RADIOCARBON, Vol 47, Nr 1, 2005, p 67-73 © 2005 by the Arizona Board of Regents on behalf of the University of Arizona

RESERVOIR EFFECT OF THE SOUTHERN AND SOUTHEASTERN BRAZILIAN
COAST

Rodolfo J Angulo'2 ¢ Maria C de Souza' ¢ Paula J Reimer3 » Sueli K Sasaoka*

ABSTRACT. A regional marine reservoir correction (AR) of 33 + 24 4C yr for southern Brazil was obtained from 6 marine
shell samples collected in the states of Santa Catarina and Parand. This work also presents a AR estimation of 8 + 17 14C yr
for the southern and southeastern Brazilian coast from the states of Rio de Janeiro to Santa Catarina, obtained by including 7
ages published in previous works. The high variability of R in modern and Holocene samples from the Brazilian coast is also
discussed.

INTRODUCTION

The Holocene relative sea-level variation curves of the Brazilian coast (e.g. Suguio et al. 1985;
Angulo and Lessa 1997) were constructed using conventional radiocarbon ages that are 6'3C
corrected (Stuiver and Polach 1977). The paleosea-level indicators used to construct those curves
include remains of continental, marine, and estuarine organisms. To improve the temporal accuracy
of these curves, the conventional '“C ages should be converted into calibrated age ranges, which
account for the temporal “C atmospheric variation (Stuiver and Braziunas 1993). However, to
convert conventional !“C ages of marine samples into calibrated ages, it is necessary to correct for
the reservoir effect. Stuiver and Braziunas (1993) calculate a model marine reservoir age (R) of
360 !4C yr for surficial Southern Hemisphere marine waters in AD 1830 relative to the Southern
Hemisphere atmosphere. However, there are significant regional differences (AR). These differences
can be as large as 885 £ 45 “C yr in the Ross Sea, Antarctic Ocean (Stuiver et al. 1986). Thus, to
convert conventional marine “C ages into calibrated ages, it is necessary to know the regional AR.

Until 2001, there were no published pre-nuclear testing marine reservoir data for the Brazilian
coastal surficial marine waters. Nadal de Masi (2001) published the first measurements of R for the
Santa Catarina coast, southern Brazil. He presented 8 4C dates of marine shells from the northern
coast of Ilha de Santa Catarina (Figure 1). One sample collected in 1945 exhibited *C activity
higher than modern. The other '“C ages were between 720 + 40 to 390 + 30 BP (Table 1). Eastoe et
al. (2002) published new R values for the SW Atlantic coast. They dated charcoal-shell pair samples
of a shell mound named Jabuticabeira. They also dated shells collected alive in 2000 on the Santa
Catarina coast and shells from Museu Nacional do Brasil, collected in 1939 and 1944 on the Rio de
Janeiro coast (Table 1). The Nadal de Masi (2001) and Eastoe et al. (2002) results of modern and
shell mound samples show large variations of R. In particular, 6 shell samples of the same species
(Tellina lineata), collected in the same year (1942) in the same place (Ponta das Canas, Santa Cata-
rina), exhibited R values from 540 + 46 to 204 + 44 '“C BP (Figure 1, Table 1). To determine the
regional R, Nadal de Masi (2001) excluded the sample supposedly collected in 1945 with C activ-
ity higher than modern (>100 pMC). Although the cause of the high '“C activity is unknown, this
sample may have been collected after nuclear weapons testing and thus mislabeled. He also
excluded 2 samples collected in 1942 that dated to 720 + 40 and 690 *+ 40 BP because these ages
were statistically different from the others. He calculated a mean age of 460 '“C yr using only the 5
samples with statistically similar ages. On the other hand, Eastoe et al. (2002) concluded that R is
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variable through time. They also determined that the marine samples ages could only be corrected
after knowing the temporal variability of R. According to Eastoe et al. (2002), samples between
2500 and 1595 BP and some modern samples of Santa Catarina can be corrected by an R of
220 + 20 '“C yr. Other modern samples from Santa Catarina and Rio de Janeiro indicated an R of
510 % 10 ¥C yr. According to the same authors, the age differences of the samples can be attributed
to short-term (seasonal to decadal) R variations on coastal waters caused by upwelling.
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Figure 1 Location of sample sites in Parand and Santa Catarina states, southern Brazil

Using only the marine samples collected between 1939 and 1944 published by Nadal de Masi
(2001) and Eastoe et al. (2002), Reimer and Reimer (2001) calculated a mean AR for the SW Atlan-
tic coast of 89 £ 46 14C yr.

METHODS

This paper reports on research, with the aim of refining the AR value of southern Brazilian surficial
coastal marine waters. Shell samples were obtained from the Museu de Histéria Natural Capdo da
Imbuia collection. Samples chosen were collected before nuclear explosions in the atmosphere and
were without abrasion evidence. Two samples of pelecypod (Callista maculata and Raeta plica-
tella) and 3 samples of gastropod (Janthina janthina, Pugilina morio, and Nassarius vibex), col-
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lected between 1933 and 1944 on the coast of Paranad and Santa Catarina states, were dated. A sam-
ple of cirriped fixed on a P. morio shell was also dated. The samples were dated by accelerator mass
spectrometry (AMS) in the Geochron Laboratories. The R and AR were calculated with an Excel
macro developed for the Marine Radiocarbon Reservoir Correction database (Reimer and Reimer
2001) using the Southern Hemisphere atmospheric data of Hogg et al. (2002) and the global marine
calibration data set Marine98 (Stuiver et al. 1998). The reported uncertainties are the larger of the
standard deviation in the mean and the square root of the variance. R was corrected for differential
fossil fuel additions to the atmosphere and ocean mixed layer since AD 1850. This work also aims
to discuss the high variability of R data given by modern and Holocene samples of Brazilian coast.

RESULTS AND DISCUSSION

One of the problems in determining R from museum samples is that the year of collection can be dif-
ferent from the year of death of the mollusk that formed the shell. No documentation was available
to indicate whether the samples used in this study were collected alive or not. To avoid this problem,
shells without evidence of abrasion or fading were chosen. The best species for this purpose was J.
Jjanthina because this gastropod lives floating in the sea (Goffergé 1950) and has a fragile shell that
can resist only low transport on the beach. The shell color fades quickly on exposure to sunlight
(Figure 2a). In this case, it was considered that the collection date was close to the death date. Fur-
thermore, Goffergé (1950), who collected the dated shell, comments that in Santa Catarina he col-
lected some living specimens floating on the sea. Shells of R. plicatella are also fragile and suscep-
tible to damage when transported, so that the collection date can be assumed to be close to the death
date (Figure 2b). A specimen of P. morio was also considered favorable for dating because part of
the periostracum was preserved (Figure 2c). This organic tissue is rapidly degraded after the organ-
ism’s death. Another dated sample was a C. maculata shell collected, with no evidence of abrasion,
by Goffergé in Ilha do Francés. Goffergé (1950) commented that he collected many live specimens
at that place. Although the sample age (580 £ 40 BP) was older than the other samples, it is compat-
ible with the age of the J. janthina and R. plicatela shells. Some of the museum specimens had cir-
riped and juvenile oyster shells attached to the inner shell (Figure 2d). These encrustations are evi-
dence of a certain period of time between the date of collection and the date of death.
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Figure 2 Specimens of dated shell: a) Janthina janthina shell; b) Raeta plicatella shell; ¢) Pugilina morio shell—the
dark parts are preserved periostracum; d) Callista maculata shell with encrustations of cirriped and juvenile oysters.
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To verify the assumed small difference between the collection date and the death of the samples, a
sample of cirriped encrusted on a P. morio shell was dated. The cirriped age (460 = 40 BP) and that
of the P. morio (410 + 40 BP) agree within the error of the “C method. It is possible to conclude that
in all cases, both the collection dates and death dates are probably similar.

The 6 samples from this study give conventional '“C ages between 580 * 40 and 410 + 40 BP,
R between 512 +42 and 345 £ 42 '“C yr, and AR between 112 + 41 and —55 £ 41 C yr, with a mean
of 33 +24 14C yr (Table 1 and Figure 1). Including previously published data for shells of known age
in this region (Eastoe et al. 2002; Nadal de Masi 2001), we see the AR values cluster into 2 groups
(Figure 3). One group has a mean value of 8 £ 17 “C yr, while the 3 highest points have a mean
value of 219 £ 26 4C yr. The variation in the data could result from seasonal to decadal upwelling
of old carbon, as suggested by Eastoe et al. (2002). However, the largest differences are for samples
of the same species collected in the same location and year. Short-term differences in upwelling
should therefore not be a factor in the AR variation in these samples, assuming that sampling was
fairly homogenous over a growth ring or rings. Although it would seem unlikely that some of the
samples in the previous studies could have been several hundred years old at the time of collection,
specimens can die, be buried and exhumed before their shells are collected or shells from the inner
shelf could be transported to the beach during big storms. This has been observed in shells from
museum collections that dated to several thousand years old (Ingram and Southon 1996). Unless the
shells are especially fragile, have colors that are light sensitive, or the periostracum is preserved, it
is difficult to estimate the time between death and collection. Age differences could also result from
differences in local habitat and food sources; however, this is more likely for gastropods that can
scrape up old limestone or for deposit feeders as opposed to filter feeders like most pelecypods (For-
man and Polyak 1997; Hogg et al. 1998). While we cannot definitely rule out a combination of dec-
adal-scale upwelling and small differences in the collection and death date for the 3 samples with the
highest AR values (Figure 3), the remaining 6 results presented in this work—five published by
Nadal de Masi (2001) and one presented by Eastoe et al. (2002)—provide a robust estimate of the
regional R of 408 + 18 *C yr and a AR value of 8 = 17 '“C yr for the southern and southeastern Bra-
zilian marine surficial coastal waters during the mid-20th century.
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Figure 3 AR values obtained from pre-nuclear testing shells from this study (circles) and
previous studies (squares: Nadal de Masi 2001; triangles: Eastoe et al. 2002).
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Regarding longer-scale variation in R, the value of 220 + 20 '“C yr obtained by Eastoe et al. (2002)
from shell mound samples is subject to influence by fresh continental water. These samples were
collected in a shell mound (Jabuticabeira) located beside a paleolagoon with strong fluvial input
(Figure 4). Measurements of “C on 2 shell mound samples, located on the Holocene barrier that
closed the Garopaba do Sul lagoon, give “C ages of 3450 + 80 and 4240 + 190 BP (Martin et al.
1988). These results show that the paleolagoon already existed when the Jabuticabeira shell mound
was built (Figure 4). Before the human modifications of the lagoon inlet, Garopaba do Sul lagoon
was a blind estuary. At the present time, in spite of structures built to maintain the opening of the
inlet, the salt wedge has small penetration (Bonetti Filho et al. 2001). Fluvial input can result in
either increased or decreased reservoir corrections depending on whether or not there is a source of
carbonate in the watershed (Goodfriend and Flessa 1997; Ulm 2002). In addition, charcoal samples
deriving from driftwood or the inner trunk wood of long-living terrestrial plants could reduce the
apparent difference between the shell and charcoal ages. These factors would suggest that the R
determined from the Jabuticabeira shell mound does not represent the R of coastal marine waters.

28730 S]

ATLANTIC
OCEAN

— i g & _//'/
._ (:j . _ / 280408
e . 'f}%dOtSO years B.P. N
Y sz i s
v g0 4850w Thm
) ) (3) 4) *(5)

Figure 4 Locality and geology of the Tubardo River mouth region, in Santa
Catarina state, southern Brazil, where the Jabuticabeira shell mound is located
(after Angulo et al. 1999; dating and shell mound locality after Martin et al.
1988): 1) river, lake, or lagoon; 2) Holocene lagoonal system; 3) Holocene and
Pleistocene barriers; 4) other units; 5) shell mound samples’ dates.

To improve the regional R estimation, new “C measurements are necessary. They need to be per-
formed on shells from organisms collected live before the nuclear explosions in the atmosphere. To
know the R variation in the Holocene, it would be necessary to date contemporaneous terrestrial-
marine samples from marine archeological sites not influenced by continental waters, or to choose
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samples of purely marine origin, like marine shells or fish bone. Using terrestrial samples derived
from fruits, seeds, or other short-lived material, where possible, would avoid the problem of long-
lived terrestrial plants.
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