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Provenance analysis for surface sediments in different depositional environments of the middle-south Okinawa
Trough
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Abstract: In this paper, surface sediments taken from three different depositional environments, i.e. the outer continental shelf, slope, and
trough, of the middle-south Okinawa Trough were analyzed for rare earth elements (REE). The results suggest that the REE distribution patterns
of the surface sediments from the continental slope and the Okinawa Trough are quite similar to those from Taiwan. The discrimination plot of
La/Sm-Gd/YD also shows that the surface sediments from continental slope and the Okinawa Trough are mainly located in the diagram close to
the provenance end of Taiwan, further supporting the conclusion that the surface sediments of the continental slope and the Okinawa Trough are
doubtlessly sourced from Taiwan. The obvious loss of heavy REE in the sediments of the outer continental shelf is consistent with the source of
continental river sediments. In order to recognize the source of surface sediments in the outer shelf sedimentary area, the heavy mineral
compositions of these sediments were analyzed. The results show that the heavy mineral assemblages of the outer continental shelf sediments are
mainly composed of common hornblende, epidote, garnet, limonite, similar to the source composition of the Changjiang river. The outer
continental shelf sediments are lack of zircon, mica, and magnetite, typical heavy minerals found in Taiwan, Huanghe river, and Minjiang river
sediments respectively, which suggests that Taiwan, Yellow River, and the coast of Zhejiang and Fujian are not the main contributors to the
outer continental shelf sediments. According to the results of previous dating data, the sediments of the outer shelf are relatively old, suggesting
that the outer shelf sediments should be formed by the rework of the palaeco-Changjiang river materials by the modern circulation system of the
East China Sea.
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Fig.1 Locations of the surface samples
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Table I REE concentrations of typical samples ng/g
KR /m La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
128.4 37.2 73.2 8.5 31.9 5.7 1.1 4.9 0.71 3.7 0.75 2.0 0.32 2.0 0.32
128.0 32.0 67.6 7.6 28.1 5.0 1.0 4.3 0.61 32 0.61 1.7 0.26 1.6 0.25
127.3 31.9 61.9 7.4 27.9 5.1 1.0 4.4 0.63 34 0.67 1.9 0.30 1.9 0.29
140.0 26.4 52.2 6.4 24.1 4.4 0.9 3.7 0.52 2.7 0.53 1.4 0.22 1.4 0.21
125.0 22.0 42.4 52 19.6 3.6 0.7 3.1 0.44 24 0.47 13 0.20 1.2 0.18
Fi 42
110.0 23.6 46.3 5.7 21.6 39 0.9 33 0.47 2.5 0.48 13 0.19 1.2 0.18
112.0 28.2 55.4 6.7 252 4.6 0.9 4.0 0.58 32 0.62 1.7 0.26 1.6 0.25
128.0 28.1 54.2 6.5 24.5 4.4 1.0 39 0.55 2.9 0.58 1.6 0.24 1.5 0.22
118.0 38.0 73.8 8.6 31.3 54 1.1 4.8 0.71 3.9 0.81 2.4 0.37 2.4 0.36
170.0 28.8 56.7 6.8 253 4.5 0.8 3.8 0.52 2.7 0.51 1.4 0.20 1.3 0.20
975.5 24.4 48.9 5.5 20.8 4.1 0.9 3.9 0.54 33 0.67 2.0 0.29 1.9 0.29
573.9 36.7 73.4 7.9 29.3 5.7 1.1 5.2 0.70 4.1 0.81 23 0.33 2.2 0.34
671.7 29.0 57.3 6.2 23.0 4.5 0.9 4.0 0.55 33 0.66 2.0 0.27 1.9 0.28
956.6 339 67.7 7.3 27.5 52 1.1 4.8 0.66 4.0 0.80 2.4 0.34 2.3 0.34
790.5 31.2 62.4 6.8 25.5 5.0 1.1 4.8 0.74 4.5 0.90 2.7 0.37 2.4 0.35
g5
830.0 30.0 60.0 6.6 24.9 4.8 1.0 43 0.59 3.5 0.71 2.1 0.30 2.0 0.29
966.1 33.8 66.5 72 26.8 52 1.1 4.9 0.73 4.4 0.90 2.7 0.38 2.5 0.37
987.1 322 63.6 7.0 26.4 5.1 1.1 4.8 0.65 4.1 0.83 2.4 0.36 2.4 0.35
898.1 30.5 60.4 6.6 25.0 4.8 1.0 4.3 0.61 3.6 0.73 2.2 0.31 2.1 0.31
929.3 31.2 61.9 6.7 253 4.9 1.0 4.5 0.66 39 0.78 23 0.33 2.3 0.33
21122 32.7 65.6 7.1 26.8 52 1.1 5.0 0.75 4.4 0.88 2.7 0.39 2.6 0.38
2125.6 34.0 68.0 7.4 27.8 53 1.1 5.1 0.73 43 0.87 2.6 0.37 2.5 0.37
2070.3 28.3 57.2 6.3 24.1 4.8 1.1 5.0 0.74 4.4 0.90 2.7 0.39 2.6 0.37
2079.7 31.0 61.0 6.7 25.2 4.8 1.1 4.6 0.65 3.8 0.78 23 0.34 2.3 0.34
2050.7 33.8 67.0 7.4 279 5.4 1.2 52 0.75 43 0.86 2.6 0.38 2.5 0.37
e il
i 1322.6 339 68.0 7.6 28.3 54 1.1 4.9 0.68 4.1 0.83 2.5 0.36 2.4 0.36
1701.9 35.1 71.1 7.7 28.5 54 1.1 5.1 0.68 4.1 0.82 2.5 0.36 2.5 0.36
1840.3 34.5 69.4 7.9 29.9 5.8 1.2 5.4 0.79 4.8 0.95 2.8 0.40 2.8 0.41
2068.0 35.1 69.7 7.9 30.0 5.8 1.2 5.4 0.76 4.5 0.93 2.8 0.40 2.7 0.40
2058.2 34.7 69.8 8.0 30.3 6.0 1.3 5.5 0.77 4.7 0.96 2.8 0.40 2.8 0.41
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Table 2  Statistics on data of heavy mineral provinces

Wgiit BOME% wOKAE% FHRME% FRdERE R R
MINAZE 1997 45.06 3275 587  0.04 -081
GiEES 5.50 33.57 17.27 4.71 039 0.64
SRy 178 22.00 7.99 400 097 079
PR ES 0 1.10 0.14 022 200 4.13
ZTR 0 2.01 0.75 038 107 148
kA 0.93 11.94 4.30 197 080 1.17
HEA 0 1.85 0.62 039 117 113
LEES 0 2.00 0.20 0.21 4.49 3590
HiE 8.06 53.45 31.20 836  0.01 -0.11
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Fig.5 Some major and trace elements distribution of the surface sediments
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