PPEG PP 620 ¢ | o 6jloub (i g s Jlw <3V Lo

. o Iy * ee “ e - s Sa
Ny 131 Jlow (5398 slros gl 33954 9 owws)

(5903 Gl 33 — ST &3law 3 S g liw )

Fmamo S ilie o Tl poe inz o slowl igd 19 €T 0B Lo yodlé 03! sule agl!

Ol s sty (O 5o, o830 carly ke 0dSils ¢ gl 03,5 d 555 (6 il

Ol el iy D8 50 o o83l ey pske a8ty ¢l ons 05,8 aleal
Ol Ol Ol g5 oS cpsle i ¢ ol n s 0aSCtS1s el
Ol g O pES gdme SLLES| 5wl ey Olesle ol SoF
WAS ANV i s ALVARWAZ NSNS G

———
35 o8 Jlod (o83 p = oIS 0l 5 (63 585 = ST iy oS ()5l 4 53 (530 Ol 5 Dlil) Sl ) Ol g sl Jlad 3 Jl szl s (5358 slaos
o, Sty s> 3 o 3 5o (s 035 W35 0 s Jol Bl (63,585 Slaes 5 sl St S 5 lot &l Dlgpew bl aigy s 3
B VL ply Sonle b JSITESIS 5 51l oz s (63585 sloos 5 o glomnd 55 slaosls olul Ly dies (6855 5 SV 518 3L Gl & ol (3 28 0 28 L
oiasOlis ads) 558 5 Sy pdS 4 ol 0 sl OLaS 5 (S SlaS ulie Sl (6,1l 13 g5 LSS 058 55 5t ua JTln 5 2558
Cambgnla S5 pl el Ti sNbeTa ito sls Jlo 5T Lol s <Y sHREE jleS'wl Sus g sHFSE 5| Sas ¢ Th sLILE(LREE s ol S 22
‘.SJ;_\JT odasoles Sm/Yb=2.8-3.9 ,luis 5 Ce/Pb s Nb/Lac Nb/U (slacons 51l pslie cdas oo QLS 1) 63555 5 3 s 5 Slo,B Jld adile ol e
1> 55 = Jl <S5 L (E-MORB) ad os sl urlie (gleci 876,87 2wy 033 1zt ) 4l 53 (LSl Sl ol fele .l (VL w2y L LS
ooty 53 o2 gy okl SLSe b (ST 5 VT ity 6358 slacSen 53 K,O/Na,0 S 5 REE 5 (6 pate st oS ol ool oy £ 4l0
35Pb sRbeBacKe The U I Sui 2o ladigod ¢Sl S 5 ol aails g (28 LE L oSS 53 AFC dul b 5 glad 8 b8l gl 8 e a5
oaT s 4y oMbl & o 5 b ool (63585 oK 03l (LSl Lol 55 o 5 at sy 2S5l (>Y ppm) La VU Jlsl 3 ol o 4 Nbe Tac Ti 51 Sas 5
318106 bl dials 35 31 gy (58 Jamn I 3 gty (635 035 (L5 Sla s e (Sla ol e 5 (omd 55 6ol K ¢ gl e Dalas
ot |85 Sz = oS =l g5 08 53 0 5 ey —id S g

N3 4y 5 (Sws = e blS =3l A a8l iy (5358 Slmes g (5Ss s ot 55 SLBO S gualS
E-mail: ghadami@hormozgan.ac.ir (o8 Lo aDe 3 ghawo O i

g i =Y

il Loms 3 ol gl G 5 BEFIRETITE JPNE S odes 5305 546355 Wl s el ol g (63 i e Ty oS3l idu )l sy (63 sii0n 55
() }i.i)JdloJ;S}jJQJTQ}):@L_;S}LL;LM:}:)C«Aau\_i‘ Lim;_ Ll g el ‘-}"Sduﬁ‘du‘5f~4f§w}‘5#lf_‘5)}u‘;’;5\{@wux€f“{@‘

T
ian
lcaspie ™

East Iran
Ranges.’

Tertiary volcanic-plutonic

" rocks of Lut Block D
. \ "Bl Paleogene Urumieh-Dokhtar .
“PAKléfz&I:{ magmatic belt
K Late Cretaceous ophiolite .
F Fault E
).l o Q'J:‘:"”‘ l‘> oljil Lg)L‘".L" LSL“% -\ JS':' Band;;A/bbas | | Thrust .
aible “oadse (Ramezani and Tucker, 2003 Persian Gulf \\ ot Study area
26 @ \ _/ 200 km
. N < s ) MAKRAN :
Ol oS ] )Jl{ L )“,a.\..n) - = = = - = =
52 54° 56 58 60" 62

YY)



-------- Jlg3idy j9l> Jlouibs (53945 5ldosgT jo5g %y 9 oigs )

355 Ll alObL 53 (WAY) (6 se imman .ol wtls 5 (ol sale (slaesls
OT b da3 o Olizoe a8 5 )l gty AT HLlS Lae 5 a5 ¢ 3155 3%
.g;.w‘aJ;A:JLEAb

PRGLST 5 oo Oldllas (idw 55 Jols fass sl ( IS sba
E) )bﬁf«) 6:}.4; 53}3 Calidee 6[.&)[5 L;_"Lvlt.jl J“L‘;’ L.S'“J’"‘p Sldlas Lol
el 035 AT Sllas g T 51 (5, 50 5 KK L T bLs |
c;wllaﬁélﬁef)'ucaaﬁ\‘~~ Sgde 3 9 bl 4 sed FO I g lialy ol s
VAvrees alid o) Gt jloslinal b b5l cpl 55 b 4y o liaean
AST LAY e ol b i e oo 42 (3l 5 3LT s ¢l it
\# ‘a,)g"“bi:" waj‘w.ﬂb 4:.«54.&]9.&)3 S0 63}44 Lthu:j:j.!
S35k eng ke Sl 4 by Gle s S b oledse ) s
3XRF gy a S olaS 3 olaS ( Lol jole slie a5 9 ol
) Jgd) Lb 4 25 13L1S” ALS-Chemex o825 Le3T 53 ICP-MS

g s o3 andllae 3 ge dilate (Alavi, 1991) wle s st Cotln oo 435 b
OYAD ( SLBT) O | Mol (g ksl — s gy (b gy 45 55 5l o args 0w
Sl o)z 3505 )13 (Central Domain) (55 e 4igs > 5 UisuS Jus 4 s
Loy Jlpad ) Ve bl e il agi bl ol 4ol 5o (oulidi e
Lug LS VYOeer ulidiowe; 4ii s Ternet et al. (1980b)
Ao S 3 mlid i) Sllas s .as 5LET Magnien et al. (1983)
(\¥A¥) (gamms 8 5 Boomeri(1998) (g 573 sla sy 585 = a8~ ol 55
aible 5 358 Gleess sy SidsA 5 oo Dldlas e
Malekzadeh Shafaroudi et al., 2013; Golmohammadi et al., 2015;) oo
(Monazzami Bagherzadeh et al., 2015) ;S..»: » (Mazhari et al., 2017
5 (\WA®) Sl sw st sy .ol (Shafaii Moghadam et al., 2015) .35 4
LalTods WA e s o Joily andllae 45 0 8] (pulid)lS7 aalily

e 5 313 5 (SO0 55 Gl Dlgmy e 55 lresls I eslizal

15675558 53 TCP-MS s XRF o5 a5l by 55l Sk (6358 SlacSim 31 43017 ol 55 50T i =) st

Sallvn;)le S123 S126 S139 S140 S207 S214 S221 S227 S217 S269 S312 S313 S326 S418 S322 S327
Rock type  Syenite  Syenite  Syenmite  Syenite  Syenmite  Syenite  Syenmite  Syenite M Diorite  Diorite
Major
elements
(Wt %)
Sio, 58.60 59.11 58.98 60.86 59.98 60.90 59.99 60.34 57.54 55.65 54.38 55.38 55.45 57.32 54.44 53.15
AlLO, 16.58 16.79 16.12 16.58 17.36 16.68 17.45 15.89 14.89 14.78 16.97 16.36 14.74 15.26 17.12 16.37
TFe,0, 5.97 6.21 6.11 5.53 5.25 6.31 6.74 6.53 6.46 6.46 5.45 6.18 6.46 5.75 6.72 6.24
Ca0 4.82 5.60 4.81 5.18 5.98 4.99 7.36 4.90 5.78 5.29 7.51 5.94 6.12 5.67 7.37 727
MgO 2.68 2.63 2.47 226 1.97 3.90 215 220 1.31 3.70 3.70 4.57 3.47 2.19 4.84 4.94
Na,0 3.26 3.07 2.95 3.60 2.82 3.22 2.83 3.11 223 3.26 3.01 3.04 2.02 2.30 2.79 2.55
K,0 6.57 6.55 6.29 5.67 6.47 7.12 6.58 6.19 5.72 4.66 4.91 5.56 4.93 5.61 4.98 5.39
P,0, 0.48 0.52 0.47 0.44 0.48 0.63 0.59 0.43 0.45 0.58 0.57 0.56 0.72 0.53 0.76 0.64
TiO, 0.72 0.89 0.95 0.78 0.66 0.70 0.89 0.84 0.74 0.76 0.74 0.85 0.89 0.75 0.86 0.84
MnO 0.15 0.19 0.06 0.11 0.18 0.14 0.21 0.17 0.06 0.15 0.09 0.08 0.19 0.12 0.21 0.13
LO1 1.13 0.97 1.22 1.51 1.49 1.33 0.98 1.11 1.25 1.33 1.43 0.99 1.04 1.04 1.09 1.12
Total 100.96  102.53  100.43  102.52 102.64 10592 105.77 101.71 96.43 96.62 98.76 99.51 96.03 96.54 101.18  98.64
K,0+Na,0 9.83 9.62 9.24 9.27 9.29 10.34 9.41 9.30 7.95 7.92 7.92 8.60 6.95 7.91 7.71 7.94
K,0/Na,0 2.02 2.13 2.13 1.58 229 221 2.33 1.99 2.57 1.43 1.63 1.83 2.44 2.44 1.78 2.11
Trace
elements
(ppm)
La 30.30 3224 32.98 32.86 3424 33.28 33.20 32.86 33.03 30.80 3045 3048 29.28 3248 29.34 31.41
Ce 57.71 61.50 62.29 61.59 63.40 61.12 62.10 59.70 61.60 55.40 58.52 58.20 57.00 62.61 56.87 60.20
Pr 6.40 6.50 6.94 6.92 6.94 6.42 6.65 6.14 6.59 6.13 6.19 6.09 6.32 6.59 6.22 6.61
Nd 23.90 25.30 24.60 2522 26.40 24.48 25.50 23.60 24.58 23.30 23.22 23.30 25.30 25.30 2532 25.00
Sm 4.83 4.63 4.75 4.73 4.75 4.71 4.68 4.55 4.58 5.00 4.85 4.87 5.18 4.41 533 5.00
Eu 1.11 1.25 1.21 1.23 1.20 1.26 1.21 1.18 1.14 1.12 1.12 1.10 1.29 1.16 1.27 1.15
Gd 3.39 3.50 3.48 3.42 3.59 3.28 3.56 3.27 3.46 3.44 3.55 3.53 3.48 3.47 3.58 3.42
Tbh 0.47 0.55 0.56 0.59 0.57 0.52 0.58 0.53 0.49 0.44 0.44 0.47 0.50 0.47 0.52 0.45
Dy 2.59 2.69 2.76 2.84 2.65 2.55 2.86 2.70 2.48 2.77 2.65 2.67 2.39 2.75 242 2.54
Ho 0.61 0.63 0.65 0.65 0.59 0.57 0.59 0.61 0.59 0.55 0.52 0.55 0.55 0.57 0.57 0.58
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Rock type Syenite Syenite Syenite Syenite Syenite Syenite Syenite Syenite Diorite Diorite
Major
elements
(wt %)
Er 1.67 1.62 1.65 168 166 164 1.59 1.63 171 1.66 1.65 161 1.74 1.56 1.72 1.59
Tm 023 024 025 026 028 024 027 0.29 027 0.24 025 027 0.24 0.26 022 027
Yb 1.46 145 1.48 147 143 1.47 1.55 1.64 151 153 1.49 1.52 134 1.52 136 1.48
Lu 027 026 027 024 027 025 025 027 0.29 0.28 0.26 0.29 025 0.28 026 029
REE 13494 14236 14387 14370 14797 14179 14459 13897 14232 132.66 135.16 134.95 134.86 14343 13500 139.99
(LagYb) 1489 1595 1598 1603 1718 1624 1536 1437 15.69 14.44 14.66 1438 15.67 1533 1547 1522
(Lagsm) 405 450 448 448 465 456 458 4.66 4.66 3.98 4.05 4.04 3.55 3.65 406 475
Dygyb) 119 1.24 1.25 129 124 116 1.23 1.10 1.10 1.21 119 118 1.19 119 L15 1.21
Gd/Yb 232 241 235 233 251 223 230 1.99 229 225 238 232 2.60 228 263 231
Sm/Yb 331 319 321 322 332 320 3.02 2.77 3.03 327 326 320 3.87 2.90 392 338
EwEu* 084 095 091 093 089 098 091 0.94 0.88 0.83 0.83 0.81 0.93 091 089 085
Cr 1210 1392 1010 1290 1583 1950 1984 1457 12.20 11.80 14.88 12.60 13.56 14.68 1744 16.28
Ni 372 761 485 25 281 8.1 7.09 6.92 6.53 5.42 5.81 5.44 7.26 6.34 623 721
Co 756 764 47T 750 0 671 807 920 9.60 7.62 527 7.11 7.67 734 6.89 679 755
v 7260  70.10 4970 5390 5330 8360  82.00 8560 47.00 58.30 83.90 60.20 80.13 9750 7950 70.86
Rb 140.10 12990 14170 15950 15890 127.60  119.50  139.70  149.40 157.90 133.91 135.60 135.38 14545 13528 14334
Ba 625.50  626.60 828.80 693.10 74350 65522 591.80 599.90  511.12 539.11 539.71 64232 729.11 610.09 46891  560.11
Sr 997.90 85500 853.00 844.10 84420 908.00 854.00 809.80  693.81 962.00 785.60 82530 75730 918.00  656.66 665.70
Cs 3.42 3.61 349 345 325 337 3.85 3.85 3.01 3.17 2.87 3.09 2.48 2.63 214 244
Ga 1560 1590 1710 1550 1510 1370 17.10  14.80 17.10 16.90 15.30 13.80 14.60 17.40 1421 1520
Hf 429 504 614 536 438 248 3.85 3.81 3.87 245 3.50 4.04 2.81 277 298 229
Nb 1628 1891 1941 5723 2018 1576 1721  19.79 17.79 15.55 15.57 16.11 18.18 19.45 1942 17.72
Ta 1.02 1.04 111 134 114 086 1.01 1.20 L1 0.89 0.84 1.04 0.82 112 088 087
Th 1084 1447 1445 1492 1249 1041 1095  10.07 13.79 12.18 15.71 11.37 1422 13.43 13.66  13.91
U 243 274 268 299 311 238 2.68 231 313 2.52 2.68 2.86 2.72 259 258 229
Y 1467 1575 1531 1566 1574 1554 1552 16.28 13.66 14.31 14.98 14.57 15.57 13.89 17.13  16.65
Zr 18450  241.00 257.00 211.00 187.70 18851 173.64 15228  178.81 197.34 170.11 169.71 152.19 17585 169.33 16523
Pb 2448 1953 1006 1373 2371 2421 2022 22.61 19.71 16.41 1537 17.63 17.11 19.51 1129 1021
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Abstract

The Roshtkhar intrusive rocks are located in the northeastern part of the Roshtkhar prospecting area (Khorassan Razavi province), along the
eastern edge of the Khaf-Kashmar-Bardaskan volcano-plutonic belt, north of the Dorouneh Fault and on the southern part of the Sabzevar
structural zone. The intusive rocks consist mainly of syenite to monzonite with minor amount of syenite porphyry, monzonite porphyry, and
diorite porphyry with granular and porphyry texture, respectively. According to the geochemical data, the Roshtkhar intrusive rocks are calc-
alkaline granitoid series with high-K to shoshonitic affinity, magnesian, metaluminous, and belong to I-type granites. Chondrite-normalized
Rare Earth Element and mantle-normalized trace-element spider diagrams display enriched in LILE and LREE and also Th, depleted in HFSE
and weak depletion in HREE and Y, along with negative anomalies of Nb,Ta, and Ti, that are characteristic of the post-collisional calc-alkaline
rocks along with a continental active margin tectonic setting. In spite of the low ratios of Nb/U, Nb/La and Ce/Pb, the Sm/Yb (2.8-3.9) ratios
reveals low contamination of magmas with upper continental crust. According to geochemistry of trace elements and REE, the main cause of
magmatism in Roshtkhar area was melting of a metasomatized lithospheric mantle (E-MORB) with spinel Iherzolite composition accompanied by
in the presence of phlogopite. Multiple element and REE pattern, abundance of K,0/Na,O in Roshtkhar intrusive rocks show contamination and
mixing with acidic magma of amphibolitic lower crust due to temperature of mantle magma and AFC process played important roles in magma
evolution. La vs. La/sm diagram illustrate partial melting and also according to K, positive anomalies of Rb, Ba, K, Th, U, and Pb, and the negative
anomalies of Nb, Ti, Ta, and Ba associated with high La (La > 29), it seems partial melting of lower continental crust has played an important role
in the genesis of the Roshtkhar granitoids rocks. Based on field investigation, petrographic studies, and lithogeochemistry using the granitoids
discrimination tectonic setting diagrams, it seems that the Roshtkhar intrusive rocks were generated in a post-collisional extensional environment

in a continental margin arc setting with partial melting of the mantle-lower crust within the Khaf-Kashmar-Bardaskan belt.
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