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Fig.1 ~ Schematic sketch of sampling locations
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Table 1 Mean value and deviation of main lithophile elements of amphiboles

in estuaries of the Huanghe River and Changjiang River

-~ I HR (n=17) KIT.CR(n=21) CR-HR
RALE
FHE SD cv FHE SD cv RD
ALO, 9.56 0.53 5.56 9.73 0.44 4.53 1.79
TFe,0, 17.04 1.12 6.56 16.70 0.89 5.34 2.02
MgO 10.20 0.57 5.61 10.40 0.50 4.77 1.95
Ca0 11.06 0.38 3.41 11.63 0.39 3.36 5.03
Na,0 1.13 0.09 8.01 1.09 0.06 5.89 -3.50
TiO, 1.10 0.14 12.98 1.17 0.12 10.16 5.74
K,0 0.67 0.07 9.73 0.59 0.06 10.14 -14.11
MnO 0.35 0.02 6.02 0.33 0.02 4.82 -5.54
Li 7.97 2.15 27.01 10.42 2.08 20.00 26.63
Be 1.62 0.16 9.71 2.05 0.22 10.88 23.47
Se 75.31 6.56 8.71 72.62 5.21 7.17 -3.64
v 360.83 28.31 7.85 382.26 17.02 4.45 5.77
Cr 251.94 34.78 13.81 280.33 41.68 14.87 10.67
Rb 6.62 0.56 8.46 6.50 1.07 16.40 -1.80
Sr 105.16 41.28 39.25 154.51 74.34 48.11 38.01
Y 56.41 4.74 8.41 48.52 5.42 11.17 -15.04
Zr 64.77 7.37 11.37 102.64 10.47 10.20 45.24
Nb 15.78 1.20 7.61 17.54 1.80 10.25 10.58
Ba 62.61 13.05 20.85 52.65 10.94 20.79 -17.28
La 20.25 4.12 20.35 25.72 5.45 21.18 23.81
Ce 59.78 8.69 14.53 63.89 10.74 16.85 6.64
Pr 9.32 1.04 11.16 8.96 1.16 12.93 -3.94
Nd 43.46 3.86 8.88 39.12 4.19 10.70 -10.51
Sm 11.13 0.67 6.0 9.31 0.75 8.1 -17.81
Hf 2.65 0.15 5.63 3.47 0.33 9.44 26.58
Ta 0.92 0.44 47.62 1.14 0.66 57.86 21.27
Ph 10.29 3.96 38.54 11.14 3.89 34.95 7.97
Th 1.30 0.54 41.29 3.32 1.10 33.16 87.51
U 0.49 0.12 24.39 0.72 0.18 25.32 38.71

VE: AR, A % R TE 2 1075 34 (k) 2R 9 B T — A T — B/ ) wimmean 8 5 SD kb 2% 5 €V
Hy 75 5 (% ) =SD/wimmen* 1005 RD AR5 2 (9% ) = (ByymBypy ) (BB, ) X200 3 HE B0 BE 51 A 450 BE 2 910 i1, 5L 35 F BE B A

RATKE b R I H o
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(x107)

Table.2 Abundance of major trace lithophile elements of amphiboles in estuaries

of the Huanghe River and Changjiang River (x107)

G5 R/ um Li Be Se v Cr Rb Y Sr Zr Nb Ba Ce Hf
HKLO02/63-125 9.94 175 7268  397.98 21028  7.08 5542 55.20 57.63 1418 8526 5798 257
HKL03/63-125 11.84 186 6540  393.67 24068  6.65  58.16 65.42 63.09 1744 8342 6227 284
HKL04/63-125 13.61 1.64 6588 38847 22937 737 5771 72.24 56.77 1608 8543  77.06  2.68
HKL09/63-125 1086 176 6748  401.02 23594 649  57.20 63.53 56.49 1516 8582 6629 277
HH8/63-125 6.69 145 7445 34169 33633  6.14 4849 67.94 59.82 1443 6340  49.08 261

® HBZ1/63-125 6.63 159 7227 33313 27822 643 53.09  165.32 60.03 1492 5609  67.03  2.66
HLJ3/63-125 5.87 124 6395 28475 24078 578 4550  118.06 52.44 1293 5531 5744 226
HH6/63-125 7.28 158 7500 34044  292.11 6.81 5050 82.58 61.80 1507 6097 5222 258
HKZ7/63-125 6.69 1.63 7659 34352 25244 654  59.66  113.70 67.52 1720 6535 6923 278
FHH1/63-125 6.33 149 7695  354.58  268.11 797 5350  105.83 75.63 1558 5605 5671 243
FHH4/63-125 6.36 1.64 7601 34843 28300 675  53.11 141.27 62.53 1560 6220 7275 258

- HH8/31-63 7.44 157  83.07  360.25 26526 594 5926  113.00 66.64 1590 5258  54.84  2.59
HBZ1/31-63 7.74 157 8250 35729  281.14 601  61.66  184.50 71.45 1572 5301 6537 2.8
HLJ3/31-63 7.55 1.56 8195 35856 25492  7.09 5729 13930 76.27 1735 5578  56.82 274
HH7/31-63 8.08 1.93 8482 37540 23477 697  60.53 65.43 65.86 1635 5171 4649 263
FHH1/31-63 8.25 157 78.16  360.04 19649 621 6153 94.28 69.99 16,72 5177 4883 277
FHH4/31-63 7.88 1.62 8124 35898 21206 678 6070  169.56 76.37 1640 5247  59.87  2.84
CJT3/125-250 1236 1.94 7295 37290 35412 840  39.66  109.32 10043 1600  59.18  41.60  3.50
CJN3/125-250 9.41 204 7476 37525 31595 675 4598 85.97 106.57 18.10 5157 5731 3.74
CJG3/63-125 9.45 232 7231 365.51 301.02 574 4514 23031 98.86 16.16 4169 6280 3.4l
CZ)2/63-125 9.59 208 7263  363.83 33133 7.63 4153  165.84 11948  17.12 5885 7678  3.67
CJT3/63-125 8.82 185 71.81  373.08 34267  7.17 4139  190.09 11871 1896  59.69 7011  3.64
CJY2/63-125 9.53 209 7341 36518 29997 727  51.03  200.77 10659 1593 4843 5162 327
CJN2/63-125 8.99 190 7448  375.15 32373 772 4834 175.69 108.71 19.46  52.89  71.83 347

& CJN3/63-125 9.77 195 7408  368.93 32752 725 4545 157.24 91.30 21.87 4053 73.04  3.73
SBY7/63-125 1052 1.82 7152 36292 31222  7.65 5509  289.18 108.82  17.61  57.56 8262  3.35
CMO03/63-125 1355 214 6435 40886  241.69 678  53.08 94.83 96.43 1501 6463 6560  3.64
CM04/63-125 1625 247 6446 40072 27341 735 5031 87.86 12836  18.04 7654 7328  4.53
CZJ01/63-125 1502 229  67.08  421.11 23553 615  63.07 76.95 101.79 1842 7171 6216  3.86
CJY01/63-125 1210 265  67.68  409.84 23644 513 49.50 75.39 85.43 1746 6390  60.54  3.39

- CNJ03/63-125 11.03 197 5751 39680 21675 513  47.06 67.77 88.31 1343 6479  61.19 296
SBY7/31-63 8.76 175 7613 37296 25257 577 5095  206.10 10345 1686 4675 5443 330
CJG3/31-63 10.18 204 7735 39408 27489 772 5230  206.06 110.00  18.87 4584 6646  3.45
CZJ2/31-63 9.66 192 7684  393.68  227.21 570 4798 177.55 98.43 17.94 4017 5810  3.52
CJY2/31-63 9.15 1.87 7678 38152  265.11 553 4856  233.52 95.16 1636 4148 6527  3.10
CJN2/31-63 9.98 201 7627 39054 26600 503  44.24 72.03 101.87  18.03  43.07 4426  3.38
CJN3/31-63 9.40 222 7483 37137 24122 506 4795 10097 94.60 19.65 4320  59.07 3.8
CJC3/31-63 9.46 201 7791 38278 25778 597 5603  317.69 100.59 1726 4451 7997 325
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B Y Rl e =4 o G A )1 M NI A8 S 1
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P[] A8 S R AUA>20%, B 0 25 25 5. B BT
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HIOTRIA AR, R AR Bk L 2 R R AR,
ATRAYON AR IX — 2 RIT AN A AL 40 =Fh
RLEE A X i 22 3RS I, = RoRL R 2 ) — i 22
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Fig.2 Relative deviation of elements in amphibolite with different grain grades in estuaries

of the Huanghe River and Changjiang River
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Table 3 Cationic site occupancy of normal and trace lithophile elements in amphibole crystal structure
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Table 4 Contents (x10™) and characteristic values of rare earth elements of amphibole

in estuaries of the Huanghe River and Changjiang River

REE AN I A (K FHIH THH
La 20.37 25.69 SREE 186.51 182.79
Ce 60.02 63.72 SLREE 146.68 148.78
Pr 9.38 8.92 SHREE 39.83 34.00
Nd 43.66 39.03 SLREE/ZHREE 3.68 4.38
Sm 11.11 9.30 3Ce 146.68 148.78
Eu 2.15 2.12 Y 95.90 82.80
Gd 10.72 9.35 SCel2Y 1.53 1.80
Th 1.94 1.64 Sm/Nd 0.25 0.24
Dy 10.78 9.27 La/Y 0.36 0.53
Ho 232 1.97 (La/Lu) 2.39 3.63
Er 6.23 5.28 (La/Yb)\ 2.30 3.49
Tm 0.94 0.78 (La/Sm) N 1.15 1.74
Yb 5.98 4.96 (Gd/Yb)N 1.45 1.52
Lu 0.91 0.76 8Ce 1.04 1.01
Y 56.08 48.79 S8Eu 0.60 0.69
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Fig4  Chondrite-normalized REE distribution patterns of amphibole from sediments in estuaries

of the Huanghe River and Changjiang River
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Table S Mean, variation and deviation of the ratio of characteristic lithophile elements of amphibolein estuaries

of the Huanghe River and Changjiang River

JEHR HAH AV SD, Vi AV, SD CV,, RD i
TFe,0,/MgO 1.67 0.15 9.25 1.61 0.12 742 -3.68
Ti0,/MnO 10.56 0.31 9.60 3.54 0.36 10.26 -10.56
CaO/K,0 18.42 2.57 9.55 19.78 2.40 12.15 18.42
K/Sr 61.86 28.28 4571 40.11 22.69 56.58 -42.67
K/Zr 87.92 14.88 16.92 47.90 791 16.52 -58.93
K/Nb 358.30 39.04 10.90 281.36 47.32 16.82 -24.05
Sr/Ba 1.82 0.89 48.77 321 179 55.71 55.50
St/Rb 16.30 6.77 41.50 2445 11.82 48.32 40.01
Li/Rb 1.23 0.30 24.10 1.66 0.39 23.44 29.99
Ba/Be 39.25 6.91 17.60 25.77 4.76 18.46 -41.46
V/Ba 5.82 0.92 15.78 7.46 1.36 18.29 24.69
Cr/Ba 4.16 0.94 22.68 5.48 1.27 2321 27.50
Zr/Ba 1.07 0.27 25.39 2.00 0.36 18.13 60.66
Zr/Se 0.86 0.06 7.29 1.43 0.18 12.44 50.01
Zr/Rb 9.78 118 12.02 16.06 2.02 12.60 48.65
Zr/Nb 4.12 0.35 8.42 5.92 0.71 12.01 35.77
Zr/Y 1.16 0.11 9.73 2.14 0.34 15.99 59.61
VIY 6.42 0.46 7.13 7.93 0.75 9.45 21.06
Cr/Y 4.58 0.93 20.28 5.87 1.38 23.48 24.68
Y/Hf 21.23 1.35 6.34 14.07 1.91 13.60 -40.56
Y/Nb 3.57 0.20 5.54 2.81 0.42 15.01 -23.95
Y/La 2.86 0.62 21.61 1.98 0.44 22.44 -36.28
Nd/La 2.20 0.30 13.53 1.56 0.20 13.56 -33.88
Sc/La 3.86 0.97 25.22 2.97 0.84 28.19 -26.30
Sc/Hf 28.54 271 9.50 20.83 245 11.76 -31.22
Rb/Hf 2.52 0.26 10.16 1.87 0.28 14.82 -29.84
Ce/Sm 5.39 0.59 10.89 6.81 0.77 11.25 23.39
Th/U 271 0.98 36.01 4.62 1.08 23.44 52.19
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Fig.5 Scatterplot of ratios of lithophile elements with small variation coefficients in amphiboles
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Fig.6  Scatterplot of ratios of lithophile elements with large fluctuation coefficients in amphiboles
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Comparison of Geochemical Characteristics of Lithophile Elements of
Amphibole: Identification of estuarine sediment provenance, Huanghe
River and Changjiang River

JIN BingFu',DANG LiLi', KONG QingXiang®, WANG MengYao’, YUE Wei*, FAN ShuiMiao'
1. School of Resources and Environmental Engineering, Ludong University, Yantai, Shandong 264025, China

2. Ruihua Experimental Junior Middle School, Qingdao, Shandong 266300, China

3. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China

4. School of Geography, Geomatics and Planning, Jiangsu Normal University, Xuzhou, Jiangsu 221116, China

Abstract: Samples from 26 locations on the Huanghe River Estuary, the Changjiang River Estuary, the abandoned
Huanghe River Estuary and the northern Jiangsu coast were analyzed to identify the provenances of amphibole in sedi-
ments from the Huanghe and Changjiang Rivers. Thirty-eight groups of different-size detrital amphibole particles were
tested by element geochemistry (ICP-OES and ICP-MS). Fifty major and trace element contents were obtained for ev-
ery amphibole group. The results show homologous amphibole element content for the different particle sizes. Except
for the relatively large deviation of a few large ion-active elements, most of the element content differences are rela-
tively small. This indicates that the provenances of the amphiboles from the Huanghe River and Changjiang River
have individual characteristics in common. The collective geochemistry of amphibole from the two estuaries showed
high Ca, Mg, low Na, K content. The large-ion lithophile elements occupy the A and B sites of the amphibole struc-
ture, and the constant elements K, Na, Ca and trace elements Sr , Ba, Rb, Pb, Th, U etc. are closely related, and
have a wide range of isomorphism. These large-ion trace elements fluctuate greatly in the homologous samples, with
medium to large average differences between heterogeneous samples. The high-field-strength profile elements (e.g.,
Zr, Hf, Sc, Y, REE, Nb, Ta, etc.) have undergone complex isomorphic substitution in the structure of the amphi-
bole; the constant elements (e.g., Fe, Mg, Al, Ti and Mn) occupy the C sites. Their content is relatively stable,
with only small internal variation in homologous samples. In heterogeneous samples the content of various elements
and the ratio between elements differ greatly, especially the contents of Be, Y, Zr, Hf and Sm, and the ratios of
Zr/Sc, Zr/Rb, Zr/Nb, 7Zr/Y, Y/Hf, K/Nb, Sc/Hf, Y/Nb and Rb/Hf. These show significant group differences in the
amphiboles from the Huanghe River and from the Changjiang River, which is useful for indicating provenance. Scat-
ter plots of the ratios between multiple-group elements act to qualitatively identify source minerals, and multiple high
field-strength trace element content allows a quantitative assessment of the provenance by using chemical mass
balance source analysis and a least-squares algorithm.

Key words: amphibole; lithophile elements; provenance identification; Huanghe River estuary; Changjiang River

estuary



