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Abstract

The Xinan Cu-Mo deposit is a newly-discovered Cretaceous porphyry deposit located in the Zijinshan ore-
field, Shanghang County, Fujian Province. The Cu-Mo mineralization mainly occur in dissemination and vein-
let-dissemination forms, associated with the granodiorite porphyry. From bottom upward, the Xinan deposit
generally exhibits propylitic, phyllic, (advanced-) argillic alteration and supergene oxidation. Five stages of hy-
pogene alteration-mineralization were recognized in the Xinan deposit: the early phyllic alteration; porphyry
mineralization alteration, consisting of potassic, propylitic and (late) phyllic alteration; overlapping epithermal
alteration, which includes (advanced-) argillic alteration; late veined alteration; and supergene alteration. A
comparison indicates that the Xinan deposit shows similar mineralization and alteration features to typical por-
phyry deposits, but it lacks potassic alteration zone and the mineralization is at small scale in the deposit. The
ore-bearing granodiorite porphyry intruded flatly as an apophysis (not a stock) into the deposit. It is thus in-
ferred that the real ore-bearing porphyry stock and potential porphyry mineralization (with large reserves and
high grades) probably occur in the depth of the Xinan ore district. SWIR research on the Xinan deposit reveals
that the illite crystallinity (IC) and the position of illite 2200 nm absorption peak (Pos2200) both show strong
gradients from high values to low values from the mineralized center to the distal barren area. Meanwhile, the
SWIR anomalies (IC values > 2.1 and Pos2200 value > 2203 nm) can be used as the indicators of the
mineralized porphyry deposits in the Zijinshan orefield. The results obtained by the authors provide scientific ba-

sis for further understanding of the metallogenic patterns of porphyry deposits and future exploration of mineral

resources in the Zijinshan orefield.

Key words: geology, alteration zone, alteration and mineralization sequence, short wavelength infra-red
(SWIR), illite crystallinity (IC), Xinan Cu-Mo deposit, Zijinshan orefield
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Jiang et al.,2013; FAEA%,2001), & MRTERNK
BEA(105~103 Ma: NW HE AR Y55 A, #ik
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Fig. 2 Geological section of NE-trending section (A-A" in Fig. 1b) in the Xinan Cu-Mo deposit
1—Fine grained granite; 2—Medium-fine grained granite: 3—Medium-coarse grained granite; 4—Dacite porphyry: 5—Fine-grained granodiorite
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hole and its serial number; 13— Inferred line; 14—Sampling position
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1—Zijinshan granite complex: 2—Dacite porphyry; 3—(Fine-grained) granodiorite porphyrys 4—Monzogranite; 5—Diorite porphyry: 6—Granite
aplite: 7—Granite porphyry: 8—Oxidation zone; 9—Dickite-kaolinite alteration zones 10—Pyrophyllite-alunite alteration zone: 11—Sericite

alteration zone: 12—Phyllic alteration zone: 13—Propylitic alteration zone; 14—Orebody: 15—Drill hole and its serial number; 16— Inferred line
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s h. (BADERAEUNBAZE. AROBHRAE(ERRL): . (BIDEREMNBRAZ - FRA- AR REY HENETRPR
MERET R (FHURETFE, BREEXRRIERRE): j. A JEET MRy ML LAY E, BrtEXR, BEN=ZF8F
RASFHTFRIDBEENN B O Z - FRA- AR FERT BRWA, FS T AR LA R YIS KRR BB RBY, ST
FUIRE YRR KER B EET (EME); k. BAEERRBNHATREHRASEAALECERA + SWIR Bi); | BEREHE
BNMHPREHELGSEAAHAE(FHE + SWIR Bl ): m. BAREABREIHP R EETA . HEH AR AR AHEHE (FRE);
n. BARERNRENBEPRETaTA . REA AN EAHEEG(ERXRE): oo MAMEBETRENRES , NET, HHET, FrrBiH
T2 AR REA: p. MARERVEE I PR AR GURIN T WL BB MR DAL E LY B B (ER R q. EW
KA B B AR BT K U (B DR SEE LI BRI A S BB BR CEAE 6D
Kfs—KA; B—2 =6 Anh—HAE; Mus—Hz 8 Ser—8E=/; IR H; CA—%EFA: Ep—&#A; Q—A%: P#KA;
Alr—HBA; Dic—liFF A Pyr— MR Koo— MR Ca— A Mc—HSY ; Py—8%0": Cop—FH0: Bn—HHH; Mo—H#H
T Sp— Y Gn—H T Td—HMEBHY: Hem—RERT
Fig. 5 Alteration and mineral assemblages in the Xinan Cu-Mo ore deposit
a. Aggregates of illite at Early phyllic stage wrapped by muscovite of Late phyllic stage ( porphyry mineralization): b. Potassic alteration cut by epidote-
anhydrite vein (propylitic alteration); c. Potassic alteration overprinted by Late phyllic alteration; d. Hydrothermal biotite at potassic stage intergrow-
ing with magnetite, replacing plagioclase. Biotite partly replaced by chlorite: e. Chlorite-epidote assemblages at propylitic stage: {. Epidote-calcite as-
semblages at propylitic stage: g. Chlorite-epidote assemblages of propylitic stage replaced by Late phyllic alteration; h. Muscovites quartz and pyrite as-
semblages of Late phyllic stage; i. Disseminated chalcopyrite-bornite occurring at the late phyllic stage; j. Disseminated anhydrite> molybdenite and
chalcopyrites intergrowing together at the late phyllic stage: k. Epithermal overprinting stage containing alunite and dickite assemblages; 1. Epithermal
overprinting stage containing pyrophyllite and illite assemblages; m. Epithermal overprinting stage containing dickite, kaolinite and illite assemblages:
n. Epithermal overprinting stage containing dickite, kaolinite and illite assemblages (crossed nicols); o. Argillic alteration at epithermal overprinting
stage containing chalcopyrites sphalerites galena and tennantite assemblages: p. Chalcopyrite at late phyllic stage replaced by the disseminated sphalerite
of argillic alteration: q. Quartz-pyrite vein at late phyllic stage cut by the hematite-magnetite vein at the late veins stage
Kfs—K-feldspar; Bi—Biotite; Anh—Anhydrite; Mus—Muscovite; Ser—Sericite; Ill—1Illite; Chl—Chlorite; Ep—Epidote; Q—Quartz;
Pl—Plagioclases Alu—Alunite; Dic—Dickite; Pyr—Pyrophyllite; Kaoc—Kaolinites Cal—Calcite; Mt—Magnetite; Py—Pyrites Cep—Chalcopyrites
Bn—Bornite; Mo—Molybdenite; Sp—Sphalerite; Gn—Galena; Td—Tennantite; Hemr—Hematite

BRIE R 7= 4 B (Chang et al.» 2012; = 5%, 2005).
ANET EE A E R R R BRAE D, BATTR 4 %
AR BCE KB R BRI EN. R, Mkt
JeE TR IREE M B AR BB — MR R B
AN AR, EA R AL S5 RH < KL
FFEASR, IR EER S TEREN LIRS
- F, FIR B &3 RO B d k. FIHIX—JR
PR, 24 3 R I A A SR R 5 4L AP Ot SR B B R
Al FF 5 5 o SF A ] 9 4 41 411 S H o 3 A TR A 5 A A
LT, BH H RN AN EE N Y
M RERRER. ZEARBAZCRNNT Y EE
AERETYERENF LT Y RBRET Y
BRER A Y (MBI, 2012),
3.2 ERHE

Har, 7 ERRE B /NS A F A 3
T, 4> B A 3 E Analytical Spectral Devices, Inc.
(ASD)E 7= (] TerraSpecs # KR Integrated Spec-

tronics Pty. Ltd. 475 PIMAC V% 7= ) F1 B R
JEH PR 5 R R P AR R A R B T R A&
771 PNIRS. [ TerraSpec 47T 2006 4, 36
WSHRLA N 6~7 nm, HIEBEFEEFE 2 nm, PR E
MAEAR 2.5 om W BRI K 3R, WAAE & BT FH B 18] /]
HAPBITRE, RAEATHR—NEATF 46 s
HEAATE—MUAT 6~10 s« WXF W PIMA
T 20 4l 90 ERFHBATIEF, B C &1
P, O HE S R A 7~ 10 nm, YEiE EURER) B 2
nm, WA E DA B2 1 cm F R B X 38, W0 5 BT
F TR 2, SE R — M 7 50 so = PNIRS B
WAk BB , 2005 €F 32 H B — GRS, A N X,
BPANRE —N 6 V BURHLE, W EFR UL, E
B4 3 kg, HAWRMLT 8 nm, MG R 2~
4 nm, WHRE O AWK 114 cm WIETT B, WA 5
BRI R 30 ~ 120 so X T = 28NS VE 4011
SHEMR T ERFE BRI, 2% Chang %
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(2012). A RFAFTHT FALCES A o [ o i k2 Bt b 5
WEFHT 2011 SF I B ) TerraSpec({X 23475 : 2208)
3.3 #HRIEERMNAFZE

AR T AE L B PE m A B Ak AR 1 ) T
Zk327.7Zk729 Zk1127~ Zk325 £ KO A0k v 1 %1 i
(Zk1931.Zk1127.Zk1216+~ Zk2418+ Zk3203 ), K- H 4k
FURE 3L 345 1, RIS KRAE 15 m/#, A
FALLE S R 8 = PR ARy Y5 5
KE WX EREUNE RFEE S m/F.

WRET, CMAERBETE T, 5T HE
ISR, MR — I 3 A AR BETE
AR IR k. BEEIURR B IO
2R T SRS R LD B S B R . K
KRNI ERG LG, FE 2AMPR, E—P1L
BRCHE, S B 28 S OIS TR BN 200 f1E
HEEBEE S 400, HEATHAL Coptimization) B 18, &
AT EHE A (white reference ) B 1E, MG X 23 B 61
SIRTFH, JLF LS THEEHETRS IR T
YEo WRES, AR UERHALIE R E, R 0.5 h XF
AT E— K. WRPEESA
PRT, UE T —F L. XF Terra Spec -
REFREEWERELXMWERFN, ES%
Chang %5(2012).

IR BT 13 1 P BE S5 Y 6 i HE BRI CThe

Spectral Geologists TSGOV. 3”447 H 3 #E, R
JEE IS N THET & 45 B A% LI 2 B K0 ) Fl
FK. FRIFE 1900 nm F 2200 nm PR L IR
VR S B v LB T TSG V. 3 #I4r & (scalar)
HERE, HEASHREFSEHEHEQ012),
PR AL EEAC B o) RAFEWRTT#EE TSG V.3 1
REIREKE. BMER BT 3L R, B
HAESHPIHE. REFERHERI R, LES
I, R 5 H G = SR YO S 5089E, v L
£1.

4 SWIR Mg R 2 047

METYRAZESH
AR SWIR ¥ i 9K, 76 70 B 0™ B 4l AL A o
FERAH 11 My 9, AR RRE . B 5 8%
B R Il A BRELE R SRR R AT
A HBAEHE. P, #F A, A8 ZRA KL
HREED.

CATE B B AL AR 1 BT A B (B 20, BB RERY
YVHRRAE.AZ8MNORERFD EBESMET X
PR X, R EEES R R LKA MR KN K
BaEd, BRAGEFA ARAERMH S EEEE
FREG AT KIEICNF 400 m), B A R
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Fig. 6 Hull quotient spectra of illite and the calculation of illite crystallinity
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Fig. 7 Alteration types and mineral assemblages of the Xinan Cu-Mo ore deposit
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The distribution of SWIR alteration minerals in the NE-trending section (A-A” in Fig.
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I—Zijinshan granite complexs 2—Dacite porphyry: 3—(Fine-grained) granodiorite porphyry: 4—

aplite: 7—Granite porphyry;

BN 2201.89 nm)» Dep2200 {H 224k Y5l 0.09 ~
0.47CFEBHE A 0.31): BRI R 45 0 B CIC {E) AR 4
T 0.6 =8 1CFRME A 2.16), VEA HHs W& 1. [
FE AT 0] FIE 1C R Pos2200 R A7 W 8 17281k
B, M A0 B0 BT o0y, 1IC A1 Pos2200 i
SIA7 W R I 4B AR A (AR K AR A A 10a- 1),
HE Pos2200 B 75 AL P4 [a] 510 10 b 16 A8 4k AR B A 3L
LEACZR ) 350 10 b 00 A A R W Y, S A AR o

8 Drill hole and its serial number: 9—Inferred line:

Monzogranites 5—Diorite porphyry: 6—Granite

10—Boundary of mineral assemblage; 11—Sampling position
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Fig. 9 The distribution features of SWIR spectrum parameters in the NE-trending section (A-A” in Fig. 1b),
the Xinan Cu-Mo deposit
a. The variation of illite crystallinity (IC) along the NE-trending geology-alteration section: b. The variation
of illite 2200 nm absorption peak position (Pos2200) along the NE-trending geology-alteration section
1—Zijinshan granite complex: 2—Dacite porphyry: 3—(Fine-grained) granodiorite porphyry; 4—Monzogranite: 5—Diorite porphyry; 6—Granite
aplite; 7—Granite porphyry; 8—Oxidation zone; 9—Dickite-kaolinite alteration zone: 10—Pyrophyllite-alunite alteration zone; 11—Sericite
alteration zone; 12—Phyllic alteration zone; 13—Propylitic alteration zone: 14—Orebody: 15—Drill hole and its serial number;

16— Inferred line; 17—Sampling position
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AR o A5 b B AP = R IV SIS G DA B S A PR (2R 7S
KBE A BT IR LOBR W BA A, S 1
BEREEAEHRREBARNET PIREERINKRES T, 5
PR R ER 10 Tl AR K BROBK 48 TE A A ol AR 3 DDA o6
(Zhong et al.»2014; 5K#H %, 2013). HLAIDE A RH"
PR (0 A8 43 15 B Ak o0 ) SRR IR - BREERR Eh 40

B, MR A Ly ol R BLIAT IR, 2L AR 73 iy
R R K IR 20 A = T B e — 21 S iy
— Ve AL T — AL T . BLAT 0 4 £L BT R
7, PR B R0 32 2 LR AR  RKR 23 Al T
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Fig. 10 The distribution features of SWIR spectrum parameters in the NW-trending section (B-B” in Fig. 1b)s the Xinan

Cu-Mo deposit

a. The variation of illite crystallinity (IC) along the NW-trending geological section; b. The variation of illite 2200 nm absorption peak

position (Pos2200) along the NW-trending geological section

1—Cryptoexplosive breccia; 2—Dacite porphyrys 3—Granite aplites 4—Diorite porphyry; 5—Porphyritic granodiorites 6—(Fine-grained) granodi-

orite porphyry; 7——Monzogranite; 8—Zijinshan granite complex: 9—Orebody; 10—Dirill hole and its serial number; 11—Fault; 12— Inferred line;

13—Sampling position

TLUA N BT RA RN B LS UHERERE S
KT 103 M B AL, M T R 1) IR B DU B IR
ERFRAL. T BERED MAREAR R
RIVBE 4 R 7E 2% 4 0 4 77 T 2E W BRI,
Y B R, H A FRE B X ERE
VEEB I AR A R, SRIE VR R S, T S BE
BHRAE MAY RS R E LT 6 O MHE
W, BB BEE T R F B B SR TR B
15 B A0 B 3 C Sillitoer 2010; Cooke et al. » 2005, &
I U BT 2 PR U458 2 SRS B PR 4 BB U B R Y
FHENME ., EE U IE BT AR 5 T 2
RIGER, FERBY BHENES LBAFRR
I R, BN BE AT PR S B BE A R I R
BE A 1 B R IR B SR UL R B A, T
TAIBEET PRI TAR 4, T 5 D i 1 30 R A8 T8 B
FEA A AR R IR B N R RBA S (A5
L N B YL D QUL S =5 g A: I
BT B R LN BRI £ B (X T 7 7 1
WAL 2), B R e R B TE R N KB B A
AT RE SRR RIS & k. TErEH B B AT
B R S A /AN R AL T B, X 30405 B 0
AL ARG T R L Sheo), EBUE K FEA
B, EHmEs LEREREHTEEZEINE
AL AR, 1R A T Y BT B A LS, R
EE A 0 48 2 LR AL SR YR AL B A s TR
BOf K T B R B A Bl SR AR 5, )
BRTHBELBRE, Bl BEHEsLER
b B KRR E E B T R RS S E
F4h, BB e R A X AR R B R R 4R
AR, RAE RE IR AL AR R D B R R
AL A T B 55 BT TR K N KB A R B R, (B
RS54 ™ R P R THT R 6 98 PR 1ER 86 28 B fin A
*.

TERANE, T BT DS R
HBEANIG, RHAIE L EEATRER
K WWERES®RYS, MKEBHAREUFIESRNR
ANFEF TR NKBEE G, BERERPARS
thz E(8 52). B8R, RMERENIFFEHET &
W, MER TRV EBER TR LERE K
M A A G B, ATERED™ B M0 BTH G0 U FE A BE
HEBOZRERASRM BT ESLE S AT
MEREMEEEN, XR5EER/IAMEFEREE—
K (Xu et al. »2017).

M ASIERE, B4 W HAW T NEREE
B R4 Mt @ 0.3% BIF L EE 4R LR
FBCRIRAE TRy e IN KBS, SHER L
MEFAE L E YR E, 2014). BEBET K
BT 1 32 2 DL RO R A RKCR R A T BB KA
M2 B3l BEE 1 (Cooke et al. ,2005), £ HBEEH
REESHERIRAED MR (WEETE I Bing-
ham # IR, 28.46 Mt @ 0.88% , Lanier et al. » 1978;
B Jé 79 W Batu Hijau # K, 7.23 Mt @ 0.44%
Garwin, 2002; & #) El Teniente ¥ /K, 94.35 Mt @
0.63% »Cannell et al.»2005), BHEHFH RS 4H K
F A PIAE S Con B AT 2T JL A T2 Wafi-Golpu B4R
1Gt @ 0.9%  Sillitoe, 2010; & F/ 7+ #8 Chuquicamata
B PR,7.52 Gt @ 0.55% » Ossandén et al. ,2001; T H
FEXH R, 8.4 Mt @ 0.45% , 3G, 2009), A
B B(0.02 Mt @ 0.2% IV LR B FFE MRS
Bki2 GO AR, FEBRE TR RN KBS
LR B A Ctt/CeT ER R CESE
1078,Xu et al.»2017), HiBR4b 2 4F FE (Xu et al.,
2017)5% NEBEET IR A BE ML 2 MR
HIRCE B ERB R, B EH AR BiEH Ny
WEEHSBIANF VI, BB ek RN, X
Z5F MNET REFEX T . ARy BMY Mg



1034

N S A

2017 &

R FS A R M RAH A E R K ER, 7T
RENPERIN BT MIGH X IR R K LA b 2 BT
RN A FEE R TR RS AR &ERT
SO IR I VTR B A R N R R B I I
RHB LA B BOR A 7K SEAR AL, FF 38 AN 5 FR B ik A
srE, R ST MY PR S IR s ER L 258
TR A Cett/CeSt B LR B ) S M L S 45 1
(Xu et al. »2017), HEMZE TG REH B 75 B 7 1) ¥R 5
A REFE R IE M A BEA Bk KA B e 388 b Ao
B L
5.2 HERTREEELHNAIESWIR)KN IR
BB SH i, EHF LR
BSBEV RN WIS — @ AL, =
R ACHAEA K, B B8 5 4k 28 HR GRS BRI
A ERAL, FHERAX TR M 4. AN X
R, AR EREVILERE .
BEA B PR S5 #h 2 %57 7 % B R B, /AR A 4 4
AFEIE IR (SWIR) 3T 38 SR BBk o0 E AT K
TEIBERRES, FETT —RIVE G RARY
B BEFARE, N EENIRY B & TAERME TR N
WG WHEHZEQOIDEN R B SH I K3
H, ST L B B R A 4 AR R CIC) &, ST B
WAL IC B MR (B &%, 2012). Jin %
QOODFEFF FAENBEE T KRBT IR ) XRD-IC 5 (5
ALHROEAALEREAOBRBHRBME, T
EDESIIY AR S8, RIBERA L REACHE
B FEET LR, TE 8 4 LA D,
XFARFIA 2200 nm BB A7 B (Pos2200 ) 7E A [F]
PR N 2L AR AR AR R, 38— B3 S8R
FACH L Pos2200 HAE /), mBH O HMAEEK,
W EHFEQOIDTEFR AR ST K RN,
B4 Pos2200 {HAE /D, 1T B b 5 L Pos2200
B4R K FFE, Yang F Q00 A FE L ZHE
IR R, A 2200 nm B4 A7 1B (Pos2200)
R LA AR /N(<2206 nm); B FM 2 I &
IEF A0 Pos2200 B2 KTZE B b o BER
N, B Laakso 25 (2015) FEF M E K Izok Lake B
IR 73 SR 0 A Y Pos2200 1B 3R & CF391E 2203
nm), & & F 4 K Pos2200 1B 1K CF 3 {E 2201
nm)» A, Sun £ Q00D EM LB KR W Elura 8157
Ry R ERH, FBIEY 1 Pos2200 HA2 X, 5
T ALH L Pos2200 {EZE /N ; 38 = & Pos2200 fEAER
X2 HLHEME W HAM Hshikari 5 K

(Yang et al. ,2005). BHMEAT I, AFIA 2200 nm K
W A B TEAN I A PR A AR AR — 3. AR
R TAETEE R B X 9 R I, Jb 2R 1m0 T 4
£, 1C M Pos2200 {HEH B BB RER, B g
o BRI B 25 3 A 1 o B3 B 4k =0 I R TR A
FACHTENE LR, ICEE 92 Pos2200 E(E
ILIH W B N m AR AR B, ICHEW
RS AT AE AL E T PR B R R IR
VT3 T Pos2200 EM B I EE S FRE - fk
BUAHAL(Sun et al.» 2001; Laakso et al.»2015). 5B
Ab, AT IEE 4> IC R {E (B 9 P4 A B R & 18)
HITE TV r A B AL AR I U T A 220 Zk327 FRIVR B
(400 m MFHED, Zk729 HISENT 4L 5 IR K BE2A B I (400
m D A A Zk325 B3R ERC220 m #1400 m
MO 9a); T Pos2200 i {E (B 9b H A B 18D =
B BRI 0 A U Zk325 FIEREB (50 m F1 200 m Bt
IOCE 9b). TAEIL P [ I b, B e 40 2 4
B, 1C M R (A8 RS (B 10a), X — AR P3R4k
HltARmEFE E IC HZMME—2. T Pos2200
Bk B B da i o0 3 A0 B S B 1
Bk (B 10b), 5 H A AR 0 F b A —
. R, BH D E Pos2200 E HILTE Zk1931 1)
JEEE(951 m F1 986 m), LF 7E F1-4 Wi 2R ma )
Zk1216 IFEB(629 m 1 825 m) 5 Zk2418 K #HB (890
m MR, 1 X A R R B RE 2 B TR % 5
AlkA PR NIE R . BEFE 1900 nm B
1B (Pos1900)7E 25 [6] Lt o RF 51 B B A8 1k, 5458
ZQ0IDTE TS R AL R —2.
WRRY ICHET RS Y RRER EEX
RAHEPE,2012). FRATERBEXMFTRAE
B BRAR B L R 43 » BRI IS, A R i
ALK R LA SiF1— 28GR BE BT AR, S BUZ L B
BHTELZH HO0, AFHBAE Al 95K = HO
FEATIEERM 1900 nm B, BUFFFIA 1900
nm BB FE AR 1 K T AL K &35 R A 5 2200
o WA HRG WA 56 B R 6 A T R ARG AR R A5 2200 nm R
U TR L YR FEE ek ) » IC (B B AR, BRI, B = I, 1C 15
BKRERK, ICEST M HEHE, 2012). X
— R AT AR AT AR R Va R B X A R I e
iR ORISR ICHEEFHEMAEERARE
HIZEAL RS, [T, 7E Zk327 HIVRH 400 m HBLAY IC
A, FEE BT HHEFERCRY 1 &5 B K
Bya R AL, T RS ER R, TR RS B
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ICIEHI4E = BHIEY 9 76 Zk729 HI¥REE 400 m H B
B IC e, FER BTN KA B AL L
ALK, A, 5 Zk729 B394 m B EEFBRE
ICEMBE =T WY& (K 3); 7 Zk325 FIERH
(220 m #1400 m MHEEOYHELN 1C S 18, R R H
FTHERNEBRRZHENRMERY. BFA
2200 nm RdEES N\ HEAE AVNSEE R
MRRR, MEEZBIET YA P Fe.Mg & B HH
BIEMAXKR, TR BEERAMEFES
Fe-Mg MIF ¥ (IR AMEH A, MR EFR
FINEEA R AN Fe. Mg 2 18] B2 R R %4 F ()
A, T FRAERIA N A A K AIE 248, 8
Fe-Mg & B HH#l, 33 Pos2200 2 K (Post et al.
1993; Dukes 1994; Laakso et al.,2015). ZEPGEH B
RIT b AR LU ESR, I BV R R A A
HHAIBEAT AR, AFIE LR 3D LLE H&EiE
B AR R AR KA B 2 E L (F FeuMg B
FRAMEFHFAT WL, XM KE=RIRT WP K
A" Fe.Mg RAERFTH SR, &R W AlY
FREMK Fee Mg SR IHI MRS, NS 2
Pos2200 15 & ; TEIR IR AT SR AR 55, 55 4h & Fe-Mg
ISR AMEGT AT YKL, FNFTEH RV Y)
FH) AN S FesMg Z RIMIK R RIS, &R YK
ANE B E K FeuMg & B H 4 B9 K, W10 5 3
Pos2200 {E1&; TE RIR AR F B E 4L H A, RELF
FEE & Fe-Mg MG A MET AT, A H Ar 8
B, AREEAFTFEZBRBET TN AINS Fe.
Mg Z [BIFI2E R F &, 13E A% Pos2200 fEAK. FIE,
7£ Zk325(50 m #1200 m M) H L Pos2200 &
18, 7T 82t T L I3 0 )5 #1538 2 3 o I R AV AR
By, #Fi% R, [FF A DR 7 H A7 B Pos2200 1H
7 46 75 A T BRI 10b), RS8N 7R
EE, 11 Zk1931 HIEFBC951 m F1 986 m) 5 Zk2418
IRER(890 m I )& B T FE M e & B 5 b h ZE p 1
Btk b 77 A 5 o B 48 B o A B i, R AR R R O\ TH i
M AINE Fe Mg 2 MR AR RRA S, BBV BN
AIE B BBE K Fe-Mg & B WL (325, AT 32X
Pos2200 1B 5 ; 1 Zk1216 R EB (629 m F 825 m) 7S
BER g TR BERIER N KR E SR B & B2
7 38 BRI
ZLERTIR, BRI R RS K SWIR g6t
TR, WAL st A 4 R A IC) MR
FIH 2200 nm WAL B B B RN v L 1) 1R 1B

TR, BT Ok, R ICHS5E Pos2200
HHBMXE. & ICE(>2.1) & Pos2200 18
(>2203 nmO A YE AR S L R B B %2507 IR 1 4%
W Hitr.

6 4 ®

(D FRHET B R BT Ky
FRIE. Bl:AMAERE EREG W E K5 H M, AE
WERIR KN FRAET ARELT . RHRIE
h-RA T REA T . AR BRI 4 R CRED
HITE . BEE T LA R AR B B B . R
WEEAMRAR. K, BEE T LEIT o 0 B EE R
ERALI B A A AL BE N (e 1) 4B TS LI B, R
FAE R P B I A A Ak - = R AR

Q) FHREHEEY R B R B4R AT
BEA—KERAERANESLERNEEIFH MR H
R R N 5 A T8 B IN KB FUIAR K .

(3) PR AR T 5L B i 2 B A A
PR ARHSAE, 16 5 N K BEA R BEE D 28 BRI
FAERAL, AR AXTER, BB B SR AL
O, PN R B VE RS T e R B T R FE B IE WY
R BEA A R R KA B R B R AL I O

(4) FARIH Bt SWIR Bh & N FHAF 7RI, A
Ao Hpe 1) A, BB R A 45 R R AR (IO R R A 2200
nm 0T B (Pos2200) 3 B & B9 )\ B 1M iR 1B
R LR B ICHE(>2. 1D RE Pos2200 A (>
2203 nm), A 1E MR & b X B 25 %2R0 PRI #R 9™
Fivr&.

F O A TERBE T RSV WERKRGSE
MRS B HR N SCRF A R B OCHR £ & B 1% TR
U #5 Bh 5 18 2, o I b SRR 2 B BT 5T BT B A
B LR AMGERR TS T T LRSS
SRR RSO RR AR T HEe AL KT
MR SR B, R E AL AR T R A
SR HF S PR R, E M — IR
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