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Alteration-Mineralization and Element Migration Features of
Nihe Iron Deposit in Lujiang, Anhui Province

Jiang Manrong, Zhang Jun* , Liu Wenhao, Xiong Suofei

Faculty of Earth Resources, China University of Geosciences, Wuhan 430074, China

Abstract: The inheritance of elements migration can’t be definitely revealed by traditional methods from Nihe iron ore deposit,
which has a multi-stage hydrothermal superimposed alteration process. The quantitative features of the main and trace element
migration in the process of hydrothermal alteration is presented in the paper by exploring its prospecting significance by adop-
ting the early alteration rock for original rock and then fitting the best concentration equation between slightly late alteration
rock with immobile elements by isocon diagram method. It is found that the cations precipitation sequence is roughly from Na to
Ca, Mg, Fe, P to Ca, Fe and to Al, Si in Nihe iron deposit. As elements into and out of the system are continuous comple-
mentary for both early to late alterations, the alteration and mineralization are considered as a continuous process. The exten-
sive albitization is a sign of Na qualitative precipitation, marking the beginning of iron ore mineralization. Anhydrite-diopside
mineralization is the result of Ca, Mg and Fe qualitative precipitation which is the ore-closing and ore-hosting alteration. Sec-
ondary quartzite and kaolinization is the Al, Si qualitative precipitation migrated from early alteration, which is the long-dis-
tance indicative alteration of magnetite.
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Fig. 1 Sketch map of geological and mineral resources in Lu-Zong volcanic basin
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Fig. 2 The | longitudinal prospecting line section and alteration zoning map of Nihe iron deposit
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Table 1 Alteration and mineralization zoning from Nihe iron deposit in Lujiang, Anhui
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Fig. 3 Typical hand specimen of alteration and mineralization in Nihe iron deposit
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Fig. 4 Typical micrograph of alteration and mineralization in Nihe iron deposit
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Table 3 Calculated result of elements migration in each altered and mineralization belt from Nihe iron deposit

ez BIERA WEES @B BT WP A BAR O KEA @G
fedE ey feddlE fglE FHRHISE . oRSE CAE

SiO, —0.01 0.07 —0.25  —0.07 —0.13 —0. 99 0.46 —0.23

AlbO;  —0.03  —0.41 —0.08 0. 80 —0. 30 —0.97  —0.88 0. 29
Fe; 03 —0.13 0.53 3.62 1.85 —0.44 0.40  —0.91 0.18
CaO 6.38 0.38 —0.15  —0.34 1. 62 2.84  —0.87 0.44

MgO 3.64 0.73 —0.24  —0.41 —0. 90 —0.78  —0.98 —0.51
Nay O 0.92  —0.32 —0.32  —0.20 —0.97 —0.07  —0.90 —0.74
KO —0.75  —0.46 0. 86 5.45 —0.51 —0.98  —0.92 0.52

TiO; 0.25 0. 26 —0.57  —0.48 —0.45 —0.95 0.20 0.13
MnO 1.35 0.21 0.48 0.68 —0. 95 —0.08  —0.96 —0.00
P05 —0.77 0.28 10. 36 6.91 —0.50 —0.82  —0.93 0. 29
Sr0 146 —0.40 —0.00  —0.01 1. 16 130 —0.61 0.32

BaO —0.70 0.24 0.41 0.58 2.09 0.11 0.34 1. 04

LOI - —0. 40 0.50 2.18 0. 02 —0.31  —0.87 0.17

R Fe O N .

K e MO/MY Coonite ™/ Coonie® 0 H. 26 R} %,
Chrmotite™ TRFH WLAR 25 PR T S AL 50 MR B (V) s
Cnmonite” UGB EEREAT TN K By BOE A LA oh A2
HR AT Sh AL 7 A e BE (Vo). BT ABIF 98 32 AN T 3
#H /4y immobile & ALO; . TiO,.P,0; . Zr. Hf, Nb,
Ta 1 Y ( Winchester and Floyd, 1977; Hynes,
1980; Grant, 1986; Salvi and Williams-Jones,
1996; Jiang et al. , 2003; Kiipeli, 2010; Karakaya
et al. s 2012) AN [a) g A B Pl AR R A6 AR FH o 7
Na, O, MgO, SiO; , FeO 45 75 W] fig & A 3l 41 43
(Grant, 1986) , ZAKIGI R LA T RAR

TS S AR T A 4% 2 07 1 B 5 o R R ]
PIAF A D P RER L C.0 SRFRAL, H .

c* _ M .C° | AC,
Co :W(C‘ ()_'_C_o) ’ (%)
BT

(AC,/C,0) X100% =
[ Cimobite”/ Cimmonite ™) (C,. 2 /C,0) —1] X 100%
(6)

o (AC,/C.0) X100 Y J& i A 5 A % T B 20 43
x HETH.
422 EMTHERAFIETENEREER £4
S E AR A o AR T RS RN A LA 5.

(DARPER A A AR N K B
Y = mOT R B ILA 10 S5vk E [8] (J&] Sa) A AT, B
1%& % % %Q E ?35 E]/‘J gl_l, % ( Cimmobile A/Cimmobile() ) 2/‘] j‘j
0. 79, KWITEAK E AR TAE F L F2 rhmdh 4< A fk N
By a0 BN T4 26. 8%. Bl 5a WA, B
AAE R T A TE PR S AR T T LASR 20 s 4R

CaO.MgO #1 Na, O, B £ 53t K, O.P,0; , B% 5
Fe,O5 S FRAE, ik 22 4F F o #2 o SIO, L AL O; f
TiO, IANE B4 55

(2) B WA — RGBT Abaly. f R LB A Tk
A S A AR S BT R BRI A A S
JE W (&l Sb) al g, f AR LA S5 R R £k R R
(Ciamobite ™/ Cimmanite ) 214 0. 97 . 2 BATE K 25 FH HAE FH
I AR R Al AR Y B AR AN AU
TN T 29 3%, & 5b Al B R Ak bl A e A
X BT A A Tl AR S FE RS A E R T DA SR 4R
Fe,O;,CaO Fil MgO, 55 & 4 P,Os, B Fl 5
Na, O.K, 0, AL Oy F1 LOI J4#4E, TiO, F1 SiO, K
ENEESIEIv

FH Fi i i G R G B WA SR B Vs
AR o 3 e o0 B B UG 1Y S R B ] (J S50 Af
L AR SR B AR (Cmobite™ / Cinmoite ) 2
R 0. 89, FREIFEK A AH BAE FH R ik Ak 8
ARSI T 2 12, 4%, dIE Sc mTEL LRk
B A AR AR A B e A T AR e e R S A E
TLAREUE4E Fe, Oy 1 P, 05, 55 H 4 K. O 1 LOI;
gt SiO,  TiO, Fl Na, O, 5§ 5 #t CaO 5 MgO;
AL Oy TGS 53

(WA — Bk ety a7 — B kn b
7RI E A AR b B AR — TR
AR 5 AR E A TR T R BRI A Gk
JEE (B 5d) o] F1, fe FE LA A5 R R £k AL R
(Cimobite ™/ Cimmanite ") 214 0. 84, 2 BATE K 25 A0 HAE FH
b AR PR AR — B AR R X M Y T
BT 2518, 7%, faESART AL B AR — Bk b
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TS S A R AR AT M e A RIS AU R LA s
ﬁﬂ\é’% Fezoa \PZOS \K2O *l] LOL&E‘%% Alzo:s vﬁ
T CaO FI MgO. 55 5 45t Na, O 1 SiO, g FFAE 5
TiO, HATESH 7.

(O BPRE — BB, dr 55 ke — R Ay
F A S SRR K L TR AU A Y
SEURBE P (18] 5,50 R] R e AU G A W 2R Y o
(Cinobite ™/ Cinmotite D2 1. 0, FRBIFEK A A BAE H
PR S Bk — R A B Al il AR s T AR i Y JB
AR AL, TS BT A A A SRR ALK
L 1] 3 T R A UL 5 10 Sk B2 BT (18] 50 7R i
HEALE SE U LR (Cinmnotite ™/ Cinnotite ) 29210, 90,
TS PSR b 35 B 0 A ol A 22 S A R o
BEINT 2y 10. 5%, H &l Se.5f AT BE A1 0 AL i AR
FAHRIEAF L K L E (17 AR S AU TR AR A e
4 Ca0, SrO il BaO, 31 31 5 #1 Al O, SO, , K, O,
MgO 1 Na, O, 8 75 it LOLP,O; R ; TiO, AR
WSS, BEATE VR P B R AR B0 R XS 55 B B
W — AT B AR A Fe, Oy IEAT B 4.

WA A . BRA A Sea A s
S 4 L e ] 32 40 3R B AU 1 SR I
(P 5g) n] R Frg HE UL 5 2 e B 2k 1 HR (G ™/
Cirmoiic ") 224 1. 09, F WL i AR RIS 2 %
B K L i i b T 249 8.6 %6, i Bl 5g AT AL
URAE AT A Tl A 5 ARG e A7 2 L 1] 7R A
SEARAE TR RLag 2L 4 SiO,, 11 Fe, Oy AL Oy
Ca0.MgO.K,0.Na,O.P,O; f LOI ZEH) k& H: A ]
FREE 0975 R FRIE s TIO, NG B4 45

(6) K bl — e A AL AR Y. jK =B —mie
A AR 5 AT 2H e I] 3= B e R R AU 1Y
S B P (I Sh) R S U5 2 Tk B A AR R
(Cinobite ™/ Cinmotite ) 294 0. 96, 22 B AEIK 5 40 HAE H
R FEH RS LA R BN T 29 4. 304, 18] Sh
AL K o B — i A A i A AR O e M 2H K L e ]
TEPIBASAAE TR L 5 KO, AL O, L B85 25 4
Si0; \Na, O il MgO S5 Ak ; TO, AT ZhEL 5.

5 e

5.1 MEHTRIBME

LY B U S BTV N Dy eANG) w8 o i e (RO
. PR R PR B il AR R E oy 4 AP AR 6
ANPRAZ AT S ARG T AZ — B A 0 R I RS REAE AT
KPR ERAT PR Bl T A8 KBk 0 o 4 AN Bir B 73331

R A AR T CRl Ak B B 2k VB S A AR
B 8 55 Fe A AR T B B S B A 7K A
SEARAE BB Y R8T IR it A8 7 AL R AE M2 T R AT
e AT EIR AT

(1T BB AR DLk B 9 A N RHIE AR
FA FELUE % Mg, Ca J Na, 54 K.P.Fe JLH
R AL Ti R ANTE sh 20 43 SEBe it se 2 I, 4
VA J3E T 1 125 2 AR AT A IR A A A J3E AR i AT
B ISR FTE A . 1987). Fif A SE551E B » Na
EH I AL B T £ R SR 4E (198D
SRS AR B I T R e il e R S R R TE R
T 500 C if SR FE T A B A TR T e e 1Y)
AR (Martin and Prwinskv, 1969). Jii#E 350 C L)
B, BRI CL % G Wiz 8. HE sk L
Na(FeCl) 8§ Na, (FeCl,),3X 2 Fr4 S WELELL T
SE-f# (Pirajno, 2009): FeCl,~ — FeCl; + CI™ 8§
FeCl,”” >FeCl, +2C1 , $5 CU e B2 LA KR T 5%
A A TER CLEg G YR . i & A K
iT# (Holsor and Schneer, 1961; Chou and Eug-
ster, 1977; Crerar et al. , 1978; Eugter and Chou,
1979 ; o [E B2 B M ER fb 2= A 58 Ir » 1987).

IR N R e A (S PO L o ey
Na,Ca il Mg W88 PE AN E Rk 55K E
AR AT VAT KA TN A 55 1 T V00 v £ 0 4
PR EUG K  EEVE L Na® A W T #6 3F A[E
A IE BN A S (B 52 2245, 2004) , T Ca
AALRERCH R (UL 5 55, 1977, J5 it A4 2 i i
AR E. WK A R BT G
(Mg, Fe)*" it A G . 1989) . Na™ 1) 7H
FEAMEARTAR T I CL vk BE KR &7 S 5 I Y
AR AR B T PR, G A A
PR S 1 Ca Mg U AR 5 1 k1L
A ARG PSS ARAE T ZE O A7 %% Fe g
FRERA™ ) v AR IBT o U AR v Bk 1) A ik B A A BT TR
BESGR L B Na™ il K e B2 18 @ i 35 K B /R T3
BRAR F 32 DL Na-Fe-Cl i F 48 & W AEAE (12
1. 2014) » I i B AR A B AR (X e R A Jah B
1987) B & i . ARG e b AE T T .

) BEEOIRAR LUK B & O T — B KA —
EEAA AT — REERE N RHE, KB THEAIN
KB a5 K E e bty T S BBk A 1) KA 7
JENL S BERRAT LA AR K R iR AT A S R Ak » b A 3sk
FELURR VB S T R . B CRRD 54 hy 1k
WARBE A S A0 5 8 5 A DL B 4R Ca,
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Mg, 55 & 4k Fe P, 54l AlLLOI,Na Il K, Ti #I Si
HANTE B HFRAE. B AL B A Az
JaE & Fert \Ca™ Hl Mg™™ I B it A4 5 [ 5 & 2R
L A E I BOR & 09328 A — UGB i A (b [ B
FBE BRI A 5T BT, 1987 & B I KIS & A R
Z XA BAN IS EA TR A BV S
25 1E A (Holsor and Schneer, 1961; Chou and
Eugter, 1977) , i — 2 5053 2 B 5 v (R 2R 5.
B it B LU SN 4 Fe P, 55 H % K Al LOL, Si,
Ca,Mg #l Na 1% 5 41, Al AN IE S 450 N FRAE.
Ve ERA R Fe 51w 4 FFAE S 7s 1= JtR Bk R g 2k
WAL I B T A M AT B I A R 1Y
BRI KT 05 JE V8 4 4B R e h BT A DLTE s T
YR VAR i i P 5 A 38 7 T JS A R ) )
JERANE AR A RERRA 0. BRI e
5 Na (9 £ 2 A M5 PR IEA
o TG0 o P HHAC A BN A Tk Sl A 1 7

(3) B Nl AR LR R — GEERD) — IR Ehf
A — WP DI N RIE , BB T4 N KB Ak
5k 1L INAME fihs BB B R R A A
WRAFHRAL » 2R AR A5 R AU E . & iia
B — EE A B T A L A SO K
Az B LIS 4 Fe P #l LOL # 5 it Ca,Mg., Ti
ARG ENH 5 R, RN EEER S KIBETIE Z )G
s R (R, 20115 YA A 2012) JROF™ PR 1R
W Sitt Ca’t Mgt il Na 48, FEff 8 — Bk
WA R e S A T A S T GRS . 1989)
[ b 2 JC b T2 () Jo Bl A e R B ZE UK 1L
A 558 W 2L KL HRE [V S M el FS 7 Py A 1) 4 P 2
(B 2R BT TTETE LR Z R B k1A, b i 2 v Jo /K ik
FRERA )R AR Sl 2 U8 A Ak L 2% A AL AE B K RE R
W) KRR ER ) (B R, 20115 5K SR 58, 201D) B
E A — S A — R — R — k4l
A BERH S AR s & Ca®t  Mg™t ([ B2 B
HERAL AT T - 1987) . Wk — B B AL il AR 2
5 Z0E 42 Ca, Sr fl Ba, #Z1%5 41 AlLSi. K, Mg i
Na, 854 P, Ti HATE S 57. mE%k — A H 1
PR AR RO R SR e S e gk e B b T A
A E Ca AR B TR FEIL (S R, 2011548
M4, 2012) 0 Wy 3L 27 S AR IR B AR FE R K L
PRAMZ fil b 8 A 6 1) 24 B R 8 O LR A B
f&,Sr il Ba K& ALK E LA RES A F K
FUBLTIVER K.

(4 &R Ay LR & R — Je b A REIE

RE TR T Bl AR o A8 DURE VB
FR/KASSARAE A R AE. BEAL AT 3R 20 & 4 Sty Hofth
TCR¥ KA E 71 K a8 — &k Al
B KVAL 54 Si.Na & RRHIE. Ti AT 34
O3 FRAR T AT A I R M R B8 T Bk 5 B —
EI A (TR L2010, SiRGER ok, 5 R
MEAL T — B A A R RS Y ST
5T I /E T R TR EE IR B b ) B 4 4 e BR 1
Uk 55 BT b 3 ) BiR SR AL IR SIO, B R UTIETE AR
AR AT, A8 ) b B AR T A W TG I B
A KL 200~500 m Fy IR RE RS HIRAE A5 1R
B SHEER T A AFAE IE A DG — G k fh
S W R A O R 2 AT R TOU R SO e )
R E AER KIS TR AT GE f T PR 2 5 )
VEFR & A= A0 10 32 A% B D, 76 TR BB AL DTE. X
PR BT 118 SR RS T 0E s i o R U™ A 3 7 4
gk

PETERAT PR FH B8 0 UE I K EBOH « Na (Bl
KA —>Ca Mg, Fe . PGB A A1 F A A
B IR ) —Ca Fe (B £ B . 8880 ) —
ALSIGRIE A A8, R B, TTER A AR
SIS HAMY AR U VE R R — A S i R
5.2 FUREIBREENERERTEX

eI R BLH 22 J5 A A B 4 il
T o e I DX A 3 A T R ik A Ol 2 4 1 R (Liu
etal. . 2014) , 1) AP 55 23 €0 AR 7 L i e Tl 4k
WA H AR IR T 1R 600~1 000 m, 5 {4 J H:
B Tk AR AR AE R AT 50 2. AR R T 1 1) P AR T &R
TERE ML A 437 » W 0 BBl e AR 55 0 12 B R A
(1) o A Fl ol AR R I B0 S 25 R L A B (5 8.

AR HT A T IS B B AR 1 Tk
A AR FE R R ] Y SRR R A T I Y 4
O [ B} 27 B 1l 3K A 27 5 55 i, 19875 B3 ¥
1989 ; BEFETS, 2000 ; JRSEAE4E, 2002, 2010 ; ¥4 G35,
2003; Pirajno, 2009; Mirvakili et al. , 2012) , 454
Ye T ERAT R A AR B At Z (BB 1) 284 G 3R L 25 [
AT A U RIER B SO S A
S GBI, 20115 JEHR 25, 20125 F2£,2012) , XA
UK A PRIEAT VRGN 0 Tl AR 9 6 43 A 351 48
PHZRAVER T IR R & AL 8w 7 o 72
A BT R IR R L 0 8 28 42 4L B o
)7 1.

VTR R 6 5 A 1) 56 R YT, w40 1R
PR R AT | B R AR DR €0 5 B i AR A
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AR A S A A B A T N A .
A PRI IS & AR AT WL 1 B 1 78 = (D)
Na JRACAE BB AT Al AT A FE A A1 22
BT AL, H 7R el A5 1 (5500 CO) I
AR AT R, SR AL 2 BB, it
AR ZEA R I R A A R A TR M L Z i 1
W5 KM #E 5 AL JLF- TR B, B A B Fe 1282 B
25 Na (15 8RS MR P I T . gk
AR B S H B R T 6. (2) Fe it
DR e B4 B i AR DA AN AL - AR TR
AR I T RN SR T Ca . Mg B ADTEE . LA
T BEATE — AT CREE D — RERR = IR P 2
AR » 32 bR R IR Bk B T8 W T s
TER NP AZ A Fe B 4 T35 840 — B30 L
7 IR AR R — G2 — B4 F — kT 4
B ORAIE  Zad R A Bl S P RERRER T W 2k PR A1
sref A KR, (P JUR ELLIK A7, 5 Fe
JRGEAS L IEA RO AR 6 57 ) A A v i o
At TR o — R R Al e BBk A
FLLGEA B R FFAE. (4)Ca, Mg Jit R B AL B MEA
Pty B ik Az e A 5 AR B RS S
PR — BB S B A N E . (5) AL
Si LR AE VLN K B A R 0 1 5 R ) il Az oy T
P AN AR L SR B — 5 19 22 S P  (ELAE LURLZE 8
S IN AR ORI R A TR ik AR A T
UE. KA 2B — e 477 AR 4 T 0 o
ASTERS Y St BAE e T TURETE R A 41 9 e,

L LR B A A R R H B Na JlpEsE
AR AR LR T 4 s B S 2 Ca Mg Fe
JRTURE R B 30 N RERRAT AR S R A
UAEATSCA AL R I A1 A R RS HE i ALLSI

BURERS S SRR P R R 5.
6 ZHig

(1) 45 Ay L 700 ol A oy 4 D0 30 S ok B 2R i
PP RE W] R AU T BEL Na J5 s 4R
A B AT AR L AR B A T T 4.
Fe Fuil %5 Na s £ 0K, 5 P HELIEM
KRR RO AR VB B3SO 3
H LRI E S Ca. Mg, 555 % Fe, Si ML, A%
P i #e W 4 Fe P S 104 JFOIE A, 20 i A2 4
DA VB 5 SE RS A U O 3 R k™ — GGk
) — BEAE — SR A i A P i 5 20 ) ek R R A

WAL 7 A ALK R & 4 Fe PLS Fi LOI,
SR AT Ca Mg BERE — B A4 B A 1 AR 2 LA 51
&4 Ca.Sr fil Ba, 582175 it ALLSi.K.Mg #1 Na,
T P R Ba, Sr 85 KB FOE A JUR B A AT RE
SRR KR YE A e, 1R vk ik s A DL RE
B ARKSSARAE A F K B — e i AR
KLAL i pi AR 3 5% 1 1 St i 78 IR A A 9
A ITE I BUARE S0 e WGk Ao B2 5 mk Ak o B
TEIEAHIEICZR » DX P o 1 KA D0 s 75 4 k™
BV A B 4R 2 o

()Y R PR BH B3 7 19 UL T LY K350k - Na
(KA fk) —Ca.Mg.Fe PGB WA A1 48 T4
B B IR A RGBT AL — Ca, Fe (B A7 5 . B2k
WAL SIGHIE A7 A735E) . N2 TR A9 A
FIF R S B AN AR AR R — A S
. Ti STRAAERERA RIBIDTTE i & A= 28 )
ZE I FS , 78 H At b AR 2o B 3 LUAS 6 B 4
I FEAE.

(3D VR TAT A 1Y L5 Tk A8 32 X A0 AR Lt gk
TR AT RS 20 B B i F8 /R E T ™
PRI 7= F IR AR Y AR A 7R TR €8 31 5 o ok A
G R R TR C el = R IR T el =9 | Kt
wb. YT R A PRI AR — (L FEAE TR T & M
AR B A A R B Na JRTUE bR & IR
R AT s B A A2 Ca, Mg, Fe FTITTE M)
T IR R RS iR s YA A 5
Al RIS AR RS W ALSE RTTE W45
R R A RS A PR AL

A TN TR R R AR RAE R R
EF LT RAIRANE RN LHFR LMY TH kN
8] FME-F TAZIT 09 Bt A Bh L ) B RS A 3T
Fe g e b E M EEMPLEETECH S, AT
s Bt

References

Benavides, J. , Kyser, T. K. , Clark, A. H. . et al. , 2008. Ex-
ploration Guidelines for Copper-Rich Iron Oxide-
Copper-Gold Deposits in the Mantoverde Area, North-
ern Chile: The Integration of Host-Rock Molar Element
Ratios and Oxygen Isotope Compositions. Geochemis-
try-Exploration Environment Analysis, 8 (3 — 4);
343—367.

Chang, Y. F. , Liu, X. P. , Wu, Y. C. ,1991. The Copper-Iron
Belt of the Lower and Middle Reaches of the
Changjiang River. Geological Publishing House, Bei-



56 3 VLA A RO VLY BT R I AE — 0 (A o R L 1047

jing,71—76 (in Chinese).

Crerar,D. A. , Susak, N. J. , Boresik, M. , et al. , 1978. Solu-
bility of the Buffer Assemblage Pyrite-Pyrrhotite-
Magnetite in NaCl Solutions from 200 to 350 C.
Geochimica et Cosmochimica Acta ,42(9) ;1427 —1437.
doi; 10. 1016/0016—7037(78)90048—0

Che, Y. D. ,2014. A Study on the Characteristics of Leuco-
cratic Alteration Zone of Nihe Iron Deposit, Lujiang,
Anhui (Dissertation). Hefei University of Technology,
Hefei (in Chinese with English abstract).

Chou, 1. M. , Eugster, H. P. , 1977, Solubility of Magnitie in
Supercritical Chloride Solutions. Amer. Jour. Sci. 277 ;
1296—1314.

Dong.S. W. .Xiang, H. S. .Gao,R. ,et al. ,2010. Deep Struc-
ture and Ore Formation within Lujiang-Zongyang Vol-
canic Ore Concentrated Area in Middle to Lower Rea-
ches of Yangtze River. Acta Petrologica Sinica ,26(9) :
2529—2542 (in Chinese with English abstract).

Dong,S. W. ,Zhang, Y. Q. , Long, C. X. , et al. ,2007. Juras-
sic Tectonic Revolution in China and New Interpreta-
tion of the Yanshan Movement. Acta Geologica Sinica ,
81(11): 1449 — 1461 (in Chinese with English ab-
stract).

Eilu, P. ,Mikucki, E. J. sGroves,D. L. ,1997. Wallrock Alter-
ation and Primary Geochemical Dispersion in Lode-Gold
Exploration: Notes from Short Course. Fourth Biennial
Meeting of the Society for Geology Applied to Mineral
Deposits, Turku, 11(13) : 65.

Eugster, H. P. , Chou, L. M. ,1979. A Model for the Deposi-
tion of Cornwall Type Magnetite Deposit. Economic Ge-
ology, 74 (4). 763 — 774, doi: 10. 2113/gsecongeo.
74.4.763

Fan,Y. .Liu, Y. N. ,Zhou,T. F. ,et al. ,2014. Geochronology
of the Nihe Deposit and in the Lu-Zong Basin and Its
Metallogenic Significances. Acta Petrologica Sinica , 30
(5):1369—1381 (in Chinese with English abstract).

Fan,Y. . Zhou, T. F. , Hao, L. , et al. , 2012. Ore-Forming
Fluid Characteristic of Nihe Iron Deposit in Lu-Zong
Basin, Anhui Province and Its Significance to Ore Gene-
sis. Acta Petrologica Sinica,28(10):3113— 3124 (in
Chinese with English abstract).

Fan, Y. , Zhou, T. F., Yuan, F. , et al. , 2008. LA-ICP-MS
Zircon U-Pb Ages of the A-Type Granites in the Lu-
Zong (Lujiang-Zongyang) Area and Their Geological
Significances. Acta Petrologica Sinica,?24(8):1715—
1724 (in Chinese with English abstract).

Fan,Y. , Zhou, T. F. , Yuan, F. , et al. , 2010. High Sulfida-
tion Epithermal Hydrothemal System in Lu-Zong Vol-

canic Basin: Evidence from Geological Characteristics
and Sulfur Isotope Data of Fanshan Alunite Deposit.
Acta Petrologica Sinica,26(12):3657—3666 (in Chi-
nese with English abstract).

Gao,R. ,Lu,Z. W. ,Liu,J. K. ,et al. , 2010. A Result of In-
terpreting from Deep Seismic Reflection Profile: Revea-
ling Fine Structure of the Crust and Tracing Deep
Process of the Mineralization in Luzong Deposit Area.
Acta Petrologica Sinica , 26 (9) ;2543 — 2552 (in Chi-
nese with English abstract).

Gifkins, C. , Herrmann, W. , Large, R. , 2005. Altered Vol-
canic Rocks—A Guide to Description and Interpreta-
tion, Centre Ore Depos. Res. , Univ. Tasmania, Hobart.

Grant,]. A. ,1986. The Isocon Diagram; A Simple Solution to
Gresens’ Equation for Metasomatic Alteration. Econom-
ic Geology ,81(8):1976—1982.

Grant,]. A. , 2005. Isocon Analysis: A Brief Review of the
Method and Applications. Physics and Chemistry of
the Earth ,30(17—18) :997—1004.

Gresens, R. L. , 1967. Composition-Volume Relationships of
Metasomatism. Chemical Geology +2:47—65.

Hao, L. ,2011. Study on the Ore-Forming Fluid of Nihe Iron
Deposit in Lujiang County, Anhui Province (Disserta-
tion). Hefei Uinversity of Technology, Hefei (in Chi-
nese with English abstract).

Hezarkhani, A. ,2010. Geochemical Element Mobility during
Alteration/Mineralization in the Sungun Porphyry Cop-
per Deposit, Azerbaijan-Iran. International Geology Re-
view ,53(8) : 980—1002.

Holser,W. T. , Schineer, L. J. , 1961. Hydrothermal Magne-
tite. Bull. Geol. Soe. Am. ,72:369—386.

Hou, T. , 2014. Super-Efficient Enrichment Mechanism of
Iron in the Intermediate-Basic Magmatic System—Case
Studies on Typical Iron Deposits (Dissertation). China
University of Geosciences, Beijing (in Chinese with
English abstract).

Hu,S. X., Ye, Y., Fang, C. Q. , 2004. Petrology of Meta-
somatically Altered Rocks and Its Significance in Pros-
pecting. Geological Publishing House, Beijing (in Chi-
nese).

Huang, Q. T. , 1989. Iron Ore Deposit of Luohe in Lujiang,
Anhui Province. Geological Publishing House, Beijing
(in Chinese).

Hynes, A. ,1980. Carbonatization and Mobility of Ti, Y, and
Zr in a Scot Formation Metabasalts, SE Quebec. Contri-
butions to Mineralogy and Petrology,75(1) :79—87.

Institute of Geochemistry, Chinese Academy of Sciences,

1987. Metallogenic Mechanism for the Porphyrite Iron



1048 R} 2E— [ K2 ik

F40 &

Deposits of Ningwu. Science Press, Beijing (in Chi-
nese).

Jiang. N. , Sun, S. , Chu, X, , et al. , 2003. Mobilization and
Enrichment of High-Field Strength Elements during
Late- and Post-Magmatic Processes in the Shuiquangou
Syenitic Complex, Northern China. Chemical Geology
200(1—2).117—128.

Jiang, Y. H. , 2010. Metallogenic Regularity and Prospecting
of Fe-Cu Deposit in Lujiang-Zongyang Area of Anhui.
Global Geology, 29 (3): 372 — 382 (in Chinese with
English abstract).

Karakaya, M. C., Karakaya, N. , Kuoeli, S. , et al. , 2012,
Mineralogy and Geochemical Behavior of Trace Ele-
ments of Hydrothermal Alteration Types in the Volca-
nogenic Massive Sulfide Deposits, NE Turkey. Ore Ge-
ology Reviews ,48:197—224.

Kuang, H. Y. , 2012. Study on Deep Prospecting by Electro-
magnetic Prospecting and Gravity and Magnetic 3D In-
version of Nihe Iron Deposit, Anhui Province (Disserta-
tion). East China Institute of Technology, Nanchang (in
Chinese with English abstract).

Kiipeli, S. , 2010. Trace and Rare-Earth Element Behaviors
during Alteration and Mineralization in the Attepe Iron
Deposits (Feke-Adana, Southern Turkey). Journal of
Geochemical Exploration,105(3):51—74.

Large,R. R. , Gemmell, ]J. B. , Paulick H. ,2001. The Altera-
tion Box Plot—A Simple Approach to Understanding
the Relationship between Alteration Mineralogy and
Lithogeochemistry Associated with Volcanic-Hosted
Massive Sulphide Deposits. Economic Geology, 96
957—971.

Liang, X. J. , 2000. Experimental Studies on the Mechanism
of the Formation of Skarns and Skarn Ore Deposits in
China. Academy Press, Beijing (in Chinese).

Liu, W. H. , Zhang, J. , Sun, T. , et al. , 2014. Application of
Apatite U-Pb and Fission-Track Double Dating to De-
termine the Preservation Potential of Magnetite-Apatite
Deposits in the Luzong and Ningwu Volcanic Basins,
Eastern China. Journal of Geochemical Exploration,
138.22—32. doi: 10. 1016/j. gexplo. 2013. 12. 006

Liu, Y. J. , Cao, L. M. , 1987. Introduction to Element Geo-
chemistry. Geological Publishing House, Beijing 113 —
137 (in Chinese).

Li,Q T. ,Han,L. G. ,Yan,J. Y. ,et al. ,2010. Seismic Ima-
ging of Volcanic Hydrothermal Iron-Sulfur Deposits
and Its Hosting Structure in Luzong Ore District. Acta
Petrologica Sinica, 26 (9): 2598 — 2612 (in Chinese
with English abstract).

Li,Q. T.,Hou.Z Q., Yang,Z. S. ,et al. , 2004. Upplating
Process and Dynamics Evolution Mode in the Middle
and Lower Reaches of Yangtze River: Constrain of
Physical Geography Information. Science in China (Se-
ries D) ,34(9) :783—794 (in Chinese).

Lii,Q. T. ,Liu. Z. D. , Tang. ]J. T. ,et al. ,2014. Upper Crus-
tal Structure and Deformation of Lu-Zong Ore District:
Constraints from Integrated Geophysical Data. Acta
Geologica Sinica, 88 (4) ;447 — 465 (in Chinese with
English abstract).

Li, Q. T., Yan, J. Y., Shi, D. N. , et al. , 2013. Reflection
Seismic Imaging of the Lujiang-Zongyang Volcanic Ba-
sin, Yangtze Metallogenic Belt: An Insight into the
Crustal Structure and Geodynamics of an Ore District.
Tectonophysics, 606: 60 — 77, doi: 10. 1016/j. tecto.
2013. 04. 006

Ma, L. ,2011. Study on the Characteristics of Wall-Rock Al-
teration of the Nihe Iron Deposit in Lujiang, Anhui
Province, China ( Dissertation). Hefei University of
Technology, Hefei (in Chinese with English abstract).

Ma,L. C. , 2009. The Deep Tectonics and Metallogenesis in
Lu-Zong Volcanic Basin, Anhui, China (Dissertation).
Chinese Academy of Geological Sciences, Beijing (in
Chinese with English abstract).

Martin, A. F., Prwinskv, A. J., 1969. Experimental Data
Bearing on the Movement of Iron in an Aqueous Vapor.
Economic Geology, 64 (7): 798 — 803. doi: 10. 2113/
gsecongeo. 64. 7. 798

Mao, J. W. , Duan, C. , Liu, J. L. , et al. , 2012. Metallogeny
and Corresponding Mineral Deposit Model of the Creta-
ceous Terrestrial Volcanic-Intrusive Rocks-Related
Polymetallic Iron Deposits in Middle-LLower Yangtze
River Valley. Acta Petrologica Sinica ,28(1):1—14 (in
Chinese with English abstract).

Mirvakili, A. , Rahimpour, M. R. , Jahanmiri, A. , 2012. Ex-
perimental Study of Iron-Control Agents Selection for
High Temperature Sour Gas and Oil Wells Acidizing
Process. Chemical Engineering Research & Design ,90
(11):1823—1833.

Parsapoor, A. , Khalili, M. , Mackizadeh, M. A., 2009. The
Behaviour of Trace and Rare Earth Elements (REE)
during Hydrothermal Alteration in the Rangan Area
(Central Iran). Journal of Asian Earth Sciences, 34
(2):123—134.

Pirajno, F. ,2009. Hydrothermal Processes and Mineral Sys-
tems. Springer.

Qian, B. ,2011. Geological and Geochemical Characteristics of
Nihe Iron Deposit in Lu-Zong, Anhui, China (Disserta-



56 3 VLA A RO VLY BT R I AE — 0 (A o R L 1049

tion). Hefei University of Technology, Hefei (in Chi-
nese with English abstract).

Qin, Y. J., Zeng, J. N. , Zeng, Y. , et al. , 2010. Zircon LA-
ICP-MS U-Pb Dating of Ore-Bearing Pyroxene-
Trachyandesite Porphyry and Its Geological Significance
in Luohe-Nihe Iron Ore Field in Luzong Basin, Southern
Anhui, China. Geological Bulletin of China, 29 (6):
851—862 (in Chinese with English abstract).

Ren, Q. J., Liu, X. S., Xu, Z. W., et al. » 1991. Mesozoic
Volcano- Tectonic Depression and Its Mineralizing
Process in Lujiang-Zongyang Area, Anhui Province. Ge-
ological Publishing House, Beijing (in Chinese with
English abstract).

Salvi, S. , Williams-Jones, A. E. , 1996. The Role of Hydro-
thermal Processes in Concentrating High-Field Strength
Elements in the Strange Lake Peralkaline Complex,
Northeastern Canada. Geochimica et Cosmochimica Ac-
ta,60(11):1917—1932.

Shen,B. F. ,Lu,S. N. , Yu, E. Z. . et al. , 1977. The Charac-
teristics of Sodium Metasomatism in Magnetite Depos-
its of a Certain Region and Its Prospecting Significance.
Scientia Geologica Sinica , (3):263— 274 (in Chinese
with English abstract).

Sillitoe, R. H. ,1995. Exploration of Porphyry Copper Lithocaps.
In: Mauk, J. L., St. George, J. D., eds. , Proceedings
PACRIM Congress. Australasina Institute of Mining and
Metallurgy Publication Series,95(9) :527—532.

Tang,]J. F. ,Lu,S. M. ,Li,]J. S. ,et al. , 2010. The Basement
Structural Deformation, Evolution and Its Control Ac-
tion on Deposit Distribution in Luzong Volcanic Basin
and Its Adjacent Area in Anhui Province, China. Acta
Petrologica Sinica, 26 (9): 2587 — 2597 (in Chinese
with English abstract).

Van,D. M. , Weinberg, R. F. , Tomkins, A. G. , 2010. REE-
Y, Ti,and P Remobilization in Magmatic Rocks by Hy-
drothermal Alteration during Cu-Au Deposit Forma-
tion. Economic Geology ,105(4) :763—776.

Wang,C. , 2012. Study on the Numerical Simulation of the
Ore-Forming Fluid System of Nihe Iron Deposit in Lu-
jiang, Anhui Province,China (Dissertation). Hefei Uni-
versity of Technology, Hefei (in Chinese with English
abstract).

Wang,C. Y. ,Li,X. F. ,Xiao,R. , et al. ,2012. Elements Mo-
bilization of Mineralized Porphyry Rocks during Hydro-
thermal Alteration at Zhushahong Porphyry Copper De-
posit, Dexing District, South China. Acta Petrologica
Sinica ,28(12): 3869 — 3886 (in Chinese with English

abstract).

Wang, Y. R., Fan, W. L., Yu, Y. M., 1981. Geochemical
Mechanism of Alkali Metasomatism and the Formation
of Iron Deposits. Geochimica,10(1):95—103 (in Chi-
nese with English abstract).

Winchester, J. A. ,Floyd, P. A. ,1977. Geochemical Discrimi-
nation of Different Magma Series and Their Differentia-
tion Products Using Immobile Elements. Chemical Ge-
ology »20:325—343.

Wu, L. B., Chen, F., Liu, B. Q. , et al. , 2011. Geological
Characteristics and Metallogenic Model of Luohe-Type
Iron Deposit in Lujiang County, Anhui Province. Jour-
nal of Hefei University of Technology.34(6):899—
904 (in Chinese with English abstract). doi: 10. 3969/
j. issn. 1003—5060. 2011. 06. 024

Wu,M. A. ,Wang,Q. S. ,Zheng.G. W. ,et al. ,2011. Discov-
ery of the Nihe Iron Deposit in Lujiang, Anhui, and Its
Exploration Significance. Acta Geologica Sinica ,85(5) :
802—809 (in Chinese with English abstract).

Xia,Q. L. ,Cheng,Q. M. ,Lu,]J. P. ,et al. ,2011. Application
of Portable XRF Technology to Identification of Miner-
alization and Alteration along Drill in the Nihe Iron De-
posit, Anhui, East China. Earth Science— Jowrnal of
China University of Geosciences ,36(2):336— 340 (in
Chinese with English abstract). doi: 10. 3799/dqkx.
2011. 035

Xie,Z. sLi,Q. Z. ,Chen,]. F. ,et al. ,2007. The Geochemical
Characteristics of the Early-Cretaceous Volcanics in Lu-
zong Region and Their Source Significances. Geological
Journal of China Universities, 13 (2):235— 249 (in
Chinese with English abstract).

Yuan. F. ,Zhou, T. F. , Fan. Y. , et al. , 2008. Source, Evolu-
tion and Tectonic Setting of Mesozoic Volcanic Rocks in
Luzong Basin, Anhui Province. Acta Petrologica Sini-
ca»24(8):1691 — 1702 (in Chinese with English ab-
stract).

Yuan,F. ,Zhou, T. F. , Liu, J. , et al. , 2011. Petrogenesis of
Volcanic and Intrusive Rocks of the Zhuangiao Stage,
Luzong Basin, Yangtze Metallogenic Belt, East China:
Implications for Ore Deposition. International Geology
Review,53(5):526—541.

Zeng,J. N. ,Qin, Y. J. ,Guo,K. Y. ,et al. ,2010. Zircon U-Pb
Dating of Ore-Bearing Magmatic Rocks and Its Con-
straint on the Formation Time of the Ore Deposits in
Luzong Basin, Anhui Province. Acta Geologica Sinica,
84(4):466—478 (in Chinese with English abstract).

Zeng, Y. S. ,2003. Experimental Geochemistry (Second Edi-
tion). Peking University Press,Beijing (in Chinese).

Zhai, Y. S. , Yao, S. Z. , Lin, X. D. , et al. , 1992. Regularities



1050 HoBRRE R E TR A 4R

F40 &

of Metallogenesis for Copper (Gold) Deposits in the
Middle and Lower Reaches of Yangtze River Area. Geo-
logical Publishing House, Beijing (in Chinese).

Zhang, L. J. ,2011. Polymetallic Mineralisation and Associat-
ed Magmatic and Volcanic Activity in the Luzong Ba-
sin, Anhui Province, Eastern China ( Dissertation).
Hefei University of Technology, Hefei (in Chinese with
English abstract).

Zhang,M. M. ,Li, X. H. . Zhou, T. F. , et al. , 2013. Reserves
Dynamic Estimation of the Nihe Deposit Based on
Three-Dimensional Mineralized Domain Model. Geolog-
ical Review,59(1):122—128 (in Chinese with English
abstract).

Zhang,R. H,,Hu,S. M. , Wang.]. ,et al. ,2002. Water-Rock
Interaction Study for Typical Volcanic Areas in the
Middle-Lower Yangtze River Valley. China Land Press,
Beijing (in Chinese).

Zhang,R. H. , Zhang, X. T. , Hu, S. M. , 2010. Deep Rocks
and Ore-Forming Processes in Luzong Volcanic Basin,
Acta Petrologica Sinica ,26(9) ;2665 — 2680 (in Chi-
nese with English abstract).

Zhao,W. G.. ,Wu, M. A. ,Zhang, Y. Y. , et al. , 2011. Geo-
logical Characteristics and Genesis of the Nihe- Fe-S
Deposit, Lujiang County, Anhui Province. Acta Geologi-
ca Sinica,85(5) ;789 — 801 (in Chinese with English
abstract).

Zhou, T. F. ,Fan, Y. , Yuan, F. ,et al. ,2008. Chronology and
Its Meaning of Volcanic Rocks in Lu-Zong (Lujiang-
Zongyang) Basin, Anhui Province. Science in China
(Series D) ,38(11):1342—1353 (in Chinese).

Zhou,T. F. ,Fan, Y., Yuan, F. , et al. , 2008. Geochronology
of the Volcanic Rocks in the Lu-Zong ( Lujiang-
Zongyang) Basin and Its Significance, Science in China
(Series D), 51 (10). 1470 — 1482. doi: 10. 1007/
s11430—008—0111—7

Zhou, T. F., Fan, Y., Yuan, F. , et al. , 2010. Temporal-
Spatial Framework of Magmatic Intrusions in Luzong
Volcanic Basin in East China and Their Constrain to
Mineralizations. Acta Petrologica Sinica ,26(9) :2694—
2714 (in Chinese with English abstract).

Zhou, T. F., Fan, Y., Yuan, F. , et al. , 2011. Petrogenesis
and Metallogeny Study of the Volcanic Basins in the
Middle and Lower Yangtze Metallogenic Belt. Acta Geo-
logica Sinica ,85(5):712—730 (in Chinese with Eng-
lish abstract). doi: CNKI; 11 — 1951 /P. 20110511.
2140. 00

Zou, H. B. , Zindler, A. , Xu, X. S. , et al. 2000. Major, Trace
Element,and Nd, Sr and Pb Isotope Studies of Cenozoic

Basalts in SE China: Mantle Sources, Regional Varia-
tions,and Tectonic Significance. Chemical Geology 171
(1—2).:33—47.

Bt Hp 32 5 % STk

FEL, XIS, 55 B, 1991, KA R R Ak s . At
M3 R A, 71— 76,

ZEGLFt, 2014, ZERFE VU4 2 o ol A8 7 i B R AE F 5%
(WA 0. AR AR KA.

SO, TR 24, 25, 2010, KT AR R W I — WA RH kil
R X IG5 R . A AR 26 (9):
2529—2542.

TS, SRR B2, 55,2007, T [E R B 40 b 1 AR 5 5 ke
Wz dkie R Hprerdi . 81(11) : 1449—1461.

T B R R 25, 2008, RS T — PAFHHLIX. A BIZE
25 1) LA-ICP-MS 8 4T B b 5t 758 3L, 25 243, 24
(08): 1715—1724.

W X — 5 B K, 45 2014, TR A A Hb U ATk 7 DR AE
BT SE SR . A2k, 30€05) : 1369—1381.

A B & D . 25, 2012, TP I ZE b TR T KB PR B
TARFRAE S 1 R B 138 . B A 24, 28 (10)
3113—3124.

JAR L R S 20 25, 2010, JE\F S AL 0 e AT T R
TR 240 o A B LU W LA A PR S5 R A 5 [ 43z
FHIRAL 2= TR, A4, 26(12) ; 3657 —3666.

e 5L X4 HL. 2, 2010, TS EHE X FEHE R
ST R 18 B ST RS AN 25 A L 3 B T IR
RIS, A F R . 26(9) : 2543—2552.

TR 2011, ZEBEAR I LR TR R B S AACBIF 5 (At -2
W30, A A ATl KA.

33, 2014, R IR R G T R R AR LR DL
WA B A28 30 . A0 . Hp E UK.

52 2, 0FBE, 5 KR L 2004, SEARIAS S5 8 0 2 K R0 &
SC.AbET M S R

WETE V- 1989, TRUPTTE W, Jba . Hh i i AL

rf R B s R AL AT BT, 1987, T SRR S R TE ML B,
bt Bl .

VLK 5 2010, 2B MM DX Bk — S0 il ML S k. tE A
T, 29(3) : 372—382.

EE I FH , 2012, ZE RO VR FRFR ™ 25 6 1l S5t b Bk 47y #1LF
TR LR S0, B B R TR,

PERETE, 2000. HEIRY R A T 550 RIE BT 1Y) 52 56
gt AU 2B ARAT

XUBEAR , B b B . 1987, JC & M ERfb 2% T8, JL Rt HuUBR R
#.113—137.

B D s 57 [ P2 Ik, 25, 2010, AT 4R XKLL R
Bk IR IR B R 1 1Y) B S ML RR LS. A AR 34
(9): 2598—2612.



56 3

VLA A RO VLY BT R I AE — 0 (A o R L 1051

B AZ B A 25 25, 2004, KT T b X 10 IS 432
YRR B 3h 2 A fiat ok B bR Py BT R L3
RN (D) . 34(9) . 783—794,

BRHE L XRAR A LS, 2014, P X 5L S
AT« L A o BR Yy B R 45 B MR 2F 4R, 88 (4):
447—465.

L2011, R TT IR T IR A i AR AR AFF 9T (=2
PEIES0. BB A B Tk K.

A7 K 2009, J — B K LA A IR A VR S R (=t
AL S0, b st . b E L BB B

B0, B, XA, 25, 2012, BEA Il — R A 5 S ik
Za B AR R B R — DRI RN
B EAFER.28(D) : 1—14.

EREE, 2011, ZE RPN ZE L R AT 4 DR 5 b Bk Ak 2% 4 AIE
2R S0 A A AR Tl K2,

B G, RGRAR BB L 45, 2010, ZERIEE R A 2 1 2 ) — 8
T B AR 2B A A LA-ICP-MS U-Pb 3¢
A B H 5T . HB BB AR 29(6) : 851—862.

PRI, X235 AR IS0 25, 1991, LR B A= 40 1l 4 1
He b S LR A . st R S R

TR B AAAE T B 45, 1977, LXK RERRD R T 4l T 22 48
Vi F B REAE B AR 3 S0, b JRRL A%, 3 263—274.

BRI 2, 25, 2010, LERURTIA K 1L 2 A Hh 5 4
X SEC A 1 AR T TV B Ak S 7 R 3 A (1 s . 2
A, 26(9) ; 2587—2597.

55,2012, RS ILIGIT R0 IR 5L i 1R 2 e B (A A 0Lt
FEWL2A0E 0. AR A RE Tl K2,

TR AR, 1Y o, 25, 2012, FEN AR AP LT BE AR B bl
YRR KT R BRI B A A A F . 28(12) .
3869—3886.

T B AR S R 1981, SRS 5 85T B 1 b Bk 1k
SEHUIR D], sk ika% . 10(1) ;. 95—103.

SALME T WD 4, 4, 2011, TR S VL EL B e IR
HFRAE 5 R B, AR Tk K 2F 2 i CH SR B
W) »34(6): 899—904.

S VETRA BT, 45, 201 1. AU YL YR TT0 I J2 BR
K S AR, 85(5) : 802—800.

FBRFR BB L Bl 45, 201 1. fHHE R X HHER B8 L1
FARFEVEIT R A O il A8 (5 B 50 i i . b
BRB i E LT K224 36(2) : 336—340.

R 24 BRI L 25,2007, JE AR 1 T K LA L ER
b2 A fe H VR X 3% X A M R 2 L 13 (2):
235—249.

Flg, JE G R JEA . 2. 2008, PP 2 R AR A e
U8 AL BOE S 5. A A 2R 24(8) : 1691—1702.

REERAE B SR — , 25, 2010, RPN L B 1 0 A
B U-Pb 4R J HE B e B B 29 3. M 3 2 3, 84
(4): 466—A478.

B 3, 2003, 525G M ER fh 2% (B8 0. db T db ot K2
AL

B W BR T, 45,1992, K VT T I X R4 (4
BB, JbET b AR AT

TR ARER L 201 1. LRSI FE M A B VE R ST (B 247 38
3O, A AT K.

SRE B 2RISR, JE L 45, 2013, ST = 4R LU 9 U
TR IR B A RAG . e TE,59(1) : 122—128.

Teaede W R, T4, S, 2002, KT H R BEIL I 1] R
K —AMEAEA. 65 o E A AR

skaEAs SR S B AR AL, 2010, A L A IR T A A 5
R, AR 26(9) : 2665—2680.

B R IR L 45, 2011, TR VL B U Ik
PR b, 5T AE Ko B B 0 45 43 A, b BT 2% 4R 85 (5)
789—801.

SRS T 0 L2, 2008, AR A ORI — A BED 753k
A M AR 2R R L P EBF (D ), 38(11):
1342—1353.

A % U 06 L 25, 2010, TRAZEHIAR A B I 25 M 40
HOO BT BRI 2. S5 A A, 26 (9) : 2694—2714.

R K T 0, A5 2011 ARV TR LAY K L A A
L B VR . M B4, 85(5) : 712—730.



