KEOPS METADATAFILE 

Protactinium samples
Parameters

(99011) 231 Protactinium Rosette
(99012) 231 Protactinium in-situ pumps

1. Project title (not truly defined yet)
Boundary scavenging and particle cycling traced by 231Pa/230Th in the wake of Kerguelen Island
(Southern Ocean, KEOPS program)

2. Name, address, phone, fax, e-mail of responsible scientists
Ph.D Student Célia Venchiarutti
LEGOS/OMP/UMR 5566

14, Avenue Edouard Belin

31400 Toulouse

France

Phone: (+33) 5 61 33 30 03; Fax: (+33) 5 61 25 32 05

e-mail: venc@legos.obs-mip.fr
Director Catherine Jeandel:

LEGOS/OMP/UMR 5566

Phone: (+33) 561 33 29 33; Fax: (+33) 561 25 32 05

e-mail: Jeandel@legos.obs-mip.fr
Pr. Matthieu Roy-Barman:

Laboratoire des Sciences du Climat et de l'Environnement / Institut Pierre Simon Laplace
Domaine du CNRS 
Bât 12 - avenue de la Terrasse 
F - 91198 Gif-sur-Yvette Cedex 
France 
Phone: (+33) 1 69 82 35 66; Fax: (+33) 1 69 82 35 68
e-mail: Matthieu.Roy-Barman@lsce.cnrs-gif.fr
3. Overview of the project

KEOPS main goal was to determine the mechanisms responsible of the fertilisation. Coupled with physical measurements, a geochemical tracer investigation was carried out to better constrain the sources of iron, but also the water mass and particle pathways. The thorium isotopes, 230Th and 232Th and the 231Pa, were used as tracers of particle dynamic. 232Th has a lithogenic origin and exhibits higher concentrations in the surface waters or near the bottom at the contact of the sediment. 230Th and 231Pa are produced in-situ by disintegration of 234U and 235U respectively and both submitted to scavenging. Their regular distribution is therefore a linear increase with depth. This pattern corresponds to equilibrium between dissolved and particulate phases. Any variation to this linear increase will suggest another water mass and particle dynamics such as scavenging, re-suspension from the sediment, renewal of deep waters…

The authigenic 231Pa is usually expressed as the excess 231Pa xs (Scholten et al., 1995, 2005, Moran et al., 2005) according to the following relation:  
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Where 231Pa and 232Th concentrations are expressed in fg/kg and in pg/kg respectively. 235U/238U= 0.04605 is a mean ratio derived from the natural abundance of each uranium isotopes and 238U/232Th=0.7±0.2 is the mean crustal ratio (Anderson et al., 1990). This latter was measured at several spots in the ocean with 238U/232Th=0.7±0.1 in the Pacific, 0.6±0.1 in the Atlantic and 0.4±0.1 south of the Polar Front. 

4. Data description

4.1
Parameters and methodology

Dissolved 231Pa 
30L seawater samples were collected at 9 stations using the Niskin bottles, filtered on board using 47mm diameter filters (0.65 µm DURAPORE or 0.8 µm VERSAPOR), 140 fg for 233Pa (spike from WHOI, now UBC, Roger François) were added as yield tracer. After 12h of equilibration the Th was co-precipitated with 375 µl of 60g/L KMnO4  and 150 µl of 400g/L MnCl2, by addition of NH4OH (van der Loeff and Moore, 1999). The containers were shaken and allowed to equilibrate 24h, before a filtration of the co-precipitate through Millipore filters with different diameters (0.65 µm DURAPORE or 0.8 µm VERSAPOR, of 142 mm diameter). 

The co-precipitated samples were stored at room temperature and then transferred to the laboratory on land (LEGOS, Toulouse, France).

At the LEGOS, the co-precipitates were leached with high-purified HCl and passed through an anion exchange column (4 ml Biorad AG1-X8 resin, 200-400 mesh) to elute Th, Pa and U.

Measurements were performed at the LMTG (Toulouse) with MC-ICP-MS in 2005 for stations Kerfix, A3-33 and A11 on the whole samples (30 L). At the time of these measurements the 233Pa spike had already decayed, therefore we do not have any information on the overall chemical recovery for these stations. Further measurements were performed for stations A3-77, C11, B11 and C1, in 2007 with MC-ICP-MS, after addition of a new 233Pa spike, ~100 fg (from AWI, Michiel Rutgers van der Loeff) in half of the samples (15L). Thus, for these stations we did obtain chemical recoveries, equivalent to the chromatographic separation efficiency. The MC-ICP-MS measurements are mainly inspired of the works of Regelous et al. (2004) and Choi et al. (2001).
Particulate 231Pa 

Particulate samples were obtained at 6 over these 9 stations by deploying in situ pumps, (McLane and Challenger Oceanic systems) in order to filter the large volumes of seawater required for Pa and other tracer analysis. The pumps were equipped with acid-cleaned filters (0.65 µm DURAPORE or 0.8 µm VERSAPORE, of both diameters: 142 or 293 mm). ). The filters were stored, folded, in acid-cleaned Petri-dishes for further preparation at the LEGOS.

At the LEGOS, particulate Pa analysis was derived from Tachikawa & al. (1997), as for the th analysis. The filters were leached with high-purified HCl, spiked with 100 fg of 233Pa (AWI) and passed through an anion exchange column (4 ml Biorad AG1-X8 resin, 200-400 mesh) to elute Th. 
80% of the samples were dedicated to Pa analyses.  For stations Kerfix, A11, C11 and A3-77, particulate 231Pa concentrations were measured with MC-ICP-MS in 2007. 
231Pa and 231Paxs dissolved and particulate concentrations are expressed in fg/kg (with 1 fg/kg= 0.105 dpm/m3) and for the lithogenic correction 232Th (1 pg/kg=0.000246 dpm/m3).
Uncertainties in the 231Pa presented data were calculated at the 2( level and include corrections for blanks, multiplier dark noise, abundance sensitivity (or 232Th peak tailing), bleeding of 233U in the Pa fraction (less than 0.01% during our measurements) and the occurrence of 231Pa in the 233Pa spike.

The yields range from 54±4 % for dissolved 231Pa and 24±5 % for particulate data. 231Pa blanks are 0.30± 0.19 fg for the particulate and range from 0.55±0.27 to 1.75±0.29 fg for the dissolved samples. 
4.2
Sampling strategy

231Pa seawater and particle sampling at the different stations is referenced in the first columns of the spreadsheet of Protactinium database 10-2007.xls 
5. Files

5.1 File name

231Pa concentrations 2007 spreadsheet gives in columns C and E, the dissolved 231Pa and 231Paxs concentrations respectively, and in columns J and L particulate 231Pa and 231Paxs concentrations are reported. Columns G and N present the percentages of the lithogenic correction on the 231Pa data (231Paxs/231Pa).
5.2 Data file structure

See the data file

5.3
Planning of data availability

Data are available on the KEOPS web site. Public access will be open after acceptance of a future paper in prep.
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