




HamiShanshan

89 30' E
o

90 30'
o

91 30'
o

92 30'
o

93 30'
o

94 30'
o

89 30'E
o

90 30'
o

91 30'
o

92 30'
o

93 30'
o

94 30'
o

43
00'
N

o

42
20'

o

41
40'

o

43
00'

o

42
20'

o

41
40'

o

Dananhu-Tousuquan belt

Kanggurtag belt

Aqishan-Yamansu belt

Tu-Ha basin

Central Tianshan belt

0 30 km

N

Fig. 2
2

1

3

Precambrian
metamorphic rocks

Precambrian granitoids

Fault Inferred faultLate Paleozoic granitoids

Ordovician-Devonian
volcanic- sedimentary rocks

Mesozoic-Cenozoic
sedimentary cover

Permian volcanic-
sedimentary rocks

Carboniferous volcanic-
sedimentary rocks

Xiaorequanzi

94 30' E
o

94 45'
o

95 00'
o

42
00'
N

o

41
50'
N

o

42
00'
N

o

41
50'

o

94 30'
o

94 45'
o

95 00'
o

Shaquanzi

Heifengshan Shaquanzi fault

0 5 km

N

Mesozoic-Cenozoic
sedimentary cover

Early Permian
Aqikebulak Formation

Early Carboniferous
Dikan'er Formation

Early Carboniferous
Yamansu Formation

Proterozoic
Central Tianshan Group

Late Paleozoic intrusions

Fault and inferred fault

Fe deposit/prospect

Cu deposit/prospect

Fe-Cu deposit

Shuangfengshan











0.0001

0.001

0.01

0.1

1

10

100

Mg Al Ti V Cr Mn Co Ni Zn Ga

HFS0901 HFS0903 HFS0904

HFS0906 HFS0910

0.0001

0.001

0.01

0.1

1

10

100

Mg Al Ti V Cr Mn Co Ni Zn Ga

SFS0901 SFS0902 SFS0903

SFS0904 SFS0905 SFS0906

SFS0910 SFS0911 SFS0912

0.0001

0.001

0.01

0.1

1

10

100

Mg Al Ti V Cr Mn Co Ni Zn Ga

SQZ0917 SQZ0922 SQZ0925

SQZ0927 SQZ0930 SQZ0932

SQZ0933

Detection limit

Detection limit

Detection limit

(a)

(b)

(c)

Heifengshan
Fe deposit

Shuangfengshan
Fe deposit

Heifengshan
Fe deposit

M
ag

n
et

it
e/

B
u
lk

co
n
ti

n
en

ta
l

cr
u
st

M
ag

n
et

it
e/

B
u
lk

co
n
ti

n
en

ta
l

cr
u
st

M
ag

n
et

it
e/

B
u
lk

co
n
ti

n
en

ta
l

cr
u
st



200
20 100 1000

Mg (ppm)

HFS0901 HFS0903 HFS0904

HFS0906 HFS0910

2000

500

20

100

1000

20 100 1000

Mg (ppm)

5000

10

100

1000

100 200

V (ppm)

10
10

100

20 100

V (ppm)

200

1

10

20 100 200

V (ppm)

20

3

10

20 100

Ni (ppm)

50

4

10

2000

Al (ppm)

6000

30

10

100

1000

2000 6000

Al (ppm)

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Massive ores

Disseminated
ores

Magnetite associated
with pyrite

Magnetite associated
with no pyrite

M
n

(p
p
m

)

Z
n

(p
p
m

)

G
a

(p
p
m

)

T
i

(p
p
m

)

T
i

(p
p
m

)

N
i

(p
p
m

)

C
r

(p
p
m

)

C
o

(p
p
m

)



100

1000

40 100 1000 3000

Mg (ppm)

10

100

30 100 1000

Ti (ppm)

2

10

2 10 60

Co (ppm)

20

400

1000

40 100 1000 3000

Mg (ppm)

4000

SFS0901 SFS0902 SFS0903

SFS0904 SFS0905 SFS0906

SFS0910 SFS0911 SFS0912

(a) (b)

(c) (d)

Massive
sulfide ore

Massive
sulfide ore

M
n

(p
p
m

)

Z
n

(p
p
m

)

V
(p

p
m

)

N
i

(p
p
m

)

100

1000

10000

10 100 1000

Mg (ppm)

SQZ0917 SQZ0922 SQZ0925

SQZ0927 SQZ0930 SQZ0932

SQZ0933

10

100

0.1 1 10 30
Co (ppm)

1

10

100

50 100 600

Ti (ppm)

500

10

100

1000

0.1 1 10 30
Co (ppm)

2000

(a) (b)

(c) (d)

A
l

(p
p
m

)
M

n
(p

p
m

)

V
(p

p
m

)
Z

n
(p

p
m

)





Component 1

C
o
m

p
o
n
en

t
2

Component 3

Factor 1

Factor 2

Factor 3

�1.0

�0.5

0.0

0.5

1.0

�1.0
�0.5 0.0 0.5 1.0

�

1.0
�

0.5
0.0

0.5
1.0

Mg
AlZn

Mn

Ti

Ni

V

Co

Ga

Factor 1 (Ni, Mn, V, Ti) Factor 2 (Mg, Al, Zn)

F
ac

to
r

3
(G

a,
C

o
)

F
ac

to
r

1
(N

i,
M

n
,
V

,
T

i)
F

ac
to

r
2

(M
g
,A

l,
Z

n
)

Factor 3 (Ga, Co)

Heifengshan Fe deposit

Shuangfengshan Fe deposit

Shaquanzi Fe-Cu deposit



0.001

0.01

0.1

1

10

0.01 0.1 1 10

Ti+V (wt.%)

0.01

0.1

1

0.01 0.1 1 10

Ti+V (wt.%)

Porphyry

IOCG

Skarn

Kirura

BIF

Fe-Ti, V

BIFSkarn
IOCG Porphyry

Kirura

Opemiska

Fe-Ti, V

Heifengshan Fe deposit
Shuangfengshan Fe deposit

Shaquanzi Fe-Cu deposit

(a) (b)

C
a+

A
l+

M
n

(w
t.

%
)

N
i-

(C
r+

M
n
)

(w
t.

%
)

0.001

0.01

0.1

1

10

100

Mg Al Ti V Cr Mn Ni Zn
0.001

0.01

0.1

1

10

100

Mg Al Ti V Cr Mn Ni Zn

Banded Iron Formaiton
(BIF)

Fe(-Cu) deposits
in this study

Iron-Oxide Copper Gold
deposits (IOCG)

Fe(-Cu) deposits
in this study

(a) (b)

M
ag

n
et

it
e/

B
u
ck

co
n
ti

n
en

ta
l

cr
u
st

M
ag

n
et

it
e/

B
u
ck

co
n
ti

n
en

ta
l

cr
u
st
















