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POSSIBLE CHANGES IN THE HOLOCENE WIND PATTERN RECORDED ON

SOUTHEASTERN BRAZlUAN COAST
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ABSTRACT

The Pacific oceanographic phenomenon ·EL Nino· is responsible, during some months,

for very significant atmospheric circulation disturbances in the coasts of southern Equador and Northern

Peru. Consequently, derangements of some natural mechanisms, directly or indirectly related to wind

patterns, are produced along northeastern, southeastern or southern coasts of Brazil. During HoIocene, ·EI

Nino· - like disturbances with longer duration (some tens or even hundreds of years), have been

recorded in some places of this country.

INTRODUCll0N

During 1983, an important ·EI Nioo· phenomenon occurred along the mentioned South

American coasts. This oceanographic disturbance induced worldwide changes in atmospheric circulation

patterns. Particularly in Brazn, changes in the wind and rainfall regimes were stressed by the presence of

warm waters along Peruvian and Equatorial coasts (KOUSKY et al., 1984). Then, the Cabo Frio (State of Rio

de Janeiro) local upwelling, induced by the northeastern trade winds, was enhanced with changes in wave

regimes and consequent direction of longshore drift of sands.
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On the other hand, Indirect evldence of changes ln upwelling IntensltJes, durtng the Iast

5,000 years, are recorded ln carbonate deposlts of a very smali hypersaIlne Jake ln the ares. SImUarty,

changes ln direction of longshore transportation of sands have been recognlzed ln Doce river mouth (State

of Esp(rIto Santo) cœstaI plain. They couId be expIaIned 00y by Inversion ln dominant wave direction,

whlch la a consequence of changes ln atmospheric circulation. It la possible ta vIsuaIlze, ln bath cases, an

-El NIfK)-- lb situation durtng the Iast 5,000 years, wIth sorne tens or hundreds of years of duratlon and not

of sorne months.

Sorne information from the Pacifie ocean sIde seems ta be ln favour of thJs hypothesJs.

The Santa Helena cape, st Southem Equador, la the IlmJt between the Humboldt eurrent coId waters and

the tropical warm waters. Durtng normal situation. st the south of cape wIth coId waters, there la an artd

climate. whUe st the north. there are mangrove swarnps. Durlng -El NIfK)- perIod. southem portion of thls

cape la Invaded by warm waters wIth abnonnaIIy hlgh raInfaIls. ThIs hypothesIs seems to be reinforced by

archeoIoglcaI researeh8a done by BOGIN (1962), which Indlcated cllmatic aJtematIons characterized by dry

and 'MIt perIods. on a secuIar tlme scale. In southem portion of Santa Helena cape on the Equador coast.

Simllarly. durlng normal situation, the rivera ln Northem Paru are charactertzed by small

quantltJes of coarser sediments. However. series of dlscontlnuous beBch rtdges, st nelghbors of thelr

mouths, accordlng to ORTUEB et al. (1989). have been formed durtng hIgh transportation rate lb that

produced by -El NIfK)- phenomenon. Considerlng that these beBch rtdges are very weil d8Yeloped. It seems

to be more reasonabIe ta thlnk that these raJny epIsodes couId have a duration of, st least, severa! years and

not sorne months. Flnally, It seems ta be logJcaJ to thJnk that the lnhabItatJon of the Polynesian Islands

occurred westeastwardly and not agalnst the eastwestwardJy bIowIng tracte wlnds. ThIs la the reason why

an amerIcan anthropologlst (In HISARD, 1989) emltted a hypothesJs that the PoIynesIan Islands inhabitation

occurred during -El NIfK)- phenomenon. However, sorne montha of lsoIated -El NIfK)- perIod. In generaJ

eharaetertz8d by a bad weather. couId be an obstacle for migration. On the contrary, If a longer -El Nlflo-­

Ilke phenomenon occurred, wIth sorne per10ds of stabllty ln meteoroIoglcaI and hydrologJcaJ conditions. thls

migration couJd have been favoured.

THE PACIFIC OCEAN AND -EL NINO" PHENOMENON

Durtng normal situation ln Southem Paclflc. an anticyclone is centered over the Easter

Island. The western Pacifie Is domlnated by a low pressure zone whlch guides the trade w1nds eastwards

along th Equator. These westw8rdly b1ow1ng wlnds exert a tension on the ocean surface wIth a consequent

accumulation of warm waters st the west and an upwelling of coId waters alang the Paclflc coast of South

AmerIca. OccasJonally. It occurs an Inversion of thls pressure gradient wIth weakling or Inversion of w1nd
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direction (Austral oscillation). This phenomenon is followed, ln the Eastem Pacifie, by an Increase of the

ocean temperature, not only on the aquatorial raglon but on bath sides of the Equator. This occaslonal

appearance of warm waters along the coast of Southem Equador and Northem Peru, whlch occurs

generaJly ln December, is known as .E1 Nino· phenomenon.

THE ATMOSPHERIC CIRCULATION IN SOUTH AMERICA

The normal condition of air mass circulation oyer South America, durlng the austral

autumn and winter, Is characterized by the passage, within midlle and upper troposphere, of a succession of

meridian waves and, on the surface, by corresponding frontal systems. In the ocean, the frontal systems are

accompanled by wlnds and waves whlch come fram the southem seetor. This Is more fraquent during

austral autumn and winter and its affects are fait as far as latitude 12·S (Fig. lA). In periods of strong ·El

Nino· activity, the polar advections are blocked by a powerful and permanent subtropical jetty current,

which extends from the Peruvian coast (Pacifie ocean) towards the Southem BrazU crossing Northem ChUe

and Argentina (Fig. 1B). Due to this blockage, the frontal zones and the associated southem seetor waves

dld net ascend northwards causlng the existence of two contrasting zones ln BrazU: one marked by

catastrophlc Inundatlons and another by severe dryness.

CONSEQUENCE Of -EL NINOO PHENOMENON ON THE COAST OF SOUTHEASTERN BRAZIL

Enhancement or annlhUation of Cabo Fria (State of Rio de Janeiro) upwelling - the

designation "frio· (coId), which was applled to thls cape on the BrazUian coast by Portuguese navlgators ln

the 16th century, situated 110 km eastwards of the city of Rio de Janeiro (Fig. 2) - already testifies to the fact

that there Is a local thermal anomaJly here.

AllARD (1955) was the firs! author to recognize a correlation between wind direction

and changes in surface water temperatures at Cabo Fria. Temperature Is at a minimum when wlnds come

fram the NE and Increases when the winds come tram the SSE. During spring and summer, the dominant

wlnds related to trade wlnds come fram the NE. In autumn and winter, the northeastem wind raglme Is

dlsturbed by the Invasion of polar air masses accompanied by wlnds from the southem sador. Durlng

austraJ spring and summer the mean temperature of the waters ln the Cabo Frio raglon is coId, w1th a

possible Increase in temperature during periods of austral autumn and winter with actuatlon of the southem

seetor wlnds (Fig. 3A). MOREIRA DA SILVA (1973) demonstrated that the upwelling occurs in two phases:

(a) from September to April, dlstancing oceanward of the Brazillan current allows the South Atlantic Central
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Figure 1 - Schematlc trajectorles of polar advections and trade winds. which are the generatora of two wave systems active aIong

central portion of the Brazillan coast.

Figure 2 - LocatIon map of Cabo Frio reglon, showlng the position of the Brazil eurrent and the abtupt change in coaatIlne direction

aJong the State of RIo de Janeiro.
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Waters to ascend on to the continental slope occupying the bottam of the continental shetf; (b) under

Influence of the northeastem winds, the coId waters ascend to the ocean surface. On the other hand, the

winds trom the southern sector, related to the passage of coId fronts, produce the retentlon of warmer

coastaI waters and, consequently, the submersion of coId waters.

The upwelllng in the Cabo Fria raglan is related to ttlree principal factors: (a) local

topography (an abrupt change of coastllne direction tram the NE-8W to the E-W), (b) position of the axis of

the BrazU current (Fig. 2), and (c) wind reglmes. The flrst two factors, aven sa essentlal for location of

phenomenon ln thls araa, are net active over the Intermittent upwelling of coId waters up to the surface,

because only the winds supply wtth the mottve power.

ln 1983, the year of the Important -El NlfIa- phenornenom 810ng the Peru and Equador

coasts, the surface ocean waters near Cabo Frlo were abnormally coId (Fig. 3D). This situation Is perfectly

understandable, considerlng that after the b10ckage of coId fronts ln Southem BrazU, as a consequence of

the -El Nlflo- phenomenorn the southem seetor winds dld nct reach as far as the Cabo Fria raglan and the

northeastem wlnds became very effective.

ln 1972, which alsa corresponds to an -El NIIia- year, It was possible to observe trom

March to September the presence of several perlocJs of coId water (Fig. 3B), whlch can be consIdered as a

normal year.

ln 1976, whlch alsa corresponds to an -El Nloo- ye&r, It was possible to flnd an Inverse

situation: from March 15th to July 15th the surface ocean waters were permanently warm ln the Cabo Fria

raglon (Fig. 3C), Indlcatlng that there were no winds tram the NE during this perIod. As the -8 Nlno- was

weaker than ln 1983, it was possible that the zone of b10ckage was sItuated more northwards and that the

Cabo Fria raglon was tree trom northeastem winds.

Thus, it appears that a reIatIonshlp exists between the intensification or disappearance of

upwelling ln Cabo Fria and the occasionaJ presence of warmer waters aJong the Equador and Peruvlan

coasts. Accordlng to the intensity of the -8 Nloo- phenornenon, the warm waters reach more-or-less

sauthwards along the South Amerlcan Pacifie coast, modltying the position of the Jetty current whlch

dlagonaJly crosses thls continent The presence or absence of northeastem winds, whlch orIglnate the Cabo

Frlo upwelllng, wUl depend upon the position of thls Jetty current. Dependlng upon the situation, there will

elther exist reinforcement or disappearance of upwelling.

Disturbance of longshore transportation aJong the ArmaÇâo beach (Salvador, State of

Bahia), when the wave fronts reach obIlquely a coastllne, longshore current8 are orIginated, whlch promote

a lateraI transportation of sediments ln sandy shorellnes. The direction of thls transportation is a tunetlon of

wave tronts orientation. In central portion of the Brazillan coastllne, there exists two types of waves. The flrst

one comes tram the NE and is related to trade winds, and the second one cornes tram the sauthem sector,

being generated by penetration of polar air masses over the South Americam continent (Fig. 1).
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Figure 3 - Comparlson between surface water temperature et Cabo Frio during nonnal and "El N1i\o" yeanl.
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Armaçâo beach is an about 3 km-long bight Iimited between two rocky headlands (Fig.

4). FERREIRA DE FARlAS et 81.(1985) demonstrated that, a10ng this beach, there Is a cyclic Inversion in

transportation of sands. notlceable from erosion in one extremity and depositlon ln ether. NormaJly, ln spring

and summer. there Is an eroslon at the N and a deposltlon in the S. as a consequence of the northeastem

waves. On the ether hand, ln autumn and winter. this ares Is submltted to southeastem waves produclng an

opposite situation. In austral autumn and w1nter of 1983, the eroslonaJ phase of the southem extremity and

the correspondlng depositional phase at the northern extremIty rernained unchanged during more than 6

months. aIthough ln normaJ situation the passage of the flrst coId fronts produces the sarne consequence ln

less than one month. This Is expIalned by an abnorrnaJly low frequency of the southem sector waves as a

resutt of coId fronts b1ockage. However, there is a southnorthward transportation, much s10wer than in

normal situation, related to the southeastem waves due to a deviatlon of trade w1nds.

RECORDS Of -EL NINeY - UKE CONDITIONS IN THE HOLOCENE

Variations in Gabo Fria upwelling intensity, in the Holocane, recorded in carbonate

deposits of a hypersaline lagoon - the Intermittent presence of coId waters in the Cabo Fria reglon provokes

a s1gnlflcant decrease in precipitation. giving rIse to a local mlcroclimate (750 mm/year at the ArraiaJ do

Cabo Station, whUe the annuaJ mean phNiosity in Maric8. sltuated less than 100 km SW of Cabo Fria, Is

about 1,400 mmjyear).

The coast of the State of Rio de Janeiro between Niter6i and Cabo Frio is charaeterized

by occurrence of two IagoonaJ systems. The inner one, formed by Iarger lagoons (Marlcâ. Guaraplna,

Jaconé, Saquarema and Araruama). is separated from the ocean by beach ridges. Between them there is a

Iowland parallel to the present strancIline which was occuplecl. during a sea-level higher than today. by

another IagoonaJ systems partiaJly connected with the flrst system. Presently, sorne sectors of the second

lagoonaJ system were deslcœted. however the depresslon between Saquarema and Cabo Frio is occupied

bya chaplet of smaller Iagoons (Ag. 5).

Lagoa Vermelha, about 4 km - long. 0.3 to 0.8 km - wide and less than 1.5 m - deep. Is

one of them whlch was studlecl ln more detaU. It Is presently isoIated w1thin sandy deposlts and. as there Is

no subaerial source of freshwater f10wing imo this Iake. It does not receive any tenigenous supply probably

belng nourished by subterraneous percolation from the Araruama Iagoon. As a consequence of the semlarid

c1lmate generated by the Cabo Frio upwelling, Araruama Iagoon is hypersaJlne (saIlnity = 580 joo). Lagoa

Vermelha Is a1so hypersaline but, due to its small size and shallowness. this property is very changeable as a

function of precipitations.

A short core sample (about 1m long) fram thls Iake was studled fram a geochemlcaJ and

123



M
o

d
if

ie
d

fr
o

m
F

e
rr

e
ir

a
de

F
a

ri
a

s
e

t
al

.
(1

9
8

5
)

D
ir

e
ct

io
n

o
f

tr
a

n
sp

o
rt

a
ti

o
n

~

5
0

0
1

0
0

0
m

,
Q

_.
­

-' -'
-'

"
S

al
va

do
r

Itw
'.

1t
a

pa
rie

a
is
la
~d
,

V
al

en
ca

.
7

4:
lw \

ZO
CS

-
-
+

-
-
-
1

.... N ...

F
ig

un
t

4
-

l.D
c8

Iia
n

m
ep

01
th

e
A

rm
a

çI
o

be
ac

h,
no

rth
w

ar
d

o
f

S
al

va
do

r
(B

A
).

w
he

re
oc

cu
r

se
as

on
al

ch
an

ge
s

ln
di

re
ct

io
n

o
f

tr
an

sp
or

ta
tio

n
o

fs
an

ds
.



.... N U
t

N Ü
A

t
l
a

n
t

c

4
6

o
1

2
3

4
5

km

o
c

e
a

n

~
P

re
al

ll1
br

ia
n

3
5

m
cr

ys
t.

ro
ck

s
r
~
~
:
~
J
In

di
f~

re
nf

ia
t~

f:.:
.:q

Pl
ei
~t
oc
en
e.

t=\
):f:

2i.
)

H
o

lo
ce

n
e

f:-:
:-::

::m
H

o
lo

ce
n

e
~

E
o

lio
n

"'
-"

"'
.

co
n

tl
n

.d
e

p
o

sl
fs

.•
•
•

m
a

n
n

e
de

po
S

its
:'.

:_'
.".

~..
m

a
ri

n
e

d
e

p
o

si
ts

-~
~~

~=
la

go
on

d
e

p
o

si
fs
~

d
u

n
e

s

fi
g.

..
5

-
G

eo
lo

gi
e

m
ap

o
f
A

ra
ru

am
a,

S
aq

ua
re

m
a

a
n

d
V

er
m

el
ha

la
go

on
s.



mineraloglcaJ viewpolnt by SANTEW (1988), (Fig. 6). After ils Isolation, the sediments of the Lagoa

Vermelha are essentially composed of carbonates and organic matter. The carbonates form 46 to 96% of

the sediments. X ray diffraction analyses have shawn that the carbonates are composed of magneslan

calcite, dolomite and aragonite. From the combined analytlca/ data, It Is possible to recognlze two dlfferent

parts. Considerlng this prelimlnary information, it is apparent that the carbonates faund ln this core sample

were precipltated ln two dlfferent envlronments. During sedimentation of the lower portion of the core, the

environment was very rich ln microalgae, cyanobacterla and photosynthetlc bacteria and that there were

very few organisms wIth carbonate tests (cS13CpDB values between -10 and -11 0/00). This environment was

c1earfy more saline which Is Indicated by cS180pDB values hlgher ln lower than ln the upper portion. In sorne

places, ln the lower portion of the core the degradation of algal organic matter, due to a sultable Mg source,

assocIated wIth strong evaporation, provoked the precipitation of dolomite. On the contrary, ln the upper

portion, the environment was characterized by a c1early lower sallnlty and great abundance of organisrns

wIth carbonate tests. The transition trom an envIronment whlch was very r1ch in algae to one very r1ch in

carbonate tests; associated with a decrease in salinity, propitiated the precipitation of aragonite. The surface

layer, whlch Is very ftuid and characterizes present conditions, was not anaIysecl but the presence of

dolomite at the top the core and the great abundance of algae, assoclated w1th the absence of IMng

molluscs suggests that, presently, the envIronment couId be s1mllar to whlch occurred durlng the deposltlon

of the lower portion of this core. In sorne places, cS180pDB variation curve for the upper portion, exhlbils

three or four small changes which were disregarded. Apparently, It is neeessary to make more sampllngs

and to analyse net systematlcally but accordlng to the IlthologlcaI changes.

Since Lagoa Vermelha Is completely c1osed, the recorded salinlty variations couJd be

related to changes ln the preclpltatlon/evaporatlon ratio. this tact was ratlfled by analyses of 2H (deuterlum)

an 180 in waters of Lagoa Vermelha and the ocean; whlch showed a IInear enrichment of 2H ln relation to

180 , Indleatlng that evaporation was the most important mechanlsm controlllng the hydraulic budget of the

lake. These changes in the precipltation/evaporation ratio are necessarUy related to modifications of the

reglonal mlcrocllmate and thus to changes in the cabo Fria upwelling IntensIty. The decrease or

disappearance of upwelling will induce an increase ln precipitation and a decrease in evaporatlon. On the

contrary, a reinforcement will provoke a decrease in precipitation and an Increase ln evaporatlon.

Unfortunately, at present there are no dates available, to estabIlsh the chronoIogy of events. As the studled

core dld not penetrate ail the carbonate sequence, It is possible that ether oscillations may be present wlthin

deeper sediments.

Records of ten phases of inversion in directions ofdominant waves during the last 5,000

years recognized ln the Doce river coastal plain - during the Iast 5,000 years, the central portion of the

BrazDlan coast was ln general submltted to relative sea-level drop of about 4-5 m (SUGUIO et al., 1985 and

MARTIN et al., 1987). On sandy shorelines a relative sea-level drop provokes an Important sediment supply
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from the Inner shelf toward the beach, together with possible river sources (MARTIN et al., 1987). These

sands are fraquently transported by littoral drift until they are Impeded by an obstacle and their

accumulation by horizontal piling results in beach ridges. A detailed study of their geometry allowed us ta

reconstruet the directions of transportation during theJr sedimentation. In sorne places, as the direction of

transportation depends of the quadrant ln which the wave fronts reach the shoreIlne, then Il Is clear that the

knowledge, for a given t1me Interval, of thls direction, allow us ta reconstruct the dominant wave pattems

during thls period.

ln thls part of the Brazillan coast there are presently two types of waves. The first type is

most fraquent and cornes from NE quadrant, being derived from trade w1nds. The second type comes from

S-SE quadrant, belng related ta the penetration of coId polar air masses Into the South American continent.

It is essentIaI ta emphasize that the latter, which are stronger than the former, play an important raie in the

littoral transportation of sancls. Moreover, a few days or even heurs of strong waves from the southern

sector, re/ated ta the transit of coId polar fronts, la much more signlfleant factor ln sediment transportation

than several months of weak waves from the northeastem sector.

Presently, the dominant littoral drift ln the sao Francisco river mouth area (10·5),

practlcally dœs not attaIned by the southeastern W8Ves, Is from N ta 5. On the contrary, the araas of the

Doce river mouth (19°S) and the Parafba do Sul river mouth (22°S), the dominant littoral drift Is from S ta N,

theugh they are also submltted ta the northeastern waves. It has been possible ta demonstrate that the

littoral drift ln the Sio Francisco river mouth ares, during the Iast 5,000 years, occurred from N ta 5

(DOMINGUEZ et al., 1983), and that the average direction ln the Parafba do Sul river mouth area was tram 5

ta N. However, in the Doce river mouth area, the littoral drift changed about 10 times during the last 5,000

years (Ag. 7). Between 0 and 2,500 years B.P., the littoral transportation, which was in general from S ta N,

was submltted ta 3 Inversions from N ta 5. Between 2,500 and 4,100 years B.P., the direction of

transportation was constant tram S ta N, a1though two relative sea-leve/ oscUlations occurred during thls

period and evldence of Inversions may have been destroyed. Between 4,100 and 5,100 years B.P., 7

inversions of the direction of transportation from N ta S were recognlzed.

Those two dlfferent directions of littoral drift related ta dominant waves, whlch have been

recorded wlthln beach ridges of Doce river coastaI plain, couId be expIaJned by successive actuatlon of two

systems of atmospheric circulation. When dominant waves came tram the southem sector, the atmospheric

circulation couId be aqutvaJent ta that axIstIng today, which Is charaeterized by northward ascent of polar air

masses (FIg. lA). On the contrary, when the dominant waves came from the northem sector, the southem

sector waves dld not ascencI the Doce river mouth, due ta thls b1ockage, as during °El Ninoo periods (Fig.

lB).
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Figure 7 - Doce river coaataI plain (State of Espfrito santo) showing littoral drift inversion epi8OCle8 reeognlzed by the geometry and

a1lgnment of beach rldges on sandy plains.
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CONCLUSIONS

The local upwelling intensity variations in Cabo Frio, recorcled in carbonate deposits of a

small hypersallne lake, as weil as the inversions ln the direction of sediment drift, registered in the Doce river

coastal plain beach ridges of the last 5,000 years, could be explained by changes in wind regimes over

South America. These variations are slmilar to that produced in 1983 as a consequence of "El Nhio"

phenomenon aJong the coast of Equador and Peru. However, "8 Nlflo" has a duratlon of only about sorne

months and It is nDt possible to calI as paleo "8 Niflos" because they have been active during sorne tens or

hundrects of years. It seems to be more logical to conslder as "El Nlflo" -like conditions. On the other hand,

as the "El Nino" phenomenon Is a consequence of austral oscUlation, it could be more adequate to assume

conditions equlvalent to austral oscillations periods.
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