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Fig.1 Distribution of banded iron formations in Anshan—Benxi area of Liaoning Province (after Shen Q, 1998!")

1—TIron rock series mainly consisting of terrigenous sediments; 2—Transitional iron rock series; 3—Iron rock series mainly consisting of basic

and intermediate—acidic igneous rocks; 4— >2.8Ga granitic complex; 5—Tonalite; 6—Granodiorite—biotite granite; 7— Granites with

unknown ages; 8—Potassic granite with age of 2.5 Ga; 9— Mesozoic granites
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Fig.2 Regional geological map of the Sishanling iron deposit in Benfen area (after Beijing Huaxia Jianglong Mining
Science and Technology Co., Ltd.®)

1—Quaternary alluvium; 2—Leticular marl, dark gray powder sandy shale of Sinain Kangjia Formation; 3—Grayish—green silty rock

intercalated with grayish—green, gray magnetite quartzite of Sinian Qiaotou Formation; 4—Shale, marl and sandy shale of

Neoproterozoic Nanfen Formation; 5—Gray thick bedded quartzite of Neoproterozoic Diaoyutai Formation; 6—Quartz porphyry;

7—Granodiorite porphyry; 8—Diabase porphyrite; 9—Measured and inferred fault; 10— Inferred unknown fault;

11—No. 0 exploration line; 12—Fault and syncline axis
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Fig.3 Geological section along No. 0 exploration line of the Sishanling iron deposit (after Beijing Huaxia Jianglong Mining
Science and Technology Co., Ltd.®)

1— Quaternary alluvium; 2—Marl of Nanfen Formation; 3—Interbedded quartz sandstone, silicified dolomite marble and green schist of Diaoyutai

Formation; 4—Phylite of Liaoho Group; 5—Magnetite; 6—Low grade magnetite; 7—Hematite; 8—Low grade hematite;

9—Measured geological boundary; 10—Inferred fault; 11—Serial number of ore body; 12—Logo and serial number of drill hole; 13—Normal fault
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Table 1 Electron microprobe analyses of amphiboles (in percentage)

ik BRYH AN RHAINE
M SSLO-11 SSL1-4
SiO, 52.77 51.66 53.24 45.51 43.16 42.54 44.14
TiO, 0.23 0.28 0.20 0.40 0.53 0.40 0.23
ALO; 5.14 5.35 434 7.63 9.90 10.82 10.62
FeO 9.89 11.87 9.08 20.22 21.77 21.71 21.15
MnO 0.37 0.45 0.23 0.36 0.30 0.37 0.23
MgO 16.83 1523 17.90 10.12 8.40 8.71 9.09
CaO 11.63 11.99 12.07 10.85 10.90 10.32 10.43
Na,O 0.55 0.69 0.64 0.91 1.07 124 1.16
KO 0.29 0.66 0.10 0.56 0.79 0.58 0.41
Total 97.70 98.18 97.80 96.56 96.82 96.69 97.46
Si 7.500 7.419 7.534 6.965 6.670 6.571 6.706
AlY 0.500 0.581 0.467 1.035 1.330 1429 1.294
Al" 0.361 0.325 0.257 0.342 0.474 0.541 0.607
Ti 0.025 0.030 0.021 0.046 0.062 0.047 0.026
Fe* 0.853 0.746 0.820 0.510 0.395 0.360 0.472
Fe?' 0.323 0.680 0.255 2.078 2.419 2.445 2.215
Mn 0.045 0.055 0.028 0.047 0.039 0.048 0.030
Mg 3.566 3.261 3.776 2.309 1.935 2.006 2.059
Ca 1771 1.845 1.830 1.779 1.805 1708 1.698
Na 0.152 0.192 0.176 0.270 0.321 0.371 0.342
K 0.053 0.121 0.018 0.109 0.156 0.114 0.080
Total 15.147 15.254 15.180 15.490 15.605 15.640 15.528
BCa+BNa 1.828 1.904 1.843 1.669 1.677 1.554 1.591
BNa 0.057 0.059 0.014 0.000 0.000 0.000 0.000
TSi 7.500 7419 7.534 6.965 6.670 6.571 6.706
Mg/(Mg™+Fe™") 0917 0.828 0.937 0.526 0.445 0451 0.482

TE 3 AT B0 o Tl 5 R 2 (b ) Ml 2 S 4 PO L T AR BT SEHR SE S  I L R 1 kv, LI

I1X107A, SRBE 1 pm, ZAF BIEW: . FE,

ALO; M 4.34 %~10.82 %, FeO N 9.08 %~21.77 %,
MnO 4 0.23 %~0.45 %, MgO N 8.40 %~17.90 %,
HMAIR R ER L KRS (RS KIGET
PR ) H A1 TR A A TG & B AS XA T A 1Y FeO 3 1 S
B T 5 KIS IR 10 MANA N 11.19%~
43.39%., &G A INA PR a1 DUV B 74
23 R HEAE SRR HE T RE(F 1), R
A XA N A X R 5 o f TN A (6] 4, AR 8 A I A )
T ZE (Leake et al., 1997M) AT AR X i %€ 1)
Fil TR A DN A RE S IS TR N A BRI A BRI A
X,

22 BExE

A X R 23 Bl F2 TR R S LR A A
TR e BRaha RaBamNia gk
B aERAED T AahRIL, BT RE6, 20
PEB . ek — ko, BB -2k BIE MOk 85 Ik
AL — A e A 3 R SR b T F
PG, o s S T, 4G Rt hr
BEF T4 R LR 11 B TR (R 2) B
=B ALO, T E N 15.82 %~18.00 %,MgO N 9.31 %
~16.77 % ,FeO N 11.65 %~23.52 %; i = KB G
IR LA 1) B = BRI ALO, . MgO (FeO 1 8 KK



1862 h | Hh T 2012 4
2.0 [ Ii 1.0 BN |L
Lok WA P sk . ,

: ~ gy (#ARE | ABERG
1.2} i 0.6
s o 3
2 1 W N s e
I segans 204
04l oo [FRIEA AN A BERNA
i N i
0.0 | ! . ] L bo—8° 0.0 L | |
0.0 0.4 0.8 1.2 1.6 2.0 8.0 7.5 7.0 6.5 6.0
BCa+BNa TSi
B4 fAINA 5528 R B Leake et al., 19971)
Fig.4 Classification of amphiboles (after Leake et al., 1997!")
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Table 2 Electron microprobe analyses of biotites (in percentage)
HE Sk B BREHMANE BRRPRYE
Fidh  SSLO-8-  SSLO-8-  SSLO-  SSLO-  SSLO  SSLO-  SSLO-1  SSLO- SSLO-  SSL2  SSL2-  SSL2-
1 2 8-3 121 -12-2 12-3 1-4 11-5 11-6 -7-1 7-2 7-3
Si0, 35.07 3439 3500 3869 3835 3927 38.16 38.08 37.86 3624 3778 3633
TiO, 2.05 2.06 1.89 1.03 1.27 1.32 1.49 1.03 1.11 0.31 0.17 0.28
ALOs 16.83 17.45 1689  17.08 1647 1582 1725 1691 17.52 1754 16.80 18.00
FeO 2352 23.07 2352 1183 1177 1165 1337 12.94 12.99 1663 1569 16.98
MnO 0.17 0.36 0.26 022 005 0.05 0.22 0.32 0.23 0.14 0.2 0.00
MgO 9.67 931 9.77 1633 1607 1650 15.07 15.63 14.96 1449 1537 16.77
Ca0 0.06 0.12 0.09 0.01 0.00 0.04 0.02 0.07 0.14 006 003 0.00
Na,O 0.08 0.17 0.22 0.14 055 0.00 0.10 0.35 0.38 016 026 0.05
KO 7.59 827 8.39 1040 1053 1047 9.87 9.47 9.53 939 905 7.08
Total 95.05 9521 96.02 9573 9505 9512 95.55 94.78 9472 9496 9527 95.47
Si 2713 2.668 2696 2831 2835 2888 2811 2.822 2.808 2734 2814 2.688
Al 1287 1332 1304 1169 1.165 1113 1.189 1178 1.192 1266 1.187 1312
Al" 0.248 0.264 0.229 0304  0.269 0.259 0.309 0.298 0.339 0.294 0.288 0.258
Ti 0.119 0.120 0110 0057 0071 0073 0.083 0.057 0062 0018  0.010 0.016
Fe** 0.219 0.164 0.143 0129 0087 0155 0.172 0.145 0.157 0.068  0.112 0.151
Fe?* 1.303 1.333 1372 0595 0641  0.561 0.652 0.657 0.648 0981  0.866 0.900
Mn 0.011 0.024 0017 0014 0003 0003 0.014 0.020 0014  0.009  0.008 0.000
Mg 1.115 1.077 1122 1781 1771 1.809 1.655 1.727 1.654 1630 1.706 1.850
Ca 0.005 0.010 0.007  0.001 0000 0003 0.002 0.006 0.011 0.005  0.002 0.000
Na 0.012 0.026 0033 0020 0079  0.000 0.014 0.050 0.055 0.023  0.038 0.007
K 0.749 0.819 0824 0971 0993 0982 0.928 0.895 0.902 0.904  0.860 0.668
Total 7.781 7.836 7857 7871 7913  7.845 7.828 7.855 7.843 7932 7.888 7.849
TES B 5 B o b
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AR T AU PRI ER T 1o A5, 5 2R R Bk IR
HREERD or A E 0 AR AR Ti0, ALO; .,
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Fig. 5 Classification of biotites (after Foster, 1960!"))

ot BRIK 10~13 g/mL,,
31 FEXTE

e s Fron vl FlS T Sio, & 49.15 %~
64.10 %, TiO, M 0.001 %~0.91 %, Fe,O; M 4.95 %~
10.37 %, FeO M 5.90 %~10.50 %, ALO; M 0.17 %~
14.11 %, P,Os M 0.01 %~0.16 % ; I #E KA1 e i
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53.09 %~59.22 % .<0.004 % .17.43 %~18 % .15.25 %~
15.80 % .0.029 %~0.059 % .0.0057 %~0.31 % ,Fe,Oy/
SiO, L 1H 7 0.29~0.34,Fe,0/FeO R 1.10~
1.18,S10,/ALO; HAE A 1003.7~1830.7,, BEA s
o i R 2 S T 2 Si0, Fe,O; FeO, = H Z
Ik 86.36 %~92.45 %, W 1 Si0O, & &S5 2%k & &
BERIEK R (E), TiOo, & /N T 0.004 %,
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HEEAML Za R s s A&t TS
W OIS BN A /N o3 A T S EORE [A] 1 B4
B2 1 AL DU IIAE B — 2, Sk T A A
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32 WERXTER
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Table 3 Electron microprobe analyses of magnetite (in percentage)

Gk F i RN aE F i RN A aE s F RN AR S LR INEIN (50 FEE S ey
i SSL6  SSL6 SSL6 SSL2 SSL2 SSL2 SSLO SSLO SSLO SSL9 SSL9  SSL9
5 -1-1 -1-2 -13 9-1 9-2 9-3 -10-1 -10-2 -10-3 4-1 ) 43
SiO, 0.17 0.22 0.71 0.00 0.18 0.19 0.12 0.15 0.23 0.15 0.17 035
TiO, 0.00 0.00 0.08 0.05 0.04 0.09 0.06 0.16 0.00 0.04 0.08 0.00
AlLOs 0.16 0.00 0.13 0.08 0.06 0.11 0.15 0.00 0.08 0.00 0.08 0.04
TFeO 9385  93.68 92.85 92.18 93.01 9247 92.85 93.28 92.98 93.68 9204 9220
MnO 0.11 0.00 0.14 0.06 0.00 0.00 0.10 0.00 0.09 0.00 0.00 0.15
MgO 0.06 0.09 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.23 0.00
Ca0 0.00 0.00 0.10 0.00 0.07 0.00 0.02 0.00 0.03 0.13 0.03 0.08
NiO 0.00 0.41 0.18 0.00 0.21 0.22 0.00 0.00 0.20 0.00 0.19 0.00
Total 9435 94.4 94.19 9237 93.56 93.12 9331 9351 93.62 94 9282 9282
Fe,0; 6931 69.14 67.56 68.23 68.57 68.05 68.52 68.63 68.54 69.21 6807  67.86
FeO 3148 3147 32.06 30.78 3131 31.24 31.20 31.52 3131 31.40 3079 31.14
Total 10129 10133  100.96 99.21 10044 99.94 100.16 100.47 100.48 100.93 99.64  99.62
Si 0.007  0.008 0.027 0.000 0.007 0.007 0.005 0.006 0.009 0.006 0.007  0.014
Ti 0.000  0.000 0.002 0.002 0.001 0.003 0.002 0.005 0.000 0.001 0.002  0.000
Al 0.007  0.000 0.006 0.004 0.003 0.005 0.007 0.000 0.004 0.000 0.004  0.002
Fe** 1980  1.977 1.933 1.993 1.978 1.972 1.981 1.979 1.976 1.986 1976 1971
Fe?* 1.000 1.000 1.019 1.000 1.004 1.006 1.002 1.010 1.003 1.002 0993  1.005
Mn 0.004  0.000 0.005 0.002 0.000 0.000 0.003 0.000 0.003 0.000 0.000  0.005
Mg 0.003  0.005 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0013  0.000
Ca 0.000  0.000 0.004 0.000 0.003 0.000 0.001 0.000 0.001 0.005 0.001  0.003
Ni 0.000  0.013 0.006 0.000 0.007 0.007 0.000 0.000 0.006 0.000 0.006  0.000
Total  3.000  3.003 3.001 3.000 3.002 3.002 3.000 3.000 3.002 3.000 3002 3.000

R4 TEF FREBIB A LFEH S b (%)

Table 4 Comparison of some main components in different magnetites (in percentage)

W AR TiO, ALO; MnO MgO Fe,03 FeO TFe

g 5.95 2.00 0.22 1.82 47.66 32.90 80.56
PRITE =i 1.10 0.37 0.24 0.68 6791 2761 95.52
Pfig AT 022 0.89 0.28 0.59 6743 2871 96.14
R AR 0.15 051 021 452 90.54
& el 0.19 0.90 1.48 3.17 65.34 25.70 91.04
YRR AT 0.09 0.41 0.04 0.22 68.11 2945 97.56
FuNII] ESTRTINZN 0.05 0.07 0.05 0.04 68.47 3131 99.78

T ——— RN D IR B

1.96~211x107,*FHIMEH N 47.32x10°,V %8 M 0.82~  Ni,V.Cu.Zn B FHE 535 1.113%107°,2.532 %
195x107°, “FIME N 58.24x107%;Cu TN 0287~  107°.10.49%x107°.31.54x107° 4.155%x10°.8.35 %10,
151107, “FI¥MH K 33.66X10°;Zn &K 8.12~  MFE 5 FIE 6 el LI R A B FEIAHENEA U L,
131x107°, “FIHMEN 59.46x10°, WA Ga.Co,  Ce Nd IEFH ,Nb Ti.Sc.P 2 FH, 7 AH U,
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Fig. 6 Primitive mantle normalized trace element spidergram of wall rocks (a) and ores (including other main BIFs, b) in the

Sishanling ore deposit (normalized values after Sun et al., 1989P")
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Fig.7 REE patterns of wall rocks (a) and ores (including other main BIFs, b) in the Sishanling ore deposit

(normalized values after McLannan, 1989%")
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J& T RPE AR5 2 A0 TR e E AT IR
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Je 47k 7 Ak i R Ik i 2 2448, R B A (1998) P
DU 7 3 3 o e A s IX R b 437 1) b SR AR D
FGT AT A b A R AR M AR R I sk
[ 2 A AR AR C R, HRA s A e B A
IRIRBE IR 256 DL A5 BORIER o mIn ARk i e
T FE 2 20 4k R v DR 2 B AL AR, 3R A R
R AH , o BT R R R AR R T A R R
W, EL AT IR A R A AR R0 F o R A A I
FH—BRE AR oKy AR RE A AH 21 35T ot UK A
LU AR 8 SRR B s R R R B 2R G AT
WEFE RN AR A o) P E g S R A KB B
fith 55 5 22 B L T R AR RO R AR R
FOABEAGE B A5 Td ool ARk A T T R
PR I /N R LI A Bk 5 e N B
KL — Ve A — REAR I TR IS ek ] 1k 3
KA F5G Al b s Ll AR Rt ARk i e
o
4.2 R HLE

SRR 1 — L SRR 5 ) S TR P s A
AR, AR XA AT Fe,04/810, B HLE N
0.29~0.34 ,Fe,O5/FeO A 22 163 [l /& 1.10~1.18,
Si0./ALO; FLAE M 2 1103.73~1830.69, — ik h
IEE VURAS BUER 1Y Si0,/ALO; HfE /N T 10, k1l
OB R R KT 10129 2k L5 L AH DT P 1Y
St/Ba HLE KT 1, REVRUTEUA Y Sr/Ba H/NF 1, B
LL U 25 R KA 9225 Se/Ba fH R 0.15~3.03, °F-3

& 6 HLIFERATERRE R R X 5 ERHER RIEFHRKEEFE

Table 6 Characteristics of Precambrian banded iron formations in North China platform
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g (5Kl HR BERRAT . A1 BN PSR S aeibil GEPEOAJeRy  BERRERA SAAR-
BAT D BT EARE
WG EEERE ool WEERDT. RER. A9E SHRA. B4, A1a THCEH R TEYE RD-RE BT TR S AR- #H
Brattig o Bk oA, BEINA TR e 1 S S lib G+ R K cis s kg Hh AT
SRIDZNE PR BB, AL B NG Babk RIS A CERD BEJOlE-iRIE FARWA - BRREA AR
Brattig R B WO BEA ARTA. K RORGRKRREY REDEJESUA-REER RERRERAT
A RBHKA R R+ BRI SRR i
WAMTE KR WRRRAT . A FlEA. Sl RRAMNEE AR BEklE-RRE- A amiiE
WegkaE AR BRI H A EHERERR AR A AR AU - =R 2
R+ RS #H
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Element geochemistry of the Sishanling iron deposit in Liaoning Province and
its geological implications

MENG Xu—yang', WANG Peng’, ZHANG Dong—yang', LIANG Ming—juan’

(1. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China; 2. Beijing Huaxia Jianlong Mining Science
and Technology Co., Ltd., Beijing 100070, China)

Abstract: The Sishanling iron deposit is located in the northern margin of North China platform and
geographically lies in Benfen area, Liaoning Province. The ores are composed of magnetite and hematite and
controlled by Anben Formation of Achean Cigou Group, the sedimentary facies is of the oxide —silicate phase.
Through the study of element geochemistry of the main minerals, ores and wall rocks, the authors have obtained
some useful information: Metamorphic facies has reached low amphibolite facies, and the BIF can be classified as
mafic volcanic —muddy sandstone —ferrosilicic sedimentary formation. The metamorphic volcanic rocks are
characterized by oceanic tholeiite. The shale—normalized REE patterns of the ores display depletion of light REE
relative to heavy REE, high ratios of Y/Ho and distinct positive anomalies of La, Y. Eu shows stronger positive
anomalies in comparison with the other main BIFs in North China platform. The geochemical information of the
BIF shows that the ore—forming elements came from the mixed solution of volcanic—hydrothermal solution and
sea water, and that the hydrothermal solution was related to the mantle material.

Key words: BIF ; mineralogy ; element geochemistry ; Sishanling iron deposit;Liaoning
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