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Trachyt-Andesite
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Alternation of purpple to red well-bedded
sandstonc, conglomerate and shale

Buff to yellow dolomite and sandy dolomite
Medium- bedded to massive gray orbitoline
bearing limestone

Altered basalt

light color marl with intercalation of
sandstone and siltstonc

Medium- bedded to massive cream to white
color limestone (Qom Fm)
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Recent alluvium along rivers and drainages
Mud flats
Salt flats

Sand dunes
Older terraces and tans including polygenic
loos gravel and sands

Younger terraces and fans including
polygenic loos gravel and sands

Black to dark gray thick-bedded shale with
intercalations of sandstone (shemshak Fm)

D Town and village

Slightly altered trachyt-andesite
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Cores VICr Mn/Al K/AI Rb/Al Si/Fe TilK
Maximum 0.36 250.89 0.45 69.02 9.12 0.53
G-1 Average 0.19 21091 0.37 63.63 6.28 0.43
Minimum 0.05 176.68 0.31 54.28 4.95 0.37
Maximum 0.41 368.09 0.6 113.73 8.96 0.62
G-2 Average 0.17 301.26 0.43 81.63 5.81 0.49
Minimum 0.01 219.63 0.35 63.84 4.09 0.41
Maximum 0.41 375.16 0.49 9243 8.8 0.54
G-4 Average 0.19 257.73 0.41 7141 6.09 0.45
Minimum 0.01 170.02 0.34 59.04 4.38 0.37
Maximum 0.37 316.44 0.47 100.4 7.99 0.62
G-6 Average 0.16 233.23 0.38 66:97 6.37 0.48
Minimum 0.03 167.63 0.31 56.28 5.47 0.39
Maximum 0.14 248.43 0.4 69.35 8.46 0.48
G-9 Average 0.1 204.59 0.35 63.47 7.37 0.41
Minimum 0.02 183.69 0.31 57.26 6.65 0.31
Maximum 0.33 366.7 0.36 85.27 8.99 0.8
G-11 Average 0.17 260.72 0.32 68.76 7.83 0.51
Minimum 0.05 205.05 0.27 57.17 6.69 0.42
Maximum 0.43 365.45 0.39 74.87 13.24 0.59
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Minimum 0.04 210.33 0.35 64.33 493 0.36
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G-15 Average 0.24 224.92 0.27 53.99 7.98 0.83
Minimum 0.15 193.56 0.24 47.43 5.53 0.6

FLOVRLY ‘s.o...Le“ 3| s_:|,.~uu Ua:b» (S e ‘51.{0%” s =V -V -¥
Chang) aib oo s5bwsl BB Lo, 5 ol yolie sboaadlgs jloslainl b (6,105 G,y 5l a9 (6,105 Cguny slday )8 Lo
ol pley Jebo yo 1y azbyo oyl i ol s bojae Jsbo 0 Ca/Mn, Ca/Sr, Ca/Mg slacas ;o &l s (etal., 2014

) b Gkl lp Usess RD/AL g Mg/AL (K/AI siile (6 paie slacoas 51 (Moosavian et al., 2019) aas

74



Govinetal.,) 543 oo oolaiwl ol (ogw, D13 (639,9 Hliee g3kl sl ZIAL  TIAL SIHAL slacas 5l g 450y,
e S50 & il e hlises slapley Sligw) )0 pate o jlade ndi (S| eizan 5 GRSy s I al5T 13 (2012
255 gy ol 5o 5e Jelse 5l Jmme s izped § (6,18 gy b (pleardels Ll o

2Ll asdS e o slazl o Slgw, 10 Sese Susb, Lalid )y slp eowlio LasLs COMNI 5 VICT slacans
slazb o b Lad b (Luls] ),.,L, Cow) )5S azl o 3l e Ol s SIS 553w sbvcans (Schroll, 1975) o ls
oo adllas ol o (Calanchin, 1996; Riquier, 2006; Wang and Zhai, 2007) &S o o218 |, (Ll Layl2) &5
A4 el gguy e s gl peolly lacend plo 4 Cund plee Slpass (2ils s 4 VICT cos
b3l & o 4y RB/AL TI/AL <Mn/Ca <SilFe KIAL asile Saxe yolic lacans wob e 5 a5 sloo,sd 10 dusy o
ool Gobo 5 1Al s sw, soasss ple o s rais sacans 5l ol snialbul Sl b byl s ol ol
Olee 4 Jlos Gulbl ugildl jo cod pl g wmo o lis |y 55 Lyl il SifFe coeus il38l (Chen et al., 2013)
Ol yd e bOgb e 9 0,5 (sloo g0 (Erbs-Hansen et al., 2013) ol azd 8 1,8 Lo 0,90 laiisy ©gd (goaisled
@ 5,l51 Slga 39,9 oo ,g3 ol ,o (Gayantha et al., 2017) cowl ol yos cewlin sl Sa5,b 31 0 UL slasds So5lsn g
L oilosd g (S35l lp conlial lons Ll yd 3525 51 (Sl o Gl (o208 g, (izred b0 (a3l 405>
35 OS] T334zl s )3 WIS EalS L (Gles 0,95 (ol ablgs K25 Ll slol g (S olyee 1S
5 Azl slalease [0 oS byl byl 4 cans 350 4 ool (Gayantha et al., 2017) coul of o s Sl
Ol L 699,9 LialS o azl o Of zlaias” sles s ,o (Haberyan and Hecky, 1987) aiie wles b o
obes Gl 3 FElAL g MNAL Ees 5, cnl 5l s aiSTee il 0 UL 3eeST azbl p y Sl il o (20l 55
Jsb 50 adg> 4 0ad)ly (ogu) Slge Sl s 5,915 sl ZHAL § TI/K <Ti/Al (FelCa Al/Si slacaws 51 oo o
JL8, 4 a>¢5 L (Spofforth et al., 2008; Polyak et al., 2009) ¢l oo ooliiwl Jlods cdad aslate o SLL (5,5 51sS
ous oaliiwl (Sojlsn slaps), jo Slusd puw 5 Gl 00,58 job @ TIK cond 5l calize polie gl olandisss
Govin ) ol o 4zl 4 5,lg1 olge 51 SUL w5455 coims ylid lacaeds ol 21581 (Fernandez et al., 2013) ol
ooniinns B3| 55 aundl ol e 38 05 el slsd g ol bl (55Lu3l (61 ente aLs ST/Ca Coes (et al., 2012
(F-¥f Jga>) (Vincent and Coauthors., 2005) s ls o1 sles b

weldl asls 6 paie clacans F-F Jsux

&z Ly Srais S
Schroll, 1975 sasb, bl s
Calanchin, 1996: Riquier, 2006: e V/Cr, Co/Ni
Wang and Zhai, 2007 mem
Chen et al., 2013; Sun et al., 2010 wsbye g p,5 sloo,sn
- - Rb/Al
Govin et al., 2012 Sy Adg> 4 00 Jo (5 )lg1 slge il s
Govin et al., 2012; Govin et al., .
2012; Spofforth et al., 2008; Polyak iy Agr 43 0y (] 5 ol gl olye iz | ZTAL SUAL
Ma/Al
etal., 2009
Chen et al., 2013; Sun et al., 2010 sasb, 5 oled slacygo —_
- |
Sunetal., 2010 <l gl Ol
Chen et al., 2013; Sun et al., 2010; Fe/Al, Mn/Al,
wled Lyl '
Erbs-Hansen et al., 2013 Si/Fe




Spofforth et al., 2008; Polyak et al.,

2009 &) Aoy 4 °J‘:’J‘°‘> 6)'BT ‘>‘5" “-"):"""’ AI/Si, Fe/Ca
Fernandez et al., 2013 Sojlse logs,
Govin et al., 2012; Spofforth et al., TilK

2008; Polyak et al., 2009 ) 8257 4 a ez ] e Sl

Vincent et al., 2005 Sl gles Ol Sr/Ca

P98 Ll yws Slgw) (g )0 g pare bams Ol pdi -F-V-F

Dl s 0929 5l Sl Sy ol sl ol Sl @l Jbej sloo 90 ;o jolie cod Ol s s 050 sloojae 4o
Olpl35 e adlate ;o 1) (oal8l g (aome Slpss SSi caalllan (ol il (G939 azl o s Slgw; g5 o0 sas
30y Jgi 50 shezme 5 soeldl ool iyl cnl po 0 jslice @88 1) S el 4 b S Lo 58 VY I iy Jobo 50
o (N F JS5) el o plolids (6 pie Caes & 5 polic Jogil @ azgi b g5 sl8 bl 5l oaisuslo
@ alidS Jlo g YY (blej o5l jo ppl asg> o olaand (Sojlen Ol Silas olgie 4 KIAL 3 MN/AL (6 paie
381 sl delcs Lol B 85 51 S s (5o Lil33l ansl yais 30 +JSY B /YE 5 o[-V b <[4\ oy o
53 Sis Ll gz oamaglid Tl 5 Lo g Cusby Gl o s 4 5 2 pT 4095 55 ploend (S33ln (e
azlys STl s 5 Cusb) i Sl o8 ROJAL (lie 5 550050 b QUL (Ko s (nl 23l os ad5>
G5 o Soit o 4 Ll axtls STKIAL g MIVAL (g paie sloloms Sl () -F S5) amo o ol won]
e ol cnl gpine Yl oo slalase o MNAL Cocs 950 UL pizmen 020 o0 lid (wguons tals
Ol ot alise bl G 4 Sligwy Jox 5l ads p0 Gialo b 5 aband (F03ls0 o5 Jled eaims L
aleog, s s jo swliboguw, a5l as cwl S9398 L Gai ;0 G-14 o5 yo 58 KIAL (6 aie Cos
VA § SAID eSilio b a5 4 VICT 5 RDIAL s Sy ol o0 e 20 VD B ) 090 (5165 50 canlgioy]
Ol AeS g atidin o BB 5 Jlade 0 ks aed e lii Ty dllaie jo ()L e 5 azlye Of Sl o s
Lyl (655 5o slbozie yo 45 sl ine (s o2l el ity (glastls lassin 5 2aS (655 o slbosie 1 oo
a5 ST b el 0391 1205 Ll (635 50 Ui o ol 515 gelans by Ulain] 5 sl a2l o525 s sy
SFY e e (K 050 abile arldl glaslays, VICT § ROIAL Cons aSil o ol 0361 8L 5 5 apas o 315 Sllugs Ll
Slrojae o olayg, (plas ams o lis ol (Sis sloo, g0 cpl o bt (plaws oo Blis Hesuly iy JLAY -
UL il alawlys 4z, 4 (6)lT Sligy 39 Gial3l 51 S THK G 1o Lil33l ol Ssgie )l G-2 5G-1
ol el (s)ls slge 05)5 (1alS Ly S o9 sataslis (T (2alS g dilate jo canlio Slo Bl At 375 0l 4o
ol alts (nl koo Rl Gl (0l 8505 Slaciand ;o oS ams oo LS 1) (UL Oliee i SWBBS o e
sladl> slaojie ;0 (5 pate S (nl Glime dlios Gwglen & o gt Z ) )0 selis sla )l 352 saias
axdllas 5,50 (g0 330 ;o s ol o ylid ioli8l SLds sl L (655 0 s ion 10 g g0l slvawls 35,9l
Ll acsle 5l og0)90 Jedos a5 Conl (635 50 030 41 bgaye (s paie S Gl Oliee 530S 0500 Ologs V B IV
285 Sl G-18 o0 5 Llly Jlod alaio & 55 Gl (3 e Senl 035 alai & (ls1 Slge 3955 Gl e
bl o Casb, 5 Lad Sl i 00t L SIFE (gl sy oo (ilaio Lty 4 ol o il s 0900l oled (s
b S 2l Ol i OV -F JS0) smo e Lt azlyo 4 (s)ls1 Sl 99,9 (e b (Ul (Sraad oo 0

SRS 9 G183 ojme mhaw jo S92 gl8 Ll Jlad isw j0 0g 00n]5 Jed Lo )lo;ﬂ Ot 4 b VYIVYF sue

YA



Owoler blgl g AV o i sloo g0 ;o pizmen (Y-F Joux) all o T ogas sac LLW 0,8 adl> slaojie jo l5s
Jlez>I VICr g RO/AL glacas oylie ;o (ialS a4y ax g5 b (Jg oo oo lid (il 8 TIK ¢ SilFe slacans i ang

S (oo Sugl (Sloj 0,90 ol 1) (o9 4ds> 4 6oL sladls 39

2 = = T— g —_— F —_— -
21 s f——= re— b §2L |~ T—N— pr— ;
; = = F— ||[i[ 1oz
2 = — = =— [afd ] pe— = -_ —
4
i [ — ——f = =
ab
5 a 1 . 2r P
L — ] — f=— 3
| LT e i — G-6
4_ - L\ | = p= 4
f—— S —— - o P s S =
e — | — e e — fr— — e b
6 f— =7__—_ s 6‘_ - - . — —
_——
[ S—— - — |—
G4 e o8
L= — _ — Yot = s =
—_———
o= = —_— —
e e —Ee—— - i —
8 G-9 " 2 p— p— —_— b
e~
4 G-11
I_ [ T [ = = o —e e -
2 6 X
— I — D). SRR -
7 | P— e = = - 8 "
9 10} == = P =
8 G'l§| — I— = -7 F—
9 e :
10 2 o —_— e —  — - o
i e —— N— i - 3-_ —_— e f— E:-:—
e e e e ) 4
: - B FEA) S S
= E E_ = E 1614 .

0 | V/Cr| 0.5] [150Mn/Al1[400] [0.3] K/AL [ 0.7] [50 [Rb/AI[100] [5 | Si/Fe| 10] [0.5] TVK| 1

‘535:555 LW i jloabclls p srojre 1o (g paie laians &l sy N V-F S

RO/AI L Ul s (Sra KIAL (6 e s el ootline L5 @ VY-F IS3) gladigs logas o a5 aisilan

s Sl yeis b azl ol apl adsm 50 b (F35lsm 5 ialod i ial3dl ooims Lt alins (pl ams o Lt

\Al



s ol 395 o0 Wi Lad 5 Cugla Gial3Bl Sl o a5 talyd 5 (Fojle liee 5o Ll ol 4zl e O 5l
ol Glgie 4 g0 e a5 K/IAL L MNVAL cos ol ezl ).)L:.A Ly azl,o 5l mdaw Coyus bglo) 5l g lewn o 9
Glacans aSyl 4 azmgi b ams oo oLt Ul (San el o sslind aslllas ol 5o ol So5len ol s
b Les 5 (U3 Cusby peiies bl 51 S aliewe ol (@ VY-F JS2) wlazs 5 )38 a5l Sy o SilFe 5 Ti/K V/Cr
Ol s lsl olge 05y azmni yo g axdly (lE ade> 1o (Foilen liee dos SRl Lol azlys 4 o )lsl olse 39
S35l )3 Les 5l e Sagky b )k (A (S93gl5 adex 50 sy oe Sl 4 a8 Salanil slaflod 4 4z b b s
UL (San G-15 5 G-13 slaojin o (5 paie slaas lpss B VY-F) US55 pimen Coul ge oliasd
ar g s 5 boogie anis ol (Gl 5 28 ,0) By aome dasl 15 Sgg 5l Sl 48 ams oo Lt Waojie il dy Coms

s oo i 1 (L 5 slazl o) SLSS Ll b s paie sbocand Ol s 4

a Between Groups Between Groups
Anar Core sediments b Anar Core sediments
0 5 10 15 20 25 0 5 10 15 20 25
K/Al G-6
‘ G-14
Rb/Al |
“ G-2 ——
: J
E=]
&
v G4
- Mn/Al =
g E .
= o G-11
s i =
B ViCr
: G-1
G-9 1~
TVK
G-13
Si/Fe Gsl5 =2

5595 bl )0 (S5 bls,l 5 baojie gladss jlogei B gl (Siuwan 5 shaic slacos gladgs logei @ N Y-F S

2 005015 (gm0 Sl Slie 4t )3 el 009y canilin asho ) wlin Sl o 393 5l8 dilaie (Ll Cgteny Slsl 50
Olpd aS Sl oals plxil G-16 5 G-15 a8 Cusdgn 4o 3gj0a0)5 S50 bds JSis Gl 00g UL S35 LW
ol (6510 o g b 50 ke g (s fyame Glaie @ pols o 0 g ol oulds atigd dule g 5,5 (slaoslail jo il jsails
Gl adlate o ush) plie 2oL lej )35 b cusl ooy (slazl o Slges ) Gl Ll (B0 Gl sl 90 cnl 5o
Goymn boo)ls Se5g8 axl o 515 mbaw alS 5 o)L alS 5l colSs aS aes o i swgmxe ialS VICT 4 RD/AI
(owelen 5,0 bl oolidl 3l L Jlod Ceoms a4y 35 10 090> 5l g 00015 S5 sbls &S 1o« Jole bshs 2 05
Glaians Ol 4 azgr b cawl ool Glasl axl o ails o oLl e (5008 g g0l awle sloatiys pos
G- G-1) G579l5 sbl (28 Aou slaoie )3 (5 Bla YT+ 3905 5,5 )0 55,95 63k slaanle S92 5 (5 paie
30 6ok grawls (5,uS L aS 0,90 (pl il oo Sl pwgden blgl sgu> (g0l wnl 3 el 5l S (G4 4 G-3 2
2 (St ogl92) Sle Guglse sl ooz b Bolas Uil el oljon G555 Ly (08 andl> i
2y V=Y sga awgie 8,5 40 (6,50 aline Lyl b (Rapp, 2019) wil co pwglen Job )0 () 0,5 les Ol puss
slroy90 bl o dilaie jo S8 JLo FY - sgu> o b K0 Sis byl b gz 5l (S (635 0 g 0,8 andls slrojae

Yy



slcaus fle 4 4¢3 L (et al., 2013; Hamzeh et al., 2016; Vaezi et al., 2018; Minniti and Seyed sajadi, 2019
J."s‘ S 0,99 )l )...u...u w‘,@ LY LS’L"A u.«.u}.‘}.ﬁ JJ‘ﬁ‘ S 0,99 Odo 9 R W ‘M)Lsa).]a.u S 0,90 90 HO (G pais

w‘ 0054' U""“" u...ua.‘a.m

9595 Ll abdS @l g Ll i (55lwl -A-F

Gl pss E5 Gl el op e wardg (ol oo caw glep 5 Ol Glss 4 atis sloasy> g lbaxl o cowlus
dgign ol (u5ed) adg> 3l (25,5 sl 5 (699)5 lac] Sllugs dzei jo Ol 5l Ol s asl 402dS ol
bl oo o8l byl i b s job 4y Ol 55 Sllugs ooplpl (VYA ) Sen 3 ST <Spencer et al., 1985)
lop 5 ol sy Glise gblie gladxl o wilaxd 8 )18 o 8l 15 cou Sglite & g0 4 cilises 3blio a5l 4 g
0,00,55 e (glsn s ol G5l Lol iz g iy 3T cilisee bl (o wailes S ud Dglite glacs 0 4, |,
53 0LS a9, G g 00BCa 485 0dgame ] o wowge Sl i Jlw Qe ee B Yoo v 550> o (Cohen, 2003)
sleaxl,o 5l oobind an o slaw g Ol slas,sS, (Street-Perrott et al., 1990) cowl suis iy 31 Jlods s bl
VA= oo o Jlad a2 po Yo B8 sgas gldliinr (50 b (saiapeS 50 ooy e ) Cugh) (lie 5 Lol ogiz 5 1 31
4 bgye bazl o Ol g 0 50ml 5 Gl dle Voo e & baype azl ;s ol gl o 3L 51 (S 05356 G Sl
Gazl s iy pmginls GLL B iy JLedAe s+ 5L OY=F IS3) (Cohen, 2003) cawl i Jlo VYo v S0
Slesed 50T Jlad o bazl s 0T mhaw o] UBSTlas b Lyl s ol a5 Jo s il GlaS 5 S adlaie oy
G Ve 0 go00d uoSae i Jlo VYO« jo Lewl g by ,81 dahaie ;o daxb o ol rhw Jials (\WWAS (D) el
OY=F IS5 O L Kan 5 ) ool odmsy 955 gl 4 boazly yo o pelas iy Jlo A+

Lake level observed

100

80 %M /////

7 .
60 b7
% /// High ////
40 /? : ///%
// I //// - 2 77
20 L 000 : 77
0 * ¥ ; : 2 :
18 15 12 9 6 3
Misture budget(P minus E) simulated by CCM Output
400
= 300 y
=
£ 200
100 I
0
18 15 12 9 6 3 0
Time (103 yr BP) % Low
% % Int
wEEE 0% High

b 53 o a0 ¥e b8 bl be aipeS o Lol gz 5 Wy 31 Jloh sloazlyyo 51,5 s Sl -V Y-F IS
(Cohen, 2003) acs35 Jlw YA+«

Y¥



03,5 &S > Jlodh G Shoo gl U e g 0010 &) sy 93> bl ;o axl o ol v 5o yialisl ol
Gasse,) el a8l alS (i Jlo 000+ 350>) Sl fpwglsn Job 1o laahaie ulido jo (X laxl o mlaw .conl
Y bRV e Gl e e a8 cel Gulaie Jlods S5 el (slo,Byg,0 slo sy eulie g ppe JloSis 5 a5 (2001
@ wgler 10 L5,adls 10 Sgige dxbyo O 515 Sllug sl cw)y 50 (VAAF) (NEWLON) 590 .l 00lidl 5lasl i
Lol 08,8 0Ll i Jlo YO+ o S v saze el UL

sloazly > Sl L 5ol 350 b 55 cpmslyn o 13 ol (I51s laarl s 515 e Sllagi (ogas 5o ol
JLafree BOYD: Sl lazl,o Slgm) jo Sas 5,58 mao 51 o gllow AL j0 000 Jlysmen i 3T 5 Ll Lgir
aS 009 Gio JLo YAe e g Ve v dous 4y by e Ko Sis 5,90 518 g0 .l ooludl slas] Ll A0+ sgas> a4 i
Sae il Galisee sla i axl o cpl 4o el S ax b0 85008 ol 50 o] 50,5 LSS § 8,08 (6,56 Coeal
slagide 5l i Jlo £r e B ojlse (0 S 8590 Sae Job azl s a0 g wlatile (LS Ll ol
VWFee VY e ee Sloy slaosl jo Lo ]33l Slo bS50 oss e y5 a0 j0 10 (VWWAS () csl 000 (635 0
ol 6ygh Ll Klo 09> g0 (slodegilo dcgamme (pimad ol i Jlo VYV e g0 g VYoo dga> NOF e b
ol o ol el i Jlo Y0 o/ @Fer B O AYFer BAYe e e AVYer BOVe s slaJlo o axbyo
Sl oy 5155 9SG lapley pam 0 5 S5 walab bg Gin JLo O LYA-e g VA« LY« 5,50 90 ;0 axly o
relS 2 il sl G 9 0 2LS (S0 S (ST gl Ol s el cpwglea (81 (Wasylikowa et al., 2006)
Sl G JLo V0 + 50 (6,50 S 550 9 it Jle OF 0 0 Sis 5,00 S 0929 3l S s oLl e &b jo jo
3 K508 Slguw, 0g2g b aS Cwl oads (5,155 iz 6,50 LB Jlw VYoo 5 deg,l 4200 o (Stevens, 2006)
OV (Gl ciug,0) Cunl oads Lbles sabcils y slaojae

5 (lid oS pienw) lalae o > (6 e HLid Slapiune b Cov 5 Gl nae Base ol Sl Ll
Olrl S 55 (codlBl Dl pois dopincas (nl Gad g Coxdge )0 S b ABITT )0 Cl (058 Cpx semge Sl >
porcety 2 O5UsS slagely wrse Uloial lal esie slapsicanss 2 o1 BTy ptncs cnl jo Sl cesl 00l ¢
Hamzeh et al. ) coul oo Jool> cwliicsn )iy axdllas ofy 51 ol ol s o @ddl 5l lelbl osas «g2ST .ol oo
S5 5 sy slboys Sy 0 ol Jlad 5 0 3 sl sl Sl IS 6550 o 15 ¢ (2016
(gl Jlaizl b pwgincds 0,90 Job o (Kehl, 2009) cewl 038 (5,5 dcgazmo) Cgb o 9 0,5 (0,90 5 (0 p dgozxo)
ol 2 sseld Uleial g olly S st slacgls' ol 039 @y 635 10 Olnl & lagmeipw 5o Jlod slaol
Pl aitin 31 50 635 50 lnl 59 syl 5l siie Sab b slask (sl (S bESY )0 S8l (aiirad . Caslasl
e o8 w0y slro,gn Job o (alius) camge b,2) Jled slaol (Hamzeh et al. 2016b) o ls-s2 g 50
bdlpman no oSS 7,8 6l A ;2 s g0 00l iy 3903 Y L (Glennie and Singhvi, 2002) o, 59 o0 Ulezx
oolital Lad 5 oy Jole 93 32 b 5ol mmimpm (Sladiged (rm 4 398 o0 Sg90me (plodrd 2 AT L (So535 sl
Sl 4 a5 b S o S s IS O g 1 dalame 58 fise st sl [y IS w00l 35aS 35000
b S olaie 4wl caelsl jo oals &l gLkl by s sg2g 0als aiS il gla,eiSB pl 550 o aBs Silells]
S a2 bl bl s Gl ol SSUL o a5 jsbjlen 0gl aid ka5 10 S (Jeod (wlidie Sy p0 00,8
5988590 9 B cxLis (Bogemans etal. 2017) el Jolu bglas Ol s 5 cwliscsn ) ome 3l slael LB Jow

Yo



5l dmazl o O 515 mlaw oyowl UL (Heyvaert and Baeteman, 2007) cusl (5,950 byl oi8a) 555! 5 laailsog, 0,0
Obes ogas yo (SI5 Slellbl sgzg 4ty o Ldl iz (5lujl 6l K00 5l Gy sl 00,5 (693 4 £9,5 oys sk
13 gy w515 5 355 e Lt o misiym sladizes 5 ole et ol 515 o S 5 e Sl
@lsee slap,d oloul el 5,0 a4 08 3l g ez 4 Jlod jliddlaie (0 ooy Galae s .ol coid Bld s Lo

el 48 5 ol o 00 O jgeay 0SS @ o3l bawd ol o
2ol s @l Bl slaanld clad a4 (S93glS bl i Sligm, jlendicileyy glaosie slatz (g sy b
F e S &zl o 4l llaanlp ol o p g OlEee (mglse 5 SLL el Job 50 (o9 Al slalase
ol s 5 ipl sloaiig (5,8 4 0y 5l AT Gl 0sd e (Sl (Sl Dl g Sl o
bulys VT JSS j0 05800 (s Sligesy 5 (] laaiind (n3Silr lazlys Slsm, 5 bl 5 ool gloaniys
Wy, ardlo )3 00,08 (ol Cobs 925 Sanl 00 s 5 SLLLI Gla e 5 (S99 SL (29w Sladarze (G955
3 oo ST g g oy lansle slragi ) Ll ()8 (i ol osalive (BB sy otz & sLs 5 99,0005
ol |y gl adgm 1S )5 alaie 4 LoCeand aky oo g0 S5 1) S50 4zl o bams a5 Ll 5l (SzrsS Si

il o & e o SIS 5l glalamlle LB wox ol yags 0,808 Sliges 5l oapdisy bl Lo g8 s

°
G-16

Sedimentary Environmets

Eolian Environments

Fluvial Environments

Lake Environments

| Playa Environments

Delta Environments

G-11

sDastjerd
#* Kamalabad

— — M
0 5 10 20

Syl slo e 5 G355 (Sl (g slolagms Jlab Ll VFF IS

\ a4



Ogtgely 53 )3 0ud plolid (9w Sl 5 (ngm) Slrosie )3 35290 Sbro)lud 5 (e mS 4 4295 L
(990043l l5-09,) 5 5l 0ad )13 (rgmsy Jl (e A2 4 el 0892 gl (sl o)l Sl s gl iz (UL
ST UL o g 65,31 el oolisl st Sl 5 28] Sliges, b Jad Ll iy o8 anils o g ol ooy ULy
ol G5 ojne (lad oxdge jo a5 sadiel ( S955l SLly  oadfoz aigm; 5L UL (l5ee a2l j0 g oals o)l
G- ojio ) (b @l 4z g b 09 ssmlie (8l (sloo)lus; G2 5 G-l ojie ab oo ;0 g Lo 4y bogy o
sl 38,5 alomil Dligas ) 399 b cond Sz 59 (D 2 9 0392 30 4 08 5l (S9gl5 Adg> ok ) (o0 114 G946
009 lazlyo Slgw, slyls ddg> 3,50 sl isw 0,90 cpl jo .l alils aslsl L3 Jlo Jli VA sgu> b Cumsg opl
]

Jlodt oy 39 j00l5 S5 s S > 5 (ol bglad (g9 b ety Gwgdsr sl 290> b Sl e VA
g iy Jlo Y00 B VPO- - sgux 5l Older Dryas sla oz ol £F 0 0,90 opl jo el ool 5lasl b
5 ol bo,go oy s8"dS (Rapp, 2009) ools &, (s ogon Jalol G AYA 51 uglam £4.5 51 i Younger Dryas
5 00l 00tS (G-7) LWL e sla Si05 b Lo sleasl (VA% LS 5 (6 3256) ol 00 135 s Il 0,50 (sl5
LT gla iy 51 6l o 000kt gl b UL (S b aolsds ol o LS5 adgm o 5o glanls slaas
(Schulz et al. 1998) e b, «Li et'al. 2018) 535 5o slow! 5, «Liu and Ding, 1998) (> o) olé sl
ol o,e (Viaminek, 2018) 5,01 Jled o (sl Jlss (Litt et al, 2014: Pickareski et al, 2015) JgbT jo oy axb,o
Vg 5 olas oy 5L Ll 55065 3blw ylie  Siwspd ol .l 00 o lwliss (Mehterian et al, 2017) ) ! (655 0
i Sha s 5 SU anldl slosliys, oilalls 25 olez Alisio slo i 9 (s 5 T SUs i bl 5
Seslaiwl bl ansds o BBl IS ooy lai aulss ¢ Joeo wlide jo Sloaws sla jioghy 95 ;0 .0l el slaaiy, ;o
S idu ;0 odigriy g (egee (SAS BLly) 4 4z Lo IS jeb 4 05 iluil g3g9> U (2le ple Slelll]
(Djamali et al., 2008) a.eg,l axb,0 5l odnlcaws & aalys 55 g (Dennell, 2017) Jlxsy as > o 31 50 Lol 65655
2ol 3 0,5 asld )& sla sy 55 5 (VIaminek, 2018) ;01 Jloss () sl dlss (Laver et al. 2017) )l o U3
(ywgdgn £9,50 b ail oo Iy a3 > op 31 0 ats v ool 5 sanlsi (Mehterian et al., 2017) (g58 (bl
o 8 pl g oo (oLl Slgw, obaiigs 4 e (Cuffey and Clow, 1997) of 5 cile ax,0 Vo B Leo iol58l
alsl 525 G939 350 Gblie b Condy (ol (10-F JS8) Canl ooldl Blish azl )3 Conms 4 (A3 (59,80 9 o
O Azl 0 G 4 ¢ Sl 5l SLW slaaiigs lasl Younger Dryas 1 as Sl asg b8 4SS .cl ails
ol ® Bkl bl slaaiags 5l (Lidu g oad adg> o)y (S93gl8 Jlad 5| (ol (sladiigd g giled S Iy
sloarins 5o ol 5l om aS el ools #; s Jlo A+ + 9o Ll i ool ol 00ges i ddg> g Gide & ol
B AD- - 095 Jsb 5o 35,00nly GUL 555 5 pm 0979 5l Lt oS wload Jaie (o35 50 i b aiats Jlad 3l (23]
@5 M Sbosie ;3 (5 e le YT dgu> 5185 50 S550)5 ok sleanle 052y o)y (She rwslen sl Sga
L aS 0,58 ol ailioo Sl sl ilsl sg0m ol ald collsd 5l Sl> (G-4 5 G-3 G2 (G-1) Js>s5 Ll
o raslyn lsl ol U Golas Uil ool elyon G olf sblly (g 0ils iy o g0k sboake 2
0-F JS5) (Rapp, 2000) il o rslsn Jsbo 18 (e o5 lod Slosis 18 (Sheomirnis (r3l39)

A%



1 2 v

Younger Dryas

Greenland Temperature
Variations from Present (°C)
Older Dryas

| | |
20 15 10 5 0
Thousands of years before present

Rapp, ) (sl oals (g3l3L il 5 (So sloojie 5l Lles polie) axids Jluw Jlia Ve 50 ) 0,5 slos @l s N O-F S
(2009

Olejer 90,5 Joe S 93 s Sygean o el o dilaie ;o Sl soiS Jobs dalaie jo Jlo Yev 5l s aS slas, oyl
leolaz ) ol gy i Jlo Qv e Bga" 0 e sl > Haddas ((Jlek bl ddlaie o 8,5y solas, L
B ool Slga, sloe L, aSul 4y ax45 L (Parker et al., 2006) coul 054y (4o, gl3) Lowl ©ye i jo apods  Sis
sl g plo @ cas ol (b3g Slsl,8 g o ol 3 leas (ol 38l saims lis il ails i xS Je3 g8 Ll 35 e
F9 s Cawd o Slelbl oy50 pl jo g0l laawle glas | 51 ail co (S5 95 yws Sliguw, ;0 0ol Cud (g0l anls
Codlad (o8l slaolayg, (Sar 4 ax g3 bl 009y (o8 Lol 5 51 i LU o pe slawle sloosgs by Lalad
bog 0bygesle bl )3 (V2 1V7) Glen 5 050 Lawss (oala Sy Slgm) 50 (She rglen blsl )0 ol laanls
Jds Wilgs oo £a050 ()l ool (5,155 (Yo VA) (l)an g o, Jawg jom axlyo 10 5 (Y1) )| o lacly
Jux and ) cwS 5 WSl (Gupta et al., 2003) wisl iz oyl i sloul g s ueildl Al sloyguile yadbcams
Vo by g yegkS Voo Jobo b (LB o crge Cruglsn Lanlsl )3 ayud slasl 5 Shee &)l oudie (VAAY) (kamp
W (B g ALgS 5 (gels adg> Jlod sladilssg; AiSSlbg Fe G (B8 Craesd Jleb Cux )0 fegkS
Ohen g ojex a5 Slllas jo gl pwglen blgl slas ) i0gh oo bl pige Culio lgic &) 58T oo a5 00§

ol 0 (3155 g0l loawle joeb b 5 wilosls ploxil jaele it Slgay o (VWAF)
Ol adl oo ;500 DaolisS Sis 0,90 S 00O LS . (pwglgr byl Sga b cpdigy sloged SOy IS 092
0,90 opl ;0 (G0l slrawls 429 pas 0ed o ol Sg3olS ddhaie oy ail> o SLW sleo s (558 bioyg
Sbbil Sz 5,90 () bl co Sloo pugler bilgl (Sis b anslin jo 3,8 4 oy sbool wad codled poc onimolas
;o a5 (Staubwasser et al., 2003) aas oo lis Jlod 8,5 pud jo aBdS Jlo FY- o S daly b plo oo,
Gl 00 ()35 (St UL Carwg b Lol g ol 81 51 Sl ide cilin gl 0 o Jlois 1S5 50l (sl By 0 (sla sise
LWarg LEY ) FY - sg0s 000,008 o8l Ol sy ] (Booth et al., 2005; Parker et al., 2006; Cohen, 2003)
Ql—}jﬁk’))o Sl 00l uo)‘)fﬁulf‘;dwéuw)o U9L‘L~A u\.\mﬁ L) L: w.u JL..: (G.o...b‘ﬁ GDLJ‘)D w.:ﬁs.n
i JLo TY e BOYD. o of)lee &L, jo (Cullenetal,, 2000) Jlo T+ YOENVO i bogame jo los sb 0 sy

YA



S OF -+ 0 0bl e &L yo ,o (Wasylikowa et al., 2006) i Jlo YA+ B ¥« + o jlo 5 &b ,0 0 (\YAS ST)
Gorim b sl ,o (Stevensetal, 2006) i JLo YO« B Feve o 5L had o Sl b SosolisS slo iz g
aST yaws ol,ail g Jedl b oy ylhe e ((VYAF ()] IS0 5 050) s Jlo FO++ sga> ;0 (g0l Slgw, sloo Lz,
5 obe Fl9) Gy Jlo FO- v Sgam 3l B g 1l 50 3,8 (e Jo8l 5 (VWA owme) (il 5o
Sb J.,.>L, L axlllac 5)50 dalato ;o 0,50 (pl b yo mlaw 5l glay )| g ddlate @8l 4 azg5 Lol ools &, (VFA0 ), Sen
Gy 4 bogoye Uizl (e ¥ 5l iaS 6135 o slazl o sboo,lus ) (g9 pion el oa jalls dllucan g JSlos
i) (Newton, 1994) cowl ouds &l 50 Lo ,adlS Slgige azl o 10 a5 Cawl 009 i Jlo YO+ 590> 10 laazl o

(¥

-28.0

-28.5

-29.0|

-29.5

-30.0

-30.5

-31.0

-31.5|

-32.0

-32.5

8.2 ka events
Yr.B.P.

-33.0

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

(Parker et al., 2006) (cewl sads (g5lusb ol )5 o sloojie 5l Les polie) pwelgs Jsbo 10 (r; 8,5 sles Ol yts NP-F S

ST sl 5 of e 598 Slbols )l a1y Ll 3,5 Cgim 4o olisS Sas 0,05 (Y21 F) oS 5 DiXit) CornSss
33 e V=Y 390 Lawgie 15 50 bl b s, (5 yieS candls Lo o ain [ugildl Al slagygmile 5 Jlod
Voo ogoe ploj S g JB Lo TV 0 dg0 o b S0 SaS Lalpd 092 5l (S 63550 9 (25 4Bl leosie
(Staubwasser et al. 2003) a2s oo Hlis Jlods 6 Ko [0 cmlin o, Bldail (iS00 oyl all oo ddlaie ;o dllu
Booth) cwl oo (o155 Ub g b Lewl g s 81 51 slo isu ils,gls 50« Jeais s ol (slo, B 558 sla s jo a5
5 00> Jawgl axl o 9,0 o (ol sbvawle (ggpinn L yaeld o Sz 0,90 ol (et al., 2005; Parker et al., 2006
Vaezi) Cowl 039 ol o (50l Sligus; 9555 9 (5595 GRal38 b 55 Glygesler 10 uizres sl oads (5,155 (V41 F) (fiiSen
5 (Minniti and Seyed sajadi, 2019) o Jlw FO- -« sgux> ;0 ai g pd fyowd Jodl b Uizl 6,90 ol (et al. 2018
Mashkour et al., 2013; Madjidzadeh and Pittman, ) <l o9 oo (i Jlo TV o dgas 0 o o Jgdl
Sorian b (25 SlsFeen oy JLo YO+ 0900 Glejoyeo b e V3l ieS 6B)5 50 lazl )0 slao,lus; )9.2> (2008
s (Y- +2) (Djamali) o Sen 5 oz cpimmen .(VV-F &) (Newton, 1994) sas o Lis Lo als Sgige axb o

asby bl i sasmo lis a8 wiles S olwlid aigew ogi> Jb 5o Jledlazl o o Sluil ol cudled S 5 )b Jle; U

\)



30 e S5l xeS By L sle g j0 5y, ok slbawls 5 oLl slao lus ) 052s ol 009y ddlaie jo enlis
Sl S5550 8 G 0575 5 ©olr 5 (2LS bl 5 6T o92g pas Loy (G935l5 SLlly (G-1) ()8 4l sl
Hamzeh) coul i Jlo Y+ -+ 050 St 0,50 b Lo o Ulaiol St 090 oyl bl s dibate jo St Ll 0525
o)Ll ol s g S 53 48 L Lo )+ B0 _Laoed anrls (slab 4y ) 5,) oo 151 a5 (VV-F Js) (et al. 2016

@ olb Lo 5 Gos (58 Om 3l el o8 Al yo bl Ll el sgzgy (ed Ll o ol anils ons
Ll odds | Sos aaS

d—i":‘) bt Slgw ) ol Sglite Loy dbdlaie )5 oleord 5 o5y Gloo)lud; (g9, JL3; 58 il Hla s Wl
S Errs g WBlood S99l Ll 5 G T Doy £ Lawgie Gl b (owyp JB L fw )0 9250

o Sad o> 5l ka5 a8 0 (WYL ( Seils Liug,0) Mg oo alins s Lo jo e sl 00 U i Ll

55 ;im @ S99 bl i )ls] Shgw, 4 4z b blge obisS Gl Sae 5o olgld Sl pis
> o5 oles () (ed Ll d alie i Lo e ¥ agas 5l Blas Se3gl8 (5,0 5 Jled
bl Slgm 392 il 00y (S aiS 4 QUL o 5 B3 (38, o 5l el (G959 adlate jo oLl blyd oyl
oley yo a8 b yo sl ooy ‘QL’:‘M wazl e Uk conlus cnnsplis o6 Jole sloosie )3 allpess

(A-F éf) ool o3gy slazl o Ll s 6lls ol 15 o Gl 3,0 alie

25970 yr cal BP

(Wle Jlods 4 gz 5l oz @l 5D 4zl 0 oz glaoiie pgm slolaome ooy Gl Ly, VV-F S

A



5230 5245 53-005230 5245 5300 52:30 5245 53-00

4500 BP 3000 BP 1000 BP

=Ty

Ashbobn
o Vo

-
sum  G-15

& .
G5
G-16

Kash-e Sian

125

G-11
.

Dastlent &
* lamalbad

Dastierd ®
* Kamalabad

astusiin®
1% Salibod

’

3230 3200

15000 BP 8200 BP

Sand Dunes.

.
. 5]
‘»“’ 11
Dustiont &

# Kamalabad

[ 510 20 & g

@
Eolian Environments - Fluvial Environments Lake Environments Playa Environments Delta Environments

Glize Gloy sloeyso 5 (G535l SLly (o5 sladazme (g5Losb VALY S

°
Olp) 5o eudplul Gldllae plw b aws lic -4-F

b3gume (slaaxlyyo o oad 45135 gl e g St (sloo 90 dslin b oyl )l calies 3blio jo 4235 alowl Slalllas 4 455
b alizes 3blie ;5 osbpe g St (looyg0 (o) 45 S35 as (o0 (pmsln Jobo 0 5585 58 Sy s,
g adlllae g g bame g9 cDlalllas Z85 (s (2l52 5 O (Slaptans (oLl iz CoaBse i)l 10 oS ddz s
St by ol wlalllne plsl )0 SLaSy 5 (ol by, 5525 poe 4 4255 b das g iy el Ao _ilike gl
L oS ol Glbal BB (oobj 390> U (lpl (sloimes slagg) 0 Sas slooyes ail jgilaie ooy (ol 3Lkl
o 515 odpime Sl ol 3 (L L85 ol &y mgi b VAT J2) ol oo i 5 o5 o5 b ol &y s
Sy 0 Koy Slellbl Jolsd 5 UL cdo b Gldlas Ugeso 0 o ole o0 a8 Spll Sldlas (S 88 g Como 4
it joliobl b s,

A



Age (cal. Kyr BP)
0 i, 2 3 4 5 6 7 8 9 10 11 12

Urmia —— E—

Neor — —

Mirabad

Zeribar —

Hashilan —

Gahar — Wet

Abzalou — Dry

/\r/,hal’l I LB BN

Parishan —

Maharlou :

Hamoon?:  se— = — — EEEEEEEEER

Gavkhouni — EEEEEENEEENEEEEENES EEEEEEEEEEEEE NN

Cohen

5 S gl ipmglon Jsbyd 59aS ©p8 Jled 5 oS5 80g90ome (slaazlys )3 0ad (A1 gbye 5 SAS (glaoyee VAT S
e (T V0 LSas 5 i VYA LISen 5 c03) 435 (¥ 1D Kan o b AYAD Sgils iygys 1 ¥R o San
25 OYAY e g ol slee AYAF Gl ISee 5 s550) oleie (WYAY Sen 5 (g35ais) e, ((Stevens et al, 2006)

ozl o (ol Lings) SsslS (Hamzehet al, 2016) gele (VWAF U oY+ +Q 1 Kan 5 Jlaz) o)l (OTAY ol (Ko

.(Cohen, 2003) ¢wslgasb ;o Jlads az 0¥+ A slao,e ;0 Lol gz g )81 Jlois

AY



G S 4o V-0

35 @l il slaaci 5l puslsn oy axlllas s il ] sonl8l oS (655155 0y55 ol daiie aF aiz 12
95wt Ml Olsie 4 GialeyS essy o5 iz el o s dilate cl oais] )0 ol Slpis BT g (S9iS byl
4 gdsd (o) Slalae SlUgad aslllas 5 ools &) el oo SGOF sl i p2l> oy 4 aS 090 (nl )5 iy (nee)
5k plled dilate ol (e b 50 1y gaeldl Dl i BT 51 (5 g adlys o el 50 oy sl ,S0lt g
87,1545 ols Lt Gado ol @l S g 4 35 |y ea] 5o Sl BTl (3lledir Bl oo w5 e &
Coie Dlord ) slogasly (Brme ed 9wy Slolaoe olordish) loosls (55, » o yite aiz (5 kel sloJolos
4.0yl Sagmb 1) mosls i gllas 5l g atsls 4 o slalame jasuis Glp (olio ) Sal; alllas 5 )90 ailaio b
e (5338 5oty (5w adei b Ayl peus allils ool pdd loy o wlil )5 glas oS o SUL s S le
Sl 8 g ol 5l Jol> @l 035 Gl @l slaghy, jleslitul b an po lalame slaasds wlgi 4
399> 1) (oomy oo S s VT (S0l pw end 0 b pe Saled pioren 00 )5 i (o9 9 (srlend (S d
55 5 o9l b s gl5 sl e 5 gonlil Sl s o5 803k Gl 9305 s Sl il S5
bules 5 S5 I8 i 050 25y SRS 5 GwslsR 5 e ogtel B e Ot Sl (S | Dlige,
el ey adS j0 ae g (cond8l Ol s e (g0ie) )l s

bl (oL3laaan 3 5 bl 20 (ogm) (ool 4 omlid S g9y Sloo )l (oulidiogm) Sloow) » i
5 lad; i caalllas 9,90 bjae Culd )0 .00 )5 oo Byl adlsl jo asls job 4 (Hlesal HLisl) 635 e Glnl o (S9>gl8
i 5 S el Lauly o Sligesy 5 JslyS cle widins « Ly Sliges, slls WL bao,lus ) as gloles Lol ssm,
o lus, ggammo j0 dalllas 5,50 sloojie Sligw, 10 090 o0 oays Ol Say caloly Slgw, ;0 J3I05 5 Cgls 5)lse
gy s el 4 425 b el UL 5 slazrly 3 o alosg, 50l (s e gt Bzl
el glylen g lize S L dulie BB g cenlo3gy piiie Jlo )3 e oo A/FF L VO (o cilise lald )5 sl o8
S slawls Jgl,5 (Silty sand) olew auls (Clay) o, «Silt) cdow (Mud) J5 ¢ Slgl 3 iy @ oo, loces
Slightly gravelly) Js!,5 5 L J5 «(Slightly gravelly sandy mud) Js!,5 o5 L glasls JS (Muddy sandy gravel)
(Sandy gravel) slawls Jol,5 5 (Gravelly muddy sand) Jsl,5 o5 L IS awls «(Gravelly mud) Jsl,5 J5 (mud
Sl @i 285 plnl st polidioge; Glol sl el & azsi b (pgw) Glolame S 5 Wy T (e
Sy @l a4z L oaia,S anli) [Kaes oaliclls  slaojie Sl (JIss Jsbo 1o (o5, (sorlishs g (bl S
s 5o el 0352 53 Sla il e o sl ailane o o bl sl 90> 5o ilars 58 oaplas
5o S yaasls O3 g eads JSis 0g,00005 S5 sbds el oogy UL (09,0005 ails0g,) 0,8 5l oadiosly gagm,y bl e
(obe bolas 695 b B3 Jlo wglsn gl U (SLL rwgincdy 2l 5o conl ou anigd anle 5 oI5 (slaojl]
5 00 00ldS Ll 5550 sl ooy b Lo sleasl .cnl oolidl slasl asgx Jlod Ceoms 43 0950005 S5 Lo &S5 >
aole glaanigs Sy Rl 4 pzie Los Rl g (pwglse £9y0 b sl ol LS5 adg> 058 )0 slanle slaas
C35m S5yy b Sl sy sl 005 a2l w03l 55 Sla rglsn Bl 050 b blly s 55 5 0L
Slazl o oo ,lus | (69t .ol 0olidl sl  Sis Iodome Cppny gl (slaisl o g el 004y ol o 9555 4zl jo

w).i’l? C;\)L 9 (_gl.:ua ‘_;‘LQOJLM}) 9 oolusl dLa_v‘ S 9= ‘ém U] )l seT) 9 w‘ 4.»_9; r:l.?o‘ O u.wjjg.@ d.sLuo 05..\7 e

AY



aw yo Plas G938 (Bd g Jled (idu layl i o Se35l8 s Slisw, £98 4 ax gl b onl 0uls glaxl o sloo,lus,
slal culbrs (ull .l oogy Jad Loyl aslie anidS Jlo Jlie jo J8las o8 oo Lol d g 4l L e
$595 bl Lyl o3 sla Jls jo a8 cann o] 51 S bl SBss slaasl 1o (Kas Baes) (5 s Slgas, 4y g e

el 0l ALBAS 5l p S

Ololgidioy -Y-0
A0S 08l oo job 4y ¢ ol o lalasre 4 ol Li0e ez 4 dx gl b aS aiiis Glodiory slalaos axl o
Codislp ol adlate S5 ((Su3ele)0ess) Slhoddy £55 4 4z 95 b (535 o plpl adlate e (nl o S oo 3Ll )
Sl ) ddlaie pl )0 09250 (slopiawsST ple 5 LLOUL o yLls

sl S glasly olulls oy UL colll Slaard o (S50 sloaalge a5 ol ools lis Gudos cpl ,o @
OlFise Sl ol 51015 0ol 5 s lel s (oS sloadlse a5 ((onlBl slooy50 «(s35)58 90555 (Slooly ¢ s29ms)
adlate oAbl 5 2 oel8l yss wile Sy Jole SG 58U omin b g Lamee 50 i Slo, LS iy Olsie 4

“Sgad oolaiul
b, Slis plo 5l eoliiwl a7 J jo ol ploul slendsd) o (g9, slo ,S0lid 4 sSGI L ag o Slgos aslllas cpl jo @
2 apd (PS5 lsn 5 ol 950 0 ohig a6t DLz Wi e (oulides T g sl dacgisnl o @

RPRCO e
Ol & poili ale (g polie clale Slpss Oliee et osll iladgo G SWS ads> (ghglg 0 Ll

810 Ll Lo g Slogus (29,0 Dy e (o po (5815 )8 (g0l Slogus ,SoL25

AY



&l
Wsj) J“l"" AV o u_iu.l.é‘a S sOO‘}.:J.C P u)dli:j “d 4‘540)5 ol ‘GM‘ “p ‘LSN»AS “) ‘6)L~wa “) b 6)“5‘

“F DY ol 55155 anlihad pdpo ST a0 lop T (bl 5 45 azl)s Slsw, Soiglaidl
Yy

cez) S8 Ll ol g G‘;é)..»—l Sawk Lice 5 oS5 AT g o) gl oe g o ool (Soey iz BlSL

L axgi b Hlgrm bl SK8y50985 calizie zolaw Shgw,; wlbid S NN cz o 0] (05050 w8 oo cp (o)

AF=Y Y V) A oS (559098550955 Sloidghn irmslen Il lgos 5 pois
o955l oolasnl b ‘5;995@ SUb Jlods yidu aiy o @Bl Ldos AYAY w0 leoy )5 e ok o (ol o J (5585
DY-2Y :(12) O lsal axly ol ol5T ol8iils (655050551 SUL anlidad ¢ 2,8 5 Lol yolie

40 odddligs ol Olbgw, VAP “p GJLQ ‘) PITEFRGR T L;:LX&U odlyule TP G»l)s GEoo0 & .p 05e>
-l alze 09 U ey ol Sl i L2 9 9,5 slapliys w5 (ol b S pgale A2k o

Al 0 ugler cwlidiogum, jlosliwl Ll pl 3,80 g 40 1o cenddl g aue byl i o3losl AT g o 0jex
0P TV Qpie (wgo 8 olRadls fpao) pole 8uSCasls (6,58 dabi)bly ¢ygele

02 YTV (g ply olails olylaal o olyes o gwlidsyan 4l ) ol (owlids pae; NYVY 0 Slasg s

3 Sl olin s sy s aegama ol sla gl 5 UoosS Sl (puliions; Ll VY g osly g,
Olrl s rsS

oo a5 olBils (5,358 Alu ) (ylpol (olad slow 4o ] 136 g 89,0000 NYVY iz e Cotial,

- P o)l ‘G»Ld‘)p Slaass sd‘).i‘ 5O Cadde (05w S 5 ,8ld ool ijo sloazl o AYA- “Z p o )
AN

oo jloolaiwl b fpwelsn (o llal (Bem azl )0 oo Jasme jndd AV 0B ol e, ST (699,50 Lo,

0355 (5255 Aaiobly GIS 5 559 ot iS5 by g3 lS bl (e3lsb gos3istly Jelon s iy ATAY (g i
Aoao VFo L lpaol olSiils (Ll so

o8l bl (65l g gy g Sl ley oo (sl 9 () Jlogl oy ATAF 0 Gise 8l i 0
(F) Y (b Ll o> slo ingi .(o}rolﬂ,b o9 169,50 dalllas) (U8 50055 dwled 31 colal
OAY-£+0

g SloadSed 00 Sapinaw Slpnss o 55155 Jbxdu slap B985 Cajlge cwyp VAL o) iSurd cp S

A-Fe (P YV wp-obl pas casg> jo Sialuogdge
S8 UL 5 bl b 555 s slite &1 (555185 0398 s, Sy aallias AVAF 1, (sibad
P Y.V ‘U‘)’ef‘ oLi.‘l;db “Siu.a.la é)l.uo OM‘D ‘6)350 AJLM:)

AD


https://www.gisoom.com/search/book/nasher-294860/%D8%A7%D9%86%D8%AA%D8%B4%D8%A7%D8%B1%D8%A7%D8%AA-%D9%85%D9%88%D8%B3%D8%B3%D9%87-%DA%A9%D8%AA%D8%A7%D8%A8-%D8%A2%D8%B1%D8%A7%D8%AF/
https://www.gisoom.com/search/book/nasher-294860/%D8%A7%D9%86%D8%AA%D8%B4%D8%A7%D8%B1%D8%A7%D8%AA-%D9%85%D9%88%D8%B3%D8%B3%D9%87-%DA%A9%D8%AA%D8%A7%D8%A8-%D8%A2%D8%B1%D8%A7%D8%AF/

156wyl a2l o 5aloieddsill 5 Sialyiend (5)155 VAL g Soeme vz SPl ctugy0 «) & Slhoynlo
P Ve OeiS Game lilasST g pwlispae lojlo AYANYOD Jlo 5l aeg )l axl o 515 mlaw Sllugd o)

5lesliial b oS sbyo b bslas 555058550855 2 oo Syl 5 5355 (ligs sy ATRY o) g e llnyon Lo
XY-YY(AY) VY (o) pole )90 51 o

adhio ywgiandy g pwglen  cend8l Olss gLl ATAY oz Sl oolle T B9 (B3 SRIE «, oly plae
A=Y OV Y ase Sl bl ¢ Ldlsa lie OUB wliios 5 aaled leolawl b Sl w515

Jod gl semul ad9> (6,3 5lsS Su5lsh)s095 a0 oSS (5luily ATAY e et coreo o) 03lj0a0
NFFNEN (1) Y (oS (5509890955 slasiag

S lggw; 409> (aliond Slgw, slajlb clil g olorligyond g olondsh) ow)p g adllas VYYD 7z o5l

02 VY ool olBiils bl pany ol gl IS dllisy caog )| ax by yo

—olasy 6,90 C)-.‘.PT L,la8 Wb S Ao LY ol 5 Gatf Oy Dl s AYAY oz sols b GrSles i

YY) F e haie sl o (ol g Jlad 45 455 A2l 16,90 dallla) (yusslsa

Xo0-YTA AT Y ol s lsS

635, 53 Slgw; B)le 685 (gmy S0 ) (o) 2 ATAF o b Al o G0 S985 10 cp (S gn (2L

N NNTVAFEFN) VY plidbiogm; 5 6,4y slogiagh (B 375 ©52) Sdse
FYA-VIY LY o)lads ¢ grmd gLl o

S olails (6550 Al led o) les A2l yo lygd (JolSS W) g (erdgyied (alibogm) () p NTAZ () S
0P VAN (plas

aolidad el axbyo T 515 SLSU als Jle 5 s59d5ad g2l Dlalllas NYA* (g sowmme cp S5lE dugyo e, S
YOV-YVY «(F) V o lanl; olﬂ oBiils (69,0, 5 cwlids yus

9 ol Glojle (oondighiy dud g (sowdy)dud :I B ghilee axlyo pwlidppeg oy (85 NYAS ) ST
e Ve peiS Sase obluss]

1S 30 Sgj00mly Gae g b SUsms oaijslasay LS g sy, slanl s vy IV 7 egd (soeze
Ao YO« L oleaol ol8adls o daxe (63, 4l g Ly ouSiislo g 257 dlle,

AR ‘)94»5 (Swl.uuu.ue) uLo)L.u ‘_“J>L> U"’)‘)f ‘uLo.C- 6‘.3.)& E)LE oUs ) wﬁ) 9 QS"“’L'“""“?“’) Avae Iy R S )

‘e

ol )5 )50 e )3 00 agd slaojie anlllas wlul py aieg )l 4zl )0 (ywglsn (6,105 gy azesn B (o) ATAY (g (ooms

e VTV 45 oKl cpsle oaSils sl coslids IS aslibly g US 9

(V) FF (e 190 (b jlanyy axli o j0 cend8l Ol s ooy d0lel AYAY O canmy wp oS0 e p (sO5aite
SY-0A

AT


https://journals.ui.ac.ir/?_action=article&au=168199&_au=%D9%85%D8%B1%DB%8C%D9%85++%D9%85%D8%B1%D8%AA%D8%B6%D9%88%DB%8C+%D9%85%D9%87%D8%B1%DB%8C%D8%B2%DB%8C
https://journals.ui.ac.ir/?_action=article&au=168199&_au=%D9%85%D8%B1%DB%8C%D9%85++%D9%85%D8%B1%D8%AA%D8%B6%D9%88%DB%8C+%D9%85%D9%87%D8%B1%DB%8C%D8%B2%DB%8C
https://journals.ui.ac.ir/issue_3896_3897_.html

adly :leaxly o axllao 3l Jol> lelbsl 5 )b 51 ol ol o 6 ez ol e0 B lel condl Ol pss aseis VYA o ¢ ald g

SVEAEE-Y L) BV V18 L Sliieg g g wblyd e b Foszm 5 oz bk

AYY
Y olpl (6555155 dalilad wo,lgzil 5 1958 s (6,5 516 (659099 ,90855 dalals AYAF 5 (S5 & (GO0 B odljal
FYV-YEP «(F)

Sldllas :\-’l) P QLH.«......J 30 Coure 0)5]).3 AYa0 “ P P t5’~t;“""5) “y -z LS’L'JB ) (e °‘)-’u*’L~° <) LS"”L"C O"‘S

TYAYEY (V) A (ol bl Sldlbae o polidiogdiylivls
5 b & s Bl s llul ST o8ty ol s S LSS 5 Jso (SisSa AYAY o GLU> oy 52 0
YOF-YES :(Y) F oo),sliS asle

Abdi, L., Rahimpour-Bonab, H., Mirmohammad-Makki, M., Probst, J., Langeroudi, S. R. 2018, Sedimentology,
mineralogy, and geochemistry of the Late Quaternary Meyghan Playa sediments, NE Arak, Iran:
palaeoclimate implications. Arab J Geosciences, Vol. 11, No. 19, 588 p.

Akarish, A. M,. El-Gohary, A."M.,72011, Provenance and Source Area Weathering Derived from the
Geochemistry of Pre-Cenomanian Sandstones, East Sinai, Egypt, Journal of Applied Sciences, Vol. 11,
No. 17, pp. 3070-3088.

Alagarsamy, R., Zhang, J., 2010, Geochemical “characterisation of major and trace elements in the coastal
sediments of India, Environmental Monitoring and Assessment, Vol. 161, pp. 161_176.

AlGhadban, A. N., EI-Sammak, A., 2005, Sources, distribution and composition of the suspended sediments,
Kuwait Bay, Northern Arabian Gulf, J Arid Environments, Vol. 60, pp. 647-661.

Alther, G. A., 1979, A simplified statistical sequence applied to routine water quality analysis, a case history,
Journal of Ground Water, Vol. 17, No. 6, pp. 556-561.

Asikainen, C. A., Francus, P., Brigham-Grette, J., 2006, Sedimentology, clay mineralogy and grain-size as
indicators of 65 ka of climate change from EI’gygytgyn Crater ['ake, Northeastern Siberia. J Paleolimnol,
DOI 10.1007/s10933-006-9026-5.

Baumhauer, R., Runge, J., 2009, “Holocene Paleo-environmental history of the central Sahara”, Paleoecology of
Africa, Vol. 29, pp. 39-62.

Benison, K. C., Goldstein, R. H., 2001, Evaporites and siliciclastics of the Permian Nippewalla group of Kansas,
USA: a case for non-marine deposition in saline lakes and saline pans, Sedimentology, Vol. 48, pp. 165-
188.

Bergaya, F., Theng, B. K. G., Lagaly, G., 2006, Clays and clay minerals. Elsevier. 1246.
Blanford, W. T., 1873, On the nature and probable origin of the superficial deposits in the valleys and deserts of
central Persia: Geological Society of London, Quarterly Journal, Vol, 29, pp. 493-503.

Bobek, H., 1937, Die Rolle der Eiszeit in Nordwest Iran, Borntraeger.

Bogemans, F., Boudin, M., Janssens, R., Baeteman, C., 2016, New data on the sedimentary processes and timing
of the initial inundation of Lower Khuzestan (SW Iran) by the Persian Gulf, The Holocene, Vol. 27, No.
4, pp. 613-620.

Booth, R. K., Jackson, S. T., Forman, S. T., Kutzbach, J. E., Bettis, E. A., Kreig, J., Wright, D. K., 2005, A severe
centennial- scale drought in mid-continental North America 4200 years ago and apparent global linkages,
The Holocene, Vol. 15, No. 3, pp. 321-328.

Bradley, R. S., 2015, Paleoclimatology: Reconstructing Climates of the Quaternary, 3 rd ed. Elsevier.

AY



Brisset, E., Djamali, M., Bard, E., Borschneck, D., Gandouin, E., Garcia, M., Stevens, L., Tachikawa, K., 2018,
Late Holocene hydrology of Lake Maharlou, southwest Iran, inferred from high-resolution
sedimentological and geochemical analyses. J Paleolimnology, Vol. 61, No. 1, pp. 111-128.

Bronk Ramesy, C., Lee, S., 2013, Recent and planned developments of the program OxCal, Radiocarbon, Vol.
55, pp. 720-730.

Busche, D., Sarvati. R., Siefker. U., 2002, Kuh-e-Namak. Reliefgeschichte eines Salzdoms im abflusslosen
zentraliranischen Hochland In: Petermanns Geogr. Mitt, Vo. 146, pp. 68—77.

Cai, W., Borlace, S., Lengaigne, M., Rensch, P. V., Collins, M., Vecchi, G.,_ Timmermann, A., Agus, S.,
McPhaden, M. J., Wu, L., England, M. H., Wang, G., Guilyardi, E., 2014, Increasing frequency of extreme
El Nifio events due to greenhouse warming. Nat, Climate Change, Vol. 4, pp. 111-116.

Calanchin, N., Dinelli, E., Lucchini, D., Mordenti, A., 1996, Chemostratigraphy of late Quaternary sediments
from Lake Albano and central Adriatic Sea cores (PALICLAS Project), Palaeoenvironmental Analysis of
Italian.

Chamley, H., 1989, Clay Sedimentology, Springer-Verlag, Berlin, 623 p.

Chang, A. S., Pedersen, T. F., Hendy, I. L., 2014, Effects of productivity, glaciation, and ventilation on Late
Quaternary sedimentary redox and trace element accumulation on the VVancouver Island margin, western
Canada, Paleoceanography, Vol. 29, 2013PA002581.

Chen, F., Liu, J., Xu, Q., Li, Y., Chen, J., Wei, H., 2013, Environmental magnetic studies of sediment cores from
Gonghai Lake: implications for monsoon evolution in North China during the late glacial and Holocene, J
Paleolimnol, Vol. 49, pp. 447-464.

Chen, H., Mingan, S., Yuyuan, L., 2008, The characteristics of soil water cycle and water balance on steep
grassland under natural and simulated rainfall conditions in the Loess Plateau of China, Journal of
Hydrology, Vol. 360, pp. 242_251.

Chenm, F., Yu, Z., Yang, M., Ito, E., Wang, S., Madsen, D. B., Huang, X., Zhao, Y., Sato, T., John, B., Birks, H.,
2008, Holocene moisture evolution in arid central Asia and its out-of-phase relationship with Asian
monsoon history, Quaternary Science Reviews, Vol. 27, pp. 351-364.

Clark, P., Pisias, N., Stocker, T., 2002, The role of the thermohaline circulation in abrupt climate change, Nature,
Vol. 415, pp. 863-869.

Cohen, A. S., 2003, Paleolimnology: The history and evolution of lake systems, Oxford University press, New
York, 500 p.

Cullen, H. M., deMenocal, P. B., Hemming, S., Hemming, G., Brown, F. H., Guilderson, T., Sirocko, F., 2000,
Climate change and the collapse of the Akkadian empire: Evidence from the deep sea, Geology, Vol. 28,
No. 4, pp. 379-382.

Cullers, R. L., Podkovyrov, V. N, 2002, The source and origin of terrigenous sedimentary rocks in the
Mesoproterozoic Ui group, southeastern Russia, Precambrian Research, Vol. 117,"No. 3, pp. 157-183.

Damnati, B., Etebaai, I., Benjilani, H., EI Khoudri, K., Reddad, H., Taieb, M., 2016, Sedimentology and
geochemistry of lacustrine terraces of three Middle Atlas lakes: Paleohydrological changes for the last
2300 cal BP in Morocco (western Mediterranean region), Quaternary International, Vol. 404, pp. 163-
173.

De Gregorio, B. T., Stroud, R. M., Nittler, L. R., Alexander C. M. O., Bassim, N. D., Cody, G. D., Kilcoyne, A.
L. D., Sandford, S. A., Milam, S. N., Nuevo, M., Zega, T. J., 2013, Isotopic and chemical variation of
organic nanoglobules in primitive meteorites. Meteorit Planet Sci, VVol. 48, pp. 904-928.

Djamali, M., de Beaulieu, J. L., Miller, N. F., Andrieu-Ponel, V., Ponel, P., Lak, R., Sadeddin, N., Akhani, H.,
Fazeli, H., 2009, Vegetation history of the SE section of the Zagros Mountains during the last five
millennia; a pollen record from the Maharlou Lake, Fars Province, Iran, Veget Hist Archaeobot, Vol. 18,
pp. 123-136.

AN


https://www.nature.com/articles/nclimate2100#auth-2
https://www.nature.com/articles/nclimate2100#auth-3
https://www.nature.com/articles/nclimate2100#auth-4
https://www.nature.com/articles/nclimate2100#auth-5
https://www.nature.com/articles/nclimate2100#auth-6
https://www.nature.com/articles/nclimate2100#auth-7
https://www.nature.com/articles/nclimate2100#auth-8
https://www.nature.com/articles/nclimate2100#auth-9
https://www.nature.com/articles/nclimate2100#auth-9
https://www.nature.com/articles/nclimate2100#auth-10
https://www.nature.com/articles/nclimate2100#auth-11
https://www.nature.com/articles/nclimate2100#auth-12
https://www.nature.com/articles/nclimate2100#auth-13
https://www.researchgate.net/profile/V-Podkovyrov
https://www.sciencedirect.com/science/journal/10406182
https://www.sciencedirect.com/science/journal/10406182/404/part/PB
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Stroud%2C+Rhonda+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nittler%2C+Larry+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Alexander%2C+Conel+M+O%27D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bassim%2C+Nabil+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cody%2C+George+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kilcoyne%2C+A+L+David
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sandford%2C+Scott+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Milam%2C+Stefanie+N
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Nuevo%2C+Michel
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zega%2C+Thomas+J

Djamali, M., de Beaulieu, J.L., Shah-hosseini, M., Andrieu-Ponel, V., Ponel, P., Amini, A., Akhani, H., Leroy, S.
A. G., Stevens, L., Lahijani, H., Brewer, S., 2008, A late Pleistocene long pollen record from Lake Urmia,
Iran. In: Quat. Res, Vol. 69, pp. 413-420.

Djamali, M., Kurschner, H., Akhani, H., de Beaulieu, J.L., Amini, A., Andrieu-Ponel, V., Ponel, ph., Stevens, L.,
2008, Palaeoecological significance of the spores of the liverwort Riella (Riellaceae) in a late Pleistocene
long pollen record from the hypersaline Lake Urmia, NW Iran, Review of Palaeobotany and Palynology,
Vol. 152, No. 2, pp. 66-73.

Djamali, M., Soulié-Mérsche, 1., Esu, D., Gliozzi, E., Okhravi, R., 2006, Palaeoenvironment of a Late Quaternary
lacustrine—palustrine carbonate complex: Zarand Basin, Saveh, central Iran, Palaeogeography
Palaeoclimatology Palaeoecology, Vol. 237, pp. 315-334.

Djamali, M., 2008, Palaeoenvironmental changes in Iran during the last two climatic cycles (vegetationclimate-
anthropisation), PHD thesis, Sciences and Techniques faculty, university of Paulsezanne (AIXMARSEILLE
111),194 p.

Dong, H. M., Song, Y. G., 2009, Clay mineralogy and its application to paleoenvironmental reconstruction,
Marine Geology and Quaternary Geology, Vol. 29, No. 6, pp. 119-130.

Ehlers, E., 1969, “Das Chalus-Tal und seine Terrassen. Studien zur Landschaftsgliederung und
Landschaftsgeschichte des mittleren Elburs (Nordiran). In: Erdkunde, Vol. 23, pp. 215-229.

Ehlers, E., 1971, Sidkaspisches Tiefland Nordiran und Kaspisches Meer. Beitrdge zu ihrer
Entwicklungsgeschichte im Jung--und Postpleistozan Tibinger Geogr Stud 44. Ti- bingen.

Eijkelkamp, 2008, Operating instructions.(04.01/04.02 Gouge augers), 14 p,

Enzel, Y., Wells, S. G., Lancaster, N., 2003, Late Pleistocene lakes along the Mojave River, southeast California.
In: Enzel, Y., Wells, S.G., Lancaster,N. (eds.), Paleoenvironments and Paleohydrology of the Mojave and
Southern Great Basin Deserts. Boulder,.CO, Geological Society of America Special Paper, Vol. 368, pp.
61-77.

Enzel, Y., 1992, Flood Frequency of the Mojave River and the Formation of Late Holocene Playa Lakes, Southern
California, USA, The Holocene, Vol. 2/1, pp. 11_18.

Erbs-Hansen, D. R., Knudsen, K. L., Olsen, J., Lykke-Andersen, H., Underbjerg, J.A., Sha, L., 2013,
Paleoceanographycal development of Sisimiut, West Greenland, during the mid- and late Holocene: A
multiproxy study, Mar. Micropaleontol, Vol. 102, pp. 79-97.

Fagel, N., 2007, Clay minerals, deep circulation and climate. developments in.marine geology, Elsevier, Vol. 1,
pp. 139-184.

Filippelli, S. M., Slater, A., Jull, S. 2006, Alpine lake sediment records of the impact of locations and climate
change on the biogeochemical cycling of soil nutrients, Quaternary Research, Vol. 66, pp.158-166.

Fitzsimmons, K.E., Magee, J.W., Amos, K.J., 2009, Characterisation of aeolian sediments from the Strzelecki and
Tirari Deserts, Australia: implications for reconstructing palaeoenvironmental .conditions, Sedimentary
Geology, Vol. 218, pp. 61-73.

Folk, R. L., 1974, Petrology of Sedimentary Rocks. Hemphill Publ, Co, Austin, TX, 182 p.

Folk, R. L., 1966, A REVIEW OF GRAIN-SIZE PARAMETERS, Sedimentology the journal of the International
Association of Sedimentologists, Vol. 6, pp. 73-93.

Frechen, M., Kehl, M., Rolf, C., Sarvati, R., Skowronek, A., 2009, Loess chronology of the Caspian lowland in
northern Iran, Quaternary International, Vol. 198, pp. 220-233.

Gallala, W., Gaied, M.E., Montacer, M., 2009, Detrial mode, mineralogy and geochemistry of the Sidi Aich
Formation (Early Cretaceous) in central and southwestern Tunisia, implications for provenance, tectonic
setting and paleoenvironment, Journal African Earth Science, Vol. 53, pp. 159-170.

Garzanti, E., Al-Juboury, A. I., Zoleikhaei, Y., Vermeesch, P., Jotheri, J., Bal-Akkoca, D., Kadhim-Obaid, A.,
Allen, M. B., Ando, S., Limonta, M., Padoan, M., Resentini, A., Rittner, M., Vezzoli, G., 2016, The

AQ



Euphrated-Tigris-Karun river system: provenance, recycling and dis persal of quartz-poor foeland-basin
sediments in arid climate, Earth-Science Reviews, Vol. 162, pp. 107-128.

Garzanti, E., Andro, S., Vezzoli, G., 2009, Grain-size dependence of sediment composition and environmental
bias in provenance studies, Earth Planet. Sci. Lett, VVol. 277, pp. 422-432.

Gasse, F., 2001, Hydrological changes in Africa, Science, Vol. 292, pp. 2259-2260.

Gayantha, K., Routh, J., Chandrajith, R., 2017, A multi-proxy reconstruction of the late Holocene climate
evolution in Lake Bolgoda, Sri Lanka. Palaeogeography, Palaeoclimatology, Palaeoecology, Vol. 473, pp.
16-25.

Gierlowski-Kordesch, E., Kelts, K., 1994, Global Geological Record of Lake Basins, Cambridge University Press,
427 p.

Gierlowski-Kordesch, E., Kelts, K., 2000, Lake Basins through Space and Time, AAPG Studies in Geology, Vol.
46, 648 p.

Gillies, J. A., Nickling, W. G., Tilson, M., 2013, Frequency, magnitude, and characteristics of Aeolian sediment
transport: McMurdo Dry Valleys, Antarctica. Journal of Geophys. Res, Earth. Surf, Vol. 118, pp. 461-479.

Glenn, C., Filippelli; G./M., 2007, Authigenic mineral formation in the marine environment: Pathways, processes
and products, Deep Sea Research 1, Vol. 54, No. (11-13), pp. 1-6.

Govin, A., Holzwarth, U., Heslop, D., Ford Keeling, L., Zabel, M., Mulitza, S., Collins, J. A. and Chiessi, C. M.,
2012, Distribution of major elements in Atlantic surface sediments (36 N 49 S): Imprint of terrigenous
input and continental weathering, Geochemistry, Geophysics, Geosystems, Vol. 13, No. 1.

Graham, R. C., OGreen. A. T., 2010, Soil mineralogy trends in California landscapes, Geoderma, Vol. 154, pp.
418-437.

Grunert, J., 1977, Jungpleistozéne Tal- und Hangentwicklung im Shir-Kuh Massiv, Zentral-Iran. In: Karlsruher
Geogr, Hefte, Vol. 8, pp. 42-62.

Haberyan, K., Hecky, R., 1987, The Late Pleistocene and Holocene stratigraphy and paleolimnology of Lakes
Kivu and Tanganyika, Palaeogeography Palaeoclimatology Palaeoecology, Vol. 61, No. (3-4), pp. 169-
197.

Hagedorn, H., Haars, W., Grunert, J., Busche, D., 1978, Periglazialerscheinungen im Shir-Kuh-Massiv (Zentral-
Iran). Colloque sur le périglaciaire d’altitiude du domaine méditerranéenne et abords (Strasbourg
14.5.1977). In: Ass, Géogr. d’Alsace, Strasbourg, Vol. 12, pp. 263-278.

Hamzeh, A.M., Farahi, Ghasr-Aboonasr, S. F., 2020, Palaeoenvironmental changes in the Khuran Estuary of SE
coastal Iran during the last two millennia, based on the analysis of a sediment core, Palaeogeography,
Palaeoclimatology, Palaeoecology, Vol. 542, pp. 1-14.

Hamzeh, M. A., Gharaie, M. H. M., Lahijani, H. A. K., Djamali, M., Harami, R.M., Naderi-Beni, M., 2016,
Holocene hydrological changes in SE lIran, a key region between Indian .Summer Monsoon and
Mediterranean winter precipitation zones, as revealed from a lacustrine sequence from Lake Hamoun,
Quaternary International, Vol. 408, pp. 25-39.

Hamzeh, M. A., Gharaie, M. H. M., Lahijani, H. A. K., Moussavi-Harami, R., Djamali, M., Naderi-Beni, M.,
2016, Paleolimnology of Lake Hamoun (E IRAN): implication for past climate changes and possible
impacts on Human settlements, J Palaios, VVol. 31, No 12, pp. 616-629.

Hardie, L. A., Eugster, H. P., 1978, Saline Lakes.In: A. Lerman(ed.), Lakes Chemistry, geology, physics. New
Yourk, NY, Springer-Verlag, 230 p.

Harrison, S. P., Gaillard, M. J., Stocker, B. D., Vander, L. M., Klein, G. K., Boles, O., Braconnot, P., Dawson,
A., Fluet-Chouinard, E., Kaplan, J. O., Kastner, T., Pausata, F. S. R., Robinson, E., Whitehouse, N.
J., Madella, M., Morrison, K. D., 2019, Development and testing of scenarios for implementing Holocene
LULC in earth system model experiments, Geoscientific Model Development, 13 (2): 805-824.



https://www.sciencedirect.com/science/journal/00310182
https://www.sciencedirect.com/science/journal/00310182
https://www.sciencedirect.com/science/journal/00310182/542/supp/C
http://centaur.reading.ac.uk/view/creators/90004853.html
http://centaur.reading.ac.uk/85244/
http://centaur.reading.ac.uk/85244/
http://centaur.reading.ac.uk/85244/

Herndndez-Hinojosa, V., Montiel-Garcia, P. C., Armstrong-Altrin, J. S., Nagarajan, R., Kasper-Zubillaga, J. J.,
2018, Textural and geochemical characteristics of beach sands along the western Gulf of Mexico, Mexico,
Carpathian J Earth Environ Sci, Vol. 13, pp. 161-174.

Heyvaert, V. M., Baeteman, C., 2007, Holocene sedimentary evolution and palaeocoastlines of the Lower
Khuzestan plain (southwest Iran), Marine Geology, Vol. 242, pp. 83-108.

Heyvaert, V. M., Walstra, J., Verkinderen, P., 2007, The Role of Human Interference on the Channel Shifting on
the Kakheh River in the Lower Khuzestan Plain (Mesopotamian, Iran), Quaternary International, Vol.
251, PP. 52-63.

Hindshaw, R. S., Tosca, N. J., Piotrowski, A. M., Tipper, E. T., 2018, Clay mineralogy, strontium and neodymium
isotope ratios in the sediments of two high Arctic catchments (Svalbard), Earth Surface Dynamics, Vol. 6,
pp. 141-161.

Hu, F.;Yang, X., 2016, Geochemical and geomorphological evidence for the provenance of Aeolian deposits in
the Badain Jaran Desert, northwestern China, Quaternary Science Reviews, VVol. 131, pp. 179-192.

Jiang, H., Ding, Z., 2010, Eolian grain-size signature of the Sikouzi lacustrine sediments (Chinese Loess Plateau):
Implications for Neogene evolution of the East Asian winter monsoon, Geological Society of America
Bulletin, Vol. 122, pp. 843-854.

Jones, C. D., Hughes, J.K:; Bellouin, N. and Hardiman, S.C., 2011, “The HadGEM2-ES implementation of
CMIP5 centennial simulations”, Geoscientific Model Development, Vol. 4, No. 3, pp. 543-570.

Kehl, M., 2009, Quaternary climate change in Iran- the state of knowledge, Erdkunde, pp. 1-17.

Kelts, K., Shahrabi, M., 1986, Holocene.sedimentology of hypersaline Lake urmia, Nortwestern lran,
Palaeogeography, Palaeoclimatology, Palaeoecology, Vol. 54, pp. 105-130.

Ketzer, J. M., Morad, S., Amorosi, A., 2003, Predictive diagenetic clay-mineral distribution in siliciclastic rocks
within a sequence stratigraphic framework.-In: R. H., Worden Morad, S., (eds.), Clay cements in
sandstones, International Association of Sedimentologists Special Publication, Vol. 34, pp. 42-59.

Khormali, F., Abtahi, A., Owliaie, H. R., 2005, Late Mesozoic Cenozoic clay mineral successions of southern
Iran and their palaeoclimatic implications, Clay Minerals, Vol. 40, pp. 191-203.

Khormali, F., Abtahi, A., Mahmoodi, Sh., Stoops, G., 2003, Argillic horizon development in calcareous soils of
arid and semiarid region of southern Iran, Catena, Vol. 776, pp. 1-29.

Kilic, O., Kilic, A.M., 2010, Salt crust mineralogy and geochemical evolution of the Salt Lake (Tuz G6lu), Turkey,
Scientific Research and Essays, Vol. 5, pp. 1317-1324.

Kobashi, T., Jeffrey, P., Severinghausa, J., Brookb, M. G., 2007, Precise timing and characterization of abrupt
climate change 8200 years ago from air trapped in polar ice, Quaternary Science Reviews, Vol. 26, pp.
1212-1222.

Krinsley, D. B., 1970, A Geomorphological and Paleoclimatological Study of the Playas of Iran, Part I. DTIC
Document, 370 p.

Krinsley, D. B., 1970, Geomorphological and paleoclimatological Studies of the Playa of lran, US Government
Printing Office Washington D.C., Vol. 20, 402 p.

Krinsley, D. H., Smalley, I. J., 1972, Sand: The study of quartz sand in sediments provides much information
about ancient geological environments, journal article, VVol. 60, pp. 286-291.

Kwak, K. Y., Choi, H., Cho. H. G., 2016, Paleo-environmental change during the late Holocene in the southeastern
Yellow Sea, Korea, Applied Clay Science. Clay-03857, pp. 1-7.

Lak, R., Fayazi, F., Nakhaei, M., 2007, Sedimentological evidences of a major drought in the Mid-Late
Holoceneof the Lake Maharlou, SW Iran. 4th International Limnogeology Congress, Alghero, Italy.

Lak, R., Gharib, F., 2004, Investigation of coastal zone and near shore of south east of Caspian Sea by satellite
data, 32th international geological congress, 566 p.

Lamy, F., Klump, J., Hebbeln, D., Wefer, G., 2000, Late Quaternary rapid climate change in northern Chile, Terra
Nova, Vol. 12, No. 1, pp. 8-13.

Last, W., Ginn, F., 2005, Saline systems of the Great Plains of western Canada: an overview of the limnogeology
and paleolimnology, Saline Sys, pp. 1-10.

1)



Last, W. M., Vance, R.E., 1997, Bedding characteristics of Holocene sediments from salt lakes of the northern
Great Plains, Western Canada, Journal of Paleolimnology, Vol. 17, pp. 297-310.

Legler, B., Schneider, J. W., Gebhardt, U., Merten, D., Gaupp, R., 2011, Lake deposits of moderate salinity as
sensitive indicators of lake level fluctuations: Example from the Upper Rotliegend saline lake (Middle—
Late Permian, Northeast Germany), Sedimentary Geology, Vol. 234, pp. 56-69.

Li, J., Lowenstein, T. K., Brown, C. B., Ku, T. L., Luo, S., 1996, A 100 ka record of water tables and paleoclimates
from salt cores, Death Valley, California, J Paleogeography, Paleoclimatology, Paleoecology, Vol. 123,
pp. 179-203.

Liu, J., Chen, M., Chen, Zh., Yan, W., 2010, Clay mineral distribution in surface sediments of the South China
Sea and its significance for in sediment sources and transport, Chinese Journal of Oceanology and
Limnology, Vol. 28, pp. 407-415.

Liu,R., Me, X., Zhang, J., Zhao, D., 2019, Characteristics of clay minerals in sediments of Hemudu area, Zhejiang,
China‘in-Holocene and their environmental significance, China Geology, Vol. 1, pp. 8-15.

Lowe, J.J.; Walker, M.J.C., 2015, Reconstructing Quaternary Environments, 3rd ed., Routledge.

Lowenstein, T. K., Li, J., Brown, C., Roberts, S. M., Ku, T. L., Luo, S., & Yang, W., 1998, ‘200 k.y. paleoclimate
record from Death Valley salt core”, Journal of Geology, Vol. 27, pp. 3-6.

Maccali, J., HillairesMarcel, C., Not, C., 2018, Radiogenic isotope (Nd, Pb, Sr) signatures of surface and sea ice-
transported sediments from the Arctic Ocean under the present interglacial conditions, Polar Research,
Vol. 37, pp. 1-13.

Maghsoudi, M., Rahmati, M., 2018, Geomorphosites Assessment of Lorestan Province in Iran by Comparing of
Zouros and Comanescu’s Methods (Case Study: Poldokhtar Area, Iran), GeoJournal of Tourism and
Geosites, Vol. 21, No. 1, pp. 226-283.

Manafi, Sh., 2010, Mineralogical evidences of climate change in some semiarid soils of Southern, Urmia, Iran,
Soil Science Agrochemistry and Ecology, Vol. 4, pp. 17-24.

Martinez-Ruiz, F., Comas, M. C., Alonso, B.,1999,-Mineral Associations and geochemical indicators in Upper
Miocene to Pleistocene sediments in the®*Alboran Basin. Proceedings og the Ocean Drilling Program,
Scientific Reports, Vol. 161, pp. 21-37.

Martinez-Ruiz, F., Kastner, M., Gallego-Torres, D., Rodrigo-Gamiz, M., Nieto-Moreno, V., Ortega-Huertas, M.,
2015, Paleoclimate and paleoceanography over the past 20,000 yr in the Mediterranean Sea Basins as
indicated by sediment elemental proxies, Quaternary Science Reviews, VVol. 107, pp. 25-46.

Mashkour, M., Tengberg, M., Shirazi, Z., Madjidzadeh, Y., 2013, Bio-archaeological studies at Konar Sandal,
Halil Rud basin, southeastern Iran, Environ. Archaeol, Vol. 18, pp. 222-246.

Mayr, O., Fey, S., Haberzettl, S., Janssen, S., Lucke, W., Maidana, C. 2005, Palaeoenvironmental changes in
southern Patagonia during the last millennium recorded in lake sediments from Laguna Azul (Argentina),
Palaeogeography, Palaeoclimatology, Palaeoecology, Vol. 228, pp. 203-227.

Meunier, A., 2005, Clays. Springer-Verlag, Berlin, Heidelberg, 472 p.

Minniti, C., Seyed Sajjadi, M.S., 2019, New data on non-human primates from the aneient Near East: The recent
discovery of a rhesus macaque burial at Shahr-i Sokhta (Iran), International J Osteoarchaeology, Vol. 29,
pp. 538-548.

Mook, W. G., Steurman, H. J., 1983, “Physical and chemical aspects of radiocarbon dating”; Proceedings of the
First International Symposium 14C and Archeology, Groningen, 1981, PACT, Vol. 8, pp. 31:55.

Moosavian, S. M., Karbassi, A. R., Sabzalipour, S., Amirnezhad, R., Daneshian, J. 2019, Determination
of sedimentation rate of Hoor-Al-Azim wetland by carbon-14 method and analysis of its past climate using
element geochemistry, Environmental Earth Sciences, 78: 658.

Newton, M. S., 1994, Holocene fluctuations of Mono Lake, California: the sedimentary record, Society for
Economic Paleontologists and Mineralogists, Society for Sedimentary Geology Special Publication, Vol.
50, pp. 143-157.

Nichols, G., 2009, Sedimentology and stratigraphy, 2" edn. Chichester, UK, Blackwell Science, 432p.

O'Geen, A., Pettygrove, S., Southard, R., Verdegaal, P., 2008, Soil-landscape model helps predict potassium
supply in vineyards, California Agriculture, Vol. 62, No. 4, pp. 195-201.

Opitz, S., Ramisch, A., Idmker, J., Lehmkuhl, F., Mischke, S., Stauch, G., Winnemann, B., Zhang, Y., Diekmann,
B., 2016, Spatio-temporal pattern of detrital clay-mineral supply to a lake system on the north-eastern

ay


https://www.researchgate.net/scientific-contributions/42447315_A_T_OGeen?_sg%5B0%5D=-TWjz38NKlOKiStvoZWmrFTGspSKx-o5JtpmLyzJrJZBegyuq3DS33wiHE01vPEy4_FUp_c.Bn4V_dm98sSUC7pwPNPAyvvgYeY_05jj7gWAWj1kJtGnJ2Alglzd7cvRpZpFS9Im6rRXjWHme_jKmIBxYJLtRA&_sg%5B1%5D=gI1CTcjLu4ttdt09F-VdaDjJvSzV1b9zXCObSbe1tlj5Piggh9rQrPW3q0ddPhhmcGkfyHA.o9_bexrd73r-bG86GMikwt4R380cRJe6bEOij7xjpfiprvhxYbOwyHxXnMyoRMcSOSXIp-wSKA91AEQWFcwTmw
https://www.researchgate.net/profile/Stuart_Pettygrove?_sg%5B0%5D=-TWjz38NKlOKiStvoZWmrFTGspSKx-o5JtpmLyzJrJZBegyuq3DS33wiHE01vPEy4_FUp_c.Bn4V_dm98sSUC7pwPNPAyvvgYeY_05jj7gWAWj1kJtGnJ2Alglzd7cvRpZpFS9Im6rRXjWHme_jKmIBxYJLtRA&_sg%5B1%5D=gI1CTcjLu4ttdt09F-VdaDjJvSzV1b9zXCObSbe1tlj5Piggh9rQrPW3q0ddPhhmcGkfyHA.o9_bexrd73r-bG86GMikwt4R380cRJe6bEOij7xjpfiprvhxYbOwyHxXnMyoRMcSOSXIp-wSKA91AEQWFcwTmw
https://www.researchgate.net/profile/Randal_Southard?_sg%5B0%5D=-TWjz38NKlOKiStvoZWmrFTGspSKx-o5JtpmLyzJrJZBegyuq3DS33wiHE01vPEy4_FUp_c.Bn4V_dm98sSUC7pwPNPAyvvgYeY_05jj7gWAWj1kJtGnJ2Alglzd7cvRpZpFS9Im6rRXjWHme_jKmIBxYJLtRA&_sg%5B1%5D=gI1CTcjLu4ttdt09F-VdaDjJvSzV1b9zXCObSbe1tlj5Piggh9rQrPW3q0ddPhhmcGkfyHA.o9_bexrd73r-bG86GMikwt4R380cRJe6bEOij7xjpfiprvhxYbOwyHxXnMyoRMcSOSXIp-wSKA91AEQWFcwTmw
https://www.researchgate.net/profile/Paul_Verdegaal?_sg%5B0%5D=-TWjz38NKlOKiStvoZWmrFTGspSKx-o5JtpmLyzJrJZBegyuq3DS33wiHE01vPEy4_FUp_c.Bn4V_dm98sSUC7pwPNPAyvvgYeY_05jj7gWAWj1kJtGnJ2Alglzd7cvRpZpFS9Im6rRXjWHme_jKmIBxYJLtRA&_sg%5B1%5D=gI1CTcjLu4ttdt09F-VdaDjJvSzV1b9zXCObSbe1tlj5Piggh9rQrPW3q0ddPhhmcGkfyHA.o9_bexrd73r-bG86GMikwt4R380cRJe6bEOij7xjpfiprvhxYbOwyHxXnMyoRMcSOSXIp-wSKA91AEQWFcwTmw

Tibetan Plateau, and its relationship to late Quaternary paleoenvironmental changes, Catena, VVol. 137, pp.
203-218.

Paik, I. S., Kim, H.J., 2006, Playa Lake and sheetflood deposits of the Upper Cretaceous Jindong Formation,
Korea: Occurrences and palaeoenvironments, Journal of Sedimentary Geology, Vol. 187, pp. 83-103.

Pakzad, H., Fayazi, F., 2007, sedimentology and stratigraphic sequence of the Gavkooniplala lake, SE ESFAHAN,
IRAN, Carbonates and Evaporites, Vol. 22, No. 2, pp. 93-100.

Pandarinath, K., Sushma, P. Gupta, SK., 1999, A 75 ka record of palaeoclimatic changes inferred from
crystallinity index of Illite from Nal Sarovar, western India, Journal of the Geological Society of India,
Vol. 54, pp. 515-522.

Parker, A. G., Goudie, A. S., Stokes, S., White, K., Hodson, M. J., Manning, M., Kennet, D., 2006, ““A record of
Holocene climate change from lake geochemical analyses in southeastern Arabia”, Quaternary Research,
\ol. 66, No. 3, pp. 465-476.

Parker, G.,,1991, Selective Sorting and Abrasion of River Gravel. Il: Applications, Journal of Hydraulic
Engineering, Vol. 117.

Petrie, C. A., Weeks, L., 2018, The Iranian Plateau and the Indus River Basin, in: Chiotis, E. (ed.), Climate
Changes-in the Holocene: Impacts and Human Adaptation. CRC Press, Taylor and Francis Group, pp.
293-325.

Pickarski, N., Kwiecien, O., Djamali, M. Litt, T., 2015, Vegetation and environmental changes during the last
interglacial in eastern Anatolia (Turkey): a new high-resolution pollen record from Lake Van,
Palaeogeography, Palagoclimatology, Palaeoecology, VVol.435, pp. 145-158.

Piovano, E. L., Ariztegui, D. Moreiras, S. D., 2002. Recent changes in Laguna Mar Chiquita (central Argentina):
a sedimentary model for a highly variable saline lake, Sedimentology journal, Vol. 49, pp. 1371-1384.

Polyak, L., Bischof, J., Ortiz, J.D., Darby, D.A., Channell, J.E., Xuan, C., Kaufman, D.S., Lavlie, R., Schneider,
D.A., Eberl, D.D., et al, 2009, Late Quaternary stratigraphy and sedimentation patterns in the western
Avrctic Ocean, Glob. Planet. Chang, Vol. 68, pp. 5-17.

Potts, P. J., 1987, A Handbook of Silicate Rock Analysis, Mineralogical Magazine, Vol. 51, 753 p.

Preu, C., 1984, Die quartire Vergletscherung der inneren Zardeh-Kuh-Gruppe (Zardeh-Kuh-Massiv), Zagros/
Iran. Augsburger Geogr. H. 4. Augsburg.

Qin, B., Yu, G., 1998, Implications of lake level variations at 6 ka and 18 ka in mainland Asia, Global and
Planetary Change, Vol. 18, pp. 59-72.

Quellet-Bernier, M., deVernal, A., 2018, Proxy Indicators of "Climate in the Past, Climate Changes in the
Holocene, Impacts and Human Adaptation, pp. 41-76.

Rahimpour-Bonab, H., Abdi, L., 2012, Sedimentology and origin of Meyghan lake/playa deposits in Sanandaj—
Sirjan zone, Iran, Carbonates Evaporites, No. 27, pp. 375-393.

Ramezani, E., Marvie Mohadjer, M.R., Knapp, H.D., Ahmadi, H., Joosten, H., 2008, The Late-Holocene
vegetation history of the Central Caspian (Hyrcanian) forests of northern Iran, The Holocene, Vol. 18, pp.
305-319.

Reading, H. G., 1996, Sedimentary Environments, Processes, Facies and Stratigraphy, 3™ edition, Blackwell
Science,Oxford, 688 p.

Regard, V., Bellier, O., Braucher, R., Gasse, F., Bourles, D., Mercier, J., Thomas, J. C., Abbassi, M., Shabanian,
E., Soleymani, S., 2006, 10Be dating of alluvial deposits from southeastern Iran (the Hormoz Strait area),
Palaeogeography Palaeoclimatology Palaeoecology, Vol. 242, pp. 36-53.

Riquier, L., Tribovillard, N., Averbuch, O., Devleeschouwer, X., Riboulleau, A., 2006, The LateFrasnian
Kellwasser horizons of the Harz Mountains (Germany): Two oxygen-deficient periods resulting from
different mechanisms, Chemical Geology, Vol. 233, pp. 137-155.

Roop, H.A., Dunbar, G.B., Vandergoes, M.J., Forrest, A.L., Walker, Sh. L., Purdie. J., Upton, ph., Whinney, J.,
2014, Seasonal controls on sediment transport and deposition in Lake Ohau, South Island, New Zealand:
Implications for a high-resolution Holocene paleoclimate reconstruction, Sedimentology Journal, VVol. 62,
pp. 826-844.

Roy, P.D., Caballero, M., Lozano, R., Smykatz-Kloss, W., 2008, Geochemistry of late Quaternary sediments from
Tecocomulco lake, central Mexico: Implication to chemical weathering and provenance, Chem Erde
Geochem, Vol. 68: pp. 388-393.

ay



Saha, S., Banerjee, S., Burley, S.D., Ghosh, A., Saraswati, P.K., 2010, The influence of flood basaltic source
terrains on the efficiency of tectonic setting discrimination diagrams: an example from the Gulf of
Khambhat, western India, Sedimentary Geology, Vol. 228, pp. 1-13.

Sahu, B. K., 1964, Depositional mechanisms from the size analysis of clastic sediments, Journal of Sedimentary
Research, Vol. 34, pp. 73-83.

Sai, K., 2004, “Geochemistry of Lake Sediments as a Record of Environmental Change in a High Arctic
Watershed”, Chemie der Erde, Vol. 64, pp. 257-275.

Savage, P.S., Georg, R. B., Williams, H. M., Halliday, A. N., 2013, The silicon isotope composition of the upper
continental crust, Geochimica et cosmochimica acta, Vol. 109, pp. 384-399.

Schroll, E., 1975, Analytische geochemie, Band I, Grundlagen and anwendungen, Ferdinand Enke Verlag
Stattgard. Crater Lake and Adriatic Sediments Mem, Ist. ital. Idrobiol, Vol. 55, pp. 247-263.

Sengupta, S., Veenstra, H. J., 1968, On sieving and settling tecniques for sand analysis, Sedimentology, Vol. 11,
pp. 83-98.

Sharifi, A.;Pourmand, A., Canuel, E. A., Ferer-Tyler, E., Peterson, L. C., Aichner, B., Feakins, S. J., Daryaee, T.,
Djamali, M., & Naderi-Beni, A., 2015, Abrupt climate variability since the last deglaciation based on a
high-resolution, multi-proxy peat record from NW Iran: The hand that rocked the Cradle of Civilization?
Quaternary Science Reviews, Vol. 123, pp. 215-230.

Sinha, R., Smykatz-Kless, W., Stuben Harrison, S.P., Berner, Z., Kramar, U., 2006, Late Quaternary paleoclimatic
reconstruction from the lacustrine sediments of the Sambhar playa core, That Desert margin, India, J
Paleogeography, Paleoclimatology, Paleoecology, Vol. 233, pp. 252-270.

Smol, J.P., 1990, Paleolimnology: recent advances and future challenges, Mem, Ist. ital. Idrobiol, VVol. 47, pp.
253-276.

Smoot, J.P., Lowenstein, T.K., 1991, Depositional environments of non-marine evaporites. In: Melvin, J.L. (ed.),
Evaporites, Petroleum and Mineral‘Resources. In Elsevier Science Publishing Company Inc, Amsterdam,
The Netherlands, pp. 189-309.

Snelder, T.H., Lamouroux, N., Pellam, H., 2011,“Empirical modelling of large scale patterns in river bed surface
grain size, J. Geomorphology, Vol. 127, pp. 189-197.

Solotchina, E.P., Sklyarov, E.V., Solotchin, P.A., Vologina, E.G., Sklyarova, O.A., 2014, Mineralogy and crystal
chemistry of carbonates from the Holocene sediments of Lake Kiran (western Transbaikalia): connection
with paleoclimate, Russian, Geology and Geophysics, Vol. 55, pp. 472-482.

Solotchina, E.P., Sklyarov, E.V., Solotchin, P.A., Vologina, E:G., Stolpovskaya, V.N., Sklyarova, O.A., Ukhova,
N.N., 2012, Reconstruction of the Holocene climate based on a carbonate sedimentary record from shallow
saline Lake Verkhnee Beloe (western Transbaikalia), Russian Geology and Geophysics, Vol. 53, pp. 1351-
1365.

sSong, Y. G., Wang, Q. S., An, Z. S., Qiang, X. K., Dong, J. B., Chang, H., Zhang, M. S., Guo, X. H., 2017, Mid-
Miocene climatic optimum: Clay mineral evidence from the red clay succession, Longzhong Basin,
Northern China, Palaeogeography, Palaeoclimatology, Palaeoecology. Vol: 512, pp. 6-55.

Spencer, R. J., Eugster, H. P., Jones, B. F., & Rettig S. L., 1985, “Geochemistry of Great Salt Lake, Utah:
Hydrochemistry since 1850, Geochimica Cosmochimica Acta, Vol. 49, pp. 727-737.

Spofforth, D.J.A., Pélike, H., Green, D., 2008, Paleogene record of elemental concentrations in sediments from
the Arctic Ocean obtained by XRF analyses, Paleoceanography, Vol. 3, PA1S, 09.

Staubwasser, M., Sirocko, F., Grootes, P., Segl, M., 2003, Climate change at the 4.2 ka BP termination of the
Indus valley civilization and Holocene South Asian monsoon variability, Geophysical ResearchLetters,
Vol. 30, pp. 372-387.

Stevens, L.R., Ito, E., Schwalb, A., Wright Jr, H.E., 2006, Timing of atmospheric precipitation in the Zagros
Mountains inferred from a multi-proxy record from Lake Mirabad, Iran, Quaternary Research, Vol. 66,
pp. 494-500.

Stevens, L. R., Wright, H. E. J., Ito, E., 2001, Proposed changes in seasonality of climate during the L ate-glacial
and Holocene at Lake Zeribar, Iran, The Holocene, Vol. 11, pp. 747-756.

Stoermer, E. F., Smol, J. P., 2002, The Diatoms: Applications for the Environmental and Earth Sciences, Jornal
of Quaternary Science, Vol. 17, pp. 283-284.

¥



Stout, J. E., 2014, Detecting patterns of Aeolian transport direction, Journal of Arid Environment, Vol. 107, pp.
18-25.

Street-Perrot, F. A., Mitchell, J. B. F., Marchand, D. S., Brunner, J. S., 1990, Milankovitch, and albedo forcing of
the tropical monsoon: a comparison of geological evidence and numerical simulations for 9000 Ybp.
Transactions of the Royal Society of Edinburgh, Earth Sciences, Vol. 81, pp. 407-427.

Talbot, M. R., 1990, A review of the palaeohydrological interpretation of carbon and oxygen isotopic ratios in
primary lacustrine carbonates, Chemical Geology, Isotope Geoscience section, Vol. 80, pp. 261-279.

Talbot, M. R., 2006, Nitrogen Isotopes in Palaeolimnology, Tracking Environmental Change Using Lake
Sediments, pp. 401-439.

Tang, Y. J., Jia, J. Y., Xie, X. D., 2002, Environment significance of clay minerals, Earth Sci Front, Vol. 9, No.
2, pp. 337-344, (in Chinese).

Thiry, M., 2000, Paleoclimatic interpretation of clay minerals in marine deposits: an outlook from the continental
origin, Earth Science Review, Vol. 49, pp. 201-221.

Thunell, R.'C., 1979, Climatic evolution of the mediterranean sea during the last 5.0 million years, Sedimentary
Geology, Vol. 23, pp. 67-79.

Torngvist, T. E.;.De Jong, A. F. M., Oosterbaan, W. A., Van der Borg, K., 1992, “Accurate dating of organic
deposits by AMS 14C measurement of macrofossils”, Radiocarbon, Vol. 34, pp. 566-577.

Tucker, M. E., 1988, Techniques in sedimentology, Blackwells, Oxford, 394 p.

Tucker, M. E., 1990, Carbonate Sedimentology, 482 p.

Tucker, M. E., 1991, Sequence stratigraphy of carbonate-evaporite basins: models and application to the Upper
Permian (Zechstein) of northeast England and adjoining North Sea, Journal of the Geological Society, Vol.
148, pp. 1019-1036.

Tucker, M. E., 1994, Sedimentary petrology, (Second edition), Blackwell, 272 p.

Tucker, M. E., 2001, Sedimentary petrology-an Introcuction to the Origin of Sedimentary Rocks, 272 p.

Vaezi, A. L., Ghazban, F., Tavakoli, V., Routh, J;; Naderi Beni, A. M., Bianchi, T. S., Curtis, J. S., Kylin, H.,
2019, A Late Pleistocene-Holocene multi-proxy record of climate variability in the Jazmurian playa,
southeastern Iran, Palaeogeography, Palaeoclimatology, Palaeoecology, Vol. 514, pp. 754-767.

Valero- Garces, B. L., Grosjean, M., Kelts, K., Schreier, H:, Messerli, B., 1998, “Holocene lacustrine deposition
in the Atacama Altiplano: facies models, climate and tectonic forcing”, Paleogeography,
Paleoclimatology, Paleoecology, Vol. 151, pp. 101-125.

Vanderaveroet, P., Bout-Roumazeilles, V., Fagel, N., Chamley, H., Deconinck, J. F., 2000, Significance of
random illite-vermiculite mixed layers in Pleistocene sediments of the northwestern Atlantic Ocean, Clay
Minerals, Vol. 35, pp. 679-691.

Vanzeist. W., 1967, Late quaternary vegetation history of western Iran, Review of Palaeobotany and Palynology,
Vol. 2, pp. 301-311.

Vanzeist, W., Bottema, S., 1977, Palynological investigations in Western Iran. In: Palaeohistoria, Vol. 19, pp. 19-
86, D0i:10.1126/science.140.3562.65.

Vanzeist, W., Wright, J. R., 1963, Preliminary Pollen Studies at Lake Zeribar, Zagros Mountains, Southwestern
Iran, Science, Vol. 140, No. 3562, PP. 65-67.

Velde, B., 1995, Origin and mineralogy of clays. Clays and the environment. Springer-Verlag, Berlin; 356 p.

Vincent, L. A., 2005, Coauthors, G., Observed trends in indices of daily temperature extremes in Squth America
1960-2000, J. Climate, Vol. 18, pp. 5011-5023.

Vita-Finzi, C., 1969, Late quaternary alluvial chronology of Iran. In: Geol, Rundsch, Vol. 58, pp.-951-973,
D0i:10.1007/BF01820740.

Walker, M., et al., 2018, Formal ratification of the subdivision of the holocene series/ epoch (quaternary
system/period): two new global boundary stratotype sections and points (GSSPs) and three new
stages/subseries, Episodes, VVol. 41, pp. 213-223, https://doi.org/10.18814/epiiugs/2018/018016.

Walker, M., et al., 2019, Formal subdivision of the holocene series/epoch: a summary. J. Geol. Soc. India, Vol.
93, pp. 135-141, https://doi.org/10.1007/s12594-019-1141-9.

Wang, G.P., Zhai, Z.L., 2007, Geochemical data as indicators of environmental change and human impact in
sediments derived from downstream marshes of an ephemeral river, Northeast China, Environ Geol, Vol.
53, pp. 1261-1270, doi: 10.1007/s00254-007-0714-x.

AT


https://doi.org/10.18814/epiiugs/2018/018016
https://doi.org/10.1007/s12594-019-1141-9

Wasylikowa, K., Witkowski, A., Walanus, A., Hutorowicz, A., Alexandrowicz, S. W., Langer, J. L., 2006,
“Paleolimnology of Lake Zeribar, Iran, and its climatic implications”, Quaternary Research, Vol. 66, pp.
477-493.

Wolfe, B. B., Edwards, T., Elgood, W. D., Beuning, R. J., Kristina, R. M., 2006, Carbon and Oxygen Isotope
Analysis of Lake Sediment Cellulose: Methods and Applications, Tracking Environmental Change Using
Lake Sediments, pp. 373-400.

Woodroffe, S. A., Horton, B. P., 2005, Holocene sea-level changes in the Indo-Pacific, Journal of Asian Earth
Sciences, Vol. 25, pp. 29-43.

Yechielei, Y., Wood, W. W., 2002, Hydrogeologic processes in saline systems: playas, sabkhas, and saline lakes,
Earth-Science Reviews, Vol. 58, pp. 343-365.

Zhou, C. H., Keeling, J., 2013, Fundamental and applied research on clay minerals: From climate and environment
to.nanotechnology, Applied Clay Science, Vol. 74, pp. 3-9.

17


http://www.sciencedirect.com/science/article/pii/S0169131713000392
http://www.sciencedirect.com/science/article/pii/S0169131713000392

ABSTRACT

Gavkhouni Playa, as lowland of the Zayandehrud River catchment area, is located in an inter-mountain basin in
Esfahan Plain and Central Iranian Plateau. The history of late Pleistocene to Holocene sedimentary evolution, and
paleo-geomorphology and paleogeography of the Playa were investigated in this study. For this purpose, intact
sediment cores were used to reconstruct ancient climatic and environmental conditions, 16 intact sediment cores
with a maximum depth of 12 m and total of about 120 m collected with using Auger corer from sediments under
the bed of different areas of Gavkhouni playa. About 400 sediment samples were separated from two deep cores
due to facies changes to perform granular analysis of wet sieve and lasers, mineralogy of XRD method, elemental
analysis of XRF and ICP methods and, age measurement by carbon isotope method 14 (C14-AMS). ) The
chronological control is provided by the Carbon-14 Accelerator Mass-Spectrometric (14C AMS) method.
Analyzing and study of climatic and environmental conditions of Gavkhouni playa during the Late Quaternary
using various climatic indicators including identification of sedimentary facies, sedimentology, mineralogy, and
mineralogy of clays, sedimentary geochemistry and elemental ratios were done. Sedimentary facies were
identified and separated based on texture and sediment structure, the composition of destructive sediments and
organic matter, celor, presence of plant and shell residues, and other macroscopic components. According to
sedimentology studies-and changes in sedimentary facies, 8 separable sedimentary facies belonging to aeolian,
fluvial, deltaic, lacustrine, and playa environments were identified. The age measurement results showed that the
average sedimentation rate in Gavkhouni playa with 0.3 mm per year. However, the amount of sedimentation
varies for different sediment depths. The presence of clay minerals in the sequence of chlorite, illite,
montmorillonite, and kaolinite frequency, and the main minerals of calcite, quartz, and feldspar and evaporative
minerals were used to identify dry and wet climates and used from various elements sensitive to climate change
and environment and also elemental ratios of V / Cr, Mn / Al, K/ Al, Rb / Al, Si/ Fe, Ti / K to reconstruct the
climatic and environmental conditions, the amount of detrital material (suspended and clay sediments) entering
the basin, intensity Weathering and erosion have been used in catchment basin and lake water fluctuation's level.
The results showed that the Gavkhouni Basin extended to the western part of sand dunes during the late
Pleistocene. During the early-middle Holocene, coastline regression and the Zayandehrud Delta progression
toward the playa occurred in the northern part of the area. During this time, aeolian sands spread to the Gavkhouni
Playa. In the Late Holocene, arid conditions caused a decrease in water level and coastline regression along with
the domination of the playa environment in the Gavkhouni margin. But, there were still ephemeral lake conditions
in the center of the Playa. Gavkhouni Playa experienced an increase in the level and progression of the coastline
towards land about 3000 years ago. The presence of arid conditions ‘@about 1000 years ago (cal. BP) changed
the Gavkhouni lands into a playa environment, and this situation was dominant in the area almost to the present
day

Keywords: Gavkhouni Playa, Paleogeography, Paleoenvironment, Climate -change, Radiocarbon dating,
Sediment Cores
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