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1. Introduction

Hydrothermal activity is thought to play important roles as a source and sink for trace elements
and nutrients in marine biogeochemical cycles (Edmond et al., 1979). The hydrothermal system is
geologically categorized as mid-ocean-ridge type, island-arc type and back-arc type. However, a few
studies have been performed in the island-arc type hydrothermal systems compared with mid-ocean
ridge types, especially for trace elements like the rare earth elements (REE). REE have small but
systematic difference one another in their chemical properties. This systematic difference can be
used for chemical index for hydrothermal fluid venting process. In the marine environment, REE in
seawater have been used as chemical tracers because of the systematic variation on particle affinities.
However, the detailed REE scavenging process has not been understood yet. In the hydrothermal
activity, REE can be useful chemical probes to understand scavenging process if the REE in
hydrothermal fluids and plumes are determined precisely. In this study, the REE in the hydrothermal
fluid and plume samples were determined at the 1zu-Ogasawara Bonin arc Suiyo Seamount. From
the results, the feature of the hydrothermal venting system at Suiyo Seamount was discussed.
Moreover, the scavenging intensity of REE after venting was evaluated quantitatively by

determining REE in the plume samples precisely.

2. Sampling and analytical methods

Hydrothermal fluid and plume samples were collected at Suiyo Seamount, located at the center of
the seamount chain of seven Izu-Ogasawara arcs, by using the R/V Natsushima and Hyper Dolphin
during a research cruise of NT07-08 (15 May, -28 May, 2007). The samples were acidified to =
pH 2.0 with the high-purity hydrochloric acid in a clean booth. The samples were brought back and
analyzed in the land-based laboratory. The REE analyses of the samples were performed by using

solvent extraction and ICP mass spectrometry (Shabani et al., 1990).

3. Results
In all hydrothermal fluid samples, the chondrite-normalized REE patterns showed the positive Eu
anomaly and progressive enrichments of lighter REE(Figure 1). These features are almost as same

as those in the general mid-oceanic type and the back-arc type.



Suiyo Seamount has a huge caldera in the center, and keeps

the seawater, which is strongly influenced by the
hydrothermal fluids, within the caldera (Tsunogai et al.,
2005). In this study, a clear turbidity anomaly was observed
within the caldera, where hydrothermal plumes probably
existed. In all the hydrothermal plume samples, the
PAAS-normalized REE patterns (Figure 2) showed the
clear positive Eu anomaly, which is very different from that
in usual deep waters. The values of Eu anomaly, calculated
from Sm and Gd, ranged from 1.20 to 4.61. These values
were obviously higher than those in other hydrothermal

areas reported previously.

4. Discussion

The REE composition in this study were similar to those
in the other hydrothermal systems, mid-oceanic ridge type
REE

enrichment process in hydrothermal fluid. After venting,

and the back-arc type, indicating the similar
REE are thought to be scavenged around the chimney. To
examine this scavenging process, the values of Eu anomaly
were plotted against Eu concentrations in hydrothermal
plume samples (Figure 3). Assuming a simple scavenging
process, it was calculated that 60-80% of Eu was scavenged
after venting. There was no fractionation between light and
middle REE. Hydrothermal fluids contained REE at high
concentrations compared with those in seawater. However,
60-80% of REE were scavenged immediately after venting,
which implies that hydrothermal activity is not a strong
source of REE to the ocean. In the hydrothermal plume,
abundant particulate substances were included, such as iron

and manganese oxides which can scavenge the REE
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Figure 1. Chondrite-normalized REE
pattern in hydrothermal fluids.
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Figure 2. PAAS-normalized REE
pattern in hydrothermal plumes.
10
Scavenging ratio
§ 8 Larenres L
N 80%
= | e
£ 60%
S 6 409"
g‘ - 20
=
*
3
u
3
m
) 001 002 003 004 005

Eu (nmol/kg)

Figure 3. Relationship between the Eu anormaly

and Eu concentration in hydrothermal plumes.

existing originally in seawater. This study is consistent to the previous work (German et al., 1990) that

the hydrothermal activity is a possible sink of the REE in the ocean. In this study, the scavenging ratio

was estimated only for REE. By comparing the other trace elements with the REE, the scavenging

ratio of other elements might be evaluated in the hydrothermal activity.




