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ABSTRACT

Sedimentation rates in the western Philippine Sea have been deter-

mined on three piston cores using the excess 230Th method. In the
deep basin, the sedimentation rates as determined from two cores are

5.3 and 6.8 mm k α -1 at least for the past 70,000 years. Immediately

before that time, a disturbed zone which is recognized at one station

appears to have coincided with the onset of the last glaciation. Dat-
ing back further, the data suggest a higher sedimentation rate of 17.4

mmk α -1. However, the data are by no means unambiguous; another

interpretation suggests a slower rate (10.6 mm ka-1) between yet an-

other disturbed zone at greater depth and the one just mentioned.

In the southwestern end of the Ryukyu Trench, the excess 230Th

activities are too low to allow a meaningful treatment with this method.

The sedimentation rate is expected to be high due to the geologic
enyironment of the trench. A value of about 13 mm ka-1 with a
large uncertainty is obtained when the method is attempted. These

sedimentation rates are quite consistent wi"th those obtained in the

Philippine Sea by earlier workers.

1. INTRODUCTION

Uranium series disequilibrium dating methods have long been used to study

marine deposits (e.g., Goldberg and Koide, 1962; Ku, 1976; Nozaki et al., 1987).
One of the most useful nuclides for deep-sea sediments dating is 230Th which has
a half-life of 75,200 years. The effective age dating with 七 his nuclide may th 也
reach about 300,000 years. This age range extends 七hat of 14e and is especially
useful for studying Quaternary paleoclimatic changes (Ken 由此 , 1982). Due
to its reactivity in seawater, 230Th is readily removed from the water column
where it is produced by the decay of 234U. The removal of 230Th by sinking
particulates results in an enrichment of the surface sediments with this nuclide.
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This excess of unsupported 230Th can be used as a "clock" to determine the
time elapsed since the sediments buried beneath have been deposited (Goldberg

and Koide, 1962; Ku, 1976; Anderson, 1981). This paper is to report 七 he

sedimentation rates in the western Philippine Sea as determined from three
piston cores using the excess 230Th method. Changes in the sedimentation ra 扭
are also discussed in relation to recent glaciations.

2. METHOD OF ANALYSIS

Three piston cores were taken from the we 的 ern Philippine Sea during an
expedition with R/V Ocean Researcher I in M 缸晶 , 1988. Station locations

designated as St6, St7 and S 七 8 are plotted in a bathymetric map shown in Fig.

1; water depth, core length and coordinate of these stations are given in Table

1. Station 6 is located in the trough east of the Gagua Ridge; station 7 is in a
deep basin about 100 km to 出e south of the Ryukyu Trench; and station 8 is

within the southwestern end of the 七 rench.
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Sediment samples were collected from each core at desired depths for chemi-

cal and rediochemical analyses. Each sample was dried at 110 � C, homogenized,
and then ashed at 550 �C for 4 hours to remove the organic matter. The loss
in weight due to ashing may serve as a crude estimate for the content of the

organic matter (Tsai and Chung, 1989). About 0.1 9 of each ashed sample was
dissolved in a mixture of HCI04, HN03and HF (2:4:4) with a teflon diges-
tion bomb. Concentrations of Mn, Fe, and Al etc. were determined using an
atomic absorption spectrophotometer. CaC03 content was determined by acid

reaction to release CO2. The contents of the organic matter, Fe, Mn, Al and

C αC03 in the sediments are listed in the Appendix.

Table 1. Coordinate, water depth and core length of the

cored stations

St # Coordinate Water depth core length

(m) (em)

St 6 21018.0'Nj123020.8'E 5600 185

St 7 21056.3'Nj124041.3'E 5700 508

St 8 23002.9'Nj124031.6'E 6450 181

Radiochemical analysis for Th and U isotopes was carried ou 七 on 2 to 3 9 of
each ashed sample. The chemical procedures were similar to that described by

Anderson (1981) and She 時 (1984). Appropriate amounts of 2叫T and 229Th
tracers were added to each sample before it was treated with a mixture of

HCI, HCI04 and H F to achieve a total dissolution. Th and U were then
coprecipitated with concentrated N H4OH. Further sepa 直前 ion and purification

of these two elements from the precipitate were performed according to s 七 andard
ion exchange procedures. Finally, the U and Th were electroplated separately

onto silver discs. The relative abundance of the isotopes was determined with

a silicon surface barrier detector attached to a multi-channel analyzer.

3. Fe, Mn, Al AND ORGANIC MATTER DISTRIBUTIONS

Source strength and preservation of organic matter are important factors in

controlling 七he organic matter content in marine sediments (Lyle et al., 1989).
In general, the organic matter conten 七 in a core may decrease with its depth

due to bacterial decomposition (Middelburg, 1989). The depth distribution
of the organic mat 七 er contents in the cores taken from stations 6, 7 and 8 is
shown in Fig. 2. The organic matter content in the top 20 cm of the core
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is lower at station 8 th 叩 at other stations. At station 8 the organic matter
content actually increases with depth to a maximum of 5 % at 55 em. This

suggests that the organic matter at this station is better preserved 剖ld so the

distribution is controlled mainly by the supply of organic matter.
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Fig. 2. Distribution of organic matter contents in the piston cores taken from
stations 6, 7 and 8.

Trace metals 血可 provide some clues to the source(s) of the sediments. Fig.

3 and Fig. 4 show respectively the Fe vs Ai and Mn vs Ai plots for these
cores at all depths. The mean ratios of major igneous rock types and the mean

crustal ratio (Krausko 抖, 1979) are indicated for comparison. The data points
plotted for Fe vs Ai in these cores fall within the domain of the mean Fel Ai
ratios for the mafic rocks and felsic rocks and match the mean. crustal ratio

fairly well, suggesting a possible origin of interme 吐 iate igneous rocks.

As M n is a minor or trace element in igneous rocks, the effects of dissolution,

substitution and absorption upon M n during erosion, transport and deposition
may cause significa 叫 M n variations in the sediments (Krausko 阱 , 1979). Since
M n variations in these cores are signi 宜cantly larger than Fe variations, the

M n vs Ai plots as shown in Fig. 4 are quite scattered. M n values greater than

0.26 % are not included in the 宜gure. One of these values even exceeds 1.1 %;
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these high values are all from stations 6 and 7. At station 8 all the plotted data
points fall within the ratios for ma 且 c and felsic rocks wi th a fairly constant M n

value at 0.06 %. The redox condition at station 8 is quite different from that at

other stations. Due to a reductive environment, vey little M nOz deposition was

observed in the core at station 8. This argument is supported by the fact that
organic matter is better preserved at this station than at the- other stations.

4. SEDIMENTATION RATES

a. Model

A general one-dimensional steady-state model is often used to describe the
vertical distribution of a radionuclide in a sediment column (Ku, 1976j Turekian

and Cochran, 1976). The model equation can be written 甜

d2 C - dC
D-_::; -8 一一 - AC = O.dz:t - dz

..- -,
1.,/

Ti
f--

where z is the core depth, C is the excess (unsupported) activity of the nuclide

in question, D is the mixing cae 晶cient for the sediments, 8 is 七he sedimentation

rate, and λ is the decay constant of the nuclide. In the case where the mixing

processes are small enough to be negligible, equation (1) may be simplified to

dC
S τ一 + λC=O,

az
(2)

If the boundary conditions are C = Co at z = 0; C → 0 as z →∞ , then the

solution is

C = Coe-( λ js)z (3)

where Co is the excess 230Th activity at the surface ofthe core and A is the decay
constant for 230Th in our case. Equation (3) can be rewritten in a logarithmic
form and the slope of the semi-log plots for the excess 230Th activity vs depth
provides a means to calculate the sedimentation rate. However, the plots may

often deviate from linearity if the sedimentation rate is not uniform or if the

sediment column has been disturbed.

b. Results and discussio π

The results of the U and Th isotopic analyses fOf the cores are listed in

Table 2. The efrors quoted are mainly one-sigma counting statistics which are

generally less than 10 %, with 阻 average of about 5 %. Fig. 5 shows plots
of the excess 23UTh vs depth for. station 6 in a semi-log form. Based on the
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best fit of the slope for 七he data points (R2 = 0.93), the sedimentation rate is
calculated to be 5.3 mm k α -I. With this rate, the age for the bottom of 七he

core is about 270,000 years.

The excess 230Th activities in core depth 32 cm and 37 cm are signi 宜cantly
lower than those measured immediately above or below. These low values could

have been derived from dilution of 230Th by rapidly deposited material (Nozaki

et 此 , 1987). The sedime 帥叫 32 cm depth were thus probably deposited about

60,000 years ago.

The excess 230Th vs depth plo 個 for station 7 were shown in Fig. 6 in which
two different slopes are separated by a horizontal line. Based on the slope ob-

tained from the top 50 cm, the sedimentation rate is 6.8 mm ka-I . From 140

cm to the bottom, 七he best 宜 t slope yields a rate of 17.4 mm ka-I. The "flat"
region between 50 and 140 cm where the excess 230Th remains fairly constant is
designated as a "disturbed" zone. With a sedimentation rate of 6.8 mm k α -1

the disturbed zone was finished about 73,000 years ago. Thus, this disturbed
zone appears to match that observed at station 6 in time or age. They might

reflect the same event. As the disturbed zones were concluded at a time when

the last glaciation took place about 75,000 years ago with a lowering of the sea

level, turbidity currents and slumping might have been active then. These pro-

cesses could have produced submarine redeposition in a rapid fashion, showing

constant or low 230Th excesses. As an alternative interpretation for the station

7 data, Fig. 7 is presented with three slopes of best fits separated by two "fiat"
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Notice also the logarithmic scale for excess 230Th. The "flat" portion between
50 em and 140 em depth is designated 晶 a disturbed zone.
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regi.ons of disturbed zones. The time span between the two disturbed zones is

estimated to be about 鈍 ,000 years (100 cm length of core at a sedimentation

rate of 10.6 mm ka-l). This time scale appears to match glacial cycles for the

Quaternary. Notice that the data points between the two dis 七urbed zones show
very good linearity with a correlation coe 血 cient of 0.97. The fitting for the
region below the second disturbed zone is poor, showing a �arge uncertainty.

Nevertheless, the sedimentation rate obtained (8.4 mm ka-l) is not inconsis-

tent with that of the other layers. This interpretation yields a closer rate within

this core than the original interpretation which indicates a significantly higher

rate beneath the first disturbed zone.
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Excess 230Th activities at station 8 are too low to yield a reliable sedimen-
tation rate from the model fitting. The best-fit slope corresponds to a rate of

about 13 mm ka-t, but with a poor correlation coe 由 cient. The seismic data

indicate that the Ryukyu Trench is an active subduction zone with a subduc-

tion rate of about 5 cm y-l (Tsai et ai., 1977). This geologic environme 叫
tends to favor a higher sedimentation rate, slumping from shallower depth for

redeposition and so dilution of 230Th.
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the excess 230Th method, suggesting that the 230Th flux into the sediments has
been fairly uniform for the past 270,000 years.

Plots of 238U vs 232Th in activity for all core samples (not shown here)
indicate that 232Th is enriched relative to 2叫T in compa 由on with the average
activity ratio for the deep-sea clay. 238U and 234U are essentially in radioactive
equilibrium for the samples analyzed (Table 2).

5. CONCLUSION

The sedimentation rates in the western Philippine Sea basin as obtained
from stations 6 and 7 using the excess 230Th method are quite reliable and
satisfactory with the exception that the lower portion of the core from station

7 may allow a different interpretation due to somewhat larger variations yet

with an identifiable trend in the semi-log plots of excess 230Th vs core depth
(Fig. 6 and Fig. 7). The sedimen 七 ation rates are 5.3 mm ka 一 1 at station 6
for the past 270,000 years and 6.8 mm ka-l at station 7 for the past 74,000
years. Below the disturbed zone at station 7, we obtain a sedi 血entation rate of

17.4mmka 一 1
in a time sp 叩 of about 200,000 years (Fig. 6). An alternative

interpretation calls for a second disturbed zone located between 240 and 400
cm in core depth and comes up with a rate of 10.6 mm ka-l between the two
disturbed zones (Fig. 7). More work is needed in order to resolve this problem.

In the southwestern end of the Ryukyu Trench where station 8 is located, the
excess 230Th method is not suitable because of the extremely low excess 230Th

values (Table 2) and complicated environment. Nevertheless, the method has

been attempted and a sedimentation rate of 13.2 mm ka-l has been obtained
which is about 七wice that observed in the deep Philippine Sea basin. These

results agree well with those reported by earlier workers (Sheng, 1984; Wang et

al., 1987).
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APPENDIX

VoLl, No.1

Appendix: Fe, Mn, AT, CaCO3 and Organic matter

measured for the cores taken from stations
6, 7 and 8.

depth
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0-2
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118-120

138-140
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0.01

0.21

0.21
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(%)
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CaCO3

(%)

3.18

2.67

2.67

2.54

2.39

2.11

2..89

2.18

3.12

2.99

3.21

3.41

2.62
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1. 89
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1.62
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1. 55

Organic
matter

(%)

n.d.

4.20

3.84
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RON-SHENG CHEN AND YU-CHIA CHUNG 123

Fe

(z)
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西菲律賓海之沉積速率

陳榮盛 鐘玉嘉

國立中山大學海洋地質研究所

摘 要

西菲律賓海之前積連串由三括基岩心 , 以超量釷二三O 定年法翻定之 , 在揮揮盆地區 ,

由兩岩心所得之祝積撞車 , 在過去七萬年間 , 卦別攝每千年 5.3 典 6.8 毫米。在此之前有一

岩心顯示有一攪亂帶典最後一故拙河期之起抽時間的略相同。在此擾亂帶之前 , 依同法問得

之前積遲早攝每千年 17.4 毫米 ,
但並非毫無問題。另一解釋則認為更早期那有頭倒之揖亂

帶 ,
而界於此二攪亂帶閑之祝積連串爵每干年 10.6 毫米 o

在班球海溝西南端所得之岩,
心

, 其超量童t 二三0 之括性太低 > !比怯不大矗用。兢地質最

揖言 , 其前積直率甚痛快速 , 於試用此怯時 , 得每干年間毫米 , 但其誤差極大。本文所得之

前積撞車與前人在菲律賓海所得者大致相符。


