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Abstract

The Jingshansi iron deposit in Henan Provinee is located in the southeastern part of the North China craton.
The orebodies occur in neatly bedded and lenticular forms, and iron ores are predominantly banded in shape,
with a small amount of massive ore. Marbles of Tieshanmiac Formation in Tathua Group constitute main wall
rocks and intercalations among the orebodies. Geochemical analysis indicates that the Jingshansi banded iron for-
mation belongs to the Precambrian voleanic-sedimentary metamorphic iron deposit, and chemical analyses show
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that the iron ores are characterized by the data St/Ba=20.55, Ti/V=104.24, Ni/Co=2.31, Y/Ho=62.67,
positive anomaly of La (La/La* =0.807~1.564), positive anomaly of Eu (Evw/Eu* =1.246 ~2.821) and
positive anomaly of Y (Y/Y™* =2.426~3.310) with generally low concentrations of Zr, Hf, Th, suggesting
that the ore-forming materials ware derived from the intermixture of volcanie hydrothermal solution and seawa-
ter, wheresas crustal matenals contributed very little to the volcanic-sedimentary process. The negative anomaly
of Ce indicates anoxic condition in the local seawater. The homogenization temperatures of fluid inclusions vary
in the range of 150 ~320C, implying that the ore-forming fluid was of low salinity (w(NaCly) =2.07% ~
18.80% ) and low density (0.846~0.979 g/cm?). Components of fluid inclusions show that mineralized hy-
drothermal fluid was low salinity water with Na*, Cl™ and some O0,. The Jingshansi iron deposit underwent
the ferrcsilicon sedimentary deposition stage followed by further enrichment during the late regional metamorphic
process. The ore-forming fluids were characterized by multi-sources and exhibited immiscibility phenomena
which influenced the migration and enrichment of iron.

Key words: geochemistry, banded iron formation, fluid inclusion, Jingshansi iron deposit, Henan Province
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Fig- 1 Simplified geological map of the Jingshansi are deposit (after Yao et al. - 19932
1—Quatemary clay: 2—Ruyeng Group clasclite: 3—Gneiss Member of Tieshermisc Formation in Teihua Group: 4—Marble Member of
Tieshanmisc Formaticn in Taihua Group: 5—Leptite Member of Tieshenmiso Formetion in Teihue Group: 6—Orebody; 7—Syncline;
8 Anticlines 9 Reverse fault 10— Normal faults 11—Sampling location; 12— Exploration Iine and drill hole
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Fig. 2 Geological sections along No. 41 exploration line of the Jingshansi are deposit after ¥ao, 1993)
1—Quaternary clay; 2—Gneiss Member of Tieshanming Formstion in Taihua Groupy 3—Marble Member of Tieshanmise Formation in Taihua
Group; 4—Lepiite Member of Tieshanmiao Formetion in Taihua Group: 5—Orebody: 6 Fault: 7—Drill hole
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3 WRHASESR

3.1 ER[NEMRLIITRIRER

W EBTERIELER(E 1) wFq0 +
FeOYBALTF 25.60% —39.68% , FHE N 33.63%.
wi(Si0;) % L F 40.49% ~ 53.20%. FHE X
46.56% . w(TIONFEAT 0.03% ~0.16%, FHHE
H0.06% . wlALODZEWT 0.65%~1.64%,FH
fHA40.95% . w(MnOYEHLT 0.07% ~0.68%,F
BMHRA 0.26% . w(MgO)ZEHT 1.76% ~7.32%
EHME N 3.73%. wlCaO) W T 3.01% ~
28.51%. FHME X 14.56% . w(Nsp0) T F
0.29%—~0.96% ., FIEF0.59% . w(K,O) 4L

£1 BLFETRURREAXABT KT AERTESR (w(B)/%)
Table 1 Mgajor elament content of ores in the Jingshansi iron deposit and other same type iron deposits (w{B)/%)

Bulr5ey Relds” FESEER  SHESGK  InfeABlR

&\l SFRR
#Hay HO EGRR  RGLRE  (GEERa% (S, o0
Wee058 Wel6l Wg063 & Weldd Wg00 Wg0s =¥, 1994) %, 1994 2008) 20093 (G, 19900
S0, 44,14 43.16. 49.32 40.49 4907 53.20 4369 39.42 4577 40.23 50.50
TiO, 0.03 0.03 0.03 0.04 0.04 0.16 0.04 (.08 0.08 0.02 -
ALD, 0.84 0.75 1.02 1.64 0.65 0.80 0.55 2.3 1.22 0.4 3.00
FeyOy 14.34 25,14 22.04 13.03 21.03 25.20 35.82 36.65 30.95 40.29 26.90
Fe) 14.23 14.54 13.46 12.57 12.61 13.56 16. 40 16.06 14.02 18.13 13.00
MnQ 0.68 0.24 0.3 0.07 0.07 0.15 0.06 0.02 0.17 0.08 0.41
MO 7.32 3,32 3.07 1.76 4,18 2.74 2.51 1.50 2.60 1.61 1.53
Cal 16.15 10.51 9.04 28.51 10.13 3.0 1.75 1.49 1.88 1.88 1.51
NeO 0.9 0.74 0.58 0.30 0.69 0.29 0.08 0.49 0.32 0.07 0.31
K0 0.12 0.12 0.23 0.56 0.12 0.22 0.05 0.02 0.29 0.02 0.58
P05 0.19 0.18 0.24 0.22 0.25 0.16 0.08 .08 0.19 0.06 0.21
LOI 1.10 1.43 0.86 1.00 1.58 1.02 — — 0.90 — —
Ba 100.10 100.16 100.23 100.19 100.42 100.51 101.03 98.12 9.39 102.80 97.95
Fe0:/50," 0.45 0.32 0.43 0.47 0.32 0.58 0.82 0.93 0.66 1.45 0.53
Fey0y/FeD* 1.64 1.04 1.67 1.86 1.01 1.73 2,18 2.28 2,21 T 2.07
S0/ ALO:"  4B.35 2469 75.49 66.50 52.55 57.55 79.44 17.06 38.34 98.12 16.83
FeOs+FeD 28.57 39.68 3550 2560 33.64 3876 54.02 54.48 46.51 58.42 41.33
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F0.12%~0.56%, FHEN 0.23% . w(P,05)%
6T 0.16% ~0.25%, FRENR 0.21% . M Lk
fERTLLE W, &R e IE LA R 4. 1Kl
fiE, 7T #E LA K 1L T 2 (Michsel, 1989), &%
BENLFERDH S0, Fe,O, fl FeO, ZH§E2Z
MEIX 66.09% ~91.96%, M TiO,+ ALO; MnO»
P,0s WA REFR BRURGIEREY IS S
TR (R RE, 2009: 2011).

Q) ENH L ORARER(E2): LaR
) La/La" = Lapaas/(3Prpaas — 2Ndpass ) R H.,
Ce IR Ce/Ce* =2 Cepans/(Lapaas + Prpaag) R
WHE, Pr R % B Pr/Pr* = 2Prppss/{ Ceppas +
Ndpaas R ¥ 8, Eu IR HE A Ew/En" =2 Eupgas/
(Smpaas + Gdpass ) R E, Y IR EH Y/Y* =
2Ypass/( Dypass + Hopaas ) R 1 5 (Robert et al.,
20040, X IT B S B A R 0 #th 0% 0 4E HEAT AR
ik, 3t #% £ G K ¥ B FH PAAS(post Archean Aus-
tralian shale)(McLennan, 1989)3# 4T r¥E4k .

s B bR L B R R T R & H
(E 4R T on A R E (B 4T R, R R
H Rb-U-K.La.Sr.P.Sm IE R % Ba. Nb- Ces Nd-
HL.Zt Ti ERAFH. w(C)H 27.20 X 1078 ~

66.20X 107% w(Co) ¥ 0.63 X107 6~3.26 X 107%;
w(NDH 1.50X1075~11.54 X 107 5; w(V)H 0.88
X107 8~3,67X1075; w(TD X 150 X 1075 ~960 X
1078 Ni/Co LLEFFE X 1.09~4.45, P14 2.31;
Ti/V HETE B R 57.34~138.89, F 8% 104.24;
St/Ba LEHFE N 3.37~52.20, F#1% 20.55: %+
FEEBERMK P 1.974x1075~14.190 X 1075, 3¢
BH 5,916 X 1075, FESE PAASIRIEMLG, BB
WL oRHEMTH, BER L oRHENEE, La/La”
RIERY, La/La* =0.807~1.564; Ce BERFB N
#,Ce/Ce* =0.809—~0.955; & Eu ER¥, EW/Eu*
=1.246 ~2.821; Pr REMBIERKE, Pr/Pr* =
0.950~1.075: B Y FIIERHE, Y/Y" =2.426~
3.310; Y/Ho WM ZELTER AN 55.957 ~75.294,
WHIH 62.67. XE54RRHK BIF {$MEE A —2(ZF
3CiX,1987; Robert et al. »2004; Carlos et al. » 2007
3.2 M REESE
3.2.1 HikaEERY

B TG ¢ O b X R AR £ FH T R A 3
MAERAPHRESEE RV AEEARMEY
VW ARSBET A KEE (EAE), ¥R 5B R
F0.25~0.3 mm N EMEEERF. E£RH
BTUEEL, AREBELRBEY T AR SRS B

%2 SFHETEATANNELESE(WB)/107%)
Table 2 Trace element content of ores in the Jingshans] iron deposit (w(B)/1075)

#5y  Wg058 Wg-061 Wg063 Wg-043 Wg-050 Wg-054 #ly We-058 Wg-061 Wg-063 Wg-M3 Wg050 Wg-054
Rb 4.81 0.69 6.43 6.99 0.73 2.76 Pr ¢.321 0.177 0.144 0.632 0.160 0.078
Ba 2.7 1.68 7.89 . B.67 1.20 3.74 Nd 1.160 0.674 0.577 2.09 0.498 0.320
Th 0.22 ¢.10 0.22 " 0.80 0.15 0.07 Sm 0.181 0.128 0.112 0.348 0.085 0.068
U 0.20 0.01 0.12 0.05 0.08 0.03 Eu 0.117 0.034 0.45 0,076 0.046 0.026
Ta 0.4 0.04 0.04 0.4 0.07 0.04 Gd 0.225 0,128 0.157 0.338 0.123 0.091
Nb 0.15 0.18 0.36 0.24 0.78 0.17 Tb 0.040 0.017 0.023 0.046 0.017 0.015
la 1.53 1.08 0.46 1.80 1.53 0.37 Dy 0.234  0.107 0.146 0.191 0.100 0.097
Ce 2.87 1.76 1.13 2.8 2.0 0.71 Ho 0.055 0.026 0.032 0.039 0.026 0.025
Sr 68.00 B7.70 26.60 91.60 25.10 43.20 Er 0.180 0.0B3 0.059 0.133 0.085 0.087
Nd 1.16 ¢.67 0.58 1.25 0.30 0.32 Tm 0.025 0.013 0.016 0.019 0011 0.012
H 0.4 0.05 0.07 0.06 0.04 0.04 Yb 0.166 0.088 0.123 0.112 0.088  0.069
Zr 2,78  2.19 319 221 21 2.03 In 0.024 0.013 0.016 0016 0.013 0.013
Sm 0.18 0.13 0.11 0.19 0.08 0.07 2REE 7.129¢ 4.328 3.083 14.190 4.791 1.974
Tb 0.04 0.02 0.02 005 002 001 |[IREEHREE" 6.507 8.110 4.039 14.876 9.362 3.843
Y 3.10 1.92 1.84 231 1.7 1.44 Y/Ho" 5§5.957 75.204 57.680 59.079 70.196 57.831
Ni/Ce* 1.39 2.31 1.09 4.45 2.25 2.37 La/La” 1.087 1.280 0.807 1.174 1.564 1.139
Ti/v* 138.89 106.33 57.34 70.30 161.25 109.34 Ce/Ce 0.915 0.859 0.955 0.84 0.809 0.902
Sr/Ba* 24.55 52,20 3.37 10.68 20.92 11.55 Pr/Pr* 1.023 1.006 1.075 1.011 0.950 1.018
La 1.530 1.080 0.463 3.800 1.530 0.370 Y/Y* 2,453 3.310 2.41 2,426 3.182 2.620
Ce 2.870 1.760 1.130 6.350 2.010 0.705 3En” 2,821 1.273 1.963 1.246 2.458 1,962

¥ o« BN LRAWAEEEGRET T A.
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B 4 SFE KEETERS MO CER S (b, FEASIEE Sun et al., 1989)
Fig. 4 Trace elements pattern {a) and rare elements patterns (b of the Jingshansi iron deposit
(normalization values after Sun et al.» 1989

KEATHAAREANRUAGEES . f FHRRESH, MERNE3~9 pm, STHTE 10%

BERFHFT Y RENREBEARHATRE ~20%. EARAGTRETHEL.

ATRPRE S P B R Y BT LA R T E4& TRAH=MEEAEE Sc.d), T,
T2 AP AR EREAE 5a.b), K RE, DARIPRA £, RESEEMILT 4, FH

R, DU R AR % X, B RRAREHLA A, BT H, MEKADE 4~11 pm, SHSHEE 10%

| “"\ o [\ .@
| 10 pm

L |-l \cu TAV'Y
N

10 pm |

10 um
| I ok B
L 0um ) Lo

B 5 BUSFERT KRAESEEBHEE R CRER, 8508, B b X5 WA HAVAZD
ab— 1 BEXKE, od— T HEAWE, o TRCXE, L—WH v
Fig. 5 Microphotographs of fluid indusions fram the Jingshansi iron deposit
(roomn temperatures plane-polarized lights the host minerals of b and f are calcites the others are quartz)
ar b I type fluid inclusicn; ¢»d— 11 type fluid inclusions eI type fliid inclugicrys L—Liquid phese; V—Vapor phagse
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Fig. 6 Histogram showing hamogenization tempetatures of fluid inclusions in quartz (a) and calcite {b)

~30%, FESAEARTD, FEATL L.

MEASHFEIHAEA(E S0 AFAREER
R, Fth KA, LR ARAPR A, RESE
BEBL AT, IR , MMEKADTE 2~8 s R,
HAAE 5% ~30% . R EMT AP E L.
3.2.2 HALEERRSRE

KR 7 X3 A F R S T B £ A SR 4
A R R A BT B 8T, PR e
AW 7 AR 34, SRSy Ba KB EE
FOREM 6 1, FLIRE 162 MY — R 99 MK
HEEE.

FREY A KIE (B R BT FHEH
BRMEEPSEBEACESNY —REELT
124~296C ,» EEEFE 190 ~265C (B 6a);: H i
AFSHEFEHOBEANY - REZWLT 112~

386C , Bk B 2 MEERE, 254 112~ 180C
F1200~320C (B 6b)s AEBRABET T HHH
B3 o 1 ) T B AR SR B A R AR — iR
A 101~395C , FEKHZE 115~310TC (B 6a).

BaELE HEXHEAEENY —REEER
FEE 150~ 320 RABWFHY KRR @0
. XSAER—&FRERETRRRE TS
B UL R A bR b g B DI X 8 R I3 —
B HEEAR R KFRE S, 2009).
3.2.3 HESEEF

AR G W E MK SR RS R Ak
RIZRFE, F 454 Hall £ (1988 # th £ HLO-NaCl 4%
RIE (wNaCl, ) K 0~23.3%) - KRAR. S=
0.00+1.78 £ —0.0422:% +0.00055723, RF ¢ KK
RiRE, S HHE.

LZr

My b
a )
_ Hhen i
) T O me =
10} ik
ES
- B -{--
= oar =4
4_
| ’—H i
0 - . 1 1 1 1 ]
2 4 5 § 9 10 11 12 12 14 15 9734 5 6 7 8 910 111213 14 1516 17 18 19

W {NaCl )%

WANaClL, %

A7 AEOAFEAYREQESEERYE
Fig. 7 Histogram showing salinity of fluid inclusions in quartz (a) and calcite (b)
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T HEBR AR E LR w(NaCl T 2.07%
~18.80%, o, A EBABET T A P AERA
BEEw(NaCl ) ERS T 2.07% ~17.08% (H
7o) SRR WA AHS(ES P EERERERS
w(NaCl ) EEH T 5.86% ~9.21% (& 7a), 77
FRA LR AR w(NaCl) EE A4 T 2.24% ~
18.80% (B 7b), B A BARL IISFHRY BE KN
ik Eh BEARE

RUhEERCRBUAARNBI—ABR.ES
W— R RN — R RS ER L R,
2001). AR Brown(1989) 1 FLINCOR 3%
A XRESD B FER AR &8 K% E
ARRMEEARGEE.

(1) 32/ Brown (1989) ) FLINCOR %4 &
RAEEE, & 0O, RAEBSEAIFETEXA co,
43 3 — B DA RS A A SO AT VL R B R
BEELELT 0.867~0.979 g/’ : SHEFHHEE
it S 1R R B —iR B AT L R R
HEEEAT 0.891~0.947 g/em’.

(2) BHXRZE(98T M EE R AR
wEARX:

p=A+Bt +Ct?

A, o A EKBEHEE (g/on’), 2 HH—RE
(CHAB.CAEEHABE, ARLEFEN 1% ~
30% , A FEE (S T & 2F BEAS ] iR

A=0.993531+8.72147 X 10735—2.43975 X 10— 5 §?
B=7.11652X10"3 —5.2208 X 10738+ 1.26656 X 10~ &2

C=—3.4997x 1076 +2.12124 X 107S—4.52318 X 10~ &2

WHEABE WAEREEAT 0.846~0.902 g/ axd.

g4 B3R 2 T SR A AR AN B R
THE BARRTRAENEETLT 0.846 ~
0.979 g/cm®, P3#% 0.913 g/em®, Bk LB RHE
ISFERT BT itk B T IR S R

3.2.4 #HAGSEERS

AR ARERGCEEBAHESFHATETS
Na* Ca2* 80" M Cl-. FHEFH — & Na* >
Ca* >K* >Mg*: BIEF+ Cl- >80~ >NO; -
SHERIFES 00,-0,-Ny FEH—EEN CH,.

HAX A RR AR 4R (R DT
R, HERELAD (B0 N 52.405 X 1076 ~
91.301 %1075, 398K 68.709 X 1075, FSAHARS
& E: w(N)) ¥ 344.703 X 107% ~ 408.651 X
105,39 1H % 382.502 X 107 %; w(CH,) & 0.037 X
1076~0.068 % 1075, 39{EH 0.049 X 10755 w(00,)
H75.238X1076~127.191 X 10 %, ¥W{E N 106.440
X108, AR HISE: w(K* K 0.732~7.068
x 1076, B{H K 2.283 X 1075; wlNa* )} H 3.745~
10.522% 1078, K 7.678 X 1075; w(CL*)
2.672 ~ 10.338 x010°5, ¥ {6 % 8.324 x 10°5;
w(F~ )% 0,083 ~0.326 X 1075, WE X 0.178 X
107% w(Cl )% 5.94 ~ 18.899 X 1075, B HE X
13.141 % 107%; w(SOF~ X0 11.796~27.03x 1075,
WME N 20.128 x10°6.

GLpiR AV BEEE —MEEER Na*.
Ca*\80F - Cl 8K, HEFEEN O, RI—ER
) Oy N, LK 2> & CH,.

4 ¥ %

4.1 SEKRIERE

ZASFET MEAREREUGEL, RE¥ER
FAECRFIRE, 1996:1998) . FHREN F w(FeOy
+ FeO) L T 25.60% ~ 39.68%., TR E N
33.63%, LB G, T & 1l A RS L8R5 R I
ik GEAR 45, 1994; H 1R, 1994; FEEHLE, 2008:

Table 3 Component content of flnid inclusions in the Jingshansl iron deposit ( w(B)/10°5)

®3 BUFENARGEREXS SR (w(B)/107°%)

RS o, H0 O, N, CH, CHg K* Na* Ca2t F- cl- SO&-
We-045 75.238 59.183 98.337 391.825 0.038 0.086 0.870 9.422 9,609 0.120 16.007 24.920
We-046 115.295 80.248 83.601 375.261 0.068 0.188 1.618 10.522 9.368 0.09% 18.899 17.165
Wg-047 96.948 52.405 79.973 344,703 0.053 0.257 1.115 B.168 10.338 0.326 14.069 19.728
Wg-054 127.191 60.409 94.502 408.651 0.037 0.28 0.732 6.533 9.933 0.083 10.79%0 27.030
We-057 117.528 91.301 93.783 392.069 0.047 0.2 7.068 3.745 2.672 0.263 5940 11.7%
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AL, 2009), HINE KRR XS BT B F £
1% (Gross, 1980). w(Si0) BT 40.49% ~
53.20%, F¥{EN 46.56%, 5SS KB . AH L. X
R UENEXFIRXEGHET . w(AL0)E
T 0.65% ~1.64%, FHEMEN 0.95%, 5F KL,
ARAFBEET SE—B, A NERF /KRS HE
AR AEE LS % w(TIOTRT 0.03% ~
0.16% . FI{E N 0.06%, L H AL X &5 & 2R
%, "I AR X ZRIEE K SIO, FE M, FeO; + FeOs
ALO; A1 TIO, FBME. ALO; Fl TIO, S BM{EH
B ff) BIF 2 i % 2> 8 8 97 JUm O\ i 46 22 BT
Ao &K Fey,05/5i0, {H . Fe,O3/FeO KLAE T 2
$1% 0.32~0.58.1.01~1.86, M FAbHh X P R in&
KBTRZESBERT MEREEMHAETERRS 0.53~
1.45.2.07~2.28, Bk L& LT b Em A, U
BT 8 \I28 R NSRRI S i X FH
—EMER, HEABRF L HAHX BRELK.

— AN, TR T M Si0/ALO, KN
AT 10, KL PTHAE T ¥ SI0,/ALO, HEMN K
F 10QEHE, 19980, AE 1 P LLE H, L1L578k
¥ B Si0,/ALO; KB K 24.69~66.50, 3
fbdh X B8 T A SIO/ALO, BN EN
16.83~98.12, EfINHERFER, HHXTF 10,
R T2 U p8n AU X 8T 35 Xl #
HRAR, HXKLTTRET .

MESF A BENEN, IHELFEFRE

Fea(d; Teld

A Superior

¢ Algoma

B gy
M fEALBIE AT 4

Cal I Me() iy

Bl 8 (Fe0; +FeD)-{CaQ+ MgO)-Si0, Bl
Fig. 8 (FeyOy + FelD)-(CaQ+ Mg()-5i0; diagram
Cafter Lepp et al.» 1964; Shen et al., 20090

B (Fey, O3 + Fe0)-(Ca0 + MgO)-SiQ, Shn& KR
RGBT W2 ATaE L —3 BN Tt
AE&ERET HAHERN, ARTER.

4.2 MRWREESVRHERE

MR 2 Il 4 PATLLE W, & RF Rb.U.K.
La\SroP.Sm IE R %, Ba.Nb- Ce- HI Zr - Ti B2 1 7
#» TisV-CoNi-Mn FU R S BATHLHE.

— RO R K \E FIEEAH ST B Sr/Ba HLEX
F 1, TR LI E 8 St/Ba LHEADM T 1. 810F £
R T I Se/Ba WA H 3.37 ~ 52.20, F3 %
20.55, @BEXTF 1. TV HEFHRE S BT 850
KIRFEHOREET W R E KR, FEBRTE T, Tis
VERN P ERZAT 1.33~10.9: ERILERE
D 13~ 85 (MRS, 1986). LWILSFEF M
Ti/V AN TF 57.34~138.89, S H K KL TR
B, KILPHEFEKP Cr.NinCo A E—BR
FREEFE , 05 Ni/Co HeAE ) — MK T R B #E IR
PR . SIFEF P Cr.Ni.Co S EBK. 5K
PTG HE G R A, RS0
FHRIRFAE .

Zr Hf ¥l Th SRS H ¥ A /E IR RE KE
7~ Calvert et al.,1993: Tribovillard et al., 1994; Hild
et al. »1998; Baing et al. » 20040, & RHF ST &R
BREY Zr(2.03 X107 ~3.19 X 1075). Hf(0.04
X 1078 ~0.07 X 107%). Th(0.07 X 1076 ~0.80 X
10" OFLE K-S B ILEAL, FRF B> B 0 EIE
HENES STEHRGEERAZ- Y/Ho B (F9)

0 1 L L 1 L
il 53 Gl s8] Tl 75 B0
Yo
B9 &hspy & B RERIE Zr 5 Y/H XRAE
(48 Basta et al. -2011)
Fig. 9 Zr versus Y/Ho diagram for the BIF from the
Tingshansi iron depesit Cafer Basta et 2l.,2011)
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(
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i .f "\_ TCe A0 La s
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- i R i 4 Rt B .
7 R AR i YO » 100} T
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o ey ST A s
= 0.1 2 /—/ RS “ ool ag® ficer
=]
w0l =
0.0 n70k
S 0.60| L
001 L F i i ¥ . E A = ; . . IELamy
la Ce Pr Nd Sm Tn Gd ''h Dy Ho Er Tm Yh lu 1,504

B 10 #HEAEKN REE K4 EM
(3% Robert et al. »2007)
Fig. 10 PAAS normalized REE diagram of modern
hydrothermal fluids and seawater (afer Robert et al. »2007)

HATHL, EREEESRERAEETRES®
(Basta et al.»2011), #H—HEPALBREBERST
B REIERE A .

BILRBLEERER L ORMEEESR Lo/
La* RIER¥, La/La" =0.807 ~1.564; Ce R 5B
535, Ce/Ce” =0.809~0.955; B Eu ER¥,Ev/
Eu* =1.246~2.821; Pr R WMBIERH, Pr/Pr* =
0.950~1.075: BA Y NIERE, Y/Y* =2.426~
3.310, X 543K BIF $FEHE A —B, FH B
AHEFRRE, HETERCEELZTIB&Y.
FERETREN, Eu B R R BRI 5 R0l 19
#EC Danielson et al.»1992), T Y I iE 5% W2 K
A5 B 45 4E (Bau et al.> 1995: Alibo et al.,1998),
Dymek 25 (1988) T MW R AN KB4
(1: 1000 KL%, 45 KR, B IL LA &0, REE Bt
S48 R Eu IER ¥ .LREE T #.HREE B£
A La ERHE. XBefEy 52 1L=p#K BIF %5
B REE R4 R4S E— (B 10), RPAR KR
5" ¥ REE K T XU #BE B ARRA, Bk
A REWFEHFRET BET XU RERBRE
PRI

Ce S W TR 5 4 F 3R A WK R AR B35
(Nozaki et al.» 1999), B K+ Ce —R B EM
+30r S T, HEEEMEFHT.COT BN
HRERN G, HBEBHPRERWHRH
(Sholkovitz et al. » 1994), AT 53 REE B2 14
CeIARYE, BILFERTVAHABN Ce ARY
(Ce/Ce* =0.809~0.955), H T KFLaf ER

0.75 0.80 0.85 0.50 0.83 100 1.05 L1 115

Pripe’

Bl 11 Ce ¥ A7 BRI Bau et al. , 19967
Fig. 11 Ce/Ce" wversus Pr/Pr* discrimination diagram
for Ce anomaly { after Bau et al. » 1996)

M Ce FERBRAIES W Ce AREF
ERKERLIER Ce ARY. I T BiFHMBREK
RIS ALIE R, Bau 25(1996) 8L T ] Ce/Ce™
Pr/Pr* RHBEIE Ce AR HIEM. WA 11 7T
EH SIFET ARBBRABBREE La RER
B, AHRET Ce ARV K. RBR Ce FIfiR
WU 2R R K R — AN R BRI, iR
A2 11 <7k BR i YUAH B 98 7K A T Bl 3R 358, T i 4
FIEER BIF B BHELEH2Z—(Clouds 1973;
Klein, 2005; Bekker et al. »2010).
4.3 BukEHRSHEL

RECEEH—RBERY, £ U787 SHEK
PR REES(BSORAEEAREY T AP NA
KR A CEE R EEH 7 190~265CH
101~395C, X5 4 AR —&HRERE P HR K
BUg ey DL R bbb A b 4 8 L H X 8k SR IR
¥—BETEEE A NS, 1980; KR M
%,2009), R kGBAERY —RRIEHETT 150~
320C , R ZMBEMRGCBERET AR EE /K
VHRAKESER. 2URRTHEESH
w(NaCl, )W 2.07% ~18.80% , B Fi 4k (¥ % B 22
46F 0.846~0.979 g/, BER R TH HEEE,
EHHR T AR R & AR LR S RS E
#ifk, REE RS KA ERFECE B, 1996),
RFET S IDFEY X IR2 F 3G BB A

— AR UL, AR R AR R T R BT
WA RS, OBENERSEERBET AR
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B4R, 19800 BT MR HARSR. £
B AKHR HARS EELR Na* K. Ca?*.
Mg2* Cl= F 80 -NO; & SHRSTER
CO, A—E B/ O, N« CH, &, Hit i i R 5" 9k
& F &R LE, W Fes W. Sn. Mo Cus Pbs Zn. Au
6, B R A 1 B 4 R 2 W R HE 9 M+ NaCl-
CO,-H,OM N & BT I(Y A, 1996; Lu et al.,
1996). BT & X 5 334 E 2 A 2 A5t
HE Na* . CI-BFRI—EENE C2* .50 BF,
SHBESTNEE o, AI—E BN N, ZHRT R
HE—FEEE N Na* Q- &K, HEHEREM
COyo BRI BH PR, 7RI A X Ry H &
KAV Fe+ NaCl-C0;-N;-H, O

AR OBARBLE, AR TR—GX
RGFEA T, REPHHRN R RELETAH—R
#% (Shepherd et al.,1985; FK %, 1993). FA—M
NAESFBOPHASESRSBILAAZREK,
[ B & PR 2 P QB AL, XM ERERINAE,
RPBTRERET BANRETRRBEEH(TR
BEE,2004). EH—HE-HEXRERE 1229,
AEARERERR, BAERSEFRFEES—
B Y T £ .

ARG RN, LRI EEAE 2.6~ 2.8
Ga RET AR XX LB Z¥E3), B—RERE
FUVBWMEK R E B R B, WK (B R A
%,1995). IE BRI R M K L3 S04 % (] BR
R, RERKEREHERBEARE, SYRAHT
EBANERGLSHIEN BR-EEERNTVEE
HEsEE.

13

o " n n L n
100 150 200 230 (4] 350 A0
0

B 12 05757 KREREEY—EBE - HEE
Fig. 12 Scatter plots of homogenization temperature and
galinity of fluid inclugions in the Jingshansi iron deposit

EESNRRENER L 2dBANKIRE
FAEH MR RRGRAT FHEE Sk
B RS TE R B R, ZERF B RHAL
(B A{EHEOEERY . RN, fiEESITHE
URELILRMB RGN X, HiSER
AT 4 BUR A (Roedder, 1984 ), BE A 2 i 4E A
RIBEST, R TR MER, FFSEERE—RIN
K-ERXBRRL B ERRAM U E SR AEAN
Ak IA B E 4 (Hemley et al. » 1992), B8 BE & R
AR R RNRAE R EORER pH A 3L, Rk
RUHEAEPERITE, AEARERRBEN, &
FARAE R SEHR, FEES—PREBRNE
£, FBRTHERLS UFLFREBIET K.

5 4 ®

(D) £ILFEFHREBENE RS X LTTE4E
BE %, OB YEMA, K LI R E %
B, Ry FEEUEERE, SF R RS BET i
AEEER—B.

() &£ FREREUBRAOR Lo R R
) B ¥R K LSS RGBS K R EBIE, §
BA R BIF &k L # R K 4 H B in =4y, I
ELRERE Y BIF TR D . Ce A AFHEIE
R R, REBRLTREREN HEEFHY
A EC

) FABEENY—REEZEETE 150~
320C » wNaCl )T 2.07% ~18.80% , A #
R E BT 0.846~0.979 g/om?®, BT HAE
AR G BB HA, RBT A LFETFR
W7 R TR, B AR ENBARKAR
REIEH. MASEERS BrSy #RR—K
BN Nat . Cl" EK, H-EHEEN CO,, I Bk
AR ZREE D RAARESBANAER
PEH, BET EAR BN TREMER, BRER LM P
HIEBNER, BRFHRET K.

& N BETERRRZAERDBZETRS
LEBTABLRE MRLESY " HEERE
RERERARREELRE. T ER 2R
BIFLRT i R aR AL 2 B X B R S 36 = P [ B B
FHF FREW A AR A LR S THEA RN A
BRI R TAE, AN AR T THRIEENL
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