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Th, Sc and rare earth element concentrations of the Paleogene
and Neogene sedimentary rocks of Taiwan and Japanese Islands

Chikako Yamazaki*, Kaori Dozen** and Hiroaki Ishiga**

Abstract

Th, Sc and rare earth element concentrations have been examined mainly from Paleogene and Miocene
sedimentary rocks of Taiwan and of the Japanese islands. Examined sedimentary sequences are widely located in
the Taipei region of Taiwan, Yuya and Susa (Yamaguchi Prefecture), Masuda and Matsue (Shimane Prefecture),
Shobara (Hiroshima), Ujidawara (Kyoto Prefecture) of southwest Japan, and Boso (Chiba Prefecture) of Kanto
region of Japan.

In Taiwan, the values of Eu/Eu* for the Paleogene and Miocene samples excluding the lowermost sample are
consistently around 0.6 suggesting evolved continental provenance, very close to those of the present upper
continental crust (UC)[Ew/Eu*=0.59 ]. Th/Sc ratios (1.3) show relatively higher values than that of UC, probably
due to sorting effect of sedimentary process. The samples from inland basins of southwest Japan (Shobara and
Ujidawara) have the composition similar to UC with some variation. Samples of the Yuya, Susa, Masuda,
Matsue and Boso areas show stratigraphic variation from primitive to more evolved due to provenance changes
related to Japan Sea opening.

The mixing model of UC, basalt (Ba) and granite (Gr) is inferred for provenance signature for these
sedimenraty rocks alongwith previous results. The models revealed provenance variation of the Miocene of
Japan sea side from primitive nature (UC: Ba: Gr=60:38:2) of Tohoku region of northeast Japan to more evolved
(UC: Ba: Gr=60:2:38) Kyushu region via Chugoku region of southwest Japan. Samples of Taiwan, Kyushu and
Yuya form the trend from evolved to more primitive, but lying above the compositional trend of the mixing
model probably due to enrichment in Th related to sedimentation on the evolved continental crust.
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1R BE, GAED BkE, HE, 5 0% =RHERKE O REE * & GHETHM
B (B Ea#r, INAAIZ XL ).
Taiwan
Ok Os Oki Mst M Ms Mt TI St Nk Nk Nc
silt silt sh silt silt ms sst sh sh sst silt sh
INAA | 616-8A 616-5A 616-3B 615-7B 615-1A 423-17 615-6A 423-14 423-3 423-19 422-11 423-8
ppm
Sc 119 115 155 118 137 193 3.8 13.0 13.0 8.8 8.7 13.2
Cr 63.0 833 905 743 906 1048 306 838 824 620 664 947
Co 142 292 193 173 206 10.1 341 190 286 219 172 27.2
Hf 8.7 9.0 6.9 6.5 6.5 6.4 4.1 6.7 7.7 7.2 73 10.2
Ta 1.8 1.4 1.4 1.2 1.2 1.6 0.6 1.3 1.2 1.0 1.0 1.6
Th 237 159 187 149 16.0 229 72 158 167 116 107 19.1
u 5.0 3.7 4.6 3.0 3.4 4.7 1.2 3.1 3.5 2.3 2.4 4.3
La 437 421 450 374 429 586 288 437 457 355 322 507
Ce 906 900 931 693 822 1114 533 823 851 650 631 96.4
Sm 6.9 6.7 7.2 6.0 7.0 8.6 4.5 7.2 8.0 5.7 5.8 8.8
Eu 1.0 1.2 1.2 1.0 1.2 1.3 0.8 1.2 14 1.0 1.0 15
Tb 2.4 0.8 0.7 0.7 0.9 0.9 0.5 0.8 1.0 0.6 0.6 1.1
Yb 21 2.4 27 2.8 2.6 3.4 1.0 2.6 2.8 2.2 23 3.3
Lu 0.5 0.4 0.5 0.3 0.4 0.5 0.2 0.5 0.5 0.3 0.4 0.5
Cs 18.8 6.5 13.6 9.1 99 177 1.2 8.9 8.4 4.3 4.7 8.9
As 9.3 - 9.1 6.9 84 136 - 8.7 6.3 6.5 335 107
Sb 1.2 1.1 1.1 0.9 0.9 0.9 0.3 0.8 1.0 0.6 0.7 0.9
ok whw (LA, e (LOR), #m (BRE) Of = R/HMEEDREE &t
EIICFEHR (INAA LK 2).
Yuya Susa Masuda
Juraku Kiwado Toyama Hitomaru Kadoyama Kawashiri Igami Koyama Toyota
sst ms sst ms ms sst sst sst ms ms ms sst ms silt
INAA | 705-15A 705-14A 705-3A 705-5A 705-17B 705-10A 705-12B  705-8B | [960201-1 960201-2| | 706-3A 706-6C 706-1A 706-5A
ppm
Sc 7.8 180 96 124 127 5.8 9.8 6.5 18.4 144 17.2 9.7 126 122
Cr 255 19.0 548 451 61.1 18.9 541 35.2 82.7 66.2 799 614 455 705
Co 196 160 137 91 148 11.8 79 178 8.8 6.8 15,0 136 135 187
Hf 3.5 5.3 6.7 4.6 7.0 23 5.9 4.2 44 5.0 5.6 5.5 3.9 5.6
Ta 0.5 0.4 1.0 0.7 1.0 0.3 0.9 0.5 1.0 0.9 0.8 0.6 0.6 0.8
Th 6.9 53 108 9.1 13.0 3.8 10.3 71 16.6 13.0 8.1 8.5 8.9 9.5
U 1.9 2.4 2.8 2.4 3.8 14 3.9 2.4 46 2.5 1.8 2.4 3.6 2.7
La 170 211 356 219 386 129 357 2338 55.7 333 232 218 239 254
Ce 280 379 638 367 710 216 644 406 108.0 605 477 475 457 521
Sm 3.7 5.5 6.8 5.0 7.5 29 7.5 49 11.9 5.6 4.9 4.1 5.9 5.0
Eu 0.8 1.2 1.1 0.8 1.3 0.8 1.3 0.8 2.3 0.9 1.0 0.8 1.0 0.9
Tb 0.3 0.6 0.7 0.6 0.8 0.3 0.8 0.5 1.3 0.9 0.6 0.5 0.6 0.6
Yb 1.6 3.1 2.2 2.5 3.0 15 25 15 3.5 2.6 2.7 1.8 2.8 25
Lu 0.3 0.5 0.5 0.5 0.5 0.3 0.4 0.3 0.6 0.4 0.4 0.3 0.5 0.3
Cs 17.5 8.3 7.0 8.8 7.4 23 5.3 1.6 24.0 9.5 9.0 49 6.6 5.4
As - - 142 176 7.8 - 15.6 - 112 196 224 265
Sb 2.8 0.9 0.9 0.8 0.9 0.7 1.9 0.7 1.8 1.0 2.9 1.5 1.4 1.6
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W # - ERTERE - AH W

3K WLELOBIRER, ER (LBR) OF=RHEMED REE & & CHEITLHRM

B (INAA 12X ).

Matsue Shobara
Koura Josoji Ushikiri Furue Itabashi  Korematsu
ms ms ms ms ms ms ms ms ms ms ms ms
INAA | Ko9 Ko17 Jo3 Jo11 Kamaura-A Kamaura-B  Us3 Us10 Fu3 Fué 1107-17  1107-5
ppm
Sc 171 16.7 99 159 53 6.7 115 155 141 15.7 13.3 8.8
Cr 240 458 409 317 30.0 36.0 435 427 691 77.3 83.6 85.9
Co 13.8 8.9 44 113 12.2 16.1 16.1 113 148 208 11.5 1.7
Hf 6.1 3.9 2.1 4.1 1.2 1.5 2.2 3.5 5.6 4.7 4.6 5.8
Ta 0.7 0.3 0.5 0.5 - - 0.4 0.5 0.9 0.9 1.0 0.8
Th 9.4 3.0 8.1 71 3.2 4.4 5.3 83 110 117 13.1 9.5
U - - - - 1.8 1.4 - - - - 4.8 5.7
La 348 171 19.0 5.7 11.2 126 145 176 344 36.8 27.0 24.6
Ce 714 37.0 283 39.7 28.2 271 180 31.0 70.0 81.6 59.1 49.8
Sm 6.3 4.3 3.4 2.3 3.4 2.2 3.5 4.3 57 10.7 6.4 5.8
Eu 1.3 1.2 0.5 0.9 0.7 0.5 0.8 0.6 0.9 2.2 0.9 0.9
Tb 1.2 0.6 0.3 0.6 0.5 0.3 0.3 0.5 0.6 1.7 0.6 0.6
Yb 2.9 2.2 1.6 2.0 1.2 1.0 2.0 2.3 2.3 3.5 2.8 2.0
Lu 0.4 0.4 0.3 0.3 0.2 0.2 0.4 0.4 0.4 0.7 0.5 0.4
Cs 6.2 - 6.5 5.6 2.5 3.6 5.8 7.9 99 120 15.4 5.7
As 8.5 - 39 135 - - 3.4 - 113 107 8.9 37.1
Sb 0.7 - 1.2 2.0 - - 1.2 0.3 1.1 0.9 1.4 1.2
Bak TIHEE GUBR) , BELEOSESRMERE O REE 2 & OMETHEN (INAA
2k 5).
Ujitawara Boso
Kawakami Miyamura Kaya  Shioya Masuma Aokiyama Ezuki Ohkuzure Nakaobareé Kinone Amatsu Kiyosumi  Anno
ms ms silt silt silt ms silt ms ms silt silt sh silt
INAA| 928-3 928-25 928-8 928-17 217-9A 216-17A 217-8A 216-18A 217-10C 216-14A 216-15A 216-11B 216-8B
ppm
Sc 149 117 - 122 156 109 131 154 147 127 154 187 305
Cr 102 102 284 277 19.9 802 271 739 739 754 708 586 333
Co 136 134 - 6.7 12.7 7.7 59 17.0 134 9.1 166 141 21.7
Hf 6.8 6.1 6.5 6.5 5.8 3.9 7.4 41 59 4.0 3.8 3.6 2.4
Ta 0.6 0.6 0.7 0.8 0.5 0.7 0.8 0.9 0.7 0.7 0.8 0.6 -
Th 8.0 7.4 8.8 9.9 7.2 75 106 138 11.0 9.6 9.4 7.0 3.8
U 1.9 1.7 2.8 2.0 1.4 2.3 25 3.0 2.9 3.2 3.2 3.0 1.8
La 364 333 429 311 279 173 362 310 267 244 242 185 9.5
Ce 66.1 58.0 70.0 541 53.0 379 700 658 587 459 445 374 19.1
Sm 7.3 7.9 8.6 57 5.7 3.5 7.7 5.4 53 4.3 4.4 4.2 3.3
Eu 1.5 1.6 1.9 1.1 1.5 0.7 1.4 0.9 0.9 0.9 0.8 0.8 0.8
Tb 0.8 0.9 11 0.6 0.7 0.5 -0.5 0.7 0.7 0.6 0.6 0.6 0.6
Yb 3.6 3.6 - 3.0 3.0 1.8 3.7 2.5 2.6 2.1 2.3 2.6 2.5
Lu 0.5 0.6 0.5 0.4 0.5 0.3 0.6 0.3 0.5 0.4 0.4 0.3 0.4
Cs 3.0 2.0 - 3.2 1.5 4.8 2.6 9.7 6.9 6.9 6.8 6.4 29
As - - 6.8 - - - 8.0 - - - 6.8 -
Sb - - - 0.4 - 1.0 - 14 0.8 1.3 1.3 0.8 -




H5KR EHBOERIGL .

Sample no. Formation FHE TR Sample no. Formation mE R
B JHE J

423-8 HHEE Nc 24" 50" 49” N 121° 20" 47" E 1107-17 it R e Itabashi 34° 51 11" N 133° 02’ 12" E
422-11 R Nk 24" 45° 05" N 121° 12’ 58" E 1107-5 RINRE Korematsu 34" 52’ 25" N 133" 00" 18" E
423-19 ] Nk 24° 50’ 04” N 121° 18’ 05" E L APIR

423-3 RIKRE St 24° 52° 43" N 121° 22’ 47" E Ko9 gt = Koura 35° 33" 15" N 133" 13’ 33" E
423-14 REE T 24" 48 12" N 121° 21’ 46" E Ko17 35" 34° 01" N 133" 13’ 40" E
615-6A Kk Mt 24° 55" 30" N 121° 32" 49" E KamauraB JiJE<FE Josoji 35" 28" 25” N 132° 45° 24" E
423-17 RILE Ms 24" 46° 02” N 121° 21" 41" E KamauraA 35" 28" 25" N 132" 45” 24” E
615-1A THERIKE M 24" 54’ 34" N 121° 29’ 52" E Jo11 35° 34’ 32" N 133" 14’ 08" E
615-7B H-AB  Mst 24° 54’ 10" N 121° 32’ 21" E Jo3 35° 33" 57" N 133" 12’ 56" E
616-3B A= Oki 24" 53° 17" N 121" 33" 01" E Us10 SRl Ushikiri 35" 27" 47" N 132° 44’ 24" E
616-5A HMHEBERE Os 24° 50’ 37" N 121° 33’ 06” E Us3 35° 28 01" N 132° 45’ 06" E
616-8A HiEE Ok 24" 50° 13" N 121° 31’ 41" E Fu6 HiLE Furue 35° 26" 57" N 132° 46’ 40" E
WEE Fu3 35° 26’ 43" N 132° 46’ 52" E
705-8B FLRE  Igami 34° 22’ 09" N 130° 59’ 53" E FIHHIE

705-12B  JIIRERE  Kawajii 34" 24’ 16" N 131° 58’ 24" E 928-17 REERE Shioya 34" 50’ 55" N 135" 54’ 28" E
705-10A  AILAE  Kadoyama 34° 22’ 34" N 131° 02’ 23" E 928-8 THEIKEWERE Kaya 34° 51’ 10" N 135° 54’ 37" E
705-177B AAEE  Hitomaru 34" 21° 27" N 131° 01’ 51” E 928-25 ENWERE Miyamura 34° 51’ 24" N 135° 54’ 55" E
705-5A L% E  Toyama 34" 19’ 47" N 130° 53’ 27" E 928-3 PINR: = Kawakami 34° 51’ 24" N 135" 54’ 38" E
705-3A  HEFRB Kiwado  34° 18 41" N 130° 53’ 45" E BREE

705-14A  +HRE  Juraku 34" 21’ 59” N 131° 07" 23" E 216-8B g Anno 35" 12’ 50” N 140° 04> 28" E
705-15A  TH#RE  Juraku 34" 22’ 14" N 131° 08 28" E 216-11B  {&EE Kiyosumi 35" 09’ 13" N 140° 04’ 17" E
ZE 216-15A  RiE/@ Amatsu 35" 08’ 46" N 140° 03’ 32" E
960201-2 &ILEERE Koyama 34° 38" 02" N 131° 36" 37" E 216-14A K/ BB Kinone 35" 08 39” N 140° 03’ 25" E
960201-1 mHILEAE Koyama 34° 37 59” N 131" 36 33” E 217-10C  HRERE Nakaobara 35° 07’ 25” N 139" 50° 21" E
= H 216-18A  KHE Ohkuzure 35" 07’ 47" N 139" 54’ 20" E
706-5A EHREE Toyota 34" 39’ 55” N 131° 51’ 57" E 217-8A LHE Ezuki 35" 06° 16” N 139" 52° 20" E
706-1A Z2HZERE Toyota 34" 39’ 37" N 131° 50’ 31" E 216-17A  FAWLRE Aokiyama 35" 08’ 05" N 139° 54’ 17" E
706-6C ZHREE  Toyota 34° 39’ 51" N 131° 50’ 41" E 217-8A W Masuma  35° 07’ 12” N 139° 50’ 07" E
706-3A ZHAE Toyota 34° 39" 35" N 131° 51’ 02" E
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