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THE USE OF MARINE SHELLS FOR RADIOCARBON DATING OF COASTAL
DEPOSITS

FRANCISCO HILARIO REGO BEZERRA 1, CLAUDIO VITA-FINZI 2 AND FRANCISCO PINHEIRO LIMA FILHO 1

ABSTRACT  To facilitate the selection of samples € dating, shells from coastal deposits were analyzed by light microscopy, X-ray
diffraction, scanning electron microscopy, and isotope analysis. One or more of these techniques made it possible to detect contamination by
old and young carbon and to identify appropriate pretreatment procedures. Microscopic inspection and X-ray analysis are especially useful when
applied to aragonitic mollusks as contamination is often calcitic and thus readily detected. Death assemblages, when correctly selected, provide
reliable ages for coastal deposits, but in certain circumstances dates determined on these assemblages were found to be superior to dates for
tracing shorelines.
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INTRODUCTION The radiocarbon dating method is widely used Shells ages may be rendered too young when they are contaminated
in coastal studies throughout the world but precise absolute datingogf carbon added to the original material by overgrowth and
former shorelines remains a major obstacle. In many paleoshorelinesrystallization, a common source on the coast being percolating
shells are the only readily available biogenic materials for radiocarbgroundwater.

measurements. Two major problems arise in their use: (a) Another problem in coastal studies is the choice of sea-level
contamination by old carbon produced by the hard water effeéndicator.Keith et al. (1964) suggested that only shells in living
leading to'“C ages which are too old, and contamination by youngositions should be dated and that beach deposits should be avoided
carbon, in the form of overgrowths and recrystallization, leading teecause they are likely to include specimens of different ages and from
ages which are too young; (b) the need to select an appropriate seeange of environments. Hopley (1986) pointed out that the time
level indicator. Several studies (e.g., Olivega al 1990), often difference between shell death and its deposition in a beach may vary
supported by numerodéC ages, have described changes in sea leviebm a few years to hundred or even thousands of years. Nevertheless,
that have taken place during the Quaternary along the east coasi®oRichards (1982) noted, shells in living positions are poor guides to
South America, but little information is available on (a) the extent dérmer sea level if their preferred habitat is not known or if they have
contamination and (b) the palaeoecology of the marine shells useddowide depth tolerance, whereas death assemblages can be good
4C analysis. This study discusses the problem, using examples frsioreline indicators if they represent the high-water mark.

northeastern Brazil. It re_vi(_ews some of the methods that can be usesﬁ]ETRE ATMENT AND SHELL ANALYSIS Pretreatment was
detect and reduce or eliminate the effects of contamination, and COiBs igned to detect and if necessary eliminate contamination. Shells in

pares ages of shells in living position with death assemblages to Seq(f g position and death assemblages were selected for analysis. When

former waterlines. selecting the latter, we sorted out shells that showed original colors and
COASTAL SETTING The study area is located along the Ridacked any features to be expected from prolonged transportation.
Grande do Norte State coast between Macau and Baia Formosa (S&yeral studies had demonstrated that, although the outer layer of
1). The littoral zone includes a great variety of shallow-water marirghells exchange carbon with the environment during diagenesis, the
deposits (beachrock, peat, and tidal flats) all of which locallynner layer can be considered a closed system (e.g., Vita-Finzi 1980,
interfinger with alluvial and aeolian sediments. Death assemblages\ita-Finzi and Roberst 1984). Chappell and Polach (1972) show that
shells and shells in living positions tend to be concentrated in deposi&tailed analysis of shell structure under the microscope was essential
close or in the current intertidal zone. The most common shell spediesralid assessment of replacement. We began our screening with
from shallow-marine waters, in order of abundanceDarex striata, optical microscopy, generally using acetate peels rather than thin
Divaricella quadrisulcata, Tivela mactroides, Anamalocardiasections because they preserve fine detail. If any suspected features
brasiliana, Anadara ovaligndOstreasp. (Mendonca 1966, Campos were found, or if the sample came from a location where
and Silva 1964). Seven intertidal deposits (one tidal flat, one peat, ammhtamination is a serious risk, we used X-ray diffraction-XRD,
five beachrock deposits) were investigated. Shells were in livirgganning electron microscopy-SEM and stable isotope analysis (Fig. 2)
position in the Rio do Fogo peat. Death assemblages of shells weither of a subsample of the shell or of an aliquot of the gas prepared
found in the other sites. The locations and cross-sections of edohcounting. If the contamination was at the surface, we tried to remo-
deposit are shown in figure 1. ve it mechanically or by acid washes and then reassess the specimen.

PROBLEMS RELATED TO SHELL AND COASTAL- [f the contamination was too serious or difficult to remove we
DEPOSIT DATING  One of the problems that can arise indiscarded the sample (see samples SM1 and SM2, Table 1), although
radiocarbon dating of marine shells is contamination by old carbdh."° Flttjern?r'glvtetmﬁ}enal _\(/jvas to hand we dated the sample in the
Shells may incorporate dissolved carbon dioxide or bicarbonates fréfPW'€0g€ that it will provice a minimum age. .

“old” and deep ocean waters that are not in equilibrium with t Note that contamination of aragonitic material is readily detected by

atmosphere (reservoir effect), or from limestone areas (hard wafsf @Y, diffraction in aragonitic shells because the contaminant is
effect). uSually calcitic; in calcitic shells (such as oysters) the procedure
The reservoir effect has been detected in many coastal areas arointfeeds only if the new calcite differs sufficiently in magnesium

the world and is generated by upwelling from deep oceans whitfntent for the peak on the trace to be displaced relative to that of the

k L2 9 ; original shell calcite.
display low mixing'‘C rates with the atmosphere (Bowman 1990). Radiocarbon ages of shells quoted in this study (Table 1) are from

Studies such as those by Ke#hal. (1964) and Taylor and Slotarﬁ) zerra (1998), Bezerrat al (1998) and Oliveiraet al (1990).

(1979) conclude that marine shells from open ocean environme \ )
where upwelling and carbon isotopes ratios are known, display smyJ[ereas isotopic analyses of the same samples (Table 2) are new data.
variations of d°C and can provide reliabl&C ages ' W\SOtOpIC analysis was carried out on shells both to check the reliability

. fthe“C ages and for paleoenvironment purposes. The samples were

The hard water effect is usually associated with continentd
P : ; at the Department of Geology, Royal Holloway and Bedford New
contamination and, according to Pilcher (1991), may add between o} ege (University of London). using a VG ISOCARB automatic

and 1200 years to the apparent age of a sample. The effect is ?é'l o
critical in terrestrial mollusks, which usually occur in restrictegy>t€Mm and VG SIRA Il collector spectrometer. The precision of the

environments and may be contaminated by significant amounts M for C and O is 0.1% for 2SD.

carbon from carbonate rocks (Hedges 1992). In open coastal zorRESCUSSION AND CONCLUSION Analysis carried out
especially if there is no restriction in water circulation, marine sheltturing pretreatment and isotopic measurements allowed us to identify
are not likely to suffer appreciably from the hard water effect. two main*“C age groups: contaminated or inherited shell ages which
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Table 1 2“C ages of shells discussed in text.
Sample/  Species/material XRD/ Calibrated age
c source analysed/deposit SEM (yr BP at @)
€ q? MC2/1 Is modern
> CDB1/1 b/davtf A 3,9305°%
-290
136°W
CDB2/1 o/davtf C 4,716%
SOt A, tree branch -340
Amefica @ shell in living position | XN atal FSAL/1 b/da/b A 6,46’9:3
Type of cross stratificatio FSA2/1 b/da/b A 7.076%
E= swash -490
[ Quaternary & trough RFW/2 wi/p 4040-3690
1 Tertiary tabular : RFS/1 b/lp/b A *4100™°
[ IMesozoic tangential Baia 10
Formosa BR1/1 b/da/b A 4,880
@ 20cm ¢ - FSA1 -320
60
o L Fsa2 soom $ M = SML BR2/1 b/da/b A 4,71@220
. =»CDB1,CDB2 ;g; |+ 80
. GR1/1 b/da/b A 5,978
L — SM2 -350
I & GR2/1 b/da/b A 7,076%
Sao Bento Bl -500
AN
CH1/1 b/d/b A 7,076°%
-490
Q™10 CH2/1 b/da./b AlsC 5,750
P20/3 b/da/b 6,496
20cm $ ﬁ* - REW -190
2R P21/3 b/da/b 6,376%
o -200
s, - RFS
P14/3 b/da/b 4,976°
20cm § S -330
Source: (1) Bezerra et al. (1998); (2) Bezerra (1998); (3)
Oliveira et al. (1990). (*) yr BP atd Radiocarbon analysis
— BR1 after Vita-Finzi (1983). Key: Is, live shell; b, bivalve; da,
@ =>BR2 death assemblage; tf, tidal flat; o, ostrea; b, beachrock;

w, wood; p, peat; Ip, living position; A, aragonite; C, calcite;

20cm$ sC, secondary calcite.
-+GR1

Table 2 - Isotopic data discussed in text.

oems sample  Material analysed/ 8°Cppg (%0)  6%Oppg (%o0)
% ~GR2 deposit

CH1 da/b -2.2 -0.8
—~CH2 FSA1 da/b -1.2 -0.4
%‘2 FSA2 da/b -0.7 -0.5
§ RFS Ip/p -1.5 0.8
soems BR1 da/b -1.3 -0.9
\\ »CH1 BR2 da/b -1.3 -0.9
N CDB1 da/tf -1.6 -0.8
% CDB2 da/tf -1.3 0.3
CH2 da/tf -0.8 -0.7

Figure 1 — Simplified geological map of the study area. Detailed maps thaKey: da, death assemblage; b, beachrock; Ip, shell in living
include cross-sections of coastal deposits described in text are indicated [P, . ;
AL Yosition; p, peat; td, tidal flat.

were younger or older than the host deposit; and shell ages thay continental influence in shell composition. This is consistent with
represent the age of the deposit and, by extension, the paleoshoretireeunrestricted ocean circulation in the study area, and thus appears to
The isotopic data were helpful to distinguish shells that had nekclude the hard water effect.
been transported from continental shelf or from the continent. The The activity determined for a specimen collected live (MC2), one
shells in Fig. 2 display a small isotopic range. THéCdvalues count per minute (cpm) above the pre-bomb level of 7.7 above
extended from +0.8%o to —2.4%., anti@ values extended from 0.0%. background (Bezerret al 1998), shows that the residual effect of the
to +1.2%0. The shell assemblage plot partially in the F field (mariregmospheric bomb test swamps any apparent reservoir effect within the
coastal shells of Vita-Finzi 1992) and entirely in the A and B fieldsesolution of the method. Likewise, any reservoir effect, which was
(mollusk shells of transitional environment of Keith and Parker 1965wamped, by the bomb effect, is ruled out by the isotopic data. XRD
None of the marine shells from the study area is displaced towards déimalyses indicated that some of the samples that appeared satisfactory
freshwater, continental shell fields (fields D and E in Fig. 2), ruling outnder the light microscopy include the products of recrystallization
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different locations in the same beachrock body (Fig 1). XRD shows
that CH1 consists wholly of aragonite, whereas CH2 contains
secondary calcite. This explain the age difference between the former
(7070+360-490), which is a minimum age of the deposit, and the latter
(5750+420-330), which is contaminated by young carbon (Table 1). In
the Barreta Beachrock, two other samples were collected at the same
site, in a layer of uniform structures and granulometry (BR1 and BR2,
Fig. 1). BR1 (upper sample) is older than BR2 (lower sample), which
shows trace of secondary calcite (Table 1). If we take into account the
date published by Oliveirat al (1990) for the same beachrock (P14),
the date of deposition falls between 4640-4970 cal. yr. BP.

In the Catanduba tidal flat, which is located ~6 km from the current
shoreline (Fig. 1), sample CDB1, consisting of aragonitic bivalve
shells, and CDB2, composed of calcitic Ostrea, were collected in the
same layer. There is a gap of 120 yr. between the samples, probably
because the Ostrea assemblage is redeposited.

Ages of death assemblages represent age of deposition in two
beachrocks. In the Farol de Sto. Alberto beachrock, two samples were
\ dated by Bezerrat al. (1998). The mean age of the lower sample

FSA2 is ~ 600 yr. older than the upper sample FSA1. However, there
—+-10 is a small age superposition between both samples from 6030-6580,
which is probably the deposit's age. There is also the possibility that
FSA2 is really older than FSAL. There is no age superposition between
samples GR1 and GR2 in the Guaraira beachrock. As no
contamination was seen during visual inspection, XRD, and SEM, the
+-14 beachrock should have a deposition which spans from ~7070 to 5970
cal. yr. BP. This is in agreement with several cycles of deposition seen
16 in cross-section (Fig. 1).
. ) - In summary, it is essential to guard against contamination by old
Figure 2 — Stable isotope composition of mollusk shells. Key: A, B, Ccarpon (hard water and reservoir effect) and young carbon (overgrowth

mollusk shells of transitional environment (Keith and Parker 1965); D < - - - -
freshwater mollusks (Keith et al. 1964); E — freshwater gastropods (Keith afijd recrystallization). The former can be detected by isotopic analysis,

Parker 1965); F — marine coastal shells (Mta-Finzi 1992). whereas problems produced by contamination by young carbon may
be apparent under the light or scanning electron microscope or using

X-ray diffraction, and reduced or eliminated by selective mechanical
from aragonite to calcite: to a significant extent in the Cunha@rasion and acid leaching. In certain circumstances ages on shells
beachrock and by trace amounts in the Barreta beachrock. In fram death assemblages are more useful than ages on shells in living
Cunhau beachrock, two samples (CH1, CH2) were collected at twosition for tracing shifts in the coastline.
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