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Introduction

The Qorveh batholith, in the N-Sanandaj-Sirjan Zone,
comprises several gabbroic, dioritic and granitic masses
intruded the Jurassic metamorphic assemblage (i.e., schist,
amphibolite and marble). In spite of a number of studies
which have been carried out on the various aspects of these
rocks, but none of them has Dbeen studied the
Mixing/Mingling model. Thus, the purpose of present study
is to examine the development of the magmatic mixing
process in the rocks under study based on geochemical data
obtained from the enclaves and their host rocks as well as
their field relationship.

Analytical Method

In order to study the geochemical properties of intrusive
rocks, 10 samples of enclaves and their host rocks. The rock
composition with the least amount of alteration was selected and
sent to the Pennsylvania State University of (USA) to determine
the amounts of major elements by ICP-AES method, and rare
and rare earth elements by ICP-MS method.

Field observations

study, are finer than that of their host rock.

Therefore, they belong to the group of mafic fine-

The enclaves. in the intrusive masses under grained enclaves or microgranular mafic enclaves.
9

(MMEs). The (MMEs) are in rounded and elliptical
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shapes in the host rocks and generally they have a
sharp contact with their host and are composed of
igneous minerals .

Petrography

The host rocks include granite, granodiorite and
monzonite, and the enclaves are dioritic and
gabbroic in composition. There are similar
minerals in the enclaves and their host rocks, but
they often differ in the amount of minerals. They
are mainly composed of mafic mineral and
plagioclase. ~ While their host rocks are
characterized by smaller amounts of these
minerals, the host rocks instead have higher
amounts of quartz alkali feldspar. The transfer of
plagioclase crystals at the common boundary of the
enclave and the host rock is evidence of the
magmatic mixing process in the nature of the
intrusive masses studied. A number of enclaves
contain megacrystals of feldspar potassium and
quartz taken from the host rocks. This supports the
formation of enclaves by mixing.

Geochemistry

Geochemical studies indicate that these rocks
are metaluminous, belonging to calc-alkaline
magma series, having I-type characteristics. In
Harker diagrams, mafic enclaves have higher MgO,
TiO,, P,0s, Na20, FeO(t), Al,03, MnO and CaO
contents than that of the host rocks, and lower K20
and SiO, contents. The higher contents of CaO,
MgO and FeO(t) in the enclaves, compared to their
host, confirms their more mafic nature, which is
usually proportional to the higher contents of mafic
minerals in the modal of the enclaves than that of
the host. The enrichment of the studied enclaves in
Co, Cr, Ni display that these rocks are globules of
mafic magmas mingling to felsic type.

Discussion

According to field observations as well as
petrographic studies, the effective factor in the
evolution of magma forming intrusive masses has
been mentioned as magmatic mixing. The presence
of mafic fine-grained enclaves with evidence of
disequilibrium textures such as feldspar with
poikilitic texture, the presence of mafic masses and

needle apatite, small blades-shaped plagioclase
within large plagioclase or two types of
plagioclases, and zoning all confirm magmatic
mingling/ mixing processes. Considering that the
magnesium number (Mg#) in the mantle is about
0.7 and the studied enclaves with a high
magnesium number of 0.52-0.62 are evidence of
the involvement of mantle-derived mafic magma.
High values of Mg# in enclaves compared to their
host rock (0.34-0.48) shows the mixing of magmas
from the mantle with the crustal magmas. Magma
mixing model has also been considered by
geochemical differentiation diagrams. The trend of
the samples is a curve and indicates that the
effective process in magma evolution is most likely
magmatic fusion. Numerous studies have shown
that mafic microgranular enclaves are globules of a
mantle derived mafic magma that crystallize
rapidly in the injected felsic magma from the crust
and, as a result, become more viscous, forming
separated magmatic bubbles. In addition to the
mentioned geochemical features, the enclaves are
poor in LREE and LILE and enriched in Ti
compared to the host rocks. Therefore, they seem
to have originated from two different magmas and
are placed together due to magmatic mixing.

Conclusion

The host rock units in the studied intrusions
include granite, granodiorite, monzonite and
gabbroic, dioritic enclaves. The constituent magma
of this complex is in I- type, metaluminous and is
in the calc-alkaline series. Based on the studies, the
dominant process in the evolution of magmatic
mixing. Some new findings include the presence of
reversals in submerged slabs and the penetration of
fleshy compounds. Which naturally have different
temperatures and compositions compared to higher
crustal horizon magmas, provides conditions for
the occurrence and the development of the
magmatic mixing process.
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in the Sanandaj-Sirjan zone.
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Figure 2. Simplified geological map of the Qorveh (based on the geological map of Qhorveh by the Geological Survey of Iran
(Hosseini, 1997)) and the studied samples from Kangareh, Shanevareh, Pirsoliman, Majidabad and Gormehdareh areas.
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Table 1. Whole rock geochemical data for the studied host rocks in Qorveh (Oxides in wt%; elements in ppm).

Intrusive bodies Shannevareh Gharomeh dareh Pirsoliman Kangareh Majidabad
Sample No. A.Sh.13 AG.7 AP27H AK.10H AM.18H
Name Monzonite Monzonite Granodiorite Granite Monzonite
Latitude (N) 35°09'06.0" 34°5821.8" 35°03'50.9" 35°07'51.3" 35°02'47.7"
Longitude (E) 047°41'42.3" 047°52'56.2" 047°4726.2" 047°31'50.2" 047°48'41.0"
SiO; 60.7 63.6 66.7 70.4 60
TiO, 0.84 1.18 0.37 0.27 0.6
ALO; 17.5 15.6 14.8 15.7 19.6
Fe,O5" 0.77 0.77 0.11 0.18 0.47
FeO 4.37 4.35 0.64 1.02 351
MgO 2.29 1.24 0.33 0.54 1.55
MnO 0.12 0.06 0.01 0.01 0.07
CaO 333 3.34 2.87 3.98 5.86
Na,O 4.53 5.19 6.04 5.68 7.13
KO 3.01 3.38 0.47 1.64 0.41
P,0s 0.4 0.29 0.09 0.19 0.21
LOI 1.91 0.65 0.83 1.11 0.6
Sum 99.9 99.7 933 100.73 100
Mgt 0.48 0.34 0.48 0.48 0.44
Li 27.301 20.901 8.861 3.94 3.98
Rb 182 81.2 20.3 474 13.701
Cs 1.5 0.69 0.73 0.654 0.38
Sr 702 212 313 199 599

Ba 824 474 54 265 161

Sc 2.83 10.901 4.03 5.42 8.44
A% 623 83.1 199 233 40.8
Cr 6.27 495 352 26.3 10.601
Co 123 153 12.6 375 15.601
Ni 4.63 5.771 4.171 13.6 7.46
Cu 26.5 2.85 3.75 38.101 5.15
Zn 76.601 16.5 15 19.9 51.801
Y 114 23.801 40.6 224 119
Nb 192 29.201 314 14.6 11.6
Ta 1.2 1.85 3.66 1.38 0.86
Zr 20.901 315 26.1 16.301 10.1
Hf 0.722 1.02 1.271 0.537 0.512
Mo 0.12 031 0.11 0.128 0.048
Cd 0.02 0.03 0.04 0.036 0.11
Sn 1.521 2.03 229 3.68 227
Sb 0.41 0.251 0.21 0.123 0.26

TI 0.91 0.15 0.11 0.224 0.084
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Table 1. Continued.

Intrusive bodies Shannevareh Gharomeh dareh Pirsoliman Kangareh Majidabad
Sample No. A.Sh.13 AG7 AP27H AK.10H AM.18H
Name Monzonite Monzonite Granodiorite Granite Monzonite
Latitude (N) 35°09'06.0" 34°5821.8" 35°03'50.9" 35°07'51.3" 35°02'47.7"
Longitude (E) 047°41'42.3" 047°52'56.2" 047°4726.2" 047°31'50.2" 047°48'41.0"
Pb 10.5 3.521 7.82 133 10

U 1.41 1.55 6.99 1.82 1.981
Th 5.88 6.71 34.8 143 23

La 22.8 22.701 69.9 252 78.601
Ce 41.801 45.901 133 52.6 130

Pr 4.701 542 12.901 5.84 119
Nd 169 21 43.901 21.7 36.1
Sm 2.96 439 7.62 4.801 4.46
Eu 1.13 1.61 1.44 1.19 1.61
Gd 245 4.26 6.91 4.54 322
Tb 0.35 0.67 1.05 0.733 0.401
Dy 1.881 3.86 6.19 424 1.991
Ho 0.38 0.791 1.28 0.771 0.4
Er 1.04 225 371 1.99 1.11
Tm 0.15 0.32 0.59 0.307 0.16
Yb 0.987 2.05 397 1.93 1.101
Lu 0.14 0.301 0.59 0.143 0.18
Mgt 0.48 0.34 0.48 0.48 0.44

(ppm ZAL).) Lm).a...c wt% :\g‘la).t tha.& .x.;.....Sl) 09)5 B 0'\'&@")}3 6[.@5)&)‘ 6‘} JS Koy @L.om ) L;L:ooolo Y de—”

Table 2. Whole rock geochemical data for the studied enclaves in Qorveh (Oxides in wt%; elements in ppm).

Intrusive bodies Majidabad Shannevareh Gharomeh dareh Pirsoliman Kangareh
Sample No. AM.18E A.Sh.12 AG.6 AP27E AK.10.E
Name Gabbro Diorite Diorite Diorite Diorite
Latitude (N) 35°02'47.7" 35°09'06.0" 34°5821.8" 35°03'50.9" 35°07'51.3"
Longitude (E) 047°48'41.0" 047°41'42.3" 047°52'56.2" 047°4726.2" 047°31'50.2"
SiO, 46.6 52 553 54.7 49.8

TiO, 2.01 1.34 0.92 0.97 1.27

ALO; 15.5 17.5 16.6 15.7 16.2

Fe, 05" 1.99 1.23 1.15 1.18 1.35

FeO 11.31 6.98 6.53 6.7 7.65

MgO 7 4.46 421 5.29 7.22

MnO 0.2 0.14 0.08 0.13 0.16

CaO 10.2 7.74 6.35 6.43 8.88

Na,O 2.44 332 4.73 431 321

K;O 1.15 1.65 1.98 0.99 0.97

P,0s 0.29 0.38 0.19 0.16 0.18

LOI 091 19 1.13 1.68 1.19

Sum 99.56 98.65 99.13 98.27 98.12
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Table 2. Continued.

Intrusive bodies Majidabad Shannevareh Gharomeh dareh Pirsoliman Kangareh
Sample No. AM.ISE A.Sh.12 AG6 AP27E AK.I10E
Name Gabbro Diorite Diorite Diorite Diorite
Latitude (N) 35°02'47.7" 35°09'06.0" 34°5821.8" 35°03'50.9" 35°07'51.3"
Longitude (E) 047°48'41.0" 047°41'42.3" 047°52'56.2" 047°4726.2" 047°31'50.2"
Mgt 0.52 0.53 0.53 0.58 0.62

Li 29.7 29.5 35.901 47.8 10.201

Rb 42301 59.6 118 59.1 53.901

Cs 3.56 347 2.98 2.74 1.09

Sr 316 640 292 298 364

Ba 148 422 273 141 129

Sc 329 27.701 31.3 31.1 32.501
A% 302 215 162 171 181

Cr 272 8.86 95.7 189 241

Co 43.701 317 25.4 37 43.201
Ni 58.7 15.6 20.901 48.901 49.5
Cu 324 33.501 3.21 22.8 272
Zn 115 84.501 323 87 82.3
Y 29.3 31.901 373 41 28

Nb 11 254 20.2 21.101 7.22
Ta 0.605 1.34 1.32 1.37 0.482
Zr 24.101 24.8 275 55.301 107

Hf 14 1.621 1.47 1.621 2.67
Mo 0.067 0.244 0.19 0.163 0.196
Cd 0.144 0.066 0.021 0.074 0.103
Sn 4.46 1.56 1.87 4271 1.81
Sb 0.375 0.066 0.47 0.139 0.106
TI 0.254 0.324 0.24 0.303 0.2
Pb 5.25 6.03 2.93 5.661 5.431
U 0.341 1.75 1.75 1.61 0.62
Th 0.334 5.23 8.891 9.041 1.88
La 9.63 24.8 27.6 29.1 11.601
Ce 24.1 61.4 54.1 60.7 28

Pr 325 8.29 5.821 7.051 3.611
Nd 155 34.8 22 27.601 16.301
Sm 4.05 7.13 5.741 5.82 5

Eu 1.33 2.07 1.37 1.401 1.43
Gd 4.79 6.601 5.34 6.2 4.57
Tb 0.801 0.961 0.92 1.05 0.761
Dy 5.08 5.58 5.97 6.61 4.83
Ho 1.02 1.08 1.24 1.37 0.99
Er 2.84 293 3.63 3.94 2.79
Tm 0.378 0.479 0.51 0.546 0.481
Yb 2.51 2.54 3.501 3.71 2.53
Lu 0.442 0.326 0.52 0.553 0.288

Mg# 0.52 0.53 0.53 0.58 0.62




VEY o o s sl oot epas ez JLo 85 de 4

2 S g Ll e (aaSTly dla g el o)L
352 Hlajme S 5l (trwdy 9 958 g0 00y Lo 15
S 55,5 S ity (O JS5) i n i

el lssi 0 potils Fo b e wiz 5l Ll 831l

03 bt sl SLS o liyliee Simw 5 LagdISTl o
s Sua L L S ke 551 e, U g o
il SCdle o S g PISedl 5l yiiy bagISSHai )l
Lo ol5 5l o yeS sl jlaio )Ll e Sis Lol silons
9 7315 5l g i slo oo Lgil glra g 000 1,

Dgd e 0y Ll jo HLewals JISIT

¢ sharp

PEalojl 5 2l e Ly,
o lg—o LagSSl o0l oo (F9,0 (8] Gloosgs o
D) aten i pails 5 Foyd 255 (lijre S 4y S
alogy; lagdlSil 09,5 1o i |y il eg,cnlil 5 (A =Y
L oSSl ol (sl Sl ¥3,55 S slagdISH b K30
G 5 Nghos o3 (Sydn 90,5 0ads Saes sla s
Qgﬁ®)odw|5ﬁ€5ag}ﬁa@}|ML@T
15 Sile LSl olad sl oo suiSTy 355
aale L el oo alnis &)p0m ol om) 2 sla A5
S8 a5 LSl cl (Lled (p93a 0083 5 @ e
4 Sy Ygeme wiyls loasiais uled ol 5 platels
eloSle LY a8 Lawl jo a5 wigd po JuSiis oo
Troll et al., 2004; Perugini et al., ) cwl oog JLad

Enclave

(C <yl 835,85 1030 (=il I hie K )0 5590 ISl (SaiST5 9 Sl 3 B o(Jlods 4y 5 00) lowlas g dilaio 5 oledjen (ALY &

(S Bged 50 2905 IS 5 sl T e Ko (e (ain jpe

Figure 3. A) Outcrops of the Pirsoliman body area; B) Close up of dioritic enclaves in the granitic host rock; C) Sharp
contacts between granite host rock and gabbroic enclave in hand specimen.
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Figure 5. Photomicrographs of enclaves in the intrusive bodies of Qorveh (in XPL). A) Needles of apatite in the dioritic
enclave; B) Plagioclase phenocrysts in the dioritic enclave; C) K- feldspar megacrysts in the dioritic enclave; D) Granular

texture in the gabbroic enclave.
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Figure 6. Geochemical classification diagram of igneous rocks of the studied areas based on the amount of silica versus

total alkaline elements (Cox et al., 1979).
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Figure 7. Variation diagrams of silica versus major elements for the intrusive bodies of Qorveh.
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