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Abstract
Thorium-234 has been intensively used in the past decade as a proxy for carbon export assessment but, 234Th-based POC fluxes not always
agree with those directly measured using sediment traps. The present work reports on 234Th vertical distribution at several stations across
a frontal structure in the Ligurian Sea and suggests that hydrodynamic factors could be responsible for the observed discrepancy between
radioisotope- and trap-derived particle flux estimates.
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Over the past 4 years, the multidisciplinary MedFlux program has been
studying the spatial and temporal variability of carbon fluxes associated
with ballast minerals across the "Twilight Zone", a still poorly char-
acterized region extending over a depth range from 100 to 1000 m.
Experiments have taken place at the French JGOFS DYFAMED site
(NW Mediterranean) were multitracer measurements have been carried
out in order to better understand interactions between particle composi-
tion, settling velocities, and downward transport of particulate material
[see http://www.msrc.sunysb.edu/MedFlux/]. Carbon export from upper
waters has been assessed using moored sediment traps [1] and natural
radionuclides (234Th:238U; 210Po:210 Pb) disequilibria in the water col-
umn [2]. Direct measurement of flux and radionuclide-based estimations
have agreed in most cases but in late spring-early summer 2003 the two
approaches showed some disagreement, which could be associated to an
uncommon intrusion of a distinct coastal water mass at the DYFAMED
site. In order to evaluate this possible effect, we sampled the water column
in May 2006 at four stations between the coast and the central zone of the
Ligurian Sea, where the DYFAMED station is located (43◦ 25 N; 7◦ 52
E).

The main hydrological feature of the Ligurian Sea is a cyclonic eddy ma-
terialized along the northern shore by the Northern Current, a geostrophic
current flowing westward generally between 15 - 35 km from the shore-
line [3]. This current separates a zone in the centre of the basin from a
coastal, peripheral zone. The frontal zone associated with the current is
marked by the presence of a density gradient in the sub-surface layer. It
is also associated with a secondary circulation system which enhances
biological production through a nutrient enrichment of the surface waters
[4]. In the present study, the frontal zone was localized based on the ship’s
thermosalinograph recordings across a transect from the coastal to the
central zone. The recording showed rather complex structures including a
relatively warm water mass (and associated low density) at around 14 km
from the coast and a fairly weak density gradient starting at about 33 km.
We selected the most pronounced section of the gradient at 35 km as being
the frontal site. The sites at 46 km and 17 km were retained to represent
the central and the peripheral zone, respectively.
Mass and carbon downward flux have been previously assessed in the
frontal zone, as well as in open waters closer to the shore and in the cen-
tral part of the Ligurian Sea [5]. Reported values indicate that vertical
fluxes at 200 m depth are 4 to 6 times higher in the more productive
frontal zone as compared to both adjacent zones. Mean values were 832
mg m−2d−1 and 48 mg POC m−2d−1 for mass and carbon flux at the
frontal zone, respectively, compared to 119-151 mg m−2d−1 and 10-13
mg POC m−2d−1 measured north and south of the front.
Thorium samples were collected using a CTD-Rosette at the following
stations: peripheral, frontal, central and DYFAMED located at 17, 35,
46 and 52 km from the shore, respectively. At each station, samples
were collected at 11 or 12 depths in the 0-300 m water column and
234Th was measured in 2 or 4 litres of seawater according to the single
(IAEA-Monaco) or double (UAB-Barcelona) spike procedures described
by Rodriguez y Baena et al. [6]. Uranium-238 activity concentration was
derived from salinity after Chen et al. [7].
234Th/238U ratios in the upper 60 meters were significantly <1 at all
stations. Below that depth, 234Th was in quasi equilibrium with 238U at
the frontal and central stations, whereas it was in deficit with respect to

its parent nuclide throughout the 0-300 m water column at the peripheral
station. Only at the frontal station 234Th activities were in excess with
respect to 238U activities at several depths between 60 and 300m.
Preliminary results suggest that (1) the intrusion in the central part of
the Ligurian Sea of isolated water bodies originating from north of the
Northern (Ligurian) Current may modify the 234Th signature in the wa-
ter column and, thus, any carbon export estimation derived from the
234Th:238U disequilibrium, and that (2) in the frontal zone, thorium-234
derived calculations do not indicate higher carbon export than in adjacent
regions, as previously measured by sediment traps. Yet, a higher spatial
resolution study is needed to confirm the latter observation.

Acknowledgements: MedFlux is supported by the U.S.A. National Sci-
ence Foundation Chemical Oceanography Program. The International
Atomic Energy Agency is grateful for the support provided to its Ma-
rine Environment Laboratories by the Government of the Principality of
Monaco.

References
1 - Peterson M.L., Wakeham S.G., Lee C., Askea M.A. and Miquel J.C.,
2005. Novel Techniques for Collection of Sinking Particles in the Ocean
and Determining their Settling Rates. Limnol. Oceanog.: Methods, 3:
520-532.
2 - Stewart G., Cochran J.K., Miquel J.C., Masqué P., Szlosek J., Ro-
driguez y Baena A.M., Fowler S.W., Gasser B. and Hirschberg D.J. Com-
paring POC export from 234Th/238U and 210Po/210Pb disequilibria with
estimates from sediment traps in the northwest Mediterranean. Deep Sea
Res., submitted.
3 - Béthoux J.-P., Prieur L. and Bong J.-H., 1988. Le courant Ligure au
large de Nice. Oceanol. Acta 9: 59-67.
4 - Zakardjian B.A. and Prieur L., 1994. A numerical study of primary
production related to vertical mixing with special reference to vertical mo-
tions of phytoplankton cells in nutrient and light fields. J. Mar. Systems,
5: 267-295.
5 - Miquel J.C., Peinert R. and La Rosa J., 1991. Sedimentation rate
measurement in the Ligurian Front (Western Mediterranean Sea). 79th
International Council for the Exploration of the Sea Statutory Meeting,
L59/Q: 1-8.
6 - Rodriguez y Baena A.M., Miquel J.C., Masque P., Povinec P. and La
Rosa J., 2006. A single vs. double spike approach to improve the accuracy
of 234Th measurements in small-volume seawater samples. Mar. Chem.
100, 269-281.
7 - Chen J.H., Lawrence Edwards R. and Wasserburg G.J., 1986. 238U,
234U and 232Th in seawater. Earth Planet. Sci. Lett. 80: 241- 251.


