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Fig. 1. The geological map of the Feshark intrusion adopted from 1/100000 map of the Kuhpayeh with slight variations

(Radfar et al., 2002)
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Table 1. The result of geochemical data from the Feshark intrusion and enclaves. (major element :Wt.%)

S$ F10 F40 K8 F3 K3 K16 F21 F11
It.;lc)l; granite  granodiorite  tonalite dig‘-i te dig‘-i te dig‘-i te dig‘-i te diorite
SIiO; 7753 66.95 64.19 58.74 5417 58.58 59.43 52.86
TiO, 0.13 0.60 0.68 0.80 0.91 0.81 0.75 0.85
AlOs 1198 15.30 1548 1666 1708 1619  17.29 18.11

Fe05 g1 1.62 2.24 2.81 3.23 2.92 2.45 3.15
FeO 0.67 2.45 3.47 4.69 6.99 491 4.13 5.28
MnO 0.02 0.05 0.10 0.13 0.19 0.10 0.11 0.20
MgO 0.25 1.94 2.45 3.40 4.70 3.75 3.14 4.38
Ca0 1.05 5.19 5.42 6.93 8.49 6.93 7.08 8.92
Na;0 2.41 5.25 3.33 3.36 2.75 4.17 3.51 4.24
K20 5.25 0.24 211 1.77 0.56 0.92 151 1.21
P20s 0.02 0.11 0.13 0.15 0.10 0.13 0.11 0.17

total 99.92 99.71 99.60 99.44 99.18 99.41 99.51 99.37
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Table 1. (Continued). The result of geochemical data from the Feshark intrusion and enclaves. (major element :Wt.%)

S$ F5 K9 F12 K7 K4 K14 K10
rock Q- Q-
type diorite diorite Q-diorite Q-diorite Q-diorite monzodiorite monzodiorite
SiO; 53.53 52.53 54.68 53.13 54.91 55.69 55.69
TiO, 0.80 0.82 0.79 0.79 0.82 0.75 0.76
Al,03 18.03 17.95 16.50 17.66 17.07 17.06 16.82
Fe,05" 3.30 3.28 3.16 3.22 3.29 3.08 2.78
FeO 5.49 5.54 5.43 5.43 5.69 5.24 4.63
MnO 0.18 0.16 0.20 0.21 0.18 0.17 0.17
MgO 4.20 4.76 5.04 4.93 4.08 4.28 4.97
Ca0o 8.22 8.74 8.29 8.54 8.07 7.88 8.17
Na,O 3.90 4.08 3.50 3.34 4.03 3.62 3.46
K20 1.57 1.34 1.62 2.03 1.04 1.52 1.87
P20 0.12 0.15 0.13 0.09 0.14 0.11 0.14
total 99.34 99.35 99.34 99.36 99.32 99.40 99.46
5l 2 ST S 5Lad b e 5 s g pon Lol 5 B <o

2 emman S e 655T5l 5 o Sl by Ges
PSS PCQUNE-JA U PR SO (Fy POy
(Shelly, 1993) Lt sletuy 4 355 oo s> 5 55|
e 5 sk e e (S35 50 T el S
Gdyen 5 L b psbie 5l OT HLow jLtd 45
SLaosb (o5 5 s e OLE ) sl 5 518 gl SIS
(s g by a sla LS 51 ladlssl sl NS 55 )
(s SahS o L L 51T 5 S
B s LS w5 Jomte [y 6526 Lo S a3 5
Ao y3 AL OY s Jlds Shsl s L L 3dIS 5 53 bl
23 = Ao 3 O0-YA LU g 5o (e
JSb dal il £ 55 o Ao 5 ¥ 5 oy 051 5
a3 el 5 Ul glailate Ol Lo Uy oSzt
@lacilate Olazstlo 3 g g . dilodds IMouil 5 S )55 3 gt
53 LSl Jsls a5 e diasOlis Ll g o 3OS 50 500 53

La,sb ol 5l & (Ginibre et al., 2002) 4l ks o

,'m,—_wfwu&»q?bp&u w)jsjféh&w
3035 ey g3 5yl 5 Cig -l S o, w1 8
olsS GAS 55,1 Jals 0T edias | ol sla SIS
o 5 (ol Sl el a5 5 s IS SO
RN PPN PR F U O PP Y- )3
ot gn OT (2 Sl Sl 6 3518 5 250
oy gty o deoys Yo BV Jlde Sl 5 L 5,058
P U PPN R XU [ S PP WU
Lacdby )3 o o3 VP LA Jls sl 3 L 5 yails
Jlie Slsl 3 L3S 5,1 wleasST, Kos gla SIS o (lab
PEPUCENNUES B S I W NG T C N SR A
s LAl F )3 ez o )3 OV el a5l S
Sl o 3 5 Kyl Ll STl Al LIS 5550 sl
Cl ol S5 Cs sl 5 ol ST (sbaais (g5l
Gpnl (KeseeTys 0aS 5L s, 3L (A Y JS)

BE J)_L:; a.\.’.aao\.i.?) S ('.;_‘.-:Ll_v.j r._v.v\.w JUL&,“ LgL&Jb



OhlSee § lilus 1A

03 il LS5 OB e Ao 3 AP e U
Lad smieT 5 S g0 bl g 5 oy 9541 & 53 o SIS
(ol e Uledd s aT bS5 o S o
A ol 2B G G SIS G5 oS 55 ST
SLa S 0550 Jsial ) oty A 457 L35 0 o g

145 813 ol 5 S5 s (s

SLa LS 51 JpmnieT 5 g o 4 2 Sy o 45
sl £ 53 S gy sba nT o jlad 4 de gors ol <SLe
sl p ol 6 i Sl b JsmieT LS 53 5 C g
2 bz Ao 3 0-) Lal I S 55 oS Jlus
Ao 3 A LB 5 53 5 ez deo )3 AF Loy, 551 &
Ao s\ STas st S s Jamiel Jlke Sl 3 5 oz

)}}Wu)J\Y—? l_hs'_‘_':_Jﬁb}S‘}fjécu_&?#

pll 3BT ) sl o (5155 PPM &j50; 25 polie o1 )0 a5 slapgaysy 5 S)Lad (53985 0058 (pleardss slaslil lis ¥ Jguor

Table 2. The result of geochemical data from the Feshark intrusion and enclaves. (trace element: ppm) (*: Not

analyzed).
S$ F10 F40 K8 F3 K3 K16 F21 F11
rock Q- Q- Q- Q-
type granite  granodiorite  tonalite diorite diorite diorite diorite diorite
\Y 8 113 136 189 265 163 169 199
Cr * * 3.7 4.5 2.5 9.9 115 *
Ni * 2.1 4.1 4.6 2.7 5.3 2.9 1
Ga 9.9 16 15.9 17.3 16.4 15.6 17.2 18.2
Rb 128.3 7.1 69.9 62.1 19.3 335 49.3 40.2
Sr 75.9 220.6 245.6 281.4 332.6 243.4 270.6 333.1
Zr 100.8 137 166.7 1225 53.5 81.2 167.7 110.9
Hf 4.1 4.4 6.2 4.6 2.2 4.6 6.3 4.9
Nb 2.7 6.2 6.9 6.6 2.4 5.1 4.8 6.7
Cs 1.49 0.58 2.13 251 2.93 1.54 3.07 1.85
Ba 494.4 89.7 375.7 361.6 156.5 219.7 303.2 316.5
Pb 9.2 4.5 7.9 8.1 74 4.7 5.1 9.1
Th 14.9 7.0 7.3 10.4 0.8 4.8 6.4 2.7
U 3.61 1.36 1.7 3.08 0.34 0.9 0.91 0.84
Ta 0.5 0.6 0.7 0.7 0.2 0.4 0.5 0.6
Y 16.8 21.2 22.3 23.3 17.4 22.1 20 19.7
La 17 12 17 175 6.2 10.8 11.3 16.8
Ce 31.2 304 36.8 38.9 14.6 23.9 24.3 34.4
Pr 3.16 4.05 459 4.94 2.08 3.2 3.08 4.1
Nd 9.5 15.9 174 18.9 8.9 13.2 124 155
Sm 1.57 3.94 4.03 4.64 2.7 3.36 3.18 3.55
Eu 0.37 0.97 0.91 0.92 0.89 0.86 0.86 1.13
Gd 1.26 441 431 4.86 3.02 3.68 3.47 3.81
Tb 0.2 0.76 0.71 0.82 0.54 0.64 0.6 0.63
Dy 1.18 4.83 4.48 5.2 3.39 4.03 3.71 4.02
Ho 0.26 1.04 0.97 1.1 0.73 0.85 0.83 0.84
Er 0.74 2.92 2.73 3.12 2.09 244 2.38 25
Tm 0.14 0.47 0.42 0.48 0.32 0.38 0.36 0.39
Yb 1.04 3.05 2.75 3.1 2.04 249 2.36 251
Lu 0.19 0.48 0.44 0.48 0.33 0.4 0.39 0.41
Eu/Eu* 0.78 0.71 0.66 0.59 0.95 0.74 0.78 0.93
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Table 2. (Continued). The result of geochemical data from the Feshark intrusion and enclaves. (trace element: ppm) (*:
Not analyzed).
S$ F5 K9 F12 K7 K4 K14 K10
:;;l; diorite diorite Q-diorite  Q-diorite  Q-diorite monz?(;iori te monzgtiio rite
\% * * * 208 247 * 174
Cr 6.6 6.3 78.6 35 7 30.9 89
Ni 8.4 8.8 16.9 6.3 5.8 9.7 22.7
Ga * * * 16.6 184 * 17.1
Rb 48.9 57.2 46.3 67.5 46.8 43.1 64.4
Sr 302 326.7 256.2 240.1 255.2 240.8 268.8
Zr 53.2 46.5 455 64.6 95.3 93.5 54.4
Hf * * * 2.4 35 * 2.1
Nb 8 4 9.1 8.3 6.5 6.8 6.2
Cs * * * 2.61 1.22 * 2.46
Ba 240.2 180.2 243.1 2714 124 223.2 303.5
Pb 8.4 8.2 7.1 9.7 5.9 7 9.1
Th 5.8 1.7 9.6 5.5 7.1 6.4 6.3
u * * * 1.82 211 * 1.22
Ta * * * 0.8 0.7 * 0.6
Y 24.4 19.1 30.9 27.1 219 24.4 21.3
La * * * 18.2 14.8 * 16
Ce * * * 40 35.1 * 33.3
Pr * * * 5.12 459 * 4.1
Nd * * * 204 17.3 * 15.7
Sm * * * 5.46 4.11 * 3.82
Eu * * * 1.02 1.04 * 0.93
Gd * * * 5.98 4.39 * 3.96
Th * * * 1.08 0.76 * 0.68
Dy * * * 6.96 4.77 * 4.46
Ho * * * 1.49 1.03 * 0.97
Er * * * 4.23 2.94 * 2.65
Tm * * * 0.67 0.47 * 0.42
Yb * * * 4.43 3.15 * 2.69
Lu * * * 0.72 0.52 * 0.43
Eu/Eu* * * * 0.54 0.74 * 0.72
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Table 3. The result of modal analysis of the Feshark intrusion and enclaves

Samples Quartz Allali- Plagioclase Biotite Amphibole  Pyroxene Opaque
Feldspar
F 10 20.32 49.43 25.74 2.59 0.68 0.00 1.22
F 40 12.95 31.03 41.07 491 7.14 0.00 2.86
K8 14.63 6.34 61.46 7.32 6.34 0.00 3.85
F3 10.07 1.09 68.01 0.93 19.76 0.00 0.12
K3 10.18 1.20 74.25 0.6 13.17 0.00 0.30
K16 12.00 1.22 68.50 0.31 17.74 0.00 0.21
F21 12.92 3.37 66.01 1.12 16.29 0.00 0.18
F11 5.60 1.20 58.80 5.20 25.20 240 1.50
F5 3.58 0.77 65.98 3.32 21.48 1.53 3.22
K9 4.97 6.83 49.53 2.33 29.50 4.19 2.54
K7 8.66 7.15 46.80 5.27 29.99 0.00 2.03
K14 11.63 12.43 44.34 1.02 29.55 0.00 1.02
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Fig. 3. A: Perthitic texture in the K-feldspar in the granite, and B: The occurrence of pyroxene in the quartz diorite in
the Feshark intrusion. (Kf: K-feldspar and Px: pyroxene) (in crossed polarized light, XPL) (Whitney and Evans, 2010)
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Fig. 5. A/NK versus A/CNK variation diagram (Molar Al,0s/Na,0+K,0 vs. Al,03/CaO+Na,0+K,0) (Shand, 1943;
Maniar and Peccoli, 1989) for the samples from the Feshark intrusion. Symbols as in Fig. 4.
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Fig. 8. The major element variation diagrams versus silica (wt.%) (Harker, 1909) for the samples from the Feshark
intrusion. Symbols as in Fig. 4.
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Fig. 15. Plot of the samples from the Feshark intrusion in the the A: Nb/U vs. Nb (Taylor and McLennan, 1985), B: Ti
vs. Ti/Zr (Rudnick et al. 2000), C: Nb/U vs. (La/Sm)cn (Hofmann et al., 1986), D: Sr/Y vs. Y variation diagrams (Sun

and McDonough, 1989). Symbols as in Fig. 4.
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Introduction

Granitic rocks are the most abundant rock types in
various tectonic settings and they have originated
from mantle-derived magmas and/or partial
melting of crustal rocks. The Oligo-Miocene
Feshark intrusion is situated in the northeast of the
city of Isfahan, and a small part of Urumieh-
Dokhtar Magmatic Arc is between 52°21' E to
52°26'E and 32°50' N to - 32°53' N. The pluton has
intruded into lower Eocene volcanic rocks such as
rhyolite, andesite, and dacite and limestone.

Analytical methods

Fifteen representative samples from the Feshark
intrusion were selected on the basis of their
freshness. The major elements and some trace
elements were analyzed by X-ray fluorescence
(XRF) at Naruto University in Japan and the
trace-element compositions were determined at
the ALS Chemex lab.

Results

The Feshark intrusion can be divided into two
phases, namely granodiorite with slightly granite
and tonalite composition and quartz diorite with
various quartz diorite and quartz monzodiorite
abundant enclaves according to Middlemost
(1994) classification. The quartz diorite show dark
grey and are abundant at the western part of the
intrusive rocks. Granodiorite are typically of

white-light grey in color and change gradually
into granite and tonalite. The granodiorite and
granite rocks consist of quartz, K-feldspar,
plagioclase, biotite, and amphibole, whereas in the
quartz diorites the mineral assemblages between
different minerals are very similar to those
observed in the granodiorite. However, amphibole
and plagioclase are more abundant and quartz and
K-feldspar modal contents are lower than in the
granodiorite whereas pyroxene occurs as rare
grains. They are characterized as metaluminous to
mildly peraluminous based on alumina saturation
index (e.g. Shand, 1943) and are mostly medium-
K calc-alkaline in nature (Rickwood, 1989).

Discussion

In the Yb vs. La/Yb and Th/Yb variation diagrams
(He et al., 2009), the studied samples show small
variations in La/Yb and Tb/Yb ratios, suggesting
fractional crystallization. Chondrite-normalized
REE patterns (Sun and McDonough, 1989) of all
the samples essentially have the same shape with
light REE (LREE) enrichment, flat high REE
(HREE) and significant negative Eu anomalies.
All of the samples exhibit similar trace element
abundance patterns, with enrichment in large ion
lithophile elements (LILE) and negative
anomalies in high field strength elements (HFSE;
e.g. Ba, Nb, Ta, P, and Ti) compared to primitive
mantle (Sun and McDonough, 1989). The
enrichment of LILE and LREE relative to the
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HFSE and HREE along with Nb, Ta, and Ti
anomalies display close similarities to those of
magmatic arc granites (Pearce et al., 1984) and
also negative Nb—Ti anomalies are thought to be
related to the fractionation of Ti-bearing phases
(titanite, etc.). Moreover, these are the typical
features of arc and / or crustal contamination
(Kuster and Harms, 1998), while the negative P
anomalies should result from apatite fractionation.
The increasing of Ba and slightly decreasing Sr
with increasing Rb, indicate that plagioclase
fractionation plays an important role in the
evolution of the studied intrusion. Tectonic
environment discrimination diagrams such as Nb
vs. Y, Nb vs. Yb+Ta (Pearce et al., 1984) and
Th/Yb vs. Ta/Yb (Pearce, 1983) with enrichment
in the LILE and LREE relative to HFSE and
HREE and negative anomaly in the Nb, Ti and Eu
indicate that their initial magma is generated in
the subduction zone related to an active
continental margin setting. The rocks genesis
determining diagrams such as Nb vs. Nb/U
(Taylor and McLennan, 1985), Ti vs. Ti/Zr
(Rudnick et al. 2000), (La/Sm)cn vs. Nb/U
(Hofmann et al., 1986), and Sr/Y vs. Y (Sun and
McDonough, 1989) show that the magma was
probably generated by partial melting of
amphibolitic continental crust.
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