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5>.-C
SR'W3X3*C?3HCJY SZJ'[H)Al2SiO5(S\?] ;< .O3#'D3X3* : O3#'3( .OM;CJ<F#Y53?^D8 : /,'_K`< /'8,$<, Oa3D8< 'aG#Y b3WBR cM<09.

S1)XL 5M< S1 dC10H e3f SZJ'[H $C4?Hg$CHSA$ :  <FD8 F#CJ< SJ'8 )#CA0A, ST[?H .'8h'W3X3a*C?3HCJY 5aM< /<$<, )63X3* /'8'a8
O*< @F9 i'jK#<.S#CD# )P<0A:0KL : )M<0k2 h'ZJ'[H ;< lL gF8 5M< S1 b3# /<01ea3f !3J'#Y .'8@'"Ka*, 'a1 )>?a*Field Spec®3

ST\f S1 .@FHY O*, S1 mM'K# N'*<01 : OP0A h$C2@,<, !3J'#Y : /F?1F9 SKn<,0L '8.)XL .N'*< 5M< 01g$CH'a1 h'W3X3a*C?3HCJY /'8
S1'BH )1V] /'8F#'1 /<$<, . '6WM )M'3D39 o3(0R S1 S]CR<!a3H p'?Daq : F#$<, !H0`  :,'H @,:FkH $, )R:'rKH )1V] sD- )J: F#< 

)AF?1'R;'1)Reflectance(O*< h:'rKH !3# 'G#Y.)XL S* 5M< ;< tM 08 SW?M< S1 S]CR '1,Ca]: Sa1 $'BaP : 'aH, u'an cM<0a9 $, g$CH
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O*<.5M< $,OM;CJ<Fa#Y ;< 0KB31 %8 O3#'3( i'R;'1  <!3H : .O*< O3#'3( ;< 0KB31 O3#'D3X3* i'R;'1  <!3H .S?3H;.Sa* 5aM< 53a?^D8
)XL)1V] /'8F#'1 @,:FkH $, iV] sD- $<FTH 04# ;< g$CH;< 0aKD( Oa3#'3( iVa] saD- $<FaTH Sa( .Fa?KP0A $<0` )*$01 ,$CH  '9

<FTH : @,C1 OM;CJ<F#Y : O3#'D3X3*$, 'G?R O3#'D3X3* iV] sD- $950:1404Oa*< @,Ca1 OM;CJ<Fa#Y ;< 0KD( 0KHC#'#.Sa1 Sa]CR 'a1
)*$01.SKP0A h$C2 /'8)aXL Sa* 5aM< $, iVa] /'8Fa#'1 ;< tM 08 ,C]: OX-oa3(0R $, u'an h'a\3(0R : 0a2'?- ,Ca]: .g$CaH
)#'(O*< @,C1 'G#Y )*'?9.< t3WrR  'WH< )*$01 /<01 !3#  'M'L $,e3f .04# ,$CH g<F8)ar3f<0P @F?>?a* /'8Fa#'1 'a1 @F?M'D# /'8

Hyperion)r3fF?E @F?>?* :AsterS3\9F#F9 /;'*.
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1-@+>A+
S1@FaMFL ta3WrR : )M'a*'?9 $Ca4?H@,<, $, 'a8/'a8

w3kaaa2 x$, .$:, ;< =>?aaa*$'aaaKP$ )"#Caaa"E ;<
@FaaMFLyCaaH +Caaf $, eaaXKjH /'aa8$, h:'aarKH /'aa8
e3f)H .)1'R;'1 )>?*F?H,Ca* /$<!a1<  <C?- S1 F#<CR

,0a3A $<0a` @,'rK*< ,$CH.Sa?3H; $, /,'aM; h'aT3TkR
e3fS1 .)>?*@FMFL O\z $C4?H+Caf $, eXKjH /'8
yCHuC_an Sa1 : !aH0`  :,'aH )a{0H @,:FakH /'8
|?*)#'( : '8ea3f 5aM< sa3`, !3J'a#Y : '8Sa( a 'a8

@FMFL : '39< ,0P S1 0_k?H }F?M'D#eaXKjH /'a8a Fa#<
O*< SKP0A h$C2.%8<0aP <$ v;~ Sa?3H; h'T3TkR 5M<

ea3f h'a-�f< 5aM< ;< @,'rKa*< 'a1 'R F?Kn'*)>?a*
@,<, : )?3H;$:, ;< =>?* /'8)@$<C8'aH 0M:'_aR: /<

)M<C8(K(< : )M'*'?9 S1  <CK1 .@FMFL /FZ1 g'B/'a8
SXD]  Y ;< .On<,0L eXKjH}Fa9 v'a>#< h'aT3TkR F#<

Clark et al.)1999(.Kruse et al.)1985(: .Salvi et

al.)2001.()n015M< ;<,<0P<.)r3f S#'j1'K( b3WBR '1
@,<, : mM'K#ea3f ;< ba2'7 /'8)>?a*/<0a1 <$  'a9

S1�0aZH $, )>?*$:, h'ZJ'[H $, /03A$'(@,'rKa*<
@,<, $<0aa` vCaaD-Faa#<) 'H;'aa* )aar3f Saa#'j1'K( Faa?#'H

53H;$, 'WM0H< )*'?9http://speclab.cr.usgs.gov/.(
$'a( N'a*<01 0q'7 s3TkR $, @F9 @,'rK*< +C2<

)R'T3TkRLonghi et al.)2001(:Hasanshahi, et al.

)2010(Oaa*< SaaKP0A h$Caa2.'aa1 h'aaT3TkR 5aaM< $,
�D]e3f : /$:Y|?* S#CD# )>?*,$CaH ST[?H /'8

ST\f : SZJ'[H)1Va] /'a8C"J< )a*$01 : )r3f /F?1
|?* t3WrR : /;'*$'W9Y  'WH< .'G#Y;< @,'rKa*< '1 '8

@F?>?*)r3f<0P /'8)Hyper Spectral()r3fFa?E :
)Multi Spectral(S3\9FM,0A /;'*.53a?E v'>#<0a*

S>3K#@,<, S( F9 /03AWrR h$Fa` '1 /'8)ar3f ta3
|?a* t3WrR $, )1Cn $'361 O3X1'` ~'1SaT[?H /'a8

Faa#$<, SaaZJ'[H ,$CaaH.@,<, ;< !aa3# SaaH<,< $,taa#'1 /'aa8
, ,C]CH )R'-�f<$OM'*USGS/'a8$'( ba2'7 S( .

Clark et al.)2003(FaM,0A @,'rKa*< Oa*<.ta#'1 $,
)#'( e3f $C(VH )R'-�f<|?* : '8'a1 eaXKjH /'a8

709))A�M: ;<'8O*< @F9 y$, 'G#Y h'32C_n 'M.

Sa1 dCa10H ea3f Sa* S6M'TH s3TkR 5M< ;< gF8
)aaaXLg$CaaaHh'W3X3aaa*C?3HCJY /'aaa8)Al2SiO5) ($,
|?*SA$ : )#CA0A, /'8 <FD8 ST[?H )63X3* /'8(

)M'*'?9 $, a O3#'D3X3* : O3#'3( .OM;CJ<F#Y bH'9 a
ea3f 0a1 /$CX1 $'Kn'* 03z�R : )#'( S* 5M< ;< tM 08

O*'G#Y l3f'?�H:0KWJ<.oa3(0R 03z�aR SZJ'[H 5M< $,
)#'( 5M< )M'3D39e3f /:$ 01 'G#Y /$CX1 $'Kn'* : '8

)H SZJ'[H : S6M'TH .l3f'?�H:0KWJ<,C9.
)aXL )aP0ZH Sa1 <FaK1< sa3TkR 5M< $,g$CaH/'a8

)H SKn<,0L h'W3X3*C?3HCJY)A�M: : ,C9h'\3(0R : '8
)XL S* 5M< )M'3D391 g$CH)H )*$0SaH<,< $, : ,,0A

@'"Kaa*, ;< @,'rKaa*< 'aa1 0aa4# ,$CaaH )#'aa( Saa* eaa3f
eaa3f)>?aa*Field Spec®3036aarR Saa1 : SKaa9<,01
)A�M:)r3f /'8)H SKn<,0L  '9,C9.

2-LF) F 64*+$2
2-1-M.+3 F  #$.N4OPQ R.ST*+@UAB&+  %$&'

@S/$B+ 6)*+
a*CH )#CA0A, $<C# ;< )Bj1 SZJ'[H ,$CH ST[?HSa1 vC

 ']03a* a yF??a*  :;)@Ca( Fa?10D( $, �a`<:)aM<;
N0A<;(Sa1 : ,<FaKH< $, )XMCf $<C# h$C2 S1 S( O*<

+'Da9 $, yF??* : S3H:$< ;< .N0A<; )AF#<$:$ h<;<CH
)`0a9 iCa?] $, S`F?ra*< :  ']03a* 'R $CB( )10�

,$<, U0K6A . <0M<.;< )a{!]  ']03a* a yF??*  :;
@C(N0A<; ,<;)bW91eJ<(lXP N0A<;  :; :Fa?#'H

Oaa*<)Alavi, 2004.(0aa4# saa\f01Mohajjel et al.

)2003(Sa?GL0M; $, p~'aDK7< SaZJ'[H ,$CaH ST[?Ha1'
|?* bH'9 S( ,$<, $<0` @F3^3L )XW90A,5M$�Y /'8

O*< )#CA0A, :.|?*$, ST[?H )1C*$ /'8F7<: : '8
@$'aa` ,$Caan01 : l3KRCaa�# NC#'aa3`<  Faa9 SK6aa1 )aaf

Oa3J'ZP 03z�aR OakR '#<:F?A : '3*<$:<$, ,Ca]CH /'a8
@F9 )#CA0A, $'E, @$'` S39'7F#<.'H0A : $'BP =M<!P<

$, +'aH0RCH'?M, )#CA0A, )-C# ,<Fn$ �-'1 ST[?H $,
|?* S( O*< @F9 ST[?HSa37'# )#CaA0A, /'a8<$ /<

@,0( ,'>M<F#<.@$'` ,$Cn01 F#:$ SH<,<F?M<0P bH'WR : /<
@C(;Oa3J'ZP �:09 �-'1 )M<,'a>M< : %6a3#CRCXL /'a8

O*< @F9 F#CJ< O3JCR'1)bW91eJ<.(
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bW91.53H; SBT# : SZJ'[H ,$CH ST[?H :  ']03* a yF??*  :; O3Z`CHF#CJ< lWX�D( )*'?9
 Y g<0f< )#CA0A, SJ'8 :)Bahari far, 2004.(|?*,CR )`09 +'D9 OD6` $, SR'W3X3* a tJ'( /'8F#$<,  CD?n$ F#CJ< @.

Saa( Oaa*< @FaaM,0A o\aa* 'aaDA'H /'aaH0A $'BaaK#<
|?*: F#C9 +CkR : 033�R $'E, 53B3L )#CA0A, /'8
|?*F#,0A b3WBR ST[?H $, )R$:'>H )#CA0A, /'8.

2-2-V&%@S/$B+ 6)*+ @AB&+  %$&'
S1 <FaD8 SaT[?H $, |?a* )X2< SK*, S* )X( $Cf

,$<, ,Caa]:.|?aa*5aaM$�Y /'aa8bH'aa9 Saa-CD>H 5aaM<
|?*t3P'H /'8).OaM$C#:01'A .:01'aA 5MCa3J< .:01'aA

OaaM0J:,(caa*<: Faa7 .).OaaM$CM, !R$<Caa( .OaaM$CM,
OaaM$CM,:0W3H(t36aaXP .)Oaa3#<0A.OaaM$CM,C#<0A .'aa8

aa3R'D"L .Oaa3J'#CROOaa3XLY :(taaM<, /,<FaaZR :/'aa8
;< o3R0R S1 'G#Y 5* S( O*< )KM0J, !R$<C( : )KM0J:,

180'R60HOa*< @F9 SKP0A 04# $, b\` +'*  C3X3
)Sepahi, 1999.(

|?*ba7<0H $,  <FaD8 )#CaA0A, Sa-CD>H /'8
S37'# )#CA0A, eXKjH@F9 b3WBR )R$:'>H : /<F#<.

V&%@.W$I  I*XOX6 1$214:|?a* 5M<5a* Sa1 'a8

;C�J'L3{)DMFa` .t3a*<$:I bM<:< 'R th�3WBaR 5M0aR
53H;<, b3WBR <$ ST[?H )*'?9@,bH'a9 oaX�< S( F#<

O6a39 �<Ca#< : Oa3X3P .O3X*<F?K6a8 'a8.)#CaA0A,
Saa37'#�aa3R .caa*CKH $'BaaP : 'aaH, �Caa# ;< . <FaaD8 /<

5M::$'a1)O3#'D3X3a* a Oa3#'3((Oa*<)Sadeghian,

1994.(/$'G1Sa37'# )#CaA0A, �Ca# 0P|?a* /</'a8
Sa1 dCa10H : ~'a1 /'H, a 53M'L $'BP <$  <FD8 ST[?H

A'H )*C`)H )M'DF#<,)Baharifar, 2004.(
V&% Y)F$UZ+  I*XOX6 1$2:|?a* 5aM<'a8

O639 �<C#< bH'9SWJ /'8lXr#$C8 : $<,$, S( O*'8
@,CR g<0f<F#$<, $<0` F#CJ< /�Cr#.O639 lXr#$C8'8
lXr#$Ca8 :�Caa?KH $'36aa1 'aa8)#CaaA0A, 03z�aaR ;< : Faa#<

|?aa* 0aa1 )R$:'aa>HSaa37'# )#CaaA0A, /'aa8aa2'7 /<b
@F9F#<.|?* 5M<>3K# $, '8�@,CaR )R$<07 03z�R/'a8

|?* /:$ 01 /F3*< : tM;'1)DMF` /'8,Ca]: Sa1 0R
@FHYF#<./$'G1b3WBaR /<0a1 $'BP 0�(<F7 )8'�* : 0P
|?*53HCJY h'W3X3* /'8,:Fa7 $, <$ $<,4.$'a1CX3(
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,:Faa7 $, <$ 'aaH,606)K#'aa* Saa]$,caa*CKH : .,<0aaA
53aH;  'M,<0AA,:Fa7 SaT[?H $, <$ )M'aH049Sa]$,

)K#'*@,0a( ,$:Y0a1 0KHCaX3( 01 ,<0AFa#<)Baharifar,

2004.()#'(Sa1 O3#'D3X3a* : Oa3#'3( .OM;CJ<F#Y /'8
|?aa* $, $CaaP:@FaaM,  <FaaD8 SaaT[?H )#CaaA0A, /'aa8

)HF#C9.)#'( 5M<O639 $, %8 '8lXr#$C8 : '8/'a8
SA$ $, %8 : F#CJ< O3JCR'1 $:'>H/'a8Ca]: /!R$<Ca(,

Faa#$<,.)aaXL Saa* 5aaM<g$CaaHSaa1  <FaaD8 SaaT[?H $,
h$C2)H @FM, )rXKjH /'8;< )an01 $, p��H : �F#C9
|?*)aH %BaE Sa1 )M'G?R S1 v<F( 08 '8$, : Fa#$Cn

)XL S* 08 'M :, O*< 5WDH 0"M, )n01g$CH%a8 'a1
F#C9 @F8'BH)bW92.(

bW92.)#'(O3#'3( /'8Ky;CJ<F#Y .OMAndO3#'D3X3* :Sil

SA$ $, )K*, S#CD# N'3TH $, <FD8 ST[?H /!R$<C( /'8

2-3-534>I45646 1O.X 7.; 1$2
Sa#CD# +'TK#< ;< lL�aD] /'a8h'a3XD- ;< @Fa9 /$:Y

S1 )M<0k2|?* @'"BM'H;Ye3f : )*'?9@:0A )>?*
�f'aTH .;<Ca8<  <0aDE F3Ga9 @'"Ba#<, $:, ;< =>?*

Sa#CD# x;'#'a8OaP0A $<0a` SaZJ'[H ,$CaH.53a?^D8
Saa#CD#Faa?E Faa7 $, Oaa9$, /'aa8)K#'aa*Saa* ;< 0aaKH
)XL;< laL .O3#'D3Xa* : Oa3#'3( : OM;CJ<Fa#Y g$CaH
@,'HYea3f !3J'a#Y OakR /;'a*;< @,'rKa*< 'a1 )>?a*

@'"K*,Field Spec®3F?KP0A $<0`.
)aaXL Saa#CD# )AFaa?1'R;'1g$CaaH@Faa9 0aa(� /'aa8

): O3#'3( .OM;CJ<F#YO3#'D3X3a*()ar3f @,:FakH $,
@'RC( !H0`  :,'H)yCH +Cf/'8350'R25000KHC#'#
yCH +Cf SX2'P :100KHC#'a#(@'"Ka*, ;< @,'rKa*< 'a1

e3fm?a*Field Spec®3v0a# :$<!aP<RS3@'"Ka*, :
Contact Probe@;<Fa#< )8'"BM'H;Y c3kH $,: /0a3A

FM,0A O\z.
Contact Probez $Caa# �aa\?H taaMSaa( ,$<, Oaa1'

S1SM'L �X3*:b_aKH 0KHCM,<$:0KW�a*< /$C# b1'( S1 /<
)aH,Ca9.)#<$Ca# �a\?HContact ProbeSaM:<; $,23

S#F1 S1 O\6# S]$,Probe5aM< 'a1 : O*< @F9 %34?R
)9'# )M'?9:$ eXKjH h�WBH ;< .O1'z )M'?9:$ SM:<;

)H /03ACX] )k[* )P<0ACLCR ;</<0a]<  'WH< : F?(
5M<bD-)e3f)>?*(%8<0aP ;:$ h'-'a* �aD8 $, <$
)H,;'*)Painter et al., 2007) (bW93.(

bW93.t�*<FX3P @'"K*,3)O*<$ OD*()X3DWR $<!1< :Contact probe)�E OD*(
)e3f $<!1<@:0A $, ,C]CH )>?*: $:, ;< =>?*GIS;<C8<  <0DE F3G9 @'"B#<,(
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bW94.6M'TH)#'( e3f Sh'W3X3*C?3HCJY /'8)O3#'D3X3* : O3#'3( .OM;CJ<F#Y(;< @,'rK*< '1
e3f @'"K*,m?*Field Spec ®3@'"BM'H;Y c3kH $,

S1e3f $C4?HS#CD# s3`, )>?*'R FM,0A )Z* .'8
S#CD# ;<)K7 : @,;<C8 /'8|?a* $C�a7  :F1  'WH~<
 '1!3H)S#CD#�J'n /'8(,,0A @,'rK*<.�CaqCH 5aM<

)S#CD# uCXn : S1'BR'8()H O3D8< )#'H;;< Sa( Fa1'M
e3f 5M<<,01 /'a8a9Sa1 @Fa9 OS3\a9 $Ca4?H/;'a*

@,<,@F?>?a* /'8@$<C8'aH /'a8)aL /<0a1 /<: )MCa]
,C9 @,'rK*< )#FZH ,<CH g'BK(<.

e3f $, )"K*C3L vF-;< ba2'7 !MCa# 0f'n S1 '8
=aaj1 /'80A$'Waa9Y ;< $<VaaAVNIRSaa1SWIR1:

SWIR2yCaaH +Caaf $,/'aa81000:18000KHC#'aa#
S1 S( ,'KP< �'rR<v0a# SX3a*:$<!aP<SAMSSj6a#2.3

Faa9 ��aa2<.bMFaa\R : �M0aa* S6aaM'TH .U;<,0aaL /<0aa1
e3fv0# ;< '8$<!P<View Spec ProSj6a#5@,'rKa*<
F9.v0a#$<!aP<Excel 200753a?^D8 :SAMS/<0a1

e3f /$'HY h'\*'kHS1 '8F?KP$ $'()bW94.(

3-@Z.8I F [\91O.X
3-1-@A]; F G./$I0 U!" :.; 1>&9()*U+1$U2

,$-.!.%*&.+*/0
h'aaT3TkR s1'aa[H)Grove et al., 1992(: baa3XkR .
)aa?k?H e3aa2CR'aa80KH<$'L 5aaM< N'aa*<01 )aar3f /'aa8

)H h$C2,03A:

1-$, i'aaR;'1  <!aa3H 5M0aaKD( yCaaH +Caaf baakH
�)1V] /'8F#'1

2-.sD-/'8Fa#'1  $'aTR vFa- : O7'6aH .�0-
: �)1V]

3-)?k?H $, U0L d'T# : o39 h<033�R bkH.
 <C?- S1 $C(VH /'80KH<$'L»iVa] /'8$'Kn'a*«

)H SKP0A 04# $,F#C9.
@:0aA 'M : �jBH )1V] /'8$'Kn'*5aM< ;< )M'a8

S1 S( '8$'Kn'*ea3f $, t3R'DK6a3* $Caf�'arR< 'a8
)H8C"J< '>?M< $, .F?KP<)H @F3H'# iV] /'F#C9.5aM<

Fa9'1 @F9 b3WBR iV] F#'1 tM ;< O*< 5WDH '8C"J<
)F?#'HFE(@:0A ;< h'`:< oX�< 'M :: a '8Fa#'1 ;< )M'a8

b3WBaR a ,Can saD- : bakH �KjH 'G#Y ;< v<F( 08
F#C9)F?#'HHF()bW95.('8C"J< 5M< eB( : O3D8<

e3f h'ZJ'[H N'*<01h$C2 )>?*/:$ SKP0A)#'('8
: )aaP<0A:0KL /'aa8!3J'#Y 'aa1 h'aaZJ'[H 5aaM< saa3rXR :

O*< @F9 '?1 )M'3D39.Fa?M<0P Sa1 Ca"J< 0a8 S>3K# $,
$, 0a2'?- @:0aA 'aM .+CaWJCH . CaM $, u'an )WM!3P

)#'()H dC10H �jBH /'8,C9.+:F]1/'8Fa?M<0P
@F8'BH iV] /'8C"J< bH'- S( <$ )#:0KWJ< : )JCWJCH

e3f $, @F9* /'8|?Sa1 i'R;'1 @,:FkH $, '8$'Da9
)H)aH Sa{<$< $'_aKn< Sa1 .Fa?MYFa?()Longhi et al.,

2001.(
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+:F] $, 53?^D81/'a8C"J< ;< taM 0a8 036arR
Oaa*< @Faa9 @,<,  'Baa# iVaa].N'aa*<01 +:Faa] 5aaM<

h'aT3TkRLonghi et al.)2001(/<0aa1 : @Faa9 Saa3GR
S#CAOa*< )_ajBH  <!3H /<$<, .)"?* h:'rKH /'8.

<$, ,Ca]CH )M'3D3a9 oa3(0R 'a1 .)1Va] /'8C"J< 5M
|?*)#'( : '8O*< %3TK6H d'\R$< $, h:'rKH /'8.

)#'( �`<:$,|?* : '8Sa1 Sa]CR 'a1 eaXKjH /'a8
)1Va] /'8F#'1 /<$<, .'G#Y $, ,C]CH )M'3D39 o3(0R

@,:FkH $,)P0ZH /'8+:Fa] $, @Fa91'a1 : F?K6a8

)63f'?�H:0KWJ< e3f ;< @,'rK*<)#'( 5M< ;< S( /<'a8
|?* 'M)H SK9<,01 '8)aH ,Ca9Sa1 /,:Fa7 'aR  <CaR

)M'3D39 O38'H,01 )L  '9.
)aH oa3(0R %8 '1 p~CDZH iV] /'8C"J<'aR F#Ca9

)A�M:S_jBH : '8@:0A /'8: Oa`, 'a1 <$ Sa#CD# /'8
F?8, S{<$< t3WrR.5aM< ;< 'a8$<,CD# )*$01 : !3J'#Y $,

S#CA  <C?- '1 h'\3(0R)ar3f /'a8C"J< 'aM )ar3f /'8
)H ,'M )M'G#,C9.

bW95.S#CD#e3f $, @F9 @F8'BH : �jBH )1V] /'8C"J< ;< )M'8|?* )*'WZ#< /'8'8)Longhi et al., 2001.(
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+:F]1.yCH +Cf $, )J'Zr#< : bZP /'8F?M<0P : )r3f iV] /'8C"J<H a ){0H /'8@'RC( !H0`  :,'
iV] /C"J<+CfyCH)1V] /'8F?M<0PH )J'Zr#< : bZP /'8�yCH +Cf /:$ 01 0z)1V] /'8

F650/680-500/480-430/420-
1200/850

h<03z�R$CX1  <F3HFe+3/Fe+2'8F36(:$F38 : '8F36(< $,

HF2432-2340-2200-1408-1912U'ZR$<H2O:-OH'8 h'�*FXP $,
MA)2468(-2116-1392-2388-2308U'ZR$<Mg-OH'8 +C\3rHY $,
FE2250U'ZR$<FE-OH: OM<0X( .53J'H$CR. O3RC31. '8 h:F3L< $,

O3LCACXP
NiV]  :F1 '\M0TR : g'2 e3f

AM2200–1404–2344–2428–

2120–)1904(
U'ZR$<Al-OH:–OHOMCW6H $,

�\?H:Longhi et al., 2001

5M< $,+FH ;< s3TkRS{<$< /'8}Fa9Longhi et al.

)2001(ta#'1 $, ,Ca]CH $'HY : h'-�f< ;< 53?^D8 :
)R'-�f<USGSS(Clark et al.)2003(.Fa#,0( S{<$<

O*< @F9 @,'rK*<.
)aXL Sa#CD# ea3f $, iV] /'8$'Kn'*g$CaH.'a8

S1v0# SX3*:$<!aP<SAMSSj6a#2/3: )a*$01 ,$CaH
0A $<0` !3J'#YOaP.'a1 'aR FaM,0A )Za* $'a( /<FaK1< $,

v0# 5M< ;< @,'rK*<e3f $, )"K*C3L vF- .$<!P<Sa( .'a8
=aj1 /'80A$'Wa9Y ;< $<VaA ;< ba2'7 !MCa# 0f'n S1

VNIRS1SWIRI:SWIR2yCH +Cf $,/'81000
:1800)H �$ 0KHC#'#,,0aA g0f01 .F8,.;< SaH<,< $,

16)aXL S* ;< S#CD#Sa( ,Ca]CH g$CaHSepahi et al.

)2004(S[T# !3J'#Y h$C2 S1SM!>R i:0L:0WM'H $, ./<
@,0( )M'3D39)M'3D39 h'\3(0R S( FM,0A @,'rK*< .F#<
+:F] $, 'G#Y2O*< @F9 y$,.

)aXL Sa* 5M< e3f )*$01 S1 l�*0a4# ;< g$CaH
'aR F9 SKn<,0L 'G#Y i'R;'1 )X(  <!3H : )1V] /'8F#'1

)A�M: ;< @,'rK*< '18S1 )M'8$'3ZH �k1 ,$CH /'$C4?H
)aXL S* 5M< ;< tM 08 !M'DR : )M'*'?9)aP0ZH g$CaH

,,0A.)*$01 $,h$C2 /'85aM< .ea3f /:$ 0a1 SKP0A
)XL S* 08 S( FHY O*, S1 S>3K#/'8F#'1 /<$<, g$CH

@,:FkH $, )1V]531 )M'8850'R1200$, .0KHC#'a#
)WM,!#1404.1904.2200.2344:24280KHC#'a#
F?K68)@,:FakH $, )1Va] /'8F#'1 S1 s3TkR 5M< $,

850'R2500Oa*< @Fa9 SaKn<,0L 0KHC#'a#.(5aM< 0a1
O\6aa# h<03z�aaR N'aa*<Fe / Fe  3 2 !"#$%&&'( )*
+&&, -&&.!, !"#$%&&' )#$")* /,0&&1 #&&2!, 3#&&45 *6&&1 

7* #&&84850!&&91200/&&4 :;462!&&2)* +&&' <**:&&=
/>?@)64!"+AB!C4 D!E$>$F6G$46B5 H#&2!, I&J( K7#&L

)* M01950#J*:= 7#"!N4 :;462!2.M0&1 I$GOP"
)* *61641404 220036&J Q&>. +&, :;462!&2OH

/>? )!;R!F )* *6164@)64QF!".*6&164 /,0&1 #2!,
7* #84 )*1904:S( )* T$2 :;462!2H O2)M01K7#L

G$46B5 UJ#&&V9D!E$>$&&F6Q&&264 +&&, !&&" Q&&$26J)64
Q$G$B6W!'(D!&V$':9 I&J( /J!$P$&L )!;R!F )* *6164

Q&&F(.7* #&&84 )* /,0&&1 #&&2!, +&&;VB(2200:;462!&&2
X&$':9 XVF +, YZ!P;[(Al-OHH)6&>, 3!P;R!&F )*

/>? +F IJ(/,01 #2!, QJ!\2 )*  <QF( @)642344 
2428D!L!A9)( :S( :, T$2 :;462!2H O2 OH*6&164

/&>? /J!$P$&L )!;R!F )*Q&F( @)6&4)Clark et al.,

2003) (UEL6.(
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] #12.D!E$>$F6G$46B5 M :? :EJ!4 +JT^9 _( U`![ aJ!;23(#P" +bCG4 H!"

veinveinschistveinASKV
Schist
ASVH

SV
Sil

KV
Ky

KSVH
Ky

KSV
Ky

KySilAndAnd

47/3622/3706/3702/3774/3792/3673/3713/37SiO2

------------06/0--------01/001/0TiO2

83/6288/6202/6347/6318/6297/6236/6203/63Al2O3

16/025/018/010/015/015/044/024/0Fe2O3

----06/0--------02/002/004/0----MnO

----02/0--------01/002/003/0MgO

03/008/003/0----03/001/002/008/0Cr2O3

49/9951/10030/10065/10012/10008/10061/10052/100Total

11/017/012/007/011/010/030/016/0Mol%Fe

And-Sil
Schist
ASVH

And-Sil vein

ASV

And vien/margin
AV2

And
Vein

And
Vein

And
schist

Sil**Sil**And
And
rim

And
Core

AV1
And-
pink

AV1
And-
white

AVH
And

85/3609/3770/3636/3754/3623/3709/3793/36SiO2

----01/008/001/004/001/0--------TiO2

83/6256/6313/6348/6306/6231/6318/6311/63Al2O3

10/011/055/020/073/022/013/015/0Fe2O3

----------------01/0------------MnO

02/0----11/002/017/003/002/003/0MgO

05/007/005/0----08/0--------07/0Cr2O3

85/9983/10062/10008/10163/9979/10043/10028/100Total

07/007/037/014/050/015/009/001/0Mol%Fe

cVG4:Sepahi et al., 2004
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UEL6./>? +F d$e /,01 H!"#2!, +%J!b4!\25 _( fJ :" />' M!9_!, 3(T$4  D!E$>$F6G$46B5 @)64

UEL7.)!Ng & D)(:[ )(*6P2)P-T(4 3!N2 QJ_6B(#25  Q$2!P$>$F KQ$2!$' /2!' +F U$EN9 H(:, () D !h;4 iJ(:L +'/#"*.
QF( )(#J!? Z!, H!4* )* Q$2!P$>$F  j' )!Ng )* QJ_6B(#25 KZ!, )!Ng )* Q$2!$')Spear, 1993(

I&J( +&' #J*:= klN4 KM01 H!"6mB( +, +169 !,
d$e/h$e H6mB( _( !"AM F] #&1 )* +' &1+&,

#&&J*:= 7)!&&L( 35/&&4 H :&&$? &)* !&&\GJ(  #&&G'
7* #84H()(* /':;N4 H!"3!%EJ /,01 #2!,#&2(._(  

d$e T$2 />' #2 ) n!8B#&2)(* /JZ!, /m;%VP" !".!&,
+&26P2 /J!$P$&L T$B!&25 +, +169oJ!&4_5 H!&" 7#&L

IJ( K/2!' +F IJ( _( fJ :" /J!$P$L X$':9 /J!F!GL
)* *6&164 /,0&1 H!"#&2!, +&' #&45 Q&F* +, +^$;2

d$e IJ( )!;R!FJ!$P$L D!V$':9 !, Y!P$b;%4 !"!&\25 /
/>? +F IJ( )* 7#P. @p;R( !\G9  #2)(* q!V9)(K@)64

QF( D!V$':9 IJ( M!9_!, 3(T$4.3(T&$4 +, K@p;R( IJ(
/&>? +&F I&J( /&EJT$g )!;R!F +, q6,:4 M!9_!,@)6&4

950
JC76*#*

1404
#*JC76*

1904
JC76*#*

2200
JC76*#*

2344
JC76*#*

2428
JC76*#*
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_!,/4**:=.3!P"UEL )* +' )6e7/4 7#J*:&" K*6L
/>? +F IJ( _( fJiJ(:&L )* D!E$>$&F6G$46B5 @)6&4

)!Ng)!;R!&F H()(*  7#&45 *6&1 +&, /&`!R H!4*  
:&r2 _( +&' #&Gs :&" <QF( *6R t!R  q6,:4 H)6>,

+,!N4 Y!VJ:b9 !\GJ( /J!$P$L X$':9#2(.
d$e />' M!9_!, 3(T$4Uu(#[ _( !":h&` #&`)*

:v'(#[100/>? _( fJ :" H(:, M!9_!, #`)*@)64!&"
#J*:= +VF!84.3!P"UE&L )* +&' +26=5!N&27*(* 3

() )(#&b4 IJ:&;P' QJ_6B(#&25 M!9_!, 3(T$4 KQF( 7#L
35 I$m2!&&$4 3(T&&$4  *)(*23115/0Q&&F(._( #&&A,

I$m2!&$4 +&' Q&F( Q&$2!$' M!&9_!, 3(T&$4 QJ_6B(#25
Q$2!P$>$&F _(  Q&F( :;N&$, QJ_6B(#&25 _( 35 M!9_!,

* #&&[ )*  :&&;P'26663/0M!&&9_!, Q&&J!\2 )* KQ&&F(
;N$, H()(* Q$2!P$>$FI&J( )* /h$e M!9_!, 3(T$4 IJ:

/>? +F3(T$4 +, @)644086/0QF(.
T$B!25 Kw$b89 IJ( )* +;g:= D)6` H!")!' :mJ* _(

+, +' QF( M01 ]!EL(x:2 +>$F )(Tg(SAMSD)6&`
Qg:=.)* M0&1 ]!E&L( T$B!&25 j;J)6&mB( _( 7*!h;F( !,

x:2)(Tg(SAMS)* /&`!R y6&4 ]6e )* M01 3(T$4 K
d$e fJ/4 +VF!84*6L.klN&4 !&, j;J)6&mB( I&J(

y64 ]6e 7_!,  * 3*6,[b,c] [d,e]3!P" K)* +&' )6e

UEL8]6e (#;,( KQF( 7#L 7*(* oJ!P2+&' () /164
7_!, )*Iz$A4 H!"{!&h9( !&\25 )* |!&EA2( :v'(#&[ 7#L

/4/&4 klN&4 #&;g(*_!&F)(wp))*[b,c] wq)*
[d,e](M01 3(T$4 x!^2(:F  K+B*!A4 _( 7*!h;F( !, ()H(

/4 /? )* +'/&4 +V&F!84 K#&J5#&G')Longhi et al.,

2001:(

K67JL1:
7)!? :J_ Q[!%4U&` j&" +&, () jPJT'!&4 +&' /&CR

/4#G'/:J_ Q[!%4)* )(*6P2i p qA W , W !" # $ %1

pW7_!, )* M!9_!, :v'(#[[b,c]

qW7_!, )* M!9_!, :v'(#[[d,e]

/>? d$e )6rG4 IJ#,@)64+;&L(*:, H!"+&, 7#&L
x:2 i$84:&, T$B!&25 I&J( }~&F  #L 7*(* ]!b;2( )(Tg(

7* #84 )* !\25 H )/,0&1 #&2!, H()(* +&' /J!&"K#&2(
#J*:= ]!P.(.3!P"] #1 )* +' )6e37#L 7*(* 3!N2

)* M01 )(#b4 KQF(/>? +F IJ( QF( D !h;4 @)64
/>? +F IJ( TJ!P9  /J!F!GL )*7*!h;&F( *)6&4 @)6&4

/4 )(:u*:$=.

UEL8.}$e!G�4 :;EB( d$e M01 H()(* /[(62 )* /h$e M01 3(T$4 +VF!84 7682
MN37:Carlos et al., 2003
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] #13.M01 )(#b4 oJ!P2)Aj(7* #84 )*1 H!"/>? +F d$e /,0D!E$>$F6G$46B5 @)64

OPQ R67 K6>

S#*
950JC76*#* 1404JC76*#* 1904JC76*#* 2200JC76*#* 2344JC76*#* 2428JC76*#*

Q$2!$' 00268/0 06016/0 01330/0 08107/0 00933/0 02379/0

Q$2!P$>$F 00596/0 10052/0 05684/0 14368/0 04348/0 04031/0

QJ_6B(#25 01525/0 15147/0 01074/0 11602/0 03501/0 03718/0

3!P"] #&1 )* +' )6e3/&4 7#"!N&4)* K**:&=
y64 ]6e �P"/&>? +&F IJ( /,01 H!")(#&b4 K@)6&4

Q&F( Q&$2!$' _( :;N$, QJ_6B(#25  Q$2!P$>$F M01.
/&&>?  * +%&&J!b4 )* I$&&GOP" Q$2!P$>$&&F @)6&&4
�* #&84  * )* !\G9 KQJ_6B(#25950 1408K:;462!&2

QF( :;N$, QJ_6B(#25 M01 )(#b4.

3-2-G9NT4 ' .B9> <#&6):! U9D V#NW"!<?#T2
=9>@F3X32 <#&F*#D Y#2!JD #&' .B9>!JL <#&

.B9>F3Z
+bVe�GF H#G,/=�J K/h$e H!"6mB( |!F(:, !"H!"

�G&F _( /" := !J �GF �62 fJ )* XB!� /h$e() !&"
/&4 klN4#&G'.$%&b9 I$&Gsj/&h$e H#&G,!&, H(

7#G^GF QA$Ve *)(* H)!=_!F H) * _( o^GF H!"
/4o$? !, #2(69d$e H!":=)!EL5 oG'( /G$,K/^GF

3!&&E4( |!&&F(7*(* �_(*:&&? )* f&&$Eh9 /^G&&FH!&&"
*:$= )(:u ) * _( o^GF)Longhi et al., 2001.(H(:&,

7*(* K*6�&b4 I&J( +, /,!$;F*Q&VS /&h$e H!&"7#&L
+,e +>$F d&$*:&E>P. |!&F(:, /"!mN&J!4_5 /^G&F

/h$e f$Eh9 D)#u !, /EJ & 7#G^GF * H!":=)!EL5
& I$J!&&? /&&h$e f&&$Eh9 D)#&&u !&&, H:&&mJ*  Z!&&,

+$VL#L H_!F.+$VL IJ(D)6&` )6&rG4 IJ#&, H_!F
�G&F f&$Eh9  /J!F!GL 3!E4( !9 Qg:=|!&F(:, !&"

)* #L klN4 +AB!C4 IJ( )* +' />`( /h$e H!"6mB(
 !�9*6&L /,!&J_)( /h$e#&Gs  /&h$e(:g :J.UE&L6

/&>? +&F /h$e H!")(*6P2() D!E$>$&F6G$46B5 @)6&4
/4 3!N2+, +' #"*d$e +>$F /^G&FField Spec®3

H#2!, U`(6g !,1QF( 7#L +;L(*:, :;462!2.UELH!"
9 107#G^G&&&F Q&&&$>,!uHyperion Aster)* ()

#Gs XB!� /,01 H!"6mB( H_!F_)!,klN4 �GF �62
/4*_!F.3!P"7#L klN4 /h$e /G8G4 )* +' +26=

/>? +F IJ( +, q6,:4 /,01 H6mB( KQF(H ) :, K@)64
7*(*7#G^GF H!"U&,!u T&$2 /h$e#Gs  /h$e(:g H!"

QF( 7#"!N4.
UE&&L )*8+&&'+$V&&L +&&,+&&F I&&J( d&&$e H_!&&F

/>?7#G^GF +, @)64Hyperion/4 q6,:4]6&e K*6L
y6&&4H!&&")* () iV9:&&4 H6&&mB( KM0&&1950K1404K

2200K2344 2428/4 3!N2 :;462!2#G"*.
3!P"I&J( /,0&1 H!"#&2!, KQF( klN4 +' +26=
/>? +Fd&$e H ) :&, H*!&J_ Y!;V%&2 �6&� +, @)64
+$V&&LH_!&&F7#G^G&&F 7#&&LHyperion7*(* 3!N&&2

/4/>? +F IJ( /,01 H!"#2!, +' /B![ )* <#26L@)64
e H ) :,+$VL d$H_!F:J6�9 _( 7#LAsterD)6` +,

/4 3!J!P2 x6\h4!2�J:&. Q&>. +&, *6&R IJ(  K**:=
7#G^G&&F H!"#&&2!, 3*6&&,Aster:&&,(:, )*Hyperion 

d$e I$GOP"aGFField Spec®3QF(.
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UEL9.+$VL/>? H_!F@)647#G^GF H ) :, D!E$>$F6G$46B5 H!"Hyperion

UEL10.+$VL_!F/>? H@)647#G^GF H ) :, D!E$>$F6G$46B5 H!"Aster

4-E1#C*
H()(* D!E$>$&&F6G$46B5 +&&' #&&2)(* 35 _( 3!N&&2 aJ!&&;2
T&4:u 3 *!&4 7* #&84 )* /\,!N4 Y!VJ:b9 /h$e M!9_!,

7!96'Y!VJ:b9 /,01 H!"#2!,  #2(d$e ]6e )* /\,!N4
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