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Geology, ore REE and trace elements characteristics of the Lianhuashan iron
ore deposit in Changyi County, Shandong Province

WANG Jin-hui, WANG Qiao-yun, LIU Han-dong and WANG Li-gong
(Shandong Institute of Geological Survey, Jinan 250013, China)

Abstract: Located in the middle part of the Changyi-Angiu iron ore belt, the Lianhuashan iron ore deposit is
considered to be a sedimentary metamorphic iron ore deposit occurring in the Xiaosong Formation of early Paleo-
zoic Fenzishan Group. A comparative study of rock mineral composition, host rock and structure characteristics
between this deposit and the skarn iron deposit shows that the Lianhuashan deposit is similar to the banded iron
ore deposit. The REE values of the ore deposit are low. The shale-normalized REE patterns show relative deple-
tion of LREE and enrichment of HREE, with obvious Eu, Y and La anomalies and no visible Ce anomaly.
These characteristics indicate that REE of the Lianhuashan iron ore deposit originated from the mixture of vol-
canic hydrothermal and seawater. Y/Ho ratios show that the Lianhuashan iron ore deposit was metasomatised by
seawater during its deposition. Trace elements, such as Ti, V, Co, Ni, Mn, Sr and Ba, are of low content. In
the primary mantle-normalized trace element patterns, U, La and Hf have positive anomalies, Ba, Nb, Ta and
Sr show negative anomalies, and ratios of Si0,/AlL, Oz, Ni/Co, Sr/Ba and Ti/V indicate that the ore-forming
materials were derived from the sedimentation of the volcanic matter. This study suggests that ferruginous mate-
rial of Lianhuashan BIF was associated with volcanic hydrothermal solution and formed in a marine chemical sed-

imentary environment.
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Fig. 1 Simplified geological map of the Changyi-Angiu iron ore belt Cafter Wang Songtao et al.» 2007)



357

2005

1020.3 t

1.1

2003

(1] . 2010.
(2] . 2006.

2003
332 + 333
1998
2010 @
1.2
2
U-Pb
11
36.30%
H ]]]1 ]]]2 Nl WZ
3
2~3 mm
4b
35% 60 %
5%
249% ~36%
5% ~20%

13 km

2429 M@

3~5

I
i v v

4a

20% ~



358 33

40459.0 59.4 59.8 40460.2
/O _/. P
0 100 200m A e
L Y,  y—4-200
. — N\ o
1 e — — Ptl —
- e //‘ LZK213 @
./ // /’\ \ .;/.
e e T i e A P \// B~ " LZK251
/ . / — LZK99 8 \ > AN S
. // 400 T K44 N 0 2P LZKBS/ 3 /
< 7 3R LZK59 s -~ LZK212 -
20 5 @kl Lzks [T /’\ | X 40
81.8 =7 N —18
~ "~

K172°

MF L
i
| A romas s

;Hﬁ%&?‘% g
NE[BRHS
A e
-?%EKE%E&
‘| R¥E
%E@%E&
) R A
%Eﬁﬁ%iﬁé&
- IR 10
%J%Eﬁiﬁ% Ts1.0
RES
-'A'LbT%E?Lﬁ—LE
17K96 | R 45
ﬂ%mw‘%ﬁ?LE
ZK101 .Zi%ﬁ%

40459.0 59.4 59.8 40460.2

40
81.0

Fig. 2 Bedrock map of the Lianhuashan iron ore deposit with high precision magnetic anomalies
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Fig. 3 Geological section along No. 2 exploration line of the Lianhuashan iron ore deposit
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in the Lianhuashan BIF quartzite deposit
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Table 1 Content of major elements in the Lianhuashan iron ore deposit

SiO,  TiO, ALO; FeO; FeO MnO MgO CaO NaO KO P,0Os HO" S CO, TFe mFe

LHS1 48.14 0.17 4.47 27.21 14.86 0.07 1.68 1.25 0.16 0.89 0.05 0.68 0.04 0.32 30.58 28.48
LHS2 39.78 0.16 1.55 37.93 17.42 0.04 1.02 0.68 0.15 0.39 0.03 0.61 0.03 0.21 40.07 38.11
LHS3 39.82 0.13 2.41 36.33 17.24 0.05 1.35 1.26 0.15 0.27 0.03 0.56 0.03 0.37 38.81 36.44
LHS4 43.50 0.08 1.41 35.93 16.17 0.02 0.93 0.77 0.14 0.13 0.03 0.55 0.12 0.21 37.70 36.02
LHSS 40.15 0.07 1.42 35.77 17.06 0.05 1.09 1.47 0.15 0.14 0.03 1.18 0.16 1.26 38.28 36.06
LHS6 41.52 0.05 1.10 34.67 18.82 0.03 1.70 1.10 0.15 0.11 0.01 0.44 0.03 0.26 38.88 35.74
42.15 0.11 2.06 34.64 16.93 0.04 1.30 1.09 0.15 0.32 0.03 0.67 0.07 0.44 37.39 35.14
9 47.41 0.04 0.80 20.22 21.60 0.14 2.26 2.14 0.06 0.12 0.206 30.94
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Table 2 REE content of BIF in the Lianhuashan ore deposit and Wutaishan BIF ore deposit
LHS1 LHS2 LHS3 LHS LHSS LHS6
La 6.07 4.43 5.59 3.47 3.05 2.58 4.20 6.48
Ce 10.27 6.92 8.85 5.16 4.57 3.81 6.60 14.00
Pr 1.41 0.95 1.15 0.70 0.62 0.50 0.89 1.33
Nd 5.26 3.61 4.06 2.54 2.33 1.89 3.28 5.28
Sm 1.10 0.79 0.80 0.50 0.49 0.39 0.68 1.12
Eu 0.35 0.29 0.27 0.17 0.19 0.16 0.24 0.60
Gd 1.02 0.77 0.82 0.52 0.51 0.42 0.68 1.20
Th 0.19 0.14 0.15 0.09 0.09 0.08 0.12 0.25
Dy 1.13 0.87 0.91 0.61 0.54 0.47 0.76 .98
Ho 0.23 0.18 0.21 0.12 0.12 0.10 0.16 0.22
Er 0.62 0.49 0.61 0.38 0.34 0.31 0.46 0.69
Tm 0.12 0.09 0.13 0.07 0.07 0.06 0.09 0.12
Yb 0.62 0.47 0.60 0.42 0.37 0.32 0.47 0.72
Lu 0.08 0.06 0.08 0.06 0.05 0.04 0.06 0.13
Y 6.94 6.34 7.21 5.31 5.26 5.03 6.02 6.74
SREE 35.41 26.40 31.44 20.12 18.60 16.16 24.69 39.86
LREE HREE 2.23 1.81 1.93 1.65 1.53 1.37 1.75 1.37
La Yb 9.79 9.43 9.32 8.26 8.24 8.06 8.85 9.00
Y Ho 30.17 35.22 34.33 44.25 43.83 50.30 39.69 30. 04
Sm Nd 0.21 0.22 0.20 0.20 0.21 0.21 0.21 0.21
Pr Yb 2.27 2.02 1.92 1.67 1.68 1.56 1.85 1.85
Eu Sm 0.32 0.37 0.34 0.34 0.39 0.41 0.36 0.54
Y Y® 1.03 1:22 1.25 1.49 1.57 1.76 1.39 1.16
La La” 1.09 1.23 1.10 1.18 1.27 1.35 1.20 1.21
Ce Ce” 0.84 0.86 0.84 0.83 0.86 0.89 0.85 1.21
Eu Eu” 1.76 2.08 1.82 1.83 2.15 2.26 1.98 2.42
2002 4 974048 97404C 96W41 98-3
1 - LHS] = LHS2 # LHS3 9 LHS4 - LHSS + LHS6 © HA WK PAAS
LREE HREE
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o
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Fig. 7 PAAS-normalized REE patterns of the Lianhuashan and
Wautaishan BIF ore deposits standard data after Mclennan 1989 6
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Table 3 Trace elements of BIF in the Lianhuashan iron ore deposit and the Wutaishan iron ore deposit
LHSI1 LHS2 LHS3 LHSA4 LHS5 LHS6
Rb 32.00 12.80 8.80 7.10 7.30 7.10 12.52 1.91
Sr 169.90 28.90 45.00 51.10 43.30 9.50 57.95 34.35
Ba 167.40 71.30 39.60 25.70 112.20 15.10 71.88 14.30
Ga 10.70 9.60 11.40 6.80 9.10 6.70 9.05 3.57
Nb 1.90 1.50 0.70 1.30 1.80 0.80 1.33 0.40
Ta 0.11 0.05 0.06 0.03 0.04 0.03 0.05 0.06
Zr 24.30 18.10 17.80 15.10 13.50 12.70 16.92 9.28
Hf 0.73 0.52 0.65 0.43 0.49 0.42 0.54 0.26
Th 1.79 1.03 2.24 0.93 0.75 0.79 1.26 0.56
\ 37.60 42.00 54.90 13.20 8.70 11.30 27.95
Cr 25.10 16.10 16.00 11.80 11.50 7.40 14.65 8.00
Co 9.10 5.70 1.00 6.90 5.70 1.00 4.90 4.99
Ni 23.50 15.40 22.30 14.50 13.00 7.80 16.08 5.07
Sc 13.50 6.10 7.70 1.00 1.00 1.00 5.05 0.82
18] 0.51 0.28 0.65 0.29 0.18 0.30 0.37 0.14
Ti 885.00 881.00 701.00 335.00 348.00 268.00 569.67 479.48
Cu 56.6 12.1 10.1 14.6 28.0 3.5 20.82 24.70
Zn 96.9 41.5 72.7 33.3 107.6 54.2 67.70 49.90
Pb 26.5 4.3 6.7 8.4 10.8 8.4 10.85 2.29
Ge 3.58 2.82 2.92 2.70 4.26 0.52 2.80 5.62
K 7 400 3200 2 200 1100 1100 900 2700
P 443 322 354 360 266 145 314.98
Sr Ba 1.01 0.41 1.14 1.99 0.39 0.63 0.93 2.40
Sr Rb 5.31 2.26 5.11 7.20 5.93 1.34 4.52 17.98
Ba Rb 5.23 5.57 4.50 3.62 15.37 2.13 6.07 7.49
Co Zn 0.09 0.14 0.01 0.21 0.05 0.02 0.09 0.10
Ni Zn 0.24 0.37 0.31 0.44 0.12 0.14 0.27 0.10
Ti V 23.54 20.98 12.77 25.38 40.00 23.72 24.40
Ni Co 2.58 2.70 22.30 2.10 2.28 7.80 6.63 1.02
Cr Ni 1.07 1.05 0.72 0.81 0.88 0.95 0.91 1.58
Ga Ge 2.99 3.40 3.90 2.52 2.14 12.88 4.64 0.64
Nb Ta 17.27 30.00 11.67 43.33 45.00 26.67 28.99 6.67
Th U 3.51 3.68 3.45 3.21 4.17 2.63 3.44 4.00

2009 2
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