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Abstract: Kendekeke polymetallic deposit is located in Qimantage ore belt of Qinghai Province and the background of
this deposit is a volcanic basin in the back-arc rift tectonic zone of southern margin of Qaidam. Combined with field
investigation and ore-forming geological conditions, the geochemical characteristics of deposit were summarized, the
origin of the ore-forming materials was ascertained, the rock-forming mechanism and ore-forming mechanism of the
deposit were discussed according to the study of lead isotope as well as chemical analysis, including whole-rock
analysis, REE analysis and trace elements analysis. Typical magmatic rocks, wall rocks and ores were used as the
research objects. The results show that magmatic rocks belong to calc-alkaline series, rich in sodium and derived from the
source of crust-mantle mixed deep in the earth. The REE studies of wall rocks indicate the seawater involved in

diagenesis and the deposit with characteristics of exhalative sedimentary deposit. The lead isotope research illustrates the
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p values of minerals range from 9.45 to 9.75, which are characterized by both deep-sourced and crust-sourced origins.

Based on the tracer analysis regarding the characteristic parameters, lead composition model and Af—Ay diagram, the

results show that the ore lead mainly is crust-mantle mixed lead and affected by magmatism during the enrichment

process. The geochemical properties of magmatic rocks, wall rocks and ore reveal that Kendekeke deposit was affected

by seawater in the formation progress and has the properties of exhalative sedimentary deposit. The diagenetic materials

and ore-forming material, which were affected by the mixing of multi-source, came from the deep of the earth. The

deposit had a long evolution history, begun from the early exhalative sedimentation to Late Paleozoic tectonic-magmatic

activities, deepened and expanded the mineralization system, and the late hydrothermal activities superimposed and

reformed the deposit, which is a polygenetic compound deposit.
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Fig. 1 Geological sketch map of Kendekek deposit”: 1—Quaternary; 2—Carboniferous; 3—Upper Devonian Maoniushan

formation; 4—Ordovician-Silurian Tanjianshan group; 5—Quartz-syenite porphyry; 6—Diorite; 7—Ore body; 8—Fault; 9—Studied

area
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Table 1 Chemical composition of magmatic rocks in Kendekeke deposit
Mass fraction/%
i
KW-29 KW-30 KW-33 KPB-10  KPB-11 KPB-21 oh [ 7E B
HA SRS KNS e HASIARS K wzky P WK
S i GRaes e ASES T
SiO, 65.56 61.50 60.56 66.11 57.77 72.10 63.90 57.39
Al,O4 18.87 18.39 16.54 17.15 17.39 14.47 17.67 16.42
TFe,04 2.25 5.68 7.70 2.87 6.40 2.83 4.98 3.10
CaO 2.03 5.07 2.61 3.41 4.75 2.20 3.57 5.58
MgO 0.65 0.96 2.26 0.56 3.52 0.68 1.59 3.77
Na,O 2.30 2.98 3.48 3.09 2.88 2.92 3.09 4.26
K,O 4.68 1.44 1.27 291 2.04 3.08 2.32 2.57
MnO 0.06 0.16 0.10 0.13 0.17 0.11 0.01 0.18
P,0s 0.08 0.15 0.17 0.07 0.15 0.09 0.64 0.37
TiO, 0.35 0.82 0.76 0.43 0.86 0.26 0.12 0.89
Cr,0; 0.01 0.01 0.01 0.01 0.01 0.01 0.13
SrO 0.03 0.04 0.03 0.04 0.04 0.04 0.04
BaO 0.10 0.04 0.04 0.07 0.03 0.06 0.06
LOI 2.73 2.50 4.20 2.30 3.92 0.98 3.13
Total 99.68 99.73 99.72 99.14 99.92 99.82 99.64
K,O+Na,O 6.98 4.42 4.75 6.00 4.92 6.00 5.42
K,0/( K,0+Na,0) 0.67 0.33 0.27 0.49 0.41 0.51 0.42
A/CKN 2.09 1.94 2.25 1.82 1.80 1.76 1.98
Na,O/ K,0 0.49 2.07 2.74 1.06 1.41 0.95 1.54
o 2.16 1.06 1.28 1.56 1.64 1.24 1.54

MRREANT: T IS PS8 % . A/ICKN=ALO,/(CaO+K,0+Na,0); ZJ¥AE, 1976.
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Table 2 REE contents and eigenvalues of magmatic rocks in Kendekeke deposit
Mass fraction/10
i
KW-29 KW-30 KW-33 KPB-10 KPB-11 KPB-21
B
bR ZRNK ZRNK RS ﬁﬁw RS %fﬁ
FRRE FRRE iea) KBts Y TERE
La 80.59 69.12 53.82 83.53 49.12 99.71 72.65
Ce 58.57 52.97 47.03 60.00 35.16 74.62 54.73
Pr 47.44 47.11 43.06 48.35 29.92 61.82 46.28
Nd 31.41 35.16 33.28 32.50 22.66 42.50 32.92
Sm 19.38 24.51 23.13 19.79 19.18 25.54 21.92
Eu 12.19 16.16 14.38 12.74 12.33 16.44 14.04
Gd 12.88 17.65 14.92 12.69 15.08 16.08 14.88
Tb 10.85 16.17 13.40 10.43 14.26 12.55 12.94
Dy 9.40 14.77 11.57 8.83 12.83 9.53 11.16
Ho 7.31 11.79 8.97 6.92 9.74 7.18 8.65
Er 9.25 13.75 10.55 8.35 11.25 8.65 10.30
Tm 8.44 12.19 10.00 7.50 10.00 7.81 9.32
Yb 8.82 12.14 9.45 7.91 10.00 8.32 9.44
Lu 8.82 12.35 9.71 8.24 10.29 9.12 9.75
Y 8.65 13.45 10.00 8.40 12.25 8.70 10.24
LREE 110.32 104.68 92.12 113.51 70.56 141.46 105.44
HREE 11.61 16.93 13.52 10.91 14.32 12.31 13.27
YREE 122.82 122.79 106.69 125.35 85.78 154.97 119.73
LREE/HREE 9.50 6.18 6.81 10.40 4.93 11.49 8.22
SEu 0.76 0.77 0.76 0.78 0.72 0.79 0.76
8Ce 0.91 0.91 0.97 0.91 0.89 0.92 0.92
(Ce/Yb)n 6.64 4.36 4.97 7.59 3.52 8.97 6.01
(La/Yb)y 9.14 5.70 5.69 10.56 491 11.99 8.00
(La/Sm)y 4.16 2.82 2.33 4.22 2.56 3.90 3.33
(Gd/Yb)y 1.46 1.45 1.58 1.60 1.51 1.93 1.59
Ce/Yb 27.47 18.05 20.58 31.38 14.55 37.10 24.86
Eu/Yb 0.46 0.44 0.50 0.53 0.41 0.66 0.50
La/Sm 7.25 4.92 4.06 7.36 4.47 6.81 5.81
La/Yb 14.12 8.80 8.80 16.32 7.59 18.52 12.36

MR AL PR MRS WS 3 FdEdl: FE SR L O ER SIS B ERRL A P B R
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Table 3 Trace elements contents of magmatic rocks in Kendekeke deposit

Mass fraction/107

v
i KW-29 KW-30 KW-33 KW-34 KPB-10 KPB-11 T YEIG(E
Fay S ISINRIS ZRMEK RIS A RIS R ) (1962)
ik kTR S kTR S mE KIEs wa ARk
W 3.0 3.0 3.0 5.0 3.0 4.0 3.5 1.3
Sn 2.0 3.0 2.0 3.0 2.0 5.0 2.8 25.0
Mo 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.1
Cu 9.0 6.0 22.0 5.0 25.0 9.0 12.8 47.0
Pb 14.0 13.0 11.0 9.0 17.0 14.0 13.0 15.0
Zn 21.0 60.0 73.0 45.0 22.0 59.0 46.7 83.0
Ag 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.1
\Y% 39.0 100.0 104.0 74.0 34.0 123.0 79.0 90.0
Cr 10.0 20.0 20.0 20.0 30.0 30.0 21.7 83.0
Co 1.7 12.6 16.3 5.8 5.5 11.0 8.8 18.0
Ni 5.0 5.0 9.0 5.0 7.0 11.0 7.0 58.0
Ba 756.0 361.0 341.0 639.0 586.0 235.0 486.3 650.0
Sr 215.0 315.0 249.0 508.0 327.0 333.0 324.5 340.0
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Fig. 4 Chondrite-normalized REE patterns of magmatic rocks
in Kendekeke
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Kendekeke



2666 o EA 8 R R 201349 A

R4 WO XS A AT AR O ER R AR

Table 4 REE contents and eigenvalues of wall rocks and magnetite of ores in Kendekeke deposit

Mass fraction/107

PE S el
KD-05 KD-07 KM-4 sy KP1-20 KC-03 KPB-18 KPB-19 P
ik PEERTOWERRDT ERERE CPIME pus BERE SRS KOAERH
La 26.25 29.38 15.31 23.65 73.82 98.53 63.53 71.18 76.76
Ce 12.13 15.00 7.02 11.38 51.43 64.95 52.20 58.90 56.87
Pr 9.33 11.25 5.33 8.64 53.72 64.38 44.21 51.07 53.35
Nd 6.00 7.67 3.83 5.83 43.13 47.66 32.34 39.22 40.59
Sm 3.35 5.35 2.20 3.63 32.15 30.05 21.28 25.95 27.36
Eu 2.19 2.88 2.19 2.42 9.45 14.93 11.64 15.62 12.91
Gd 2.77 4.39 1.74 2.97 24.65 19.27 14.31 16.04 18.57
Tb 2.40 4.20 2.00 2.87 24.04 16.81 12.55 12.34 16.44
Dy 2.39 4.61 2.19 3.06 23.13 15.13 10.60 9.27 14.53
Ho 2.05 4.11 2.33 2.83 19.49 12.69 8.46 6.54 11.79
Er 2.52 4.24 243 3.06 22.25 15.80 10.40 7.20 13.91
Tm 1.82 3.03 2.12 2.32 19.38 15.94 9.69 5.31 12.58
Yb 2.63 4.05 2.53 3.07 18.27 16.14 9.45 5.32 12.30
Lu 2.26 3.23 2.26 2.58 17.94 16.76 9.71 5.29 12.43
Y 291 5.00 2.55 3.49 23.60 14.50 9.40 7.30 13.70
LREE 25.35 30.73 15.04 23.71 112.27 136.75 99.30 114.14 115.62
HREE 8.73 14.96 7.62 10.44 25.70 19.12 12.95 11.00 17.19
ZREE 34.08 45.69 22.66 34.14 138.66 156.96 113.10 126.28 133.75
LREE/HREE 2.90 2.05 1.97 2.31 4.37 7.15 7.67 10.38 7.39
(La/YDb)y 9.98 7.25 6.06 7.76 4.04 6.11 6.72 13.38 7.56
(La/Sm)y 7.84 5.49 6.96 6.76 3.40 2.01 1.83 1.66 2.23
(Ce/Yb)n 4.61 3.70 2.78 3.70 2.81 4.02 5.52 11.08 5.86
(Gd/Yb)n 1.05 1.08 0.69 0.94 1.35 1.19 1.51 3.02 1.77
Eu/Yb 0.32 0.27 0.33 0.31 0.17 0.31 0.41 0.97 0.47
Ce/Yb 22.80 18.31 13.75 18.29 11.64 16.65 22.84 45.81 24.23
La/Sm 12.54 8.79 11.14 10.82 4.00 5.72 5.20 4.78 493
La/Yb 16.80 12.21 10.21 13.07 6.24 9.44 10.38 20.68 11.69
0Eu 0.72 0.59 1.11 0.81 0.33 0.61 0.65 0.74 0.58
o0Ce 0.68 0.74 0.68 0.70 0.81 0.80 0.97 0.96 0.88
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Table 5 Lead isotopic characteristic parameters of ores in Kendekeke deposit

P o 12 5 0 %01 °°Pb/***Pb LU [ 18.464~18.703,
KIME hy 18.594, 2K 0.239; 7Pb/™Pb LA IEH N
15.602~15.761, ¥J{H A 15.651, # %4 0.159; T
2%8pp/2%Pb LLAE Y ol 38.176~38.687, $1H 4 38.338,
W2 0.511,

PR B BT A A2, R Geokit R pE W4T
T R 3R SRS B (W& 5). Th/U {EE LN
3.55~3.72, “FEME N 3.60. T4 u HNT 9.45~9.75
Z I8, SPHMEN 9.541. Moy 1 AN 9.58 ffmiE
Hy9.75, HAMIME T 9.58, IX—JERIATH15E uc=9.81
SR HE 100=7.80 Z[8], SN H SR8 VR A TR AE .

— B L B (> 9.58) A Ay e S P U
1, 10<<9.58 [T I AR RIS A RS [R]
PEZR u AT 9.45~9.75 2 18], MK 9.54, £ 1
KT 9.58 IEE AN 9.75, HAMET 9.58, HEHIAX
P[] 437 2% ) INF AT VR VAR A SEUS ATAAIE » Th/U LB A A
3.55~3.72, N 3.60, HAL TP E K B e
B 3.47 FiAEk bahae P8 (H 3.88 2 (a7, k]
WP RT Bt . (EHS L7 22 41RK Zartman-Doe
fEROILIE 8)rh, B AR A L bSR3 (L A A AL 2k 2
], AErp i AL B, RN E LA S b
HSEET RS P . LTI, T O AR
ARSI T S L E A 58 Y TR G

HT NI, $5c i S s X AR Ah [ 2 *"Pb/*"Pb
H1 2P 2%Ph (484, 1T 2P/ 2Pb H A T IR AT
P, FH AR FI Ay fESINRER, Befeftii 2 H4H
{1 TR S TR A R N T BRI AR X
W AERE,  THE ) (]I R A X R 2 (8
Ao~ AB I Ay(ILER 5), BEATETIRIN 2R AB—Ay 732
Pl (L 9) a3 dr o B 9 B i3 T 52 A R AE A
RI e IRA M ETE X, R A RR 3 il
Ve R TR Ao AL, FEHR A IR

FEAS AR 2PbAYMPb PbAMPb PPPbAYMPb RMEM/Ma x4 TWU A A Ay
KDO02 T 18.560 15.602 38.176 59.6 9.45 355 7391 17.73 21.36
KDO04-1 WA 18.703 15.761 38.687 155.0 9.75 3.72 89.59 28.49 39.19
KDO05 WY 18.615 15.645 38.296 74.2 9.53  3.58 7821 20.59 25.20
KDO5 AR 18.617 15.643 38.347 70.2 9.53  3.60 78.02 2044 26.39
KD06 Cig R 18.576 15.618 38.271 68.4 9.48 359 7551 18.80 24.28
KDO7 AR 18.594 15.625 38.237 64.1 9.49 356 7622 19.24 23.19
KM-4 fin™ 18.464 15.654 38.361 63.0 9.56 359 68.62 21.13 26.46
KM-5 T 18.621 15.657 38.328 85.1 9.55 359 7939 21.42 26.52
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