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Characteristics of rare earth elements in the sediment cores from the Okinawa Trough and their implications
for sediment provenance
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Abstract : Multiple provenances are confirmed in the Okinawa Trough by a comparative study of the composition and fraction-
ation of rare carth elements (REEs) in the sediment cores from southern, middle, and northern parts of the Trough. Dis-
tinctive differences in REEs compositions are discovered in different cores due to the different contribution of terrigenous
detrital sediments from surrounding rivers and volcanic sources. The values of > REE and > LREE decrease from south to
north, whereas > HREE values are relatively high in the north and followed by the south as the next. The fractionation de-
gree between LREEs and HREEs, and the internal fractionation degrees of LREEs and HREEs decrease from south to
north. The vertical variations in grain size, trace elements and REE characteristic parameters suggest that the sediment prov-
enance of Core S3 was rather simple and the depositional environment was relatively stable. It is mainly controlled by terrige-
nous materials from the Yangtze River and Taiwan rivers. However, the sediment provenance of Core S10 and Core S9 are
quite complicated, especially in the core of S9. Provenance changes remarkably with time. Layer 1 of Core S10 principally
came from both the Yangtze River and Yellow River, while the Layer 2 has the mixed characteristics of volcanic materials
and Yellow River sediments; The Layer 1 of Core S9 is the mixed deposits of volcanic materials and the Yellow River sedi-

ments, whereas the Layer 2 is mainly derived from the terrigenous particulate matters from the Yellow River.
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Fig.1 Location map of Cores S3, S10 and S9 in the Okinawa Trough (oceanic circulations modified after reference [4])
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Fig.3 Vertical changes in mean grain size, REE indices and trace elements of Core S3, S10"°! and S9"*°1
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(The chondrite data is from reference [ 35])

F1 ERFLTRYMNBEERYRHB L TEHK A pg/0
Table 1 REEs compositions of sediments in different cores and possible sources pg/g
La Ce Pr Nd Sm Eu Gd Thb Dy Ho Er Tm Yb Lu
wKRIH 41.26 80.44 9.09 33.31 6.52 1.41 581 0.86 4.55 0.98 2.67 0.42 2.58 0.39
P I /ME 30.75 60.56 6.69 25.05 4.89 1.04 4.46 0.66 3.51 0.73 1.96 0.30 1.80 0.27
(n=210) S E 36.10 71.23 7.97 29.72 570 1.23 5.09 0.76 4.06 0.88 2.38 0.37 2.25 0.34
T 1 Al 22 1.56  3.09 0.35 1.22  0.24 0.07 0.21 0.04 0.19 0.04 0.12 0.02 0.14 0.02
I RAEH 33.05 63.65 7.30 27.21 5.39 1.23 540 0.91 4.89 1.13 3.19 0.52 3.31 0.51
i 1002 S /ME 20.08 41.93 5.01 20.28 4.14 0.87 4.13 0.55 3.01 0.66 1.81 0.28 1.74 0.26
(n=280) RRL(EN 28.57 54.62 6.33 24.07 4.74 1.05 4.68 0.68 3.69 0.81 2.22 0.35 2.17 0.33
T 1 A 22 2.55 4.60 0.45 1.39 0.24 0.07 0.22 0.05 0.25 0.07 0.20 0.04 0.25 0.04
oK 31.59 60.20 6.86 26.19 5.30 1.24 5.35 0.90 5.02 1.14 3.15 0.54 3.43 0.52
1L So0) Fe/MA 14.68 35.73 4.31 16.91 3.55 0.79 3.42 0.55 3.12 0.70 1.95 0.31 1.91 0.29
(n=226) 4 {E 26.07 52.48 6.06 23.30 4.85 1.08 4.70 0.74 4.07 0.91 2.51 0.41 2.56 0.39
o A 22 3.26 4.91 0.46 1.37 0.18 0.07 0.18 0.07 0.38 0.10 0.28 0.05 0.36 0.06
Ko IE PN E ] 44,18 89.73 9.87 37.53 7.27 1.47 6.80 0.95 5.41 1.13 3.13 0.42 2.85 0.41
ezt o/ ME 33.54 68.15 7.68 29.17 5.61 1.10 5.06 0.67 3.90 0.73 2.28 0.29 1.86 0.28
(=30 SEHIE 39.92 80.34 9.05 34.26 6.60 1.32 591 0.85 4.66 0.96 2.76 0.37 2.41 0.36
P R AH 51.92 106.09 12.27 45.62 8.29 1.32 7.81 1.01 595 1.13 3.53 0.50 3.43  0.50
pytez.stl f/ME 21.74 43.95 5.06 19.48 3.61 0.79 3.64 0.45 2.81 0.52 1.68 0.20 1.54 0.21
(=1 4 {E 32.47 64.86 7.88 28.87 5.35 1.05 5.22 0.6 4.09 0.80 2.37 0.33 2.21 0.32
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
PR RAE 76.13 143.70 15.82 54.00 8.58 1.83 8.95 1.16 7.00 1.34 3.97 0.64 4.11 0.67
LR a2 /M 25.09 49.40 5.92 22.13 4.26 0.96 3.91 0.66 3.65 0.71 2.19 0.32 2.19 0.31
(=38 FHE 41.08 81.38 9.18 34.48 6.24 1.31 6.07 0.88 5.02 0.95 2.85 0.43 2.83 0.43
TR 25.56 56.52 6.94 28.29 6.70 1.77 6.90 1.22 8,02 1.77 544 0.88 5.82 0.91
@fﬁfi? Fe/ME 11.68 26.07 3.39 13.57 2.90 0.72 2.89 0.49 3.14 0.69 2.16 0.36 2.41  0.39
- (EH 18.37 39.77 4.87 19.80 4.70 1.18 4.89 0.84 539 1.18 3.60 0.58 3.82 0.61
k2 ENBRPELMEBERXYRHLITEHUESHEEREEY
Table 2 Characteristic parameters and anomaly indexes of REEs in different sediment cores and possible sources
Y REE YLREE Y HREE IQRREEEE/ (La/Yb)uee (La/Sm) uce (Gd/ YD) uee dCe 3Eu
IO 190.04 172.04 17.99 10.28 1.36 1.02 1.48 1.06 0.77
B S3 i /IME 143.72 129.39 13.69 8.76 1.02 0.85 1.17 0.96 0.64
(=210 FHHE 168.06 151.93 16.13 9.43 1.18 0.95 1.31 1.01 0.70
T o AR 25 6.88 6.32 0.73 0.30 0.07 0.02 0.06 0.01 0.03
YN 152.34 136.68 19.27 9.20 1.20 0.99 1.46 1.02 0.82
s S100297 fe/MiE 109.21 92.60 12.45 5.29 0.49 0.64 0.83 0.89 0.60
(n=280) FHH 13430 119.39 14.92 8.04 0.98 0.90 1.26 0.98 0.68
bt 22 8.83 9.05 0.93 0.81 0.15 0.06 0.13 0.02 0.04
KM 146.70 130.99 19.42 9.13 1.13 0.94 1.37 1.08 0.76
Je#B S9rso] /MY 88.34 75.97 12.37 4.74 0.41 0.58 0.79 0.95 0.61
(n=226) MY 130.13 113.85 16.28 7.07 0.77 0.81 1.08 1.01 0.69
o 1 AR 2 9.17 10.00 1.34 1.06 0.18 0.09 0.14 0.02 0.03
e KB 210.92 189.93 20.99 10.13 1.42 0.97 1.57 1.04 0.70
J‘/‘?T‘fzqi%;w'm e /IME 161.81 146.23 15.26 8.88 1.08 0.80 1.29 0.99 0.60
e 189.78 171.50 18.27 9.39 1.22 0.91 1.42 1.02 0.65
SR R MH 249.37 225.51 23.86 10.06 1.23 1.01 1.57 1.02 0.69
gy lez.51] /MY 106.49 94.64 11.05 7.99 0.92 0.84 1.16 0.93 0.50
(=4 MY 156.52 140.49 16.03 8.75 1.07 0.91 1.36 0.98 0.62
R 323.07 300.06 25.90 13.04 1.84 1.33 1.52 1.06 0.79
ﬁig??j"rizz’?%[m F/IME 122.28 107.86 14.42 7.48 0.83 0.88 0.95 0.97 0.57
MY 193.12 173.67 19.46 8.88 1.06 0.98 1.25 1.01 0.66
R 155.56 125.53 30.87 5.61 0.49 0.84 0.92 1.03 0.97
@?ﬁfjiiﬂ /M 77.08 60.75 12.53 2.96 0.21 0.42 0.65 0.99 0.50
SE S 109.59 88.68 20.91 4.41 0.37 0.62 0.74 1.01 0.76
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