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Abstract: The Shigente iron deposit is hosted in the volcano-sedimentary rocks of the Kangbutiebao Formation.
The orebodies occur in bedding, lenticular, and vein forms, bounded by the strata. Skarnization and magnetite
mineralization are both present in the ore district. The ore-forming process can be divided into volcanic sedimen-
tary (the main mineralization period), magmatic hydrothermal (skarn-type mineralization period), and regional
metamorphic periods. Magnetite in the volcanic sedimentary period and the retrograde alteration stage of the
magmatic hydrothermal period is rich in Fe and depleted in Si, Ti, V, Mg, Mn. The chondrite-normalized
REE patterns and primitive mantle-normalized trace element spider diagrams of magnetite show similar charac-
teristics, which indicates that the iron mineralization in the volcanic sedimentary period and the retrograde alter-

ation stage had the same metal source, namely the mafic volcanic rocks. Homogenization temperatures of fluid
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inclusions of garnets at the early skarn stage vary from 160 to 403°C , generally in the range of 180 to 260 C .
Salinities range from 5% to 9% NaCleq; 8D values range from — 134%o to —125%0, and 818%() values are be-

tween 4.7%o and 8.6%0, implying that the fluids were derived from magmatic fluids. Homogenization tempera-

tures of fluid inclusions in the quartz-carbonate stage vary from 140 to 536°C, mainly in the range of 160 to

340°C , and the salinities range from 6 % to 16 % NaCleq, which indicates that the fluids are characterized by the

evolution from high to low temperatures, moderate-low salinities, and moderate-low densities. 6D values of

quartz range from —98%o to —95%o, and 8180]430 values are between —0.6%0 and 2.0%o0, showing that the flu-

ids in this stage were derived from magmatic fluids, with some contributions from the meteoric water.
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Simplified regional geological map of the Altay orogen belt (modified after Yang ez al.» 2013)
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Fig. 2 Geological and mineral sketch map of the Maizi Basin (modified after No. 706 Geological Party, Xinjiang Nonferrous

Geoexploration Bureau, 2003®)
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Fig. 3 Simplified geological map of the Shigente iron ore
district Cafter No. 4 Geological Party, Xinjiang Bureau of

Geology and Mineral Exploration and Development, 2015@)
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Fig. 4 Photomicrographs of ore-bearing volcanic rocks from the Shigente iron deposit( + )
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Hbl—hornblende; Kfs—K-feldspar
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Fig. 5 Characteristics of mineralization in the Shigente iron deposit
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a—ferritization on the earth’s surface; b—magnetite is distributed in the contact zone of the tonalite and granulite; ¢—magnetite alteration zone;
d—magnetite occurring as disseminations in the pegmatite; e—garnet magnetite ore; {—magnetite ore with banded structure; g—magnetite occur-
ring as disseminations in the granulite; h—magnetite ore with massive structure
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Table 1 EMPA data of magnetite in the Shigente iron deposit

M Na,O MgO ALO; SiO, TiO, NiO MnO FeO Cr,05 V,0; Total
SGT12-1-1.1 0.017 0.000 0.039 0.225 0.000 0.000 0.040 93.411 0.000 0.009 93.741
SGT12-1-2.1 0.000 0.000 0.000 0.041 0.000 0.000 0.018 92.531 0.020 0.035 92.670
SGT12-1-3.1 0.018 0.018 0.006 0.455 0.000 0.002 0.049 92.117 0.019 0.000 92.696
SGT12-2-1.1 0.002 0.000 0.025 0.041 0.059 0.000 0.055 93.985 0.010 0.000 94.177
SGT12-2-2.1 0.028 0.014 0.039 0.244 0.000 0.000 0.073 91.807 0.318 0.006 92.529
SGT12-3-2.2 0.024 0.000 0.043 0.132 0.000 0.032 0.024 94.307 0.000 0.026 94.588
SGT12-4-1.1 0.000 0.000 0.006 0.000 0.000 0.000 0.214 92.900 0.042 0.045 93.207
SGT12-4-3.1 0.000 0.000 0.016 0.000 0.093 0.000 0.233 92.805 0.005 0.035 93.187
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Fig. 6 Covariation diagram of major oxides of magnetite by electron microprobe analysis in the Shigente iron deposit
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Table 2 Chemical compositions of major elements (wy/% ),
trace elements and rare earth elements (wg/10~°) in the
magnetite from the Shigente iron deposit

PERE  SGTI2-1 SGTI2-6 SGTI2-9 SGTI2-10 SGTI2-11
SO, 0.59 0.57 0.47 0.23 0.30
ALO; 0.11 0.19 0.06 0.09 0.10
Ca0 0.13 0.06 0.09 0.06 0.10
Fe,0;0  101.4  100.5  99.06  101.5  100.9
KO  <0.05 0.08 <0.05 <0.05 <0.05
MgO 0.15 0.13 0.13 0.14 0.14
MnO 0.29 0.36 0.49 0.41 0.21
Na,O  <0.05  <0.05 <0.05 <0.05 <0.05
P,0s  <0.01 <0.01 <0.01 <0.01 <0.01
TiO, 0.09 0.05 0.03 0.04 0.04
LOI -2.55  —1.75  -0.29 -2.60 -2.34
Total  100.21  100.11  100.04  99.87  99.45
Cr 147.0 58.3 2.6 5.1 45.0
Co 28.0 32.3 50.3 36.0 36.9
Ni 31.1 31.9 63.0 46.2 24.3
Ge 2.34 2.09 3.01 2.65 1.95
Zn 126 73 881 276 200
Rb 0.26 2.29 0.12 0.10 0.17
Sr 0.94 0.99 0.62 0.28 1.22
Y 5.17 0.73 17.60 1.86 6.59
7r 99.1 32.0 3.0 1420 245.0
Nb 1.03 0.09 0.45 0.27 1.94
Ba 17.50 21.10 9.41 7.26 7.44
HI 2.71 0.74 0.14 3.21 6.00
Ga 30.3 19.7 56.6 32.8 36.7
Ta 0.09  <0.05  0.19  <0.05  0.16
Se 1.14 4.52 0.93 5.39 3.79
Th 1.10 1.79 0.22 2.45 13.4
U 0.89 0.28 3.18 1.16 3.17
% 312 203 364 162 164
Pb 93.5 17.6 20.9 6.7 17.5
La 0.98 0.64 2.94 0.31 1.88
Ce 1.26 1.30 3.28 0.56 2.66
Pr 0.29 0.19 0.88 0.08 0.46
Nd 1.20 0.61 3.30 0.29 1.74
Sm 0.32 0.12 0.66 0.08 0.35
Eu 0.12 <0.05 0.16  <0.05  0.11
Gd 0.55 0.13 1.25 0.13 0.64
Tb 0.09  <0.05 0.21  <0.05  0.10
Dy 0.56 0.10 1.48 0.19 0.66
Ho 0.12 <0.05  0.38  <0.05  0.18
Er 0.41 0.07 1.34 0.16 0.65
Tm 0.07  <0.05  0.23  <0.05  0.11
Yb 0.56 0.10 1.73 0.25 0.95
Lu 0.1  <0.05  0.35 0.05 0.21
SREE  6.64  <3.51 18.19  <2.30  10.70
(La/Yb)y  1.26 4.59 1.22 0.89 1.42
(La/Sm)y  1.98 3.44 2.88 2.50 3.47
(Gd/YD)y  0.81 1.08 0.60 0.43 0.56
SEu 0.87 0.53 0.70
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(0.21% ~0.49% )~ ALO;(0.06% ~ 0.19% )~ TiO,
(0.03% ~ 0.09% )~ SiO, (0.23% ~ 0.59% )~ MgO
(0.13% ~0.15% ). 5 W FEEEIAH L, Fe,O5T
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HERER 0.18% ~16.80% (St 5 43 #(, NaCl,,,» 42
A, B LE 5% ~9% (K 9), % EH 0.75~1.00 g/
em’e BT AW 2 A AL ZE AR OHL Y SRR FE 200 ~
262°C , TH W R B v T AR R, AN T
4 I 2 600°C A7 AR AN 2k by b o 0 &6 K 2
A, & P W R W R N SR B, T
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Bl 7 AR RERA s 70 38 ORI A B R A P Ca) AR T 32 D s b 0ok 0 1l () o oy R it 46 S s
Sun and McDonough, 1989)
Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b) of the
magnetite from the Shigente iron deposit ( chondrite-normalized and primitive mantle-normalized values after Sun and

McDonough, 1989)

PRI BE A B AR W W1 LS B B (Mao e al ., Mo WRMACEL AR THAIEE R 5% —50% (L 8), AR

2003)- SR EE AT 50% ~80% « AR CO, 1 = AHA
Ao LR SRR T2, DB SRAA CO 1 BRI O, UM CO, PR IRALRG AR,

SHAEARE O VARBERNG P2 HEE KA 10~20 pm, CO, S/KEBRAHEE 25% ~50% -

Bl 8 AR A A B R
Fig. 8 Photomicrographs of fluid inclusions from the Shigente iron deposit
a— AT AR A b— AR AR EEE AT A T EES: AR RS AN TV MaEME: —hH
WA CO, B L—H: V—"UM: S—TFH ¥ Lmzf‘iﬁﬁ‘ﬁ CO,: Va,zf/ﬁ*ﬁ CO,: LH2(>*7K%§‘H§
a—liquid inclusions in garnet; b—vapor inclusions in garnet; c—daughter mineral-bearing inclusions in garnet; d—liquid inclusions in quartz;
e—daughter mineral-bearing inclusions in quartz; f—three-phase CO,-type inclusions in quartz; L—liquid; V—vapor; S—daughter mineral;
LC()zfliquid CO,; szfvapor CO,; LHZ()*aqucous liquid
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Table 3 Microthermometric data for the fluid inclusions in garnet and quartz from the Shigente iron deposit
ESUIRE7] AR Tm i/ CCN) T/ C (N Th o/ C(N)D TR/ % o/grem?
WAk -12.9~-0.117 160~323(28) 0.18~16.80(17) 0.75~1.00
AT A Ak 403CD
R -6.5~-1.9(2) >450(2) 200~306(4) 3.23~9.86(2) 0.85~0.90
TN -16.6~—0.1(43) 140~473(82) 0.18~19.53(43) 0.65~1.05
FYE Ak -1.8(D 373~ >600(6) 3.06(1D) 0.65
EERIE -11.3(1D >400(1) 161CD 15.27CD 1.00~1.05

i T VK R Ty 70 RIS, Th,, 58 28—, N e G AL

A 3 AN SRR R Y R R, BT
373~536C, 74k 3 ML 2] 600°C AR
AR G 1 AEARVK TR A T - 1.8C,
EREER 3.06% o WARELEEARS) — i FEARE T 140 ~
473C, FEE T LE 160 — 340C, WEAE 7 170C -
210°C A1 270°C s #h B K, A T 0.18% ~
19.53%, WEMEH N 6.5%+10.5% F1 15% . — & ¥
W) 2 AL ARSI SRR BE R 161°C , 10 Wkl ik
KT 400°C , RN 15.27% .« X 7% CO, =
AL FERREAT WAL, CO, MMM IRIE N — 56.8
~ —57.4°C , RWRA RS TR CO, 4b, A7 1D &=
CH, 8% N,(Burruss, 1981). 2 MNEWAE CO, 1 =4

BERERLEWIHERIER 4.1~6.5C, R
CollinsC 1979 F 7 FE AX. & W0 (¥ 475 Ao ek 55 A &6 15 ¢
R, KM CO, B EARIREN 6.54% ~10.33% -
4 NEAE CO, = AHBLZRARIH 3 15— W B 26.6
~28.1C , AR TE Y BN 234~332C -
4.3 SEREMERIT

P 3 AR AR 3 AR SEEAT T HLO [FAL
ZMECR Do A TA 8D A —125%0 ~ — 134%0,
3MO0quow T 5.0%0 ~7.8%0 . 1 A A 1 H1-7K
DEITFE1000 a=1.22 X 10°T 2 — 4.88 (Taylor;
1976 FAT KR A0 th A A S A 3 — I B P 3848,
FLRAAIT 8"0pofE N 4.7%0 ~8.6%o0-

KO A MR BRI A A A R A SR BT ]

Fig. 9 Histograms of homogenization temperature and salinity for the inclusions of the Shigente iron deposit
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795/00’ 8 OgMow'fE ﬂ: 8. 4%0"’9 6%00 @E\)EHE
K JIFE1000 «=3.38%10°T 2 —3.40 (Clay-

\ B
At

ton et al.» 1972) FIF]—FE & A 50 o e o A 22 A 3
IR, TR AR also@ﬁﬂg —0.6%0 ~
2.0%o00

F4 HRERTABFAMARHAMORMELER
Table 4 Oxygen and hydrogen isotopic data of the garnet and quartz from the Shigente iron deposit

FEf S LETEAS ] 3Dv.smow/ %o 50y svow/ %o ¥ /T B‘SO[LZO/ %0
SGT12-1 AT RSN AT A —-133 5.0 210 4.7
SGT12-2 BN A R A AT - 134 7.8 272 8.6
SGTI12-3 R F AR A HEFA -125 6.7 258 7.3
SGT12-13 BRI AR e Pap -95 9.6 282 2.0
SGT12-15 eSS VEE -98 8.4 250 -0.6
SGT12-16 B KA A Ve -97 8.8 251 -0.1

5 whig

5.1 WS KERE

MRITEECL982) Gt 43 #7141 K St k™ H
W8 fEH T TiO, - ALO; ~(MgO + MnO) =
R R 100 7R 1% B TP AT IR R il AR
W 2 PR AR DU AR AR RS LN, R AR 1
TE R ZE Py URRAE FH AN AR B0 7% 5 3 AR A AR o B
FESTEAERY R B0 ) o REBRAT B D9 ) 31 P& i 5
o FURFAE — 20,

WA N 255 52
—ANELEPECREEE, 1979 2451, 1989; FRt
B, 1989), BT NN A 5 2% U R RE AT 1) Ni 7 B8
i 100 X 100 ~440 X 106, A AR B R G kA v
Ni 285 I G4 30 < 1079 AR 2 £k
e AR A WG BR B Ni & 8 (24.3 X 10 © ~31.1 %
10~ R T4 K ABIR AR A AR BE (31,9 x 10 °
~63.0x 1079, Co & 5 A7 7E 22 5, K 1L Ui AR 3
(28X 10 °~36.9x 10 & FIE LA Fh BE(32.3
X107%~50.3x 10 %); i Cr F1 TiO, & & K i
(45 X 107°~ 147 X 107°.0.04 X 10 2~ 0.09 X
10 W]y TR AL AR B BL (2.6 X 10 7° ~58.3
107°.0.03X 10 2~0.05x 10 2). IXLEf & T = Fr
HIE s e HE L ORI FIAE £b ik AR B B LA AN R R 40
B AR I B R e — A A, Nis Co B
Sy FAERL S 5 4, 1 Ni/ Co (B AR IRV I RF AE G
JRERAE,1993) o AR 5 AR Ni/Co (1
0.66—1.11,*F¥ 1.06, KT 1, R H LK v fig 5
KB A K

s A EL

S R A 3 R e e DR

10 AHUEBRE BERE TiO, - ALO; ~(MgO+ MnO)
J PR P O Pl 4l AR T4, 1982)

Fig. 10 Ternary plot of TiO;, — ALO; — (MgO+ MnO)

from the Shigente iron deposit (after Lin Shizheng, 1982)

KL TURR A 05 2 AR A0 AR o B ek
W HAE Fer 21 Si~Ti~ Ve Mg Mn 55 £ #i o0 %
VI RA B 0w AR, h A4 Eu A Ce 7% I AH L
P 3 WS P s A0 G s s b b A v A 0k 9 1 |, ok
LR AR A e AR B B G2k 3 B AT ThU. Las
Zr A Hf AHXF & 52, Rb~ Nb- Sr A1 T AH X7 453 117 1Hh £&
FHAE, F5 7% LGB TR0 3B AR il A5 i B (1 e i B A
FHIF 4 kI, BI85k B 34 ks

Ce PRI AR (CS T A Ce* ), XA MIE SR IR 5
IO, A Sk s B TR A b v Y K AR A JEUIR 2
(Fryer, 1977), Ce £t 535 38 5 S WA AL A BT . A1)
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FRERAT O DU R A6 kA2 i BERG BR B 3 LA 7
Ce 795, 8Ce=0.49~0.90, & P ML TE B T- 540
W,
5.2 RRECRIRTERR

e & N iR R S S S AN A e e b TR N
FARY)—HE N 160 ~403°C, £ 71 180 ~260T ,
R 0.18% ~16.80% » L AE 5% ~9% , % &N
0.75~1.00 g/cm?®, & B 1Y = 25 W Boi 4k 4 h
K ER R TR B HyO-NaCl K R o 34—
55 R EEAR S - CH 11, 4k 5 B 5 L 1 1 T v i B
ik,

B 11 AR Y —iR SR R R I
Fig. 11 Diagram of homogenization temperatures versus

salinity of fluid inclusions in the Shigente iron deposit

A1 Bk TR R B B A 0 b A S AR SR R 5T %, DA
H,O-NaCl 244 &, it & H H,0-CO,-NaCl A ZE 1k,
AL AR YY) — W 140~ 536°C, ELEFTE 160
~340°C , R T 0.18% ~19.53% ,» L 1E 6%
~16%, % EN 0.65~1.05 g/cm®, 3 B A7 Je i IR £
B B A LA N v ek v e I3 v A1 5 8 R AT
BREMREAE . 39— R SR A DG (B 1), 3

JEE 55 il BEAH CPEAN B B .
5.3 BH RARKRIE

3PF R R A B B R A 8Oy o
4. 7%0~8.6%0» T £ 77 K ¥ 3 B 4 Bl 42 30T 5 K
(5.5%0~9.5%0» Sheppard, 1986, 3D /- F — 134 % ~
—125%0» B AR T 55 28 7K C — 80%0 ~ — 40%o>
Sheppard, 19860 7 3D — 8" Oy o B H (] 12D, 3
PERESh VAR IO T TT o W R BB 2 X
LA RL L 2 PN 12 2R RS AR KL A 1
W), 4GSRV R R, AT Oy < 25 1 A4
KR TE KK

3 P AT S R R B BOAT S 8 Oy 1A
—0.6%0~ 2.0%0, W AR T4 K /K30 H (5.5%0 ~
9.5%0s Sheppard, 19865 8D 4T — 98%0 — — 95%o»
T8 K AKIE I C— 80%0 ~ — 40%0 Sheppard, 1986)
15 8D = 8180y oI (I 12D, 3 FFFE i s A K
K RABEIK 2 0], 3R BB BRI 7R ok 11 A 27 K
A KRR,

Bl 12 ARG SD- 8180, KEIfF
(5 KT HIYE Sheppard, 1986)
Fig. 12 8D versus 8180Hz() diagram of the Shigente iron

eposit (data of primary magmatic water after Sheppard, 1986)

5.3 B HLEIERIT

HRRAF R A T B B - R U8 7 Ge e A Bk
NS — A M BUR = (RO R B = K
AR A N R AR R RS I R a1, A R
JEAREBR BKCIR, 5 42 7 R — 20 BR ™ A4, 22
R P A R ASIR AT (M RERA B7A #E
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HROKIFETE, 2014 ekl Aftia, kB RKEYS
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PRSI R ARy T TR R i K (R SR
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IR LR T B R

FERREED X AL B R & R o = IN KA, 528 K
W R PG, B X R B W R, AW R i
Ak, I AR AR A A sk A
WERA A A0 o BT IR A b 38 4 4 b s A 1
B LA XL AL, O AT AR R R i
FHAK PR AL, 281 T 25 I )G 8 i R 5
R B N . AARERE 32 5o 1 5 kO DR
A G, &0 2 AT AR 1 o™ 1 F AR, T
H 413845 #f1 N RH AR R 5 5 A LA-ICP-MS U-Pb 4
W 400.2 £ 1.2 Ma(¥ & AR TIALRD, ol DI
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BEARET R (400 Ma, S8 KM, 2012) A1 0] o] 55 845
BERT(398 Mas Yang et al . » 2017b) JE AR —% o

R UL RN T NI AR AR &2 22 i 52 e L B2
R L A v+ BRI R RN X e A s kA, R )
RN 58 5% A H R AT A5 (I 5 R A A R R
WX AE 400 Ma JEBCERAT R B 20 KLt BV &5 Kl
TSN TR E TG ik P AR B IR AR (3 o AR
Do T D AbES e R AR AL TE e dibn o8 = N K
IR JE PGB A AR I KL A RS B B AR, B 5
TE BCAT R 1 A0 45 TR R 25, B B iR AR
R AR ER B AR 2 1) HoO-NaCl & . Bl IR
kAR AR H TS SR T A ke A1 FIRERR A (4 71
BRI o A7 SEB IR SR B A2 Y BOAT K A e Ty
file A Tk 28 Jon 1) L IR R B B RTR A AR i B R A%
(R R, i B A B A AN i ek v A A
HRIG B B AR IR 8 BE TR RS AE o X 3% o 4 P i B AT
BREE AT K LIRS 2 DX G 4 b 95 2 A
A e A2 78 T R AR

6 4k

(D AR A7 T B AT Bk 0 20 AR b 2 A0 R
KA WA AR AR GEBOIR IR, 52 1o 2 4%
Hile REW KA« B 404038 1 B 44l
ARSBUIR L BIECR R SR IR IE &) T K liit
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At AR Y i B 160 ~ 403C, B 7E 180 ~
260°C , ERFEERAE 5% ~ 9% » 2 B4 Tk ISR
SRR FE 1) HyO-NaCl R R A7 SRk IR £h B B
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