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Recognition of evaporite minerals in Siahkuh desert areas
of the Yazd Province, Iran
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Abstract: the Siahkuh playa is one of the greatest deserts in Yazd province
and is located in the north-north eastern of Ardakan city. In playa regions,
different sub-environments with different mineral potentials can be
recognized, In Siahkuh playa, various evaporite minerals such as gypsum in
different form (sugery, nodular and cuhedral crystals), halite (fibrous,
cylindrical, hopper-shaped crystals and ball-shaped), and sodium sulfate
were indentificd. Sodium sulfate (Thenardite) is a commercial chemical
compound which is formed in playas environments. This compound was also
found for the first time in mud flat sub-environment of SW of Siahkuh
playa. In brine waters of salt lakes sub-environment of Siahkuh playa,
various .elements such as lithium, magnesium, calcium, potassium and
sodium were detected.

Keywords: Siahkuh playa, evaporite minerals, gypsum, halite, Thenardite,
brine waters.



daa

| x
8\ ol
Huﬁlﬂ FIA L FYY Ao 51 AP (s § 5ol oY 5 Lo JL.‘ o )

095 olew 395 DAL ) &y SUAL glgil oLl
O3 olwl

Sl sS (s ol (5 slail wraellae

2 ol o Ml g bts ilige oA ale Dla olac]
Ssllie g e adige olSE = aiiligs 8 5 medzs =35 oK = 05 1w 0]
h.ansari@yazduni.ac.ir ; Sos 2 Coy
OYAFIYNIF ol s Sl ys (A YABIAIYA Wlie 2l o)

wrf JladmJlad 50 o8 cd oy gl lo a8 28,5 51 (o 058 sl 155 reunSn
Sl b GF0E sleasg ) s py Gl o o)l 5 Ol il
095 sbam g8 Aidaie ) algl o Siglie (g e SleelS o L 0 S e Sy
Elgl OIS (6L yaly o J339- 45,5 4ld) ) Elgl Jold gilises (g yainss Slels
B3R e i \llgens, o CctlilalSly: S5 la sl ol scstllymant scshaid ) Goan
F S a8 el g8 golail (55 1L olacd SlonsS 5 5l (S s Slilgs wlonds
)l (G 85 b Gl T S5 ol ol 5 S bl o] JeSt el
o 195 )8 ez bl jl golawr o vl T e o Slilgw a5 (SO4Na2)
25 4l iamdyd Wed e Sl (M Aigy 5 edihaie Gl 10 Coo)lT U A sanlia ogS
i g railly ol i e speated Wil il yolie (g polie Sad 4zl daia

Lok o, 55kl

il 45 SO L iElB s} 6T Mgl 05 olew 155 i gulS (slbo}ly




Yo oy ¥ ekt el Al kil

PPRER
T L Sl @ o5 s (SS9 (e 05 Ay lads g s g5 (bl
e S (o Ak glone (Slena b g igalyey Sleli) 51 45 oledaSlS g Ligall g
U 095 Y oo & gl o Jitie laadgm cal ) (2oa) 25 L g )l sleel dby
Ao ey g il Ml )0 4 lad e ol )0 Ol Slile BhLia £ 0l )3 et
SlaelS ol salys LSS (5 et cilie (Sl dasmas 50 99290 03 L (50l £5
S 3ok 5L g ol daee S 50 g it s Il Gl 1S iy ¢ i
b ) (ol Jase S o s e LSS olandisS5d Jalse b g Sty
50 bl o Lk G 5l Lheoes 5 ol dlasl 42,5 ol ansets olgi e 1) (S90S
@3 o I b 3 0smge ledams 5 51 ahS a el mglins ol (S
S 58 o o DV s bl 5y ot gline slostyl sllo (505 (slealS
5oty (e Azl o (M gy (i gy aiSSl g B il (950 @ e 5 LOG
0P S pd Jdd d (S Ay g S8l by e (sladaie 5 el ally (S Azl
[P CUPRS C A A TP PN [ o STRRRULIN Sp SO S P P% L gV E POPIRLAPRE S KV
3,0 )8 SLeliif Con dy g (g i 0 St I gy 9 g0 SS5 glo e
4 by e (Efforesence) oleaFs 5 o) o) ;0 ol K00 g ol St (] melans
et F 257 (2 Sl Jme (il S 5 Ly ;5 090 03 (6 3 LS
himiodi by b (Kod 5 Aty 50 Sl i Sl aiile (gl 551 b (6 e
25 el eVl B T 58 (o 5 ool i 5 ol s 51 50 g (o, 31 20
e A3l)s el 1S 551k et ST S e (0 S (S G g Jaree
5 o0p ol oy S Jpad yo (g adl ead 5 STk 2 Jgead y0 Conl Kae g
S R DA 500 (S B2l 0 0gdign oandyy (6 et Slpiendis (5,88 L
AL wlyed gyl Wl oa pb KL Jgad 40 g il

1295 sledans 0 60500 Gl plulid (KisSz 5 (pne 4 Rag5 IS Cal o
Dgdiga ATy 33 698 sl 11y 5 ead HLULS Gl ilS ales
dallias 29,
23 e Sl g sl LowosS ol 98 33 s SleedlS (plolid sl po
o () ol 50 (6 e Slantias I g pSaigal 4 plall 55T 0l ilisee glety
e Sl s Bes 4 USaly Jionl Bleel 30 @) )18 Gl 4 o ed jglate
U 5l P w35 Sl gar elib G S ek Sl pladiges 9 00, i



s g 3.5 i TY#

I aigal gk P80 alilid (gl S L bl 0,00 [2 0 ladigad )0 3924e
Btalesl 53 1) ylopatas Slilgu SgSite ladipai o5y 4 5 e SUelS ) Ko (2
Ll alyd ez s 3 S 5 My Galeil 9590 (elibime; ool
Syran yolie 95 ead plaie 4 5 wiad Ll ] Giliee (sletty | aigei A S S

wid)S )15 oleaad 5IUT 0 g0 0 sl pand ouSitilo olSiiyle;T 4o dgil o

095 olew ig¥ (ol () 9 (2 LSk Contligo
Ol e (28 JladmJlod 53 3 0391 355 (sl By (0 2550 51 (s 085 ol s
Y Sldgb 5 ¢ Jlods &30 TY L addo ¥ 5 4z )0 YT o olilis loo e j0 ol5s)]
Coadgs o 4V g ) sl S8 05l I8 8,0 408 Ve 5 an 0 OF L aids ¥ PRES
3503 055 ol 128 JLod 3 w3 on Ol 08 ol oS glolamle oy 5 pldl i
ol e oGl s 5 Sla o)l S5y (s Sgigin (slomats &3 I (lojint
-i;au.._.:l.u;-a.!of&#ﬁﬁﬁcﬂalﬁchngﬁal.mswﬁ

s |

3 oll ;0 098 olews 255" bl i Coadya ) Kb



A Cee 2y 2 Gy Sl gl plulid

55 oo 12 o Jgale g3 YIS

oo 255 53 ALAL 4TS S92 (LD baezme Sy o el (s oS lelaza ;5 AS
53 A5,k U3 05008 1 gt 3l ot 88 [D B ¥ Y] wilesd osls assets oof

03 &SI Loy yinm 055 ol 1o rgalyeg Akl 31 (6 et dials 5> 143S3] dog a =)
P gt

b Olelis )l dlold @y o] (6,0 5 428,5 J1,5 @SBl bogysue 51 (s Aty ol 1 b &g -Y
A5 0 P Ay )y (S b ST 0 Cuandy y dilaie 1S58 LD S
sogkS o8l Par g )l | Ly i WL 510 g (e p 098 (s 858 10 058 ol
ol gt

Bl L (sldnn 5l JKatn 30 15 (b Aigy | e o5 wig ol 1 S dgy Y
el ol LSS S g oy 8301 50 sl 45 5l 5 dnher B g (6,5 0,5 )
ST (Kinage 8y Sl 8 & 5050 SlaS ) 688 agmy e 4 IF Ay, e
5005 gand gl 3 ol ohy 4 et eSS ol (B el co wloud
ety o I Qg (B iyl (oo 09791 1) (S Slaren) 4 e dndes SMalS gxla
Sl oS (Jlad (et ;0 (B ol (I el d ol gl 568 sl g8 ciliiee
57 G S | (B Ly sz Al 10 (Jy ) o SeskS 90 090> g
& g ol Sagle S8 1 (20 Jagia jobo 4y (g o sl Yo 4 2STas 5 2



i liaed” 1 FYA

Sl oS Ay St £9 9 (o) 25 2l lesd S 5 (Sls0ee )
ooy 95 30 W3y Sletndins 5 o (8 Y olal zehan Sl 43l Silg5 g0 il
wlls walys S92 g mies Sl g (golacil

JeS 095 oo 29T St (15 095 o a2lyyd pl s(oailo g CBga (Sai Azl o ¥
mezl0 5 0ad mex A3y ol 10 e 05 g (i skl wogbye Jaad 40 el su
P Sl (San g Consl Siglita Yl a2ly)3 (l Gk 0l 0 925 4 (SHge !
9IS (o e 4y £ord azlyyd STLS Joad oy Lk sy 55 2 ¥ 5l oy @ LGS
S g0 A g> (ool & Sgama O Sl ol bldl 0 99 o 4S5l 3es g pdaw
Jl:- 0 U‘a"li:a 6).15‘.‘3 ‘_sLeJIS le.J IO 05> g Ll),..:l chale @ ana lnn:;‘o,:- L-ﬁ’ It
CBle g i o5 (il g s W0 1) CABLE o S 45 plbazdse 0 el JoSis
ol 0 5l g A oloand 3JUT 2l ol JuStS o 40 Codl 0390 Loy IS &l 1,
" dl.g.ﬂ._._..il }._-_“J] }1 n.L.u‘ Casd dy Ef-L:j LYl d.‘._l-:: L_| A..ﬁlnLL':J n.))’I \ ‘de.‘-_l- J-! B,‘ ﬁL:#J ﬁ,‘
75,3 V4,¥0 ppm U )+ VO ppm jl laa )0l pgnd ol &5 S8 F ams oa oy
oo 1o o gliad Jlo po paied J9i5 Bredd iile oF &Syl 4 glis b ol
o)) A6 ol Jl> 0 Laadyyd ol 10 3s39e peid plpln JA ¥ #] cuil Foppm
03l 9 009 3uiS 3 edS g ip g i cpannlis a5 5l Ladil o ol o pioean el g0LacS
9 V-YAF ppm L AVEY D ppm B ¥\Y 50 55 45 o ol jelie o)l solasil
23 pn oy pobis badied opl jo L wiload B 15 Ladiges ,o YY10 ppm b £18
ol st ool yauls

098 ol a8 0 4l )yt digas wix leand LTl | Sy

wpsiojos] PH] T | Br [Ca” (ppm)] Mg™ |Li’ (ppm)[S0." (ppm) CO* [CT (ppm)| Na® | K*

(ppm) (ppm) |(ppm)
D1e nd|nd| yara [v.vat| ey 7001 nd | ayair | sovir | By
D11 ndnd| y.ve [rria| e Y- ¥ nd | SA1AY | avArr | fav

D12 |pp(ndnd| JAYE | 1YYE| V:NO av\E nd [ y.fav | FiAdd | TAY
DI3 |po|nd|nd| var [1avA]| e veap | nd | Apreq | ovANe | va-

DI4 | ¢ Ind|nd| yyia |[ryver | sy FAA- nd | y.pvay | favay | ava
DI5S |aa([nd|nd] par | raes| 1A0¥ v-0f8 | nd [ yaeava [vrrave| va.
D16 nd (nd| gy [yore| 1aye ey | ond | oveeay [iveara| avy

D17 nd|nd| py. TeAd [ vy nary | nd | viars [ivarry| Aae




T s ) 50 8 o Sl glall Ll

095 ol 11 )9 0ud w2 Ld U ¢yl

< Sl s Sy g 0idle (s Jold 085 ol o6 10 (50 (SllS 1 yiage
Wl 503 700 4y calisre gloil sl o

ome§ Elgil— I

G Al s =Y —

o Ll o3l 5 0,505 5l s baals 548 co suys (5,58 alls Sype 4w £ ol
(e 093) & a5 (Il letdy 10 ity (6,55 e G Cansl jronlis S 00>
Wigiige 5 )0 o] JuSi bl 4y (Ko s £95 0l SlaeY Cualud g g0 osalits
ﬁuduadoujad..?@aqagﬁ.&gﬁh&jlﬁUPgﬂh@jl
i STy 5l S onl 5 P s el o (6,88 Bl 050 @ e SUS
2 Pt gt €95 ol oSl T 3 T ol pas e lolidh (leeSag K00 51 can
Sptign o ol (B4 5 (Jlod adlo ;3 2aS i ¢ g 09 ol 58 st L2
2y ¥ 5D o0 agkS 99 4 agir it g0 (5,58 ale e} S 035 ik
20 g0 LS 1) 095 ol y1gT (cagix Audl> 40 (6% S Ly digad S,

909 (e 3 -Y — Al

ks e e 50 Alpsd Sl )0 (ins 055 ol 25 350 GBS S ) £95
dord 155)5 SUISE 4 G Loy 9gise amd 315 )5y (il 00 1 a8 Gles!
T P Bl Sy 1 e ol (paa Lol Jhai (F JS0) igd oo 00sd galS U5 5 0059,
Vsose il 05 s £99 ol JSES Jma 10 a0 Gt aSaplonl 185 e 2 il
"ot S Clle I S5U slaa; oalS Ly LAY Lgog s, a9 e B
i o2Vl g 0ol JS5 Joma w5yl JS3 5l o 50 s £ ol (lalid a9
Sl iy plodl O o 1 s > g (e Sad 53595 5 e ol g

(319 JK3) J1ys (sl pl b ot =T = il

o JeSd (5% & Wl 15 )5k akaw o wload JK25 lajpl ) s €55 0
POt oS D90 d by (S 095) (B)505) 9 (L) Jljang slojsh b s

09 ANl (9 9 0y sl yels b a5 -1 ¥l

500 9 0 9 Al GlEedids &5 glr (S wgbye (9] 0 Siia el gy 0l
oo S5t 30 ol 09 s onalie el YU (tie) g Ol mhas g aia ol




r
|
|
|

6}“35 ‘;SJL“H .

B e b S5 31 piaS e piien 55l S5l acme ed plas | S 9d JSle g ool el
WA Wed o S Sloj eSSl e slaysh Cwsl i 0 e il T oagas
S 525 S Ul5 ok yoks Saye & T 4 il g Sems ok gel i Sl

S>3 s, Sad Wl (63 5 o alyed Llsdgi (s vosS ol pgS 0 (Jedgi ) TS

-3,



£ oty 30 S et slewlS glal lulids

e 50 sl ol VL sy ) 098 sl 1265 50 (g el gy 5 Oyhie ) slaysls BUSE
P g S5y &5 (Spb 4 Wil p g g Can ol (el (Gl & A5 Wipd e ST Ll
ol (Gl 1)) lawle 0395l U G (516l 3 AL (ygalmy (Slgnds (303 LS & b3
29> Ol Sl (85 LS & 0B yeb 4ol (69,u oS Wod oo JS25 ola e 50 lasl

it

lawle o9 ST 05800 ooy by g3 - ¥- ¥ — il

ol ol Gy 0590 IS0 (90 9 SIS glojoh b S b g €95 0l SLaT g ol
o gk gl Gleiets 4 45 99 o0 S8 GledlSe 50 ) £y ol 4 Soglis
& e 58> 58 S o o sla sl 3l (598 S ol 8 5yl 55 (6 ey
2 St pgaza 293 50 9035 490 | Gl & aSl W LS 1 slpats &5 iy
Sl ke s (slanle Sl (6l )l 353 590 43 4F b walgs T S PN IE G
et Slysly o3Il 31 2ty IS yoko ay Lol 510l o] gli il o gl s aule
BJSE) a2 e (5l B 5l ey &l S g el (lasls 3351500 g

o 0o Sl b ) 51yl - Y- ¥ — LI

ol 53 Sighige JS5 U S0 55 oy aded | (slaazia> o Lo sl g5 ol
Sl sladosga b5lal ol s (sl sl oV e gl el donse> aS g o,le0 alad
2 il 0 g0 U panles 3ga> 31 35 ayaly ol woau Oglats [l Gups £95 o0l
2 wpn 00 g3 3l STl 280 laygl g6 ol ela S 5 (G (PUSS) ol Lo
sl 8 gly (Sad slodzdgs o yols Jlo 53 Gl 55 ol o ol5] sl
ol JuSi5 > 10 08




SleS ogilail Y

b
055 oo 215 )3 prwp po Jlo b ey slo ok FUSS

colla glail ~ o

Nigd oo 00 ) i sl jpe 4 ol

Slad, edbs Vo

0 5l e b Jobo 9 yrenkee S5 390 50 9 o5 el b slaaid; & 90 @ Sl g5

S Gl i Sl U S0 0 ol K5 Joe VUKD 3950 S5 fasiils

S50, ) laanss; Alols -asly aztls 3929 o 4 S535 b 5 eej o 0 b allyed

& g9y cdld g5 oyl AT glosl 5l a8 o Soas pals Baell 1y sl glata Sl

Aol a5 sy e B 4 gdge JSi5 (Jeog el it (S SlelS 5 sl

o0 @ Weow ax> ,a abl adls clas e, e dlols obxl 0 Ko 5 klgoy

o9 algs j2af 5 colls clait, Aold it 3s8 elgosi B30I 5 arsly s

R

LSS o 3 et SWsosi (535 p Culld eyl )0 r0gS slew gt o lid) Colls Y SS

*Casat|



Ty e g0 ‘5',1.‘)!...7 l_;l.a.,.lS aly] ‘;_t_LgL..:J

P PP PO P S
cloalyinl Syso & g 5dien JoSid WD 550 sletSu 40 fi i Sudle g9
Gonilo Yoo JI10 3935) oF leel )3 Voans jlucls a5l ol JSg5 5 plasals
Vo bugie jab a) seilo Yo il g b simssibs wiz 3 Laadlgid plis) ol 1,3
Shi el madie S agas s 50 aalezul Elas culis ol s o (Genile
S (KisSr syon el Vo (Y @ Jagie jb @) g Sl jeiie 5 Leailyid
alyzal colle oS ans s lii oloes Shialie Jy e palas (20 4 adilgal ol
& ol ol sad uKa5 ) g plab Sad aile L3 o9rge sleiats & (59 !
3 ks Algd &5 depion 5 & g i QIKE  550 b y Uai> (glls LI (glgtunts
Colle 5l galiials o)lgao LT 50 95 oo i 5 ol haw 4 LSS 5 50 Ly ey ()
s had Ul 3 50 s Sildgyen by oSS 5 g pn JuSi5 0y 8,510 ,8
aslol b T go po pliatell wilginl JS& & g 098 0 Flygm (2w oy o goee a5 slasl
© e g9 cnl Sedioe JuSi5 lilyzal slaclla 4 00,5 ol Laojlyd ol oyetes

AAJSE) Lip2gn op3 (Ghyl b 42 05 ol SLo 258

g pdaw (59) Sdld LAY Y-

2 d97se alyed mhau (63, 0)b G il 0l 3T Gliee & Hll sle)S 7ol 0
Forkes S5 ogum 0 g 05 23 (al Culs g JoSiad plak Sai 5l 525 LI 55 e
) Sl &Y 30,88 b adl plab Sai JuSits 0> 50 wls agyl alyed clile ool
S S (sl ¥ il 5l S (B (s a9 Sl (e Sk w9 JSAS ]
A ag cdale Coul obj ooladl G yused wl s b (0 Al Cle @y Jy oBb adls plab
Solle pdi e S5 alypd mha 3 Sdle LY SGL A8 g ) e plike S (LSS
alypd Sdale 5105 oo b ail)9d 50 3 00 40uSD 995 (559 S (Foe gy T
S slaay wslauled amoge Gul 0wl il JSes plab S cdale 5l LS
S5 > 06 ol g5 Sladlyed mhaa 5y, 4Y T Culls Al gea Colla
L4 J58) el



s i s 18}

095 slaw 1o 0 ol dilezul Clla A S

97 Sl g5 10 gl mha (59 e ) (5,08 S S

Sl sl slsh b el -F-o
Slajsh p)5 Jpad o ol colla JS85 0 o aily5h e oS baagsge 5l golawi s
Lol (nl oSS (Sigfe Wisdioe JoSaS (S (b slajel) S8 s ple cula
ol arzrgs S )90

e A5 0gd o0 clla sl gladabai JS25 cam wlyed paw j0 WAl oS
4 wlipd w50 adgl 3y slajgl S eed 4 g cuslly 0l il e 4 45l
&l 55 bsis ) Jalas g oad e0y5l 1 (5 41 ysl 08, b asilagga (B 5t o0
e A8 e 4 Iy 9gy00 b a9 sk e BB ole ol 50 S (e g
75 ez sl ssh @6 & Julyd ool g0 wilege joled alyed )0 plizan b Wb



rro o) P S sl Elyl alulid

& el s o 0 adypdi b ulad 0 g (Culle SsS s Cle ) Col @ 1 350
Ji s anli o) & plgees g wlige aolol sgmy Gl glaad )5 5ol oy (Jds eas
scile Gigd JS8 & uleyalhidig, ol Lilsl Lo, Syt 4y Jibes ol Sl (5 25 UK
WIgi gai 45 Cantl (68 &4 y3ls (39 &5 Sy on (o uled o 9 (V0 D) g ge S5t
ol bl WS n bogha (6 uP azndy> &5 4 g il (b g abgt Djpe 4 wiljed 0
ey g yiotils 58 dg 095 ol 1105 50 0ad sanlive b olul 5> 5 Coul Diglicis ba sl
0 JS2)

S gldlolS colla -0-o

P e kbt Lokl b ols U5l &j00 4 dla WL S5 3 sk 3k 3 e 5 0de
el Yo g b yieniily wiz i g el Sglize Laaglf b ol (55U JU-
oS Gas 50 &)l &5 Wgdpo St bl 50 (Sad GLalglS () S i ol (S
o B s cladlgls Sigh oo JoSAS (S ) 59y el g ail &l 1
JE8 anlion dgmy 4 digdige QA (npj sl Bkl 45 plb Sed alpen
s b L, 08 ol 18 8 (Slalyl® L HaYY

iyt

JS i ulle sla gl S5 (s Ve S

D |« (=) v e - v
'nsf DL:_.;JJ,S)QJS.:E.JJL&‘SL&J# “d‘-:l




et o

el ol JuSES Joadsi el oy Cdla il j5 095 sl naS 0 sldlalS Culla AT S
Bl 8 o el 10 Gae 0 ail gl phau

i Ol g -
Gole o JoSts sledone 5l (S g 003 Olgld ol (251 b (S e iy
Spo & pries Ol BT 65 ol g8 1) Cpx Bblis I golawd > g5
S 0 b sl San |y 50 Cadslis T  sanlde (SONE) cus s S5
Slealaal b Jg g8 slzdl clla § (CaSQSH,0 ) ciluly oo 85 ails ugd asile Koo
Ao G ) bt ST el gy (o |, G 2 Ol sl Sy 2
[a] ol et

a5 ol olubld pow Olidgw Joe g0 ;0 055 obew paS 0 oud ploul Clalllae jo
O8> 9 Grb )0 S S8F 15 anl oyge wSul g A Gl 4 e (S
Uil & cal ezl g0 SIS as j0 g o5 Culss gl a5 ol > dejie 0
P AOVUSE) el sad Adly sl e dejie 58 5 Jhollen s ey )l galazil
ol 48 ol las adgl Sldllae oy go je e V0 & Jleoligw LY Culid S ol
25 e 90 0yl ) mig aalllae ()l g Canl )10 593 p i (6 peRaty by jl adlae
Gt dilats s Sy 5l (Glaigad Canl Cud)lS s dogpe (S g Wil I8 I Ly
00,5l 1 JS5 Jlogai 0 o] aomti a5 G815 sy 0 0)00 oSl g3 ALn L U e

.l:n_ll P



Y o 0 S Ll Elgl lulid

K3y ) 0gS ol g8 3 ol o dey5m G 58 (e i S e Sl Y WSS
D3 ca 0330 Wit By 3l oy (blin dent 45 L £95 1l 9 9095 €%

120
1) -
L99 4

0 4

L] 1] (1] {z2r] 80
xsuens [ M 0 O W 5 0 O
O5-0831 TASNARRINNL MFV o g AMAERS .
41-1480
peS 8 obl de 5,0 odgusme Cud)li (gyl> Glematits Gl (slaiges oSUl g3y jlages 1TSS
w095 0k
bl

b sloyol g yolst (sloygls o Jooi o )5t ails LSS 1o s G o5 ol 255 5o
AT G0 slet o iy (5,5 &l (sla s Wl et S (gt 0 JSLe
O3 3 phie slaysl b slagm) 3 255 3T A 0 (09 e oske 09))
2 g 09 Sl b e slajsk Sptee esalie wsbye G5 3 St S
gn JeS5 U 5550 0 st 5l slaezeds>
il 55 S 5 IEE o e olagl sl il ) LS S e e s
2 S (I8 0j5h 5 (S Ry Dy 4 Sdla Gries ) 357 (5255 lais
Joe 398 0 oigd Al ol mlas 8 SHU LY &pe 4 it Sulla gl e s o
L5 e i 53 (ke gt o5 (gl ) (i SenlDly 555 50 slan) Euglla JSCAS



&l 55 o5 Ll YA

L 5 sl o i o el Sl adl s ogry phe 4 Koy
S5 snle slaysh b Solle ol JB5i g plasals slasilyinl 2jpe 4 5 95b e S5
Colls oSS oo )0 alyed clale a5 Sleazser o 05 Jead ;o (Wiile wad (slajol)
it slayki b pladdgls 9o a0 LM 3550 0 Sl Sulle Wigd e JoSt5
Sggn JoSiS

5 & e Sy Jowe 93 58 0k oyl Sl 095 ol ) St N Ly ;5
ot plld cus b I

K85 g Siloyd
T“'"’IJ’ IJ . ThY) JLT CJ'lI ;run 5 U'!IJ?! Sl a5 Sp ol - T5%) C.-.:’l.a.t 559> ‘J
Wgul o uﬁ'd;&i g ki ailenes ..\..i|o.)),i

&lp
[1] Kendall A. C., "Evaporites, in Facies Models: Responces to sea level
change”, edited by Walker, R. G., & James, N.P., Geological Association of
Canada, (1992) pp 375-409.

Ty ol g dallhe” upp b pba oS Gluldy vz & ludsS vz o Slins [Y]
wddd phiie W oA lah zob T B bl (gpeF Gblie 0 (gpud
Axio Y19 (ITA-)
50 o s B8 g pe g Db gF 0 G DS 3,80 v o Sl (Y]
oo YY) OIYPU) )50 o R sy (o35 0
K Sl 13 (et (5lgelS” il dallae” o] s (00l 5 oY iz p (i [F]
Oln! (b g (olidyah s (RS ey SYle degaze ¢ 00,/ (0036 0
BY e(\TY0)
Dbl (5185 Gblia o goladil Jbj)l (s syt sllS Spne” i Slins [0]
RAE

[6] Lindgern W., "Mineral Deposits", Mc Graw Hill, (1983), 883 p.
[7] Senior L.A., Slot R.A., “dsenic, borone, and fluoride in ground water in
and near diabase intrusions, Newark Basin, southeastern Pennsylvania”,
U.S. Geological Survey Scientific Investigations Report 2006-5261,

(2006),105p.

(8] Smoot J.P., Lowenstein T.K., "Depositional environments of non-marine

evaporates in Melvin, JL., ed., Evaporites, petroleum, and mineral
resources”, Elsevier, (1991) p. 190-347.

s 0 Zg.uf‘,_;ri.«{...‘: 8 o e'.'.!fl.c.{g...' J[@._.,JL(. “z 1 Lg;l....h,f g ‘_gJLa.J [a]
Olpl Wb JE g culidpsl len fpass iz SVle dsgamme D ol (oS
FY-0F o (\YAD)




No. 2, 1386/2007 Fall & Winter

Application of ETM" image in detecting alteration halos
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Abstract: The alkaline and calc-alkaline volcanic activities in Mianeh have
reactivated the hydrothermal solutions, resulting in the formation of
epithermal mineralization in the region. The mineralized zone trending NW-
SE, and has been affected by NE-SW bended and folded structures. The
precious and base metals mineralization are confined to structurally bended
zone. Landsat-7(ETM") data were used to study the alteration zones,
structural features and to discriminate the lithological units in the region. The
primary corrections were carried out on the images and the data resampled to
15m. Based on spectral pattern of minerals present in the alteration system,
such as chlorite, epidote, kaolinite, jarosite, geotite, hydrothermal alteration
zones of the area were detected using band ratio and principle component
analysis (PCA) techniques, which also well correlated with field studies. The
linear and ring structural features along with lithological units were
discriminated based on spectral features of minerals. Ultimately, the study
reveals that the application of PCA resulted in enhancement of alteration
halos. The field checks have confirmed the achievement and indicate the
western part of the area as potentially promising zone.

Keywords: Landsat-7(ETM’) image, mineral spectral pattern, hydrothermal
aiteration, lithological uniis diserimination, Mianeh region.



