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Zn 328.3 254. 3 247.9 276.0 Lu 0. 98 0.73 0. 95 0. 90
Cu 20. 81 12. 35 18. 31 22.31 2 ¢(REE) 339. 87 160. 75 254. 87 274.55
Ga 21. 32 19.70 18. 96 19. 36 2Ie(LREE)[(Xc(Ce) ] 295.77 129. 15 213. 81 234.47
Cd 0.18 0. 24 0.24 0.22 > ¢(HREE) 44. 11 31.59 41. 05 40. 08
Li 22.31 8. 85 14. 59 15. 31 2 c(LREE)/ 2 ¢(HREE) 6.71 4. 09 5.21 5.85
Be 2.52 1. 97 2.18 1. 96 2le(Y) 102. 20 74.70 95. 37 93.50
Se 65.2 66. 2 70. 1 70. 8 2ic(Ce)/ 23e(Y) 2. 89 1.73 2.24 2.51
Co 45.7 47.8 47.0 47.8 [e(La)/c(Lw Ix 6.52 2.58 4. 54 5.24
Ni 83.3 91.7 93. 4 95.5 [c(La)/c(Yb) ]x 6.62 2.62 4. 59 5.25
Ge 3.52 3.15 3.02 3.19 [e(La)/c(Sm) In 2.62 1. 15 2.10 2.15
Rb 20. 8 5.92 8. 60 8. 54 [c(Gd) /e(YD) Ix 1. 68 1. 50 1. 50 1.62
Y 58.1 43.1 54. 3 53.4 dc(Ce) 0.92 0. 97 0.92 0.93
Nb 33.7 14.0 18. 3 24. 4 dc(Ew) 0. 49 0. 60 0. 54 0.52
Mo 0. 38 0.37 0.23 0.24 c(La) /c(Y) 1.06 0.42 0.77 0. 85
Cs 1.02 0.32 0. 66 0. 64 c(Sr)/c(Rb) 5.58 16. 26 11. 39 12. 01
Hf 5.63 3. 89 4.12 4. 50 c(Zn) /c(Cw) 15.78 20. 59 13. 54 12.37
Ta 2.12 1. 00 1. 40 1. 44 c(Gd) /e (Cd) 120. 09 82.82 78. 04 86.97
w 2.27 0.73 0.98 1.53 c(L)/c(Be) 8. 84 4.50 6.70 7.82
Tl 0. 115 0. 045 0. 063 0. 066 ¢(Rb)/c(Cs) 20. 42 18. 38 13.03 13. 34
Pb 9.76 4.53 6. 80 5.96 c(Sr)/c(Ba) 0. 96 1. 47 1.01 1.13
Bi 0.12 0. 14 0.19 0.17 c(Se)/e(Y) 1.12 1.53 1.29 1.33
Th 11.0 1. 04 4. 14 6. 83 c(HD /e(Ta) 2. 66 3. 89 2.95 3.12
U 1. 26 0.31 0.70 0. 89 c(Pb)/c(BD 80. 38 32.70 35. 56 34.21

T R AL B (107 2) s R JE R B g/2(1070),
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(Ce) \dc(Ew 22 5118 /Noh s AW R AE A 170 2 % HE A
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RS ERNIAMBEIANGEET WTESHEENEXEZ(RD)

- ST WA D %/ BT WA IWh
R SR GEE W 2 FfiE (i SRR STE s
P 10.91 66. 56 56. 68 6.13 Sm 16.98 40. 06 23.48 6.21
Ba 21.96 59. 66 38.98 6. 65 Eu 7.12 21.05 13.98 2. 34
Sr 17. 20 18. 86 1. 67 4. 71 Gd 14. 32 41.22 27.30 3.27
Cr 22.87 3.97 26.79 5.41 Th 8. 44 33.40 25.14 0.74
Y 12. 41 10.73 1. 69 0. 33 Dy 4. 88 29.17 24.37 5.23
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gxS
i LLE UM g 43T SRR A JLHR/ [LES SR LS SR BRG] EREE
55 i SEER) Y A Z [ FRAEAE 55 533 T 1A Z 18]
Zn 27.93 25. 41 2.56 10. 74 Ho 3.00 28. 37 25.43 5.39
Cu 12. 80 51. 02 38. 86 19. 70 Er 4.31 30.23 26. 01 4.27
Ga 11. 68 7.88 3.81 2.05 Tm 3.19 29. 83 26.70 5. 27
Cd 31.15 29. 07 2.13 8. 79 Yb 2. 70 29. 83 27.18 4.72
Li 41. 82 86. 40 49. 00 4. 80 Lu 3. 26 29.88 26. 68 5.38
Be 14. 65 24. 68 10. 12 10. 69 > (REE) 28.59 71. 56 45.29 7.43
Se 7.22 1. 40 5.83 1.00 2 e(LREE)[ 2 ¢(Ce) ] 32.16 78. 42 49.37 9.21
Co 2. 66 4,45 1.78 1.82 > ¢(HREE) 7.17 33.06 26. 05 2.41
Ni 11.43 9.61 1.83 2.27 > ¢(LREE)/ > ¢(HREE) 25. 14 48.51 24. 10 11. 61
Ge 15. 18 11. 11 4.09 5. 29 2le(Y) 6.91 31.09 24.31 1. 99
Rb 83. 14 111. 46 36. 86 0.63 Se(Ce)/ Ze(Y) 25.39 50. 40 25. 84 11. 20
Y 6.72 29. 62 23.01 1. 68 [e(La)/c(Lw) Ix 35.68 86. 42 54.98 14.19
Nb 59. 09 82.77 26. 98 28. 42 [c(La)/c(Yb) In 36.22 86. 46 54.50 13.53
Mo 47. 60 1. 57 46. 12 2. 89 [c(La)/e(Sm) I 22.21 77. 68 57.97 2. 62
Cs 42.93 104. 02 68.77 2. 99 [c(Gd) /c(Yb) Ix 11. 63 11. 76 0.13 7.98
Hf 30. 86 36.57 5. 88 8.79 8c(Ce) 0.45 4.95 5. 40 1.32
Ta 41.02 71.77 33.19 3.39 dc(Ew 8.81 19. 90 11. 14 2. 68
w 79. 51 102. 48 28. 84 44.13 c(La)/e(Y) 32.32 86. 63 58. 40 10. 49
Tl 58. 98 87.87 33.19 4.33 ¢(Sr) /c(Rb) 68. 39 97.74 35.24 5. 34
Pb 35.84 73.19 39.97 13.12 c(Zn) /c(Cw 15. 26 26. 47 41.31 9.01
Bi 44. 56 13.17 31.86 9.25 c(Gd) /c(Cd 42. 44 36.73 5. 94 10. 83
Th 90. 53 165. 29 119.45 48. 89 (LD /c(Be) 27. 60 65. 20 39.37 15. 47
U 57.36 121. 28 77.38 24.45 ¢(Rb)/c(Cs) 44.16 10. 48 34.07 2. 36
La 38.83 109. 24 78.77 8. 82 c(Sr)/c(Ba) 4. 81 41.99 37.36 11. 36
Ce 35.71 87. 26 55.91 10. 23 c(Se) /e(Y) 13.93 30. 99 17. 25 2.68
Pr 30. 49 69. 26 40. 94 9. 04 ¢(HD /c(Ta) 10. 50 37.67 27. 44 5. 40
Nd 25.37 55.58 31.31 8.85 ¢(Pb) /c(BD 77.32 84.33 8.38 3.88

F:RD S TR A SHES B 22 22 M4 SHE KR DU A1 2 A3 L 2>X100%, 24 RD<T15 YoM, Bodfi 1] 22 5245 /1 s 24 RD=15% ~20 % it » B4
7] 22 53 56 5 24 RD>>20 o bt Hcdla 1) 22 53 .38 2 PO URMIA IR 5 5 3% .
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c(Pb)/c (B 4 76 2 A M H 22 5 W1 s 4 4E {6
2¢(REE) | 2 ¢ (LREE) |, 2 ¢ (HREE) | 2 ¢ (LREE)/
2 c(HREE), [¢ (La)/c (Lu) Iy [c(La)/c (Yb)]y.
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Chemical composition of detrital amphibole in the sediments
of the Huanghe River,Liaohe River and Yalu River,
and its implication for sediment provenance

Jin Bingfu' , Yue Wei* , Wang Kunshan’

(1. College of Geography and Planning , Ludong University , Yantai 264025, China; 2. State Key Laboratory of Estuarine and
Coastal Research ,East China Normal University , Shanghai 200062 ,China;3. First Institute of Oceanography ,State Oceanic Admin-
istration ,Qingdao 266061 ,China)

Abstract ; Detrital amphiboles were separated from surface sediment samples obtained from the mainstream of the
Huanghe River, Liaohe River and Yalu River. Chemical composition of individual amphiboles and amphibole popu-
lation (sum of amphibole grains in a sample) were analyzed by electron microprobe analyzer,and ICP—MS,ICP—
AES respectively. Results of electron microprobe analyzer show that calcium-amphibole group(more than half are
magnesiohornblende) is dominated in the sediments of the three rivers according to their crystallochemical classifi-
cation. The chemistry composition of individual amphiboles vary in a large extent,and with high Si,Ca, Mg, and
low Na,K. Results from amphibole population geochemistry from the Huanghe River reveal significantly higher
rare earth element (REE) concentrations than that in loess and whole-rock sediment. Hence,it could be concluded
that amphibole is one of the main REE carriers of the Huanghe River sediments and loess deposits. The content
changes of amphibole could largely influence the REE content fluctuations in the whole rock. Little difference in
trace element content between the new and the abandoned Huanghe River samples possibly indicates the same
provenance. Trace elements of amphibole population are significantly different in the three rivers,indicated by more
than 20% of relative deviation in terms of some indexes. Some indicators can be used as typomorphic chemical
characteristics of amphibole to trace sediments,such as trace elements of Ba,Li,Rb,Cs,Ta,Tl,Pb,La,Ce,Pr.Nd,
element ratios of ¢(La)/c(Y),c(Sr)/c(Rb).c(Zn)/c(Cuw),c(Gd)/c(Cd),c(Li)/c(Be),c(Rb)/c(Cs),c(Sr)/
c(Ba) y¢(HE) /¢(Ta) ,c(Pb) /c¢(Bi) ,and distinguished value of > ¢(REE), 2 ¢(LREE), 2 ¢(HREE), > ¢(LREE)/
2 c(HREE),[c(La) /c(Lw) Jx»[c(La) /e(Yb) Iy, [c(La) /c(Sm) y.

Key words: amphibole; mineral geochemistry; provenance; river





