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Abstract. Samples of recent sediments collected during the “ANTARES” international scientific cruise on the Western Black Sea shelfin 1990 and 1991, have
been analyzed using a high sensitivity Scintrex HGG-3 Hg spectrometer. The mercury contents displayed a large variation between very low background
values and high mercurometric anomalies, the latter closely associated with the geological structures Lebada, Constanta and Callatis. The mercury anoma-
lies are considered to derive from both anthropogenic and geological sources. The pollution with Hg organic and inorganic compounds seems to be better
represented on the Lebada-Portita sector, due to its depressionary aspect and location with respect to the marine water currents along the littoral. The deep
seated geological sources of Hg, that also contribute to the large mercury anomaly located in the Lebada-Portita area, include hydrocarbon accumulations

and highly mineralized waters situated within the Lebada structures.
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INTRODUCTION

Mercurometry was first mentioned as an exploration
method by A.A. Saukov (1946), who studied the abundance
of mercury in nature and its association with sulphide ores.
During the last decades important advances have been made
in studying mercury, its organic and inorganic compounds,
due to the increased interest for environment and human
community health protection. The Hg toxicity and the con-
sequent environmental problems determined its inclusion
on the European Community “black list” of priority pollutants
(EEC, 1976).

The main source of mercury is considered to be the
mantle, considering measurements on stony meteorites and
inclusions in kimberlitic pipes. High quantities of mercury mi-
grate along continental transcrustal faults or very deep faults
associated with oceanic ridge systems or subduction settings.
Since the mercury migration towards the surface is practi-
cally continuous, the mercurometric anomalies may locate
“blind ores” or any other Hg source that is covered by thick
geological formations or soils. Compact rocks such as shales
or unaltered magmatic bodies and lavas may diminish the

mercury migration in metallic state or vapour phase, while
porous geological rocks, such as sandstones, limestones or
tuffs are easily penetrated by Hg toward the surface.

The most abundant mercury bearing mineral is cinnabar
(HgS), native mercury being found in base metal sulphides
like sphalerite and sulpho-salts like tetrahedrite. The mercury
content of rocks is usually less than a few hundred parts per
billion (1 ppb = 102grams). Soils usually contain less than 100
ppb and water less than 1 ppb mercury, while atmospheric
air contains ca. 10°grams (1 ppb) per cubic meter. High con-
tents of Hg have been noted in areas with volcanic fumaroles,
hot spring gases and geothermal waters, as well as on the
sediments situated in the vicinity of such sources.

For example, in the Culver-Baer mercury deposit situ-
ated in California, an association of cinnabar with petroleum,
usually located along hanging walls of breccia veins was ob-
served. Isotopic and biological marker data supported the
hypothesis that these components have been derived from
sedimentary sequences in response to heating and trans-
ported in gas phase. This association of petroleum with cin-
nabar was considered to be due to a common source and
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common transport rather than to a direct geochemical link
(Peabody and Einaudi, 1992).

Most mineralized waters that are associated with pe-
troleum in various geological traps contain significant con-
centrations of mercury, offering good possibilities to mer-
curometry to be involved in oil exploration. Compared to
background values, mercury content in petroleum was found
to be 5 to 100 bigger, while in hydrocarbon gases it is 5 to
1000. Airborne mercurometric measurements performed
at 200 m above oil accumulations in the Caspian Sea area
showed anomalous levels 2 to 3 times greater than the back-
ground ones (Fursov, 1983).

Being extremely volatile, mercury can migrate toward the
surface through considerable depths of overburden during
tectonic activity, weathering and oxidation processes, that
liberate metallic mercury or mercury vapours. In cases when
anomalous contents of Hg are detected at the surface it can
serve as a pathfinder for locating the sources that released
mercury.

MATERIALS AND METHODS

The “ANTARES” international scientific cruise investigated
the western and north-western parts of the Black Sea continen-
tal shelf during 1990. The Romanian continental shelf has been
studied on a main profile that was located at distances ranging
between 25 and 35 km from the shoreline, the sampling pro-
cedures being carried out in stations situated at =5 km inter-
vals. This profile, trending NE-SW between the Cormoran and
Corbu structures and N-S between the Constanta and Callatis
structures, was intersected by three orthogonal profiles at the
latitudes of Lebada, Constanta and Callatis structures. The dis-
tance between sampling stations on the orthogonal profiles
was 7.5-9 km (Panin et al,, 1992 a, b).

Among the main sedimentological, geochemical and
environmental tasks of this cruise, the collection of samples
of recent sediments in the above-mentioned network of sta-
tions was one of the most important. During the 1990 cruise
the primary samples were collected in all 63 stations using
a large capacity Okean type grab with a sampling surface of
0.25 m2, able to recover a 20 to 40 cm thick pack of almost
undisturbed superficial sediments. A 0 to 5 cm depth sur-
face sediment sub-sample was collected from the sediment
pack with a fixed volume sampling device, for subsequent
laboratory chemical analyses. All sub-samples were dried and
grounded on shipboard.

Since theresearch onthe Danube-Danube Delta-Black Sea
shelf system was mostly focused on environmental purposes,
it was considered that information on the mercury content of
the collected samples in the Romanian Black Sea shelf area
might contribute to a better understanding of the contami-
nation of marine recent sediments with products from indus-
trial facilities located inland and offshore, along the Danube
and the Romanian Black Sea shoreline. Consequently, dried
and grounded sample aliquots from 42 stations were used for

mercury determinations. Offshore stations from the orthogo-
nal profiles and a few stations from the longitudinal profile
were considered as irrelevant from an environmental point of
view and no samples were analysed.

The use of mercury as a pathfinder element in geological
exploration or in environmental studies requires very sensi-
tive instruments, atomic absorption techniques offering such
a possibility.

To measure the mercury content of the sediments sam-
pled on the Black Sea shelf we used a Scintrex HGG-3 mercu-
ry flameless AA spectrometer based on the “Zeeman Effect”
whose sensitivity reaches 10-'2grams. The mercury spectrom-
eter includes a powerful electromagnet placed around the
Hg lamp, which naturally emits light having a wavelength of
2537 Angstroms. The magnet is cycled on and off, the mea-
surement being made to differentiate total absorption at
2537 Angstroms from background absorption at the shifted
wavelength. As a result of methodological studies it was con-
sidered that the most suitable measurement technique was
by direct pyrolysis (Stoffers et al, 1986; loane, 1999). Small
quantities of the marine sediments samples (=0.1 g) have
been heated at 400°C in a quartz-glass tube, the readings be-
ing obtained in mV. To compensate for the eventual hetero-
geneity in the samples, three independent determinations
were made on each sample, the results being reported in mV,
both as their maximum and mean (Fig. 1).

Considering the calibration provided by the company
producing the Hg spectrometer, the results may be easily
transformed into values of mercury concentrations:

1TmV=10x10"2gHg

RESULTS AND DISCUSSION

The analyzed marine samples display different charac-
teristics as compared to continental soils, the latter usually
being sampled from the B geochemical layer. The marine
sediments are frequently coarse and sandy and therefore less
suitable for trapping heavy metals. As a direct consequence
the measurements repeatability at the same marine station
was quite poor and that is why it was decided that using only
mean values for a particular station may not be meaningful.

The mean and highest mV values obtained by Hg spec-
trometry for each marine station have been presented on the
same map (Fig. 1), in the frame of geological structures re-
vealed by geophysical exploration (Patrut et al,, 1982).

The anomaly contoured in the Lotus-Lebada-Sinoe-Por-
tita area is the largest and includes sectors with high concen-
trations of mercury, the most important being located on the
West Lebada-Lotus structures. We consider that this anoma-
lous area cumulates mercury concentrations from two main
sources, general pollution of the shelf through riverine inputs
from above the marine sediments and naturally high mercury
inputs from the oil accumulations situated beneath the ma-
rine sediments. It is difficult at this stage to estimate quanti-
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Fig. 1 Mercury concentrations (expressed as mV) in superficial sediments from the Romanian Black Sea shelf
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tatively these two main contributions. A third source may be
added to the previous two, a rather local pollution associated
with the drilling operations and oil exploitation activities.

The anomaly contoured in the area of Constanta struc-
ture shows high Hg contents in close relation with an anti-
cline structure revealed by geophysical surveys. We consider
that highly mineralized underground waters may be the
“geological” source of mercury, supplemented by an anthro-
pogenic contribution probably related to the industrial ac-
tivities in Constanta, which is also an important harbour. The
anthropogenic component of the mercury anomaly seems to
be higher in this area, supplementary sources needing to be

taken into account: the end of the Danube-Black Sea canal
and the oil refinery located in the Navodari area.

The anomaly contoured in front of the city of Mangalia
seems to be strongly related to the Callatis geological struc-
ture, the small and elongated anomalous area suggesting that
the anthropogenic pollution component here may be very
weak as compared to the deep situated geological sources.
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