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A comparative study of mineralogical and oxygen isotope characteristics between
the Yaochang iron deposit in Henan Province and the Sishanling iron deposit in
Liaoning Province: Insights into ore genesis and forming environment of BIF
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Abstract: The Yaochang and Sishanling iron deposits are located respectively in southern and northwestern mar-
gin of North China block. A systematic study of chemical composition, pyroelectricity and oxygen isotope com-
ponents of magnetite samples revealed some important information. The magnetite samples are all characterized

by high values of Ni and low values of Co, indicating that the mineralization was related to deep materials. They
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have similar PAAS-normalized REY distribution patterns and are enriched in light REE, with moderately posi-
tive Eu anomalies and lightly negative Ce anomalies; nevertheless, the magnetite in the Sishanling iron deposit
has a more obvious Eu positive anomaly. The average 8'%0 values and thermoelectric coefficients of magnetites
from these two deposits are 7.1%0 and 2.3%0, —59.05 pV/C and — 57.18 yV/C respectively. Based on
chemical analyses and other typomorphic peculiarities of magnetite, the authors hold that the magnetite is of the
volcanic-sedimentary metamorphic origin, but magnetite samples from the Sishanling iron deposit have relatively
low isomorphic extent and a more homogeneous structure. A systematic comparison with the main terrains in
North China block in such aspects as oxygen isotope and REE compositions indicates that the oxygen isotope
components of rich and poor ores show regularity related to different mechanisms of mineralization and enrich-
ment. The values of 8'%0 in poor ores are related to the metamorphic grade of different terrains, consistent with
oxygen isotope fractionation. Systematic investigation of the Ce/Ce” and Eu/Eu” ratios of BIFs from Archean-
Peleoproterozoic strata in North China block indicates relatively low redox levels in the seawater, but with the
growth of North China block, the oxygen-free environment exerted less effect on the formation of BIFs, which
was unfavorable for the generation of banded iron formation.

Key words: BIFs; magnetite; mineralogy; geochemistry; oxygen isotope; North China block
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Fig. 1 Sketch map showing the concentration area of banded iron formations in North China platform after Shen
1998 Zhao et al. 2001
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Fig. 2 Regional geological map of the Yaochang iron deposit in Henan Province a modified after No. 2 Geological Party of

Nonferrous Metal Bureau of Geology and Mineral Resources of Henan Province® and the Sishanling iron deposit in Liaoning

Province b modified after Beijing Huaxia Jianlong Mining Science and Technology Co. Ltd.®
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Table 2 Trace elements content in Yaochang and Sishanling iron deposits

Sc Ti \% Cr Mn Co Ni Cu Zn Ga Rb Sr
1 K2 0.26 318.2 6.13 5.32 1543 0.35 2.13 9.13 111.4 1.41 0.54 3.79
2 K4 0.43 1047 94.09 232.9 1238 10.83 21.05 28.46 50.38 9.35 0.64 10.84
3 KS 0.66 2121 59.23 59.95 3202 4.41 7.96 49.07 36.98 12.36 1.03 4.69
4 K6-2 0.41 78.43 9.00 70.54 525.6 1.28 4.44 3.56 20.01 1.00 0.30 2.23
5 K7 0.27 62.95 6.60 52.20 686.4 4.55 5.74 7.22 30.24 3.13 0.31 3.84
6 K12 0.54 2210 55.56 41.24 3788 7.02 16.06 192.5 86.58 12.01 0.84 6.33
7 K18 0.25 149.4 5.51 6.83 1243 0.39 3.32 4.49 25.50 1.07 0.33 8.85
8 1 0.40 855.4 33.73 67.00 1747 4.12 8.67 42.05 51.59 5.76 0.57 5.79
9 SSLO-10  0.68 239.80 9.84 5.76 154.92 2.20 7.43 7.82 16.10 0.91 0.17 3.40
10 SSL9-4 1.08 439.60 5.41 6.62 490.59 1.03 7.16 40.00 34.70 0.68 0.28 6.35
11 SSL2-9 0.96 359.70  30.70 5.62 — 3.36 8.75 24.70 25.20 1.07 0.26 3.43
12 2 0.91 346.37 15.32 6.00 322.76 2.20 7.78 24.17 25.33 0.89 0.23 4.39
Zr Nb Mo Cs Ba Hf Ta Pb Th U Ni Co TV
1 K2 2.21 0.41 1.50 0.05 2.38 0.06 0.08 4.79 0.12 0.06 6.01 51.88
2 K4 4.93 0.82 17.22 0.05 4.78 0.13 0.11 5.96 0.39 0.19 1.94 11.13
3 KS 12.72 0.85 8.95 0.05 4.54 0.36 0.13 9:13 0.28 0.15 1.81 35.81
4 K6-2 1.00 0.29 5.82 0.02 2.40 0.04 0.07 2.64 0.06 0.07 3.48 8.71
5 K7 1.12 0.26 5.01 0.02 2.64 0.02 0.04 7.21 0.08 0.06 1.26 9.53
6 K12 9.86 1.02 5.54 0.07 7.69 0.30 0.15 38.67 0.26 0.11 2.29 39.78
7 K18 0.79 0.20 1.09 0.04 45.66 0.02 0.06 24.99 0.12 0.04 8.63 27.10
8 1 4.66 0.55 6.45 0.04 10.01 0.13 0.09 13.34 0.19 0.10 2.11 25.36
9 SSLO-10  41.10 0.04 — 0.03 13.20 0.91 — 3.51 0.07 0.87 3.38 24.37
10 SSL9-4  69.40 0.07 0.02 0.09 22.00 1.54 — 4.33 0.03 0.10 6.95 81.26
11 SSL2-9  42.90 0.03 — 0.03 19.40 0.98 — 3.99 0.03 0.73 2.60 11.72
12 2 51.13 0.05 0.02 0.05 18.20 1.14 — 3.94 0.05 0.57 4.31 39.11
1~4 I 5~7 1 9~11 8 12
3.3 3
10 Table 3 Oxygen isotope compositions of magnetite from the
Yaochang iron deposit in Henan Province and the Sishanling
3 iron deposit in Liaoning Province
3O 5.7%0 ~8.6 %o R
7. 1%0 3O Ka 57
0.6%0~4.3 %o 2.3 %o 30 K5 6.6
4 K6-2 7.6
K12 6.8
3.4 K18 8.6
SSLO-10 1.5
1965 1989 SSLO9 23
SSL2-9 0.6
1993 SSL6-1 4.3
SSL9-4 2.5
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Fig. 7 Magnetite genetic classification diagram a after Lin Shizheng 1982 b after Chen Guangyuan et al. 1987
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a ] —mineral magnetite [l —magnetite in magmatic deposit [l —magnetite in volcanic deposit [V —magnetite in contact metasomatic deposit
V —magnetite in skarn deposit Vl—magnetite in metasedimetary deposit b I —magnetite in sedimentary and skarn deposit [ —magnetite in

ultrabasic-basic-intermediate rock [l —magnetite in silicic-alkaline rock



119

Cu Zn

1989

10°°
1989

4.1.2

Zheng 2008

2009 2010
N
wV C

4

Sc
51.59x10°° 42.05x10°¢
50x10°° 50x10 ¢
Zn 25.33X
30x10°°

Fe2®  Fe'™

Banerjee and Chattopadhyay 2008

1987
1987

-50~ =70

2009 2010

Table 4 Thermoelectric coefficients of different genetic

types of magnetite

;LV T

NeliNe RN e Y Y I \S

—_
(=)

—70.00
-63.33
—64.90
—64.90
—64.33
—64.33
—66.20
—68.60
-59.05
-57.18

1984

4.2 BIFs
3180
3180 5 8
1
3180
3180
2 3180
3180
3
3180
4
3180
1998 3180
1979
1980 1985 1998
1985
1979
1980
2010 3180
3180

- 5.4%0“’6.6%0



120 HOF ¥ ¥ & Fi33%
&5 Ak REAESEEDHMEBT AR EEK
Tahle 5 Oxygen isotope composition in magneitite of different banded iron formations in North China block
H e frE FEm B HRAE | 8O REM% | 30 TR | ki fsf £ Hl kil
ZUFR 3 27~69 33
Jru— N '
e B SvE : 2~39 257 . . (20107
LR Bl 10 1355 4.04 BOREH | AL
5 5 i 0 % 49 g ooy
KT R £hA 6 539 ~8.43 6.6 (1979
Cmee BYVHE 40 —54~—041 2.9 it B A AR
R =B X = FARTR
Bl ) b SN 42 -524~6.16 0 A A4 i (1980)
T A3 A 2 462182 1,72 ‘
kR wa 2 3.88~4.16 4.02 B g AL AL
B i 7 2.06~479 367
Wi 6 —4.94~3.25 -1.57
AEIE Eﬂ' 29 —-0.99 -5 81 327 o T
I AREWE = N il et 013 mERARA | gdete | asss
AEE e HH 12 —0.46 ~5.9% 386 EmmEs |7 \ ‘
' a0 8 -5.43 ~ =1.62 -3.96
Y 14 —-6.35 ~ 481 -1.29
T #E ; ~ 65 &) E - _
EE A TR HTE 4 m m‘r 3 105 ~2 42 1.65 & ‘mﬂ B smere
PRt #y 4 1.59 ~ 11.58 877 e
RIPLH ARESTR | FELRES 5 57~86 7.06 BAMNEM | AmEf | FH R 8
T . w o ; 31 8%
eallka Ebe Y110 S T BRL 5 06 ~43 228 AN | Bk 42 002
YR
SRR — R EGR
FUTREES)
I RABIETE
. Bl Z5A KET)
Bl R
BRI ZSTRET)
o BFABER
BAARE R ] "ABEE
EEESRRTES ABEH
I T ] ARELREET)
I T 1 RAFEELKED)
BEEBELGR ‘ y AREWERET)
[ I 1 AEEHEERT)
I T ——— KRELES)
[ T | iﬁElﬁﬁL)
Ak ﬁ%ﬁ#m}m: o HrE
0 0 0 5 o FEREHF
FoARE B L AR T HIF BT
L BT o ) —— ST Bl
i B S 2 46 s e
&07%,

8 RILERHeRER S E M M O A R 3 A Ao b AR

Fig. 8 Contrast diagram of magnelile oxygen isolope compositions [rom the main BIF-forming area in North China platlorm



w1l

HJEFHSE: A AR T B LT R 7 AR R AL R IER 121

BAEBRNTHESG ), 380 M4 AR E M i LE
AErEad, XSEAMRTLOE BBy T oz
W E RS EHEEX, ARAMRAZREREKA
HME ST 4 EERRT .
4.3 BIFs KRR
REEZ#HRARTEERTH + 3 MhEF,. 4
WHIEF Ce BN A +4 M, BB EFE P Eu 7]
BEA+2 M ATTER T Ce-Eu TR L HMH
TR, Ce HPMECS A CH ), X
1038 F AR BT BUR, B3 FSRAE b Zn BR VT AR S
B A IE FRAE (Fryer, 1977). 5 M LT
FEHE, Ce REMARNBT La FEHAHNAELL
TR A%, B Bau A Dulski (1996) BT Ce/
Ce* 1 Pr/Pr* EIMEKHMNEIEN Ce ARFE . HF
B EGANL 7 B LR BT Ce/Ce” (0.66
~0.92, 0.70~0.82)F Pr/Pr* (0.80~1.14, 0.89
~1.00RBEAFIEERE 9OF, sl LLEH, Fr
EHA KL B MEE] Ce f57 ¥ XIR, T 7 B 1L
PR EMEET La ERERER. Cce ARF RN
ST, BEEEAREA D, & BRI E R
K EH RN Ce AR MK BB R ¥k B
ZHEW Ce AR, EEMAEKF, CS Hlbp
Ce**, T Ce** B T/KART 8 Fe-Mn I EEAY . F
B TR A SR I T R AR DI, 1 RO K H Ce

k2

1.1 F
1.0

G509
-

-
E NS
og = ATAR =
U e EHORKER) - B KM
MEHE=AM AFE
07 |ARRGERSR) AEERET
HEg WAR
#HEx BFREE _I
E=ER :ﬂ:‘ﬂlfﬁﬁr ILFE I

0.7 0.8 0.9 1.0 1.1 1.2
PriPr*

B9 Ce S5 %H B E M (3 Bau and Dulski, 1996)
Fig. 9 Ce/Ce” versus Pr/Pr* discrimination diagram
Cafter Bau and Dulski, 1996)
lsCe ERH: Mb—Ce AFH: Do LaERWHARE Ce RH:
Ib—La ARHEHE Ce BH
Il a—positive Ce anomaly: I[b—mnegative Ce anomaly: I a—positive
La anomaly without Ce anomaly: Il Ib—negative La anomaly without
Ce anomaly

0.6

T (Byren and Sholkovitz, 1996). HHILTIAN, I T
Bl BIF RHHBHEH Ce ARE, BR T HERK
FHEREFRE, X5 R ERA RS EF B K\ R
FF(Planavsky et al., 2010; Bekker et al., 2010; %
A EE, 2007

it B g duph b R E R F A H AR
TRERENHE& BRI BN ERBERA ZE(H
FHREF B8, THEURREEY Ry PR L
LEREEON Ce REMER. AENEREIET 8
ZHELA%E, 2010; WX =6 BAX.ELL.5K
¥ FFE ETERASTFMEREBLIFHKKT ax
Fl%s, 2012: EHL%, 2012: REHSE, 2012: B
FEE, 2012: FICEE, 2012: HPE, 2012: B
BT, 2012), FENE 9, W/ LEH . BB
MBEAE Ta X8, (HETHIERENT Ce i
HRIFECM B, HFHEAR BIF R AR R. Eu
ERHEMBEE LR e R B BIFs 6 R 38
AR R BOR A L, R BE AL, Eu
FEDRHE, R2 IR (FEERSE, 2012). i,
EFLL L BIFs #5513 R E 9 Eu 7 % E#
XL 100, T EAE Hi, B8 BIF %8 2 2, Eu
FEEEGBE. &R, R T £ILE BIFs
TE R B g M 4k b b T S ER /D SR8, (BN
PAREREIE OEN, BIRFRRE R .

FEREZECQUIDUNTTRL HA T B
FEWERLH R T EMELHENA, 685 MR
FIARS S ERIe SR SR &SR, WWHH(1998)
HARRAELTREBENHZ4HGETTEES,
WHBRESGERT KERF RN B AFTAHRR
B, Bk b KGR AR AR 8 T o AR R
HBRERT KA AEE, REEMOBREE, BA
HHEME#ES . BIFFR En REMARGTHELER
FEP. FaaAERHMEN AR, RRAXSHE
ME B BE MR IRE, 2010). HTHEAE
Mg, B, M= e, Bk, R A%
2.2 Ga(HET 5, 2010  RUBEMHET,. 4 FH
A ABR-MEEREKTREEE. AR 8%
%, MR RL RS HFE4 FHHE E BIFs
FERELXIL(ZERRS, 2012). L7 B LEERT
& BRI B e Ko AL ST B E N 24.78
feru(ESABHEE, 2012), TR B8 28 3% 6 R B AR 4 37
AEAR—E N H R M H AR R, FHER
B0k 40 TMCGRARBIZE, 2009). WEHTERLER



122 H AV ¥ ¥ R E Hank
60 F - m FEHER — — » BhEHE
s 536007\ e FAHR - FHEEE
50 R . e i
sk A 447(4)__ A543 _45120) 44005 | 454(3)

: \ : SAaas s 7] \ !
a0 b \ / A N s \ |
| zes \ / FILRIAN N2 L ., i

« 35F B / S N AN \ ) ~a | 3.39

E -l e \ 7o e \ 3.06(7) :

20 s B2 2ssg L 2738 i T[S ysan
25 F ) S{L-~ U 233 2330 -~ S & m :2.4ﬂ0{7)

~2.247% ; ™ I 1611
— W U \\ \I-ilﬁﬂ/ e z.ozi 201 220
I = N 1282 | ,L | U 3 53] F
Ul ledas) SN IEE- Sl PP VTR rOR R T e
1ok -_...,.* : 124 N i B
05 | [ 1 1 | 1 1 | 1 1 | P |
EE  SeW  EE  ELA Sk BE  ng A%E BT &5EE BR AESH IFRELR

B 10 4lbEEERH BIFs W Fu R EEELESE
Fig. 10 Eu/Eu" value-trending chart of BIFs from Archean to Early Proterozoic in North China block

R A RE, A RELRNEREER
Ftraig A2 3, KA RHM K LS R EshCEHE,
2008), HXFF R &8, & 7o AR LG e E A&
LEsERTEREN, & THENRE SR EER
E4%, 2007). Eu ERHAEN R SRR K9F1E,
HARMI R T B R+ RB AR TR
B (Danielson ez al.» 1992). &G R
R T TR A s RES IR (2.55~2.5 Ga),
T A AR MR S B A AR K L5 SRS B R
B BB 2 20 5% T K IS 32> (Bau and Méller,
1993). LA b 553 AT Bk 2 5% W T R B £ 25 B %) 9
BGEST T AR — A .

5 4ig

(1) PR G &AL T B L g DRk
¥ E EET KL R, SR K LHER
TR, B RESEBE X HP, LBl
VT K R BB, S8y —.

) L LS FEGBEESBRAET A
BEF sBOMAF MM, S EMNBZRFEER
VIR AR A RKEEE B TR THRET 80
HEZRBEAERR, —BEERREE®T
JHE.

(3) BIFs R B SR A R IE IR . EdbFER
BIFs BB 1) ¥ S B 44 b b Sl D 3R 3%,
AR b MR AL, RIS, AR T £

REKBIE T AL

Bt AHTERERF(LTIBFIET
N A S AR AT R P s st A i
ATT SATRIK; Bt B g K P T B 5 HAF
FRBERSZ AR H A Y i o K T4
RETHBGRA i LOHF, A AR E
HEE# X TR RTLTHHE. B AHE
ZFRARBIZ XM FEAENL!

References

Benerjee A N and Chattopadhyay K K. 2008. Reactive Sputtered Wild-
banded Gap P-Type Semiconducting Spinel AR,y and Delafossite
ABO; Thin Films for Transparent Electronicsl M. Berlin Heidel-
berg: Springers 413~484.

Bau M and Méller P. 1993. Rare earth element sustematics of the chem-
ically precipitated component in Early Precambrian iron formations
and the evolution of the terrestrial atmosphere-hydrosphere litho-
sphere system[ ] . Geochimica et Cosmochimica Acta, 57: 2239~
2249.

Bau M and Dulski P. 1996. Distribution of ytirium and rare-earth ele-
ments in the Penge and Kuruman iron-formation. Transvaal Super-
groups South Africa[ J1. Precambrian Research, 79: 37~-55.

Bekker A Slack J F, Plnavsky N» et 2l. 2010. Iron formation: The
sedimentary product of a complex interplay among mantles tectonics
oceanics and biospheric processes[J]. Economic Geologist: 105:
467 ~408.



123

Byren R and Sholkovitz E. 1996. Marine chemistry and geochemistry of
the lanthanides A . Gschneider JtK A and Eyring L.. Handbook on
the Physics and Geochemistry of the Rare Earth C . Amesterdam
Elsevier 79 497~593.

Chen Guangyuan Li Meihua Wang Xuefang et al. 1984. Minerageny
album of Gongchangling iron deposit J . J. Mineral. Petrol. 4

2 14~42 in Chinese .

Chen Guangyuan Shao Wei and Sun Daisheng. 1989. Genetic Mineral-
ogy of Gold Deposits in Jiaodong Region with Emphasis on Gold
Prospecting M . Chongging Chongging Publishing House 1 ~
325 in Chinese .

Chen Guangyuan Sun Daisheng and Yin Huian. 1987. Genetic Mineral-
ogy and Prospecting Mineralogy M . Chongging Chongging Pub-
lishing House 1~29 in Chinese .

Dai Huimin Bao Qingzhong Yang Zuosheng et al. 2007. Granularity
effects of rare earth elements REE of the Huanghe river sediments

J . Quaternary Sciences 27 5 718~723 in Chinese .

Dai Yanpei Zhang Lianchang Wang Changle et al. 2012. Genetic
type formation age and tectonic setting of the Waitoushan banded
iron formation Benxi Liaoning Province J . Acta Petrologica Sini-
ca 28 11 3574~3594 in Chinese .

Danielson A Moller P and Dulski P. 1992. The europium anomalics in
banded iron formations and the thermal history of the oceanic crust

J . Chemical Geology 97 89~100.

Ding Wenjun. 2010. Geochemical Characteristics and Genesis of Banded
iron Formations from Iron Ore in Qian’ an Area D . Beijing China
University of Geosciences 1~70 in Chinese .

Fleet M E. 1981. The structure of magnetite J . Acta Crystallograpgy
B37 917~920.

Fleet M E. 1986. The structure of magnetite symmetry of cubic spinels

J . J. Solid State Chem. 62 1 75~82.

Fryer BJ. 1977. Rare earth evidence in iron formation for changing Pre-
cambrian oxidation states ] . Geochimica et Cosmochimica 41
361~367.

Gross G A. 1965. Geology of iron deposit in Canada A . General geolo-
gy and evalution of deposits C . Geol. Surv. Can. Rep. 22 181.

Han Yigui Zhang Shihong Franco Pirajno et a/. 2007. Evolution of
the Mesozoic granites in the Xiong' ershan- Waifangshan region
western Henan Province China and its tectonic implications J .
Acta Geologica Sinica 81 2 253~265.

Hou Kejun Li Yanhe and Wan Defang. 2007. Constraints on the

Archean atmospheric and sulfur cycle from mass-independent sulfur

China ] .
1471~1478.

records from Anshan-Benxi BIFs Liaoning Province

Science in China Series D Earth Sciences 50 10

James H L. 1954. Sedimentary facies of iron formation. Economic Geol-

ogy 49 3 235~293.

James H L. 1983. Distribution of banded iron formation in space and
time. Developments in Precambrian Geology 6 471~490.

Lan Tingguang Fan Hongrui Hu Fangfang et al. 2012. Geological

and Geochemical characteristics of Paleoproterozoic Changyi banded

iron formation deposit Jiaodong Peninsula of eastern China J . Ac-

ta Petrologica Sinica 28 11 3 595~3 611 in Chinese .

Li Gaoshan Yang Dianfan Xu Hong ez al. 1993. The Electric-Cave
Center in Minerals and Its Application on Deposite Prospecting M .
Beijing Geological Publishing House in Chinese .

Li Houmin Wang Denghong Li Lixing et a/. 2012. Metallogeny of
iron deposits and resource potential of major iron minerogenetic units
in China J . China Geology 39 3  559~580 in Chinese .

Li Jiaju. 1965. The thermoelectric effect of minerals and its application

J . Geological Review 23 4  316~317 in Chinese .

Li Wenjun Jin Xindi Cui Minli ez al. 2012. Characteristics of rare

earth elements trace elements and geological significations of BIF
from Sijiaying in eastern Hebei ] . Acta Petrologica Sinica 28

11 3670~3678 in Chinese .

Li Yanhe Hou Kejun Wan Defang et a/. 2012. A compare geochem-

istry study for Algoma-and Superior-type banded iron formations
J . Acta Petrologica Sinica 28 11 3 513~3 519 in Chinese .

Li Yanhe Hou Kejun Wan Defang et a/. 2010. Formation Mecha-
nism of Precambrian Banded Iron Formation and Atmosphere and O-
cean during Early Stage of the Earth ] . Acta Geological Sinica 84

9 1359~1373 in Chinese .

Li Zhihong Zhu Xiangkun Tang Suohan ez al. 2010. Characteristics
of rare earth elements and geological significations of BIFs from Ji-
dong Wutai and Lvliang Area J . Geoscience 24 5  840~846

in Chinese .

Li Zhihong Zhu Xiangkun and Tang Suohan. 2012. Fe isotope composi-
tions of banded iron formation {rom Anshan-Benxi area Constraints
on the formation mechanism and Archean ocean environment J .
Acta Petrologica Sinica 28 11 3 545~3 558 in Chinese .

Lin Shizheng. 1982. A contribution to the chemistry origin and evolu-
tion of magnetite ] . Acta Mineralogica Sinica 3 166~ 174 in
Chinese .

Lindsley D H. 1976. The crystal chemistry and structure of oxinde min-
erals as exemplified by the Fe-Ti oxides A . Rumble [l D. Oxide
Minerals 3 C . Reviews in Mineralogy Mineralogical Society of
America L1~L60.

Liu Huizhuo Tang Yuegang and Zhao Fenghua. 2007. Mineralogical
characteristics of magnetite ore from Jinbeizhuang iron-ore deposit

J . Nonferrous Metals 59 1  98~102 in Chinese .

Liu Jun and Le Shuyun. 2010. Genesis study of Magnetite-rich ore in



124

33

Gongchangling iron deposit Liaoning ] . Geoscience 24 1 80
~88 in Chinese .

Liu Li Zhang Lianchang Dai Yanpei et al. 2012. Formation age

geochemical signatures and geological significance of the Sanheming

BIF-type iron deposit in the Guyang greenstone belt Inner Mongo-

lia J . Acta Petrologica Sinica 28 11 3623 ~ 3637 in Chi-
nese .

Meclennan S B. 1989. Rare earth elements in sedimentary rocks influ-
ence of provenance and sedimentary progress A . Lipin B R and
Mckay G A. Geochemistry and Mineralogy of rare earth elements

C . Mineral and Soc Am Washington 21 169~200.

Meng Xuyang Wang Peng Zhang Dongyang et al/. 2012. Element

geochemistry of the Sishanling iron deposit in Liaoning Province and

its geological implications J . China Geology 39 6 1965~
1881 in Chinese .

Pan Zhaolu. 1984. Crystallography and Mineralogy Volumes 2 M .
Beijing Geological Publishing House 1~274 in Chinese .

Pettijohn F P Potter P E and Siever R. 1987. Sand and Sandstones

2nd M . New York Springer-Verlag 553.

Planavsky N Bekker A Rouxel O J et al. 2010. Rare earth clement
and yttrium compositions of Archean and Paleoproterozoic Fe forma-
tions revisited New perspectives on the significance and mechanisms
of deposits J . Geochimica et Cosmochimica Acta 74 6387 ~
6405.

Qian Xianglin  Cui Wenyuan Wang Shilin ez al. 1985. Geology of

Precambrian iron ores in Eastern Hebei province China M . Shi-

jianzhuang Hebei Science and Technology Press 1~273 in Chi-
nese .

Que Meiying. 1984. The origin of Etouchang iron deposit and the char-
acteristics of its iron minerals J . J. Mineral Petrol. 1 57~70 in
Chinese .

Ramdohr P. 1980. The Ore minerals and Their Intergrouths M . New
York Pergamon 911~940.

Robert B Balz SK Stephen M et a/. 2004. Characterisation of early
Archaean chemical sediments by trace element signatures J . Earth
and Planetary Science Letters 222 43~46.

Shen Baofeng Zhai Anmin Chen Wenming et al/. 2006. The Precam-
brian mineralization of China M . Beijing Geol. Pub. House 45
~71 in Chinese .

Shen Baofeng Zhao Anmin Yang Chunliang ez al. 2005. Temporal-
apatial distribution and evolution characters of Precambrian iron de-
posits in China J . Geological Survey and Research 4 28 196~
206 in Chinese .

Shen Junfeng Shen Xuhui amd Liu Qian. 2009. The enlightenment

from thermoelectricity of a few natural semiconductor minerals for

seismic electric field change J . Earth Science Frontiers 16 4
313~319 in Chinese .

Shen Junfeng Shen Xuhui and Liu Qian. 2010. The thermoelectric ef-
fect of magnetite A new model for abnormal geo-electricity from the
formation and occurrence of earthquake J . J. Mineral. Petrol.
30 4 21~27 in Chinese .

Shen Qihan. 1998. Geology character and formation conditions of early
Precambrian BIFs in Huabei Craton A . Cheng Y Q. Early Pre-
cambrian Geology Study on Huabei Craton C . Beijing Geological
Publishing House 83~91 in Chinese .

Wang Kuiren. 1989. Genetic Mineralogy of Earth and Universe ] . Ed-
ucation Publishing House of Anhui 1~544 in Chinese .

Wan Yusheng Dong Chunyan Xie Hangqiang ez a/. 2012. Formation
ages of early Precambrian BIFs in the North China Craton
SHRIMP Zircon U-Pb Dating J . Acta Geologica Sinica 86 9
1447~1478 in Chinese .

Wang Shunjin. 1987. The typical characteristics of magnetite J . Coll.
Mineral Petrol. . 3 139~154 in Chinese .

Wei Juying Wang Guanyu Qiang Demei et al. 1980. The character-
istics of oxygen isotope compositons in Gongchangling iron ore de-
posit Anshan A . The Records of Geological Research in Peking
University C . Beijing Beijing University Press 158 ~ 167 in
Chinese .

Wei Juying Zheng Shuhui and Mo Zhichao. 1979. Oxygen isotopic
composition of magnetite in presinian Fe-bearing quartzite in the area
of Lushan xian county Hebei province J . Geochemica 3 195~
201 in Chinese .

Xiang Peng Cui Minli Wu Huaying ez al. 2012. Geological charac-
teristics ages of host rocks and its geological significance of the
Zhoutaizi iron deposit in Luanping Hebei Province J . Acta Petro-
logica Sinica 28 11 3655~3669 in Chinese .

Xu Guofeng and Shao Jielian. 1979. Typomorphic characteristics of
magnetite and its pratical significance J . Geology and Exploration
3 30~37 in Chinese .

Yan Bingquan Wu Kelong Wang Wenteng et al/. 1993. Study on the
genetic mineralogy of magnetites from the Zhangzhou Complex Mas-
sif in Fujian Province J . Geology of Fujian 12 1 1~16 in Chi-
nese .

Yan Shenghao Zhang Zhaochong Wang Yitian et al. 2005. REE

geochemistry of Qiaoxiahala type Fe-Cu deposits in Southern margin

and its geological implication ] .

of Altay Mountains Xinjiang

Mineral Deposits 24 1 25~33 in Chinese .
Yang Shouye Li Congxian Zhu Jinchu ez al. 2000. Provance indica-
tor of chemical fingerprint of magnetite from the Yangtza River and

the Yellow River sediments J . Geohemica 29 5 478~484 in



125

Chinese .

Yang Xiuging Li Houmin Li Lixing et al/. 2012. Characteristics of
rare elements and the geological significance of magnetite from
Gongchangling iron deposit in Liaoning provice J . Rock and Min-
eral Analysis 06 1058~1 066 in Chinese .

Yao Peihui. 1993. Iron Mine Record of China M . Beijing Metallurgi-
cal Industry Press 1~662 in Chinese .

Ye Qingtong. 1982. Typomorphic characteristics and genesis significance
of magnetite from some iron ore deposit in eastern Guangdong J .
Acta Petrologica Mineralogica et Analytica 1 1  44~51 in Chi-
nese .

Ying Lijuan Wang Denghong Liang Ting et al. 2006. Chemical

composition and typomorphic characteristics of magnetite and its ge-

ological significance in Qiaoxiahala iron-copper-gold deposit of Altai

Xinjiang ] . Acta Mineralogica Sinica 26 1 59 ~ 68 in Chi-
nese .

Zeng Meiwu Wang Manzhi and Qu Weizheng. 1981. Minerageny of
magnetite in Bayan Obo iron deposit | . J. Mineral Petrol. 1 44
~58 in Chinese .

Zhai Mingguo and Peng Peng. 2007. Paleoproterozoic events in the
North China Craton J . Acta Petrologica Sinica 23 11 2 665~
2682 in Chinese .

Zhai Mingguo. 2008. Lower crust and lithospheric mantle beneath the
North China Craton before the Mesozoic lithospheric disruption J .
Acta Petrologica Sinica 24 10 2 185~2 204 in Chinese .

Zhang Dongyang Su Huimin  Qin Song et al. 2009. Geochemical of
Yaochang iron deposit in Henan Province and its geological implica-
tions J . Mineral Deposit 28 3 321~335 in Chinese .

Zhang Dongyang Su Huimin Tian Lei ez al. 2010. Genetic mineralo-
gy of the Yaochang iron deposit in Henan province and their geologi-
cal implications J . J. Mineral Petrol. 30 1  53~63 in Chi-
nese .

Zhang Jianzhong Feng Binhuan Jin Haojia et a/. 1987. The genetic
relationship between margine volcanic rocks and iron deposits at
Abagong-Mengku area Altay district Xinjiang and ore-forming ge-
ological features J . Northwest Geoscience 6 89~ 172 in Chi-
nese .

Zhao Guochun Wilde S A Cawood P A et al. 2001. Archean blocks
and their boundaries in the North China Craton lithological geo-
chemical structural and P-T path constraints and tectonic evolution

J . Precambrian Research 107 45~73.

Zhao Zhenhua. 2010. Banded iron formation and related great oxidation
J . Earth Science Frontier 17 2 1~12 in Chinese .

Zheng Jincheng. 2008. Recent adveance on thermoelectric material J .

Frontiers of Physics in China 3 3 269~279.

~35%.

. 2010.

~3611.

3678.

~1373.

~846.

3

28 11
. 1982.
166~174.

. 1984.
42 14~42.
. 1989. M .
1~325.
. 1987. M .
1~29.
. 2007. REE
I 27 5 718~723.
. 2012.
J. 28 11 3574
D .
1~70.
. 2007. -
J .
37 8 997~1003.
. 2012. BIF
J. 28 11 3595
. 1993. -
M .
. 2012.
] 39 3 559~580.
J. 23 4 316
. 2012. BIF
J. 28 11 3670~
. 2010.
I 84 9 1339
. 2012. Algoma Superior
] 28 11 3513~3519.
. 2010.
] 24 5 840
. 2012. - Fe
J .
3545~3558.
J .



33

126
. 2007. J.
591 98~102.
. 2010. I
241 80~—88.
. 2012. BIF
J . 28
11 3623~3637.
. 2012.
J. 396 1865~1881.
. 1984. M . 1~
274.
. 1985. M .
1~273.
. 1984.
J. 1 57~70.
. 2009.
J. 16 4 313~319.
. 2010.
] 30 4 21~27.
. 2006. M.
47~71.
. 2005.
J. 428  196—~206.
. 1998.
A
C. 83~091.
. 2012.
—SHRIMP U-Pb ]
86 9 1447—1478.
. 1989. M. 1~544.
. 1987. ] 3 139
~154.
. 1980.
AL C.
158~167.

. 1979.

J. 3 195~201.
. 2012.
I 28 11 3655
~36069.
. 1979. ]
3 30~37.
. 2005.
J. 24
1 25-33.
. 1993.
I 121 1~16.
. 2000.
I 29 5 478~484.
. 2012.
J. 06 1058~1066.
. 1993. M . 1~662.
. 1982.
] 11 44~51.
. 2006.
] 26
1 59~68.
. 1981.
J. 1 44~58.
. 2008. J.
24 10 2185~2204.
. 2007. J.
23 11  2665~2682.
. 2009.
] 28 3 321—33s.
. 2010.
J. 30 1 53~63.
. 1987. -
] 6
89~172.
. 2010. BIF ]
172 1~12.





