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Abstract The Tieshanmiao-type iron deposit part of the Wuyang iron deposit is located at the southern margin of the North China
Craton. The iron formation occurs in the supracrustal rocks of the Tieshanmiao Formation of the Neoarchaean Taihua Group. The
chemical compositions of the magnetites and wholerock samples from three types of ores ( banded quartz-pyroxene-magnetite ore
massive pyroxene-magnetite ore and massive quartz-magnetite ore) from the Tieshanmiao-type iron deposit are presented to investigate
the ore-forming processes. The bulk chemistry of magnetite from different iron ore is as follows: FeO'( total iron oxide) contents of
banded quartz-pyroxene-magnetite ore range from 90. 6% to 93. 1% and the average is 91.8%. FeO" contents of massive pyroxene—
magnetite ore range from 90.7% to 91.2% and the average is 91.0% . FeO" contents of massive quartz-magnetite ore range from
92.0% 1093.0% and the average is 92. 4%. All these values are consistent with the theoretical FeO" value of magnetite. TiO, MgO
MnO CaO Al,O; Cr,0; and NiO contents of the magnetites from different iron ores are all very low ( <0.1%) without obvious
variations among different types suggesting that they are nearly pure magnetite and typical of the banded iron formations ( BIF) .
Mineral assemblages of ores ( orthopyroxene + clinopyroxene) and host rock near orebody ( hypersthene + plagioclase + quartz) indicate
that the Tieshanmiaotype iron deposit has suffered high grade metamorphism. Quartz and magnetite became coarse-grained after
recrystallization but still kept the original geochemical compositions. The three types of ores have similar SiO, TiO, Al,0; and P,O;
contents. But massive pyroxene-magnetite ore have higher MgO MnO and CaO contents than the others due to the presence of
abundant ferroaugite and ferrosalite in the massive pyroxene-magnetite ore. All the ores have very low TiO, and Al,O, contents
suggesting clastic materials were not involved in the oredorming process. They also have similar REE + Y patterns with LREE
depletions ( ( La/Yb) pyrs =0.29 ~0.995 <1) and positive anomalies of La Eu and Y (La/La” =1.10 ~1.89; Eu/Eu’ =1.30 ~
2.23;Y/Y =1.47 ~1.84) characteristics of modern seawater and hydrothermal fluids from mid-oceanic ridges. Therefore we
conclude that the Tieshanmiao-type iron deposit can be classified as BIF despite of laterstage metamorphism.

Key words Banded iron formations ( BIFs) ; Wuyang iron deposit; Tieshanmiao-type iron deposit; Geochemistry; Precambrian;
North China Craton
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Fig. 1  Geological map of Wuyang iron deposit
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Fig.3 Hand specimens and micrographs of host rocks and ores from Tieshanmiao-type iron deposit

Host rock: ( a) -banded migmatite; ( b) -marble; ( ¢) -amphibolite gneiss. Ores: ( d) -banded quartz—pyroxene-magnetite ore; ( €) -massive pyroxene—
magnetite ore; ( f) -massive quartz-magnetite; ( g) -banded quartz— pyroxene-magnetite ore ( plane-polarized light) ~(D-quartz band with a few of

magnetite (2)-pyroxene-magnetite band; ( h) -massive pyroxene-magnetite ore ( plane-polarized light) ; (i) -massive quartz-magnetite ( plane-polarized

light)
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1 (wt%)
Table 1  The composition of magnetite in different iron ores( wt% )
L]-6 WTB-2 WL1 wT=2 Lj2 WL45 WS-6 WS
Si0, 0.13 0.08 0.10 0.21 0.13 0.13 0.11 0.12 0.18 0.09 0.14
TiO, 0. 05 0.03 0. 00 0. 04 0.03 0.19 0. 05 0.12 0.03 0. 05 0. 04
Al Oy 0.03 0.00 0.02 0.25 0. 08 0.13 0.01 0.07 0.04 0.04 0.04
FeO" 93.1 90. 6 90. 8 92.4 91.8 91.2 90.7 91.0 92.0 93.0 92.4
MnO 0.12 0.08 0.13 0.13 0.12 0. 05 0.04 0. 05 0.14 0.08 0.11
MgO 0. 00 0.04 0.03 0.03 0.03 0.01 0.05 0.03 0.03 0.01 0.02
CaO 0. 00 0.03 0.01 0.04 0.02 0. 06 0.11 0.09 0.03 0. 00 0.02
Na, O 0.05 0.12 0. 04 0. 00 0.05 0.05 0.01 0.03 0.04 0.05 0. 04
K,0 0. 00 0.05 0.01 0.01 0.02 0.01 0. 00 0.01 0.02 0.00 0.01
Cr, 04 0.04 0.05 0.02 0. 06 0.04 0.07 0.05 0. 06 0.04 0.05 0.04
NiO 0. 00 0. 00 0.00 0.02 0.01 0. 00 0.01 0.01 0. 00 0. 00 0. 00
Total 93.52 91.08 91.16 93.19 92.33 91.90 91. 14 91.59 92.55 93.37 92. 86
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2 (wt%)
Table 2 The composition of pyroxene in different iron ores from Tieshanmiao-type iron deposit( wt% )
L]-6 WTB2 WL11 wT=2 Lj2 WL5
Si0, 51.8 51.8 52.1 50.7 50.2 50.0 49.3 49.6 511 52.0 51.5
TiO, 0.01 0.02 0.02 0. 00 0. 00 0.03 0. 00 0.02 0. 00 0. 00 0.02
Al, 04 0.30 0.19 0.26 0.72 1.07 1.12 1. 14 1.18 0.59 0.57 0.52
FeO" 18.4 19.0 17.9 22.9 24.2 24.0 23.5 24.1 18.6 18.7 18. 1
MnO 0.29 0.19 0.34 0.49 0.41 0.40 0.38 0.38 0.58 0.59 0.57
MgO 7.23 7.12 8.00 4.19 3.47 3.35 3.46 3.55 6.99 7.01 7.00
CaO 20.2 19.8 20.0 17.8 19.6 19. 4 18.7 19.3 20.5 20.6 21.0
K,0 0.01 0. 00 0. 00 0.00 0.00 0.03 0. 06 0. 00 0.00 0.01 0.01
Na, O 1. 64 1.70 1. 54 2.55 1. 60 1.74 2.01 1. 85 1.29 1.25 1.30
NiO 0. 00 0.01 0. 00 0.02 0. 00 0. 00 0. 00 0.02 0.01 0. 00 0. 00
Cr, 05 0.01 0. 00 0. 00 0.02 0.02 0.23 0.13 0.07 0.01 0.03 0.03
Total 99. 89 99. 83 100. 16 99. 39 100. 57 100. 30 98. 68 100. 07 99. 67 100. 76 100. 05
6 O
Si 2. 005 2.007 2. 004 1.999 1.982 1.978 1.975 1.963 1.991 2.003 1. 996
Ti 0. 000 0. 001 0. 001 0. 000 0. 000 0. 001 0. 000 0. 001 0. 000 0. 000 0. 001
ALY 0. 000 0. 000 0. 000 0. 001 0.018 0.022 0. 025 0. 037 0. 009 0. 000 0. 004
AV 0.014 0. 008 0.012 0. 032 0. 031 0. 030 0.029 0.018 0.018 0. 026 0. 020
Fe’* 0. 099 0. 104 0. 094 0. 163 0. 109 0.118 0.152 0. 157 0. 088 0. 060 0.079
Fe?* 0. 496 0.512 0.480 0.5% 0. 689 0.676 0. 634 0. 641 0.516 0.544 0. 509
Mn 0.010 0. 006 0.011 0.016 0.014 0.013 0.013 0.013 0.019 0.019 0.019
Mg 0.417 0.411 0. 458 0. 246 0. 204 0.198 0. 206 0.209 0. 405 0. 403 0. 405
Ca 0. 826 0.822 0. 825 0.753 0.830 0. 822 0. 803 0.817 0. 856 0. 851 0. 870
K 0. 000 0. 000 0. 000 0. 000 0. 000 0. 001 0. 003 0. 000 0. 000 0. 000 0. 000
Na 0.123 0.128 0.115 0. 195 0.122 0.134 0. 156 0. 141 0. 097 0.093 0.097
Ni 0. 000 0. 000 0. 000 0. 001 0. 000 0. 000 0. 000 0. 001 0. 000 0. 000 0. 000
Cr 0. 000 0. 000 0. 000 0. 000 0. 000 0. 007 0. 004 0. 002 0. 000 0. 001 0. 001
En 22.47 22.16 24.53 13.90 11.07 10. 81 11.41 11. 40 21.52 21.48 21.52
Wo 45.70 44.29 44.13 42.50 44.96 44.98 44. 40 44. 46 45.42 45.33 46. 26
Fs 32.52 33.56 31.34 43. 60 43.98 44.21 44.19 44.14 33.06 33.20 32.22
Ll-6 WTB-2 WLA1 WT=2 LJ2 WLAS
Si0, 50.3 50. 4 49.1 50.9 52.1 51.2 51.4 51.3
TiO, 0.02 0.00 0.02 0.02 0.02 0. 00 0.00 0.03
Al, Oy 0.10 0.11 0.08 0.07 0.08 0. 06 0. 06 0.09
FeO" 41.5 40.3 39.6 40.8 34.1 32.7 33.0 32.6
MnO 1.43 1.37 1. 41 1. 41 1.07 1.02 1.00 1.11
MgO 9.62 9.34 9.58 9.40 15.2 14.8 14.6 14.5
CaO 0. 84 1. 06 0.71 0.82 0.59 0.62 0.55 0. 65
K,0 0.01 0.02 0.03 0. 00 0.01 0. 00 0.00 0.01
Na, O 0. 04 0. 06 0.07 0. 00 0.03 0. 00 0. 04 0.10
NiO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Cr, 0,4 0. 05 0. 05 0.11 0.01 0. 00 0.03 0.00 0.10
Total 103.91 102.71 100. 71 103. 43 103. 20 100. 43 100. 65 100. 49
6 O
Si 1.979 2.003 1.988 2.011 1. 985 2. 004 2.010 2.007
Ti 0. 001 0. 000 0. 001 0. 001 0. 001 0. 000 0. 000 0. 001
ALY 0. 004 0. 000 0. 004 0. 000 0. 004 0. 000 0. 000 0. 000
AV 0. 000 0. 005 0. 000 0. 003 0. 000 0. 003 0. 003 0. 004
Felt 0.016 0. 000 0. 009 0. 000 0.011 0. 000 0. 000 0. 000
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L]-6 WTB-2 WL41 wT=2 L2 WL45
Fey; 0.022 0. 000 0.014 0. 000 0.017 0. 000 0. 000 0. 000
Fe?* 1. 325 1.339 1.318 1. 349 1. 058 1.072 1.078 1. 067
Mn 0. 048 0. 046 0. 048 0. 047 0. 034 0.034 0.033 0. 037
Mg 0.564 0.553 0.578 0.553 0. 863 0. 862 0. 850 0. 846
Ca 0. 035 0. 045 0.031 0. 035 0.024 0. 026 0.023 0. 027
K 0. 001 0. 001 0. 001 0. 000 0. 001 0. 000 0. 000 0. 001
Na 0. 003 0. 005 0. 005 0. 000 0.002 0. 000 0. 003 0. 008
Ni 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Cr 0.002 0.001 0. 003 0. 000 0. 000 0.001 0. 000 0. 003
En 28. 06 27. 89 28.93 27.89 42.97 43.24 42.83 42.81
Wo 1.75 2.28 1.54 1.75 1.20 1.30 1.17 1.37
Fs 70. 19 69. 83 69. 53 70. 36 55.83 55.46 56.01 55.83
0.1
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6 (a  Vejnax 1975) (b Bhattacharyya 1971)
Fig.6  The origin diagram of clinopyroxene ( a after Vejnax 1975) and the origin diagram of orthopyroxene ( b after
Bhattacharyya 1971)
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3 (wt%) « ( x107%)
Table 3 Major( wt%) and trace ( x 10 ~°) elements contents of different iron ores from Tieshanmiao-type iron deposit

L] WTB2 WLd1 WT2 LJ2 WL45 WS6 WSZ LJ6 WTIB2 WL41 WT2 LJ2 WL45 WS-6 WSJ
Si0, 45.1 46.4 43.2 46.1 40.9 45.6 47.5 459 Pb 0.48 -0.14 0.43 1.18 0.16 2.93 27.7 99.5
TiO, 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 Th 0.37 0.02 0.14 0.11 0.20 0.19 0.26 0.33
Al,O; 0.65 0.74 0.37 0.62 0.56 0.51 0.62 0.46 U 0.11 0.00 0.10 0.17 0.14 0.15 0.34 0.16
Fe,05 42.2 42.5 46.2 41.6 39.6 28.1 43.1 46.7 | Sr/Ba 4.46 32.6 2.36 30.6 147 4.65 28.8 33.4
FeO 11.0 11.4 10.3 9.81 14.6 2.85 14.2 10.6 La 1.93 1.05 1.40 1.54 0.79 2.26 0.60 3.05
MnO 0.13 0.19 0.10 0.21 0.25 0.47 0.28 0.21 Ce 310 1.65 2.55 2.24 1.43 3.36 0.78 3.71
MgO 3.04 2.47 242 2.8 3.16 5.90 201 1.60 Pr 0.41 0.21 0.33 0.27 0.21 0.41 0.13 0.44
CaO 6.80 5.84 565 6.8 12.8 17.9 3.91 3.16 Nd 1.58 0.90 1.36 0.97 0.92 1.45 0.61 1.57
Na,O 0.45 0.76 0.99 0.65 1.27 0.83 <0.01 <0.01 Sm 0.30 0.13 0.21 0.17 0.18 0.23 0.12 0.26
K,0  0.37 0.03 0.02 0.0l 0.02 0.07 0.02 0.02 Eu 0.12 0.05 0.08 0.08 0.06 0.10 0.04 0.08
P,Os 0.04 0.02 0.02 0.01 0.0l 0.03 0.02 0.06 Gd 0.37 0.18 0.26 0.18 0.20 0.24 0.16 0.32
Lor 0.77 0.8 0.72 0.69 1.02 0.20 2.00 1.27 Th 0.06 0.02 0.03 0.03 0.03 0.04 0.02 0.06
Total 99.57 99.77 99.71 99.53 99.61 99.63 99.48 99.40 Dy 0.41 0.23 0.30 0.17 0.24 0.25 0.23 0.37
Sc 0.70 0.25 0.78 1.16 2.09 1.28 5.53 0.18 Y 4.50 216 2.72 1.62 2.59 277 179 4.13
v 4.21 1.73 2.83 4.30 2.97 3.44 10.1 4.59 Ho 0.10 0.04 0.06 0.04 0.06 0.06 0.04 0.09
cr 163 147 116 150 46.9 52.8 158 167 Er 0.32 0.12 0.18 0.12 0.18 0.18 0.12 0.26
Co 1.95 1.71 1.41 2.00 1.30 1.40 2.10 2.23 Tm 0.05 0.01 0.02 0.02 0.03 0.03 0.01 0.04
Ni¥ 8.0l 412 3.74 13.8 4.73 6.36 5.27 9.03 Yb 0.34 0.11 0.13 0.11 0.20 0.19 0.09 0.28
Cu*  1.97 1.26 0.93 2.03 0.90 2.13 534 265 Lu 0.06 0.02 0.02 0.02 0.03 0.03 0.02 0.04
Zn’ 5.95 3.15 430 879 3.76 9.33 8.6 162 | 3REE 13.64 6.89 9.64 7.58 7.14 11.61 4.77 14.69

Ga 0.84 0.12 0.65 0.60 1.16 0.75 1.00 1.44 +Y
Rb* 17.2 0.09 1.31 0.46 2.57 2.77 0.49 2.08 | La/Yb 0.41 0.74 0.8 1.00 0.29 0.87 0.48 0.82
Sr 45.3 43.4 14.0 46.5 56.8 34.8 37.6 46.0 |La/La" 1.14 1.47 1.14 1.18 1.24 1.10 1.89 1.44
Zr 309 1.39 2.44 1.94 4.32 3.60 3.26 1.94 ||[Ce/Ce” 0.81 0.81 0.87 0.79 0.82 0.80 0.64 0.72
Nb  0.26 0.01 0.15 0.71 0.53 0.21 0.17 0.24 |[Eu/Eu" 1.82 1.93 1.84 223 1.39 2.17 1.47 1.30
Ba* 10.2 1.33 592 1.52 3.86 7.48 1.31 1.38| Y/Y" .74 1.75 1.64 1.53 1.79 1.78 1.47 1.84
Hf 0.09 0.03 0.06 0.05 0.09 0.08 0.08 0.05] Y/Ho 43.3 51.3 46.1 39.7 46.2 456 44.7 47.3

Ta* 0.02 0.00 0.01 0.04 0.04 0.03 0.00 0.02

“ i(La/la” ) paas = Lapyas /(3 X Prpgas =2 X Ndpyss) 5 (Ce/Ce™ ) paas = Cepaps/( 2 X Prpgas = Ndpyys) ( Bolhar et al.
2004) ; (Eu/Eu” ) pyas = Eupyas /(0. 67 x Smpyas +0.33 x Thpyss) ( Bau and Dulsk  1996) ; ( Y/Y™ ) paas =2 Y pans/( Dypans + Hopaas) ( Bolhar et
al. 2004) ; ( McLennan 1989) ; PAAS

Fig.7 Assemblages of host rock near orebody ( Hypersthene( Hy) + Plagioclase( Pl) + Quartz( Q) )
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Fig. 8 Major elements of different iron ores ( a) and CaO-Fe,0,"-8i0, variation diagram for iron ores (b base map after Lepp and

Goldich 1964) from Tieshanmiao-type iron deposit
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Fig. 9  PAAS-normalized rare earth elements of different
iron ores
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4

Table 4  Property parameters of REE of different iron ores from Tieshanmiao-type iron deposit

Y REE +Y( x10 %) 6.89 ~13. 64 7.14 ~11.61 4.77 ~14. 69 4.77 ~14.69
( x10°%) 9. 44 9.37 9.73 9.49
(La/Yb) pyss 0.41 ~1.00 0.29 ~0.87 0.48 ~0. 82 0.29 ~1.00
La/La" 1.14 ~1. 47 1.10 ~1.24 1.44 ~1.89 1.10 ~1. 89
Eu/Eu” 1.82~2.23 1.39 ~2.17 1.30 ~ 1. 47 1.30 ~2.23
Y/Y* 1.53~1.75 1.78 ~1.79 1.47 ~1. 84 1.47 ~1. 84
Ce/Ce" 0.79 ~0. 87 0.80 ~0. 82 0.64 ~0.72 0.64 ~0. 87
Y/Ho 39.7 ~51.3 45.6 ~46.2 44.7 ~47.3 39.7 ~51.3
Y/Ho 45.1 45.9 46.0 45.5
1.4 3 HE L g e e g )
E O 2% R A1 K AL B
13l [ x HOR M A -REET
5 ks S [0 BUR I S-REER T
“Cet # ALalt s
1.2} RS LA B % 17 (Manikyamba et al., 1993) 4+ A
10k ® & #ETIBIF (Manikyamba et al., 1993)
1.1} F @ 2 4% 7 (Manikyamba et al., 1993)
[ + 714 (Manikyamba et al., 1993)
* 1} TR [ & & VUEBIF (Manikyamba er al., 1993)
S =1
3 0.9 =
© L] C lE
| w SRR AT S AT A =z F
osl m g KA ¥ A1 (] L N gﬁ
0.7} & YR F-RL R © [
o HUIR I SR Bk A °
LG ELaf# fCe St # O:LE
0.5 — , - *
075 0.8 085 09 095 1 .05 14 115 1.2
Pr/Pr¥* .
10 C B d Dulski 1996 00t
¢ ( au and Dulskt ) 0.001 0.01 0.1 1 10
Fig. 10~ Ce/Ce” Pr/Pr’ discrimination diagram for Ce TiO, (%)
anomaly( base map after Bau and Dulski 1996) 1 Ti0, AL 0,
Fig. 11 TiO,-Al, O, variation diagram for iron ore
Ce
o Ce’* Ce*t
Ce Mn-Fe
. ( Byrne and Sholkovitz 1996) '
Ce ( PAAS ) o
Mn-Fe
Ce ( German and Elderfield 1990; Byrne !
and Sholkovitz 1996) . Ce
o BIF °
Ce ( 1981,
( Bau and Dulski 1996; Bekker et al. 2010) . Bau 1980) -
and Dulski( 1996) Ce/Ce" Pr/Pr" La
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BIF Ce Ce o Gross and Mcleod( 1980)
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5 BIF (wt%)
Table 5 Major( wt% ) elements contents of Banded iron deposit
AL, 04 Fe,0," FeO MgO Ca0 Na, 0 K,0 P, 05
Algoma 3.00 41.1 13.0 1.53 1.51 0.31 0.58 0.21
Lake Superior 1.39 44.5 8.20 1.24 1.58 0.12 0.14 0.06
Algoma 7.56 36.1 18.1 3.89 0.83 0.05 0.41 0.42
Lake Superi 2.41 26.7 16.3 2.73 2.40 0.20 0.63 0.1 Gross and
ake Superior : : : : : : : : Meleod( 1980)
Algoma 6.07 20.0 15.0 5.54 1.78 1.07 0.86 0.44
Lake Superior 1.40 28.5 21.2 4.54 5.12 0.15 0.15 0.15
Algoma 6.23 27.17 14.6 2.42 2.27 0.91 0.73 0.17
_ LJ-6 0.65 42.2 11.0 3.04 6.80 0.45 0.37 0.04
- WTB=2 0.74 42.5 11.4 2.47 5.84 0.76 0.03 0.02
_ Lj2 0.56 39.6 14.6 3.16 12.8 1.27 0.02 0.01
WLA45 0.51 28.1 2.85 5.90 17.9 0.83 0.07 0.03
_ WS-6 0.62 43.1 14.2 2.01 3.91 <0.01 0.02 0.02
wWsg 0.46 46.7 10.6 1.60 3.16 <0.01 0.02 0.06
o 17 G . .
i 2% g R R
kaldhall P ET] SR RERT UGy WP PeT B
S el . REE + Y
R — ﬂi% ! | | Eu .
Fe,0,. HLO — @ik~ | ' ' , ) .
e (OH) . :/jjt P : i i ( Dymek and Klein 1988; Beukes and Klein
o T i : : : 1990; Klein and Beukes 1992) . Shimizu et al. ( 1990) Nd
B0 5% 9 A | | | ( ena ) ?
T I I T |
_ =y | | Manikyamba et al. ( 1993) REE +Y
fop o | |
sipn L | ! Eu ALO), 15%
| ek e i | | I
Az A8 A LIQ‘ 11 ! !
, }
}"J‘iffl"l' A1 | : : A )
%f% ﬁl"*fﬂ'%;ﬁf‘ | L ; Hamade et al. (2003) Ge/Si
LR ' e Si :
15 Bk TN A2k N A | e _: ______ . BIF
| S B
| ___JﬁII*HI L)\IHJT{] IR ALO, ( <0.75%)
| I e | eE Ly
| ! e o +
| : o MiEm
I | : oW A7 N N La. Eu Y
| _ _
| I | _ I’fj; Wt 1 Bolhar et al. (2004) Bau and Dulsk( 1996) La.Y
Eu La/Lap,, (1.10 ~ 1.89) | Eu/
12 BIF ( Eupyas(1.30 ~2.23)  Y/Y,,(1.47 ~ 1. 84)
Klein 1983) . . .
Fig. 12 Relative stabilities of minerals in metamorphosed
ironHormations as a function of metamorphic zones ( after 4.2
Klein 1983) BIF
Ti0,AlL O, ( 11) TiO, AL, O, .
BIF BIF . Klein( 1983)
o Eu Eu/Eu” = BIF
1.30 ~2.23 Y /Ho( 39.7 ~51. 3) ( 12) BIF
( Peter 2003) o o
BIF - o ( 1985)
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