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Abstract

Located in late Silurian-early Devonian felsic volcanic rocks along the southern margin of Altay, the
Abagong iron deposit occurs as lens, veins and stratoid bodies controlled by volcanic fault structures, with an ob-
vious boundary between the iron body and the host rocks, unclear alteration in host rocks, high ore grade and
coexisting apatite and magnetite in iron ore. These features suggest that the Abagong iron deposit is comparable
with the Kiruna type iron deposit in northern Sweden and the porphyrite iron deposits in Ningwu area. Trace
element and rare earth element compositions of the apatite from two different places in the Abagong iron deposit

were analyzed, and the results show that the apatite from the Abagong iron ore contains about 1352.96 % 10 ¢
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~6986.33 %10 ° REE with an average of 3717.70 X 10 %, that there exist LREE enrichment, a weak LREE/
HREE fractionation with (La/Yb)y being 1.37~9.77 (5.22 on average), and marked negative Eu anomalies
with 6Eu being 0.22~0.30 (averagely 0.25). These characteristics indicate that the Abagong iron ore deposit,
the Kiruna type iron ore deposit in northern Sweden and the porphyrite iron ore deposits in Ningwu area have a
common genesis of magmatic differentiation. The apparently similar shape of the REE curve and the consistency
of a variety of trace elements between apatite and metamorphic rhyolite indicate that the iron ore-forming process
might have been related to the differentiation of granitic magma or the ore magma intrusion.
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Fig. 1 Geological map of the Abagong iron deposit showing mineral resources

geological map modified from No. 706 Geological Party of Xinjiang Nonferrous Geoexploration Bureau regional tectonic units

modified from He et al. 2004
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Fig. 2 Geological features of ore bodies and ores from the Abagong iron deposit

A. Massive ore: B. Stratoid ore: C. Altered tuffaceous breccia cemented by magnetite; D. Volcanic breceia cemented by magnetite
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Table 1 REE composition of apatite and metamorphic rhyolite wy 10~°

La Ce Pr

Nd

Sm

Eu

Gd  Tb Dy

Ho

Er

Tm

Yb

Lu

ABG08-09
ABGOS8-10
ABGO8-11
ABG08-12
ABG0S-13
ABGOS-15
ABGO8-16
ABGOS-18
ABGOS-19
ABGOS-20
ABG08-21
ABG08-22
ABGO08-23
ABG08-25
ABG08-26

Kiruna
Kiirunavaara
Kiirunavaara
Rektorn
Henry
Malmberget

Great bear
lake
Canada

Iron Springs
USA

Abgl59
Abg160
Abgl60-1
Abgl78

366.45 688.78 101.67
129.43 306.49 55.54
159.64 340.49 47.48
332.17 943.15 146.12
272.10 796.12 111.35
858.05 2106.98 272.67
1092.752686.51 364.14
700.90 1790.24 267.67
1108.862606.73 334.05
383.34 700.24 87.42
537.14 1045.04 137.95
276.23 539.00 68.14
942.56 1736.28 213.19
998.48 1856.48 222.28
635.61 1254.55 159.55
586.25 1293.14 172.62

252.00 782.00 101.00
544.00 1650.00 188.00
923.00 2460.00 260.00
549.00 1670.00 193.00
805.00 2456.00 440.00
614.60 1803.60 236.40

1043.802342.20 276.20

3148.00 7190.00

3667.00 7437.00

3407.507313.50

11.9
13.6
57.7
81.6
41.20

28.1
32.4
119
156
83.88

4.08
4.56
14.7
18.9
10.56

0.237 0.612

384.40
281.55
215.70
730.68
498.24
1090.82
1404.99
1259.24
1340.42
395.94
629.44
307.55
897.12
885.92
659.68
732.11

524.00
846.00
1130.00
899.00
1605.00
1000. 80

933.00

2562.00

4241.00

3401.50

19.2
20.5
60.4
72.8
43.23

981.74
103.33
67.92
222.71
139.76
239.18
310.05
361.04
306.69
109.77
152.85
78.48
178.22
184.47
147.05
179.91

122.00
151.00
190.00
169.00
275.00
181.40

187.20

416.00

506.00

461.00

4.89
5.00
13.1
15.9
9.72

132.50
11.20
7.47
19.17
12.02
21.59
25.81
31.84
32.07
9.15
13.35
6.48
13.69
14.16
11.55
15.88

14.90
21.50
21.40
20.50
46.10
24.88

25.20

36.20

52.00

44.10

0.83
0.84
2.11
2.40
1.55

0.095 0.467 0.153 0.058

27.57 68.73 9.33

127.50 29. 189.01

88.05 21. 160.46

242.45 49. 305.74

134.24 27. 184.46

267.87 53. 327.

364.34 59. 360.

436.72 T7. 486.

336.71 58. 345.

139.32 24. 168.

171.71 28. 175.

99.60 117.

195.43 28. 185.

189.76 29. 181.

158.41 24.68 151.

203.95 36.84 231.
157.00
163.00
213.00
197.00
382.00

222.40

130.00
108.00
143.00
132.00
278.00
158.20

23.
31.
28.
64.
34.

40
60
50
20
18
185.60

23.10 103.90

264.00 178.00

367.00 169.00

315.50 173.50
4.28
4.67
9.65
12.8
7.85

0.65
0.80
1.49
2.36
1.33

3.38
4.56
7.32
14.2
7.37

0.2055 0.037 0.254

52.11
35.28
35.76
57.37
39.21
64.88
64.24
81.34
63.90
38.68
38.29
29.47
36.74
37.71
32.09
45.5

25.20
20.30
26.80
24.00
68.00
32.86

20.10

47.50

35.00

41.25

0.62
0.90
1.27
2.78
1.39

0.057

6.32 823.05

86.96
99.30
127.77
103.04
147.45
147.79
184.88
157.24
110.75
101.85
88.21
99.35
99.45
88.59
114.09

75.80
58.80
76.50
67.00
148.00
85.22

47.30

91.10

69.20

80.15

1.70
2.67
3.46
8.12
3.99

0.1655

11.67
14.63
14.85
14.79
17.71
16.76
20.80
20.86
16.27
15.24
13.30
14.32
14.66
12.21
15.17

9.11
6.98
8.94
7.71
27.50
12.05

4.48

0.26

0.40

0.50

0.59

0.026

59.53
83.41
70.27
79.92
85.23
80.26
99.96
103.31
93.26
85.28
81.72
81.22
82.40
70.47
80.56

65.80
51.10
63.90
55.00
127.00
72.56

37.50

51.30

48.00

49.65

1.76
2.81
3.24
7.57
3.85

0.17 0.0254

6.83
10.87
7.08
9.57
9.19
8.36
10.35
10.80
13.77
12.54
12.13
12.03
12.32
10.37
10.17

8.41
6.33
7.90
6.64
18.10
9.48

7.20

5.65

6.50

6.08

0.27
0.44
0.50
1.07
0.57

1145.72
1142.80
1667.27
1252.22
1932.78
1805.01
2220.40
1807.12
1336.73
1316.07
1040. 18
1288.23
1322.59
1086.43
1412.4

802.00
638.00
795.00
714.00
1417.00
873.20

650.20

713.00

7.28
15.3
15.8
65.9
26.07
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1
Continued Table 1

wWp 10 6

SREE LREE HREE LREE HREE La Yb y La Sm y Gd Lu Ce Yb n oEu oCe

ABG08-09 2072.74  1647.08  425.66 3.87 5.04 2.44 2.10 3.67 0.26 0.86
ABGO08-10 1433.32  887.53  545.79 1.63 1.56 0.81 2.31 1.43 0.30 0.89
ABG08-11 1352.96  838.70  514.26 1.63 1.37 1.52 1.00 1.13 0.30 0.95
ABG08-12 3269.17 2394.07  875.10 2.74 3.39 0.96 4.23 3.73 0.25 1.05
ABG08-13 2422.18  1829.58  592.60 3.09 2.44 1.26 1.73 2.77 0.26 1.12
ABGO08-15 5562.52  4589.28  973.24 4.72 7.22 2.32 3.60 6.87 0.26 1.06
ABG08-16 6986.33  5884.25  1102.08 5.34 9.77 2.28 5.39 9.30 0.23 1.04
ABGO08-18 5808.86  4410.93  1397.93 3.16 5.03 1.25 5.22 4.97 0.24 1.01
ABG08-19 6825.50  5728.81  1096.69 5.22 7.70 2.33 3.85 7.01 0.30 1.04
ABG08-20 2291.01  1685.85  605.16 2.79 2.95 2.25 1.25 2.09 0.23  0.90
ABG08-21 3144.96  2515.76  629.19 4.00 4.52 2.27 1.69 3.40 0.25 0.92
ABG08-22 1735.80  1275.87  459.93 2.77 2.42 2.27 1.01 1.83 0.22  0.94
ABG08-23 4634.23  3981.06  653.17 6.09 8.32 3.41 2.01 5.94 0.22  0.91
ABG08-25 4808.98  4161.78  647.20 6.43 8.69 3.49 1.90 6.26 0.23  0.93
ABG08-26 3416.71  2867.99  548.72 5.23 6.47 2.79 1.89 4.95 0.23  0.94
3717.70  2979.91  737.79 3.91 5.13 2.11 2.61 4.36 0.25 0.97
Kiruna
Kiirunavaara 2290.42  1795.90  494.52 3.63 75 1.33 2.31 3.30 0.33 1.20
Kiirunavaara 3838.41  3400.50  437.91 7.77 7.64 2.33 3.18 8.97 0.42 1.26
Rektorn 5556.04  4984.40  571.64 8.72 10.36 3.14 3.33 10.69  0.32 1.21
Henry 4018.35  3500.50  517.85 6.76 7.16 2.10 3.67 8.43 0.34 1.26
Malmberget 6739.90 5627.10  1112.80 7.48 4.55 1.89 2.61 5.37 0.43  1.00
4488.62  3861.68  626.94 6.87 6.49 2.16 3.02 7.35 0.37 1.19
5236.78  4807.60  429.18 11.20 19.97 3.60 3.19 17.35  0.41  1.05
gfzéf‘m lake " 13080.75 13352.20  637.55 20.94 44.02 4.89 5.78 38.93  0.31 1.10
gg‘/gsmngs 16597.70  15903.00  694.70 22.89 54.80 4.68 6.98 43.04  0.35 0.94
15293.73 14627.60  666.13 21.92 49.41 4.78 6.38 40.99  0.33  1.02
Abgl159 81.92 69.00 12.92 5.34 4.85 1.57 1.96 4.43 0.54  0.99
Abgl60 94.15 76.90 17.25 4.46 3.47 1.76 1.31 3.20 0.52 1.00
Abg160-1 204.44  267.01  27.43 9.73 12.77 2.84 2.39 10.20  0.55 0.98
Abgl78 397.69  347.60  50.09 6.94 7.73 3.31 1.48 5.72 0.50 0.94
217.05  190.13  26.92 6.62 7.21 2.37 1.78 5.89 0.53  0.98
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2
Table 2 Characteristics of REE parameters
MREE 10 ¢ LREE HREE La Yb v La Sm y Gd Lu y oEu

1352.96~6986. 33 1.63~6.43 1.37~9.77 0.81~3.49 1.00~5.39 0.22~0. 30

3717.7 4.04 5.22 2.48 0.25

3031.48~12080 7.12~18.52 8.00~47.7 0.27~0.60

5236.78 11.2 19.97 3.19 0.41

Kiruna 2290.42~6739.90 3.63~8.72 2.75~10.36 1.33~3.14 2.31~3.67 0.32~0.43

4164.60 6.27 6.24 2.78 0.37

EigemH;S““ 6046.2~8230.0  5.00~13.57 7.2~17.8 0.31~0.71
81.92~397.69 4.46~9.73 3.47~12.77 1.57~3.31 1.31—2.39 0.50~0.55

217.05 6.62 7.69 1.78 0.53

(]}izflt;iﬁgiake 13989.75~16597.70 20.94~22.89  44.02~54.80 4.68~4.89 5.78~6.98 0.31~0.35

3 wy 107°
Table 3 Trace element content of apatite from the Abagong iron deposit wy 10~ ¢

Sc \% Co Ni Cu Zn Ga Rb Sr Zr
ABGO09 1.31 42.50 1.88 6.98 2.99 2.76 27.35 15.13 222.46 281.25
ABG10 0.92 5.19 1.04 10.02 0.28 3.00 16.34 0.96 251.68 10.76
ABGI11 1.58 16.87 1.47 8.13 4.16 10.02 16.24 30.40 179.48 44.20
ABG12 0.39 5.74 1.12 9.35 0.81 3.11 41.43 7.15 322.91 8.33
ABG13 0.81 16.25 0.80 3.58 0.85 7.97 34.93 98.01 114.48 71.64
ABG15 0.43 7.04 0.97 7.95 5.33 4.19 74.14 1.06 295.53 5.32
ABG16 0.60 7.62 1.07 10.38 1.96 3.61 92.07 1.31 301.55 35.01
ABG18 0.31 28.53 1.75 9.35 1.10 6.22 71.57 5.88 321.17 13.51
ABG19 0.53 14.90 1.10 6.36 0.59 5.55 105.84 58.54 291.52 11.12
ABG20 1.03 12.66 1.41 9.09 6.98 10.89 27.15 1.32 244.92 10.52
ABG21 0.99 9.89 1.50 9.30 6.97 3.33 39.43 1.16 268.00 6.17
ABG22 0.59 8.67 2.90 9.23 4.51 11.07 20.98 1.40 163.70 13.02
ABG23 0.47 7.28 0.98 9.92 3.49 3.63 57.57 1.14 294.82 6.54
ABG25 0.29 7.68 1.07 13.31 3.99 6.07 59.66 1.15 297.58 6.64
ABG26 0.14 6.91 1.32 8.45 7.90 3.79 45.10 1.10 255.08 7.96

Nb Cs Ba Hf Ta Tl Pb Bi Th U

ABGO09 1.66 0.40 107.80 6.82 0.28 0.07 8.04 1.34 7.77 6.25
ABG10 0.66 0.26 11.99 0.96 0.21 0.03 5.34 1.42 5.74 5.32
ABG11 1.07 0.56 240.28 0.98 0.20 0.12 11.48 1.56 15.36 26.74
ABG12 0.56 0.32 35.00 1.34 0.29 0.05 13.00 1.65 6.55 6.28
ABG13 1.11 1.30 572.35 2.54 0.24 0.32 29.00 4.14 12.09 12.89
ABG15 1.04 0.27 13.49 1.39 0.33 0.03 19.65 2.48 29.07 7.51
ABG16 1.17 0.25 14.63 1.38 0.29 0.03 8.05 2.52 24.57 6.57
ABGI18 1.40 0.38 41.27 1.73 0.37 0.05 10.37 2.51 13.56 28.82
ABG19 1.53 1.12 330.67 1.68 0.40 0.22 17.08 3.78 37.24 18.69
ABG20 0.64 0.25 12.88 0.77 0.18 0.03 6.58 3.39 157.18 13.19
ABG21 0.63 0.24 7.10 0.75 0.19 0.03 6.17 2.37 139.70 13.17
ABG22 0.61 0.25 7.83 0.69 0.15 0.03 6.56 2.73 161.45 12.62
ABG23 0.67 0.25 9.59 0.74 0.19 0.03 12.73 1.45 197.06 15.39
ABG25 0.68 0.25 10.05 0.75 0.19 0.03 12.63 1.52 210.78 16.50
ABG26 0.67 0.25 8.17 0.66 0.16 0.03 6.97 1.31 183.63 14.77

Thompson 1982
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