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Abstract: The Tawenchahanxi Fe-polymetallic deposit is a medium-sized deposit newly discovered in Qimantag area
of Qinghai Province. In this area the orebody and metallogenic rock body are both covered by Quaternary eolian
sandstone. By using LA-ICP-MS zircon U-Pb isotope dating, the authors obtained the petrogenetic age of the granite
diorite porphyry (236.0 =2.3 Ma.) which is the main ore-forming rock mass in the ore deposit. The result is close
to the age of Tawenchahanxi deposit. It might have been formed at the collision-post collision conversion stage of
Late Paleozoic to Early Mesozoic tectono-magmatic cycle associated with the crustal thickening setting. On the basis

of chronological, petrologic and geochemical studies, the authors have revealed that the granodiorite porphyry is a
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peraluminous, high K calc-alkaline series granite, which is enriched in LREE and HFSE and depleted in HREE

and LILE, with medium negative Eu anomalies. The granodiorite porphyry belongs to the I-type and crust-mantle

magma mixing source, related to regional large-scale mantle magma underplating and crust-mantle magma mixing.

The Tawenchahanxi Fe-polymetallic deposit is a typical skarn deposit, which is mainly distributed in the contact

zone between granodiorite porphyry and Qimantag Group carbonatite. There are two type of orebodies ( metasomatic

iron-oxide orebody and veinlet sulfide polymetallic orebody) in the ore deposit, and the evolution of the ore-forming

fluid can be divided into skarn stage, retrograde alteration stage and sulfide-quartz stage.

Key words: medium-sized; granite diorite porphyry; I type; crust-mantle magma mixing; skarn; Tawenchahanxi;

Qinghai Province
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Fig. 2 Microphotographs of rock(a ~f)and rock sample photographs (g, h) in the Tawenchahanxi deposit
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a—remained mass structure; b—porphyritic texture; c—amphibole, chlorite and epidote; d—pyrophyllite, talc and wollastonite; e—plagioclase zon-
ing; f—apatite and zircon; g—cross section of core; h—vertical section of core; Q—quartz; Pl—plagioclase; Am—amphibole; Anh—anhydrite;
Bt—biotite; Chl—chlorite; Ep—epidote; Tlc—talc; Prl—pyrophyllite; Zrn—zircon; Ap—apatite; Wo—wollastonite
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Fig. 3 Geological section along No. 254 exploration line in the Tawenchahanxi deposit
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Fig. 4 Typical ore sample photographs in the Tawenchahanxi deposit
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a, b—massive magnetite ore; c—disseminated lead-zinc polymetallic ore; d,e—disseminated copper ore; f—vein iron-copper ore;

g—iron oxidized ore; h—copper oxidized ore; i—brecciated iron ore

TEERAT NS 2 tHAC, SN S 1 A, BN B AR
o FEBIRR ALY~ Sk B R 2 A s AR AT | S Bk
B INVEED 7 A D CHRD &0 DL A Bk A ™
WA B TT AT Serh S AT 5 2 AR,
RN IR LU B AT X AR 5~
5D,
2.3 BEAEME

B DX A P AR i 2, AR SR AT 1 R Al SR
VERAAN SRR PN AN FEE ANt P AN AN LT
PAR IR £ A 55 CI 60 o JLrh, B AR AL 5% 3 fx
NEDNERY R A A LA, 24 L8 B A 1

A A D U T A 105 R SR A R R
VIR R S IR A . W REWEERE TN
bty R E BN B KA AR TR R A AR
L s ST/ iRE PN EY (R EI M SR i ] AR AN
BRI A IR A 45, IR AL GBS AR AT T A 2 i
L ERle A m B A A IR, SRR AT AL S T
AR B B A S KA 2 R LR B Ay
SN e B INAERY 5 A AR N AT A 2 B A
AL L BB AR IRVER N W IR B, 5
BRIR FRACAE A s i S0 B R (e & B T 1Y
RELE P AR /RB A B RSB EE D



553 40 B S HRA EI AR E SR R TR AL AR 23 H 475

x1 TREXNATXEETHWERIIF

Table 1 Generalized paragenesis diagram of main ores in the Tawenchahanxi deposit
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Fig. 5 Typical microphotographs of ores in the Tawenchahanxi deposit (reflected light)
Mag—REHRN" s Lon—HkA"; Py—308RA™; Cop— 34107 Bo—BEMIA™; Sp—INEEN"; Gn—J7 840 Cv—Hi; Az—BE4I0; Po—RAZTERA"
Mag—magnetite; Lm—limonite; Py—pyrite; Cecp—chalcopyrite; Bn—bornite; Sp—sphalerite; Gn—galena; Cv—covellite; Az—azurite;

Po—pyrrhotite

3.2 %A U-Pb & APkt AL LA X Skt 5 7 I AT ST A
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Fig. 6 Typical microphotographs of wall rock alteration in the Tawenchahan deposit ( crossed nicols)
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a—Dbiotitization; b—amphibolization, chloritization and epidotization; c—wollastonitization, pyrophylitization and talcization; d—sericitization; e—

potassic alteration; f—actinolitization and carbonatization; Anh—anhydrite; Pl—plagioclase; Kfs—k-feldspar; Bt—biotite; Am—amphibole; Chl—

chlorite; Ep—epidote; Ser—sericite; Tle—tale; Prl—pyrophyllite; Ap—apatite; Wo—wollastonite; Act—actinolite; Cb—carbonate mineral

S BT . LA-MC-ICP-MS %547 U-Pb & £E313R 2>
A [ b R 2 e AT 7 B U B 9T MC-ICP-MS
S 5 58, € T 4r BT AX A% 4 Finnigan Neptune %!
MC-ICPMS K5 2 Bt ) Newwave UP 213 3% 3t
REG0. WOLHI BT FHARBEE 28 25 wm, LA He 3%
o NPES A ARHE IR TR B ATEAR FE A 1% (20D /2
A5, Bif U-Pb 8 4 LLBS A1 GJ-1 405, ULTh 5 &
PLEE 47 M127 (U =923 x 10 %, Th =439 x 10 °,
Th/U =0.475) A MR AT IE . W alad 74 v 71 5F
WE 5 ~7 ASFE S ET S B NE A4 GI-1 XA
m AT REE, JF 2 — /N5 A Plesovice , M 22 {3 25 1)
RS DULRTIE DU PR RG 0 B o B8l Ak 2R H TCPMS-
DataCal F2)7, Y18 4582 1F % Andersen (2002) [ 7
15 B A AR I FTE R A Tsoplot 3.0 #2)7 3K £4 ( Lud-
wig,2003) .

4 HrE R

4.1 EFERE
W IXAE N KBS E R e EZ T4 R R 2. 5

AEE I Si0, & Bl 65.36% ~ 69. 14% , T3
66.97% ; Al,O, & &K 14. 19% ~ 15. 41%, 134
14.98% ; Na,0 & B 1E 2. 53% ~3.01% 2 [a], *F- 3
2.82%;K,0 &8 AE 3. 17% ~4.32% 2 ], ¥
3.85% ; Na,0/K,0 {4 0.62 ~0.95, K X} Na ¥ &
B A A/CNK B4 00 1,05, J& T 99 1 51 5
(K 7b); Rittman 880 o K 1. 60 ~ 2. 34, ‘P 4
1.87. 1E K,0 —Si0, F Efi# CE 7a) .5 AN FE i
BT m S B R A S5O A N K BE
bt AR 1 BUAE X o i ML AL P A T AT
AHIEFT A AR T AEAER S BIAEK AN E B
W, W T S BAE i 2 R A%, 1993 R4
JCAF,2007) « KT E, e K N K BES S5 MR T
A 1<) 5 R AE 58 AH AT ( Wolf and London, 1994 ; Chap-
pell and White, 2001) .
4.2 WETE

DX A KB i i e 3 A A AR LR 2.
T #E P Rb A1 Sr LB AT AN [R] (1 2R A6 22 4T
Bt e 117 43 125 AN GG e (R 4k, Rb B AR T O
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Table 2 Chemical analytical data of major(w,/% ), trace and rare earth elements (w,/10 "®) for the granite mass

in the deposit, and their characteristic element ratios

FE il 7ZK254 7K254 ZK254 7K254 7K254 Ffib 7K254 7K254 7K254 7ZK254 7K254
s 08-Hl1 08-H2 08-H3 08-H4 08-H5 G5 08-HI1 08-H2 08-H3 08-H4 08-H5
Sio, 67.46 65.36 65.57 69. 14 67.34 Th 27.1 26.2 23.9 26.9 27
Al, 0,4 15.10 14.96 15.41 14.19 15.26 Rb/Sr 1.42 1.83 1.05 1.18 1.06
Fe, 0, 0.94 0.83 1.29 0.79 0.90 K/Rb 127.43 95.70 127.31 160. 41 129.14
FeO 2.58 2.94 3.02 2.45 2.71 Sr/Ba 0.43 0.45 0.55 0.44 0.50
Ca0 2.35 2.92 3.63 2.66 3.36 Nb/Ta 15.08 15.00 15.00 14.85 15.00
MgO 1.83 1.65 1.93 1.60 1.62 Th/U 4.01 3.80 3.99 4.33 3.89
Na, O 2.67 3.01 3.01 2.53 2.86 La 32.8 35.2 32.9 31.1 34.6
K,0 4.32 4.23 3.17 3.93 3.59 Ce 58.0 66.2 60. 1 53.2 62.8
TiO, 0.46 0.50 0.52 0.44 0.48 Pr 5.95 6.80 6.33 5.59 6.52
MnO 0.04 0.05 0.05 0.06 0.05 Nd 19.1 23.5 21.0 18.1 21.2
P,0; 0.10 0.12 0.12 0.10 0.11 Sm 3.36 4.08 3.65 3.13 3.74
LOS 2.02 3.31 2.12 1.98 1.59 Fu 0.78 0.76 0.82 0.70 0.87
H,0* 1.42 1.60 1.36 1.12 0.82 Gd 2.79 3.42 3.32 2.72 3.32
Total 100.97 100. 34 100. 95 101.19 100.75 Th 0.43 0.49 0.50 0.39 0.49
Cu 1 440 833 3 340 1350 258 Dy 2.52 2.80 2.92 2.31 2.96
Pb 22.2 23.0 22.5 31.0 23.7 Ho 0.49 0.56 0.58 0.45 0.59
Mo 3.02 2.67 3.21 3.31 2.40 Er 1.34 1.54 1.62 1.33 1.64
Cr 22.2 17.5 20.3 19.5 23.8 Tm 0.22 0.24 0.25 0.20 0.26
Ni 13.2 7.0 14.1 14.0 15.7 Yh 1.40 1.49 1.73 1.39 1.76
Co 9.94 9.25 13.60 9.67 10.80 Lu 0.22 0.24 0.28 0.22 0.29
Rb 339 442 249 245 278 Y 12.3 13.8 14.4 11.9 15.2
Sr 239 242 237 207 262 SREE 129.40 147.32 136.00 120. 83 141.04
Ba 556 541 431 466 521 LREE 119.99 136.54 124.8 111.82 129.73
Nb 9.8 10.8 10.5 10.1 10.5 HREE 9.41 10.78 11.20 9.01 11.31
Ta 0.65 0.72 0.70 0.68 0.70 |[LREE/HREE 12.75 12.67 11.14 12.41 11.47
Zr 84 144 147 119 146 (La/Yb)y  16.81 16.95 13.64 16.05 14.10
Hf 2.91 4.10 4.17 3.52 4.24 5Eu 0.76 0.61 0.71 0.72 0.74
U 6.75 6.90 5.99 6.21 6.94 5Ce 0.94 0.98 0.96 0.92 0.96
T g 30 b
6 F
25+ R i
Sk
=2
w £
T kS p.
i 15
2L
1.0
| -
(LB R WA
gl Lt 1 Emm L d 0.5 L 1
40 45 50 55 60 65 70 75 80 0.5 1.0 1.5 2.0
w(Si0,)/ % A/CNK
K7 W XFExA K,0-Si0,Ca, # Rickwood, 1989)F1 A/NK — A/CNK B fi# (## Peccerillo and Taylor, 1976)

Fig. 7 K,O - Si0, discrimination diagram Ca, after Rickwood, 1989) and A/NK — A/CNK discrimination diagram
(b, after Peccerillo and Taylor, 1976) of granites in the mining district
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I 5E T, Srw AR T BB FE G AL AN 78 43 1 M e
1, Rb/Sr B8 R O s X P e i M st 5 ANFE
Suff) Rb &5k 245 x 10 7% ~442 x 107, 3 311 x
10 Sr &8 M 207 x 10 ° ~262 x 10 ¢, V- #J 237 x
10" Rb/Sr iy 1.05 ~ 1. 83, F¥ 1. 31, /> THhig
(0.24 x10°° ~0.89 x10 ) LHh55(5.36 x 10 ° ~
6.55 x 10 ") 44 E{E ( Rudnick and Fountain, 1995)
Z0A);Nb &84 9.8 x10 ° ~10.8 x 10 ¢, - 10.
34 x107%:Ta FEH0.65%x107°~0.72 x107°, F#)
0.69 x10 °;Nb/Ta i}y 14.85 ~15.08, V¥ 14.99,
T HBSEAH R (12 ~ 13) (Barth et al. , 2000) , i ££
g Ta L Nb AN FH 25 M 5 58 5 30 Nb/Ta {5 5

1000

100 ¢

FEN /50 bt

wL WHERIEX BAREN RN S Y. G86KE,
PASIARS  Ferr S EEE A LN Y )i

28 i ey B A T A S 170l 2R ek Y A 1
8a) b, f i INK B K I 4 LILE A1 HFSE 43 57 W]
i, K Ba Rb\Sr P Ti % K& 1R A0 &AM 7,
ThUNd.Zr Hf\ Lu % 53758 70 2 A0 & 45 I,
Sr [ S T e A KA T T RHE AT 4 B 45 i R
AR EA A G, PTi 15 BT B 5 KAk B B 4%
ISR 2%, 1T Tha U & 82 LA Nb.Ta [ 43 1]
A A 50 i A G 18 2% B I Ak A8 AR T 3
(Miller et al. , 1999),

1000

100

PSS S A &

10

S ——

Rb Beﬁkh-l[ K _,"a_l\'b LaCe Sr Nd P Zr HfSm Ti Y Yb Lu

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

K 8 s ITE () MM T E (b BB B (45 Sun and McDonough, 1989)
Fig. 8 Trace elements (a) and REE (b) distribution patterns of the granite mass in the deposit (after Sun and McDonough, 1989)

4.3 ®LIE

XA N KBS oo E FE k2, 54
FE o IR 0 2 B & B SREE {54 120. 83 ~ 147. 32
x10°°, 73 134.92 x 10 °; LREE/HREE {{{ }j11. 14
~12.75, F 1) 12. 09; (La/Yb), 4L T 13. 64 ~
16.952 [8], 134 15. 51; 8Eu {4+ T 0. 61 ~0.76 2
A, ~F30.70.,

FE R ot kb B A bR vE AL B g e CFE 8b) , D
Mg AR, B AR, e WK B E
LREE.3% HREE VLW 2540 Eu 555 IRFAE, 10 5 H
TR E LRI A XA T AHF T T4 Fel Cu. Mo
SRR RIBECE ) 2 TR PR CFRZH 756, 1985) &
4.4 A U-PbE

BN LR IR RO R W, B A B TE AR RS
g R R, BURE T AR KA T HE T B 9O,

£ Th/U{E N 0.41 ~0.84( £ 3). ¥4 % Th/U
ARLH Bl P A 40 G sk DRI () A 302 %0, Th/U > 0. 10
WEAE k5 2R B TR A DX 1 e R 1) s i ( =K
B,2009) o 1] UL AR PR A5 A 7 S 1 IR R AIE 8 5
DR A 11 &5 o 4 68 1T DAAR 3R AR I 28 1R 19 B 4
" o

B 13T-T1 A 19 D S 54 mACE v
B, 2 TR IE S5 A 80 B e Y 4 A T A 2k
BB AT, HAB RS 5 8 A 17 Ph/ 2P U AR AL
SEIAE AR , 3R B BB A0 AR 8 & A2 U B Pb [T
Ko g, Al A5 B (R 3). Horh, BRI B
200 Ph/ AU THAF W8 AT 3 {H 4 236.0 £2.3 Ma
(n=19,MSWD =0.53) (& 10), 8% T & X N KB
AR T AU S 0 L R Y A Ar Y5304
B XAy R R R AP & BE229.9 3.5
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Fig. 9 CL images, measured points and **Ph/

U age data of zircon from granite diorite porphyry
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232k
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Wlppy 3y
Bl 10 1E i NKBES PRE AT U-Ph iR & K Ph/2° U AF I 1 1%
Fig. 10 Zircon U-Pb concordia diagram and **Ph/*®U age spectrum from granite diorite porphyry
THEAE B S A DA G £ B R B RO A 1 A I R ™ X
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5.1 HMEWMERE

HET— Mol TR AE B o 3 B T 1 Hb 52 16 3
a3Jas Rk, FCUR R DL b 5 YR TR AR K R B 2
S Y 2 2 90 (R AR TR (Kemp et al. s 2007) , 78 1]
DA iy 5 F 4 I U5 A7 A KR AR A I RN
(Collins et al. , 2008) . T B2 EEA% Hh X HH e — B

AR A A, WO AR ST T X AR B IR KB 2 i
2 ) TR I SR A g i 2, Bk
13 Y& YR () P

St Yb AE R4k B RPN AR H A B ) kil
SEFRBR, T LR — S i 1 5 T AR Bk
JHE,2014) o AP 5 R4 N BEE Sr & &
207 x 10 °° ~262 x 10 %, V14 237.4 x10 °,Yb &
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Fig. 11 Nb—Y and Rb—(Yb + Nb) discrimination diagrams showing tectonic setting ( after Pearce et al. , 1984)
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ORG—ocean ridge granites; WPG—internal plate granite; VAG—volcanic arc granite; Syn-COLG—syn-collision granite
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