G
r
"1/
| somstr cgsisis sto insz 4%
E
1o 114 Solomio APAF oY 0 sbods o) 0599 ’:/t,‘}'/;‘/,,

Jaznss awliss (DOI): 10.22044/1RAG.2015.602

9 51508 dako Gl 0 &inaS (5o s 5 3100t b Mw S 599k (SB0S1S (5ikR190 (5o
b b T390 0N 5

T gy H 50l pulillgsl 7 tomy W Lo, M Gl e 7 Slig p 3l detmo pns oo

39,0l srino ol8ails (S0 5u8555 5 Gl (e (gt 0SSl )] ol IS (ggmmiils )
39,0l siaio olKiils S0 5x8535 o Cak ¢ ydre (uadigee 00l ¢ sl =Y
ObiwJ olRiils ¢ pwiige (8 oaSlasls ¢ Lobul Y
39,0l Saino olKails (S0 5u8555 g S (yime gt 008l ¢ Lasls -F

WAE/Vo/VA tallio b pdy IYAF/+A/oF tallio cdly o

mohamadian.sarvandani@gmail.com :olslSe Jytas saiwy 5 #

ouuS Sols” 5519

>

G55 (&3loigsls 3l oolitul b Pl dilate o Jlod ool ysj Lol cus)y anlllas oyl ool Gutm
@ o) Sl ol (b3l meose GLLT g Jlsen wale Dlaye aeS Glaty, 4 S elisiSe slaosls
ol Jebou ot Qltl (Ml adlae 08 Jlod )3 Jedgn o Job 0 SoolisiSe ol A iBue
by Gl o5 wols olis alidl 9l (kb slaloges 5 pally S Lawgi 43S S5
A (Gomde logas Gros 5 Shoe Sloges 10 5 angs b sancSs b slages ;o ot Sl slaolKin|
iy o ksl slazel ¢ asid) I Sl s le slatel ass sly @l sla oy o pees rilly oS
solital S bl Bio (sl olsh e eilae g 5l A 03ld med o g By Jlad
G Sla e ol plxil osls (gangs (53luig)ly oembin (o 5 3ludoe byl )l pedas 5l ey 0l
Gl (ol oo iols i 1y €l e g (i Ghgp S Jalds o S 0o slo i3l (534 oneliisony

21> g7y adlaie ;5 L3S Gl agh 5 b il G (29>

Syl K

&9 53Lwg,ly

Jlged dadlo Olry po dieS (yh9
Bl geoie plolS
O



http://dx.doi.org/10.22044/jrag.2015.602

AP 11 Olrio deee g 31500 duiio Slad yo dioS SV g 5 31 0L 1 oy S 59l giio (5 LR01S G99 (5 3l ¢! 550D g (HIWig gw (sbosxo

3 Gt B ol gles g ol 5 il a0 VP 5 VY Cig a4 C
b5 (SKM, 2005) a0 (5 yeFouil o £l a0 Y-
Yo les b oVl o5 ol onl Sy 485 8550 slags li
olis bolr ol (Brd oy b (o sbewnd I Yl
(SKM, 2005) 1 ,.5

Gloools sume s b (Yeod) ollSes 5 oJlb
E 5D SLaxsl ol g0 o lam gl 9139 Jlo G sliguse
o Sielgysee il adlare Voo F Jlo po s sleiies |,
slodlo o wad )] (Soiglgyae Jae 285 Sl o b
dibio (Syb cpz g (Sph slaiend o Veed g YoV
O 5 Sl e 0055 Iy pshite 4 S,5l55e sla ol )
Oyge SsligtiSe awyn @S L85 Oj9e gl L
ot Dooly (Brd Cend 3 1) s pite Sy 092y w85
Jedgn o (e Slidos 18,5 )l y0 b gl (ul y0 S (e
aihio gloSine) e glo)lSle 35 (atie Cqx
Silegsly slaghy, 5l Seyp oS (pl 4 a4z b el oud Sl
99 cailaie 5| gy yedd jslateds tijlo 1) 095 o> ulre g Llse
OLalS 5 Jlyen wudte Slaye aieS Gamsd ilegs)ls G0,
ol 00l oolaiwl Wools (g5le Jow sl a5 9050

“w & ‘oﬁ “l . . " ’s'y 9 www} _Y
095 (¢ Job b (0)8 aiels ;0 Dl oleS e dilaie
(\ Jisd) Sl 00l é.‘i'j JJ_.\\))‘ UL..M:‘ B J"}‘ 0y o Gu)lﬂd
$S0F last LS5 b s 8 ol slhents
ailhie ol (SKM, 2003) wigd oo 23l Jige 0,0 ;0ClI-SO,
Bao 5l a5 wwl ez lSilldy 5l glacgame  Jolis
e Sl 5T by e ool Slillhe 351 s oo s
Voo Jolee b o] sloojlas oS cul slans g4 )
2 ghie an guyp bolen,S JUSE 1) m e eshS
crrmo st led (o B0 slaslael o adhaie I cwlidine;
2 elbbanr ol wxly Jlor o o —30 Jled 5 G0
@8 4 was 5l e cwd A S sileads glulls ddlaie
(V555055 slpsigsll 5 08 ol spe Sliges, () 5l Wil e
oozl 6hallS LS5 5l am cojuil (ST sleonsS g aojlas
L olejen KRy Sy b aauls Sl sloass o baojlas (¥
5 ldgs wojail (S5 sloslas (F g wgads slalls JSis
SKM, ) esgeads glyolls LS 51 8 slacSiadlS g,
@ b s 5 b Susls &b 5l oYl Sl 4 ax g L (2005
@b sS ey @l )3 5, (nl SlaS o0 3585 (Ko glaazly (950
& s Lg)tl}Lm Sldlase
A5l Ml ddhie 4o (Ghalehnoee and Ghadimi, 2012)

ke

doddo —)
oy Cwglie ;0 3k St ol S e @l aSl s &
ey lp I oenl Blaal il g2y 4 by
Didana, 2010; Fanaei and Oskooei, ) siiwe G ,5bgu%e
4 Yl 3gi e b Ubsy Sy Olyisar SupshisiSe b, (2011
Sy ooyl eoliuls 5o oo S ey DBLEIST 55 (glos S 5k
Wannamaker, 1997; Oskooi et al., 2005; Harinarayana )
ol (et al., 2006; Heise et al., 2008; Arnason et al., 2010
st erbline 5 (S50 laglie 5 Seal Gk 5l Gbs)
e bl ohig Cwglie o)lyo 1) Sledbl (lejly yuiie
ol uilS ;8 4 blans 3585 Goac a0l 4y azgi L .auS 0 o2l )8
Sydise Jol> os b ohg Craglie Sl 5l (o B 000 (K
w0 Juol> 0315 Cusglie a3e3 (RODErts and Craven, 2012)
Dgis ooyl s iz g (owlidi ey DleMbl 51 oolaul b
(Orange, 1989)

S 5 oS e 5o Gileg)ly oty Bl slaass o
3 eolatwl b sles Slay (ol Camal S sliguRe slrosls
wlaosls 5l (So5d els 5l (Joe (lFiee 3loogly slacs,
e |y (ol slajlisle a5 o5l cans 4 (Sonde3
B g YL e Jdo s gamgd (Lo g)ls slaby, S o0
ol 9 csaman Silepgly Glaghy) b amlie yo 5l;)l
Marti, 2006; ) sxciws G ,5lgu%e slaosls (g 5lo Jow cgx 3l
g (5ileyesly slois, ol slaes (Lee et al., 2009
dmilons | 039 Cuagliie slade (owll sla Sy &5 1ai)ls 392
deGroot-Hedlin and Constable, 1990; Smith and ) oS’

Booker, 1991; Uchida, 1993; Siripunvaraporn and
Egbert, 2000, 2007; Rodi and Mackie, 2001; Ogawa,

Sheolasl booylse 51 S o (2002; Lee et al., 2009
4 gaman byl 5l ASs el GleS oo gamge 3leg)ly
sl tzle o as el ol (gamgs (ilwygyls cus Lol 0,5l Cans
odd Jol> gamge sl os by Soza slils gaman
Wannamaker, 1984; Zhang et al., ) s caslis ¢ ilate
(2014
(lidomey  Jold Ghegn paiz VA L
2 (DC 5 TEM MT) o519 Cunglin 3 (olooriisd) «sigly,ou
wd,s Sl O il
KML, 1998; Bromley et al., 2000; EDC, 2008, 2010; )
Fanaee Kheirabad and Oskooi, 2011; Ghalehnoee and
(Ghadimi, 2012; Ghaedrahmati et al., 2013b
o adhie bl aldi 5 (BT gs Sliesd ) Goman gl
ol aw Yoo f g YooY lagle o ol oa ools las ) IS
G USS e A s glas Pl aghaie o JSlasST e
5 A 3less] slaol> sles .l ou ools Lzs C 4 B A &g



APAF Y 0yl <) 0,99 (60 9315 S 3d g 5 S B g 3 4 pid
ol oyt dleim o g, gl bt Lol Slasle
.(Fanaee Kheirabad and Oskooi, 2011)

.00.8¢

5l &l le 4 5 )ls 0429 e (idy 90 ( Sleislu cwlid ps
09 il JuS paz g b3 b S l Slasgere

48°12"

Elevation (meters)

5000

4000

3000

2000

1000

100.8¢

48°12*

UTM Northing (km)

> [7] Alluvium and Lacustrine deposit
[=3] Fan deposit

& [l Trace deposit

[ Flows Trachy-Andesite
[ Lahars Trachy-Andesite
B Domes Trachy-Andesite

[ Flows Trachy-Dacite

% @l Lahars Trachy-Dacite
Domes Trachy-Dacite

a
o Trachy-Andesitic
§|- Flows, Tuffs (Altered)

= Trachy-Andesitic
e[ Flows, Tuffs (Unaltered)

Fault
Inferred Fault

4 a Caldera
) Hot Spring
Moil Valley

MT site

A

Well Pad

734

736 738 740

UTM Easting (km)

(<)

742

746

ol ! . daw (o1 lo )5 o ddilaio 0y Jlosds (ol o ) 4l (. ardllaed jgo alibaio j0 (81,5 985 Ol i i Lo (A1) ISl
0ab00ld (LIS (Sl p g8 Elio Cuodle g iy Bg o b (SLLSST slaolsy CozBan g ol o)lods 9 55053 g5 & p0 Ceodle b (5350 510
.(Ghaedrahmati et al., 2013a) cowl

» Hy bS5 By glasg xSl 5 o - Jled b,
i3S 13 (058 = By sl

Wosls gojlom —F
23le SSMT2000 5800 5 5 oolaxwl b G ,5b50%e sloosls
O ygody ol byl sleesls 5 ol bsls,, Phoenix os
T RPN TESRY oS P iz B g ool ohg Cuglie
—ofe VY iS58 oogazme yo 5B g (5 0l oy Ceoglie dwle
9 05y Seaglie slagionie ¥ K4 50 el a8 )5 & 90 5,0 YV

'\

Wools cublo o -¥
bawgi oalzdly y o) YA Gloe 5l oSl A (fgsy ol 5o
2008, ) (EDC) Energy Development Corporation < %
SrSIE e siioe oolimul (hdgn S ok 0 (2010
T RYURLII [P W N W B LW WA ES 4 P E Y L o]
odds 4zl MTU-5A ol8iws 5l solaiwl b G, sligufe sloosls
Ghaedrahmati et al., ) <l oty plosl PhoENIX ¢S5 5 Lawgs
Ev s Ex S8l lace a8l dilge 50 oKl o 50 (2013b
Oldee @SB adlie Sy g Hy g Hx qurbliie lae oS8 adlge g0
3 Hx sl hisS 5 Ex sloog iSIl ailoads coud Hy (canbline



AP 11 Olrio deee g 31500 duiio Slad yo dioS SV g 5 31 0L 1 oy S 59l giio (5 LR01S G99 (5 3l ¢! 550D g (HIWig gw (sbosxo

S @l slejloy g s i, 5w el ol &5 sl
e iloadiosls las ¥ S o ondlS )8 o0gase Ty ol
S 20,8 aSb ) o fogam Bt b W) LUl slalsy
Gobie XY adlie oiigl 2 0 o)l callas L3 ola iogh L
) TM s b udaio YX adlie 5 (oo, (S8l o) TE w5

bl bl gmad -7
JCRPTPTINJE SWERNINVIIC N CRS STt
ol e Ss7s @ e (o050 Ban Sl SSe S LS
W sz s b @ ool v & b oSl
oliie b adlles g oo 8 1y S gbipife (slags nSeglad
a1y oW bl LWl bl e e s slaibae
sasob Loges 5 wyls  Smg8 ojlasl Sl bl ol 55T o S92
b Gl gSeal 55) ool rex b @y Wgdee w85
e Sy (SIS il g e e |y (Sl il
S92y 4 LWl g ass b o 1) ohiy Cwglie ol e
@lrlr @ Goyme (SSIJE bl o en gl e
Szl 4 4z L (Marti, 2006; Naidu, 2012) aiies L]
sladhize slojlisla loges S jsligife gy HLasT Slaal
Gl il Bl gy olad Supld e, ) saies
Sternberg et al., 2010; Moradzadeh, ) o eolatwl SlgllE
eSls g oLl 52 oy Cuaglia (Sl by, Cnl 0 (1998

le.?r.;A By Q}AALSA d....wl;u\ Ui )5l2.o LSLQO&.‘MJ‘ O)Jj C«AﬁLﬂA
@ eSle 93 oal Gle S ojlusley o] ja 0%y Cueglia

D5 oo bule Hul b YL Ceen

S 59l g0 goosld (gumgd (g5lwiyg,ly -V
Sloolaiwl L TMHTE s TE TM ae sleosls (samss (s3lwys)ls
b3 Tedie SbolS 5 Jlsen aihe Sluye aneS o,
S0y 3l Jol sladae jlimlie (B 50 4z S0l el
oolatul SG,eligie laodls ety Cy> TEHTM ve gomgs
Oskooi et al., 2007, Fanaee Kheirabad and ) s¢s e
oolp Jdo 4 TM w5l Koo (35 99250, 1L «(Oskooi, 2011
Wannamaker et ) oS o oolitwl gaman slalisle 4
al., 1984; Boerner et al., 1999; Uchida et al., 2002;
Aol 4 axg5 b gy opl ,o (Ghaedrahmati et al., 2013a
Gondn Loges dilate Glaal Ges o xbawn; sby,bsle

D5 ooy g 0dlols LaS TM te (g3lys,lg Lo cosins

\YY

(RPE JK..: Ll saiosls QLM.: Kl ¥ lovwli )lB
Ghaedrahmati et ) Cnl WL\A 6)L..:u5)‘3 6‘,: osls wﬁj
b, ST daolSi] 035 cenglia (gl e @l., 2013D
Srg slosls A2 o ol ke slo o yo | b.]l.o.ol

ol Bde g5leg)ly e ;o bl 3 5l pan

S, L Sluctol ot 9 s Cyntd —0
oo o Ll

an olpiedy (b slalisle (S0 olle, oldS 598
slalizle Ojpon dlge & b aSlit (S8l
Glrosls ay ped Dgd (GALALLY (Gumdu g (GAmgd (SIS
g b e o Gk 5l o8 cel (gatai )l Il S sliguse
) Goman b g samgd samSy ilupg)ly bjlsle ax 4
et g3lul aend laby, 5l (pam nl g odle 05 Sl
b sl oSeal b cos S sbsuKe laosls a5 anS
5 by Gyl s G jshaieay 3 L wlad SIS
s (Marti et al., 2009) ally o5 ;51 SIS bl sl auseis
29 g 58,5 Hhal o b oS ol ol eolaul a8 glaloges
ools s pund a4 45095 by SO ,eliguRe slrools ;o 59> 50
oSy glatele @lp (ol Glajlosed Agy50 Sbpse
) | 0;{‘& ny <LGJ§A ‘5‘JJ 9 alag; ZXX 4A1§.o Lg‘)" )‘.)94..1 Js.m
Zy s T b S opgenr 7 IS Gamgs la sl
Ziy 9 Ly 02 St S)LSLo 10 50l (£ a5 S
Z, L oawlio B 7 = oslail 5 oS o oy Jlisygl S5
DS
¥ 6‘).) o..\.wul?v...)l Oli;.a.a.a..).‘ A ‘W"“\J‘ﬁ @L.a \ Jj& ).)
d.."d)f O yg0 ol J..J:;u el saesls ULMQ AS“"’U)S 03gde
Ges 1 b gl lisle a5 sl oyl Sl paally o5 L
bgas 5obj 5 Slo loGas 10 5 witun Gongs Loges oS
Bzl S 3 san 0 cpl p oodle s soaman
ol Judow gl odad (slologes .l ool Laseis (Sl
Jdon (b slajloges ¥ IS8 a5 a8t Ty mally s,
ELRPVE | P S EX PR S AW LTI PR S G PR W B
2.y 5 Zo Mgl S ol oS B 40 353 e cnli
Yo Gl il d o0 5 oo i 1) goman slbo,bsl
i ) sangs sla)liBle 992y (el glalages (ui Sy
S
Sy oy wrz - Srd Jlod [Lole slaiael aszd) 5 4 sl
5 4z e plal &Sl Jdo 4l eoly aseis 8y, S



AYaF O)IN:I d 0,99 “sé,g,b' Q}:”S} ‘sb&s}‘ Qﬁd

(=) =)
station2? E ., station2T

T . E ‘IIII"E T T T
B ."i o Fo o~ -

B T F 10 {
230 - R |
£ - phaso-ay E I [— rivz-sy

il i | - phasa-yx §1“r = rhwyx
. F = : [=% L
107 107 10" w1 10t I %07 1t a0 a0 ' et e
Freqguency({Hz) F resgqugnecy(Hz )
station 08 s amtion g

=01} e E"':' o o ; ]
= A 2 o A ]
Se0 iy E: ,i"‘" d\q
3 B AN |
] - b1 "

Eaw . f— = 1
o | phase-xy E * rI1|;| X
| [ [~ uhasr:-u_ = | rthoyx
T a— I o,al 1 1 a1 R R R R
1710710 100 10 10 10 -] 1I:l 1I:I 10 m' 'II:I ‘Il:
FremuencyiHz) _ Frequency(Hz)
station2d g, atation 224
g1
N 5 /""\/
.E‘Eﬂ \ l"' » ﬁ i 1';'1‘ M
i=s L = A
E 1] - - E 0y
T |+ phase-xy = 3 FE——
+— phage-yx 2 " = rho-ya
TR RS R 2w R PR
10710 10 10 10 107 107 < 110 1 1w ' 1t oo
FromyuezrcytHe) _ FrogqumnoyHzp
slation220 g , stationid
50..‘ §1D . - - 1
' = -

e ¥ L] = 1
= [ 210 i |
0y o S

& @ 4
R i,
Ean St - £ | Sl
T l- | = phasa-gy - L [ rhe-zy

|+ phase-yx g . v rhows
0.-—1-"“-3" N i 1 a1 5 E ol D o1 .7 1
10” 107 10" m 10' 10" 10 = T (s [l T N L AR T G
FrequencyiHzj FrequencyiHz)

(&YX 9 Xy <l 53 53 YFe g TYF oA TV (slaolfonn! ol 4 YU 51 s 57 s glosdlics 0313 cuoglio b ylog0i (G ¥ JSCi
VX 9 Xy Il 53 55 YFe g VY 0eA YV (cloolfon! ol 4 YU 5l i 57 s glovdline 36 gl ,ylogas

i abgrpo pilS 58 53 (gumdm 9 (gungd L) LSLw ;5L 3D 92D madly (g 4 roliwn] J5 (olal Judow gulis ) Jguar
A3 o oyl [ gansdun (5boyLis L 51 st garssd 6l ylis Lo (5 SolgllS 1,201 3D/2D Connd

Frequency range (Hz) Site3 Site7 Sitel9 Site26 Site27 Site108 Site224 Site240
115-320 2D 3D/2D 2D 3D/2D 3D 3D 2D 3D
11.2-97 2D 3D 2D 3D 3D 3D 2D 3D
1.02-9.4 3D 3D/2D 3D 3D 3D 3D/2D 3D/2D 3D

0.107-0.088 3D/2D 3D/2D 3D 3D 3D 3D 3D 3D/2D
0.011-0.088 3D 3D 3D 3D 3D 3D 3D/2D 3D
0.0011-0.0092 3D 3D 3D 3D 3D 3D 3D 3D

b € T 3o (LIS gy V-V

Jop e Jae slaal,b o M daosls Jlopd ol jo a8 Rodi and Mackie, ) ssi oo oyl p) g0t LusSae dliuw

Sae b astee gpig giledae &b T g ool glas (2001

Rodi and Mackie, ) cul ) g0t by, opl 50 sdich i d=f(m)+e V)
(2001

\YY



AV 118 GlRio deoee g 51900 diio Dlas 0 deS G953 0L b o)W S gl giifo GLBOS1S (SR gd (5 3L IWo ¢y g (I g w koo

a5 0 lade 50,5 lag (@ Bua &b Lol )5 4wl (@l el
Saz oy s M et Joo by lp L, W(M) + oM &)le
S e anwS (search direction) s

OboLS Sl eslitul b 1SS He 0 U g gz b0 p
LSSy 50 O jlade oyl oo cavs 4y Bua a0l sadawle
35 n Arla ot sy L e S5 (s3loaraS | et
Joe O g U awwlxe 5l aa (Ghaedrahmati et al., 2013a)
«(Rodi and Mackie, 2001) a1 o Caws 4 5 & 504

Mk+1= Mk + okuk )
(<ath)
NW Frequency=128-310 Hz SE
4240
Northing
(km)
4232
739 Easting (km) 745
(]
NW Frequency=0.010-0.088Hz SE
4240
Northing
(km)
4232
739 745

Easting (km)

4240

4232

4240

4232

y(m)=(d-f(m)) v (d—fim)+Aim'LLm O
S aSeo Wl ) (Sg omple S 8V Baa gl
e Kol o) dlaz 05 e cmess Wosls Slas Gyl o
ol A ess aler o slmosls & Jae slojzall bl
dgazme Jols Slas L g ol oo (goae a5 sl (g5l pliaie
Sl Sl oy Cuoglia 51 (58,5 WY L oS sl pg3 a5y
Sgdisn Joo
b et Pl peiitns jsbay oz 8 zgo5e (Lol S by,
(Polak, 1971) 0, SV prite 5| g, (nl iS5 0 aieS |,
Gl WS o eslitul (V dobie) Gan mb 0,5 S ol
3 Sleloee 5l i3u 99 s3lwig)ly Blase 50 (g, ool 5 sl

(=]

NW Frequency=1.68-9.48Hz SE

<
o)
)

()

NW Frequency=0.001-0.01Hz gE

739 745

L Zxx

7N Zxy
Tipper strike

—  Induction arrows

(@ XV WA (W il 43 009 F 50 Judg (59 3 ool (gLoluny | p Gudaio puilool Houili (dad ola,logei :Y TS
a5 s e oo b 1y Ty adlie Ko o 10905 9 Exy adlio jo,8 ol ,loges .35y o[o) —o[ee) (5 g o/+AA=+/+) (z AIFA-V/FA
A2 o LES 1y e Jawgi 00l i LS L Slasiol ol y bas g (I o410 o (g S ol 8 (6110



APAF Y 0yl <) 0,99 (60 9315 S 3d g 5 S B g 3 4 pid
S3Lws9)ly ablio 4l —A
L slodalin glaools il ablie 4l G )ligule g, o
Gools ablis as s o plas 1) Jaw 3l Jol> slaguly
Silegsly 3l ol Joe slaguly 5 slosalive 58 5 059 Cuoglie
Slrooly s 5zl OIS el sadosls Las & S 0 TM we
U:Jﬁ) 9o B FLg L)"‘ )i.iLu ™ o JM le.ﬁ@wb 9 6‘0.\.@[.».».0
5o adlosls plol gloanlice gloosls L1y oo (55l (o5kw iyl
9 6‘0\.\.@L-o )13 9 0)49 WBLM LSLO:OO‘O LY Jay).c é.loLO.A LW
Gloguly ablie 4l o ool LS TEw o Jowo slagkul
a5 Cewl opl by aS wcils 0429 slodmline slrools 5 Jow
ool Glosslin glaosls 4 Bway TE s o Jow slagkuly
A8 e o

S 09)ly LSyl -4
oy Cwglie adlaie aw ¥ F) JS& 85 Sl s L
oS Sl ol Sl 9090 (nl 5 Glepal Yool i) w)ls (9L
ol S5 13 gle S ey slaciled 3l cos Y ol
3l asle aihte ;a,U3e8 glacKin 3 56 Wlgi o polie aY
s Py S D jgody 9wl Cyjuil (Sl sleejlas
O YYE 5 Ve laolins! o (650 Voot Bos 40 0gd
P VA g VP leelliwl g Jdgn (S0 e Cend
Ol ohg Ceglie b oedgazme 93 (fdyn (2)f Jlod Cuend
3 Gt o 3l 00gume 90l sl VIS 4 a5 090 o o line
Goe U g Sgdoo Jate o & (0 gl 4 S (5550 YO -
QlgS oo 05 ohg Cwglie b oogaze (pl a5y alol (5,0e FO--
0979 by 2l laphz g 0SS dibie Sl (AU
Oy Olse @ e 1) Jlegl al il (Sai sladslns
S 3 o Yaisl Jlogil ol V S 28,5 L 4 dilaie
YOl G Boe po Jdon 5 0 eVl g gl oYL
4 09d o0 oonline (Guopal Vo 3l 2eS) Lle, Lo AYSS 650
ol 9975 ol b el s dilaie £l meto Y oyl sy oo
Sass; o 45wl SVl § 56 Wig e Geas sUlu, 4Y
adbie GloJuS (58,5 L5 o b ailes S 39 ol (SunSl (g1l
Sl o KieSs cl 5o SVl 395 9 Y (ol (2Ule) e BLS)

Py s

Lolgiian 9 (5 i -
Sy duhio Sl po aieS b, S5l plate )l (0,8 las jo
Lolpy S Joo b pe zooje LolS Bgy 5l e
12,5 Sl ) calie (e plate il Olon oS So2inr
&, colbs MT2DInvMatlab oS &Sl & a9 b Jb= ool b

eI 4 e nar Glahy, 995 e sleiday )ls

YO

e, sl ol 5ol 1SS 0l 00isS jasiie K ool
ey S¥oleo s JulS S 5 ol (o ilo S apalos
JHFles b Ghey crl 5o ool giluig)ly wed oo Sl
Caoglie sloools (lgi co (g, cpl 4o ax 8T .0 plest WINGlink
3 oy Saglie sloosls Ladd Lol 055" g3luisg)ly 1) s 5 5 ol
el VOXYY gon e bSsh sl wins slugysls 56
A 43,8 bl s e deyo O B g ohg Cuglie lrosls (gl
AOYAY (e, $B) o a8 S Ojg0 Sldlas L il
Colgs j0 g ol gwyp (V0 B 5D (g5l plate calizee slo yial)by
Joe s s s s gle sl Ul glssa Tosae
o 03ls Lid ¥ USs 10 TM aw (el gy ol 5l oowlcamsay
Joe slaguly 5 sloanliv sbaosls (s RMS 35l pas o
el oy dy b oS cogs YIVY
Slga® udo Olay yo digeS’ 309, - V-V
deGroot-) wl e cuws & (F) alaly 51 3y, ool Goa &b

Hedlin and Constable, 1990; Ghaedrahmati et al.,
(2013a

w(m) = (M-m)) 'L(m-mo) + 17
{(@=f(m)"'V(d - f(m) ")}

Sae (b3l pos X2 g ol adgl Jao ;S5ko Mo &6 0l 5o

45 ye oy 5l eolaul b T (g5, ol aShllam 050 0 Cgue
iyl 5l eolitul b Bas 2l (59,5 aneS il (a5l ol
Rodi and Mackie, 2001; ) 5,5 o Ojgo ofge (wslS

"

36,0 s S e (Ghaedrahmati et al., 2013a
39 oo ol> e 50,5 o sl (o o¥olee
Mia=[AL+ (V30| IV

[d —f(mi) + J(my— mo)]"‘ Mo

®

phite bl Gosy cnl 9 el STy G yile I (T 5o oS
5o osls (g5luygyly ool Cull (g5le (yg)ls ainld Jobo yo (g5l
(Lee etal., 2009) MT2DInvMatlab o5 3l eolacul b og, oy
S3legnly 5B 5 oy Sueglie slaosls by, cal 50285 )90
Sloools (gl .ol VOXYY o e S sl olass .aigd o
Ol ad i8S Gl 0 g we s Bl g oy Caegli
S (Yietal, 2003) ACB vu,6X0! conlin (55l plaie sl )
e A pioosdl ol yo ol s
Menke, 1989; ) sgi co futs (5 0l (s Judos b 5 09 o
5 4eS ACB 551 50 (Yi et al., 2003; Lee et al., 2009
2 by o aien Amax 3 Amin Sile plhite el )b 4t
4 Amax 9 Amin «Srehl (ols Jolow polul p aigd co Gt
el Cowd 4 FRMS 35l pae o Ol Ve g Y s 3



AP e—1] Olio (.. g 31900 duo Olay yo AinoS U g 5 3 0Ok b (W S 5 oligiiio GLB0S1S (Guigd (5 Jlwdue ¢yl s 10D g (SiIWig gw (sleso

Losre @bkl TM s gilops)ly 5l Jolo @l a2
O 0 AT Sppe Gaman Silegs)ls
= 8,8 ki s L (Ghaedrahmati et al., 2013b)
s B olr 3,5 oz o waz olr U 3500 Sleiag sl e

Dl o ¥ ol Jlg> o

Cols

Ohgy e Nigd Jlael (3l it el e sl ACB
Gl 00 s s ol L] JS095 g0l ao U Ol pe aieS
Cend Gah ke (pl 9 9985 000 B USE p0 omlie gt b oS
Dgid SSE 9> 4 ofg Ceoglie M| A el odd o
Sy Joe sl el slagaly g slodalin slaosls o (o35
odle sl Cews @ geel, TMHTE 3 TE ws g0 4 Cod TM

NW (<) SE
Ohm.m

300
193
125
80
_ 52
E 33
s 22
s 14
2 9
a 6
4
2
2
1

NW (=) SE

Distance(km) Iogm(Q-m)
_5‘ 0O 1 2 3 4 5 6 7 8 9 10

Depth(Km)

—
_—_—
—_—
_—
]
=
—
e
=
e
===
===
[

=
=y
[==4
==

3 ool b (0 ohas pl 3070 ol,E (b 3 ooliiul b (AN TM o 6 5 039 caagliio Grosls g iluygyls 31 ol Jue :F JSCi

-slged dudlo Wlas po diceoS (g5

_NW SE NW SE

> >

g 2000 4000 6000 __8000!°93o(>M) 2 2000 4000 000 _ 8ooo de9ree

: o 3 2 2t 80

g g

@ 0 2 w 0 60

e = o

5’ -2 18 go

(1o nLiia 0 5y g Cuaglia sloaalina &

- og Q-m);

3 2000 4000 6000 8000 1ol g 4000 6000 8000 deg’ee

8 2 3 B \| M s0
o 60

g o 2 & 40

B o 20

=3 [=2d

g -2 1 3

-l

gkaﬁ T3 ) Koy '-\-JU‘SE

0 2000 4000 6000

Distance (m)
Jsad Aba Slag ja AdsaS 0539 Cuaglia

Logm(Frequency)

8000 log1 (Q-m)

3

2

-

Logm(Freq uency)

Distance (m)

A e Cla o 4ipeS i

Gl o deoS g sl Z 9030 (3L, (slovdlice Cud y s ol 4 YU 5109 Cuoglin Gdosls 4y bay po ablin 4l 1 Caouw 10 SO
e o i 3 ol 73550 OUSLS wlotbLine o & cerl VU 51515 slaools & sy bl ands sty Can yfpa i

\Y#

)‘9&&



AYAF Y 0 5ladi ¢ 699 6599315 S pdgi) Slositng 51 41 i

Geothermal Area, Iran, Indian Journal of

Geosciences, 66, 39-48.

Harinarayana, T., Abdul Azeez, K.K., Murthy, D.N.,
Veeraswamy, K., Eknath Rao, S.P., Manoj, C. and

Naganjaneyulu, K., 2006, Exploration of
geothermal structure in Puga geothermal field,
Ladakh Himalayas, India by magnetotelluric
studies, Journal of Applied Geophysics, 58, 280-
295.

Heise, W., Caldwell, T.G., Bibby, H.M. and Bannister,
S.C., 2008, Three-dimensional modelling of
magnetotelluric  data from the Rotokawa
geothermalfield, Taupo Volcanic Zone, New
Zealand, Geophysical Journal International, 173,
740-750.

KML, 1998, Sabalan geothermal project, stage 1-
surface exploration, final exploration report, report
number,  2505- RPT-GE-003, Renewable
EnergyOrganization of Iran and Kingston Morrison
Limited Co., 83 P.

Lee, S.K., Kim, H.J,, Song, Y. and Lee, C., 2009,
MT2DInvMatlab-A program in MATLAB and
FORTRAN for two-dimensional magnetotelluric
inversion, Comput Geosci, 35, 1722-1735.

Marti, A., 2006, Ph.D. Thesis, A Magnetotelluric
Investigation of Geoelecttrical Dimensionality and
Study of The Central Betic Crustal Structure,
University of Barcelona.

Marti, A., Queralt, P.A.G. and Ledo, J., 2009.
WALDIM: A code for the dimensionality analysis
of magnetotelluric data using the rotational
invariants of the magnetotelluric tensor, Computers
& Geosciences 35, 2295-2303.

Menke, W., 1989, Geophysical Data Analysis Discrete
Inverse theory, revised ed.Academic Press Inc, San

Diego, CA, 289 P.

Moradzadeh, A., 1998, Ph.D Thesis, Electrical imaging
of the Adelide geosyncline using Magnetotelluric
(MT), Flinders University of south Australia, 334
P.

Naidu, G.D., 2012. Deep Crustal Structure of the Son-
Narmada-Tapti Lineament, Central India. Berlin,
Springer, 13-35.

Ogawa, Y., 2002, On two-dimensional modeling of
Magnetotelluric field data, Surv Geophys, 23, 251-
273.

Orange, A.S., 1989, magnetotelluric exploration for
hydrocarbons, Proceedings of the Institute of
Electrical and Electronics Engineers, 77, 287-317.

Oskooi, B., Pedersen, L.B., Smirnov, M., Arnason, K.,
Eysteinsson, H. and Manzella, A., 2005, The deep

\YY

&b -1

G3ugd il Jae AYAY (o 09l 9 .8 (0w S (s
el 233 50 T oS 5 SO elignSe slacsls
TY-Yo OF o) pole dolilad 0l 1. Siin dlain

e @il phae yiebl age eedS ATAY o) (e, W6

«SosligiSe glaosls gamans g 90 (53l esSae g

Sy 9 S dae (gwdige 0uSAls 655
25,0l Jais oKidls

Arnason, K., Eysteinsson, H. and Hersir, G.P., 2010,
Joint 1D inversion of TEM and MT data and 3D
inversion of MT data in the Hengill area, SW
Iceland, Geothermics 39, 13-34.

Boerner, D.E., Kurtz, R.D., Craven, J.A., Ross, G.M.,
Jones, F.W. and Davis, W.J., 1999, Electrical
conductivity in the Precambrian lithosphere of
western Canada, Science, 283, 668-670.

Bromley, C.J., Khosrawi, K. and Talebi, B., 2000,
Geophysical exploration of the Sabalan geothermal
prospects in Iran, Proceedings, World Geothermal
Congress 2000, 1009-1014.

Degroot-Hedlin, C. and Constable, S., 1990, Occam's
inversion to generate smooth, two-dimensional
models from magnetotelluric data, Geophysics, 55,
1613-1624.

Didana, Y.L., 2010, Master Thesis, Multidimensional
inversion of MT data from Krysuvic High
Temperature Geothermal Field, SW-Iceland, and
study of how 1D and 2D inversion can reproduce a
given 2D/3D resistivity structure using synthetic
MT data, University of Iceland.

EDC (Energy Development Corporation), 2008, 2007
MT survey of NW Sabalan geothermal project,
NW Iran, Report submitted to SUNA. (19 P).

EDC (Energy Development Corporation), 2010, 2009
MT survey of NW Sabalan geothermal project,
NW Iran, Report submitted to SUNA. (13 P).

Fanaee Kheirabad, G.A. and Oskooi, B., 2011,
Magnetotelluric interpretation of the Sabalan
geothermal field in the northwest of Iran, Journal
of the Earth and Space Physics, 37, 1-11.

Ghaedrahmati, R., Moradzadeh, A., Fathianpour, N. and
Lee, S., 2013, Investigation 2D MT inversion
codes using real field data, Arab J Geosci, 7, 1-16.

Ghaedrahmati, R., Moradzadeh, A., Fathianpour, N.,
Lee, S. and Porkhial, S., 2013, 3D inversion of MT
data from the sabalan geothermal field, Ardabil,
Iran. Journal of Applied Geophysics, 93, 12-24.

Ghalehnoee, M.H. and Ghadimi, F., 2012,
Magnetotelluric  sounding in the Sabalan



AP 11 Olrio deee g 31500 duiio Slad yo dioS SV g 5 31 0L 1 oy S 59l giio (5 LR01S G99 (5 3l ¢! 550D g (HIWig gw (sbosxo

Sternberg, B.K., Buller, P.L. and Kisabeth, J.L., 1982,
Electrical methods for hydrocarbon exploration II.
Magnetotelluric method. Unconventional methods
in exploration for petroleum and natural gas IlI,
202-230. Dallas.

Talebi, B., Khosrawi, K. and Ussher, G.H., 2005,
Review of resistivity surveys from the NW Sabalan
geothermalfield, Iran, World Geothermal Congress,
Antalya, Turkey.

Uchida, T., 1993, Smooth 2-D inversion for
magnetotelluric data based on statistical criterion
ABIC, J Geomag Geoelectr, 45, 841-858.

Uchida, T., Lee, T.J., Honda, M. and Andan, A., 2002,
2-D and 3-D interpretation of Magnetotelluric data

in the Bajawa geothermal field, central Flores,
Indonesia, Bull Geol Surv Japan, 53, 265-283.

Wannamaker, P.E., Ward, S.H. and Hohmann, G.W,
1984, Magnetotelluric  responses of three-
dimensional bodies in layered earth, Geophysics,
49, 1517-1533.

Wannamaker, P.E., 1997, Tensor CSAMT survey over
the sulphur springs thermal area, Valles Caldera,

New Mexico, U.S.A., Part Il. Implications for
CSAMT methodology, Geophysics, 62, 466-476.

Yi, M-J., Kim, J-H. and Chung, S-H., 2003, Enhancing
the resolving power of leastsquares inversion with
active constraint balancing, Geophysics, 68, 931-
941.

Zhang, K., Wei, W., Lu, Q., Dong, H. and Li, Y., 2014,
Theoretical assessment of 3D magnetotelluric
method for oil and gas exploration, Synthetic
examples, Journal of Applied Geophysics, 106, 23-
36.

YA

geothermal structure of the Mid-Atlantic Ridge
deduced from MT data in SW Iceland, Physics of
the Earth and Planetary Interiors, 150, 183-195.

Oskooi, B. and Kermanshahi, .M., 2007, 1D and 2D
Inversion of the Magnetotelluric Data for Brine
Bearing Structures Investigation, Kolloquium

Elektromagnetische Tiefenforschung, Hotel
Maxi¢ky, Décin, Czech Republic, 291-301.
Polak, E., 1971, Computational methods in

optimization, A unified approach, Academic Press.

Roberts, B. and Craven, J., 2012, Results of a
Magnetotelluric Survey in Churchill, Manitoba,
GEM Energy, Hudson Bay, Geological Survey of
Canada, Open File 7151.

Rodi, W.L. and Mackie, R.L., 2001, Nonlinear
conjugate  gradients  algorithm  for  2-D
magnetotelluric inversion, Geophys, 66, 174-187.

Siripunvaraporn, W. and Egbert, G., 2000, An efficient
data-sub space inversion method for 2-D
magnetotelluric data, Geophysics, 65, 791-803.

Siripunvaraporn, W. and Egbert, G., 2007, Data space
conjugate gradient inversion  for 2-D
magnetotelluric data, Geophys J Int, 170, 986-994.

SKM (Sinclair Knight Merz), 2003, Northwest Sabalan
geothermal project, MT survey reanalysis. Report
submitted to SUNA. (12 P).

SKM (Sinclair Knight Merz), 2005, Resource review of
the Northwest Sabalan geothermal project. Report
submitted to SUNA. (61 P).

Smith, J.T. and Booker, J.R., 1991, Rapid relaxation
inversion of two- and three dimensional
magnetotelluric data, J Geophys Res, 96, 3905-
3922.



JOURNAL oF RESEARCH ON APPLIED GEOPHYSICS

(JRAG)
2016,VoL 1,No?2 3
Shahrood University of Technology (DO I) 1022044/JRAG2015602 " Goopmymem 500

2-D Modeling of Sabalan Magnetotelluric Data using Nonlinear Conjugate Gradient and
Smoothness-Constrained Least Square Methods

Mohamadhasan Mohamadian Sarvandani®®, Ali Nejati, Kalateh?, Reza Ghaedrahmati® and Abolghasem Kamkar-Rouhani®

1- M.Sc. Student, School of Mining, Petroleum and Geophysics, Shahrood University of Technology, Shahrood, Iran
2- Assistant Professor, School of Mining, Petroleum and Geophysics, Shahrood University of Technology, Shahrood, Iran
3- Assistant Professor, Faculty of Engineering, Lorestan University, Lorestan, Iran
4- Associate Professor, School of Mining, Petroleum and Geophysics, Shahrood University of Technology, Shahrood, Iran

Received: 28 October 2015; Accepted: 8 January 2016

Corresponding author: mohamadian.sarvandani@gmail.com

Keywords Extended Abstract

Magnetotelluric Summary

2-D inversion The main objective of this research work is to investigate the subsurface
Smoothness-constrained least structures in Sabalan geothermal field using two-dimensional (2-D) nonlinear
square method conjugate gradient and smoothness-constrained least square inversion methods
Nonlinear conjugate gradient of magnetotelluric (MT) data. To achieve the goal, 8 MT sites in the Sabalan
method area have been selected along one profile. Dimensionality analysis using the
Sabalan WALDIM code and impedance polar diagrams indicated that the subsurface

structures of the selected sites are One-dimensional (1-D) or 2-D at shallow
depths, whereas they are mainly three-dimensional (3-D) at middle and lower depths. Tipper and induction arrows have
been used to determine the geoelectrical strike. As a result, NE-SW direction has been identified as the major strike
direction of subsurface structures in the area. Spatial averaging method has also been used to remove the galvanic
distortions. After setting up the modeling parameters and appropriate mesh design, 2-D inversion of the MT data has
been performed using nonlinear conjugate gradient and smoothness-constrained least square methods. The obtained 2-D
models have illustrated very well the geothermal structures including cap rock, reservoir and the heat source. Moreover,
there is a close correspondence between these models and past investigations in the area.

Introduction

The Sabalan geothermal field is located on the western slopes of Sabalan mountain in the Moil valley in Ardabil
province. Warm and hot springs w are found within the Moil valley in the area. The four major units, originally
identified and used for the original geologic study and mapping at northwest of Sabalan, are in order of increasing age:
Quaternary alluvium, fan and terrace deposits; Pleistocene post-caldera tracheyandesite flows, domes and lahars;
Pleistocene syn-caldera tracheydacitic to tracheyandesitic domes, flows and lahars; Pleistocene pre-caldera
tracheyandesitic lavas, tuffs and pyroclastics. Fractures and faults can play an important role in geothermal fields, as
fluid mostly flows through them in the source rocks. Structural study confirms two major types of structural setting: a
set of linear faults and several ring-faults. Sabalan area has been under studies including geology, hydrology,
geochemistry and resistivity survey since 1998. Three deep exploratory wells were consequently drilled from 2002 to
2004 within the moil valley. Measured temperature at wells drilled in the area varies between 160 to 250°C. In 2006, a
hydrological model of the region has been proposed. In 2007 and 2009, considering the proposed hydrological model,
MT survey was conducted to determine the possible center of the geothermal system and identify the drilling targets. In
this research work, the subsurface structures in Sabalan geothermal field is investigated using 2-D nonlinear conjugate
gradient and smoothness-constrained least square inversion methods of the acquired MT data from 8 MT sites in the
area. Based on the inversion results, the geoelectrical model or specifications of subsurface structures in the area will be
estimated.

Methodology and Approaches

To investigate the subsurface structures in the Sabalan area using 2-D nonlinear conjugate gradient and smoothness-
constrained least square inversion methods of MT data, 8 MT sites were selected from 78 MT sites measured in 2007
and 2009 MT survey, and then, the MT data of these 8 sites were used in the inversion process. The survey utilized a
Phoenix MTU-5A data acquisition system, which is a standard five-channel system recording both two electric and
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three magnetic field components. The raw time series data were processed using SSMT2000 software. The processed
data were then used to obtain the impedance tensors from which the apparent resistivity and phase data in a frequency
range of 0.0011-320 Hz were calculated. WALDIM code and Polar diagrams were used for dimensionality analysis of
MT data. Static shift correction based on the similarity between the MT curves of adjacent sites was utilized to remove
the effects of galvanic distortions. After dimensionality analysis and static shift correction, and then, setting up the
modeling parameters and appropriate mesh design, we performed 2-D inversion of the MT data by employing nonlinear
conjugate gradient and smoothness-constrained least square methods in MT2InvMatlab code and WinGLink software.
Because the fitting of the transverse magnetic (TM) mode data in the 2-D inversion can be more easily achieved even
for a 3-D structure, often the TM mode data is only used for 2-D inversion of MT data in geothermal fields. Therefore,
we have only shown the inversion results of TM mode data and interpretation has also made for the obtained model of
the TM mode data.

Results and Conclusions

As a result of the inversion of the MT data, 2-D models of subsurface geoelectrical structures have been obtained, and
consequently, the cap rock, reservoir and heat source of Sabalan geothermal field have been identified. Moreover, the
ACB algorithm introduced by Yi et al. (2003) has been used to stabilize the inversion process and provide a high-
resolution optimal earth model in the MT2InvMatlab code. Constructing the forward and inversion mesh in the
MT2InvMatlab code is also made automatically.




