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Sample 1-sh-4 1-sh-19 2-sh-16 3-B-7 3-B-10 4-sh-3 4-sh-20 4-sh-23 sh-5-1 sh-6-1
SiO, 67.32 66.4 66.01 69.4 63.9 66.65 65.8 66.04 65.98 65.78
TiO, 0.4 0.4 0.41 0.34 0.57 0.4 0.4 0.4 0.41 0.43
Al,O4 17 16.5 16.66 13.72 17 16.5 16.5 16.5 16.7 16.81
Fe,03 29 3.05 3.32 3.08 3.22 3.17 3.18 31 3.12 3.14
Cao 3 3.94 3.75 4.68 3.74 3.9 3.9 3.8 3.98 3.93
MgO 0.28 0.34 1 1.7 1 0.6 0.5 0.6 0.63 0.9
Na,O 4.54 511 5.13 3.54 5.08 4.22 4.56 4.76 4.5 4.95
K,0 2 2.3 2.54 1.3 2.42 2.42 2.38 2.39 24 25
MnO 0.01 0.02 0.023 0.08 0.056 0.017 0.025 0.025 0.029 0.032
P,0Os 0.1 0.1 0.18 0.16 0.38 0.1 0.1 0.098 0.12 0.12
LOI 3.02 2.58 1.68 2.7 3.85 2.9 3.4 2.3 2.01 1.58
sum 100.57 100.74 100.703 100.7 101.216 100.877 100.745 100.023  99.879  100.172
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Sample 1-sh-4 1-sh-19 2-sh-16 3-B-7 3-B-10 4-sh-3 4-sh-20 4-sh-23 sh-5-1 sh-6-1
e ) Jsoz dalsl
Ba 760 900 900 760 880 970 860 920 900 890
Sr 780 940 890 740 930 840 910 930 950 930
Zn 68 64 61 51 61 60 80 67 61 60
Ag <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Ce 44.7 54 51.8 28.2 70.1 51.6 48.7 51.8 54.7 54.5
Co 45 7.4 7 5.8 8.4 6.3 6.4 7.1 6.8 6.5
Cr <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
Cs 15 15 15 2.1 0.8 5.7 1.8 1.7 15 14
Cu 53 49 52 21 70 46 47 74 50 49
Dy 1.33 1.3 1.14 0.93 1.53 111 1.15 1.21 1.3 1.36
Er 0.58 0.61 0.56 0.38 0.67 0.52 0.53 0.67 0.56 0.54
Eu 0.91 0.92 0.88 0.62 1.15 0.83 0.8 0.88 0.95 0.86
Ga 20 20 19 14 20 19 19 20 20 20
Gd 2.27 2.14 2.09 15 3 2.08 2.18 2.18 2.28 2.42
Hf 3 3 3 3 3 3 3 3 3 3
Ho 0.24 0.29 0.2 0.16 0.29 0.22 0.23 0.24 0.22 0.24
La * 27.9 26.6 13.7 35.6 26.7 25.1 26.8 28.6 28.2
Lu 0.07 0.13 0.08 <0.05 0.09 0.07 0.07 0.07 0.07 0.08
Mo <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Nb 3 4 3 1 4 3 3 4 4 3
Nd 20.2 213 20.2 12.7 28.7 20.1 19.6 20.8 216 21
Ni 7 7 6 5 10 8 6 7 <5 6
Pr 5.28 5.88 5.65 33 7.88 5.54 5.32 5.64 6 5.92
Rb 53.2 58.5 57.7 213 485 60.5 60.4 58.6 58 55.8
Sm 3.6 34 33 2.2 4.6 3.2 3 33 33 35
Sn 2 2 2 1 1 2 2 2 2 1
Ta <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tb 0.29 0.32 0.25 0.18 0.35 0.25 0.25 0.25 0.27 0.28
Th 5 8.2 8.1 2.7 8.8 8.3 7.8 8.4 8.4 8.3
Tl <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Tm 0.08 0.15 0.08 0.06 0.1 0.09 0.08 0.08 0.08 0.08
u 1.86 2.44 2.43 1.87 2.36 2.38 2.28 25 2.43 2.53
\% 63 61 62 48 90 61 59 62 61 61
w 2 2 1 <1 <1 3 2 2 <1 <1
y 6.8 6.6 6 4.9 7.9 6.1 6.2 6.4 6.9 6.6
Yb 0.6 0.5 0.5 0.4 0.6 0.5 0.5 0.5 0.6 0.6
Zr 97 98.5 109 48.6 80 110 87 108 114 108
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Sample  1M5 2M1 2M10 3M4 4M9  4M13 5M1 5M7 5M8 5M13 6M1 6M7 6M15 6M20 7M2
SiO, 71.03 731 72.98 72 7147 7166 7238 7214 7228 7162 71.47 72 7089 7183 7191
TiO, 0.32 0.32 0.3 0.3 0.34 0.33 0.33 0.33 0.31 0.32 0.32 0.33 0.34 0.32 0.34
Al,O3 13.61 13.42 13.1 13.35 13.4 13.44 1344 1242 13.01 13.07 1372 13.36 14.1 13.61 1281
Fe 03 2.08 2.07 2.08 211 2.17 2.18 2.08 2.25 211 2.16 2.07 2.1 2.3 2.19 2.23
CaO 3.48 2.58 2.9 2.83 2.93 3.03 2.84 3.34 2.86 3.37 2.96 2.87 2.78 2.97 2.68
MgO 0.59 0.65 0.74 0.77 0.87 0.69 0.54 0.61 0.87 0.58 0.63 0.6 0.79 0.58 0.66
Na,O 4,59 4.08 4.33 4.35 4.3 4.44 457 3.98 4.31 4.36 452 4.46 4,52 4.35 4.14
K.0 3.15 3.26 3.26 3.27 3.34 3.03 3.06 3.29 3.22 3.26 3.19 3.27 3.21 3.4 3.18
MnO 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
P,Os 0.1 0.11 0.14 0.11 0.12 0.11 0.11 0.11 0.12 0.11 0.12 0.1 0.11 0.13 0.12
Total 98.98 99.84 99.84 9986 99.81 99.86 99.86 99.83 99.84 99.84 99.84 99.83 99.83 99.84 99
LOI 0.832 0.22 0 0.73 0.84 0.92 0.47 1.32 0.72 0.96 0.81 0.71 0.76 0.42 1.72
Ba 561 564 543 545 521 561 546 571 566 556 551 575 575 535 568
Ce 71 66 41 60 7 35 0 3 71 31 52 65 34 23 70
Co 4 5 6 4 7 3 2 2 3 2 2 1 5 5 2
Cu 38 57 37 30 48 35 42 52 44 61 33 48 66 57 47
Nb 4 3 1 0 5 6 1 3 4 4 4 1 2 3 1
U 2 4 3 5 0 3 1 3 0 1 2 2 5 4 0
Ta 0.5 0.7 0.4 0.3 0.2 0.15 N 10 0.25 0.3 0.4 0.2 0.3 0.4 16
Th 4 6 4 2 0 2 0 2 2 5 6 1 6 5 8
Cl 128 65 65 79 316 11 6 186 51 54 47 95 29 20 241
Pb 14 35 18 17 17 14 19 20 17 18 13 9 15 14 16
Rb 56 56 58 56 61 61 61 59 61 62 61 60 64 59 58
Sr 472 488 500 479 521 510 525 496 517 533 562 477 537 523 492
\Y 31 34 40 37 36 38 36 38 39 36 36 35 38 37 37
Y 12 12 12 12 12 12 13 11 12 12 13 13 13 12 12
Yb 0.44 0.6 0.2 0 0.7 0.7 N 0.33 0.4 0.44 0.5 0.14 0.4 0.4 0.6
Zr 139 144 147 140 146 153 150 151 159 156 156 149 165 147 150
Zn 52 47 50 48 52 51 54 55 49 49 50 48 48 48 54
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Madvar Area

Shah Khairollah Area

Element Variation range Average elemnts Variation range Average elements
Sio, 70.89-72.98 71.92 63.9-69.4 66.6
Al,0O4 12.42-14.1 13.32 13.72-17 16.6
(Fe,03)7 2.07-2.25 2.15 2.9-3.32 3.12
CaOo 2.68-3.48 2.96 3-4.68 4.33
MgO 0.54-0.87 0.67 0.28-1.7 0.75
Na,O 3.98-4.59 4.35 3.54-5.11 4.90
K,0 3.03-3.34 3.23 1.3-2.54 2.49
CBP 1979
. . .
15 ; ,_
: phonolite :
n- o ] Siaisl aes glaSin olords) Gabemds -Y IS5
! o (Coxetal., 1979) Jlsgas Lolul 5 all ool 5 lsos
i Fn ] j ¢ Al Sols o 0 e
51— dacite 2]
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b - d
L | | | | | | ]
k-] 40 45 S0 E ] 60 5 7 75
S0,
=<2 olie wlul o (B-F i) aiis 3l O 7,

9O & 3 o Xw Lgiu?_..i: u_,..x.‘iyo Zr )_3‘).3 )QY
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WL Jlo) ol 055 Sliais] Sw sla S5
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2yl 1y (e 8 b b e paecileSLe

Sl 2loSle (g7 (sl HoLaie 4y

Lo JUSIT s Jlogas 5l el 30l g lona (3blie
a_S (Irvine and Baragar, 1971) SiO; , I, ;o
ISToln 5 JSIT 09,5 o5 a1y o )3T slaSns
1545 1ol lem ol 0o oolitul WIS o e
30 o slaSiw og i o oval i A-F S
(LTSI JSTols oloSle (6 o ailate
2 KO Jogai 5l eolaiwl o pizman asload a8lg
ol—s (Le Maitre et al., 1989) SiO, , I,
an adl Bl g Hlgas gblos laSiw a s o
gt el L SIS LSl (6
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0,05 o Lac Sl 8,20 4 (Kay, 1978) S'sl
@395 SLa S 59, ez G155 jo—o Ll
S AW oles 5l S50 las vgmg Lo )
Sl 0l j0 a5 Cwl o3 j—uie 30— s MO lo2s
o2 50 93¢ g MJO YL jlacie LacSToT 5l adsl
(Richard and «Martin et al., 2005) cwla 3,5
¥ Jsoz oa5 ;5 b Lo Kerrich, 2007
5 5lgas dshis L a i 0g i e cdal i
LacShol o oYU o sie g1yl adl ol
il ol—dg) sl S g alemwg 4 Jol 4z o 50
VIo Lo ¥/0) YL NayO 4 SiO> oo ,0 OF ialox>
;) YL FEO+MgO+MnO+TIO; g5—ozxe (d—o,o
g Yo ppm sl i ) YL S (oo n Y sgo>
stLuL».m J_tlB (..\_m)‘;a w_b Yoo ppm a4 6O)‘9A
4 Lyl SLs 00 ,olie 65 pizmon aiiwn
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dmop Pyl iy o al STl sla S
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YL Sr oYU polie o lgao adlaie ol F/09 b
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Yb 9 Y u.uL_.a JJOI__M 5()‘55}_—&0 (_g‘)_t ¥. ppm
by 3l o8> (YD<0.7ppm) 4 (Y<9ppm)
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o dy a5 iy, 8 4l e ) (SS9 n
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FA sga > o Mg# oljlo ol LaSiw (glaiios
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59— , (Schilling et al., 1983) c.lAYA
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Madvar Area Shah Khairollah Area Adakitics

Si0,>72%Wt Si0,>66.5%Wt Si0,>56%\Wt

Al,03~13.5%Wt Al,03~16.6%Wt AlL,Oz>15%Wt
MgO<0.87%Wt MgO<1.7%Wt MgO<3%Wt
Sr>400 ppm Sr>700 ppm Sr>300 ppm
- The lake of negative anomaly Eu The lake of negative anomaly Eu
Y<13 ppm Y<8 ppm Y<18 ppm
Sr/Y~41.70 Sr/Y~137 Sr/Y>20
0.15 ppm<Yb 0.6 ppm<Yb 1.8 ppm<Yb
- La/Yb~50 La/Yb>16

Small amount HFSE (Nb, Ta) HFSE Small amount (Nb, Ta) Small amount HFSE (Nb, Ta)

- Small amount Rb/La Small amount Rb/La
- Small amount Ba/La Small amount Ba/La
- High concentration of LREE High concentration of LREE

- Low concentration of LREE Low concentration of LREE

9= 5 ol losaly Laca s ol 105 0l
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Yo 5l YL LalYb 50 5l YL SmiYDb ¢ ;

P olie 5l goln ) polie (5 lag S5 somo )l
(HaSChke and ¢l LaXiw uso T_..M...a o».\_:Lc‘;La
&l — SM/YDb & 5 la_wgie Gunther, 2003)

booge s P L ol adl ol i adlaie glackin

(izod ol LaleSle ol o3 Lt 4ol o
oo Liie jo ,ol> Lo JLS a5 ¢l
s SMIYD il o La/Sm jlosos 5l o5 o
lodasae gl Jlogai ol 5l oolaiwl .o 1 5 oolaiul

e ol Jos aw LaceSTel Lade 5,90 40
gLl A gy 25 gd (Gl il s
(Defant and Drumond, ¢ls 5 le—> (55,9,—3
Crond —idu w9d (o (Kay et al., 1993 <1990
Ly 29 Lo 00l pudrd g0, Ay Slood
o3 S % () o) (Gl
{Martin et al.,, 2005 «Castillo et al., 1999)
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The study of petrography, geochemistry and petrogenesis of
subvolcanic masses of Madvar and Shah khairollah in
north and southeast of Shahr-e Babak city
(Kerman province)

Farzaneh Arzhangnezhad, Abbas Moradian * and Zeinab Keshtkar
Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract

Subvolcanic masses of Shah khairollah and Madvar located in the southeast of Urumieh-
Dokhtar magmatic belt and northwest of Dehaj-Sardoieh belt, north and southeast of
Shahr-e Babak city. Generally, these subvolcanic masses contain dacite, rhyodacite and
rhyolite lavas. Mineralogically, they consist of plagioclase, amphibole, alkali feldspar,
biotite and quartz and the dominant texture of the studied rocks are porphyritic. Based on
Microscopic studies plagioclases show resorption and zoning and opaticitization is
observed in the mafic minerals. Geochemical investigations show that the Madvar and the
Shah khairollah masses are acidic in composition and all the rock samples fall in the field
of calc-alkaline magmatic series, originated in an active continental margin arc setting.
Chemical compositions of the studied rocks in spider diagrams show the significant
enrichment in LREE rather than HREE, as well as Sr, K. The depletion of Pb, P, Pr, Zr,
Y, Nb and Ti in those rocks are observed. The negative anomalies of Ta, Nb and Ti in the
rocks studied is similar to those of the subducted rocks series. The values of MgO, Na,O ,
Ni, Cr and Mg#, depletion of Y and high ratios of LREE/HREE, Sr/Y (Ave. 137.26),
La/YDb (Ave. 50) in the studied rocks are similar to those of adakites which have derived
from partial melting of young oceanic crust. Geochemical characteristics of these two
masses indicate the partial melting of oceanic crust prior to hydration and the low
concentrations of Yb, Y, HREE, TiO,, is consistent with the partial melting of subducted
oceanic crust slab under amphibolite facies conditions in the depth of 35 km.

Key words: Calc-alkaline magmatic series, Adakite, Active continental margin, Madvar
and Shah khairollah sub volcanic masses, Dehaj-Sardoieh belt
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