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A quantitative census study on calcareous nannofossils from sediments
of Site 1202 recovered by ODP Leg 195 and surface sediments from the
East China Sea was carried out to obtain a high-resolution nannofossil record
of the change of the Kuroshio Current during the late Quaternary.

Two nannofossil ratio indices were designed and employed in this study:
(1) ratio of Florisphaera profunda against F. profunda, Emiliania huxleyi
and Gephyrocapsa oceanica (F-EG ratio) as a nannofossil proxy of the
Kuroshio Current, (2) ratio of G. oceanica against F. profunda and E. huxleyi
and G. oceanica (G-FE ratio) as a proxy of near-coast environment. Results
from the 14 surface nannofossil samples demonstrate that the F-EG ratio is
> 15% in the assemblage lying directly under the main route of the Kuroshio
Current, whereas it is very low (< 10%) in sediments off the current. High
ratios G-FE (> 30%) were seen from all samples on the East China Sea
continental shelf or from near-coast cores.

Down hole nannofossil record from the top 60 mbsf sediment interval
at ODP Hole 1202B reflects the change of the Kuroshio Current in the last
glacial and postglacial period since 14 ka. Extreme low F-EG ratio together
with very high G-FE ratio at Hole 1202B during the time of the latest Pleis-
tocene and the earliest Holocene suggest the absence of the Kuroshio Cur-
rent in the area studied. The event of intrusion of the Kuroshio Current
was clearly recorded by a dramatically increase of F-EG ratio and notably
a reduction in the G-FE ratio around 9 ka. Furthermore, based on the varia-
tion of the F-EG ratio and δ 18O  of planktonic foraminifera
Neogloboquadrina dutertrei, variation of the Kuroshio Current in the Ho-
locene shows three long-term cycles (with a periodicity of ~3000 yr).
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1. INTRODUCTION

The Kuroshio (Black Current) is the biggest western boundary surface current in the western
Pacific. It plays an important role in transporting heat, mass, momentum, and moisture from
the western Pacific warm pool to high latitudes in the North Pacific. The Kuroshio Current is
characterized by its high temperature and salinity (Fan 1985; Yuan et al. 1998). The present
Kuroshio Current passes between Taiwan and the southernmost part of the Ryukyu Island arc
and then flows northeastward along the area between the trough and the outer edge of the East
China Sea continental shelf (Fig. 1 and Fig. 2).

A number of previous study suggested that the Okinawa Trough changed from an open-
sea environment to a semi-enclosed marginal basin during the last glacial maximum (LGM,
occured around 25 - 16 kaBP with coldest period at 21 kaBP), because of a 120-m sea level
drop (Fairbanks 1989) and the emergence of a Ryukyu-Taiwan land bridge, which was sug-
gested by Ujiié and Ujiié (1999) with a number of evidences. The Ryukyu-Taiwan land bridge
prevented the Kuroshio Current from entering into the Okinawa Trough, as a result, the Kuroshio
Current turned to the east at the southern end of the Ryukyu arc (Ujiié et al. 1991, Ujiié and
Ujiié 1999) (Fig. 2). The inference made in the previous studies about the course changes of
the Kuroshio Current was mainly based on plankton foraminiferal assemblages and δ O18

data. Results of these studies regard Pulleniatina obliquiloculata as a good and sensitive indi-
cator of the presence of the Kuroshio Current and high percentages of this species are re-
stricted to the main route of the Kuroshio Current (Ujiié and Ujiié 1999, Jian et al. 2000).

In 2001, JOIDES Resolution of the Ocean Drilling Program sailed into Okinawa Trough,
and drilled Site 1202 on the southern slope of the Okinawa Trough. One of the major
paleoceanographic objectives for this Site is to obtain a high-resolution record about the his-
tory of the Kuroshio Current during the Quaternary.

Calcareous nannofossils from sediments of Hole 1202B were studied to obtain a high-
resolution nannofossil record of the change of the Kuroshio Current during the last glacial and
the Holocene.

2. MATERIALS AND METHODS

2.1 Materials

Surface Samples

Sea floor surface sediments under the recent Kuroshio Current and its adjacent areas in
the East China Sea were collected and studied.

A total of 14 surface sediment samples in 4 west-east transects extending from the East
China Sea continental shelf to the Okinawa Trough from north to south were analyzed (Fig. 1).
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ODP Site 1202

During Leg 195, four holes were drilled: 1202A 1202B 1202C, and 1202D, penetrating to
an unprecedented depth of 410 meters below seafloor (mbsf) in the southern Okinawa Trough.
The entire 410-m section consists of rapidly deposited calcareous nannofossil-bearing dark
gray silt and clay, intercalated with several layers of sandy turbidites. The oldest microfossils
observed were < 127 ka in age, implying that the sedimentation rate is at least 325 cm ky 1−

.
(Shipboard Scientific Party 2002).

This paper only presents results obtained by analyzing about 140 samples from the top
interval of 0 - 60 mbfs from Hole 1202B (24°48.2445’N 122°30.0077’E, water depth 1274.1 m,
Fig. 2). These samples contain very few to rare, moderately-preserved calcareous nannofossils,
due to strong dilution of terrestrial materials.

Fig. 1. The main route of the Kuroshio Current is given schematically after Ship-
board Scientific Party (2002), and Ujiié and Ujiié (1999). The upwelling
areas are after Shipboard Scientific Party (2002). Thin lines with num-
bers are water depth (m). Box cores EA03-71B, EA03-77B, EA03-83B,
EA03-89B, EA03-93B, EA03-270B, EA03-273B, EA03-278B are briefly
showed as 71B, 77B, 83B, 83B, 89B, 93B, 270B, 273B and 278B on this
map; piston cores OT83-814, OT83-816, OT83-819 and OT83-865 are
given as 814, 816, 819 and 865.
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2.2 Methods

Standard smear slides were prepared. Calcareous nannofossils were examined under a
standard light microscope (Zeiss, Axioskop 2 plus) with crossed-nicols using transmitted light
at 1000-times magnification.

Identification of Emiliania huxleyi, a very small sized coccolith species, was not only
made by use of light microscope, but also by using scanning electronic microscope.

Previous study on North Atlantic nannofossils suggested that variation in nannofossil
absolute abundance provided reliable evidence of links between coccolithophores and envi-
ronmental changes (Su 1996). In order to obtain nannofossil absolute abundance from materi-
als studied, we followed the semi-quantitative method suggested by Backman and Shackleton
(1983). All individuals of selected nannofossil species were counted through a certain number
of view fields, yielding measurements of abundance as “number of individuals on certain view
fields”. Backman and Shackleton (1983) used it to estimate absolute abundances of certain
age-diagnostic marker species. It is a less time consuming, yet effective method for estimating
the absolute abundance of calcareous nannofossils.

In this study, all individuals of calcareous nannofossil species observed on 10 to 20 view-
ing fields on smear slides were counted (at 1000× magnification). Two measurements of abun-
dances were further derived from the counting data: 1) Absolute abundance presented as “num-
ber of nannofossils on 10 view fields”, and relative abundance (percentage) of a given species
in the assemblage by normalizing the total abundance to 100%.

Fig. 2. Main route positions of the Kuroshio Current at the present and during
the last glacial maximum suggested by Ujiié and Ujiié (1999).
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2.3 Stratigraphy

Biostratigraphic Zonation

The microfossil biostratigraphy for sediments at ODP Site 1202 has been further exam-
ined during the postcruise study. The age-diagnostic marker for Martini’s (1971) late Quater-
nary nannofossil Zone NN21, Emiliania huxleyi, occurs persistently throughout the sediment
succession of 410 m, suggesting that the recovered interval is younger than 0.26 Ma (Berggren
et al. 1995). Furthermore, pink-pigmented Globigerinoides ruber, a planktonic foraminifera
species was absent in the 410 m interval. The datum of the last appearance of pink G. ruber in
the Indo-Pacific Oceans was estimated at 127 ka (Thompson et al. 1979; Lee et al. 1999). Both
nannofossils and planktonic foraminifers suggest that the cored 410 m sediment sequence is
younger than 127 ka.

Oxygen Isotopic Stratigraphy and AMS 14C Dates

Stable oxygen isotope stratigraphy for Site 1202 was established by analyzing planktonic
foraminifer Neogloboquadrina dutertrei and AMS 14 C  dating for Hole 1202B by Wei et al.
(2005). Both data of isotopes and AMS 14 C  dating were used in this study for stratigraphic
correlation and age model, for example, the AMS 14 C  data were used for calibrating ages of
samples.

This study presents result from samples in the upper 60.50 m sediment interval of Hole
1202B, an interval of an age of 13.32 ka, according to the data of AMS 14 C  dating obtained by
Wei et al. (2005). The bottom of the Holocene was placed at 10.0 ka and at the depth of 35.3 mbsf
in Hole 1202B. Sedimentation rate for the Holocene was estimated as 353 cm ky 1−

, and
759 cm ky 1−

 for the late Pleistocene sediment interval from 35.3 mbsf to 60.5 mbsf, that is,
sedimentation rate in the glacial interval is more than two times higher than in the post glacial
period for the interval studied.

3. EVALUATION AND RESULTS

3.1 Calcareous Nannofossils from Surface Sediments

Nannofossil Species in the Surface Sediment Assemblages

We recognized 20 calcareous nannofossil species from the surface sediments and from
down-core sediments at ODP Hole 1202B. Three categories were divided according to the
abundance of these species:

The 1st  category (abundant to common species): Emiliania huxleyi, Gephyrocapsa
oceanica, Florisphaera profunda, characterized by their high absolute abundance (from 30 to
150 coccoliths on 10 view fields) and high relative abundance (from 20% to more than 80 %).

The 2nd  category (less common to few species): Calcidiscus leptoporus, Helicosphaera
carteri, Rhabdosphaera clavigera, Syracosphaera spp., Reticulofenestra (small) spp.,
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Umbilicosphaera sibogae, Umbellosphaera spp. with low absolute abundance (about 1 to 5
coccoliths on 10 view fields) or less than 3% in floral assemblage.

The 3rd  category (rare species): small Gephyrocapsa spp., Braarudosphaera begilowii,
Neosphaera coccolithomorpha, Ceratolithus cristatus, Pontosphaera spp., Scapholitus fossilis,
etc. They occur infrequently with very low abundance (less than 1%).

Ecology of Common Species

The surface water of the Kuroshio Current is characterized by high temperature (~28° -
29°C in the summer and 22° - 25°C in the winter), high salinity (33.6 - 34.8 0

00), and high flow
speed (1.5 - 2 kt) (Hwang and Tang 1993). The Kuroshio Current is also characterized by its
great depth (~1000 m) (Fan 1985; Yuan et al. 1998).

Yang et al. (2001) observed that extant coccolithophorids in the Kuroshio main path are
diverse and dominated by Umbellosphaeara with fairly abundant G. oceanica. On the other
hand, the continental shelf water of the East China Sea was characterized by the dominance of
E. huxleyi, G. oceanica (Cheng and Wang 1997; Yang et al. 2001).

In the 1st  category, F. profunda is a typical species of the lower photic zone. Its relative
abundance was correlated with the nutricline depth in the equatorial open ocean. A shallower
nutricline or low surface primary production would result in a lower abundance (Molfino and
McIntyre 1990, Beaufort et al. 1997; Cheng and Wang 1998). On the other hand the abun-
dance of this species in the marginal sea is related to water turbibidity (Ahagon et al. 1993).
Takahashi and Okada (2000) proposed to use the ratio of small (< 2.5 µm) placoliths of
Reticulofenestra and Gephyrocapsa against lower-photic species (including F. profunda) as a
proxy of the nutrient condition in the water column; for example, an increase of the ratio
indicates a shallower nutricline. In modern nannofossil assemblages in surface sediments from
coastal and marginal seas along the western Pacific Ocean, abundant (> 15%) F. profunda was
found in open sea bathypelagic and abyssopelagic assemblages (Okada 1983). Cheng and
Wang (1997) also showed abundance of F. profunda decreases dramatically from about 10%
to less than 2% along a transect of Pearl River mouth, from 1000 m to 200 m, in the northern
South China Sea. E. huxleyi is a cosmopolitan species, adapting to a wide temperature range of
2 - 29°C (McIntyre and Bé 1967; Okada and Honjo 1975). G. oceanica prefers warm water
and is abundant in warm marginal seas (Okada and Honjo 1975; Kleijne et al. 1989; Su 1989).
In addition, an increase in the abundance of this species towards coastal region or upwelling
area has been observed (Wang and Samtleben 1983). In surface sediments of China seas, G.
oceanica dominances mainly in the inner shelf covered by coastal waters rich in nutrients
(Cheng and Wang 1997).

In the 2nd  category, R. clavigera, U. sibogae, Umbellosphaera spp. prefer warm waters of
tropic and transitional latitudes (McIntyrei and Bé 1967; Kleijine 1992). C. leptoporus is a
cosmopolitan species (McIntyre and Bé 1967). However, various morphotypes of this species
have been considered to be temperature related ecophenotypes (Kleijine 1992) and large sized
variant of C. leptoporus (> 4 µm) in northern North Atlantic occurs only during the intergla-
cial period (Baumann 1990). In our samples, mainly large sized forms of C. leptoporus were
observed. In addition, R. clavigera and C. leptoporus live in the upper photic layer (Winter et
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al 1994).
Based on those previous studies and our nannofossil data obtained, we developed two

ratio indices as paleoceanographic proxies for the area studied: (1) Ratio of F. profunda against
F. profunda, E. huxleyi and G. oceanica (F-EG ratio) as a proxy of the Kuroshio Current,
higher ratio (> 40%) being referred to the main route of the Kuroshio Current or intensification
of the Kuroshio Current. (2) Ratio of G. oceanica against F. profunda, E. huxleyi and
G. oceanica (G-FE ratio) as a proxy of near-coast environment. Furthermore we selected 4
warm water species, R. clavigera, U. sibogae, Umbellosphaera spp., C. leptoporus as addi-
tional indicators of the Kuroshio Current.

Results from the Surface Sediment Study

Both F-EG ratio and G-FE ratio, and total abundance of 4 warm water species in the 14
surface sediment samples from the eastern to southern Okinawa Trough were plotted in Figs.
3 and 4.

1) F-EG ratio as a proxy for the Kuroshio. In the two northern transects, the F-EG ratio
is low (5%) in surface nannofossil assemblages on the East China Sea continental shelf or its
outer edge (Fig. 3). The ratio values increase southeastward within the Okinawa Trough and
the flow area of the Kuroshio Current, as showed in Fig. 3. Generally, the F-EG ratio in sur-
face nannofossil assemblages associated with the Kuroshio Current are higher than 15%. These
facts suggest that the F-EG ratio can serve as a nannofossil proxy for the Kuroshio Current,
like foraminifer Pulleniatina obliquiloculata as an indicator of the Kuroshio Current (Ujiié
and Ujiié 1999, Jian et al. 2000). For example, higher relative abundance (≥ 15%) of Pulleniatina
is found only in surface sediments directly under the main route of the Kuroshio Current,
whereas it is less than 15% in surface sediments out of the main route (Ujiié and Ujiié 1999).
The reason for variation in the F-EG ratio among the assemblages in the northern and the
southern cores is not clear at the present, however, the upwelling in the southern area (Fig. 1)
might be one possible explanation for generally higher F-EG ratio there, because higher abun-
dance of F. profunda is also related to higher surface primary production (Molfino and McIntyre
1990; Beaufort et al. 1997; Cheng and Wang 1998). The upwelling in the southern region
should result in higher surface primary production than in the northern. MDO 12403 is located
within one of the upwelling area, which might be the possible reason for the higher F-EG ratio
(> 60 %) at this than that (about 40%) at ODP 1202 (Fig. 1).

2) G-FE ratio as an indicator of the coastal environment. High values of G-FE ratio
(> 30%) were seen from all samples on the East China Sea continental shelf or near shore area
(EA03-71B, EA03-77B, EA03-270B, Hole1202B). Therefore, the G-FE ratio can be used as a
proxy of coastward or a near-coast environment.

3) Relative abundance of warm water species characterizing the Kuroshio. Generally,
these species occur more abundantly in sediments under the Kuroshio Current than those from
the East China Sea continental shelf or its outer edge (Fig. 4). However, Umbellosphaera spp.
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Fig. 3. Variation of the F-EG ratio (A) and G-FE ratio (B) for calcareous
nannofossil assemblages in surface sediments from the East China Sea
continental shelf and the Okinawa Trough.
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Fig. 4. Variation of relative abundances of less common species in surface sedi-
ments from the East China Sea continental shelf and the Okinawa Trough.
A: Calcidiscus leptoporus, B: Rhabdosphaera clavigera, C:
Umbellosphaera spp., D: Umbilicosphaera sibogae.

was not observed in the sample transect of EA03-270B-278B, nor R. clavigera in the transect
of OT83-816-814. It is likely that the production of these species in the overlying waters of
these sites has been extremely low that none of them were encountered on the 10 - 20 viewing
fields. Or, alternatively, these species are highly susceptible to dissolution (Wei et al. 1997)
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and therefore have already been dissolved in the oxidized organic-rich sediments. For these
reasons, those warm water species were used only as supportive and secondary evidence for
the presence of the Kuroshio Current. On the other hand, the absence of these species in a
sample does not necessarily suggest a “cold” water condition due to the reasons mentioned
above.

3.2 Downhole Variation of Nannofossils in Hole 1202B

Calcareous nannofossil assemblages in the top interval of 0 - 60 mbsf sediments from
ODP Hole 1202B are composed of similar species as the surface assemblages. They are char-
acterized by the dominance of 3 species, E. huxleyi, F. profunda, G. oceanica, and by the less
common species, such as C. leptoporus, H. carteri, R. clavigera, Syracosphaera spp.,
Reticulofenestra (small) spp., U. sibogae, Umbellosphaera spp. Rare species in the assem-
blages are Gephyrocapsa (small) spp., B. begilowii, N. coccolithomorpha, C. cristatus,
Pontosphaera spp., S. fossilis. A few of reworked species with ages from Miocene to Early
Pleistocene were also observed, such as Discoaster spp., Reticulofenestra pseudoumbilicus,
C. macintyrei ect.

The make-up of the nannofossil assemblages changes dramatically at the depth of
32 mbsf. Specifically, relative abundance of F. profunda in the upper interval of 0 - 32 mbsf
drops from > 15% to < 10% below 32 mbsf, it decreases further to < 5% or absent below
32 mbsf (Fig. 5a). Contrarily, relative abundance of G. oceanica increases significantly from
about 20% above 32 mbsf to > 30% below 32 mbsf. (Fig. 5a). Fig.5b shows downhole varia-
tion in absolute abundances of E. huxleyi, F. profunda, G. oceanica. Similarly, the absolute
abundances of F. profunda in the upper interval of 0 - 32 mbsf is significantly higher (30 to
150 individuals on 10 view fields) above 32 mbsf than that (a few individuals or absent) below
32 mbsf (Fig. 5b). This suggests that the dramatic change in abundance of F. profunda is not
due to the influence of sedimentation rates (for example, dilution) below 32 mbsf, but resulted
by a significant change of paleoceanographical environment. In addition, relative abundances
of warm water species, including R. clavigera and C. leptoporus show relative higher values
above 32 mbsf. Based on these changes, two calcareous nannofossil assemblages were
distinguished: Assemblage I predominated by F. profunda together with E. huxleyi and
G. oceanica above 32 mbsf; Assemblage II below 32 mbsf is dominated by G. oceanica and
E. huxleyi. A correlation of nannofossil record with δ O18  record of N. dutertrei in the same
hole suggests that the significant change of the assemblages occurs in the very early period of
the marine oxygen isotope Stage 1, at 9.5 ka to 9 ka in the early Holocene (Fig. 5b).

3.3 Temporal Variation of Ratios F-EG and G-FE and the Kuroshio Current

The results from surface sediment nannofossil assemblages suggested that the F-EG ratio
can serve as a nannofossil proxy for the Kuroshio Current, like foraminifer Pulleniatina
obliquiloculata as an indicator of the Kuroshio Current in previous studies, while high ratios
G-FE indicate a near-coast environment. Down-hole ratios of F-EG and G-FE at Hole 1202B
were plotted against age and with the δ O18  profile of N. dutertrei in Fig. 6.
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Fig. 5. Down-hole variations of relative abundance (A) and absolute abundance
(B) of 3 dominant species and δ O18  of N. dutertrei at ODP Hole 1202B
plotted against depths. YD represents the Younger Dryas event. The star
symbol in (A) shows the warm water G. oceanica reduces production
during the cold Younger Dryas event (See text).

(A)

(B)
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Hole 1202B and the Kuroshio Current during the Transition of the Pleistocene and

Holocene

As characterizing with very low values, the minima of the F-EG ratio in Hole 1202B were
observed during the transition between the latest Pleistocene and early Holocene (Assemblage
I), varying from 0 to 5%. These values are similar to those in the surface assemblages from
EA03-71B and EA03-83B, lying under a water depth of < 200 m far away from the Kuroshio
Current. It implies that the coccolith assemblages at Hole 1202B prior to the 9 ka were not
influenced by the Kuroshio Current. In other words, the Kuroshio Current did not flow nearby
above Site 1202 during that time.

In contrast, the values of the G-FE ratio were very high (> 40%) in Assemblage II. The
highest values of the G-FE ratio (60 - 90%) were found around 13 to 11 kyr ago, correspond-
ing to the Younger Dryas cold event, which was a sudden cold climate period lasting for about
1100 - 1300 calendar years during the final deglaciation of the Pleistocene and it interrupted
the warm interval of the Allerød period and was followed by the Preboreal period of the Ho-
locene (Kallel et al. 1988). This suggests also that Hole 1202B in that time was located much
closer to the coast than the present, partly as a result of sea level drop, about 60 m lower than

Fig. 6. Down-hole variation of the F-EG ratio, G-FE ratio and δ O18  of
N. dutertrei at ODP Hole 1202B plotted against age. In addition, relative
abundance of a warm water species, C. leptoporus, and total coccoliths
were plotted. The star symbols mark two low values of G-FE ratio (See
explanation in the text). 353 cm ky 1−

 and 759 cm ky 1−
 are sedimentation

rates for the Holocene and the Upper Pleistocene interval studied.
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the present (Fairbanks 1989). In addition, the shallow water above this area probably also
implies that this area was not subsided as deep as its today’s position which was seen as a
result of the recent phase of extension of the Okinawa Trough in the late Pleistocene (~ 0.1 Ma)
(Furukawa et al. 1991).

Based on variation in absolute abundance of total nannofossils in sediment samples of
Hole 1202B, two sub-assemblages (IIa and IIb) were further recognized (Fig. 6). Values of
total coccoliths in the sub-assemblage IIb were the lowest for the entire studied interval, prob-
ably resulted by reduce of productivity in association with the cold Younger Dryas, or as a
result of strong dilution due to high sedimentation rates in this period (Wei et al. 2005). The
lowest G-FE ratio values (about 30%) in IIb can be seen and marked by star symbols in Fig. 6.
Similar decrease in relative abundance of G. oceanica during the Younger Dryas period can be
observed and marked by a star symbol in Fig. 5a. G. oceanica prefers warm water and its
productivity reduce in cold water, therefore, its production reduced during the Younger Dryas
period. The warm water species C. leptoporus is absent during the Younger Dryas (Fig. 6),
indicating cold water in this area during this period. On the other hand, E. huxleyi is a cosmo-
politan species and can adapt to a wide temperature range of 2 - 29°C, thus this species became
the only dominant species during the Younger Dryas period (Fig. 5a). Values of total coccolith
abundance increased in sub-assemblage IIa, by two times of that in sub-assemblage IIb. This
indicates an increase of coccolith productivity, probably caused by surface water warming
after the Younger Dryas.

Re-entering of the Kuroshio Current into the Okinawa Trough at ~9 ka

The F-EG ratio increases dramatically from 5% to about 30 % during time from 9.5 ka to
9 ka, in very early Holocene period (Fig. 6). The value (30%) is even higher than the recent
value (20%) found in the surface sample of Hole 1202B. This suggests the increase of
F. profunda was associated with the returning of the Kuroshio Current into the Okinawa Trough,
probably because of sea-level rising. Meanwhile, the G-FE ratio decreased notably from
> 50% to 20% at the same time and then it remained at a quasi-stable value of about 20%
through the Holocene. This implies that the distance from Hole 1202B to coast has been simi-
lar to today’s situation ever since 9 ka.

Variability of the Kuroshio Current during the Holocene

During the Holocene, the F-EG ratio shows an increasing trend towards the late Holocene,
except for the last 800 yr when it reduced notably from ~70% to 20% (Fig. 6).

Three sub-assemblages (Ia, Ib, Ic) from late Holocene to early Holocene were recognized,
showing as 3 long-term cycles (Fig. 6). Each cycle begins with a gradual increase of the F-EG
ratio and it accentuated to a maximum towards the end before a drastic drop. Cycle 1, the
earliest one, runs from ~9.5 ka to ~5.5 ka, the second from ~5.5 ka to ~2.5 ka, and the last,
Cycle 3, begins from ~2.5 ka and then shows a significant decrease for the last 800 yr. These
cycles are of a periodicity of ~3000 yr. Overall, the maximal in each of three cycles show a
cascade array of increasing peaks (Fig. 6).
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Our knowledge of periodicity of the Kuroshio Current at millennial scale during the Ho-
locene is limited. Xu and Su (1987) studied nannofossils from cores OT83-819 and OT83-865
in the Okinawa Trough and recognized 3 long-term warm-cold cycles based on variation in
nannofossil species diversity. These cycles were used for Holocene stratigraphic subdivision:
a warm Prenorth stage, a cold North stage, the maximum warm Atlantic stage, a cold Subnorth
stage and a warm Subatlantic stage, being well correlated with climate variation indicated by
spore and pollen data from the Yellow Sea and Japan. Oda and Takemoto (1992) studied
planktonic foraminifers from seas off the Pacific coasts of Japan, and suggested 2 shifts of the
axis of the Kuroshio Current from northwestward to southwestward in the time intervals of
10 ka to 9 ka, and 9 ka to 6 ka, respectively. Thereafter the Kuroshio Current keeps the similar
course as the recent one since 5 ka. Jian et al. (2000) studied Holocene planktonic foraminifers
and δ O18  from the Okinawa Trough, found periodic (~1500 yr and ~700 - 800 yr) variation of
the Kuroshio Current. They attributed the periodicity to the 1500 yr-cycle in oceanic thermo-
haline circulation (Wunsch 2002) during the Holocene.

Those previous studies proposed three kinds of assumptions for the millennial periodicity
of various records related to the Kuroshio Current during the Holocene: (1) Variation in mi-
crofossil productivity probably due to fluctuations of surface water temperatures caused by
climatic fluctuations; (2) variation in microfossil productivity was caused by intensification or
weakening of the Kuroshio Current as a result of oceanic thermohaline circulation; (3) and
spatial sifting of the Kuroshio Current main axis or front movement. At the present, we are
unable to differentiate these arguments. Further studies by exploring multi-proxies and in a
much wider area along the Kuroshio Current would be necessary.

 4. CONCLUSION S

A study of nannofossils of ODP Hole 1202B and surface sediments from the Okinawa
Trough and East China Sea allows us to infer the variation of the Kuroshio Current, during the
last 14 kyr.

Results from 14 surface nannofossil samples demonstrated that F-EG ratio is > 15% in the
assemblage related to the Kuroshio Current, whereas it is very low (< 10%) in sediments off
the current. Thereby the F-EG ratio was a nannofossil proxy for the Kuroshio Current. On the
other hand, high ratios of G-FE (> 30%) were seen from all samples on the East China Sea
continental shelf or from the near-coast cores.

Extreme low values of F-EG ratio together with very high G-FE ratio at Hole 1202B in
sediments deposited prior to 9 ka suggest that the main path of the Kuroshio Current did not
enter into the southern Okinawa Trough during 14 ~ 9 ka. The event of re-entering of the
Kuroshio Current was clearly recorded by the dramatic increase of the F-EG ratio and the
concomitant decrease in G-FE ratio at about 9 ka. Furthermore, variation of the F-EG ratio
during the Holocene indicates 3 long term and intensified cycles of Kuroshio variation.
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