Campagne EIMETO 4 (collaboration entre le LEGOS-Toulouse et le LMM-Marseilles)

Date de la campagne :du 29-8-1996 au 1-9-96

Navire : Georges Petit

Lieu de prélèvement : site DYFAMED 30 miles (43°25’N, 07°54’E).



Objectif de la campagne en mer : Prélèvement d’eau de mer et de grosse particules filtrée (les échantillons de piège ont été collectés en 1994 durant par les pièges de la station DYFAMED).



Paramètres analysés : isotopes du Thorium (230Th et 232Th)



Données publiées dans Roy-Barman et al.(2002) Earth Planet. Sci. Lett., 196, 161-174.





Procédure succinte:

A bord du Georges Petit

* Prélèvement des échantillons d’eau de mer à partir de bouteilles Niskin équipées de capteurs de pression et de thermomètres à renversement. 

* Filtration (0,2 µm) de certains échantillons d’eau de mer pour analyse du Th dissous.

* Acidification des échantillons d’eau de mer à l’exception de ceux destinés à l’utra-filtration.

* Collecte de grosses particules filtrées (> 60 µm) avec des pompes in situ (Mark II, Challenger Oceanic) équipées de grilles en nylon.



A Toulouse



* Ultrafiltration (1000 D) d’échantillon d’eau de mer

*Préconcentration des isotopes du Th par co-précipitation avec des hydroxydes de Fer.

* Lessivage et dissolution des particules filtrées

* purification des isotopes du thorium par chromatographie en phase inverse

* analyse des isotopes du Thorium par spectrométrie de masse et dilution isotopique.

�





Tableau 1: concentrations des isotopes du thorium dans l’eau de mer au site DYFAMED

profondeur

(m)�

volume

(l)�

232Th 

(pg/kg)�

230Th 

(fg/kg)�

230Th/232Th

(x 106)�

230Thxs a

(fg/kg)��unfiltered samples�����20 A�11�285 ± 4�3.7 ± 0.1�13.0 ± 0.5�2.4 ± 0.2��200 A�11�249 ± 7�����200 B�11�247 ± 3�3.6 ± 0.1�14.7 ± 0.5�2.5 ± 0.1��500 A�10�377 ± 17�7.6 ± 1.3�20 ± 5�5.9  ± 1.4��1000 A1�5 �221 ± 6�6.2 ± 0.2�28.1 ± 1.4�5.2 ± 0.3��1000 A2�6�209 ± 7�5.7 ± 0.2�27.3 ± 1.4�4.7 ± 0.3��1000 B�11�235 ± 5�5.9 ± 0.2�25.4 ± 1.2�4.9 ± 0.3��1500 A�11�171 ± 4�4.5 ± 0.1�26.7 ± 1.0�3.8 ± 0.1��2000 A�12�152 ± 4�6.0 ± 0.2�40.1 ± 1.4�5.4 ± 0.2��

filtered samples (< 0.2µm)����20 A�10�181 ± 4�2.5 ± 0.2�13.9 ± 1.1�1.7 ± 0.2��20 A�11�198 ± 3�2.2 ± 0.3�11.3 ± 1.4�1.3  ± 0.3��75 A�11�219 ± 4�2.0 ± 1.8�9.3 ± 8�1 ± 2��200 A�11�229 ± 4�3.4 ± 0.2�15.1 ± 0.7�2.4 ± 0.2��500 A�10�212 ± 4�4.4 ± 0.3�20.7 ± 1.5�3.4 ± 0.3��1000 A 1�6�176 ± 4�5.0 ± 0.2�28.6 ± 1.5�4.2 ± 0.1��1000 A 2�1�180 ± 23�5.1 ± 0.6�28.3 ± 5.0�4.3 ± 0.7��1000 A 3�1�176 ± 21�4.5 ± 0.6�25.7 ± 4.5�3.7 ± 0.7��1500 A�10�174 ± 10�4.8 ± 0.3�27.8 ± 2.3�4.0 ± 0.3��2000 A�10�145 ± 10�3.9 ± 0.2�29.2 ± 2.5�3.6 ± 0.3��

ultrafiltered samples (< 1kD)������20�9�106 ± 10�1.5 ± 0.4 �14 ± 4�1.0 ± 0.4��200�7�84 ± 11�2.0 ± 0.5�24 ± 8�1.7 ± 0.5��1000�6�138± 10�2.6 ± 0.2�19 ± 3�2.0 ± 0.2��a calculé à partir du rapport 230Th/232Th = 4.4 10-6 dans le matériel lithogène





�Tableau 2: concentrations des isotopes du thorium dans les grosses particules filtrées (> 60 µm) collectées au site DYFAMED 

échantillon�Prof.

(m) �volume filtré 

�

232Th 

(pg/kg)�

230Th 

(fg/kg)�

230Th/232Th

(x 106)�

230Thxs a

(fg/kg)��DYF5-total�25�1566�2.36 ± 0.02�0.0145 ±  0.0012�6.2 ± 0.5�0.0042����������DYF10- solution de lessivage�25�1195�2.12 ± 0.11�0.0110 ± 0.0022�5.2 ± 1.3�0.0015��DYF10-residu�25�1195�0.37 ± 0.004�0.0017 ± 0.0007�4.6 ± 1.9�0.00004����������DYF3- total�990�761�8.53 ± 0.07�0.087 ± 0.004�10.3 ± 0.5�0.0490����������DYF1- total�1000�667�9.71 ± 0.09�0.113 ± 0.009�11.7 ± 1.0�0.0696����������DYF9- solution de lessivage�990�767�6.03 ± 0.05�0.0710 ± 0.0015�11.9 ± 0.3�0.0441��DYF9-residu�990�767�0.90 ± 0.00�0.0054 ± 0.0004�6.1 ± 0.5�0.0014����������DYF7- solution de lessivage�1010�835�7.27 ± 0.03�0.080 ± 0.002�11.1 ± 0.4�0.0473��DYF7-residu�1010�835�0.95 ± 0.02�0.0063 ± 0.0008�6.7 ± 1.0�0.0021��Le Th present dans les phases solubles a été séparé du Th present dans les minéraux refractaires par dissolution des phases solubles dans l’eau régale. Ces dissolutions produisent une solution de lessivage et un résidu. Les analyses du Th total ont été faites en mélangeant la solution de lessivage et le résidu. a calculé à partir du rapport 230Th/232Th = 4.4 10-6 dans le matériel lithogène







�Tableau 2: concentrations des isotopes du thorium dans les grosses particules collectées dans  les pièges à particules au site DYFAMED 



date

(1994)�

Prof.

(m)�

flux de masse (mg/m2/d)�

232Th 

 (µg/g)�

230Th 

(pg/g)�

230Th/232Th

(x 106)�

230Thxs a

(pg/g)�

230Thxsflux

(pg/m2/y)��25/01-09/02�200�101�15.1± 0.2�77± 6�5.1± 0.4�11�412��25/01-09/02

�1000�106�10.4± 0.1������24/02-11/03�200�149�8.6± 0.08�39± 3�4.6 ± 0.3�1.3�73��24/02-11/03

�1000�363�10.8± 0.1�55 ± 3�5.1± 0.3�7.3�973��24/08-08/09�200�15�1.78± 0.02�10.6±0.6�6.0 ± 0.3�2.9�15��24/08-08/09�1000�19�4.66± 0.02�35 ± 2�7.7± 0.3�15�103��

a calculé à partir du rapport 230Th/232Th = 4.4 10-6 dans le matériel lithogène







 



 

�Sampling and analytical procedure

1. Sampling

	The DYFAMED (DYnamique des Flux Atmosphériques en MEDiterranée) station (Fig. 1) is located in the western basin of the Mediterranean Sea, 30 nautical miles (54 km) off Nice (43°25 N - 07°54 E, maximum depth: 2200 m). This site was chosen to study the vertical transport of particulate matter in the water column from the surface to the sediment because it receives strong eolian inputs but it is protected from direct riverine inputs by the Ligurian current. Unfiltered, filtered (0.2 µm) and ultrafiltered (1000 Daltons) seawater samples and filtered large (>60 µm) particles were collected on a vertical profile at the end of summer 1996 at the DYFAMED site. Seawater was collected with 30 l Niskin bottles. Depths were determined with SIS pressure sensors. Some seawater samples were filtered on board with a Sartorius cross-flow filtration system associated with a 0.2 µm filtration cartridge. Filtered and unfiltered samples were acidified on board to prevent Th sorption on the container walls. Some filtered samples remained unacidified and were ultrafiltered one month later with the Sartorius cross-flow filtration system associated with a 1000 Dalton (1 kDa) polysulfone filtration cartridge [10]. Initially, the membrane was cleaned with NaOH 2%, distilled water, H3PO4 0.1% and distilled water. Between samples, 500 ml of distilled water and a 1 l aliquot of the sample to be analyzed were passed to precondition the membrane but the filtrate was discarded. Then, the sample was processed and the filtrate was recovered for analysis. Colloids were concentrated in the retentate by a factor 5-10 but they were not analyzed. Large particles were collected by filtration on Teflon grids (diameter: 142 mm, pore size 60 µm) with in situ pumps (MARK II, Challenger Oceanic). Particulate matter was collected at 200 and 1000 m during the 1994 DYFAMED sediment trap time series. The treatment of the trapped material is published elsewhere [1]. Trapped particles from 3 periods were analyzed: from January 25th to February 9th and from February 24th to March 11th (bloom period); from August 24th to September 8th (oligotrophic conditions).



2. Chemical analyses.

2.1. Seawater

	229Th and Fe carrier were added to the seawater samples. After a week of isotopic equilibration, pH was raised to 8-9 with NH3 to produce Fe(OH)3. The precipitate was recovered by centrifugation and dissolved in HNO3. The resulting solution was centrifuged to remove a residual SiO2 gel. This gel was dissolved in an HF+ HNO3+ HClO4 mixture, dried up and re-dissolved in HNO3. The supernatant and the solution resulting from the precipitate dissolution were mixed together and passed through anionic ion exchange columns to purify Th [6]. For 10 liters of seawater, blanks are 232Th = 58 ± 20 pg (blank correction = 5%) and 230Th = 0.25 ± 0.17 fg (blank correction = 1%) for unfiltered samples, 232Th =179 ± 20 pg (blank correction = 6-12 %), 230Th = 1.1 ± 0.5 fg (blank correction = 1-7 %) for filtered samples and 232Th = 263 ± 65 pg (blank correction = 13-28 %) and 230Th = 4 ± 1 fg (blank correction = 4-17 %) for ultrafiltered samples.

	

2.2. Particles

	Large filtered particle samples were placed in a hot 5% HCl solution for a day to remove the particles from the Teflon grids. The particles were dissolved in aqua regia. For bulk samples, this solution was dried and the residue was dissolved in HNO3 16N. Residual solids were separated by centrifugation, dissolved in HF-HNO3-HClO4, dried up and re-dissolved with HNO3 16N. The separation prevented the Ca2+ ions released in HCl and aqua regia to precipitate as CaF2.. After complete dissolution of the residual solids, the 2 solutions were mixed back together. For some samples, the aqua regia leachate and the residual particles were analyzed separately in an attempt to separate the authigenic and lithogenic fractions. Trapped particles collected at DYFAMED were dissolved in 1 ml of aqua regia. The solution was dried and the residue was dissolved in HF-HNO3-HClO4, dried and dissolved in HNO3 16N. For all the particulate samples, after complete dissolution, 229Th spike was added and the Th was purified with an anionic ion exchange column [6]. Typical blanks are 232Th = 40 ± 20 pg (blank correction = 0-12%) and 230Th = 0.6 ± 0.4 fg (blank correction = 0-33). 



3. Mass spectrometry

	Purified Th was analyzed by TIMS on a Finnigan Mat 261 mass spectrometer equipped with a Spectromat ion counting system. Samples were loaded on single filaments with a colloidal graphite matrix [6]. All isotopes were measured by peak-switching on an ion counter. The abundance sensitivity at 2 mass unit was typically 0.7 ppm. This contribution was corrected by measuring the baseline on mass 229.5 and mass 230.5 and by subtracting the mean value to the signal measured on mass 230. For a sample with 230Th/232Th as low as 4.5 ´ 10-6 (the least favorable case), there was a 16% correction and we estimate that the non-linearity of the baseline introduced less than 4% of error (which is less than the statistical uncertainty for the samples with low 230Th/232Th ratios). For samples with higher ratios, this baseline contribution becomes very low. The agreement between the measured 230Th/232Th ratio and the recommended value [11] of a Th standard indicates that the accuracy of the TIMS measurement is typically better than 2%. 
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�Table 1: Th isotope concentrations in seawater at the DYFAMED site

depth

(m)�

volume

(l)�

232Th 

(pg/kg)�

230Th 

(fg/kg)�

230Th/232Th

(x 106)�

230Thxs 

(fg/kg)��unfiltered samples�����20 A�11�285 ± 4�3.7 ± 0.1�13.0 ± 0.5�2.4 ± 0.2��200 A�11�249 ± 7�����200 B�11�247 ± 3�3.6 ± 0.1�14.7 ± 0.5�2.5 ± 0.1��500 A�10�377 ± 17�7.6 ± 1.3�20 ± 5�5.9  ± 1.4��1000 A1�5 �221 ± 6�6.2 ± 0.2�28.1 ± 1.4�5.2 ± 0.3��1000 A2�6�209 ± 7�5.7 ± 0.2�27.3 ± 1.4�4.7 ± 0.3��1000 B�11�235 ± 5�5.9 ± 0.2�25.4 ± 1.2�4.9 ± 0.3��1500 A�11�171 ± 4�4.5 ± 0.1�26.7 ± 1.0�3.8 ± 0.1��2000 A�12�152 ± 4�6.0 ± 0.2�40.1 ± 1.4�5.4 ± 0.2��

filtered samples (< 0.2µm)����20 A�10�181 ± 4�2.5 ± 0.2�13.9 ± 1.1�1.7 ± 0.2��20 A�11�198 ± 3�2.2 ± 0.3�11.3 ± 1.4�1.3  ± 0.3��75 A�11�219 ± 4�2.0 ± 1.8�9.3 ± 8�1 ± 2��200 A�11�229 ± 4�3.4 ± 0.2�15.1 ± 0.7�2.4 ± 0.2��500 A�10�212 ± 4�4.4 ± 0.3�20.7 ± 1.5�3.4 ± 0.3��1000 A 1�6�176 ± 4�5.0 ± 0.2�28.6 ± 1.5�4.2 ± 0.1��1000 A 2�1�180 ± 23�5.1 ± 0.6�28.3 ± 5.0�4.3 ± 0.7��1000 A 3�1�176 ± 21�4.5 ± 0.6�25.7 ± 4.5�3.7 ± 0.7��1500 A�10�174 ± 10�4.8 ± 0.3�27.8 ± 2.3�4.0 ± 0.3��2000 A�10�145 ± 10�3.9 ± 0.2�29.2 ± 2.5�3.6 ± 0.3��

ultrafiltered samples (< 1kD)������20�9�106 ± 10�1.5 ± 0.4 �14 ± 4�1.0 ± 0.4��200�7�84 ± 11�2.0 ± 0.5�24 ± 8�1.7 ± 0.5��1000�6�138± 10�2.6 ± 0.2�19 ± 3�2.0 ± 0.2��



�Table 2: Th isotopes in large filtered particles (> 60 µm) collected at the DYFAMED site

sample�depth

(m) �filtered 

volume�

232Th 

(pg/kg)�

230Th 

(fg/kg)�

230Th/232Th

(x 106)�

230Thxs 

(fg/kg)��DYF5-bulk�25�1566�2.36 ± 0.02�0.0145 ±  0.0012�6.2 ± 0.5�0.0042����������DYF10-leachate�25�1195�2.12 ± 0.11�0.0110 ± 0.0022�5.2 ± 1.3�0.0015��DYF10-residue�25�1195�0.37 ± 0.004�0.0017 ± 0.0007�4.6 ± 1.9�0.00004����������DYF3-bulk�990�761�8.53 ± 0.07�0.087 ± 0.004�10.3 ± 0.5�0.0490����������DYF1-bulk�1000�667�9.71 ± 0.09�0.113 ± 0.009�11.7 ± 1.0�0.0696����������DYF9- leachate�990�767�6.03 ± 0.05�0.0710 ± 0.0015�11.9 ± 0.3�0.0441��DYF9-residue�990�767�0.90 ± 0.00�0.0054 ± 0.0004�6.1 ± 0.5�0.0014����������DYF7- leachate�1010�835�7.27 ± 0.03�0.080 ± 0.002�11.1 ± 0.4�0.0473��DYF7-residue�1010�835�0.95 ± 0.02�0.0063 ± 0.0008�6.7 ± 1.0�0.0021��Th present in soluble phases was separated from Th present in more refractory mineral by dissolution of the soluble phases in aqua reggia. These dissolutions yielded leachate and a residue. Th present in soluble phases was analysed in the leachate whereas Th present in refractory phases was analysed in the residue. For bulk analysis, leachates and residue were mixed together prior to analysis (see text for details).






