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Dacite (Miocene)

- Clastics and limestone (Eocene)
- Clastics (Paleocene)
Flysch-like sediments (Cretaceous)
- Limestone and marl (Cretaceous)
- Limestone (Triassic)
- Limestone (Permian)

45° 38°E

38° 38'N
(18] 31 SloMol (Sail of yoday (wlbaiBl L) oo sy Allaie ol Cyumo 3 Al .Y S5

(p)S S5y a0 blaie b (pdg, 6 mS3) (g, O, (ygeisy mhaw jo didhie ST Slaass] gl
o diged (plide j0 i 4wl S ald pgw, slaasly Al I lasly o 5l plae o (AY JSS) ails
S Aoz I (Cadge 5 Jsmiel wiile) 05 Sl S 5 0L wilo SIS Sl 5 (e, Ky oS 35


http://dx.doi.org/10.52547/gnf.6.2.295
https://gnf.khu.ac.ir/article-1-2776-fa.html

[ Downloaded from gnf.khu.ac.ir on 2024-05-27 ]

[ DOI: 10.52547/gnf.6.2.295 ]

oosls e psle ITAR (line g gl oF )Lt o alr YaA
(ol o5l ke 2,23)

2B il yd blie o Slaass] sl Cwglie § bus diiwd (attie zedgds Swd diges ;O 45 Al
Dy g0 585 g jlweytuo sblie JiSi5 4 2o 3 )lge 5]

2)ls 3335 dilate yo ugil 5 gty i S glaaiig jl @S et Culd (Slaassl gl ol
a5 aen B Y JS5) o2l gloaniod 5 o)le oSl slacSins Jalis 5 anils gsiie ghslsnd anli S g,
Slal Slraly sli,S o 51 uy Cansl 4liyS o 50 (65108 ogmsy Bl 5 (g Larme £33 ) CulS>
Al gl 3% )0 Wil pgeis npihel 5 900 ool Cannsg boaiiigs (ul wilonds S5 uogtlly 4 by
(@nliyS 315 aeelY (plpmss ams )5 Slolis )| 8 JSS @ bosye (s)ls] gy Gal JoSa3 058 00 0> oo
() JSi5) wloads JeSt5 pmagtl ST glacSins b (g s Sligusy 55 aslol 1o sl lgs] Cllae il 5

b Lo
: 2

R, ¥ ¥ e 3 Y
S Lbainy COLIS Wigdgo oud (pibg) Sja 9ais) ghw o o Ll SLULLT GbSiw (ALY U
Mm@l el w000 omd paal 53 azpl wile awliS (o 50 Cligw) 9 SLLST GbSouw
©jglxe 30 5 4zl Bl cuolis b a5 (ST g ¢y3b) awli S sbbaiivs 5l spgai (B wis g0 3gumo auli,s
510 (ygeis y Sl | s

e

PR LS &

xSy ol iny o 3 Ypmnn oy S5i8 ol (6 pallen b (650 oK (il 55 Jpome 2l
Lot 5 938 el oud JoS5 (59l suma jol5 g aded Sl 5l gy S @ly 50 55 sebin, de) it
Sl B gAY S ol Sl 5 5155 (Jgmeel Dy Jolis iz adlaie (oSl sloSis 3 Jsons
3l e oy Ve 5l i U as o Vo>l Galie sladiged [0 S &ie) Ay G brciany (S9i8 Jloge
sile oy 5328 o 3pn 51 o8l 5 081 bl 5 0505 & Olgiosn 305 Jote (s (sl el
oy Gl Sl b cudgi; ol ools JSis 55 (55559 ,09l8 Bl Soopa JUS 50 PSR 5 Jgeriel
oS opdle o)ls 357y S (nl ;0 58 b+ Jgmiel) (Slgmiol slocudsis 25 5 Head
Aneal 5 sl pled S cpl o)l Ll Sllsole conle 5l cols ladiges Cdl o)lse (S0 )0 (25,5
5 Jyial IS DRl 5 JSaze) yiyshi, ey ;0 Mok aile placen S5 il jo &5 axten

DY J&) wiyls 1,8 (S em


http://dx.doi.org/10.52547/gnf.6.2.295
https://gnf.khu.ac.ir/article-1-2776-fa.html

[ Downloaded from gnf.khu.ac.ir on 2024-05-27 ]

[ DOI: 10.52547/gnf.6.2.295 ]

Yaa 535551 3l g rmeailoS Lo 51 anls (il gt ol o] dilate _2gSToT laiasT clacSin

.

S S id jpax g iy <db B 5 A dlily SLLALT i B1)F5g,m ololais! ¥ Kb
Sl 5 55195 5y slo el g o duzme el Hlro Kiww aine) B S o o 9 Jomkol M3

(D gio0 omd Jgomo yobas ool (wyp BSCw 10 a5 F,ls8 s o S (C wilonds JuSid
W) SO 50 M9 i (S ;9 ol Sgecio dryedli g (32 y0ls plod CL ()T 0 a5 Sldgolu Comuls

093° S yy 41930 glo3d jedo (F g B ciplo 41,8 cudigm 9 Jogmiol (35,18 M99 33 51 JSliio 5331 54l
el PPL &> 10 C g .oisiwds XPL jgi o Jo E 3540 palai solod .o gu G 159
ol 335195 :Q sy PN M 9953 : Pl s gus B ¢ Jguniol AAMPH 7 1 4 5 Lais | oide
Pl

wan 0 JIoge a5l aS sl 093 ge Can S 58 5 lgl8 Pl ddlate STl slaSw o IS ek
oobol 1) P gD slacens ;S9id Sloord oS 5 (B g A Y JS5) duoy o0 jud o0 Fo B Y 0500 U ladiges
TSV ARRCOWASPNE Ut S ONS VONY. 1 I WU B PN USSR N S 1 ROV B I K PRES LJLc (slalads a5
Sty el yls radl sl IS al8 5 ol JSle 5 ol S0 b b JS2055 des Ygare SIS


http://dx.doi.org/10.52547/gnf.6.2.295
https://gnf.khu.ac.ir/article-1-2776-fa.html

[ Downloaded from gnf.khu.ac.ir on 2024-05-27 ]

[ DOI: 10.52547/gnf.6.2.295 |

ol e pole WA o) g b oF 6ot & Al Y.

(il oo gl 4,20
Sygo 50 (Jy Sl e it slddiges [0 Sl T Dl 098 0 000 PSP sla ek il ye S p0 5

el g s 255le w96 sl SIS T sdae Jguame o Gl S

J o]

5 as (B 9 AY J&w) Sl 00l R ‘:w] le.ﬁbgi...w Jj‘d.uo ‘s,lS 9o Jﬁ.u.ﬂ.ai ‘)%y)y) )| sey)
Goshee 8 51 5 SsS Ygana) Jgmial (slacums S5 whmsyioo b 2ops 1+ 3900 b 5T loge (Jlg b 6,
&S b e 0l Sl b Kdgy cdl 1 (60,100 50 g Canl Siogs l.....w G:olf 5 JShog> e el
).u LQJ}»...(LAT ML' Lﬁbcbs,m o JM—‘ ugLn...A LSLQJ.NJ 3929 EMQQLMJ Cew! u&o.a LQ@[S QSJL' 6L¢v3lﬁ4
@ladls (K b g o0d (25 Sl Clde bt 9 (S5 Lalyd Slpnss 5 Wls (g piie (Sla)So ol
loo ialidl 31 5 g Q—l A8 L gled pley yo el (See ol bl b lmb[sﬁ.é.ﬂ ail> ‘;ow S 00
-[vsl Al ool Glasl Clie ioluSTL g (bglgusT g Ol dgan Sl o) Jlow [Lid alS 5(‘5.LQ§LQ &1 ,0)
DAl

¥oles

el 5165 slacun Seid ol lal> adhate Sl GlbSiw [0 Jyere sl SIS Ko alex 5 5,168
255 o0 0 51 5aS Ysens Jloge S5 5l 5l (C ¥ JSK5) aties mls clog,lsS &g 5 IS0
RO N IO (TR ST ICTE SSX SN S RS RV

)0 jga> aiges ST 50 a5 Cosl (iaing B la Gl 5l K00 (Ko o0 0 51 5pS Jloge (Slgl b ecadsn

Slaossdy 5l (S el JS 0 b o ISt Ygane 5 0051 yiailen T B Y 51 5SzsS el SIS ol (BY JS5)
Sl o8 Sl Sudgn 09y Swen slop) JoSis wibie Sels oSGy slacaise 9550 0 Sl
50,08 leSle 5l s 5 il Lacs oagay cpl V4] Jlas 0 (F g E ¥ ) ol ot o (slailnlS Saes

Fasl 5 STy 1 Gl S slasnl b Jol> wliion
Anorthite + Biotite + H,0 = Prehnite + Chlorite+ K-Feldspar + Sphene + Muscovite

IV cailons oass 55 sl slacKin 10 biwian (9,0 <o, 5 Colabogy ol padds Coia yy slayd JSias

£ o

(SO
Ldiges yo SiO, Jlade O e polie b p sl ool sols Jioles V g 0 ladiges bands 4 o s

&y Cowlog ;) —Cowls Bogaome 13 5 Wiyl upwl Codle badiges Ll cpl sl S39 o, £ L £ oy
Joges 55 el (9 oy A B FIF laKiw opl ,o (N@O+HKZ0) JSUT yolic ggamme (A F JSE) Wigd o
258 oo 518 SIS Ol (6 839a7ma 40 ladiges doa [Y] SIO, Jlis ;o (NaO+K,0) JISIT pobie ol i
Wigd oo SuSa5 JSITSIS 51 ool o5 6w bl T jo a5 55 [V AFM Jlagas jo 3,b 51 (B F Jsii)

(CF USs) awas o lis |y JSITSIS (6 oo Londiges


http://dx.doi.org/10.52547/gnf.6.2.295
https://gnf.khu.ac.ir/article-1-2776-fa.html

[ Downloaded from gnf.khu.ac.ir on 2024-05-27 ]

[ DOI: 10.52547/gnf.6.2.295 |

Y 5355 1 3l g, el 5 gl (il gt ol ST Ablate _zSToT ileissT glacSin

80
12 (B) Rhyolite (A)
9 0T Q\e\é = 70 Com- Pan
. T e .-® Rhyodacite- Da2;
g ; P\\\C& A | ‘ I = ate Trachyte
O, 6+ ST © 2 60 }
M - tg\e\6 «© Andesite
ey < \@\\“ Phonolite
o -~ . - -
&' 2 4 %\)‘0 ® 50 ;
Z Bas- Trach- Neph
0 f t - ! 40 ' '
50 55 60 65 70 75 0.001 0.01 0.1 1 10
SiO, (wt.%) Zr/ TiOp
3 I’
e M ©
S O
S &
2 W & Tholeiitic
é @?ﬁb .& Q@ series
<
1 (‘alc—alkalinc
’. series
Peralkaline
0
A M
0 0.5 A/CNK 1.5 2

abi>Me aS bz VY] SlaaisT gcKw s pawdi iy ZIHTIO2 ply 40 SIO2 jloges (A F JSi
[¥1] SIO2 Jilio 0 Na20+K20 log0i (B cxiguis so &35 commwld gy y — sl 53900 30 digos dod gl 0

CB Ko wgmoglio cudle suiasplis a5 [YY] pguuegdl 1 gludl asls cwyyp yloges (D (JIT
ROWI R ES AR

AINK e g +/29 L +/9+ pn (AI203/Ca0+Na20+K20) A/ICNK s odds (o) p sdiged o
I3 egeglllie slacKin sgame o i cpl 5l 45 oS o i VY B VYO o (AI203/ Na20+K20)
o )log05 ol olul el o ools Liales O JS3 50 aKiw ool ,S)ls slajloges [YY] (D F JS2) 0.5 o
3 Sgb oo onyd Ca0 5 P205 MgO (Ti02 wile Lol yolic 55,05 55 o2alS sus, SI02 e Liuldl b
A ed lis cols g, Al203 § Na20 K20 &5 Jl>
yolie (S Jols jolie cplcal oals ools Gislad 5 olwS polie 5l golaws Ol pss &gy ¢S )lo slajloges jo
robe 5l loanles lyear YD 5 LA iz 5 (uietegd S SS (s)ok Gyds blaul e Vg Ni asile
B oleea Wady S8 gy slp APl yaie o oo SToodlea s Ko 5 S (SB0b
Wﬁj) &AHSJALM JA‘}C 9 J.»Yo )‘ é) ‘).') o] o oolaiul uso ‘L......uo o oA)Lo@l; L' ) om%tyﬁa
oS polic 3550 40 050 o0 00ld bLI,I Glie conds (59, M Lol (6,135 51 09 4 g laeoSlsl
3525 O, pasein Kg, SIaS Jl> )0 05d oo 0y LalS Wy, G SI02 ]8I L s Cr g VYD dLa wile
G Bkl Gl gladiges (Suy LS| (LIS Wlgi oo (O S0) Syt sl loged 5o atwsny W,
LCr gV MO Ti02 wils yolie Sy aalS &g, a5 g ebas ail b SIS 51 (3,8 pae b g (5 5b
alS Ay ool medgs BB -] (oS sl 5 Jomial (oS s prysilS aiile 1 5aeg B sl S 52 i


http://dx.doi.org/10.52547/gnf.6.2.295
https://gnf.khu.ac.ir/article-1-2776-fa.html

[ Downloaded from gnf.khu.ac.ir on 2024-05-27 ]

[ DOI: 10.52547/gnf.6.2.295 |

o)l e pole WA o) g b oF 6ot & Al Y.y

(o355 oSl psle @529

(Partition coefficient) 3,25 o, 4 4295 b 5.5 (0 JS8) ki v p0 (]3I L YD g La wiile S job polie
a3lisn 5 VTSl 05 5 wile (83 Sla S (F 5 S5 oSyl wiile Gl IS 55 polic cal b
i Al oo 4 ool o8 sla SIS 5l haich o sl bLs 1 e la SIS ol (s ayi b wiles oo [YA-YE]
S onl nj ol 5 eizme (il y90) Jomiol (i 55 Lol sla G5 plee 5l ol anils Lol ol 50 (oot
5 rolie 8 (Guabems G131 L pl55) (o805 gy 395 4 a2 b (i 51 0)ls jpd> 5 (6K slaigms) 2 52
sads gole (S ol yolie o5 slologes ;0 EU ate Jlogil 050 (oo 5 (0 JS&) ST g Na Al wisle
S edliial b 5 aelol 58 i Ky iz aaised cal 58 e Sysk G SIS A P USE)

g oo o Fke abal) cnl )3 (oleerdh 53lu o

3 yinS D0, LA-ICP-MS s XRF (glosbays ooib cousy slinns IS Koms opbonds & 1255 gl ) Jgir
Mg#= 100*MgO/(MgO+FeOr) . pusis o>

Sample Mjy-25 MJIU-26 MIU-31 MJU-32 MJU-34 MJU-37 MJU-38 MJU-39 MJU-40 MJU-41 MIU-43 MJIU-46 MIU-44

XRF (wt. %)

SiO, 6725 6716 6828 69.11 67.75 6893 6601 6896 6498 66.48 66.69 67.52 66.71
TiO, 0.35 0.43 0.34 0.33 0.30 0.30 0.30 0.31 0.47 0.43 0.36 0.43 0.39
Al;04 1571 1577 1594 1594 1563 1595 1530 1585 1545 1621 1596 16.44 16.08
Fe,0s3 0.30 0.33 0.29 0.28 0.27 0.27 0.26 0.27 0.46 0.38 0.32 0.35 0.39

FeO 203 222 193 184 18 179 175 178 307 254 217 234 261
MnO 005 005 004 004 004 003 004 004 010 006 003 004 005
MgO 120 152 136 128 098 112 114 114 219 176 180 169 170
Ca0 310 331 314 311 315 269 281 237 401 297 344 394 340
Na,0 499 498 500 490 468 537 539 562 418 544 516 464 493
K20 231 221 217 220 220 218 219 231 275 255 216 190 230
P,0s 017 021 015 014 014 013 013 013 023 020 016 015 0.17
LOI 143 272 216 153 394 109 136 08 135 070 110 097 0.75
Total  98.88 10091 100.80 100.69 100.92 99.84 96.68 99.64 99.23 9971 99.34 10040 99.49
Mgt 481 517 526 523 459 496 506 501 528 521 566 531 506
XRF (ppm)

Zn 315 407 336 384 329 315 334 359 679 430 256 417 422
Cu 11.2 6.9 41 31 55 138 55 111 343 188 126 271 933
Sc 5.8 8.7 35 5.2 4.0 7.2 5.2 5.3 5.8 4.7 6.7 9.1 5.9
Ga 174 156 163 168 163 165 164 175 175 176 173 164 179
Ni 101 178 182 141 122 98 115 124 352 208 218 169 188
Co 4.8 9.5 7.6 6.0 45 6.5 6.1 54 129 9.7 6.2 8.8 8.2
Cr 236 270 391 251 238 136 108 251 596 358 380 257 425
Y 469 501 450 385 361 406 400 380 677 542 512 506 545
Rb 713 665 697 709 740 672 697 703 1021 923 514 516 822
Ba 8911 8539 7960 7971 7661 7952 7916 8275 8528 7985 6937 6198 7480
Nb 10.4 9.1 7.7 7.0 6.4 5.8 5.9 59 119 9.8 7.2 5.4 75
Pb 0.8 0.0 9.2 4.0 6.7 9.9 6.8 7.2 1.0 11 0.0 7.9 7.0
Sr 5933 6780 5880 5953 5254 5504 5748 5727 6443 6107 5832 5252 6162
zr 1223 1244 1205 1153 1142 1113 1099 1124 1415 1342 1142 1044 120.1
Y 8.2 7.6 7.6 7.1 55 6.5 6.0 6.2 9.6 7.8 7.0 8.4 6.1
Hf 49 2.1 3.9 34 4.7 2.7 16 13 59 2.3 3.2 2.3 0.5
u 46 5.0 3.7 34 3.1 2.7 2.1 2.6 1.4 31 11 2.7 2.6
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Sample  MmJU-25 MJU-26 MJU-31 MJU-32 MJU-34 MJU-37 MJU-38 MJU-39 MJU-40 MJU-41 MJU-43 MJIU-46 MJIU-44

LA-ICP-MS (ppm)

Cs 1342 0.893 1384 1582 2254 2453 2335 1034 3518 1823 1335 3487 1.366
Ba 912.02 841.03 782.73 824.19 746.17 789.09 810.84 856.22 878.72 811.35 711.32 743.72 612.63
Rb 67.071 58.319 64.500 64.894 64.590 62.722 65.528 68.460 98.088 86.353 46.919 75430 47.211
Sr 593.41 654.64 569.63 589.54 510.74 557.31 578.70 575.90 635.44 600.30 576.85 602.36 515.78
Y 6.587 6.083 5.922 5844 5815 5796 5744 5713 6.887 6.803 6.072 6.464 6.529
Zr 118.28 114.61 114.17 109.29 109.71 11145 109.64 113.72 132.07 131.07 11439 116.76 102.69
Nb 12502 11.258 9.302 9.005 9.624 8.918 8.840 9.214 12825 12398 9.261 10.404 8.858
La 24,623 20.522 20.392 19.520 21.456 20.454 20.212 19.956 36.225 28.152 22.589 23.024 19.157
Ce 44,050 38.113 36.596 33.455 37.851 35.575 36.097 35.054 65.988 51.255 39.446 40.504 31.796
Pr 4761 4222 4078 3567 4.040 3.904 4.047 4.019 6.720 5388 4121 4421 3.205
Nd 16.313 15.715 14.786 13.008 14.139 13.578 13.670 14.252 23.561 18.871 14.741 15628 11.344
Sm 2948 2930 2307 2250 2277 2251 2410 2336 3427 2760 2.687 2487 2322
Eu 0809 0799 0.705 0.632 0.686 0.581 0.695 0664 1026 0821 0.669 0.762 0.671
Gd 2041 1886 1.882 1905 1.883 1.603 1.89 1.642 2336 1948 1628 1.869 1.936
Tb 0.271 0.240 0227 0.245 0.225 0.217 0.244 0.214 0.296 0.262 0.220 0.259 0.224
Dy 1232 1231 128 1202 1082 1210 1104 1214 1474 1416 1248 1353 1.353
Ho 0.260 0.232 0229 0.204 0.185 0.211 0.202 0.209 0.239 0.258 0.210 0.250 0.241
Er 0.658 0.630 0.496 0.587 0520 0.511 0.500 0.537 0.707 0.801 0.665 0.566 0.700
Tm 0.082 0.098 0.070 0.081 0.066 0.080 0.075 0091 008 0.09 0.091 0.109 0.097
Yb 0549 0512 0563 0561 0472 0516 0453 0580 0638 0.751 0501 0550 0.721
Lu 0.100 0.099 0.064 0.078 0.075 0.088 0.068 0.072 0.087 0.090 0.093 0.097 0.095
Hf 3.123 3.049 3348 3147 2873 3.032 3103 3131 3403 3567 3141 2939 2.696
Ta 0.843 0672 0.698 059 0.664 0.629 0543 0555 0812 0866 0.543 0585 0.557
Th 13.045 9515 11.018 10.662 11.062 10.311 9.953 9.967 13.322 13.729 10.337 10.337 6.032
U 4117 3935 3845 2863 3.816 3.304 3.838 3.554 3.639 4.405 3250 2329 1.903
Pb 9.731 8614 9438 10.882 9.959 10.487 8.703 8.867 8088 8796 6.278 5596 7.356
Sc 4959 5781 5737 5184 4500 4.724 4713 4774 6635 6.384 6.169 6.597 6.727
\% 52.619 60.081 57.313 52.394 45966 46.637 48.960 49.035 75.905 66.193 62.623 58.996 59.440
Cr 52.519 52.189 69.168 52.083 47.149 51.950 48.274 54.742 86.071 64.184 69.684 64.992 47.494
Co 5169 7.000 6.120 6.014 4.804 4882 5131 4802 12026 7.763 6.456 8.893 7.646
Ni 17.641 24.638 21.668 18.509 19.235 b.d. 21.331 23.807 37.666 26.541 26.048 21.803 26.054
Cu 9.277 7.794 b.d. 5654 6.970 14393 7.381 9.938 30.985 17.051 10.003 72.612 25.223
Zn 27.656 33.994 30.338 23.205 28.189 28.829 27.293 28.809 52.062 36.964 20.594 27.412 30.120
Ga 15.137 14.082 14.584 14.037 14.278 13.773 13.953 13.897 15322 16.110 14.764 14.482 13.269

AICNK  0.96 0.95 0.98 0.99 0.99 0.99 0.94 0.99 0.90 0.95 0.94 0.98 0.96
AINK 1.47 1.49 151 1.53 1.55 1.43 1.36 1.35 157 1.39 1.48 1.70 1.52
SriY 7235 8921 7737 8385 9553 86.06 9580 9237 67.11 7829 8331 6252 101.02
Eu/Eu*  0.96 0.97 1.00 0.91 0.98 0.89 0.96 0.98 1.05 1.03 0.91 1.04 0.94
(La/Sm)y 5.39 452 5.71 5.60 6.08 5.87 541 551 6.82 6.59 5.43 5.98 533
(Sm/Yb)n 5.97 6.36 4.55 4.45 5.36 4.84 591 4.48 5.97 4.08 5.96 5.03 3.58
(La/Yb)y 32.18 28.75 25.98 2495 3259 2842 3198 2468 4071 2690 3232 30.04 19.05
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references therein
Elements Si0, AlLO; MgO Na,O KO Rb Sr Y Yb Ni Cr  Mg# KO/ La/ St/

(Wt.%) (wt.%) (wt.%) (wt.%) (wt.%) (ppm) (ppm) (ppm) (ppm) (PPM) (PPM) Na:0 Yb Y
Studied samples
Min. 66.4 15.8 1.0 4.3 19 47 511 57 045 10 47 459 041 27 62
Max. 69.9 165 22 5.7 28 98 65 69 075 35 86 56.6 0.66 57 101
Ave. 68.6 16.2 15 51 2.3 67 582 6.2 057 17 58 512 045 41 83

Adakites >56 =15 <3 >3.5 <3 <65 >400 <18 <19 >20 =30 -~05 ~0.42 >20 >20
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