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Abstract

In this paper, the regional geological background, mineralization geological characteristics, ore
symbiotic combination characteristics and main and trace element content and iron isotope of
Xinyu type iron ore mineralization in Xinyu area of Jiangxi Province were analyzed. It shows that
the iron ore deposits mainly composed of chemical deposition, accompanied by a number of ter-
restrial debris to join, which show that the mineral resources are diverse and the mineralization
environment is complicated. Iron isotope analysis results are clearly enrichment of iron heavy
isotope mineral phase. The difference in the isotopic values of each segment shows the evolutio-
nary state of the redox state of the region. Heavy iron isotope enrichment and Ce anomaly and
other characteristics indicate that the ore-forming period is a low-oxygen fugacity environment.
The iron is formed at the beginning of the melting of the Earth’s ice sheet. At the beginning of the
melting of the glacier, with the lots of fine clastic and freshwater, there are lots of colloidal ferric
hydroxide and SiO; deposited in succession or simultaneously to form formation of iron-containing
silicon construction. After this, the formation subjected to regional metamorphism, deformation
and other geological effects, the dehydration and recrystallization make Fe(OH); into magnetite,
and colloid SiO; into quartzite. Ultimately, the original aphanitic iron flint Shiyan transforms
magnetite quartzite, finally, form the current Xinyu iron ore BIF marker layer.
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1. Ancient land boundary 2. Deep fault zone 3. underwater uplift area 4. Ancient eroded erosion area 5. The metallogenic belt of southern
margin of southern(northern) China 6. exposed area of Xinyu type iron ore 7. Ferrosilicon deposition zone 8. Manganese deposition zone
9. Early (in) Sinian volcanic activity 10. Ancient caldera 11. Land source material supply direction 12. Study area

Figure 1. The distribution map of Precambrian Banded Metamorphic Iron Ores Jiangxi in South China
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1. Conglomerate, sub-sand (alluvial), laterite gravel, reticulated laterite 2. Paleogene, siltstone, mudstone 3. Cretaceous, Purple red sandstone and
conglomerate 4. Jurassic feldspar quartz sandstone 5. Triassic calcareous siltstone,shale,marl and coal-bearing clastic rocks 6. Permian Limestone,
shale, lenticular, tuberous limestone 7. Carboniferous dolomite, limestone, coal-bearing clastic rock 8. Devonian, conglomerate, calcareous siltstone,
mudstone, dolomite 9. Cambrian, Sandstone,silt,siliceous rock manganese dolomitic marble 10. The upper-Sinian, greywacke, slate, green clay con-
taining magnetite sericite phyllite 11. The upper-Sinian, moraine conglomerate, magnetite quartzite 12. The lower-Nanhua system, Residual sedimen-
tation sandstone, Phyllite 13. The lower-Nanhua system: the formation of the ferrosilicon clastic rock 14. Proterozoic (gingbai system), Biotite and
sericite phyllite tuffaceous, spilite-keratophyric 15. Early Cretaceous adamellite 16. Late Jurassic granite series: ypJs biotite granite—yus two-mica
granites—ymJs; muscovite granite 17. Late Triassic Muscovite granite 18. Late Silurian, y8s4-tonalite—y8s4-Granodiorite—y8os;-tonalite—yds;-Granodiorite—
nysi-Adamellite 19. Mafic dikes 20. iron ore beds 21. Geological boundary/unconformable boundary 22. (decollement) Fault 23. Anticline 24.
Iron/Colliery/Kaolin/ niobium tantalum ore.

Figure 2. Simplified geological map of Xinyu iron ore field
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Table 1. Mineral components of itabirite in mining area
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DA Y K B R4 . A—banded magnetite quartzite; B—intestinal structure; C—*S” fold structure;
D—folding deformation.

Figure 3. The mineral composition and structural structure of ore in Xinyu iron deposit
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() A A (Mag) RIS Bk (Py) 4L, SRR W VN HE A T, 2RBE . BRCRIRFER. (b) A HiEeka
ARG HR . BERAARSAREERS " (c) WA T iekn A BBk 4k, WEER 2ECR A6, 0 2amR
SRR o BORERERT (1Im) B HCIR 2370 . ASE I WA RGF: RS0 SRBR >3 8 . (d) A i mgskn .
TR (Hem) B8R, SEERG (Cop)S i, 7Rk BIRHCIR, RVRBEERD T8 & SR e, ik
ORI . R — R > BBk — 34 (a) Ore consists of magnetite (Mag) and pyrite (Py), pyrite often
fills along the edge of the magnetite, crack, micro-fissure. (b) Ore consists of magnetite and pyrite. Metasomatic the mag-
netite like cusp. (c) Ore mainly consists of magnetite and pyrite, magnetite scattered distribution, part is distributed in py-
rite like the package. The opaque mineral formation order: magnetite, ilmenite — pyrite. (d) Ore consists of magnetite,
hematite (Hem), pyrite, chalcopyrite (Ccp) and other components, Hematite semi-self-shaped, plate-like, often fills along
the edge of the magnetite and micro-cracks, magnetite — hematite — pyrite — chalcopyrite.

Figure 4. Relationship between mineral composition and mineral formation order from Xingyu iron
deposit
4. SR AT YER ST IERINF X F

LA FIRAMG TH AR AT, R DU E o R Uk IR L R W AL O 9. WA — £k
A — R — SR — 2.

45 SN AERETESH

T2 EBITUERSIRY: B0 A TFe,05 & EAZWIEHN 8.73%~67.99%, 1314 43.77%; SiO, & &
ARGy 11.81%~61.55%, V35174 37.48%: ALO, & &AL L FE A 3.09%~17.15%, P34 7.13%:
TiO, & BAMLTE A 0.28%~0.96%, T3y 0.52%; MgO & &N T 0.70%~3.15%, “F#N 1.73%; CaO
FENT 0.09%~7.96%, “FIJN 2.90%, HEEAWAH BB, FIbH R0 A FEH TFe,05 M Si0,
WL, HemmAn & R, RRH B DML DR Sy 3. St S SR R BIF £k
W™ Algoma %4, Superior ZUAHEL, EAHIH K TFe,05 f1 Si0, EBEA M S, FEERBHI ATEEZM
ALO; Fl TiO, 4143 (T F 4L HHIRED™ AlLOs & & 0.09%~1.8% [24]). FEBF AN A T2 5505
SR S RIS 420 5 1 BT 0 I SRR

— RN KA AR Sr/Ba LB KT 1, BHEVEVIRUA I SriBa LW/ T 1, BB A
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Table 2. The content of main element in Iron ore uni: (%)
=2 MERXTBEAXETERS Bl (%)

(=} ) .

'ﬁg #%““ BRSO, ALO; TFe,0; FeO MgO CaO Na,0 KO MnO TiO, P,Os F %_%% SiO+TFe i‘l%’s
A SS-5 EEENE 3765 3.09 5521 202 1.02 120 <0.050 0.574 0.211 0.332 0.463 0.125 0.25 92.86 12.18
th SS9 REEWE 6155 17.15 873 119 172 0.089 <0.050 554 0.136 0.956 0.131 0.091 3.98 70.28 3.59
; CK-3 14y 2 3497 373 5615 1640 179 0644 110 0.036 0.124 0573 0.069 0.076 0.42 91.12 9.38
i JT-2 #4872 6017 571 2400 1296 267 1.44 <0.050 <0.010 0.153 0.361 0.805 0.134 4.39 84.17 10.54
g HQ-2 7#kh 2 11.81 951 56.75 2429 315 7.01 <0.050 <0.010 0.845 0.715 425 0.139 5.63 68.56 1.24
B LS-2 gk Z 2201 3.80 6799 20.03 0.699 1.94 0.091 0901 1.15 0275 0.188 0.121 0.55 90.00 5.79
1]

LS-6 #EFE 3417 694 3756 1334 1.05 796 0605 098 384 039 419 0222 186 71.73 4.92
Algoma %" 4890 3.70 39.70 1330 200 187 043 0.62 0.23 88.60 13.22

Superior %1” 4710 150 4030 1090 1.93 224 013 0.20 0.08 87.40 31.40

¥kl 5% Gross and Mclcod 1980.

(17 Sr/Ba LL{E N 0.2~38.1, “F¥ME K 7.97. Ui BAGN A A fi i) Tkl 5 AN AR D TR, H SR T B
DURVE RIS, X S8R Algoma BUZH 25 A A N - PRI K LIRS - B RbE - i
- TR AL G —3[13] [25]. Wb, BREOf Nb/Ta bLAE ¥ N (<24), —H R R R S50
AR A A R

WARHDXCRAEN 7 MR A Rb & &Gy 0.494~43.1 pglg, “FI5{A 19.54 pglgs Zr &=
Gy 80.6~373 pglg, “F¥I{H 166.3 pglg; Hf S EAZWTEE Y 1.44~7.74 pglg, ~F¥31H 3.77 pglg: Nb
SEAMLIEE N 5.83~15.0 puglg, “FHI1E 9.84 nglg: Ta & EA4LIEE N 0.25~1.27 pglg, “FHI1H 0.67 ng/g:
Co & EAALIEE AN 21.3~566 uglg, “FH51E 188.31 uglg: Y/Ho UAEH oA X Sl A 5 AR A DU SR8 1
A HfENR. OF BRI R, BRRFA I Y/Ho Ui 26~28, I SE2 A FBEIRGIRY) YIHo iE S
ERORLIS A AL, BACHEK ) YIHO ELAE N 44~74 [26]. B &Y™ Y/Ho V318 M 29.80, S n i EkH Ui
NEEIRGCARIARAL, B s 2 B OR824 RO N T A 3 B /KA A6 22 TR

5 S KA AR LA FE SRR JG TUA bR HEAC R T RS, A R s e R Ndy Zr,
Hf. Th Z 274, SrocR@aloH, TIRBZA S MILEMNS, MRy AR &8RS RA—
B, BRI TCRIEZ R, B AT BRI 2

X 3B RN W LR T 4 R 6 T AR X B A 4 PAAS ARAELL S ) REE i 2 281 .
AR A A - N 53.49 ng/g~349.24 pglg, “FHJE & 161.51 pglg, & T 5%255541(91.24~108.39);
B g S B A0 A B 3 (LREE/HREE = 0.24~0.95, Lay/Yby: 0.15~1.32), # &85 A0+ 5 ERE
(LREE/HREE = 6.01~7.86, (La/Yb) =5.94~8.75)K; &M LA EM L0 w2 R, B0 A FF 5o
S )R I S R 47 R (SEU = 0.89~1.04, “F¥{E My 0.95; 3Ce = 0.82~0.94, “F-¥{E N 0.89), XWX T
BREARA . B R (BEU = 1.11~1.25; 8Ce = 0.99~1.00). ki A Lo REL /) KMk 6 Sor, B AR
T8, BTN EE, EHERNY FH(Y/Y*=0.86~1.25), K Y/Ho EL{E(Y/Ho = 25.34~33.00).

B, BRI B R LA T i, A AR A e, (B R E RS, B
BRI SEU FI Y 9, 8Ce U (1), BABUKH Y/Ho FUiE, PR BT A1 X T BERAT PR IR
NI AR UTRR R 0 ot P iR A
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Table 3. The content of trace element in iron ore unit: (ug/g)
=3 MR BEARETERY B : (ng/g)
AT X BHH X FHLF X BT X Ribg X
- WEmE BHTE  BHKTE  BEKTE  HETE  BETE  BATE  BEE
SS-5 SS-9 CK-3 JT-2 HQ-2 LS-2 LS-6
B 1.18 9.61 1.01 1.02 1.93 454 1.84
Bi 0.013 0.044 0.046 0.088 0.133 212 0.35
Li 20.90 17.3 15.90 45.60 89.20 5.17 15.3
Be 0.712 1.13 0.967 0.443 0.997 0.792 3.58
\Y 158.00 181.00 189.00 73.70 241.00 294.00 162.00
Cr 44.20 30.00 70.80 74.50 44.80 50.40 28.30
Co 42.50 222.00 21.30 24.40 566.00 165.00 277.00
Ni 36.50 78.90 25.20 36.70 175.00 126.00 172.00
Cu 2.98 5.11 4.44 11.20 7.62 4.81 33.80
Zn 34.70 35.10 48.80 62.00 73.90 248.00 101.00
Pb 2.52 4.47 4.78 6.39 6.39 13.50 13.20
Ga 5.93 12.80 8.66 9.85 15.10 9.53 15.30
) Ba 168.00 228.00 170.00 412 8.61 776.00 1276.00
;Zﬁi Rb 43.10 17.50 3.39 0.494 0.521 38.00 33.80
Sr 185.00 142.00 74.20 62.20 328.00 178.00 258.00
zr 139 141 373 80.6 220 98.5 112
Nb 5.83 9.47 15 9.64 114 8.34 9.21
w 0.395 1.2 0.584 2.02 7.73 1.79 3.14
Mo 0.735 1.22 0.287 1.59 0.446 0.333 0.422
cd 0.11 0.148 0.337 0.12 0.215 0.152 0.232
In 0.025 0.044 0.07 0.059 0.058 0.363 0.07
Sh 0.187 0.387 1.06 0.774 0.413 0.097 0.075
Cs 42.6 37.7 2.07 0.307 0.185 2.74 8.02
Re <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Tl 0.593 0.209 0.053 0.01 0.015 0.446 0.369
Th 3.11 3.73 4.66 5.18 9.01 2.29 5.07
U 0.505 0.524 0.538 0.273 1.34 1.45 2.09
e Ta 0.346 0.433 0.735 1.27 1.10 0.25 0.551
TR Hf 2.38 3.22 7.74 3.07 5.76 1.44 2.79
R E Sr/Ba 1.10 0.62 0.44 15.10 38.10 0.23 0.20
JLE ThiU 6.16 7.12 8.66 18.97 6.72 1.58 2.43
catl Nb/Ta 16.85 21.87 20.41 7.59 10.36 33.36 16.72
La 11.70 9.70 17.30 41.20 58.50 8.84 42.20
Ce 23.70 17.70 35.10 85.60 115.00 16.60 86.60
Pr 2.95 2.14 4.29 11.20 17.20 2.16 13.80
it Nd 13.40 8.51 17.50 46.80 74.90 9.37 61.80
JER Sm 2.79 1.73 3.92 11.00 16.00 2.37 14.20
Eu 0.647 0.357 0.797 2.00 3.44 0.479 2.87
Gd 3.05 1.78 3.88 10.10 17.20 2.61 15.20
Tb 0.635 0.395 0.819 1.70 3.30 0.617 2.71
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LIERE %

Continued
Dy 404 272 498 743 17.50 441 15.20
Ho 1.02 0.739 1.16 1.28 359 1.00 3.24
Er 3.10 2.67 3.59 2.95 10.10 3.34 7.85
Wt m 0.545 0.524 0.687 0.413 154 0.606 1.10
e Yb 3.87 3.90 478 231 958 441 6.74
Lu 0617 0.62 0.717 0.302 1.39 0.702 0.944
Y 30.70 21.90 29.40 33.40 115.00 33.00 105.00
Sc 10.70 11.40 21.30 13.50 18.40 14,50 13.60
SREE 72.06 53.49 99.52 224.29 349.24 57.51 274.45
LREE/HREE 0.34 0.27 0.38 0.95 054 0.24 055
SEu 1.04 0.95 0.96 0.89 0.97 0.90 0.91
3Ce 0.93 0.90 0.94 0.92 0.83 0.88 0.82
(La)n/(Yb)y 0.22 0.18 0.27 1.32 0.45 0.15 0.46
(GA)W/(Yby 0.48 0.28 0.49 2.65 1.09 0.36 1.36
Fm o (SMW(Yb) 0.37 0.23 0.42 242 0.85 0.27 1.07
i YIY* 1.20 1.22 0.97 0.86 1.16 1.25 1.19
La/La* 145 1.13 1.07 1.03 1.07 1.28 1.06
CelCe* 0.93 0.90 0.94 0.92 0.83 0.88 0.82
Pr/Pr* 0.96 1.02 1.02 1.03 1.07 1.01 1.07
Eu/Eu* 0.99 0.88 0.90 0.90 0.95 0.81 0.93
Gd/Gd* 1.34 1.47 1.23 1.07 112 151 1.30
Y/Ho 30.10 29.63 25.34 26.09 32.03 33.00 32.41

FREAR Ry AU P38 KR TR A (meleanan, 1989), fRiFR N, R La 7% £ M La/La* = Lan/(3Pry-2Ndy); Ce 5% £~ N CelCe*
=2 x Cel(Pry + Lan); Pr 7% R Pr/iPr* = 2Pry/(Cen + Ndn);  Eu 5% 37~ 4 EU/EU* = Eun/(0.67Smy + 0.33Thy);  Gd 7% R 78 A Gd/Gd* =
Gdn/(2Tby - Dyn); Y SRR YIY* = 2Y\/(Dyn + Hon). (Robert et al., 2004; Bau and Dulski, 1996).
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Figure 5. PASS-normalized trace element compositions of iron in Xinyu area
B 5. %k AME T RRAF LG TUERE BRI E
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Figure 6. PASS-normalized REE patterns of iron in Xinyu area

& 6. IRMXKT EHLITER PAAS IREL D HEIKE

5. Fe B ZE S 4T
5.1. BFoMEmESE

AR YR B A A AR B 2R N4 BB P B LI X — AR B KR SR X — B Sk — TE R
B X — AR B AT N YRR AR X EAT 6 AN B A3 X R B AN i 45 b b 5 1 25 9 R AR R SRR MR
e WA FERBR BB BUX B RHEERIAN, MRS R AR AL V5, BARER.
5.2. Fe RIALE ¥ 75%

ARG ARSI 5, FEPOERE B YR S o PRI s ) 3 B RE . XFE R xT
P — Vi TLRE T — N\ TR — S SR R LR R — AR LR RE — Ve — SR —~ R —~ S — B R
RS — B b BE o FREURS R REERD S M RE SR HLRONVE RE L, LU HF I HNOs IR A BRIE T 52 4
TR WO ERERA TG NN HoO, 5, Ha AR P ) Fe 4wl Stk Fe® 5, R B FaC i 2 M
Fe H5HTIGHIMAT I E5[27] [28]. FF &b Ak 2 b 3L Hh [ b 5 R} 272 5 bt S AF 90 T ) 97 3 S B0 s 5 i, 52
T B s M 4 ™k HTE TR, FTAIRY H,O 4 Elga &4i4itk, HF. HNO; A1 H,0, AR 4k,
A it Ab R PR P55 5 00 o

Fe [FIfi7 2 MHALE R L 4.

PRI IR 65 Fe 1 SR 437 V8 Bl 9—0.027%0~1.814%0, 8°° Fe 1) 54443 411 78 i 29—0.04300%0~1.230%o,
8°5° Fe [y LR 23 Afi 115 L4 0.01700%0~0.585%0, JLAHHA LI 1%, 8°'Fe 4—0.02700%0, &°° Fe 4—0.04300%o,
8 Fe 5 0.017; ThifE, 8Fe N 1.814%0, 5°'Fe ¥ 1.230%0, 5 °Fe 4y 0.585.

A RERHEIR, HIERYI R 8% Fe 4K 23 A 3t Fi 9—5.18%0~4.65%o, T J9—0.34%0 + 1.79 (n = 1857),
Horb 8%Fe R KB AN B/ M 43 59 H EAE 25 IR R A RGBT A o [S]R 2B €6 T 2 vh ) B k™ B
YRR H[29]. % 4 BRI Fe RIS £MEA T HOERY B I TEE A, IF HARN & & mER A E
WA .
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Table 4. Analysis results of Fe isotope
< 4. Fe RIU RS ITLER

FEWS REEHLIX FEmiR Fe +2SD %Fe £2SD S7I%Fe +2SD
SS-2 Faif X Bt WA S -0.027 0.186 -0.043 0.106 0.017 0.075
Ss-11 Fail™ X Bt WA 0.443 0.051 0.280 0.035 0.164 0.020
CK-1 GH X A ey 1.814 0.140 1.230 0.097 0.585 0.098
JT-4 R X B WA s 1.146 0.158 0.773 0.047 0.372 0.110
JT-5 R X Bt WA s 0.155 0.131 0.093 0.061 0.069 0.058
HQ-2 TEMH X B WA s 0.609 0.017 0.414 0.014 0.194 0.030
LS-2 R A X B WA e 0.377 0.017 0.240 0.000 0.140 0.017
LS-3 R X B R 0.273 0.001 0.187 0.030 0.088 0.034

P 4 M FZR A DXL [RIA 2 W 45 SR 110 22 S P B R X O ) Ak e AL B B . A L k™ [X 42k )
PRI, 2OAE, He 2R EER s, 0T RS MOz BT A el I PR A e SR
IR F 3] [30] [31] [32] [33]1WF 5t %M, Fe [AIfL &M mARAL 5K AL B FUIRAS MO, 2
IKFEA AT, Fe¥ By, Wk Fe* L1 8°°Fe (L thAE Z UL, T E K% A 52 4 S Ak
K Fe B8MUTHE, AR Fe A& R A Fe RIMLRDE, FF HADE TR 0F 1 Fe® JURY) 5 & [ A7
REE. & 4 FRURFENI R T4 RA & R FE RN E, (i1 R 3R HAE R ™ T i i 7K
A T AR TE A AR, K AR B B R A BRI, KA TR AR FE RS

R ARY, PRI XAFN B Fe RN R=EAEZER, Far R A &iErIHs o B S r~E
—5E [ AlLOs 7 #(3.09%~17.15%, 34 7.13%), i BHET FE S FEAEAUE LA 0T, T2 T RN
— B MIBERE BB . —ROkRPE, S IRER LIS R F K R R AL 22 4 S LU I — 1, JE AR 4 A
[FIA B Fe [A)AL 2 4RI 22 S5 v R ERGURAT 8 045 S N &= 1A 8] 51 2

I OH TORHB4IR B, PIRUVRFR & mIRE G By g e B i, i A€ s 2L BIF
BRA PRI B AR 3 K X(3.2~2.5 Ga) . iy o i fX(2.5~1.8 Ga) M 7t i X(1.4~0.6 Ga). #r Rk 8
TR e AR HI1L], B ARREUE 2 T R B W UK A 5 4 22 K 3 2 18] (6 5 R BA KA =4, 122k 00 Bk < Ak
KA T BRI, BFR “HERIER” F4E[23] BFFATIRNE R, PRSI 2ERVERUK SRS TR 51
PERIAZ e SOE R,  HH BRAZE S 38T B 00 S R AR A, TSR TR A PF s R R P v Bk BBV AU T 1
AVATER Fe? fEdE K P s 4, JERUKE TR, WA N A LA IRET, Fe® Tk Fe VTiE, UKJIIA
A B R R B YR 4B 8 R PR KM, K B S AL BRI Ak SiO, (B F1 A 28 S Ja B R A,
TERR S PR, JEREEZ XA PR S TER, S Ak Bk R 45 5 A R,
FREAA STO, 78 BT B, J5E SR 1D ot o S PRI D 5 A 25 T A8 R R 2 T RGIILAE R R B BIF A58 )2 o

6. &g

BT RT B DR BT R AR SR RE . BT AR S RHE AN A R TR S R LB
PEER DGR AT R X BR B Bk DML A TR i e e, RIS A 1 2 R e LRI, B oS B
MFRIR LR, A B R Rk

WA X BA R LA T8, S A B R e, ER LA ERS, TR Eu
Y 5%, Ce kI, HABIACK Y/Ho L.

i B2k A 37 3K 5 SR A Ce 155 R R SRR AL 4R /R (R SR FE AR, R WHT AR UG T R T I Bk UK 8 T
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RRLLAIIN], S BRI AR NFHCASL, BT 5 KT R VIR UK R KRS
ARV, IR B S AR Si0, (B E A ZK) S a s RN, T RS Bt diE,
JE R R XA YA ARG A S SR BR B AR E 45 AR R KA, XA SiO, AR A S,
SR B RS i R 1Bk S RS A e IBAT AL AR A S, TR ICLE HRBT R BT BIF ARG )=

E&WE

AR5 HR b U AR 0 H (TH 4 5. 1212011085465, DD20160110) % B
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