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Abstract—Sediment trap experiments were carried out in the western North
Pacific off Japan and in the central Pacific. Particulate Al fluxes changed
temporally, and also biologically-produced SiO; fluxes varied seasonally. The
particulate Al flux increased with increasing particulate SiO; flux in spring and
summer. Lithogenic Al fluxes measured with sediment traps decreased in a
seaward direction in the western North Pacific. In the central North Pacific,
particulate Al fluxes in regions south 0of40°N were one order of magnitude smaller
than those in high latitude (>40°N). The particulate Al fluxes observed with
sediment traps are generally larger than the atmospheric inputs in the central
North Pacific. These facts suggest that lateral transport may be significant and
carries lithogenic materials from the continental margin to the open ocean.

INTRODUCTION

Biogenic silica, calcium carbonate, organic matter and lithogenic aluminosilicate
constitute the bulk of settling particles. Chemical composition and flux of settling
particles observed with sediment traps vary spatially and temporally in the ocean
(e.g., NORIKI and TSUNOGAI, 1986). Aluminium is a major component of alumino-
silicate (TAYLOR, 1964). Therefore, Al can be used as a indicator of lithogenic
materials which contain aluminosilicate.

BREWER et al. (1980) and TSUNOGAI et al. (1982) have reported that particulate
Al fluxes observed with sediment trap increase with depth in the Atlantic and Pacific
Oceans.

Recently, much attention has been paid on the lateral transport of lithogenic
particles in the ocean (e.g., BISCAYE et al., 1988; MONACO et al., 1990; NARITA et
al., 1990). SAITO et al. (1992) measured the particulate Al fluxes at various areas in
the Pacific. They suggested that the excess Al fluxes were observed in subsurface
water column as compared with the atmospheric Al input onto the ocean surface, and
this excess Al can be attributed to the horizontal transport from continental margins
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to deep open ocean.

In this paper, particulate Al fluxes measured with time series sediment traps in
the central North Pacific are presented. Seasonal variations of Al fluxes are
discussed.

METHODS

Time-series sediment traps were deployed at Stations HO-A and HO-C (Fig. 1
and Table 1). The HX-10 type illustrated in Fig. 2. Mark 6 type and Mark 7 type
whose configuration was the same as that of Mark 6 (HONJO and DOHERTY, 1988)
sediment traps were moored at Stations NH-92-30 and NH-92-13, respectively.

Each receiving cup was filled with filtered seawater which contains 10% of
neutral formaldehyde solution to inhibit degradation of organic matter. Sample in
each receiving cup was filtered through a Nuclepore filter, dried and weighed.
Chemical analyses were performed by the method of NORIKI ef al. (1980).
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Fig. 1. Sampling locations.

Table 1. Sampling locations

Water

Station Duration depth  Sediment

code Location Month/year days m trap

HO-A 40°30°'N  6/91-12/91 28x7 1268  HX-10
142°29°E

HO<C 40°28°'N  6/91-12/91 28x7 5200 HX-10
146°02° E

NH-92-30 30°01'N  8/91-4,5/92 29x8,9 5400  Mark7
174°59°E

NH-92-13 13°00°'N  10/91-6/92 25x9 5630  Mark6

175°00°E
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Fig. 2. HX-10 sediment trap. a: Polyethylene funnel. b: Stainless steel flame. c: Motor and
battery. d: Control unit. e: Receiving cup. f: Baffle. g: Zinc plate.

RESULTS AND DISCUSSION

Temporal variation of Al flux
Particulate Al fluxes observed with sediment traps in this study are summarized



348 S. NORIKI et al.

3-a. HO-A

A-1 234567

3-b. HO-C

C-1234567

Fig. 3. Particulate Al and biogenic SiO, fluxes observed with sediment traps.

in Table 2 and are shown in Fig. 3. Particulate Al fluxes have varied seasonally. The
average particulate Al flux was 5.6 mg/m2day. Particulate biogenic SiO5 fluxes in the
periods of A1, A4 and A7 were greater than 100 mg/m2day. Total particulate flux
from surface to deep ocean strongly depends on primary productivity in the surface
seawater, and fine aluminosilicate particles are transported by large biogenic settling
particles (e.g., DEUSER and ROSS, 1980; TSUNOGAI et al., 1986). It seems that the Al
flux is correlated with the biogenic SiO, flux in these periods (Fig. 3-a). In the former
periods (A1-A4), the particulate Al fluxes have a good correlation with the biogenic
Si0; fluxes. This suggests that aluminosilicate particles are associated with biogenic
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Fig. 3. (continued).

Si0; particles which are produced in surface water and are transported to the deep
ocean.

In winter season, we observed large particulate Al fluxes (Fig. 3-a). The
Al/Biogenic SiO; ratio in the periods of A6 and A7, however, were 0.1 and 0.3,
respectively. These are larger than those of the other periods. A large amount of
lithogenic materials are transported to the ocean due to KOSA (e.g., UEMATSU et al.,
1983) and snow melt in spring (NORIKI et al., 1993). However, itis difficult to realize
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Table 2. Particulate fluxes of Al and biogenic SiO;

S. NORIKI et al.

Station  Trap depth Month/Day Flux, mg/m2day
code km Al Biogenic SiO2
HO-A 0.55 06/25-07/02(A1) 6.2 187
07/02-07/30(A2) 0.8 54
07/30-08/27(A3) 1.1 39
08/27-09/24(A4) 8.2 P
09/24-10/22(AS) 33 39
10/22-11/19(A6) 4.8 37
11/19-12/17(A7) 15 8
HOC 4.70 06/14-07/02(C1) 3.6 144
07/02-07/30(C2) 5.0 137
07/30-08/27(C3) 22 63
08/27-09/24(C4) 25 58
09/24-10/22(C5) 1.5 25
10/22-11/19(C6) 1.2 4
11/19-12/17(C7) 17 37
NH-92-30 1.50 08/27-09/25(XS1) 0.012 0.89
09/25-10/24(XS2) 0.009 1.29
10/24-11/23(XS3) 0.012 1.24
11/23-12/22(XS4) 0.022 2.19
12/22-01/20(XSS) 0.014 1.28
01/20-02/18(XS6) 0.030 3.64
02/18-03/18(XS7) 0058 433
03/18-04/16(XS8) 0.073 1.05
5.00 08/27-09/25(XD1) 0.019 3.25
09/25-10/24(XD2) 0.043 4.74
10/24-11/23(XD3) 0.090 5.50
11/23-12/22(XD4) 0.079 4.14
12/22-01/20(XDS) 0.071 4.21
01/20-02/18(XD6) 0.114 6.50
02/18-03/18(XD7) 0.156 129
03/18-04/16(XD8) 0.293 11.1
04/16-05/16(XD9) 0.175 749
NH-92-13 5.00 10/25-11/19(Y1) 0.010 0.021
11/19-12/14(Y2) 0.025 0.15
12/14-01/08(Y3) 0.036 0.37
01/08-02/02(Y4) 0.027 0.18
02/02-02/27(YS) 0.017 0.22
02/27-03/23(Y6) 0.046 0.14
03/23-04/17(Y7) 0.036 0.088
04/17-05/12(Y8) 0.022 0.14
05/12-06/06(Y9) 0.026 0.12

that the lithogenic materials transported to the ocean in spring time influence directly
on the large particulate Al flux in the period of C7 at 0.55 km depth, even though we
estimate various sinking speeds of lithogenic particulate materials. So, the large Al
flux in winter (A7) at Station HO-A cannot be explained only by direct inputs of
atmospheric dust and/or riverine load. Particles resuspended from some region of the
sea floor shallower than trap site may be a source of a large Al flux in winter.
Particulate Al flux seems to be correlated with biogenic SiO; flux in Station
HO-C (Fig. 3-b). The ratios of Al/Biogenic SiO; in autumn (C5) and winter (C6 and
C7) were, however, slightly larger than those in summer. This fact also indicates that



Variation of Al flux in the North Pacific observed with sediment trap 351

lithogenic Al particles are transported to deep ocean in association with not only
biogenic SiO; particles but also other particles.

At Station NH-92-30, particulate Al fluxes at 1.5 km depth in autumn (XS1-
XS5) were around 0.02 mg/m2day. The large Al fluxes were observed in the last two
periods (XS7 and XS8) in which particulate biogenic SiO, flux was not the largest
inthe XS8 period (Fig. 3-c). Therefore, itis difficult to explain these large particulate
Al fluxes by scavenging associated with only biogenic SiO».

The average Al fluxes at 5 km depth were 0.06 mg/m2day and 0.19 mg/m?day
during August to January (XD1-XDS5) and January to May (XD6-XD9), respec-
tively. There was the seasonal variation also in the biogenic SiO; flux at the 5 km
depth observed with a sediment trap. The particulate Al flux was the largest, while
particulate biogenic SiO, flux was not the largest in the XD8 period. The
Al/Biogenic SiO; ratios in the winter periods (XD8 and XD9) are larger than those
in the autumn periods.

Particulate Al fluxes in Station NH-92-13 were less than 0.05 mg/m2day which
was about two orders of magnitude smaller than those in western North Pacific
(SAITO et al., 1992). Particulate Al flux are seasonally changed. The particulate
biogenic SiO; fluxes in the periods of Y6 and Y7 were larger than those in the other
periods, while the particulate SiO, fluxes were not large (Fig. 3-d).

Consequently, large particulate Al fluxes were observed not only in high
biological-productivity periods but also in low productive winter period at all
stations.

We propose two pathways of transportation of lithogenic materials to open deep
ocean; one is vertical transport of aeolian dust along with biological-produced
particles from the sea surface and another is lateral transport by non-biological
process from coastal area.

Vertical and horizontal changes in the Al fluxes

Mean Al fluxes were 5.6 and 2.5 mg/m?2day at Stations HO-A and HO-C, re-
spectively. The particulate Al flux in the deeper depth was larger than that in the
shallower depth, and mean Al fluxes were 0.03 and 0.12 mg/m?day at shallow and
deep layers at the station NH-92-30, respectively (Table 2). Particulate Al fluxes
were around 0.05 mg/m?2day at Station NH-92-13. Particulate Al fluxes at 2 stations
along 175°E were two orders of magnitude smaller than those at stations in the
western North Pacific (SAITO et al., 1992).

Several workers (e.g., SPENCER et al., 1978; BREWER et al., 1980; TSUNOGAI
et al., 1982) indicated that Al fluxes generally increase with depth in subsurface
water column in the Pacific and Atlantic. Thereafter, vertical Al flux increase has
been observed in almost always in open ocean and also in coastal sea (WEFER et al.,
1982; NORIKI et al., 1985; TSUNOGAI et al., 1990; NORIKI and TSUNOGAI, 1992;
KREMLING and STREW, 1993; NORIKI and SHIMAMOTO, 1993). Al and/or 21°Pb
particulate fluxes observed with sediment trap increased with depth, and they were
larger than those estimated from atmospheric inputs (BREWER et al., 1980; MARTIN
et al., 1985; HARADA and TSUNOGAI, 1986; BISCAYE et al., 1988).






