[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

oLy WAV Oliss £ 5t ondjlas Mor ulige olid o & 2

Saa L GPR slacals 49,19 9 90k siludse
(bt § 9 by )y 9 yls
Olyssjle o gsale Jlada i(ga 9o dadllas

s5oald iais sl f gl g 5,68 anldll ol 7 gysant Gl
Syl s s&ails fguaal Ls

AV ENA il 407+ 0/Y 25l s i

s LS~

S L e i el (S5 55 a5 (GPR) (e & 358 I3l s

osbay eblise g S el Gl s G Oas Slad e oSl B S
2 b elitel bdlesy s 5 s S gbaeY Culis Slull 6l e S
5 Sy 53 38 Baa L GPR lassls 05015 5 )t ledie ol tays
Gl il 5 late (1l o ol (O 3le 0 S phe Biia 3 mbBOMBA 5
Jols g0 GPR aly Ly i (glal, cdl b blas s see Jlo GPR
e 3 S 8| (Gl e A (S3leand (Siniss (FDTD) Oles 655 2 5ums
o3lital ((gludng At S I L Ol @3ledde i, 5l s GPR glacils
sl lisy 3l S gdee GPR bl sbeesls wglae Llg o)l cusll as
b I Ll aomaas dile Cilime 350 e Jlesl b cadlais ol 53 s
Sheslizal bl gbesls (g55 J1S555 memal 5 TR ooxle Ao Jlesl oo
Gl Ol sz bl SRass nl s Sl 0l (53Lueslel Reflexw sl 5
Ol L Blze ol W5 o 5ns Jle GPR &l L GPR a3l slaasls (b, il

J..Sg;c.kii.v Iy US(,_L; dl:ﬂbg&ﬂd.»)}g.\..l Cl:u‘ ﬁbﬁ)ﬁmﬁdmﬁ

Oldiske o S oo Jlamsy (bl 5 5 5 S 5 (GPR) a4 (6358 sl 1S slaosly
Osls iled e (ot g3leds

aahmadpour_madan@yah00.com  J stus sdies 55°


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

AYQY Olins £ 5ot ua3lsn Aor o puocige slidoppns & 0 08t
PRV

IS S sl 5 oS5 b (S a3 S Lnes 5L plres 5 Lad ey
53 G slasihy oes adlnsy il pese S > w0 sps 035 U Cou 5 s
Ol ol 3 o8 s OT a5l ase SObla b e pldl s ks Sz s b S
SloSa il ol S5 508 4 b 5oLy Gy By oS b e syl b -
gl S kB a0 Koo Solea 5o S Jlaiy 058 6t AVl G Sl i
Jlnse LS5 Ol sl OF s 5 opd ldie 5 i b VL 50L Slde &S pe
sbao e 0o s Vb bl s bdlsy 1SS Gl o3 Ll cpl by asls 5 s
D]l a3 VL sl o

s g 5l ey S L Ol Gles S bl s & oladlesy
g5 o) 3 55 Olnl b ladloy s e sl (sl L sl il e
23 15n 5 Ol Sl (sl S sl Lt Olsisar lons b (T gladlnsny [Y] dites
2 e 2l e e 515 018 55 8 ol sl ol SLaOIS (il OUILL b
LET YT L) 0 sladias Cde oUsS 5 e idy Sloy (slae 53

Olgeas Ll o O WVl Olais oy 5 Shen S Gadlase 5 G, Culbhs
Lr:”’t hol mle Sl badls 155 Al Ot sk slatass )3 e bl
Ol e s Sl o ol O 4z 5 BB 4G dims 2s il b s T oS
S glassy St S5 Ol 03 0] Cl G Calis pana analy Oler
03 P e e e ;.j sba=l s 5 badais O S Sl LSS ls ij oL =~
S A 3 sES O mbe 5l e3b3 d s cpl b Lls 13 S0 50l slaes
S e I Bk S a8 el b sl D s e, o
ol el ok DTG (5 i Rl g b g B s St 5 e
Sl 03 sdoe 5 Sl men 5 et Ol mle 4 s 0535 S 4 s L

L :Q)Q)JBL}@ﬂ‘wﬁrs‘uWﬂpduwj))\an\ ‘C,JL:-:.E U-ﬁ))uiﬁw


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

0¢0 wt,:olx_,c‘?}@)dj Lo 3,8 s L GPR (glassls 05,15 5 o % ilwde

Culies Sk pl poedle . s, sl o Bl e e s pluli
IVT a3 o ) o3 0 2 8 36 855 age oDl ilsen OULL b 55 oy
St G5y (e byie bt 5 sk Gl e blase 45000 o

el S e b e RO (S S5 slat St s (GOl) i
5 s Sy e e LT 5 m s B Calbis G5 e sk
Liles sy 0SUS slais, Ol il b s g S glubis
AT el o eslital i abline 5 SO Sl 05 g slie (i 1S (5,005 )
Slp g ol 035 Blid s (GPR) (s 4 s358 Il (35, Ol cnl s Ll V0]
bl 5 &5 S gboltle sy n Gl cmle A5 blae s S sl
VUSKE) olsr Spsmn GPR glaesls il 5l g pslas VK 55 ] e Ol

e bdOlut 5 s S s 3 Sras opl 28 Sua () S s 5 (A

sl ol 63l QLZ.J

o) 9 (AN glgn &jygoa by cudls 3l Jle 81,1 L GPR W&Lu N U
& Srs0 (@)

1A Jmﬁéudgo‘q&uu)jb@GPRu;j,&\,ts%uyuﬁjk BY

Lgl.éa.:‘) &)JU 9 j)gfi:.; é)LAJJ.A cj.,pl:- u;*"‘)}:' )‘ hda Jﬂ&}.} CJ)LJ«AJ ol 0l 021

Sl ol o dd o @315 3 ladlnsy a5 O 6,5 54 Ol w2 5 GPR


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

AYQY Olins £ 5ot ua3lsn Aor o puocige slidoppns & 0 0¢7\

Slaesls alie Sl &S ey 51 Jde sll 5 GPR (glacils ;i (oo 5 o el
Lyl 53 3 ealizad Oasls 5 soAe oledde o) 31 Al axdls ol (5 S50l
O3l o Sele oy o DS 55 5 5 5 B Y Culs GPR 5y Sl eslizal L
Sl ol 298 (535 sla s 5 sl gla S5l Jlesl
G Ly 9 0
Sl Sas Cal 5,8 by oo 5 ke Gl S5 sl S, Ole 53 GPR i,
Sl bdOlui 5 5 5 G ke 5o e Sl psle 5 el laaie; S SOk 12
w o Gy 3 YL S8 3 blise s S glsel Sheslamal sl ol 5 )8
DN 338 e 3LV E Jl & OWIT 55 | jedsn (S 510l o Slel 2l 5 ey
el Conlied Cpend S il 53 O el Aheou 52 14Y4 Ul 53 GPR il 1 et
ladbmse ooz Sl 03,58 sba Soa, onl 63%e 1A Jla 51[\WV] A a3 S S
St S5 5 e b (S5l Sl eslinad b ejs el [V] el 0l eslizal
5 DAY 3580 3Ll e Oler cilse L 55 slo)l 5 Sl S sladlesy
ladbese sz s axdlae ) s GPR iy, 5l eslizal Slidss 5 65,8 slaiass [14]
S3heslital 4 Ol 5 o Ol dax 31 a8 ol ot 3158 (g3daze Vs Bl o3 Sy s
5 Y Gas @3N L8] a5 o 3 s adlasy 1k s Gl s 0!
S S 3l 53 5 ol it e G bt S Gl S Gy S5
Ll s ot 5 g Gl (s Y] Wles S ) a5l ol (55l
Y0] G Sss S ) p 5 S meS s O3] 2 ki 4 [YEYV] s
Glacils » ol Lol GPR L 5 [1] ladlesn s ol g5l KT 5 [YA]
ol e 1 aS s iy b S Obes De 53 ) S (o~ Ll e 55 GPR s

(e Ol & Sl G S L S Slbmis 5355 slaciils 4 Ol5 o s iass

1, Hulsmeyer
2. Stern


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

oiv JALWQUWG B) @ PR Sy S (W NV GPR slesls Ol 5 55 A Solwde

S eis et o 51 Sl S sladlanse Colies Sl kS sy  [FYH[YA] 5 S oL
U 5 b iy gy Catlind oand 5 o3 85 00 S 1 s 5 alen 5 O
e w53 1y Sl 50 [YO] 0L 5 ) [TE] cnl sl el Yovo dl o
Sl s lesls plowil U b dad ol pdl a3 Uy gy Calsiess (6 S 310
Aas o QLIS ) ol gy p &l el 3 Uys o iy Sl sla oSaal gl
Sleld )l s Wlaws ok sladlaeiy 51 S0l Sl o) 5 5 Sl o shaten
il 03 el ks pll GPR agsa U3 5 50 s @l Ll K, &6 51 23l VL
Yoro 5 Yol ladle s oS 1 aikie cpl 5ledd (g Sesluil GPR (slaesls ¢ iass
@ Llos S oS5 o b 1) sl ool oz 5 Y 50 (680 S5 L S
Vo Cals 4 Jdime gl gl L ples i Jly Ll 1S o o3l 0L gl
Dsbar 4 dms e LS 0T Lol 5 a2 ol o VAY Calies Shas b3 i 5
eSSy e gl ke S gladlsy 53 GPR 2y, (6,5 )54 Jsene
Sadbsy Culhs 51 gwyy el 4 e LS e e & Jlizs & 3l

GPR sy Sesd 5 s A8 Sls
T Pk s oLl Gl &S Cd o S5 S GPR )
o5l lwsa GPR olKaus Wye 502 sl JES [YV] A4S o Jos bl s I
Hpd e Jame e 53 935 S b zlsel e a3l B e D03 4 e b
orilnl i Bl S e 0y UL e b a3 S el pl S oK
Gl [FA] A sal i U3 o 51 ol 51 tend dla o ol 53 blino s S
Oley blis 3 ccadad 5 awals LIB 55 olSius 3 ites ok, S 5l Alwsws GPR L 5o

Sl culs 5 slaesls Jaulad A:leclaiaa\egrﬁ): .:fi‘jacﬁtjcy RA VPGS

1. Rikha Samba


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oty § 5lad (on3iles dor (mdign il e & 523 0¢A

0 S L L3 e b 51z se L) Sles Hols (036 somn 0T 3 45 ol Gl ol
Kyl LS Ges a4 Lol pl LU dasli g,y S Camdse und gl s e OLLS |
okl Gl st LS ‘M>&W‘)&9OTHGJW5@M%@J;M@%
gt ol g Adlaie b 5 LAl L 3 2 se e s B C)"Y

S o IS bme S 5o ) Gebline s S 2l S, a8 pla bl o S
S St sl s (eblite sl 5 (S (Sl (S S g, 38
€50 Slp oo (ol LS e ok O58 Slacas JSl IS 055 <ob 54 GPR
[ra] s)ls G5 o St

2> S S bl s S el GBSl 5 o opl o Al 51 26T
) S S b laes S el CUSL 5 sy STl BPR laesls s
bl s S el Sk o 50 a8 S a3 (53 5e8 D) son (b lites S
By 5 D) pod
=2 ™)

Z,+Z4
sy 5 Sl G0 b gy ablisey I gl el Zo 5 Z) aal,y 4o aS
3y ey (1)
ou

L=—""—15 (x)

T (02ep+iops)1/2

Sl 03 S Slss S5 L IYAT ol Sasley 6 51 = V=1 dal,y opl s oS
w5 S 53 (1) ot ldal Sllie VU bliie 0515 L slse L s 5 oS
Py
2= [ )

1S S A3l a3l 3 gy bl U5 o5le 8 ULy Slaal S lalase o
BAREAN SN S Slss 23,08 pi 0 GPR (g, 3 Cilaal Sl T 4 e
ol B sled L el o KUl 20,08 4 s e St | S
blie 53 Jass 53 OF Ols 50 A3l 5t James 53 o conS nl 05 a2 s o


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

0¢84 JALWQUWG e Gy a3 5,8 sl GPR slaesls o3,05 5 o Siledde

Gl s S Slgs 23,08 51 b a8 sl Jisled (8) &g Ol s | & Lk
LeV]
(&)

C C
Ve = — = —
T e Ve
Sl 53 plply Sl (G0 5 2o e ) SO 3 8 e € el l s

R_\/E_\/E,VVZ_Vl (O)

T Ve tVezr | VatVy
S el S pie Juad B b 53 3 eblises 5SUl 2lgel e V2 5 VL ol 53 as
el 0T (6 p S 55 5358 Goo (b 55 Sty oled 3 e sla)sSU
S3A Sl A e S 361 b o iy bl S el 356 Ges
35 gt pblitio s S 50 Canas [1] 5,5 oo 015 i se skias U Jasms Al ses
yd e IS e st JUml Jase SaSle) 5 pblins SN 250 S5 el
P St i bl S ge o (Sl 5 I8 I L Sl S
BV 3,8 Gos w0 5,8 100 500 glapml 5l oslinad b oogim Cad >l 5 o S s
53 GPR 5 Shas sl jskioas (6 b K88 (g k0 oy o [EY] Wlal Cons e glSTE
B V/E GPR sla gy 55 $3 508 G SSE (i Sl e Sl 50 LY SS&
alises 5l 40 V’:B CahSSE s3dme Vol s ol sl e B Jsb /Y
ol lesls 4SOkl sl w35l (o ) oSele Jlmiy 53 el iy
Al RIBL 5 B LSS Ol WS E RIB L s e 0L dsd
sdal Cwsay (510 D) gty oS el BBl 51 50S 5B 6 p b SSE Jas 3 S pu

L]

[i\”]_ﬂ:.éu‘_;\.awsls;leeu g sl sl (..‘uU 6}:‘.'1'.’,‘3:‘.&& 859000 .\ J gl

_ _ Ja.:m
(i) Gy ol S & o ..
S
Y-8 VP V/AV-Y/YE FATVa vo(MHz) | 6 ¢SS
+/6V0-)0/ /o= /YY0 /E=/A VRAT-EOV ¢ Voo (MHZ) | s oo )
Sla s 5
VAR ERYA LY /0N VARV /N0 /Y Yo+ (MH2z)



http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oliea £ 8 ke caan3los Mo ¢ pulign (pwlidicpe & 755 00

oI5 LS

o sy GPR glaosls 05015 5 ss 5 oledde slaas, Sl ol Srasy )3
53 by i S alulid 5 Gy bl (ad Ba bl e Gladl i 5
ol Sz 53 GPR iy oUls 055051 (sl dd eslinul o S e Jlsy Ao
3 Sadls GPR suly (goluancd ¢ go8ls slaesls ks 5 udls o sDle ol 05N
33,8 g el phan OF Gla S5s S uns (15 Jhe (S Ll il
ol I s ) il sdew 3t LSS 0155 40 55 GPR (laesls isls , S0l
St ml @ s Glp ke Goledle 5 B3 e B, o 55 00 s
i el SealaBl s 55, » sso% 35 GPR LS 8w s cal 3 5

o 33 4 35 Giledde 5 Sl ey ahaie 5 STl 5L Ok dte JS, be
25 Sl e s B giledde la iy pled 53 s e el Oo0ls 5 oM
iy odd Sl glaesls gl @ 1y Fely (n St 5 0 S35 oS el e e
Shedd s el UL 51 e Ol 5 w50 GPR (glaesls (g3ledde 55 il
S sland i (ol sl Jol> a bl S zlsel sl b 3l S e
Shods 5 polr mld Wl o Wa hs) 0l & s pe8 a5 L o5 el e 5 a2
s s Csa B 3,5 Sl 5 bajltle 5EGPR Glagul ol ks ol
S Sawnd 4 s 5 a5 belily el iz plsel (g3ledde Sl Jgane
S e a gl sde S S el 308 0T 4 S s s SO
Cl S gladlie il 5 (5 50s id) 3o Al sas (H) eblie 5 (B) S SU1 slaglis
[£8] 35 o s pmablitn; 55

S ch.L;‘L.)j;}A L;;:.Ujﬁll Sleslial b 4y pbcws gl s s cpl 5o
0)ls S3ledde bl 6l ol (5550008 4y MATLAB 33l 5 GUI s 3
5 b dd eslinal Bls 5 & 5eae JAs GPR @g&ujwmélﬂgij\jm%;

Gl Aale Gl ol 5500 Soledde sl 4 Ol ledbe s 2 oS pl


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

00\ ft.iﬁ)i.x;;éjéjqj Lo 3,8 s L GPR (glassls 05,15 5 o % ilwde

Sledde plil 51 3 eo)ls S ol s Ol seas ol 5,50 Sla 353 5 LLE 5 e
03 B 3y Ods ks 5 b sl Shy s canle wlal 5 B as 2506 il (gl
Giledds Jign O sdass GPR Fl s okt 4 O Lo smas o ¢ ol s il
oot GPR glaesls ) e (s3led e p-":'))—@ EI-TY S TR Y S VP
S a0t @sledte o, S 5 5 Reflexw Jlsle 5 55 30 go (dasd Ssdome 5l
(YA OLKes 5 ghox! dovsr a8l 35 (V00) b 5 Koy pl s ol
Solsly Gl sl 5 s el pa o ol s (slaesls il il sl eslinad
oleia Reflexw )l).’e\p_'. Locwbe 5 o, s isls 5l an 55 GPR (slaesls
sl s ol 53
oA (g p Adlais (S pne

Jsb b Oleducss play glaikie 55 Lo mhaw 51 20 $AYO gLyl Lo Sle (gald
3TN bl B,0 5 (B0 a3y jio 5 ax ;3 0V Lagds Ay g ax s 00 ol s
 ganzen Lgles al3 51 das O ) Cﬂ.:)ﬁd.;wﬁjﬁ (ot 4i3s Y 5 a3 YA L adds b
Ol gl 3 o ol Olnl sz pe Jiy (e 5 (2 F5S05 oSple [E0] 55
oy el Ul Y] ol ool 3 g par (53 518 5593 53 5 ol @315 O3l ks SIS
Sl Sligs S35 0k s 8330w ol 3 gl (VL jze SAYO L Y1V 550
e V0 55a B e 0/0 5l b glal ;e Culbis Lol sl C}\J (Oy30) 5518
3 W, S sbdbsle st Slswy opl ol e (Dl VL Cnd )
LS el cl S 51 e e b ol i) sladls 5 ol a8 S 0 s Sl
S olem Vi) e e Ul 3B 5l s Y IS s [£0] cd el
el o o3ls O ¢zl sl s Cmdge Lilad b 0l S

dwst 652K Yo 5T 4 5¢e Mala GeoScience oSas Sl eslizul L Laesls
S el e 2 b B s s O b saSiasy 5 50 O Sl a3

NGV I VoG o_,Sr.L:— s 6o, WY Jlo sl sls = 53 "5 5i8 ek ladlse


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oliay § 5lad con33ls5 dlor (mibign omlidns &35 ooy

Legend

] asseret and s

Q2: Moraine (perhaps in part Pleistocene)

Andesite lva
Kov: Basiclava mostly
[ ] Kt Wel- beded. mosty place grey ,shll imestone

: Grey conglomerate

Js: Mostly grey or grey- brown mudstone and siltestone with layers of sandstone

Tie: Mostly buff dolomite

Pr: Grey or dark grey limestone and locally dolomite, muddy or silty layers in upper part

| Pd: Grey sandstone and quartzite mostly, with layers of mudestone, iltestone or limestont

PEK: Red grey and green sandstone, sltestone and mudestone

B 1 cocogranite of Alam Kub(Mosty TERTIARY)

Symboles

4 Bergschrund crevasse
Topogerafical high- point : hight

in metres above ms.
—— High- angle Fault
L

o Profiles

S L GPR 23l 5 glaJids g Comdgn 5 odd (g p Wik (il 2255 Y IS
[E¥] O, K8 VoN v 223
Sl b e n orasn besls 5 a8 S o se | iy 0 sl ) e ]
Aol 5 2 VL ol s ol O 55 ok S 5 et b oy dhols lodd Codls oS 2l
313 ,2) Waesls sl 5 Olej 53 &S ol atS Ll e Sl Yo spd Jlgte 5y 55 oy
Ll sy edidiy o) B0/ s s Sl ane Sl by oY L adlaie mlan (oo
L1, GPR hs) S eslinal (g bsiw s 5 dlmsy oL gliio) o pm Sl 2lse
ol o Slp S B SR op) Bl SSE S, s s ol Cs e w4z
i O3 pslae 5 s se Gladsdr 4 S L SRagn 0o oslee 8L Jl
2 o2 el sy Jdoa o Y Gl blian s i1 250 o 0l ) gladY
el o Sl (LAl & 52 b lin g S T o 3l 5eS) st e AT
el 03 90 ol Laosls Codls b 53 0l S 5 oz b gla ol (6 S iy opl s
53 el 0dile 3L ol Laesls Cdls b 3 0k, S 5 ekt glayml cad ol b
by 53 GPR cils s ctlises glacand 5 Laasls udls 5 51 (6 53 g ¥ I
sl 0l ealy OLES a,s(..u

1. unshielded


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

ooy J.«LJQU\;,@}@)QJI Lo 3,8 s L GPR (glassls 05,15 5 o % ilwde

“#i

~..

— = 2 :
= - .
| -~ T —— = U558 oty
' 3 sl s
L staests holes
bl

s

i glacand Sl a‘,sr-\& sy 53 GPR lassls cils 5 5 (5 a5 ¥ Jse
(£¥] 5 edd il 29) GPR g

GPR _a3ly slaesls 305 5

3 0S5 Sl Mha s S G s bty i sl (oS b i
AUl g 0 i Wlases ol 45 sl ol ¢ pnbline U (g3la SO SUlies 5150 550
eSS 33 b ce a5 G s bl I Lasl [£1] sl GPR el
Sty Oless badlasy s i JaS SO bl 5 SsIl a8
o3l s (sl (o s s e Wl e Sl 0,8 5 S ST
5ol e S a0l Lo wile Y i i s Lok
Slae Sl ezls slade Sl L aSis,sba osls (S T2 0% 2smse Sl
o OF 53 ilin 3lga s 5 O slos @ 58 o (Sloy Ol Al pe Sl O
OF 53 SoSlss Sawsml 655 8 5 ol Oilis s sl Zlol Gl s s
Sl S ey dipd i3l Ll Sl 5l e GPR (glaesls [EV] 555 o asiie
b oo Glp edd codl iy sbeesls S glacassdme 5oade daesls ils
S8 5 anl 2l Glan s Seda AL Gl bl 5 Glial Sl sy (6 el
03 Sl b 3 e 55 1 aBly Sledbl 5 (g a0 K Ol il 3D LK


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

AYQY Olins £ 5ot ua3lsn Aor o puocige slidoppns & 0 00¢

4 e ol o s 3 Oleolat 5o (6 558 Sledbl beesls (555 il &S S50
eV o s by il iy (B3l Al eled ol al (s tekae 5 it oS
is 4S LS el 1 Jlaly glaesls dajﬂ S Sl el S &S5 5 00 s
D ey 03 (Sl Bl lal 8550 3 olidl (6 5aT s
03 )31 (bl sl b 5l S Sl s B Jlantl gl Sl sk 5
Gl s 5l (o Gaate ol Sl el glaosls (bl cilK K ol 0l
53 s e OLaS sl Slles Mjf@h Jlasl Oss oy e VA0 b Lo lils
bl esls 03,5 e 5 3luealal Jald (25l sl Jol e GPR wblis 2505
oSkt sl 3 S0l el gl s Sl e 5 GG sladols
Wl olSas 1 sslital o« Ly 3 sacasioe b 5 oW slasty SO,

53 ekl Sl slaesls Gl sl Sley LIV A Ol 6,80 e sl E5ls

TME ps]
@

058 oo dlais ;5 GPR pls baesls 5,151, K S |

Blial 5 o Sl b S50 5 Candl Ulpe jaskid Jald gday A
S Jlasd Sl dns b J3 b Blo 51 015 o ol sl S 5 Sles sl 2 Sl oS 5
ol 2L Jol e 5l 2 s e S eslinad Gy b e A S50 o pskae Lol Gl

ol 8 S esls il >l el O3 5 3 015 oo 5 axsls o o 2ab


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

000 B0 5 5 ey 3 38 Bua LGPR (slaasls 0yl 5 550k 3ledite

sleze Jsa 8 O 53 &S 558 0 OBl 250, Slles 5 azas OF 4 baesls 4 iy
b Jl sl 5l SFpdls pyd 03,531 Cwsis (5 Laesls Blie 3 el (2lS s 038
5 boaSs cube Gl b Solua & arlee e ol B s,5e sl beial
s e DL 1 Oley slashist, 5l Syl alin Sl s Lasdydy ol 23108
IS b3 dome U3y pasetal 5 Jaes 53 lel b, 6 gl AT sl Wsa
5 ke la 2l Jlasl LB dd a Uas 5 003l i, 5l eslinad b b 5 S
Sl Laosls sl lin 2315 15 Reflexw i53le 3 55 ablie 55, Lol 3
S ol b s e b Ahas Jlosl Gla L o oS Sley sladkols Clew 352
a8 bl sgms 5 5 K p oS @ s 5 1se Goob Sl e s
o sl [T4] 555 e gLl S 5l 08 LS o DL GaseS laes 5
cilie IEVL (gla ks 5l S n s e dWOW) ol slS 5 dxeal Wigy Odel 355 500
slass S (el s 5e GPR (sl | 33l Ao 5 S ol (U8 8 glaas g il (gl s
sl b1y slasss i 58555 &) goas GPR a iy lagis plad ailed o ol
L Dewow s fal 55 5590 cpl 5o S o Jlesl w5 8 4 v bl 5 sla el )l
23 b 5 g s Al S8 ssbieas s Jlasl Laesls 5 aslipl &0 Sloy b ooy jlids
o o (SSkal) b rmeal ks Sl adly O 53 LOUSL 550138 5 e el
«raboline 5 xSl ol canis Ol sbieay ags cpl s sl ol eslanal 5515 5 (g
AN e f e gl Y e sl e 5 e 6 e MU g3 oS 5 s &b )
Jlasl 51 day 15 GPR (slaosls jloj 5 e shais 0 S5 08 sslizal plad d (5l
Aas o QLS ;S gla sls
e b sl 4 @SB glly 4 s 1 GPR blite s oS0l sl s 315 555 552
Sl i Foke 3 @B Slaly 51 Ol e e ol G2l L 5 L e
3575 5 fxtse ol & e s bl i el SIS0 8 semsh i el S

‘u.LM\.L;'-))leunbdj)gljfﬁj@md‘&ﬁwl}ld.’;_&q).aslijvj\ﬁﬁjj


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

ATAY Ol § 5l coaailss Al ontign olidoe & 25 001

THE fs]
g

g agEsEsE g

L s ‘ bt 5554 31 4 GPR c.s\mb @bl w\fjﬁ Jss
5 355 edalin N JSS Sl SOlar Spe 8 53 Ll el Sl 35 s O
A Gie Gl s el IS Gl G GPR laesls SIS 5 byl
(oS l3L) s o s w55 5 0d CBSL slaesls oL S e
oo Jsb bl Sl slls TR o mlee il ol ol aslinad fk oo xlge il S
5 el A I 0L 5 5,5 0o 5 LSl B 53 GPR ecblitn s xSl ol sy
bl S ge asbsl e 2N e 5 BN ey b Sl )
Slp ol odd eslinal 1S 55 S st jslen Drlee gl Jlesl sl 0o
o3k 4 Bl b raie pl SLL GbaOles 5o oarles 5l Jols plrssl 5l (oS Sl
el o 3 gden 3B SL VY B Sl
Aas e 0L A s cnl Jlasl Sl dn 1 s ol hes 5 Gl st 1 IS
2 ke glaslitle GPR edd 351s 5 glaesls cconl ol esls 0L S5 s SOk
sn sl lamn STl ol s S 4S8 das e OLES 1y Jlsy e
Jdsas a8 (dlmsey w53 e gy b5 ) 350 0 edalin GPR CEJ.A); sl o) s
Glosls gla¥ Hpiam x5 bl 5 (C818) i S (S Sl 25,08 pls
Ole Sl 5 ol jaseie Ol b S (slodgitome e opl )3 ol 0l Candh i Js
35515 b gl (g AV B VE Alols s (e YA Jsba L) 43l 56 A B Y0


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

oov RO 5 g s S e 3 2,0 Baa LGPR lassls 00l 5 550t 3bedie

.@uﬁ)tw__j@juuﬁdu;&ﬂw}u%ufd% Sl el
355 pasnia JIssS 5 ekilisy | adlae mlaw JS Gy oole 3l 2 Lasls 2ol s 0o s
55 1555 655 3 Lasdites GPR (6, o313l i o8 A5 edalie oy 53 b 53 s
Sl Bl 5l maly psba g Jols 5o aiesy Slopoly oY S el 03 S

L;.’.L"’L"‘:’ JJB ol [N J‘:é,ﬁfé ﬁ) J)ﬂd%ﬁm@‘ ol 6)L.»J&JT ‘Jﬂéﬁ_):’,

DISTANCE [METER)

TME ps]

U Ll mmaas (5o 5515 5 Jlesl 51 dn GPR laesls (5 sl cadl& A Jsis
débf‘,.;‘,s @:r.d‘gf-k & e SEC o g (Sl gl

GPR sWesls 5, fw s3lwdbe
53 Ok oSl dlaiy ddlas 53 ol Cuils 5 GPR glaesls (g5luand ) sl
il ol 53 edd Sty sl b 3 S b Blae e sias Je GPR fuly VS
L;Q.C«A..sckwj\ WS ol )y didee wlidiges sl 4 a5 Ll sl sl OLES
Coliis ) el o &Y o ) B /0 it Calis 1) G Jol Y e S
3850 18 () S ) dlasy s Solg 3 5 e WY (e ) B 0/0 e
o 5an Jde G GPR 5y coblﬂ;«}'@&b sl sl 4 a5 b s

el ol giledde 2 Sl YO CL'*:' Loopls Ko J”Lau;ia.mlj L ogtony chls


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Olieoss £ 6l coa3lsn Ao« dige oolidopn &2 00A

Slasiie ol ads esls 0LV S 55 Reflexw 1l 5 51 eslinad b (g3ladie il
ol e Ll sdls Ao Y Jade s 50 Joe ol sl leand slagY S
S s O T slas bl o515 bl Gda 5 Oljee ae (W) eblinn
ROV PR RTINS
(531,05 3 5 2) p33 5 Jsl S3L slawY das s LS 1Y IS8 GPR fenly S0k
S s SSE B 0l (ileand whaie 3 Y ol b 03 (S 4 xS L
gloel iy Jsa slabad Gl ol sl Lasita aSbsL Y Ol s 1 sy
i o> GPR blie 53 IS5 J i sl bl &) son LOT L 5,5 5 53 GPR
f- ol sl ol sl K o o lee 2ls 5l g el e phoes sl onl il
Jsb = w85 55 4 Ole im0l 655 Sl egdanss s LS Aow sy S Laasls K
ash JekS sty Bodme (O m s & be Dbl il Sl g 5 4Bl JUS ¢ 5
ol Jlasl 5l day 1y e s &V ISE 0 55 e o303 JUSH Olo3 —0Se 335 4 o sSCoe

DisTaNGE e - DTN
o o
100 100 <28
" 10
g
20 20 5%
2 2 28
- £ ECT
2 £ T
w0 0
g H Stz
= = 2%
0 a F _s0 @ 3
= 5 < 3
z g £ Fl o
H HE E
" a0 FIa H 2%
0z -
E g sz
H H
0 = mo ) =
50 &0 024
a0 a0 1220
153
n n
. 0 ™
2048
1000 ] 1000 &
4500 | sa0a -l

o Al
s Reflexw Nle s 53 055 phe iy slaa¥ GPR osd (s5lwand ahais (Al Y IS
Srlee B3l dlesl 51 dn il end shaie (&

1 GPR ol oz 3 51 | boliin s 2801 sl L fs g 57 B ol 555


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

004 JAL‘JQU\;;@} @)Jjg Lo 3,8 s L GPR (glassls 05,15 5 o % ilwde

[f.l\] \ JS.Z ol 6}@4._.’..2 6LAJ.M Q.i_v'ﬁ.é Slasein Y J‘5J.>

Z “Z < A‘
mS/m) Sl S les 2| () culbhs
oY
o) Y ) Gy
o/ 0 Al °)i)1.5
o/ Y g =
/) 1 sl S

Coad ST S o sl sl gla i 503 sdes S 4 b S e SO UL
Loagrs opl bbb als Ko ol ;S 5 odize b slacnl cudad w0 anl Obsl S e
@ OIS o a5 e S 2la b Sl sl CUL Sor e el Ol sl
Sl aamg b JGags ol 3 sy o ey el b ol Al
(sl 03 coli GPR (glaosls ils o sb 5 o ;S 5 e gla ol (o S
Sl ol 3Ll laesls codls b 53 0,8 5 el b slapml cudad ol o
LY Ges 4 sl 5l Sa &S el e Al bl sl 4 a5 L !
5200 13 (S W) dls s ol 53 5 &Y essly ps Y S ol
32 plake dglis @ Ol o lpyy e g S ake fab Sl Do atie 5
slay cale & 5 atls 5 (g3luans 5l ol 845,4 3 GPR (glaesls iy 5oy by 6
Lo der (s dsb 3 a5dpe sdalie © VIS s SOl 3 g (el 25
Lﬁ.g‘ke-c(g:-\)dtgv}q‘fam{—(8=r)é{gsfa:AJ~A§)>+—+%@l{c@\jéh\.}ﬁ))
S (23,08 i 4 — Sl s e DL s e e (GBS e 0 R S
sl ks 5l e sdalie IS5l s SOl Grmes s Gl ) e 4
2 o) ol el = = s S et Sl e 3 oS s S
VLAY (Sl 8,08 (o b e oS 35l Gl S e s 5l Obsk a b 5
Sl arsg bopily— G a byl (—esls oY) il 5 A 2ol &Y 3


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

AYQY Olins £ 5ot ua3lsn Aor o puocige slidoppns & 0 0T\

RIS pblita g iUl e sl 53 T Ol GRIIL e e
2302 CPR Gla 5 53 (2L DUSL e 503 S 1y

Jon b bl GPR muly 5 (IS5 al <ain)) (b 5 edd Jla A S0 50
4l 3 g 3 5dome o3l o 5SSl eslinad b (K3 VG s )) addate ol s ki )5
aw ey SO S0k dde ol ol s gileans (VFAY) OLes 5 sdex] dew s
VO Ges w0 ) oo w0 S K aS) Gy i Sl o &Y 0T o Sl gl
S e BY ols sgms G Y S 53 e ) IS Wlas b e e sl 5
5 g 25,08 pslis ool Sl S i S s &Y 5 epls bl & o
G Sy uolie 505y Sk Gk el bl & AV (S S Sl
Loy LY (S Slasiie il sl sl ) w b il Liopyly 5 0 (SO
AoV calis bopls s o &Y (€= 50=2/0 00N SIM) &) s0n 0 S Culis
SIM) &y gots o i Cwbs L el S LY 5 (€2Y/) 5 0=2/r100V0 8/M) &) s0n
eblie 5 U s o Gl () ebliie sl 5 lis .ol (821 5 G=v /0 e )
el ok a3 S L s (B sl3T glas

S ke s GPR (g3ladile funl o das o 0L 35 A JSKE 3 (loind o
S ol ol Sl e A s g EVERES TSP ey sl
(G, 3 ,8) Sl o a8 b 55 Olucss WJIssS s slge i 5 09y &Y i
33 Syla Juab mal bolen ola Jola obml Coly Hatl Gille ¢ 5550 pen ]l
e ps s dsl Y

GPR 55, slacasks o 5 sy s

oS ke Jlasy Kt 53 00d Zudls s GPR (slaosls (53latd 31 ol ol 4y 55
S Ll 5L 3 GPR iy s slaciaalss ps 5 iy sious 0155 e 0550
@3t Siludde iy aw 5 IS sba | (eld0lui 5 s Sy sl e
G S s iass e 530S 4t S ekl 5 ol e Sl Slles daesl

Sl Lol B 55 (o geme Jde (oL ol el W5 4 5L sade 3ledle 3 b


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

Depth (m)
5 [ 5
°
®
IS
» » G p = = o o >
& b o o

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

o\ J.«LJQU\;,@}@)QJI Lo 3,8 s L GPR (glassls 05,15 5 o % ilwde

Low Resolution Response - Gray Image x 10"
o . " T T T v T —

Time (ns)

L L L L L L L L
0 2 4 6 8 10 12 14 16
Position (m)

Epsilon Distribution Section

6 8 10 12 14 16
Profile Direction (m)

Sigma Distribution Section 5

Depth (m)

6 8 10
Profile Direction (m)

3 S el ced s sy Ao ld oY aw ) wdia g (S5 Jde A S
I8 YL e js i 5,08 Jdg s b bl edd g5lwans GPR sbla )


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oty § 5lad (on3iles dor (mdign il e & 523 o1y

B3> palie Sl il el lsas .l o i 51 ol 5 0L Sl Bl &S
3575 5 s pSerd SLS S sk S s ke Sl S sl Shs
Ll s sl Jlesl (gilude sbalsle 5 s Ua(,.:i)jiﬂ el 53 0SS s s
laddle Silutnd 5 @3ladis Aol 3 imen (Cand OIS Wle 3 ey A1
o S SUlss 83508 e 035 55 Jdsas Gl slacs ) Laas s L Blize o e
Lol oles Jlas! &8 5,05 3525 ey 2ls Jdo 55 Ladd g sl e s el 0L Sl
x5 LGPR laesls ol omo ilils p Sllas L0 55 . (S 25020 ($3Leds )2
b5 (@ n s K88 5558 Gos GPR (g8 e 3lil bt (55 10 (i85 Ul 5s o BLS Sl 4
40k el SLS 55 e Yo slad b ladlsy s il 755 4 4 55
53 e Sl s Lol eled Ygame o il 0,868 la slS 3 L Sl e 31 b
G s S szl 5l Jols GPR jiglal i 5 baesls e 5 4 L b3
Lilan Jole o Olejen A6 s s wsls sl G s o Y yons
o ssls i sSanl 5 5 pde ciliee LS 5 g e e b Glae s oly ) sl
ey 5 edd odamy (S8 Gruly o 5 eyl gdudils Dl R (il ol s
Wl gt andl ol (K2 il 01 (618 5T Olpee 5 LIS 30 ke ¢ 55 jasts
eblitas S 2 g0 oS (6 sbay Lt Glid bliaas S 2l sl (Kos 5 S

S e K e S S Sl ol sl

GPR slresls 05,05 gilwde
sl by e Jie odd iy slaesls bl 5 U 558 oo onw O50ls iledde o
(ilwOg,ls 3l Baa il 5y 0 iledde dbes 45l iledde >l 4y 342
)J;SGJ.:;4;.-)d;«g\,b@l»hﬁé@\yj)lgmw;dbh:ﬂ
Ol » mw iy opl o A3l Sl ) die SG5d B b el sl ey s
GPR _ails (sl s ok 5 yoond s bisl Sl 0555 (S3lwdde Los, 3l B
L ossls oledoe @L:} LU b pl gl s sd eslixal s 5,50 s 4y Sl (6l


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

ony JALWQUWG e Gy a3 5,8 sl GPR slaesls o3,05 5 o Siledde

S Ol odal Cosay bt g pome 31 B 550 aslie (U3 ol plnil slagssladite s
Solwd e r[?;"‘ BIRERVY t’a\, 05 38 eslanal el s glaesls a8y gl oLl
ol (6, o3Il laesls wlie Sewl &S Sl e 51 e sbal (it ol 55 05l
OF 3 a8 5.5 tuabslas ((ilotng Ui & = L Ol o |y altes opl 3L azils
oo e Sl olwang b sy pled Lol ke 5l ladie (glax il
S Wb e 3 g Sosk o X ST AT s adsl die dlast Sl e o 50S (S3leengs
LoaS 0l Sl 5 glaesls 5 e Szl alds SN om L lay § 3o
53kl s e Dl e peome B AiS od l Jbe 51 pla bl o8 S ind 0
Sl o 2568 Shoon o aals 6l (V) 0k (o3le ) lmiaay Bl 51 e o

1wl e enliial (s

2
Z(Ezreal_EZmodel)
EZreal

RMS error = x 100 @)

Syse adkie 3 edd Sl gl laesls Gl Ol iledbe S Jels A
55 el ol e3ls OLES 4 IS 53 S Jie (gl sdel sty sllast Olsee Lol jan i
JTERRGI N 63,5] S Ol o cazils SAeS sl a5 abads uij"T SR oyl
b 5ot ales sl shien oS ol Jis odd silodie ol lg ahaie ol S3
spam b o ci g g e 4 SOUS Bl b e aboas 5l
el o S L s oﬁ)\“J@j\ ol 5 JIsS 5 2l S aew dbeyls
Sl 5155 GPR il slaesls 5 0515 (sledie Sl odal csay slallat JS oS s
e d s adls i st nl Olpe 050 Vb s il Julge 4l &S da e Jhaiay
S Slss 2,08 15lie 503 s edamn Hlws 3l 6“(;—:‘)31}“‘" 3 e oyl Lol
Sles onl by (ol Sl (asiie Gas S U e e S OT S SISl
(bl b dais a4 el 5 35 ge Jases S 5 S iy m 1y pslie opl 33 sba Ols s
Sl (ka5 Ol e ladibe oy (S3latnd Sl 8 ool I 3 ) 355 s
(s s adie 53 s e 4B S 55 s S0lees 5 (Kes (B
Rl resdhe o RO (o ean (s3ledde 3 0T Jlesl &S 5515 3 50 5 aad 5 ¢l 4l


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

VWRY Dlis § 5l cuaa3ls i gutign golid e & 25 on\¢

oot ledde LIl 5 ez s alad 53 05U S Sl s 255 Jdow
(s b S Sy Jse ol sladie b il 1ads (ladis plosil O

! J._!'J:’.QKA‘ oslu LSLAJJ.A cuul._[ .L:st L@,J B 43‘5..\.; ﬁ.L_gQ&A‘

<

DISTA! IMETER] - £51
o 1020 30 4050 6o 70 % 100 110 120 130 140150 180
° 0 ™
100 . -
200
20 an
300
o 20 -
500 40 4%
600 50 )
700
o g
800 g 0
70 = @
500 B
1000 o & =
1100 i ¥ e
1200
100 B =
T4

IN THE NAME OF ALLAH

ErrorCalculator

PAMOWASC

9EY.ASC
onm

adlate )5 gl pee slaesls Cdls p 5l ol ch:u 4 Cald g F Ae b ey die A IS
scal Cnday (sllas Ol b of o 058 ode Sl

3o Saslatash e e o8 Gda LGPR ) 5l ol e o

lede plie ol (gl 0wl O3 o Spde Jlawy il 3 elii0li
el gl b 5l S et (5l <l sl GPR (slaesls 050l 5 st
Goledle s & plaly ol hash S .28 5 O ikl 3 el Sl

b. )Jui'..:.”l éJLﬂdJﬁ cw\.i L;LEJ d‘_;—;ﬂ aS MJ& ol GPR L;L‘M.)‘J O})‘j B )JU:“T»':


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

oo J.JL..‘QUWG e Gy a3 5,8 sl GPR slaesls o3,05 5 o Siledde

wikie cpl 53 edd il gl by 5l S p gl Bl gleesls bl clK

Ol ilwddw VL (gla= e el s OF b o3 G ys s 31 Sl

shist S3ledde 53 OSUS lacyssdme spry 5 ciliie Jalpe ST Wse Laesls

o5 Ol GPR asy Shassy ol sl bl Sl GPR (slaesls 0,5 3ledie

Dladlmse 5 en a bse el o n 53 5,0 Gkl o s e (Kb 55

3yl
S g g

o Seke adlie 53 odd Cudily  laesls Oals 13 Sl s sa 5 A LI

Gl Sl ol e S e Slo Sis Olasl syl bS5 ol

3 S 6,8 lis pl slaesls Ools iled e wol p e IS 3 oS Lagd Jo BT

Db SN S
@\.2.0
AFO-AT (7)) Al )l M (S lidnes” i Ololers cp dls )
00 M MO s b s sy 2lld) Ol 5o 3,08 (S v s Y
5 es Sl S o Slanty el Sisles 5SSl s Cupde Dbl Wl Ol
VAN e (WWAY) Ol ool

3. Eder K., Reidler C., Mayer C., Leopold M., "Crevasse detection in Alpien
areas using ground penetrating radar as a component for a mountain
gulde system", The International Archives of the Photogrammetry,
Remote Sensing and Spatial Inf. Sci., 37 (2008) 838-839.

4. Hagg w., Mayer c., Lambrecht A. Kriegel D., "Glacier changes in the Big
Naryn basin", Central Tian Shan, Global and Planetary Change. in press
(2012).

5. Barnett T. P., Adam J. C., Lettenmaier D. P., "Potential impacts of a
warming climate on water availability in snow dominated regions",
Nature, 438 (7066) (2005) 303-309.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

AYQY Olins £ 5ot ua3lsn Aor o puocige slidoppns & 0 o\

oslizal b Jlrode b dlnsn ) 2" )0 S8k w3 G35 s 2bos e s M
A=Y OYAD) OA oy3 Ve bl "KNTU glojlgale o slas )

7. Lrvine-Fynn T. D. L., Moorman B. J., Williams J. L. M., Walter F. S. A,
"Seasonal changes in Ground penetrating radar signature observed at a
polythermal glacier", Bylot Island, Canada, Earth Surface processes and
Landforms., 31, 7 (2006) 892-9009.

8. Kennett, P., "Reconnaissance gravity and magnetic surveys of part of the
Larsen ice shelf and adjacent mainland”, British Antarctic Survey
Bulletin, 8 (1966) 49-62.

9. Crossley D. J., Clarke G. K. C., "Gravity Measurements on “Fox Glacier”,
Yukon Territory", Canada, Journal of Glaciology, 9 (1970) 363-374.

10. Bose R. N., Dutta N. P., Lahiri S. M., "Refraction Seismic Investigation
at Zemu Glacier", Sikkim, Journal of Glaciology, 10 (1971) 113-119.

11. Hubbard B., Glasser N., "Field techniques in glaciology and glacial
geomorphology", John Wiley and Sons Ltd, Chichester: UK, 400 (2005).

12. Gibas J., Rachlewicz G., Szczucinski W., "Application of DC resistivity
soundings and geomorphological surveys in studies of modern Arctic
glacier marginal zones", Petuniabukta, Spitsbergen, Polish Polar
Reserch., 26, 4 (2005) 239-258.

13. Reynolds J. M., "The role of geophysics in glacial hazard assessment",
First Break, 24 (9) (2006) 61-66.

14. David E., James W., David R., "Shallow seismic surveys and ice
thickness estimates of the Mullins Valley debris-covered glacier”,
McMurdo Dry Valleys, Antarctica, Antarctic Science., 19 (2007) 485-
496.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

oy RO 5 g s S e 3 2,0 Baa LGPR lassls 00l 5 550t 3bedie

15. Angelopoulos M. C., Pollard W. H., Couture N. J.,"The application of CCR
and GPR to characterize ground ice conditions at Parsons Lake, Northwest
Territories, Cold Regions Science and Technology, 85 (2013) 22-33.

16. Apparao A., "Development in geoelectrical methods™, Balkema (1997).

17. Stern W., "Versucheiner elektrodynamischen dickenmessung von
gletschereis”, Gerl. Beitr. Zur Geophysik., 23 (1929) 292-333.

18. Watson M. 1., Yelf R. J., Bertler N. A N., "Bedrock topography and
Isochrone mapping of five glaciers in Victoria Land", Antarctica, 12th
International Conference on Ground Penetrating Radar (2008).

19. Binder D., Bruckl E., Roch K. H., Behm M., Schoner W., Hynek B.,
"Determination of total ice volume and ice-thikness distribution of tow
glaciers in the Hohe Tauern region", Eastern Alps, from GPR data,
Annals of Glaciology., 50, 51, (2009) 71-79.

20. Previati M., Godio A., Ferraris, S., "Validation of spatial variability of
snowpack thickness and density obtained with GPR and TDR methods, J.
of. Applied Geophysics., 75, (2011) 284-293.

21. Robin G. D. Q., Evans S., Bailey J. T., "Interpretation of radio echo
sounding in polar ice sheets", Philos. T. R. Soc. A, 265 (1969) 437-505.
22. Bauder A., Funk M., Gudmundsson G. H., "The ice-thickness distribution
of Unteraargletscher", Switzerland, Ann. Glaciol., 37 (2003) 331-336.

23. Brandt O., Langley K., Kohler J., Hamran S. E., "Detection of buried ice
and sediment layers in permafrost using multi-frequency Ground
Penetrating Radar: A case examination on Svalbard", Remote Sensing of
Environment., 111, 2 (2007) 213-226.

24. Singh S. K., Rathore B. P., Bahuguna I. M., Ramnathan A. L.,
"Estimation of glacier ice thickness using Ground Penetrating Radar in
the Himalayan Region™, Current Science., 103, 1, ( 2012) 68-73.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oty § 5lad (on3iles dor (mdign il e & 523 01\A

25. Heilig A., Eisen O., Schneebeli M. "Temporal observations of a seasonal
snowpack using upward-looking GPR, Hydrol. Process., 24 (2010) 3133-
3145.

26. Machguth H., Eisen O., Paul F., Hoelzle M., "Strong spatial variability
of snow accumulation observed with helicopter-borne GPR on two
adjacent Alpine glaciers", Geophys. Res. Lett., 33 (2006) L13503.

27. Sold L., Huss M., Hoelzle M., Andereggen H., Joerg P. C., Zemp M.,
"Methodological approaches to infer end-of-winter snow distribution on
alpine glaciers", J. Glaciol., 59 (2013) 1047-1059.

28. Helfricht K., Kuhn M., Keuschnig M., Heilig A., "Lidar snow cover
studies on glaciers in the Otztal Alps (Austria): comparison with snow
depths calculated from GPR measurements”, The Cryosphere, 8 (2014)
41-57.

29. Arcone S. A., Spikes V. B., Hamilton G. S., Mayewski P. A,
"Stratigraphic continuity in 400 MHz short-pulse radar profiles of firn in
West Antarctica”, Ann. Glaciol., 39 (2004)195-200.

30. Huybrechts P., Rybak O., Steinhage D., Pattyn F., "Past and present
accumulation rate reconstruction along the Dome Fuji-Kohnen radio-echo
sounding profile", Dronning Maud Land, East Antarctica, Ann. Glaciol.,
50 (2009) 112-120.

31. Azam M. F, Wagnon P., Ramanathan A., Vincent C., Sharma P., Arnaud
Y., Linda A., Pottakkal J. G., Chevallier P., Singh V. B., Berthier E.,
"Form balance to imbalance: A shift in the dynamic behaviour of Chhota
Shigri glacier", western Himalaya, India, Journal of Glaciology,5:208
(2012) 315-324.

32. Miege C., Forster R. R., Box J. E., Burgess E. W., Mc-CONNELL J. R.,

Pasteris D. R., Spikes V. B., "Southeast Greenland high accumulation


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

on\4 JALWQUWG e Gy a3 5,8 sl GPR slaesls o3,05 5 o Siledde

rates derived from firn cores and ground-penetrating radar”, Ann.
Glaciol., 54 (2013) 322-332.

33. Hawley R. L., Courville Z. R., Kehrl L. M., Lutz E. R., Osterberg E. C.,
Overly T. B., Wong G. J., "Recent accumulation variability in northwest
Greenland from ground-penetrating radar and shallow cores along the
Greenland Inland Traverse", J. Glaciol., 60 (2014) 375-382.

34. Fischer A., Span N., Kuhn M., Helfricht K., Stocker-Waldhuber M., Seiser
B., Massimo M., Butschek M., "Ground-penetrating radar (GPR) point
measurements of ice thickness in Austria. Institute for Interdisciplinary
Mountain Research of the Austrian Academy of Sciences (2015).

35. Li T., Zhao J., Jiao Y., Hou J., Mu L., "Regional characteristics of sea ice
thickness in Canadian shelf and Arctic Archipelago measured by Ground
Penetrating Radar", ActaOceanol Sin., 2015, Vol. 34,No.5 (2015) 110-116.

36. Sinisalo A., Fujita K., Gustafsson J., Fukuda T., Joshi Sh., Stumm D.,
and Shea J., "Ice thickness and thermal structure of a high altitude
Himalayan glacier”, Geophysical Research Abstracts, Vol. 18 (2016)
EGU2016-11636.

37. Blindow N., Eisenburger D., lllich B., Petzold H., Richter T., "Ground
penetrating radar, In Environmental Geology (Eds K.Knddel, G.Lange
and H.-J.Voigt) (2007) 283-335, Springer.

38. Parasnis D. S., "Principles of applied geophysics", 5th edition, Chapman
and Hall (1997).

39. Neal A., "Ground-penetrating radar and its use in sedimentology:
principles, problems and progress”, Earth-science Reviews., 66 (2004)
261-330.

40. Van Overmeeren R. A., "Georadar for hydrogeology", First break, 8
(1994) 401-4081.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22286837.1397.12.4.4.4 ]

[ DOI: 10.18869/acadpub.jeg.12.4.543 ]

WAV Oty § 5lad (on3iles dor (mdign il e & 523 ove

41. Milsom J., Field Geophysics, John Wiley and Sons Ltd, (2003) 168-174.

42. Jol H. M., "Ground Penitrating Radar: Theory and Applications",
Oxford: Elsevier Science (2009) 508.

Gos o sbieas GPR Glaesls s 5 (g3ludde (23hs "l asbobl o 55 W8F

5O Odre kige 02 MOl 0 S ele adlate s el ol 83500 5 Culs

OYAY) 55,8l s o851 oS5 555

44. Tzanis A., "MatGPR Release 2: A freeware MATLAB package for the
analysis & interpretation of common and single offset GPR data,
FastTimes, 15(1) (2010) 17-43.

45, Karimi N., Farokhnia A., Shishangosht S., EImi M., Eftekhari M.,
Ghalkhani H., "Elevation changes of Alamkouh glacier in Iran since
1955, based on remote sensing data", International J. of Applied Earth
Observation and Geoinformation., 19 (2012 a) 45-58.

46. Daniels D. J., "Ground penetrating radar, The Institution of Electrical
Engineers", The Institution of Electrical Engineers, Londo,United
Kingdom (2004) 75-84 and 455-460.

47. Palli A., "Polythrmal glacier studies in Svalbard determined by ground
penetrating radar”, Departmant of geosciences university of oulu, (2003)
15-17.

48. Annan A. P., "Ground penetrating radar workshop notes", Sensors and

software Inc,Mississauga, ON, Canada (2001).


http://dx.doi.org/10.18869/acadpub.jeg.12.4.543
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.4.4
https://jeg.khu.ac.ir/article-1-2553-fa.html
http://www.tcpdf.org

