Archaeology & History in Lebanon Issue Eighteen : Autumn 2003, p. 115-119.

Gaél Le Roux’
Alain Véron®

GEOCHEMICAL EVIDENCES OF EARLY

Christophe Morhanger ANTHROPOGENIC ACTIVITY IN HARBOUR
- SEDIMENTS FROM SIDON

INTRODUCTION

Sediment accumulated in the sca coast of Saida
(the ancient city of Sidon) record more than 5000
years of palaeoenvironmental changes (Morhange
et al., 2000). In a previous article (Le Roux et al.,
2002), we showed that ancient metallurgical acti-
vities could be evidenced in these sediments
thanks to lead isotope imprints. Indeed there are
four stable isotopes of lead, three of which are
radiogenic end-members of U-Th natural radioac-
tive decay chains (232Th - 208pp, 2357 - 207pp,
238y - 206Pb), Depending on the age and the ini-
tial content of U-Th, various lead, silver and cop-
per ores will display different isotopic signatures.
Therefore it is possible to distinguish lead from
different ores as well as to evidence anthropogenic
activities with isotopic ratios. The use of such iso-
topic imprints for archacology and palaeoenviron-
mental records has been well described (Gale and
Stos-Gale, 1982; Hosler and MacFarlane, 1996;
Shotyk et al., 1998; Weiss et al., 1999).
Unfortunately no precise age dating was available
for this study. Here, we present these new radio-
carbon ages that allow a better constrain on the
contamination of the sediments in Antiquity at this
location.

METHODS

Sediment samples were collected in the northern
harbour of Saida (BH IX core). Subsamples were
taken from the core on the field and sealed in clean
plastic bags to avoid external contamination.
Samples were then freeze-dried, and powdered in
an agate mortar at CEREGE (Aix en Provence).
For each sample, 50-70mg of sediments were
digested at 120°C with an HNO-3-HCI-HF mix-

ture in acid cleaned Teflon beakers. After evapora-
tion, aliquots were dissolved in an HBr (0,5N)
solution. Lead was separated using anionic Agl-
X8 resin (50ul). Tsotope ratios for lead were deter-
mined by standard thermal ionisation mass spec-
trometry (Hamelin et al.,, 1990) on a Finnigan
MAT 262 at CEREGE. Mass fractionation was
corrected using repeated measurements of NBS
SRM 981 standard. Pb concentrations were mea-
sured by isotopic dilution method using a 208Pb
spike solution.

Conventional 14C age dating was obtained on
molluscs by liquid scintillation counting at Lyon
and calibrated (Stuiver and Braziunas, 1993).
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tion, lead fluxes and age da-
ting are presented in Figure 1
along with the lithology of the
core (Espic ef al., 2002). We
can distinguish three different
trends for lead geochemistry
along the core profile:

- Below 4m, concentrations are lower than 20
ppm and 206Pb/207Pb ratios are about 1,207.

- At a depth of about 3,7m deep, the 206Pb/207Pb
ratios shift (1,190) and we observe an increase in
concentration that is clearly evidenced at 2,7m
deep (60ppm).

- While concentrations do not change significan-
tly, the 206Pb/207Pb ratios shift to less radiogenic
values (1.174) at the top of the core. This signa-
ture is similar to modern anthropogenic imprints
as shown in recent Mediterranean sediments
(Ferrand et al., 1999).

Variations in lead isotope ratios and concentra-
tions cannot be related to the natural variability of
deposited sediments since isotopic shifts are
observed in core sections where no mineralogical

and/or chemical changes occur. Thus we can
exclude sedimentological variations as a factor to
explain lead trends. Moreover carbonate content
in this profile is quite constant (around 40%) and
could not explain the variations in lead concentra-
tions by dilution of the detritic sediments with
biogenic components.

As shown by Espic et al.(2002), establishment of
the harbour is followed by a sedimentological

change. This is confirmed by 14C dating that
shows an increase in sediment deposition rates
after the construction of the harbour. Also, anthro-
pogenic indicators such as lead display increasing
flux deposition during this period (Fig. 1) as we
would expect from a lead concentration increase.

DiscussioN

The Northern Harbour area could be considered as
a final collector for streaming from the town and
ship wastes. As a result, sediment accumulation 1s
likely to record anthropogenic activity of the city.
The '4C ages and fast sediment accumulation
indicate that the well protected harbour was clear-
ly established during the late Greek and Roman
period.

1 Lithological and Pb chemistry profiles of the BHIX core.
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Geochemical analysis shows
that during this period,
Pb input was important
(>100pg/cm?/y) and similar to
that in modern contaminated
harbours (Buckley ez al., 1995;
Croudace and Cundy, 1995).

While the 296pb/207Pb ratios

do confirm the raise of anthro-
pogenic activities during the 183BC-195AD peri-
od, we also have evidence of an early shift at 2.8m
deep in the core with no clear changes in lead
concentration. Lead isotope signatures are better
indicators of anthropogenic activities than con-
centration alone owing to dilution processes.
Here, this early shift in the 200Pb/207Pb ratios
very likely indicates an early human settlement
before the clear and well-defined foundation of
the harbour. Based on !4C dating uncertainties, we
can infer that this activity could precede the har-
bour establishment by about 1500+200 years.
This is a unique finding that deserves further
investigation.
The measured lead concentration (Pb,.,c) is a
mixture of natural (Pb

(Pbanth
fingerprints of metals used in Sidon, we shall cal-
culate anthropogenic lead imprint. This can be
done by a simple mass balance calculation assu-
ming constant concentration and isotopic signa-
ture for natural deposits

(i.c.: [Pb]=19,01ppm, 206Pb/207Pb=1,207).
Then the anthropogenic imprint can be calculated

nat) and anthropogenic

) lead. In an attempt to use Pb isotopes as

CEPE BE) o = ol oL

as follow for the 206pb/207ph;

Calculated anthropogenic signatures are presented
in figure 2 along with lead isotope imprints of re-
presentative mines during Antiquity. Some of
these mines are exclusively Pb mines but others
are multimetallic mines.

In a previous paper (Le Roux ef al., 2002), we
assumed that lead contamination originated not
only from lead-silver metallurgy but also from
bronze (copper -alloy with tin and/or arsenic and

lead traces) in the city. In the absence of 14C age

dating, we made the hypothesis that copper ores
or alloys (in particularly from Cyprus) were not
the major sources of lead in the harbour. With this
new dating, it appears that lead pollution dates
from the Hellenistic and Roman periods, in per-
fect agreement with other environmental and
archaeological findings (Nriagu, 1983; Rosman er
al., 1997). According to this new evidence, lead
metallurgy itself is expected to be the major
source for pollutant lead input to the harbour. This
is the reason why we reported lead mines from the
Roman period (Nriagu, 1983) in figure 2.

There is an ongoing discussion on the usefulness
and the interpretation of lead isotope imprints in
archaeological artefacts, particularly for the
Bronze Age metal trade (Budd et al., 1995a; Budd
et al., 1995b; Gale, 2001; Knapp, 2000). Here, we
emphasize that lead isotope signatures can be
interpreted for the Iron Age and the Greek-Roman
period, owing to further regional investigations.
The quite constant isotopic signature in the Sidon
core could be explained by (1) a unique source of
lead during Antiquity in Sidon or (2) a mixture of
different lead sources that would infer an artificial
clustering of lead isotopic ratios in the sediments.
It seems rather unlikely that only one region
would have provided Sidon with lead (in this case,
different mines from Turkey) throughout
Antiquity. According to Nriagu (1983), half of the
lead production originated from Spain during the
Roman period. This finding along with the well
known trade links between the Levant and Spain,
a mixture between lead from the Rio Tinto and the
Carthaginian mines, is more likely to explain lead
imprints in Sidon’s harbour. However, Taurus or
Sardinia mines cannot be totally excluded from
this trade.

Because the early contamination (around 1500
B.C.) is only defined by a lead isotopes shift and
not an increase in lead concentrations, its origin
cannot be so well constrained. At this period, lead
was not as widely used as it was during the
Roman Period and we can assume that the con-
tamination was coming from lead contained in
copper ores. A Cypriot origin for these ores
(206pb/207Pb=~1,19) is possible in view of the
lead isotopes results.
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New age dating on a sediment
core analysed for lead geo-
chemistry allowed us to better
refine our interpretations on
the metallurgic history of
Sidon. The major lead pollu-
tion input occurred during the Roman period as
characterized by an increase in lead input and a
shift in isotopic signatures. Meanwhile, lead iso-
topes also did evidence early anthropogenic acti-
vity (1500 £ 200 years prior the establishment of
the harbour) in the absence of clear archaeological
artefacts. These geochemical indications deserve
further investigations in this region.
Based on lead isotope ratios, the most plausible
cause for pollutant lead input during the

Hellenistic-Roman periods is lead metallurgy
itself with the use of lead ores from various ori-
gins including Spanish mines from the Rio Tinto
region and Carthagena (Fig. 2).

With a view to better characterize Bronze and Iron
Age metallurgy, other metals (copper, tin, silver)
will be measured in these sediments.

This isotopic approach shall be refined owing to
further investigations of other ancient harbours
within the same archaeological context such as
Tyre.

2 “Anthropic” isotopic signatures of the ancient
sediments, and signatures of different ores used during
Antiquity (data from different sources especially the
Isotrace Laboratory, Oxford and the Smithsonian Center
for Materials Research and Education, Washington; for
the complete references, please contact the first
author). Because of the heterogeneity of Sardinian and
Turkish field ores and to keep the complexity of ore iso-
topic signatures, no isotopic fields are drawn.
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