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Enhancing of alteration zonesin northwestern Nyshabour by using
Spectral Angle Mapper method in ASTER image processing

Malekzadeh Shafaroudi, A.* and Karimpour, M.H.
Department of Geology, Ferdowsi University of Mashhad

Abstract

ASTER Satellite data processing for mineral mapping, alteration and mineralization, is fast and
low cost method for detecting areas which has potential for mineral exploration. In the study,
spectral angle mapper method has been used which able to separate index minerals of alteration
zones, location and extending of them. In processing by SAM method, three altered area can be
recognized in study area, surrounding turquoise mine and away that are: 1) altered area,
covering 3 km?, in andesitic unit of northeaster mine with strong propylitic and hematitic
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alterations, 2) altered area, covering 4 km?, in western mine and study area with argillic, alunitic
and carbonate alterations and 3) altered area, covering approximately 2 km?, in andesitic unit of
northeastern study area and south of magnetite mineralization associated with argillic, alunitic
and carbonate alterations. In addition, silicified alteration has been enhanced surrounding of
turquoise mine as sparse.

Based on development of alteration types including silicified, argillic, alunitic, propylitic and
carbonate zones in turquoise mine and surrounding of it, oxidized zone minerals consist of
turquoise, hematite, goethite, limonite and malachite and anomaly of Cu, Mo, Pb, Zn, W, Co
and Ni, porphyry copper type deposit can be occurred in the area. Confirmation of the case need
to detailed field study.

Also in the study, alteration zones of Shotorsang and Kolahabouzar iron mines have been
clearly enhanced and show importance of SAM method in exploration of deposit.

doddlo

uﬁl.a.a o d..ﬁ)f )|)3 (5'41} 4.’>9) 3,90 o)j)ﬁl kS"'\M \)‘5.40 sless o U] oﬁ)lf 9 Ls‘o)g,%lao JJﬁL»aJ u'“")b)"
o, Luils slecs]l QT &S A QMIJ;;JT 9 At ol () eges a).ﬂf.c X b oo a):;ﬂ kK b
mans wibe lojlaale glaools yusle s jo LSS 51 & 5l eolaiul Cds Labl co sloylgale polas (yuslo s 4o
Qs aneeis BB K0S 5l 0Ky, S abolas jo a1 oleslS Wy oo aF sl (gu 4 b asgly (g)lo
ol oS SSE (o sLeslS ale) 0,8 slulin 1) LT lgs co (XRD) uSol anisl bly olKiws b g5
305 (500 kelS (uboliniog Sl lgel (ouslSiail g (232 ail arels jo (2252 Slodglis 4 alous

Obl Gplicd (258 Jlod SregkS 7o 350> 50 @pe JreghS Fre sgam Gy 4 adlllas )50 adlate
elélix Gles,e g OAT YV YYT L OA% 18T T LLélse ldsh oo osgame 0 (s, olel,s
5 s5lies 0)9,md Sy dae 393y e 4y sgamme ol bl cawl a8 5 L3 YEC YYD B YEC YV Vg
© ) edgaze (pl S oo Al 059508 (Sl SE Sl e 6,0 la)luls LSS G | 4z g oS 00
gl 50 a5 1b-071101-364 o,les b (jiwl) ad pin 0 plad ole)S 5 oU5b mwcids saizmiw Sledbl s
Sl 18 el odls (6,10 0 gl (ole als 3) Yo o V/FNA

doluz93) Bl oo el Alwwd dw 4y zge Job 0dgdome 4y ax g3 L aS ol WL VE el JeoM IPRCEITow
“Veyie 10 S8 S,a8 LYy Vo) slawsl Joles VNIR zlsel oogame = V(Y ) (), SKon 5 loluszgd 5 61230
Fre — SlassT gble o le)‘;ﬂ Sledgy lopand e 10 S S, LT g WY AY A A slaasl
5 LK AYAD ees,S VA2 iole) ol 48,5 18 oolatwl 5,50 Jls yiwl slaosls (u3ls, SS 4
(o).».c 9 YooV ‘W?) 9 9~JL99_» 9 AR s&‘)ls.am 9 015) AR ()90

‘SWIR LVNIR 6[.%..\4[4 ﬁLCQ‘ 9 @‘;y}' 9 LSA-UM C..M )‘ = )—H.AJ] LR OW) 6[&00‘& PP (129 U"‘ B
p3Y e g S ddlllan 3,50 LU 5l (S ) (2o Glandil 5 adlate (cwlidine) 4l & ol b e
2855 plox

17



ol Sl colil cle 4 aS 0l 6 Cgame (Bl Ay 3l Sewd &lg 0 adllas 5,0 adlaie

Jlods 4355 p0 4l cnl ailos S (6 BSaL S5l 095 1y O w350 Olal b ate al Sgielly sloo b,
B (B opr 4B 5 0TV (gSe 5 oS obl ke ViV eeee el 428 (S
5 oudly Gl slactel ;o LuFo50yg m ol oals @8y VYV LUK 5 gel) e ViV e v bl pan
o A CeiS el g Ve wnealy dillale g slaasile Jeld dihie (pl Ko g 45 dw e las suilg,
Al S o nd LSl () US8) 595 o oy axdllas 3,50 03game mgi> o>l 50 Boee a5 ol Sigseall
o3gaze iz ;o &S Wies dilaie gepad Slgey ;00 ) 5 sl Bl G)le 5 (Sel - By sleSimanls
STy il Jold a5 oduw, 995 zol 4 gl jo adhaie Sliads] gl () JSD) wis 5 e canline
Sy SleaasT anjeS ol sloggd 4 blo 30,3 5 6 ,SB bowe b, b oyl el 5 cojul Sl
sl 059 yd S dae 9 318 (S dalllas 3550 03gaome 35 0 0 (B0 gt —(2)8 Jled g, L adhate
Gl bl o lesS Gleis 5 gsite sledgmml il (0 JSE) sl o @dly (pame sbiwy, Jlod) ol o
a ey el oogy Alas cpl Bus 5,50 a5 0l o oy ol Sl Aol L > g ase BlbI o SlaansT gl
Sleaslo S phiee o5 09 s0 oo alil (35 Jlod adsS )0 gl Sliass] GloSiw jl Sisu o5 Cesl S5
() JS2) ol ailaie (pl 45 oy0]

ol 435 18 0 31 SlKim 55; 2 et $1aaS; D90 4 g 039 (g Biee (SBgd 5 (Sl (s
2 GreSE GleslSS a bgye (35S it o5 wBlioe (sest SSel 5 LeglSS Jols Sl ol
SIS CrsSll (s 0game 55 0,5 (6 S 1 ol (ST () UKE) Conl addllan 3,90 s3gamme Jlods Ao
99 Sgboe oy aalllae 3550 039050 (Fb Cgiz ALsS )O (ywsre (rw 4 e 9 o) Sl (0 S
sl o & s Sasal 5 ST (ST asly () S8 8ls 8 athie (ol 5o 3 et b e
O JS8) Conl andllas 0,590 s3gamme Slaais] codlad o 51 ddlaie 3,5 Jlod adgS ;0 ugiwaals

3 9 gl T

Jlo Fevv b ] Cwnd oS ol jplias 0598 ome «,ls 1,8 dalllas 3,90 00g0mme 43 4T Sore (55,5
arg g oog ol 4 Bolame Ly ylopo s S (5T Gplex plsie 4 03,8 ST 4 drg Cle 4 a0 S
o codedgn e polie 5ylmial g (31 GlealS oo jei ilate ol st Sldgenl T 092y 4 (5 S00
alox 5l (6,50 Sl il SB Jleixt aS s co lis daled a5 y50 0 .ol oaid IS g LS ¢SS (5,
—olymo Sladllas jo o] Slbl g ose ddlaie )0 sals odalice Gladgel T 0l 3539 dibate [0 (5,08,90 Lo
(S5 (595§ Sy « Sy (S yS S5y gl ¢l 1l a e (KL Lo

e o5 9 ComasIl Sl e BB (5pom 9 Ogme iSu 90 50 dbhie LSS
aites ddlaie () ge SledlS 5l CndS 5 CoS YL (adgad (o3sS olas w0y 5 O3 WS
el 0ads 0asd Lligh 0 (g0 A Gas U oojgd aSh ek clewl 0L Jlews ddlaie lanuST ey Culs
o5 55, el 45 3nlamnS] YL aoys b gt g5 5 oolidl 3l dilare el ) S0y e ¢y maloignS]

osﬁuso PRV-YRPN Swg 0394t 5O Sl 00 ‘;LMM ]| 6LQ‘SM.:/

7Y



S—

6)L‘*’L5'l5 5.) U"‘"‘?‘ﬂ L:LMM] 6'.@‘1....4 )J 9 d.xan.a 0)9.,0 oesm ‘_g)...u JLQ-AAJ Maf )é so)’j).:é u-.\.bo » og)l.c
O 8l s Lol sl 5l Co s g CuiiRe 4T o410 5gzg ,3gl S g Syl S0l X

] Odsd.?!.a L)‘)‘ u}*ﬂ“)‘ﬂ g)")’““?fc

| oz gbosls o3l p

S oo &yl gaimdids o ploil dilate [ sad Ol gadids g, el sdiziiw slaosls b3ls
Srs o5lnl sy ol o celel alie ik Slogas ululy Sy ganaies Gl btz b,
Sen 5 55,5) SAM) b asly s)lopati (g, (008 Grals) w5 e ol Lass 1) sunandls
Cordye bl el asly ST Jolas L o5 cnl oadio s ganaiib pow e lely, alox 51 (VAAY
5 kS e 5 e58 B alolid (s, onl letse 5l 085 oo pasiin pgal 1o |y Gomal T Sladg; SlealS
o 5l oSS 2 50 o SLelS (i gy onl ) el calize ladgy S 4 gl T Dol g 528
Sgd oo 3Lyl pgad 3 el Dolds bl oy Sl diile waiings SSas LB

obosle Jlusms b Abuls b pnl pear slbsly [0 9290 sleib aslllas o)50 ailaie o
5088 18 dslie 5,50 (VAAY ) ISen o SOMS) ENVIEA.2 5l 8l 5 40 55290 (USGS) IS ol (sl yao
Ol & Caisygecise 5 St B SlslS (Siibisn 095 LAt Glsre a4 Dganl 5 Cu S SB 90 )
5 ke 035 LS Ol IS sl G55 RS (s @ e s Slsll SlelS S5y g5 a3y
Slsls Glyie @ Cdged § CuisS wuslon 5l onizen iad Qb Sl S Gerl AT (a3l lsie 4 oS
A oolawl g g cosles 443l

2 o8 Ll 28 Dol g Sl ams e Glis Stkign 05 blS sl Gl ) el b
O 039ame (Bl Jlad 50 LdlS Gl GBS (n i 5800 s Billl Syl 5 CaplS e 3l adlase
Grbaie a5 098 oo 00y andllas 0590 03gumme (B0 Jlod il (ST axly jo 58 sy el (ujail axlg o
el e ] 5 5] IS g St i Sl etife sl sl S5

i 50 o 5 anils Bl K0S b (V US) Cadgll 5 G el iy 0o i S5 SlelS
Y] Ly Jlod w0jgpd Game 0j8 g aalllas 3550 ooguze )8 50 () il Sl ile a5 Wl L adlase
2 EpreseS ¥ i oy &y (slailane (Vg (3ol lil axly )0 gy egheS T ogu Cannsg 4y (glailaie
oig LS nl ) (5ylake oSl S5 @ o3¥ ool lepslu G gtz g (njasl axly yo adlaie (Byh Jleds
D Ggamlydl 4y bogy 1o a5 050 g0 0090 Lranl sl g o jo o) SleslS

ol g Lol (Y JS0) 0 55l (il aly 50 5 0598 (ydme 009amme p 5 3 )0 (smmrhns (ygemsl 2
Slod dod laanlpl o S cpl all oo 0ads SIKS1 B3loy jo a5 axsl I o ole Sldlas jo g
sl GlGZ0g, Slhgusy s bogs o aS 00l 5L 35 s (0 g adlaie

St Jlod 55 @pe gk ¥ Soop Sy 4 el )0 (g job & Cuiged 5 S len
waz (VS8 o)ls (Saaler Sganl s Co kS slS Cundoe b aS 09800 oy (Fujil aly ;0 098 (o
Slalllas 5 GlusS G55 0T SlaanST Sy 03,5 o oaalie ane 038 5 555 50 5 Sailen 5l R0 Coadse

! u,u)‘o); 50 W) )li..j LSW}" )‘ U’““" )...u ‘Sil)M

7Y



gy A8 4 Sliddes § S g 50 ong SAM g, 4 slojlgale slaosls (o3ls 5 g, (605,
2l e 5 05 (et il wdil s aklaie ;5 1 bapysel AT £53 5 2y (dore Wl oo o 8LS
5 Joad BLaST (gl (Sen oy (yiaS Bro b alsa0S o9y S 4 (59985 Gl b el o el

SBlbl o g andllas 8,90 ddlaie ;o 0ai 0,1 ppe 035050 4w SAM ig, oyl odiziw palad (o3lo, 5o
3l 9y 30 e asleS ¥ oy b (Sl 2T () 51 0y lee S 0 o0l (arsets (51 55550 5 039508 ne
0 etk T s b o T (Vg (silon 5 Sty slidsel AT L e (555 Jlod 5o
2 e reshS ¥ ogu Sy 4y Gl AT (V5 Slo S 5 (il oS5, T sldgenl 2T L ine 5 5 009000
S s Sl ST sledss Jolis &5 (sl aly po coiSe leaslo Sl stz o eogaze (By5 Sl
392y e 4 oS 3pdige ond G SBlbl g e leslu S b Sganl 5 o lS SbdlS aizmen il oo
Ore BLbI 55 0aST sl ) 525 b gemsl AT 45T el S5 4y 3¥ el dilaie ;o (Sl Dgagl 5 2y IS
Slbl 5 lish (pane (i 39 Gl Al o ege al 45 w00 (Lt e Slalllas g sl 0sds 5l 039,08
el ]

P s Gl s Seahon byl sl (ko 03705 5 g5 Sladgenl Al 5 4 4z g L
S97g b g Cewl 0dd ond (plpre slawusih o ee g ead )b (Ll wpeS o lojlsale pglas il n
ledlegil ssalie 5 Vb aops b coSVL 5 Cudger) «2udsS ciuilod w0jgyed atile ST g5 sleejlu SIS
Srdom oo Foo il SS9y el e 13 IS5 5 CILS (eSS (S5 s ddae (e polis
Sl Al ;0 00, sy 3ls Al (pl DLl ol 042

s (D9l (IS Jals 30l M5 S i ol (polee ST Gl T aslllas (pl )5 (rizpen
o )Luils” BLazST 50 1) SAM gy coeal 5 o 5k 095 & 4ol (B0 Jlod absS o0 SluS 5 Seb)l

Ao oo oyl

&lw

S ewlid e losle L] olale ViV eeewe el oy a8l AYVYA ¢85 s 8.0 (0,
yganS ‘Su-?l.ww.a) Olejlu ¢S ViV e v e v e ‘;.;L.wu,..o) asd VYR oy GBLAL (o il

ASTER o lsals slacols o3ls 5l eolital b (b9 o Sl o S5 cndsl (ol AYAD tmep «yga00,5
LAY T W-IPR CE SJUUI L F] PN ¥ v O L S Cw N FIRONE 3] 0] DS UON- X PSP E S W JES
yay

Clark, R.N., Swayze, G.A., Gallagher, A., King, T.V.V., and Calvin, W.N., 1993, The U.S.
Geological Survey, Digital Spectral Library: Version 1:0.2 to 3 um. United States
Geological Survey, Open File Report 93-592. 1326 pp.

Fujisada, H., 1995, Design and performance of ASTER instrument, in Fujisada, H., and
Sweeting, M.N.,eds., Proceedings SPIE (International Society for Optical Engineering), v.
2583, pp.16-25.

Fujisada, H., Iwasaki, A., and Hara, S., 2001, ASTER stereo system performance. Proceedings
of SPIE, the International Society for Optical Engineering 4540, Toulouse, 39-49.

Kruse, F.A., Lefkoff, A.B., Boardman, J.B., Heidebreicht, H.K.B., Shapiro, A.T., Barloon, P.J.,
and Goetz, A.F.H., 1993, The Spectral Image Processing System (SIPS)-interactive
visualization and analysis of imaging spectrometer data, Remote Sensing of Environment
44, pp. 145-163.

17y



Rowan, L.C., Schmidt, R.G., and Mars, J.C., 2006, Distribution of hydrothermally altered rocks
in the Reko Diq, Pakistan mineralized area based on spectral analysis of ASTER data,
Remote Sensing of Environment 104, pp. 74-87, DOI: 10.1016/j.rse.2006.05.014.

Sabins, F. F; 1999, Remote sensing for mineral exploration, Ore Geology Reviews 14: 157-183,

1999. P1I: S0169- 1368 99 00007-4.

Tommaso, I.D., and Rubinstein, N., 2007, Hydrothermal alteration mapping using ASTER data
in the Infiernillo porphyry deposit, Argentina, Ore Geology Reviews 32, pp. 275- 290, DOI:

10.1016/j.oregeorev.2006.05.004.

Tangestani, M.H., Moore, F., 2002, Porphyry copper alteration mapping in the Meiduk area,

2

40506

f:j-,'?-'.!Silty clay, silt and sand

Iran, International Journal of Remote Sensing 23, pp. 4815-4825, DOI:
10.1080/01431160110115564.
Geological map of study area \
o ;  Legend N
] I:Clay flat

E' I:lGravel fan W+E

E l:]Olderterraces s

g @ Light color conglomerate

4045664

4040664

0
xxxxxx

4035664
[

Symbols

> Mine

" Fault
— First class road
— Dirt road
~— Drainage

® Village

8
Kilometers

2

-Lighl grey dacitic
- Gypsum
Red marl, gypsiferous marl
Dark grey trachyandesite

7 Grey conglomerate
%Cmam color nummulitic limestone
-Cnnglomemte interbedded with limestone and sandstone
Alomerate composed of andesitic, basaltic pebbl,
Dark greenish grey andesitic basaltic lava flows
m Dark greenish grey vesiculated andesitic basalt
mcrey andesite, basalt, trachyandesite, quartz trachyandesite
- Limy and tuffaceous sandstone with limestone tuff and marl
Cret -Grey-brnwn fossiliferous sandy microsparite

quartz trachy

o [
3 ‘MmceneE

Eocene

Piz?| - Limestone, sandstone and shale

S

9 (\Y’Vﬂ ‘6)&.“& 9 LS'Q)SD olJTuUaJ.M: Veidewoon LS“’L"“"U""A) 6L®M )‘ 4.\5;).9 aslllao Syg90 00gdo ‘Sle.mw.A) asas - ‘JXAA)
OYYR GBLAE 5 cwel) oS

170



/ ASTER mineral mapping, NW of Nyshabour \
615000 620000 625000 630000

< Y

4050000

- Alunite
l:l Quartz
- Calcite
- Hematite
- Goethite

4045000

4040000

| B ilomatars Malekzadeh 2010 J

IS s tlen Skl sl pslid (8 Sl 55 kel sl (5 oAt By, a4 sl i pglas 3l Y S5
ColS 5 gl

7%



