
Imaging spectroscopy for metal resource 
exploration: a case study of the Shadan 

porphyry copper deposit, Iran

Saeid Asadzadeh
Sabine Chabrillat

saeid@gfz-potsdam.de



Motivation

• !"#$%&'#%#($')#*"+,%+-#./#0(./1#.2%1./1#()'3$+"(3")4#*"+#2./'+%5#'6)5"+%$."/#
74#2%))./1#$8'#)84(.3"38'2.3%5#1+%-.'/$(#%/-#9"/%$."/#,.$8./#%5$'+%$."/#
2./'+%5#%(('275%1'(:

• !"#)+";.-'#;'3$"+(#$",%+-#)+"()'3$.;'#9"/'(#%/-#3"/$+.70$'#$"#%+'%#+'-03$."/#
%/-#")'+%$."/%5#'**.3.'/34:
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Shadan Porphyry Cu-Au deposit

• !8'#-')"(.$#.(#-'')54#'+"-'-:

• <$#3"/$%./(#=>?@#A$#"*#"+'#,.$8#B0#%/-#C0#
1+%-'(#"*#D:?EF#%/-#D:G#1H$:
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Potassic alteration

Phyllic alteration

Propylitic  alteration



HyMap/EnMAP hyperspectral datasets

• C.+7"+/' I4A%) -%$% 3"55'3$'- ./ JDDK %$
~@2 ()%$.%5 +'("50$."/:

• C (.205%$'- L/ACM 84)'+()'3$+%5 (3'/'
N0(./1 $8' L/ACM '/-O$"O'/- (.205%$"+P
%$ ?D2 ()%$.%5 +'("50$."/:

• GQD 5.$8"1'"38'2.3%5 (%2)5'(:

• GD (%2)5'( 2'%(0+'- ()'3$+%554 ./ $8'
5%7:
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Mineral classification map

• !8'#L/R'"A%) 2"-05'#'27'--'-#./#$8'#L/A%) $""57"6#,%(#0('-#$"#
1'/'+%$'#%#S0.3&#2./'+%5#35%((.*.3%$."/#2%):

• <2%1' 35%((.*.3%$."/F %5$8"018 ;'+4
./*"+2%$.;'F .$ -"'( /"$ 0(' $8' *055
3%)%7.5.$.'( "* .2%1./1 ()'3$+"(3").3 -%$% ./
1'"5"1.3 ($0-.'(:

!"#$%&'( )* ' *($+,-'. (-%+$**)"/ ,%%. 0%- 1',$-)'. 2$,$+,)%"
'"2 +3'-'+,$-)4',)%" 0-%1 35($-*($+,-'. )1'/)"/ 2','6
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Feature extraction approach

• !"#$%&" "'$&#($)*+ #,,&*#(- &".)"/ *+ #0/*&,$)*+
1"#$%&" (-#&#($"&)2#$)*+ 3,*.4+*5)#. 1)$$)+67 $*
"'$&#($ 5)+"&#.*6)(#. )+1*&5#$)*+8

• 9#:"."+6$- ,*/)$)*+; ,&*,*&$)*+#. $* $-" (#$)*+
(*5,*/)$)*+8

• <",$-; ,&*,*&$)*+#. $* 5)+"&#. #0%+=#+("8

• >-)/ #,,&*#(- (#+ &":"#. (-#+6"/ ?)$-)+
5)+"&#./@5)+"&#. 6&*%,/8
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White mica composition and crystallinity

1st derivative of fitted 4th order polynomial: 2120-2245 nm Relative depth of the clay and water absorptions

WM crystallinityWM composition
Al-rich      Al-poor
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! "#$%%&' (%)*+()&,- .,+/*0 () 123345 6&%%&)&' 7#&)* /&'( 7&)# %,7!'+$8)(%%&-&)$9:
! ;'&0&' .%<&0 6/<8',=&)&' &- ',/>,8&)&,-9:
! "+,?&/(% ), ,+* @,-*



Performance of EnMap in mapping white micas
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WM abundance

HyMap EnMAP



Performance of EnMap in mapping white micas

8

HyMap EnMAP

WM composition



Biotite abundance
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! A&,)&)* 67&)# )+('*8 ,. '#%,+&)*9 7(8 0*)*')*0 B$ &)8 %,7
+*.%*')(-'* &- )#* CDEF (-0 )#* GHEF .*()<+* () IJK3 -/:

! E) +*>+*8*-)8 )#* >,)(88&' (%)*+()&,- (-0 ,+* @,-*8 () )#* '*-)*+:

Biotite abundance



Iron oxides compositions + Kaolinite crystallinity

Jarosite Goethite
Ankerite

! D, #*/()&)*L %&))%* M,*)#&)*:
! ;B<-0(-) N(+,8&)* (-0 .*++,<8 /&-*+(%8:
! D, 8*',-0(+$ 5< *-+&'#/*-):
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Ferrous iron

! O&M#%$ '+$8)(%%&-* P(,%&-&)*L -, 0&'P&)*:
! Q()*+ 8)(M* ('&0 (%)*+()&,-:
! J!" (%)*+()&,- >#(8* !"#$%%&"'(% )#*+,$'% $-*%./

! O$>,M*-* (%)*+()&,- 0<* ), ',!
,''<++*-'*8 ,. 7*%%!'+$8)(%%&-*
P(,%&-&)* 7&)# .*++,<8 &+,-:

! G%&M#)%$ ('&0&'L +*0<'&-M .%<&0
.,+/*0 () /,0*+()* R () %()*+
8)(M*8 ,. >,+>#$+$ *=,%<)&,-:

! D,) *(8&%$ 0*)*')*0 &- )#* .&*%0:



Jarosite abundance and its significance

11

! S(+,8&)* 7(8 0*)*')*0 (-0 /(>>*0 <8&-M )#* CDEF .*()<+*8:

! E) 0*.&-*8 )#* ,<)%&-* ,. )#* >$+&)* #(%, ,=*+>+&-)*0 ,- )#* >,)(88&'
(%)*+()&,-:

! S(+,8&)* (B<-0(-'* &8 ',++*%()*0 ), 8<%.<+ ',-)*-)8 (-0 M,%0!
B*(+&-M @,-*8:



Inner propylitic zone: Actinolite amphibole

depth of the 2326nm absorption feature1st derivative of fitted 4th order polynomial from 2225 to 2423 nm
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Actinolite composition Actinolite abundance



Outer propylitic zone: Chlorite
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Chlorite composition Chlorite abundance



Ferrous iron abundance and composition
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7 8$--%9* )-%" 1)"$-'.* '-$
3)/3.5 ':9"2'",; <3)+3 )*
' +3'-'+,$-)*,)+* %0 =97
-)+3 (%-(35-5 *5*,$1*6

7 >3$ +%1(%*),)%" %0
0$--%9* )-%" 1)"$-'.*
+3'"/$* 0-%1 2)*,'. ,%
(-%?)1'. 4%"$*6



Tourmaline occurrences in Shadan
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7 >%9-1'.)"$ )"2)+',$* 1'/1',)+7352-%,3$-1'. :-$++)'6

7 >3$ 1'(($2 ,%9-1'.)"$ )* 2-'@),$7*+3%-. )" +%1(%*),)%"6



Summary and conclusion

• <2%1./1#()'3$+"(3")4#3%/#7'#'**'3$.;'54#0('-#$"#-'5./'%$'#$8'#%+38.$'3$0+'#%/-#
)84(.3"38'2.($+4 "*#%5$'+%$."/#2./'+%5(#%/-#)./)"./$#$8'#2"($#)+"2.(./1#
9"/'(:#<$#%5("#3%/#8'5)#-'$'+2./'

• >-"A1**$,&)+$/A*1A1.%)=A1.*?8
• B-#/"/A*1A#.$"&#$)*+@5)+"&#.)2#$)*+8
• >-"A$"5,"&#$%&"A*1A#.$"&#$)*+ ":"+$/8
• >-"A(-"5)/$&4A*1A$-"A1.%)=/;A*')=#$)*+C&"=%($)*+A/$#$"A#+=A#()=)$48

• TU<V#-%$%#.(#%(#./*"+2%$.;'#%(#WX<V#7%/-(#%/-#(8"05-#/"$#7'#";'+5""&'-#./#
1'"5"1.3#($0-.'(:
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