river drains a large area
covered with different types of forests and savannas. In other words: there is a possibility
that part of the pollen content of the said profile especially of the older part, does not
provide information about the (former) vegetation of the proper surroundings but of the
(forest) vegetation of higher parts of the drainage basis of the Ireng River.

Also in the coastal areas of Guyana vaN DER HAMMEN (1961) made some very inter-
esting investigations. He showed that in the subsoil of Georgetown a savanna-like vege-
tation could be correlated with a (glacial) low sealevel. After a rise of the sealevel a
(mangrove) vegetation came into the picture. Actually this mangrove vegetation itself
does not point to climatic changes; it is an evidence for the ingression of the sea under
influence of the rising sealevel. The savanna vegetation, however, could indicate a
climate with a treeless vegetation in an area where in present times the natural conditions
tend to a humid rain forest.

ad E. TaMmers (1966, 1967) recently published some interesting data concerning the age
of groundwater masses in the neighbourhood of Maracaibo and on the peninsula
of Guajira in N. W. Venezuela.

In these areas, at present, the potential evaporation is approximately four to five
times higher than the precipitation. Therefore recent rainwater is not in a situation to
reach the groundwater reservoir. Recharge of the groundwater basins could only have
occurred during periods with more precipitation (and perhaps less evaporation), i. e.
during pluvial periods. According to radiocarbon datings published by Tamers (1967)
most of the groundwater samples in the neighbourhood of Maracaibo are approximately
10.000—35.000 years old. The pluvial period during which the recharge of the aquifer
has taken place evidently coincided with the last (Wiirm, Weichsel, Wisconsin) glacial
period. In Guajira TaAMERS (1966) found ages in the range of 5.000—8.000 years, the
time of the Holocene climatic optimum. He concludes that here the groundwater reser-
voir could have been charged during a pluvial that could correspond with the period of
higher precipitation recognized by Butzer (1961) in the Mediterranean regions.

ad F. Finally some geomorphological phenomena may point to alternations of pluvial
and interpluvial periods in the Caribbean and the northern part of South America.
WiLHELMY (1954) called attention to the “fossil“ character of the valleys of Curagao
which would reflect conditions more humid than those of recent times.
On Bonaire and Barbados BLuME (1968) could establish that along the front of some
cuesta-like forms slumping and spring erosion must have occurred under climatic con-
ditions considerably more humid than at present.
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TricarT and CaILLeux (1965) record an observation on Barbados where a large
limestone block which during a humid period was moved downward by slumping, was
recently attacked by sealevel solution. The local situation leads them to conclude that
the slumping took place during the last glacial period when the sealevel was lower than
at present.

A very interesting study was carried out by pE Buisonji (1964) who postulates that
some marine terraces (representing fringing and barrier reefs built up during periods with
high sealevels) were formed under relatively arid conditions. Moreover, he found evi-
dence that the lower sealevels coincided with more humid periods.

Recently GARNER (1967) expressed the idea that the intricate systems of rapids and
waterfalls that are characteristic for many rivers in Venezuela (and other tropical regions)
would be connected with a transition from dry to humid conditions: the rivers that had
originated during this transition would not yet have had the opportunity to degrade their
beds and would only find their way in unconcentrated and unorganized channel systems
(“rivers in the making®). In my opinion, however, this view is based on a misconception
concerning the evolution and character of rivers in humid tropical regions (cf. ZoNNE-
VELD, 1952, 1968; TRICART, 1959; BAKKER, 1960).

The observations, made by GALoN (19662, 1966P) are more important in terms of
palaeoclimatic evidence. GALON refers to erosional forms which apparently were moul-
ded under semiarid conditions (he found the same “branched slope incisions“ in action in
action in semi-arid regions) but which in present days are covered with tropical rain-
forest. Also ZONNEVELD (1967) mentions fossil landforms in southern Surinam, resembling
fossil “lavakas®, which must have originated in periods of greater extension of the
savannas (actually a large part of the recent savannas in that area has to be regarded
as anthropogenic).

When the data reviewed are overlooked and considered, it becomes evident that the
value of the information is unequal. Some data only indicate that at one time or the
other climatic changes did occur, partly in regions that are now relatively dry (Curagao,
Bonaire, N. W. Venezuela and also Barbados), partly in the regions with humid tropical
climates (the northern part of South America).2)

On the other hand other data provide more exact information and concern the
relation between local climatic changes and the sequence of glacials and interglacials.
The evidence of Curacao (pE Buisonji, 1964), Colombia (vaN pER HaMMEN and Gon-
ZALEZ, 1960), Barbados (TricART and CaILLEUX, 1965) and Maracaibo (TaMErs 1967)
clearly point to humid conditions during the last glacial (or part of it) and to (relative)
aridity during interglacials.

The evidence from Guyana and Surinam, however, is still insufficient to establish the
climatic evolution in that area, altough the available data seem to indicate that in the
Guyanas the least humid conditions coincided with glacials. This would mean that during
the transition from an interglacial to a glacial period the (semi-) arid zone shifted south-
ward and that it went back again when the glacial was succeeded by the next interglacial.
This would correspond with a shifting over some 10 degrees.

At present it is preferable to avoid speculation and to wait for the results of new
research to be carried out in eastern Venezuela, northern Brazil 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 (1959) that in this country during the Pleistocene ap-
parently no important climatic changes had occurred.
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