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Extraction Method: Principal Component Analysis.
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Component
1 2 3 4 5 6 7 8 9
InAu .042 -.167 .305 469 153 -.033 -.369 141 -.206
InCr -.126 430 .829 -.030 -.043 111 -.122 -.095 .018
Mn 234 461 110 .036 .099 -.002 -.104 -.001 416
InNi -.079 317 .868 -.012 -.015 .103 -.186 .013 -.007
InPb .585 -.253 -.149 156 311 -.290 .106 -.204 219
Sr 234 153 .600 -.548 -.125 -.189 -.048 .053 .029
InBa .595 -.055 150 -.075 .248 .050 281 -372 117
Be 174 159 -.040 .259 -.107 -.028 314 167 .020
InTi .256 .849 -.042 -.192 -.068 -.168 -.132 .035 071
Fe -.071 .901 .140 -.190 -117 -.023 .019 128 .094
Al -.033 .050 .007 .005 =212 .103 .100 .862 .032
La .958 -.038 -.042 .050 .017 -.083 .080 .082 .039
Sc -.459 .630 351 111 -.077 .099 -.174 211 -.003
Ca -.153 .036 431 -.574 185 .041 -.363 -.241 .184
InLi .400 -.059 .048 156 .570 306 -.084 -.259 -.335
InP 416 .240 .087 -.481 -.169 -.300 .093 421 .084
v -.117 872 .207 -.189 -.096 -.008 -.068 -.080 126
Mg -.358 .329 7154 .009 -.179 133 -.042 .067 -.076
K .261 -.094 -.128 162 119 -.014 .808 .017 .036
Na 352 .183 .280 -.333 -.221 -.439 273 170 173
InS -.245 -.082 -.093 -.136 .674 -177 .103 -.046 -.038
Zr 725 .103 -.141 .105 -.168 -.256 -.145 .186 .288
InHg .099 .062 .029 148 -.016 .446 .012 417 -.054
InAg 371 -.025 -.108 .037 .008 -.753 .059 .068 -.136
InAs 123 -.061 .104 .205 .800 .143 .108 -.071 -.042
InBi 154 -.016 -.173 .670 223 -.090 139 -.140 .107
Co -.255 15 522 -.100 .007 .047 -.040 .077 -.047
Cu .094 .636 432 -.169 .021 .093 -.037 .044 -.160
InMo 612 .037 -.301 -.059 422 -.214 174 -.058 .101
InSb 164 -.105 -.135 254 .678 302 .031 -.027 .166
InZn 359 71 .076 129 .014 -.104 .045 -.034 .169
InSn .561 .057 -.587 427 138 -.185 .020 -.085 153
W 435 -.240 121 .675 -.046 210 .148 -.083 114
InCs -.186 -.103 210 .003 139 811 .205 187 -.120
InNb .857 177 -.125 .059 .108 -.182 -.069 -.125 -.073
U 444 -.230 -.082 511 .052 154 217 -.374 .360
InCd 197 .054 -.229 123 .603 -.110 -.137 =211 .369
Rb 101 -.160 -.194 242 .088 113 .857 .104 -.094
Th .564 =310 .003 475 .005 .403 244 -.063 225
Y .338 .072 -.493 210 .073 -.014 .101 .047 .613
Ce 918 -.041 -.184 .109 .096 .023 102 .035 .096
Tl .072 -.125 -.067 784 113 .014 125 210 .069

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 11 iterations.
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Extraction Method: Principal Component Analysis.
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Component
1 2 3 4 5
LnAu -.018 -.187 .323 .093 .541
InCr -.135 .370 .858 -.014 -.028
InNi -.099 .255 .903 -.015 -.019
InPb .634 -.191 -.268 367 .092
Sr 258 158 .544 -.173 -.522
InBa .620 -.109 136 .385 -.125
Be 795 138 -.032 -.102 .308
InTi 281 .862 .027 -.080 -.190
Fe -.052 .904 195 -.137 -.170
La 961 -.051 -.026 .029 .078
Sc -.470 .610 426 -.138 119
InLi 297 -172 193 .656 173
\% -.092 .872 .260 -.074 -.194
Mg =372 264 187 -.196 .021
InS -.233 -.037 -.179 .621 -.231
Zr 759 181 -.167 =211 .095
InAs .070 -.090 113 813 234
InBi .169 .022 -.239 .269 .671
Co -.263 .661 .590 -.009 -.124
Cu .070 .546 .552 .024 -.191
InMo .643 .063 -.339 .439 -.097
InSb .100 -.102 -.101 .697 .345
InZn .388 .780 .101 .054 .147
InSn .587 118 -.603 .168 .405
w 423 -.263 .096 .042 .697
InNb .856 155 -.076 .148 .030
InCd 204 135 -.287 .643 .091
Ce 911 -.054 -.148 131 134
Tl .074 -.098 -.110 .065 .830

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 9 iterations.
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centrations of trace elements in stream sediments
by factor and cluster analysis and the sequential
extraction procedure, Science of the Total Envi-
ronment, 177, 1, 237-250.
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comparison of methods of determination, Science
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1. Groundwater recharge
2. Net infiltration

3. Drainage

4. Percolation

5. Diffuse
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1. Numerical modeling
2. Actual
3. Potential

\Id

03l b e o 550 95T 05 o

prbene Jsl o850 (s ol @lion (Sl Cmdg Cuppace
63978 (50332 2 i 42 (63,9 S Blgies 405
Ol gl 4355 5 o Sy bl g cSl b bl e
ilodde Grized 9 ol b 850 Capoe 5 e
o st 3 sy 4 33 Sl Jasl 5 Jb
.(Healy, 2010) 0.5b o 5L5 9550 slasla¥ g d

SH5aye Bblie ulol 2 42385 (50058 gl 2SS
09,5 dus s csl oo s s a5l 5L5 090 iledol 4
elosl dilae g glosl e dibaie o daw Ol GlacSass
63 (g3lw Jdo 5 b, ((Su5d sl SaSS glgil 4
o 5l goae g3l gy gD oe (gnailo
slool dilaie dw 1 10 4 Canl AR aedS laSiSS
P9y Cnl o adlge 05 BB elidly elidlne ( rlan
(a6 Je (Zsly g dmnsgi sloangld (b 4 e
Sl s meals sl oo (bl (ol 4 4z i b o9 00 035
labee Cypan 3 09750 il o Olgiear oo
.(Healy, 2010) wloas 3 ya0 g )

9 Y‘_s_ﬁlj 05)._? 9o 4 ‘) 4._&).!.3 Rushton (1997)
a8 Jewsls adss .l 00,5 gaiopmmds T il
Cowd s o slaol b glsl e dabis Slllae
oS ol 4y aibais 51 g 9ne Ol oy Lis 4..\3159
syl (glusl dilae Sladllas jl oo 3y4,) 28lg
] Oduinn ‘Sal...m.t‘ C_’a‘u LY aS Cowl QS’T

(S99 Slalllas gl coles 5 5l sl Jos
Lol 51 oyl 51 g dsciund ool ol 8540 00,5S jgboas
B 05,08 Lo Joe s dcas g 035 8,915 sl g5 o0
SHP92 GLapcn 355hoe a4y S 1) (gl a3
AaS o2ly8 a4 xS Jelse olwlils jglaied,
S5z byl e Olfss Ladse (st ohB ]
9 ‘5.4‘)‘ Lgﬁ)ls ng oﬁ)l_f ;pflé‘).b 03— .bl?u‘ h_)‘).a.&.'.‘
.(Healy, 2010) s, oolazw! casdss &5 5 g0 Jalge plw
wols =& I) s, Stoertz and Bradbury (1989)



Gz g3 g (Silezr 03ly o5 5y

3l oolizial b o olgdul 4 ey o s o400

ilgo Ol Sley 5 G Slis cay g g0 Joe
axjllao 8yg0 ddlaio

glome 3 Medee e (5o gheS VAL )S (s s
3 o Sldllas oogasme o)ls )8l wceS 5 550
D'y By Jsbo SYONFL 0 BV Uil ol
Geb el 00 @dly Jlads o0 YO YVIL YO0
Gl )3 Wl G sound () JS) (ool 4
iR 50 45 el sl s bl T 55 ailate
(Q) 55155 Sligm) 35l geis; 03game oSy
Sligasy (A Hsbas )l adlie mhavs ;5 gy 7205
dole o Siosld 51 it 5 0l o S sys il 3]
adl> 5 (8 (g B)bar g wloa b S35 (20
oyl 4 S sy 5 (il 3yl g el
LOVAY (ogs S3g,000 yslies Cymmontige) S35 oo a3LO|

Cegen dy IS5 (1o 5 0] 53 51 oy 801 o]
sye -V USS) abb oo oy Jlods slainl b oa S
B e el Bl e g2 ke sl Jlo
W39, 5 P @bl Jore (92 70 952 450,
iz bl e S g ogS Jolba ()] 1) 5y 5 950
(Q) yol> e dpl g5 5l plyul oogazms ;3 Sy
Sl g Jods (5555l b 0SSl sl il oo
Gl 00 AL ey S (ylg5ul LS o ey
AOVAY g5 SS9y H9liee (rmsdieo)

ool oo e b s fnniliyo S
FY )0 sy ) 2 g (Bos 00 (5,505 lus] leds|
ey VW7 Jloo 003)9,8 )3 (i) slovalios ol aill>
syl 3l ) iSTas (Y o) ol oais
@ ol Blaz g lgzel (o (25w 53 e TYFIV e o
g Sl ooy 6 803lasl Jlods [isw 10 e YYA/D l5e
G 4 055231 o5 ol oy (IS g olsl
1830 00 )y Jonnilies 4l Bollae 0Bl oo Jlod
oo a5 Sl (i (5999 0 Olyzel 528 5 (s
e oS Jlods (i3 5 Glezul S5a%e 5 (e bl
(ol 00l Joilyee balas o dins odgaome LS5 4

bl on (o) (5795 8L g

v

Sgete 3,19 18 Ol 08999 5 s 5236 ot Ll oS
Ol el ool pedais acgasms 3l eolainl bl oo
W ogu adlaie (o) ol 42385 25 lawogio casly
.(Herrmann et al., 2009) o—ib oo Jlo ;o o s
Sl smein 2l bz s sl o5 (oS5 sl Jas
gl oo Dgmite (Sl ol 4035 0550 (gl (oo
e S2 (S350 S5 9 4 bSe )
oL i Jae s 0,5 s ks j0 1) lssel 5 opl ads>
Obey 4 Cad Conl (1w coalls awlors 43355 W20 oo
51 S5 oozl (Healys 2010) sl yuice S s
ik e g Slasyz iz glizl gisnl olasis
by 4085 Sloj 9 (G @i (y 2 sl 2Ly,
s obol s sl 0 ool Uribe et al. (2015)
Jlw 50 s YW o0 o Y sb Lo wgio a0dss
Db oo adgm AVl i)l auo,0 10 Jolae a5 00l 0]
Ol 4335 e s gl Ebrahimi et al. (2016)
o3l ugSae (s3lw e 5l Scas sblis o (o))
5 Oyl iy Pl 405 s el s S
56 @i 5 50, » aishe 10 Glie ) (65525
JS 20y VoA Jolee) 59y 2 yaishe oA S50 (5L 5
O3S pgas 10 Olllas ;500 51 ail oo (@Yl 3L
ooy plowl Olalllas 4y lgs g0 Jo 5l ool ul b aydss
«(Brini and Zammour, 2016) g iz sblee jo
,945 9 (Coelho et al., 2017) b p» Sicdens ddlaio
2,5 o,Lul (Izady et al., 2019) yles
Sl 3 55 15 s &y s Sl o5
s o] g sl T b golie 03l Ll St
Cao 5 (59liS oyt ol (goaS el s o5
Gt ol dils YV s s St Sl o il o
Bylas slp i) (Seis ol bio 515100500 S
Olszel al 5105 (619505 - Comssl 00y (g55l25
g diae C8l S 0l sy ) ol 0,3d EalS Cels
P L3 Gl (b b jo ye /7 050> 25 L ol
R SR YPE UV S S [ COSCOVON P PR SO V) N
ol edla bl jo o] oo g3l 5 (550 Ol
izt 2 o 4 4335 (e el grlo e
Gz ol plomil sl Bae l by 0Bl e (69,0 <ols



...oJMlb&wd)yo‘%T@QmM

Qreatermary genoril

Lowss

UATERNARY|

=] s

Neogene Rod Beds : Red-boown claysone and sandsions

Khamgiran Formation : Olive green csale and blue-grey sandsione

Chaehel Kemen F : Light buil limesione, subordinate
oy marl and Eypsum

Pesighleigh Formation : Redsbeown shale,

Epsiforous shale, andons and sohordinse gypsum beds

THRETIARTY

Kala Fi

Neveear Foamation ; Light green-grey, (ine-medivmn grimed,
plaszonitie samdainne

sim ¢ HulT, sandy l

Geological Map of Sarakhs

ST ST

Q
e
2 1

Abtalkh Formation : Blas-ygoey marl and shab: ;
Symbol
[ samihs aquifer boundacy B ciy
..... Matorable tracks =  village #
— Svond claws rosd —— Drainage ;
s i) gl posed —_— Rrer
o 225 s v T3

WHTN

WETH

;

OFAF (123,5,8) oy sl il prbons sl 425 .Y S5

A



Gz g3 g (Silezr 03ly o5 5y

Gl jals s plasel slas 5l Gies (gloy 0, Jo
5 5 GlaJlasies | (56 g O e i
2 olsl @ oy Sl 399 ol Sl el
Ol38] (u ao ylgZel CawdVl jo cwgd dw Slas ]

RS PRVEWIR AT Vg b_JJL.q 3 yia o[F dga s g a8l

ot s3Eie & Sy Glozul Byxe 81,000

(Y JS8) sl osds oy oy ol el Sllogs
0385 im0 qob ey ool ol sl o Sllogs
o sy Dl o (513 p0 0 (slmolz cdlad g lgse]
9 ooy b olgsel )8 (s ol o aas o LS
a5 sla by i s 2l 55 .l o 2

ol i el M)
B OE OB ¥

H

AW

e e wrar rrue 1rag

it ey

oSy Sl el Bpae 1,5y 0m Y S

Ol i IS8 g Sy 425 L olgsul oS0
(Dlawlre &8s (ulidl sl bol> S5 condss o
(252 (Il (6355 @iy 5l ey Sl Bl
S b jye i slosliiwl b lyzel (008 5 (S0
e 335 08 gilwand cages (Sgoee
S5y Sl 5 Gyl i 9951 a5l sl 4
A 3l ool Wl b c(WWAY ooy L5) oo 0 7y
G Wolz (giluded D (g5ludnd 42335
4 Y (P JS8) cdF plosloly s lagi 523
Olgul Sealusgyins oo Sl @395 ol 53
el olsed i (kg (Bl 5 (S Solan)
o 3ylg 41i8le 5 5 goae Jaw clw jo 5Li 950
el 428,5 ,1,8 oolaiwl 850 (g jlwducds aisl 3 40 4
WA Jlo o0 0 siloj 03 )0 (goae Jow o>l 5lam
ol slaoyg0 Lole Y oo 40 \YWAP Jlus jg 0 b
(0l ) (isly (055, ¥+ Siloj slopld) amle S
Al G o3l SO 0 Jow (cmiwlons (A
s plowl 25 0y90 IV (gl (WWAN-AY T L)

axfllo (g,

e (3] Blul & 4835 Gliee Baiod ol o
330 Ol (S0 5 iloj Dl 5 00 3510 5 1o
1ol 428,518 )
Sl sl i Olgel (soste oo dnnsgs -l
31 99290 s o) liT g Dledbl laul jo cogpdo Joo
loanlice glool ledlol ol 4 Ly g5
Sleogas (o Glee wg)lopore 5 (—ogim)
Olozul B K 4t 5 ol (Seobodg,nn
(o SS9y j5lie (rrmsdigee) db (o) p el o0
Arc GIS 53l 5 Loy 4 ledlbsl o9, Ly (WA
S 5 dwiid (i3 99 5 (sl (caspie oo
A Agd ylgso]
I P Y vuw] JUUN | L SN W K LIE B
Joe 5l eslii ol b lgsul coggie Jow )] o
33l 5 a5 FREEWAT ,li3ls 5 ;s MODFLOW
OBl 5 sl (i ol amlios S e (sl
@ S oo w23 1) (Sigls s a3z 5 gileant
o ity 1 Ol 3lotend sl goue Jo

"



...oJMIbuA&)J»d})ﬁQ‘PQTQQ@M

Legend

H Ciy

® Piezometer

A Pumping Well
B GHB Boundary

RLTL L o]

TN

]

H‘I.I‘I'N

ooy -

-
|

B

HTE

ll"li"‘ﬂ BITHPE

e lgel Jae 035050 53 (530 il g Wi o5yl 00 sloly Cuaga ¥ IS

oo Yo Pl 51 lgsel 003,870y (8l Dlogas, sl
290) (B iz 5 €W S5l ay (08 iBe o
Ot bioe Gl plgsel Jla s 5 (9900 ail5os,
ol 988 31 ol apdis (Y JS—2) plyul 4 lagogys
g5e7 b (5l (syslisS Bl 5| (86 (S T
el 53 p3¥ il oo Jlo o caSiayie (geles TV
syl dloles loolai il g Joiliyee aiss yulwl »
5o gk Yoo 0902 lssul b (e ) (6999 Gl
Szl adss . (WWAY wooly o0) el ool dlors caSo
Solzr b Jlow 1o CaSlo o (ygekn YV 05025 1
Oygo el (295 s lyeds (F JS8) (5l po e
O350 s reS g site (D b szl lad Ll 50 05 o
bogio ol oe axlge Jlo 10 caSorio Gorkee Y 390>

el 00 89l duo j0 i Sgu 13 ylgBul 0,0y

Yo

0lgel 4 4 (esd 5 Jae Sl (o 7
shakzee glayialb polie (uuly wal® Jsbo 5o
Sl g ol 03ld 1ok Johze 0L 10 AdsS das
W) B ey 9)90 A3 3y90p 50 (g00e e
i el ay Jow ol 51 bl l 5l
(o Dl 9 05 035 eSS Glosul a4 4335 e
ot 0550 (5998 Joe gl Gulsl 2 o] (Ss 5

85 )5
& ’ J
e gl sostgho Joae

4 W9y b 3gpyn g5 ailiog; 0y 0 a5 c il slil g
(\ ‘-Jiﬁ-‘J) w‘ 00— éj‘j @P—&L@.«u od.a._wjn oS S - 3



Gz g3 g (Silezr 03ly o5 5y

YL (Sian a5 ous plosil olro gloaalice polic
o ks (0 JS5) lodalive g ouls g5lwdcds polao

Bl oo ey ) Sl g Dl G i 50 e

oS olegul (goae (g5 lwdnds
e dy e Glesul cogie Joe s o
sZ—wly « Joo g1zl s FREEWAT [li8ls 5 o go0e
3 gl o 00l (g5lwacds polae gllasl jglaied, QT

Residuals of the 24 Stress Period

320 4

—— Bisector Line
=== 95% Confidence Interval
=== 90% Confidence Interval

300 -

280 -

Simulated

260 -

240 4

240 260

280 300 320

Observed

6)L~JJJ.<: 0,99 6[.@,’1.1“0 (Sr09y 6LQOL? JLERNE culive 9 J..\.a Ja.wy 00 dusolne ).n)lsu éum‘ A Jiw

il go Joe 03ga5me (o) s 2l (M ¢ sey ) &
JAA Ja.wy o 4.«».».«.»[.‘700 Q’”})—“" u‘j?r.i u)l.u \de?
Sl )3 oY 020 0 L |, MODFLOW go0e
93 Sl 5 srezd Sygods Jga ol o 0a b &l polie
U"‘)"L"’ 9 w‘ o ML?LA sJJ.A .Ia.w}s QS)L""M Jl.u.:
WYl (25,5 5.639)9 soadlie Byme polie (pl s
Db o By leBul 1 (e 50 S yie o p)
Gy 518 lgsul a Yl 43 lade Do zls §ilas
6&.»\&0)*.0 uﬁ*lw /\’bg&odﬁ: ﬁlz"‘xf”)bﬁn_s"““f)" ui
9 caSayie (ygubee VoV dg0 > coo) ) (69959 Gl
00 duwlore caaSoyin ygudio YV g0 laol> adss
Egorme &S J> 0 (il CaShayin (ygukas YAY g0
p> ualS ..\._.»l.’GA xSy ygudes TV Lm@”.&
Jlw o xS yo guden YA Jolas 45Q|3;>‘q'|o,_,.~>“ R
S 3 65T g e DLy oasms LS i dcwl

AL g0 By Bl AVl 35

A

2o 3l Jue (zily 5l ol a2 0 ot
IS 40 .0l o glodmline g gl giesp; o515
Sloaalice 5 Jow Lawgs oo (g3lwacds Bl,Sg,0
Sloyiegi 3l (GOt ;5 (rlg 0)93 )3 L togin
515 el .l oo dlie (P32 4 P16) lgs0l Jlois
b Slslons 5 o yiagin ;5 slosnliin gopas
Silwads 51 S g5lw Jaw b g0 03L 1o (go0e Jow
sooe Jow 5l eolawl b gzl o o> Jgu8 |0
o ogim obj olaws fJo a4 cwl S @ o3Y Lol 0
(? J&w) LS‘OMLA.AM 9 ‘5‘4.“»[.7;@ d‘)fj)m d_waLo.o
‘5’L---" C‘Ia"‘” dslio Egosma yo el 00 &5 u‘ﬁauT
30 0 g mSoslail g goue Juw oy oudgilwanls
ol 55l 5 (g0 Joa 285 il Lo fnsie
a5lge s OlgFel 009950 5 (Sones )
o5l sz ,> SleMbl (i g3 ) 5 Cn et 5l S



..oJMlb&wdjpo‘%T@QﬂM

P25

- el | P —
; 00 i N e —— —
§ o= e i
S IR B
SELELHL FERERELI AN
Time {moath]
- P31 I -
E ™ - = PRULATED I 0
f - §
i bl e “""---.., S it i %0
=TT Al b
TIGH U HTIGE R
Time [monthy
0 P16 JE— %0 P32 —— CSERVED
E %5 - SINRILATED: I Fres - UMARATID
§ § =
jul _ o § e
o — e —
;j!iﬂgii*i;jg!i”i!i*ig ;]!&13'_!‘32*11;]!51!;32*11
Tima {manth) Then rmtarith)

«(P25 3 P23) o5z slo izl corin sla pagim 4o (slaaliv Bl S5 0.0 ¢ Jow lawgi ol gilwaccs G155 00 alas £ S

soae Jow Lwgi oo dwle (s ezl (Do ) Jgax

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME S5STEP 1, STRESS PERIOD 24
CUMULATIVE VOLUMES LE*3 RATES FOR THIS TIME S5TEP L**3/T
IN: IN:
STORAGE =  295978528. 0000 STORAGE = 546609.1250
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS = 0. 0000 WELLS = 0. 0000
HEAD DEP BOUNDS = 404275488, 0000 HEAD DEP BOUNDS = S83170.1875
RECHARGE =  160528496.0000 RECHARGE = 0. 0000
TOTAL IN =  B60782464.0000 TOTAL IN = 1129779, 2500
ouT: ouT:
STORAGE =  239168032.0000 STORAGE = 3732.7930
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
WELLS =  620868608. 0000 WELLS = 1124762.1250
HEAD DEP BOUNDS = 747242.7500 HEAD DEP BOUNDS = 1283. 5453
RECHARGE = RECHARGE = 0. 0000
TOTAL OUT = 860783872, 0000 TOTAL OUT = 1129778. 3750
IN - OUT = =1408. 0000 IN - OUT = 0. 8750
PERCENT DISCREPANCY = -0. 00 PERCENT DISCREPANCY = 0.00
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27 3(tot)

DF4-[56.50 TiO,-10.879 Fe,0

27 3(tot)

1. Chemical Index of Alteration

2. Chemical Index of Weathering

3. Chemical Index of Weathering

4. Index of Compositional Variability

+7.32 MgO+12.031 Na,0+35.402 K,0/ALO,-6.382.
+30.875 MgO-5.404 Na,0+11.112 K,0l/ALO,-3.89.
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Plate 1

Plate 1:

1) Glomospira urgoniana Arnaud-Vanneau, 1980

2,3) Debarina hahonnerensis Fourcade, Raoult and Vila, 1972.
4) Haplophragmoides globosus lozo, 1944

5) Nautiloculina oolithica Mohler, 1938

6) Mayncina bulgarica Laugh, Peybenes & Rey, 1968
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Plate 2

Plate 2:

1) Mayncina bulgarica Laugh, Peybenes & Rey, 1968

2) Nezzazata isabellae Arnuad-Vanneau and Sliter (1995)
3,4) Charentia cuvillieri Neumann, 1965

5) Pseudocyclammina hedbergi Maync, 1953

6) Novalesia producta (Magniez, 1972)
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Plate 3

Plate 3:

1) Novalesia producta (Magniez, 1972)

2) Novalesia cornucopia Arnaud-Vanneau, 1980

3) Praechrysalidina infracretacea Luperto Sinni, 1979
4) Vercosella scarsellai De Castro, 1963

5) Vercosella arenata Arnaud-Vanneau, 1980

6) Vercosella wintereri Arnaud-Vanneau and Sliter 4 1995
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Plate 4

Plate 4:

1) Falsurgonina Pileola Arnaud-Venneau and Argot, 1973
2) Iraqgia simplex Henson, 1948

3) Orbitolinopsis subkiliani Henson, 1948

4) Orbitolinopsis elongatus Dieni, Massari & Moullade, 1963
5) Paleodictyoconus cuvillieri Foury, 1963

6) Paleodictyoconus pachymarginalis Schroeder, 1965
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Plate 5

Plate 5:

1) Paracoskinolina sunnilandensis (Maync, 1955)

2) Alpillina antiqua Foury, 1968

3) Eopalorbitolina charollaisi Schroeder and Conrad, 1968
4) Eygalierina turbinata Foury, 1968

5,6) Palorbitolina lenticularis (Blumenbach, 1805)
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Plate 6

Plate 6:

1,2) Palorbitolina lenticularis (Blumenbach, 1805)

3,4) Montseciella arabica (Henson, 1984) Schroeder et al., 2002
5,6) Rectodictyoconus giganteus Schroeder, 1964
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Plate 7

Plate 7:

1) Rectodictyoconus giganteus Schroeder, 1964

2,3) Valserina broennimanni Schroeder and Conrad, 1968
4) Trocholina odukpaniensis Dessauvagie, 1968

5) Derventina filipescui Neagu, 1968

6) Istriloculina elliptica (Iovcheva, 1962)
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Plate 8

Plate 8:
1,2) Rumanoloculina ponticuli, Neagu, 1986
3) Rumanoloculina robusta Neagu, 1986

4) Rumanoloculina psudominima (Bartenstein et Kovatcheva, 1982)
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Assessment of mineralization potential using Stage
factor analysis method (SFA) in Khoshnameh
area, Hashjin, Ardabil province
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Abstract
The Khoshnameh altered area is located about 20 km south of Khalkhal (Ardebil

province) and lies in the Hashjin metallogenic district. The formation of extensive
serictic, argillic, silicic, chloritic and iron oxides alterations in the Chenar, Mahmudabad
and east of Khoshnameh, as well as the copper-lead-zinc mineralization events (e.g.
Senjedeh, Shalvali and Ommabad) appears to be intimately affiliated to the fluids
derived from upper Oligocene granodiorite intrusions which were emplaced within
the Eocene trachy-basalt, andesite and pyroclastic rocks. The key point of this research
is to investigate the preference of the Stage Factor Analysis (SFA) to evaluate the
geochemical dispersion of mineralization and the visualization of real anomalies
throughout the Khoshnameh area. Since the concentration of rock forming elements
that are not related to mineralization has a negative effect on the factor privilege of
elements, then the number of factors to increase the severity of anomalies must be
reduce. For this purpose, initially nine factors were calculated based on the chemical
composition of the samples. At this stage, non-representative elements and elements
that did not participate in any of the factors were identified and removed from the data
set and factor analysis was re-applied. After applying three stages of analysis on the
data, the most effective predictive and important factors in terms of mineralization
were deduced. Consequently, the number of factors decreased to 5. Therefore, using
this method increases the prediction rate and success of the exploration, compared to
the typical factor analysis method. Thus, the probable anomalies of Ba, Sn, Pb and Mo
mineralization from the first factor and As, Cd and Sb mineralization from the fourth
factor are predicted and introduced.

Keywords: Geochemical anomalies, Multivariate methods, Stage factor analysis,
Khoshnameh, Ardabil.
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Estimating recharge to the Sarakhs marginal
aquifer using a numerical model
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Abstract

Estimating recharge is important in groundwater studies, especially in budget calculation
to properly manage groundwater withdrawals. In this research, recharge value into the
alluvial aquifer of Sarakhs, which is the only source of water for drinking, agricultural
and industrial uses in Sarakhs Plain (NE Iran and adjacent to Iran-Turkmenistan border),
was estimated using MODFLOW model in FREEWAT Software. After preparing the
conceptual model of the aquifer and transforming it into a numerical model, the model
was calibrated in unsteady states during a two-year period (water-year 2015-2016 and
2016-2017) and verified. The sensitivity process confirmed validity of the numerical
model in estimation of the aquifer recharge. Accordingly, the annual surface recharge
was estimated at 80 million cubic meters (Mcm), occurring from rainfall (32 Mcm/year)
and irrigation return flows (48 Mcm/year). In this regard, rainfall recharge coefficient
was estimated about 20% of the annual rainfall and irrigation return flow coefficient was
calculated about 15% of the annual discharge rates of the discharging wells. Simulated
temporal variations of the groundwater recharge indicates occurrence of the rainfall
recharge during January to June and irrigation return flows from November to April
each year. The estimated recharge coefficients can be used in budget studies to properly

manage the Sarakhs aquifer, as well as the same aquifers in Iran.

Keywords: Irrigation return flow, Budget, Rainfall recharge, Khorasan Razavi,
MODFLOW.
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Abstract

One of the main concerns in the aquifers adjacent to oil facilities is the leakage of
LNAPLs. Since remediation processes costly and time consuming, so the first step
in these systems is determining design goals. Often the most important goal of these
systems is to maximize pollutant removal and minimize the cost. Identifying the
thickness of LNAPL and its fluctuations can determine the type of recovery method
and thus can be effective on the amount of removal and the cost of the implementation.
In this study, three methods of gene expression programming (GEP), adaptive neuro-
fuzzy inference system (ANFIS) and multivariate linear regression (MLR) were
used to estimate and predict the LNAPL level. Input variables are groundwater level
elevation and discharge rate of LNAPL and the output variable is the LNAPL level
elevation. The results of the three models were analyzed by statistical parameters and
it was determined that GEP technique has better results and could be used successfully
in predicting LNAPL level fluctuations in recovery processes. Also, the GEP model
provides an equation for predicting the LNAPL level that can be used in the field to
predict the elevation of the LNAPL level.

Keywords: LNAPL fluctuations, Gene expression programming, ANFIS (Adaptive
Neuro-Fuzzy Inference System), Multivariate linear regression.
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Abstract
The studied zone is in the Northern part of Zagros Suture Zone (Kermanshah). The

presence of deep sea sediments, oceanic crust remnants, platform carbonates, igneous
and metamorphosed rocks of active margin and carbonate sequence of passive margin
that are assembled in the studied area show a compressional tectonic regime from the
late Cretaceous up to the present. As a result of convergent regime, a very complicated
structural zone is developed. The main purpose of this study is stress characteristic
analysis in Zagros Suture Zone (Kermanshah).To recognize and study the arrangement
of stress axes a great amount of data were gathered from the folds axial surface and
the faults which are appeared within the rocks specially the radiolaritic rocks. The data
includes characteristics of fault surface geometry, fault slip and lineation slip. The stress
recording patterns for data in this study is Multiple Inverse Method and comparison
with stress position by using folds axial surface. By studying folds it was obtained the
situation of main stress 6,, o, and o, respectively as 029, 127, 234 and by using the
method Multiple Inverse Method, the situation of main stress is obtained as 059, 304,
194. Based on the investigations in the study area and measurements on Cretaceous
rocks, the results show that the main stress direction since Cretaceous up to the present
is northeastern with minor changes. The estimations of stress direction were the same
in both folds and faults. As a result, the shortening direction has been constant, so the

shortening faults all show one direction of stress.

Keywords: Folds, Conjugate faults slip fault analysis, Stress, Multiple Inverse Method,
Kermanshah.
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Abstract

The whole rock chemistry of the Garmichay metapelites located in the north of Miyaneh,
NW Iran, is investigated to reveal the provenance and metamorphic conditions of
the rocks. Petrofabric observations have revealed the syn-tectonic nature of regional
metamorphic cordierite porphyroblasts in the metapelites. C’ shear band structure is
another feature that is observed in the rocks. Two regional metamorphic phases (RMP ,
RMP,), one contact metamorphic phase (CMP) and two deformation (D, D,) phases
are identified. The major oxide geochemistry implies two sedimentary shale and
greywacke parent rocks. Based on major, rare earth and trace elements (Ti, Ni, TiO,, Zr
and K O) the igneous source rock has been an andesite to dacite/rhyodacite. The CIA
(chemical index of alteration) and CIW (chemical index of weathering) parameters
imply a medium degree of alteration in the igneous source area. The Garmichay
metapelites, in comparison with the PAAS and UCC, are enriched in Cs, La and Ce
and depleted in Sr, Nb and Ta. The representative samples lie inside the paragenetic
triangles of the compatibility diagrams that imply their thermodynamically stable
conditions. Finally, based on the standard pseudosections, the maximum temperature

and pressure range has been determined as 535-635 °C and 1-3 kb, respectively.

Keywords: Petrofabrics, Provenance, Geochemistry, Garmichay, Metapelite.
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Abstract

The Lakhshak Sb index is located in the northwest of Zahedan in the Sistan suture zone.
The geological units of the area include metamorphosed flysch (garnet schist, actinolite
schist, phylite, mylonite), granitoid pluton, acidic and basic dikes, mineralized and un-
mineralized silicic veins. According to the geochemical studies, Lakhshak igneous rocks
are calc-alkaline, high-K calc-alkaline and shoshonitic, metaaluminous rocks which are
belong to the volcanic arc, and collisional and post-collisional tectonic settings. The
studied igneous rocks are characterized by LREE and LILE enrichment relative to
HREE and HFSE. Enrichment of Pb and depletion of Zr, Nb and Y are more consistent
with melts generated from the lower crust. In the Lakhshak area, the Sb mineralization
mainly occurs as quartz-stibnite veins in type-like rocks and is associated with silicic,
argillic and phyllic alterations.

Keywords: Sistan suture zone, Intrusive and subvolcanic igneous rocks, Sb mineralization.
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Abstract

The Akhtarchi gold deposit with carbonate host is located in southeast Mahallat,
Markazi province, and Sanandaj-Sirjan structural zone. Host rock includes impure
carbonated rocks with Permian age which is affected by dissolution (decarbonatization)
and brecciation in mineralized zones. Mineralization is controlled structurally
and there is spatial relation between faults and mineralization. The most important
alterations include silicification, hematization, dolomitization, decarbonatization and
argillic. Gold occurrence is seen as three forms, associated with iron oxides, siliceous
(jasperoid) and placer. There are five types of mineralized veins in the area including
gold bearing iron oxide, gold bearing siliceous -iron oxide, copper bearing siliceous-iron
oxide, siliceous-pyritic and milky quartz veins. Microscopic studies and microprobe
analyses show that gold exists in this deposit as microscopic grains inside iron oxides
and as submicroscopic in iron oxides, iron-manganese oxides, carbonates, copper
bearing secondary minerals and sulfides. Based on geological, structural, alteration,
mineralography and microprobe studies, properties of Akhtarchi deposit have the most
similarity with Carlin type gold deposit.

Keywords: Akhtarchi, Sanandaj-Sirjan zone, Carlin type, Carbonated host rock, Gold.
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Abstract

In order to study biostratigraphy of the Tirgan Formation in western Kopet Dagh, two
surface sections including Navia-Robat Eshgh and Ghezelghan, were selected and 230
samples were collected. The Tirgan Formation was measured with a total thickness of
237 and 192 meters in Navia and Ghezelghan sections respectively and was represented
by thick and sometimes medium bedded, grey and weathered cream colored limestones
in two localities. In Navia section, the Tirgan Formation conformably overlies the Zard-
Shurijeh Formation with sharp lithological changes. However, as a result of being located
in the core of an anticline, this boundary is not determined in Ghezelghan section. The
Tirgan Formation disconformably underlies the Abderaz Formation in Navia section
while conformably underlies the Sarcheshme Formation at Ghezelghan section.

As a result of biostratigraphical investigations, 58 species belonging to 68 genera of
foraminifera were identified in the Tirgan Formation. Based on benthic foraminifera
two biozones were determined as follows:

1. Palorbitolina lenticularis Taxon Range Zone

2. Novalesia producta-Orbitolina spp. assemblage zone

According to the determined biozones and fossils associations, the age of the Tirgan
Formation is Barremian-Early Aptian in both sections. The comparison of the
Tirgan Formation, in two-mentioned sections, shows some differences. In terms of
biostratigraphy, there is not any significant distinctions, except for thickness difference

in biozones.

Keywords: Biostratigraphy, Tirgan Formation, Navia-Robat Eshgh, Ghezelghan,
Bojnurd,Western Kopet Dagh.
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