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Fig. 1 Geological map of Anshan-Benxi Area in Liaoning Province(a after Shen Qihan, 1998;b shows the tectonic
framework of China after Zhao Guochun et al. , 2001)
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1—Banded iron formations; 2——granites; 3—magnetic anomaly; 4— formations after the Archean; 5—fault; 6—iron deposit
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Fig. 2 Geologic map of the Waitoushan iron deposit in Liaoning Province(after Li Donglin,2003)
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1—Garnet actinolite schist; 2—actinolite quartzite; 3—plagioclase amphibolite; 4—the first ore body; 5—the second ore body;

6—the third ore body; 7—gneissic granite; 8—diabase; 9—geological boundary; 10—ductile shear zone; 11—fault
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Fig. 3 No. 18 prospecting line section of Waitoushan iron
deposit in Liaoning Provinvce (after Zhang Ruihua et al. , 1994)
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1—The first ore body; 2—the second ore body; 3—the third ore
body; 4—plagioclase amphibolite; 5—actinolite quartzite; 6—
actinolite  quartz  schist; 8—

lamprophyre;  7—garnet

amphogneiss; 9—biotite actinolite quartz schist
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Fig. 4 Photos of field and samples of the Waitoushan iron deposit in Liaoning Province
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(a)—Potash migmatitic granite of the second ore body; (b)—the higher grade iron ore contains actinolite and coarse grain amphibole with

banded leaner iron ore residual; (c)—pegmatoidal amphibole quartzite of the second ore body; (d)—banded leaner iron ore; (e)—massive

higher grade iron ore; ({)—the higher grade iron ore which contains coarse grain amphibole
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Fig. 5 Photomicrographs of iron ore and rock of the Waitoushan iron deposit in Liaoning Province
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(a)—Banded lean iron ore (crossed nicols); (b)—banded lean iron ore (reflected light); (c)—lean iron ore, but the band is not clear
(plainlight) ; (d)—iron ore which has much carbonate (crossed nicols); (e)—banded lean iron ore with fold structure (crossed nicols) ;
(f)—pegmatoidal amphibole quartzite (plainlight); (g)—massive higher grade iron ore which has abundance amphibole (crossed nicols) ;
(h)—massive higher grade iron ore: the magnetite grain is large, and have good crystalline, much is octahedral, there is pyrite can be seen
(reflected light) ; (i) —migmatitic granite (crossed nicols) ; Mag—magnetite; Qtz—quartz; Cc-calcite; Am—amphibole; Py—pyrite; Mc—

microcline
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Fig. 6 The major elements contents of the iron ore of

Waitoushan iron deposit in Liaoning Province
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Table 1 Major elements (%), trace elements and rare earth elements ( X 10~ °) contents of samples

from the Waitoushan iron deposit in Liaoning Province

5 i = WTS-2 WTS-6 WTS-8 WTS-11 | WTS-15 | WTS-16 | WTS-17 WTS-4
PR 41 BOR B 4 8
FESh A FR | RO R GECE B ) BRSO | BT | BB | BB O RAETER A
SiO; 55.73 24.29 24.43 60. 44 40. 30 64.53 56. 65 74.62 55.53 24. 36
Al; O3 0.62 2.02 2.64 0.39 4.11 0.63 0.30 12. 94 1.21 2.33
TFe; 03 38.33 60. 46 59.71 32.98 32.49 29.22 36. 28 1.06 33. 86 60. 09
CaO 1. 69 4.10 3.78 2.00 11.99 2.13 2.88 0.62 4. 14 3.94
MgO 3.22 7.77 7.95 2.21 9.87 3.19 3.02 0.35 4.30 7.86
K: O 0.03 0. 39 0.53 0.02 0.27 0. 04 0.02 6. 20 0.07 0. 46
Na, O 0.11 0.31 0.18 0.07 0.55 0.08 0.07 2.86 0.18 0.24
MnO 0.05 0.12 0.13 0.03 0.13 0.03 0.08 0.01 0.06 0.13
TiO; 0.01 0.09 0.05 0.02 0.09 0.02 0.02 0.07 0.03 0.07
P,0Os 0.14 0.29 0.32 0.28 0.11 0.10 0.63 0.03 0.25 0.31
LOI ¢Z3) - - - 1. 50 - - - 1. 16
B 99. 93 99. 84 99.71 99. 94 99. 90 99.97 99. 95 99.92 99. 94 99.78
Li 1.76 3.53 4.99 7.31 4.61 3.43 0.39 3. 84 3.50 4.26
Be 2.26 1. 26 1.50 2.47 2.97 1. 69 1.13 2.91 2.10 1.38
357.31 649. 17 706.77 289.23 265.79 822.81 1776. 09 87.16 702. 25 677.97
Sc 0. 63 7.21 9. 95 2.77 0.96 0.77 0. 80 2.01 1.19 8.58
Ti 34.13 455. 36 192. 81 486. 54 80. 20 110. 02 91.52 432.48 160. 48 324.09
\Y% 3.08 66.37 38.06 12.17 4.94 5. 36 6.25 4. 34 6. 36 52.22
Cr 9.58 10. 78 6.40 5.75 8.18 11.42 9.08 1.77 8. 80 8.59
Mn 381. 46 847. 14 849. 45 924. 66 200. 59 238.24 551. 56 59.93 459. 30 848. 30
Co 1. 05 12.16 20. 25 3.12 0.98 1.28 1.27 1.25 1.54 16. 21
Ni 6.50 12.75 11.51 5.61 2. 44 5. 06 6.05 1.49 5.13 12.13
Cu 2.25 4.11 7.70 2.02 0. 83 49, 45 3.22 5. 47 11.55 5.91
Zn 0.07 50. 29 64. 37 19. 88 0.07 0.09 0.07 0.08 4.04 57.33
Ga 0.73 4. 64 5.31 2.12 0.53 0. 46 0. 84 15. 22 0.94 4.98
Rb 1.02 14. 27 19. 95 2.45 2.60 0. 36 0. 39 230.42 1. 36 17.11
Sr 14,87 18.52 16.77 64. 60 4.00 5.24 58. 38 35.89 29.42 17.65
Y 3.88 5.93 5.29 9.94 3.11 5.03 15.12 13. 88 7.42 5.61
Zr 0. 96 7.10 7.20 10. 91 2.22 1.33 0.95 42.01 3.27 7.15
Nb 0.38 0. 47 0. 34 4.99 0.29 0. 20 0.25 15.43 1.22 0.41
Mo 0. 27 0.35 0.58 0.25 1.17 0. 94 0.47 0.10 0.62 0. 47
Cd 0.03 0.11 0. 04 0.21 0.02 0.03 0.02 0.05 0. 06 0.08
Sn 0.24 0. 49 0.52 4. 48 0.07 0.05 0.10 0.52 0.99 0.51
Cs 0.14 0. 56 0. 84 0.11 0.54 0.08 0. 14 2.61 0. 20 0.70
Ba 5.91 23.81 23.56 18.53 6.15 12.58 4.65 226.56 9.56 23.69
La 0. 86 4. 64 4.27 2.89 1. 56 3.12 6. 06 7.31 2.90 4. 46
Ce 1. 84 9.53 8.39 8.76 3.04 5. 97 11. 26 15. 83 6.17 8.96
Pr 0. 27 1.13 1.02 1.21 0.36 0.73 1.38 1.59 0.79 1.08
Nd 1.17 4.70 3.99 4.93 1. 34 2.87 5.71 6.12 3.20 4.35
Sm 0. 34 1. 09 0.97 1.08 0. 37 0. 63 1. 48 1.30 0.78 1.03
Eu 0. 26 0. 46 0.42 0. 86 0. 30 0. 66 1.38 0.23 0.69 0. 44
Gd 0.39 1. 10 0.97 1.22 0.37 0. 68 1.75 1.54 0.88 1. 04
Tb 0.07 0.16 0.14 0.20 0.06 0.10 0.28 0.29 0.14 0.15
Dy 0.52 0.99 0. 86 1.32 0. 38 0. 66 1. 88 2.03 0.95 0.93
Ho 0.12 0.21 0.19 0.29 0.09 0.15 0. 44 0. 47 0.22 0. 20
Er 0. 40 0.71 0. 66 1. 00 0.29 0.52 1.35 1.59 0.71 0.69
T'm 0.07 0.11 0.11 0.18 0.05 0.08 0.22 0.29 0.12 0.11
Yb 0. 48 0.90 0.90 1.29 0. 34 0.53 1. 36 2.13 0. 80 0.90
Lu 0.08 0.16 0.21 0.21 0. 05 0.09 0.21 0.35 0.13 0.19
Hf 0. 04 0.27 0.32 0. 45 0.09 0.05 0. 04 2.18 0.13 0.30
Ta 0.49 0. 40 0.08 2.25 0.39 0.18 0.22 1. 86 0.71 0.24
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ZE I
Tl 0.01 0. 06 0.08 0.02 0.02 0. 00 0. 00 0.93 0.01 0.07
Pb 1.93 16. 24 27.45 29.71 6.42 2.70 1.91 33.73 8.53 21.85
Th 0.08 0. 20 0.53 0.32 0.26 0.22 0. 06 6.56 0.19 0.37
U 0.15 0.27 0.39 0. 60 0.09 0.10 0.14 4.51 0.22 0.33
TFe, O3 +SiO4  94. 05 84.74 84. 14 93.42 72.79 93.75 92.93 89. 39 84. 44
AL O3/ TiO; 60. 58 22.45 57.76 16.58 45. 96 35.66 18.33 35.42 40. 10
Co+Ni+Cu 9. 80 29.02 39. 46 10. 75 4.25 55.79 10. 54 18. 23 34.24
Cr+Co+Ni 17.13 35.69 38.16 14. 48 11. 60 17.76 16. 40 15. 47 36.93
Ni/Co 6.19 1. 05 0.57 1. 80 2.49 3.95 4.76 3. 84 0. 81
Zr/Hf 24.00 26. 30 22.50 24.24 24.67 26. 60 23.75 24.65 24. 40
> REE 10.75 31.82 28.39 35.38 11.71 21.82 49. 88 25.91 30.11
Y/Ho 32.33 28.24 27.84 34.28 34.56 33.53 34. 36 33.81 28.04
(Sm/Yb)paas 0.29 0. 50 0. 44 0. 34 0. 45 0.49 0. 45 0. 40 0. 47
(La/Yb)paas 0.11 0.31 0.28 0.13 0.27 0.35 0.27 0.23 0. 30
La/La* 0.99 1. 14 1.01 0.63 0. 94 1. 04 1.20 0.96 1. 07
Eu/Eu* 3.32 1.97 2.03 3. 49 3.80 4.71 3.98 3.86 2.00
Ce/Ce* 0. 87 0.96 0.93 1.03 0.94 0.91 0. 90 0.93 0. 94
Y/Y* 1. 14 0.95 0. 94 1. 16 1. 26 1.15 1.28 1. 20 0.95
Pr/Pr* 1. 06 0.99 1.04 1. 07 1.05 1. 04 1. 01 1. 05 1.01
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2Prpans/ (Cepaas+ Ndpaas) s (La/Yb) paas = Lapaas/ Ybpaas o
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Geochemical Characteristics of Two Iron Ores from the Waitoushan Iron
Deposit, Liaoning Province: Constraints on Ore-Forming Mechinisam
YANG Xiuging"? , LI Houmin"” , Xue Chunji¥ , LI Lixing” , LIU Mingjun® , CHEN Jing"

1) Institute of Mineral Resources, Chinese Academy of Geological Sciences, State Key Laboratory of Geological Processes
and Mineral Resources, Beijing, 100037 ;  2) Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of
Education, School of Earth and Space Sciences, Peking University, Beijing 100871, China; 3)State Key Laboratory of
Geological Processes and Mineral Resources, Faculty of Earth Science and Resource, China University of Geosciences ,
Beijing, 100083

Abstract

The Waitoushan iron deposit is a typical deposit of banded iron formations (BIFs) in the Anshan-
Benxi area because of its large scale and widely-distributed orebodies. We carried out a comparison research
over the geochemical characteristics of iron-poor and iron-rich ores. The results reveal that both
similarities and differences exist in two iron ores. The similarities of two ores show the the ores
predominantly consist of TFe;,O; and SiO,, with minor other oxidates. Combined with the characteristics
of trace and rare elements, it is suggested that the iron ores of the Waitoushan iron deposit belong to
Algoma BIFs, but influenced by volcanic hydrothermal activity. But the total REE concentrations of iron
ores is very low, but the PAAS-normalized REE and Y diagram display depletion of LREE relative to
HREE, distinct Eu positive anomalies and high Y/Ho ratios, and higher concentrations of ferromagnesian
trace elements relatively, such as Cr, Co and Ni. Trace and REE elements analysis suggests that ore-
forming material may originate from deep sea hydrothermal fluid with seawater signatures. The differences
of two ores show that Fe-rich ores present distinct hydrothermal signatures, with K, O more than Na,O. In
addition, trace elements composition is similar to granitization granite. Combined with field investigation,
it can be inferred that the higher grade iron ore may be formed by leaner iron ore though activities of

migmatization hydrothermal.

Key words: BIFs; Waitoushan iron deposit, Liaoning; high grade iron ore; geochemistry
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