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1. Introduction

ABSTRACT

The Chahargonbad batholite is located close to Sirjan and southeast of Urumieh-Dokhtar magmatic
zone. The batholite’s composition is acidic to intermediate that is intruded into the Eocene volcanic
rocks. Although the main volume of these rocks consisted of granodiorite and monzogranite,
this mass contains numerous mafic microgranular enclaves with a combination of diorite and
monzodiorite. Also, microgranular dykes have cut the mafic mass. Existence of field evidence
such as mafic microgranular enclaves with spherical to oval shapes, bell and rod shaped mafic
microgranular enclaves, the presence of synplutonic mafic dykes, as well as textural disequilibrium
evidences indicate the absence of plagioclase with oscillatory zoning and repeated analytical levels,
and Osley quartz in the presence of enclaves. As they grow, they are minerals and evidence for
magmatic mixing. Enclaves show higher values than the host rock in most of the basic elements,
such as AL,O,, CaO, MgO, Fe,0,, TiO,, P,0,. The elements (REE), host granite rocks and associated
enclaves show relatively differentiated REE patterns with sloping LREE patterns and flat MREE and
HREE patterns. Based on the tectonomagmatic environment determination diagrams, all samples
from the Chahargonbad (studied area) are located in the arc island setting due to subduction and show

the characteristic of active continental margin setting.

I and S type granites (Chappell and White, 1974, 2011) and
epirogenic granites of A type (Loiselle and Wones, 1979; Bonin,
2007) have been identified in the world. S type granite melts are
magmas that are in the presence of produced fluid and in terms
of composition and physical properties, they are different from
type I granites that are formed under conditions of water saturation
(Castro, 2013; Garcia et al., 2015). Different models and many
hypotheses have been proposed for geochemical diversity in type

I granites.

Experimental melts and geochemical and isotopic data, as well
as the presence of mafic microgranular enclaves in type I intrusive
masses, suggest that type I calc-alkaline granitic magma can be
formed from the mixing of mafic and felsic magma (Collins , 1996;
Kemp et al., 2007). The high content of iron and magnesium in
most granodiorite and tonalitic magmas is also due to the entry of
peri-tectic minerals from the source of these magmas, and the type
and abundance of these minerals has an important impact on the

nature of granites (Clemens and Stevens, 2012).
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Among the different types of enclaves in granitoid rocks, mafic
microgranular enclaves are considered the most abundant and
controversial type (Barbarin, 2005; Silva et al., 2012). They are
observed with different compositions, shapes, sizes and degrees
of cooling in granitoid intrusive masses (Barbarin and Didier,
1991). Investigating the origin of mafic microgranular enclaves is
considered a unique opportunity to understand the petrogenesis and
source of granitoid magmas (Barbarin, 2005; Ventura et al., 2006).

Mafic microgranular enclaves also provide evidence for mantle-
crustal interaction and mixing of mantle-crustal-derived magmas
(Zhao et al., 2012). Although there are considerable differences
regarding the origin of microgranular enclaves, three main
petrogenic hypotheses are more popular: 1- The origin of restite or
the remaining source materials that remained unmelted—(Chappell
et al., 1987). 2- The origin of cumulite or preferential accumulation
of mafic materials in enclaves (Clemens and Wall, 1988).
3- Magmatic mixing or injection of globules from mafic magma
into host felsic magma (Vernon, 1990).

The Chahargonbad granitoid mass is located at longitudes
56° 10" and 56° 21° and latitudes 29 ° 34" and 29 ° 42" and at
a distance of 80 km northeast of Sirjan and 32 km northwest of
Balward district in Kerman province. According to the structural-
sedimentary divisions of Iran (Stockelin, 1968) is located in the
southeast of Urmia-Dakhter magmatic belt. Figure 1 shows the
location of the study area. Most of the granitoids in the southwest
of Kerman have granitic to granodiorite composition and are
metaaluminous and calc-alkaline (Dargahi, 2007).

Also, Fazlnia and Moradian (2001), Saffar Heydari et al. (2016)
have introduced granitoid mass, metaaluminous, calc-alkaline and

its tectonic setting as a volcanic arc type in their research.

2. Research methodology

Petrographic provides very useful information about the nature of
lithology and magmatic evolutions. So, very accurate sampling of
the studied masses and also from different parts of the studied area
was done. During the sampling, 130 samples were taken, including
all types of igneous rocks and enclaves, which are due to color
changes and the amount of holes. Out of this number, 65 samples
were selected according to non-repetitiveness and strength, and thin
sections were prepared.

After microscopic studies, 20 fresh and fresh samples were
selected and sent to ALS-Cemex Canada laboratory for chemical
analysis. The main and rare elements were analyzed by ICP-MS
and ICP-ES, and the results are presented in Table 1. In order to
determine the composition of the minerals that make up these
rocks, 4 samples of the rocks including the host rocks, enclaves
and dykes were selected and plagioclase, amphibole, biotite and
chlorite minerals were found in them, were subject to point analysis
(EPMA). Point-chemical analysis of 90 points, in the Iranian

Mineral Processing Research Center by Cameca Sx-100.

3. Discussion

The field evidences of the effects of magmatic mixing are: 1. Mafic
microgranular enclaves (MME) with spherical to oval, bell-shaped
and rod-shaped enclaves, which are abundant in different sizes
within the intrusive mass. The morphology of these enclaves is
largely determined by the composition of the host granitoid (Balk,
1937; Pabst, 1928). The lenticular microgranular enclaves indicate
lamellar or linear deformation, and the bell-shaped microgranular
enclaves indicate the viscosity of the enclaves that have been
able to show plastic deformation (Figure 4-A and B) (Didier,
1987). It should be noted that the microgranular enclaves of the
Chahargonbad mass are mostly spherical in shape.

Larger mafic microgranular enclaves are more common at
the contact of mafic dykes and host granitoids, and the contact
surfaces of these enclaves in granitoids are crenulation and dental,
which is the result of rapid cooling of the enclaves’ edges (Figure
4-C; Didier, 1987). The mafic microgranular enclaves that have
an irregular shape and jagged contact surfaces are usually formed
near where the magma mixing process has been active (central and
southern part), while the mafic microgranular enclaves that have
a rounded shape and distinct contact surfaces.There are enclaves
that were carried during the replacement of granitic magma (Didier,
1987). Therefore, the shapes and contact surfaces between the mafic
microgranular enclaves and their host rock indicate the degree of
proximity to the reactive process zone.

2.The presence of mafic synplutonic dykes that can be observed in
the interference zone of mafic dykes that are fragmented and some
of them have been dislocated along their length (Figure 4-D). These
dykes can be seen especially in the west of Takht village in the
granitoid mass. 3. The presence of alkaline feldspars from the host
rock into the mafic enclaves or MME (Figure 4-G,F): in some parts
of the mass, mafic enclaves contain megacrysts of alkaline feldspar,
and these enclaves are closer to the mafic rocks. (Pitcher, 1993;
Vernon et al., 1988), considered the formation of such large crystals
as the result of mixing mafic and felsic magma. These megacrysts,
both in the enclaves and in the granitoids, are the same in terms of
microscopic fabric such as zoning and inclusions, so that the coarse
alkali feldspar crystals in the granitoids can be considered the
same as the xenocrysts of the alkali feldspar in the MME enclaves.
The major minerals forming granitoid rocks are quartz, alkali
feldspar and plagioclase, hornblende, biotite and pyroxene, minor
minerals are apatite, zircon, sphene and opaque minerals. Chlorite,
epidote and clay minerals are also present as secondary minerals.
Plagioclases are euhedral to subhedral and are observed in different
sizes. More common characteristics of plagioclases are oscillatory
zoning, reverse zoning (microprobe analysis data), corroded edges,
and alteration from the center (Figure 5-A).
Quartz crystals have two types of inclusions: fine quartz crystals
are the result of quench and megacrysts are the result of calm stage

and slow growth. Another characteristic of quartz is the presence
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of a bay texture in them, which can be seen in dykes (Figure 5-C).
Also, graphic texture (quartz intergrowth with alkali feldspar) can
be seen in granitoid rocks. Anhedral alkali feldspars have poikilitic
and perthitic textures. Amphibole is observed in anhedral shapes and
euhedral state and in the form of different size. Some amphiboles
have lost their primary shape and have been decomposed into
cholorite, epidote and opaque minerals (Figure 5-D). Biotites have
two generations, both euhedral and subhedral, so that they were
created both magmatically (Figure 5-E) and secondary as a result
of the decomposition of amphibole and pyroxenes. (Figure 5-F).
Pyroxenes are often anhedra Ito subhedral and urallitization can
also be seen in them.

Plagioclase with the composition of oligoclase to andesine
(based on optical characteristics and microprobe analysis) is
observed in a form to subhedral with twinning albite-Carlsbad
and Prikline albite with oscillatory zoning. Based on the presence
and absence of oscillatory zoning, these plagioclase are divided
into two different generations: Plagioclase of the first generation
(P1-1): One of the characteristics of these plagioclase is the lack of
oscillatory zoning texture.

These plagioclase are more abundant than the plagioclase of
the second generation. Plagioclases of the second generation (Pl-
2): One of the characteristics of this generation of plagioclase is
the existence of oscillatory zoning. These plagioclases are often
seen as single crystals. The existence of these two occurrences of
plagioclases indicates the transformations of the magma reservoir
caused by the phenomenon of mixing and contamination of
magma (Nixon and Pearce, 1987). Hornblende-type amphiboles
are subhedral to anhedral, often transformed into chlorite, biotite,
epidote and opaque minerals.

Biotite is scattered in the rock texture in the form of scales and
rarely in the form of blades. These minerals have been replaced
by chlorite and opaque minerals in some cases. One of the main
inclusions in these biotites is zircon with burnt edges.

Based on the nomenclature diagram of intrusive rocks (TAS)
(Cox et al., 1979), the compositional range of the granitoid mass
of the host region varies from quartzdiorite to granite (Figure 6).
Ofcourse, as it is clear in Figure 6, most of the samples of this mass
have granitic composition and only a limited number of them show
more mafic compositions. The enclaves inside the mass also show
gabbrodiorite and diorite compositions (based on this diagram,
the magmatic series are divided into alkaline and sub-alkaline
categories; Figure 7-A). As can be seen from this figure, the samples
of the studied area are in the sub-alkaline range. In the AFM pattern
of Irwin and Baragar (1971), which was used to separate the two
magma series of tholeiitic and calc-alkaline, the studied samples
show a tendency towards calc-alkaline (Figure 7-B).

In terms of the main elements, the enclaves inside the mass show
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higher values in most of these elements, such as Al,O,, CaO, MgO,

Fe,0,, TiO,, P,O,, compared to the host rock. While the amounts
of K20 and Na2O elements in the enclaves are lower compared
to the host rock. The range of changes of the most important main
elements in the host rock samples of the area as Al O, (14.16-16.4
wt.%), Fe,0, (0.73-8.24 wt.%), MgO (44.44 wt.%) 0/3-26), Cao
(2-48/19%wt), Na,O(3-39/25%wt) and K,O (0-3-2/14%wt) it is
possible that the vast range of K20 is related to magmatic alteration
and crystalliztion (Table 1).

Petrological observations show that mafic microgranular
enclaves are globules of mafic magmas that initially cooled rapidly
and crystallized in the host felsic magma.

The presence of disequilibrium textures such as poikilitic textures
in feldspar megacrysts, the presence of small plagioclase in large
plagioclase crystals, plagioclase with sieve texture, compositional
zoning and analytical surfaces, oseli quartz in enclaves, as chemical
or thermal changes of the melt. During crystal growth, they are
considered evidence of magmatic mixing (Baxter and Feely, 2003).
A large number of enclaves contain megacrysts of potassium
feldspar and quartz, which originated from the host granites, and
this issue strengthens the emergence of enclaves due to the mixing/

contamination process (Griflin et al., 2002).

4. Conclusion

The Chahargonbad batholith is located close to Sirjan and
in southeast of Urmia-Dakhtar magmatic belt. This complex
has lithological diversity from relatively basic to acidic rocks
(syenogranite, monzogranite, granodiorite, tonalite, quartzdiorite).
All the mentioned units are type I intrusives with metalaluminous
and calc-alkaline. Petrographic studies and evidence of magmatic
mixing indicate their Itype.

The existence of linear and continuous trends of elements in
Harker’s diagrams (Harker, 1909) and similar trends of rare
elements in spider diagrams indicate the relationship of intrusive
masses with each other. The enrichment of the studied samples in
LILE and LREE elements, as well as their depletion in HFSE and
HREE elements, indicate their formation from an enriched mantle
source in subduction zones.

Also, their depletion of HFSE and HREE elements indicates their
formation from an enriched mantle source in subduction zones.
Also, depletion of elements such as Nb and Ta and enrichment of
Th, Rb, K in the studied intrusive masses can also occur as a result
of contamination with crustal materials. Therefore, as a result of the
oblique subduction of the Neotethys ocean under Central Iran, at
the beginning of the basic magma, it has emerged from an enriched
or metasomatized mantle. This magma has undergone digestion and
fractional crystallization during rising to the upper horizons, and

finally intermediate and acidic magmas have been derived from it.
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Chargonbad (Khannazer and Emami, 1996)).
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Table 1. The results of the analysis of rocks in the area by ICP-MS and ICP-ES methods.

VA15043542 — Finalized CLIENT: «Abdolhamid Ansari» # of SAMPLES: 50
PO NUMBER: " " DATE RECEIVED: 2015-03-26 DATE FINALIZED: 2015-04-03
PROJECT: " " CERTIFICATE COMMENTS: " "
ME- ME- ME- ME- ME- ME- ME- ME- ME- ME-
MS81 MS81 MS81 | MS81 | MS81 | MS81 | MS81 | MS81 | MS81 | MS81
SAMPLE Ba Ce Cr Cs Dy Er Eu Ga Gd Hf
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
AH-F5 ke 101.5 27.4 100 0.61 2.48 1.63 0.68 15.5 221 4.4
A.H-A9 oSl 5 464 41.9 90 2.3 32 2.06 0.8 15.7 3.24 45
A.H-C12 K 84.5 22.4 120 0.24 1.65 1.13 0.54 13.9 1.83 3.5
A.H-A13 ol 153 24.1 60 1.55 3.96 2.34 0.96 18.9 3.69 3
A.H-C8 s 136 16.4 50 461 2.54 1.62 0.84 18.8 2.39 2.1
A.H-D1 &Sl 181.5 21.2 40 1.92 3.23 2.04 0.82 18.4 3.36 2.3
A.H-C4 s 287 243 120 0.65 227 1.45 0.73 16.5 2.38 2.8
A.H-F3 K 374 24.7 80 1.94 1.65 1.16 0.54 153 1.77 3.3
AH-H7 ke 529 34.5 100 127 2.63 1.8 0.7 16.4 2.82 4.6
A.H-F8 oSl 5 301 20.5 100 1.53 2.08 1.26 0.78 18.5 22 3.7

\Rlg



TPE=1 11 2(P) PP Eo P Gaoj pole/ 5 basl suazllsac/.... 5> 2laSlo bUS| oliosiigs § g §)5oSiuw soblgib a2

Y Jgd aalsl
Continued from Table 1
A.H-A2 il g 248 259 40 4.46 3.99 2.35 1.1 19.1 3.99 33
A.H-CY Sl 192.5 16.2 40 5.61 2.86 1.59 0.96 20.5 2.84 2.2
A.H-A14 Sl 566 26.9 60 1.09 3.71 2.12 0.99 18.7 3.61 35
A.H-D4 Sl 221 16.2 90 1.22 2.69 1.56 0.8 19.2 2.65 1.8
A.H-F4 4 374 244 120 1.21 1.68 1.02 0.59 14.9 1.97 32
A.H-C15 IS 228 243 50 1.66 3.82 2.26 0.98 19 3.89 2.6
A.H-A11 il g 421 223 110 1.11 3.43 2.4 0.77 16.1 3.48 4.7
A.H-C11 il g 294 252 80 4.36 3.7 2.3 0.82 18.1 3.57 42
A.H-F7 il g 111 21.5 130 0.47 2.58 1.77 0.81 16.9 3 5
A.H-C14 S 235 26.4 20 3.03 422 2.73 1.02 21.6 4.03 1.8
VA15043542 — Finalized CLIENT: «Abdolhamid Ansari» # of SAMPLES: 50
PO NUMBER: " " DATE RECEIVED: 2015-03-26 DATE FINALIZED: 2015-04-03
PROJECT: " " CERTIFICATE COMMENTS: " "
ME- ME- ME- ME- ME- ME- ME- ME- ME- ME-
MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81
SAMPLE Ho La Lu Nb Nd Ni Pr Rb Sm Sn
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
A.H-F5 Wy 0.52 11 0.31 5.6 12.9 14 3.38 49 2.75 3
A.H-A9 il S 0.71 21 0.36 4.6 17.9 15 4.78 101.5 3.77 2
A.H-C12 Ny 0.33 8.2 0.2 4 10.7 16 2.79 33 2.03 1
A.H-A13 Kols 0.84 10.7 0.37 2.9 14.4 24 3.19 36.3 3.81 1
A.H-C8 Sl 0.55 7.3 0.24 24 9.5 15 2.09 66.8 2.44 2
A.H-D1 Sl 0.69 8.7 0.31 39 12.7 7 2.77 77.8 3.1 2
A.H-C4 Kl 0.5 12.4 0.22 3.9 10.4 28 2.76 50.4 2.3 1
A.H-F3 il S 0.35 13.7 0.23 4.6 9.7 <5 2.66 97.5 1.73 1
A.H-H7 Ny 0.59 17.3 0.32 49 14.7 11 3.86 88.3 3.09 1
A.H-F8 KON 0.45 10.7 0.22 3.4 9.8 24 221 68.8 2.16 1
A.H-A2 Wy 0.85 11.9 0.33 4.1 15.3 32 3.27 68.2 4.04 1
A.H-C9 Sl 0.56 7.4 0.23 29 10.3 29 2.02 84.6 2.35 2
A.H-A14 Kl 0.71 12.6 0.32 7.1 15.4 6 3.33 48.8 3.45 1
A.H-D4 Kl 0.51 7.5 0.21 3 9.6 14 1.98 62 2.3 2
A.H-F4 Ny 0.38 13.2 0.21 3.9 9.6 14 2.61 83.3 2.04 1
A.H-C15 S 0.86 11.2 0.36 4.1 14.6 18 3.18 68.4 3.62 1
A.H-A11 Wy 0.75 10.8 0.34 4.7 12.3 18 2.63 78.8 3.08 2
A.H-C11 Wy 0.77 12.3 0.35 4.6 13.5 18 3.15 66.2 4.22 2
A.H-F7 Wy 0.56 9 0.29 5 12.6 17 2.87 5.8 2.19 4
A.H-C14 S 0.94 11 0.44 43 16.5 12 3.41 99.4 3.95 2
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VA15043542 — Finalized CLIENT: «Abdolhamid Ansari» # of SAMPLES: 50
PO NUMBER: " " DATE RECEIVED: 2015-03-26 DATE FINALIZED: 2015-04-03
PROJECT: " " CERTIFICATE COMMENTS: " "
ME- ME- ME- ME- ME- ME- ME- ME- ME- ME-
MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81 MS81
SAMPLE Sr Ta Tb Th Tm U A% W Y Yb
DESCRIPTION ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
A.H-F5 (K 403 0.5 0.39 113 0.27 1.37 37 1 15.9 1.85
A.H-A9 el g 226 0.4 0.49 9.06 0.34 1.22 49 1 19.3 2.34
A.H-C12 Ky 251 0.3 0.25 13.45 0.17 1.28 24 <1 10.3 1.23
A.H-A13 Kol 324 0.2 0.6 424 0.39 1 229 1 23 2.35
A.H-C8 Kl 346 0.2 0.42 33 0.23 0.61 171 3 14 1.67
A.H-D1 Kol 306 0.2 0.52 43 0.34 0.7 150 1 17.8 2.1
A.H-C4 Kl 353 0.2 0.41 6 0.21 1.15 139 2 13.4 1.59
A.H-F3 el g 209 0.4 0.28 10.8 0.17 1.54 41 1 10.1 1.26
A.H-H7 Ky 244 0.3 0.45 10 0.27 1.48 50 1 15.6 1.93
A.H-F8 ol g 263 0.3 0.31 6.27 0.22 0.88 90 1 11.7 1.48
A.H-A2 ol g 403 0.2 0.63 432 0.37 1.05 229 1 20.9 2.35
A.H-C9 Kol 354 0.2 0.37 3.67 0.25 0.61 166 2 13.9 1.6
A.H-A14 Kl 333 0.3 0.57 5.64 0.33 1.26 178 1 18.1 2.08
A.H-D4 Kls 334 0.2 0.42 43 0.24 0.79 183 1 12.7 1.5
A.H-F4 (K 200 0.3 0.28 8.01 0.17 0.97 44 1 10 1.13
A.H-C15 S 249 0.3 0.57 5.29 0.32 0.74 180 1 20.7 2.56
A.H-A11 <l g 233 0.3 0.57 9.06 0.34 1.99 48 1 20.1 2.26
A.H-C11 <l g 247 0.3 0.6 5.92 0.31 0.88 164 1 20.1 2.46
A.H-F7 ol g 341 0.3 0.41 8.23 0.26 1.78 35 1 15 1.73
A.H-C14 | 244 0.3 0.67 4.94 0.38 1.17 240 1 222 2.52
VA15043542 — Finalized CLIENT: «Abdolhamid Ansari» # of SAMPLES: 50
PO NUMBER: " " DATE RECEIVED: 2015-03-26 DATE FINALIZED: 2015-04-03
PROJECT: " " CERTIFICATE COMMENTS: " "
ME- ME- ME- ME- ME- ME- ME- ME- ME- ME-
MS81 ICP06 ICP06 ICP06 ICP06 ICP06 ICP06 ICP06 ICP06 ICP06
SAMPLE Zr SiO, ALO, Fe,O, CaO MgO Na,O K,0 Cr,0, Tio,
DESCRIPTION ppm % % % % % % % % %
A.H-F5 (Y 157 71.7 15.4 0.87 4.79 0.72 5.61 0.36 0.02 0.36
A.H-AY (s 172 68.9 14.8 3.47 2.98 1.04 3.81 3.14 0.01 0.38
A.H-C12 R 135 74.6 14.15 1.35 2.48 0.59 6.25 0.2 0.02 0.25
A.H-A13 Kol 108 54.6 17.9 8.51 8.72 433 2.65 1.09 0.01 0.78
A.H-C8 Kol 70 57 17.4 8.09 6.33 3.57 3.87 1.3 0.01 0.72
A.H-D1 Kls 80 58.7 17.25 7.24 5.45 2.86 42 1.37 0.01 0.66
A.H-C4 Kol 102 59.5 15.85 5.86 5.98 3.7 3.62 1.89 0.02 0.53
A.H-F3 (s 120 71.6 14.7 3.08 2.64 0.88 3.86 3.02 0.01 0.29
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AH-H7 ol S 173 69.6 15.15 3.11 2.78 1.15 3.96 3 0.01 0.37
A.H-F8 ol 8 126 65.1 16 4.81 4.25 1.72 3.8 2.05 0.01 0.44
A.H-A2 Iy 108 53.7 16.4 8.24 6.19 3.44 3.67 2.19 <0.01 0.82
A.H-C9 Kl 62 57.9 17.75 7.89 5.37 3.59 437 1.57 0.01 0.7
AH-A14 Sl 125 59 17.45 7.32 6.69 2.01 3.18 2.09 0.01 0.75
A.H-D4 Kl 55 57.9 17.3 7.48 6.44 3.67 3.96 1.65 0.01 0.74
A.H-F4 (K 104 70.9 14.65 3.21 3 0.96 3.76 2.6 0.02 0.3
AH-C15 el 71 58.3 16.65 7.93 5.79 2.97 3.89 1.6 0.01 0.67
AH-All Iy 159 71.1 15.1 2.72 3.21 1.01 443 2.67 0.01 0.37
AH-C11 <l 8 145 60.6 16.3 6.49 5.53 2.81 3.39 2.18 0.01 0.65
AH-F7 ool S 173 72.4 15.65 0.73 3.73 0.26 5.39 0.35 0.02 0.35
AH-Cl4 s 43 | 524 | 1745 | 1005 | 654 | 398 | 418 | 1.72 | <0.01 | 0.82
VA15043542 — Finalized CLIENT: «Abdolhamid Ansari» # of SAMPLES: 50
PO NUMBER: "" DATE RECEIVED: 2015-03-26 DATE FINALIZED: 2015-04-03
PROJECT:"" CERTIFICATE COMMENTS: " "
ME-ICP06 | ME-ICP06 | ME-ICP06 | ME-ICP06 | OA-GRA0S TOT-ICP06
SAMPLE MnO P,0, Sro BaO LOI Total
DESCRIPTION % % % % % %
AH-F5 ol S 0.02 0.08 0.04 0.01 1.55 101.53
AH-A9 O 0.06 0.09 0.03 0.05 134 100.1
AH-C12 ol S 0.01 0.06 0.03 0.01 0.78 100.78
AH-A13 Sls 0.2 0.14 0.04 0.02 0.84 99.83
AH-C8 Sls 0.2 0.17 0.04 0.02 2.06 100.78
AH-D1 Sls 0.18 0.16 0.04 0.02 2.01 100.15
AH-C4 Sl 0.12 0.1 0.04 0.03 2.77 100.01
AH-F3 O 0.05 0.08 0.02 0.04 126 101.53
AH-H7 ol S 0.06 0.09 0.03 0.06 1.55 100.92
AH-F8 S 0.1 0.1 0.03 0.03 146 99.9
AH-A2 S 0.14 0.15 0.05 0.03 3.49 98.51
AH-CY Sls 0.22 0.17 0.05 0.02 1.96 101.57
AH-A14 Sl 0.14 0.15 0.04 0.06 0.96 99.85
AH-D4 Sl 0.19 0.13 0.04 0.03 1.94 101.48
AH-F4 ol S 0.07 0.07 0.02 0.04 1.1 100.7
AH-CI5 S 0.17 0.12 0.03 0.03 1.6 99.76
AH-Al S 0.04 0.08 0.03 0.05 0.94 101.76
AH-CI11 S 0.1 0.12 0.03 0.03 1.59 99.84
AH-F7 ol S 0.01 0.1 0.04 0.01 1.13 100.17
AH-C14 SIS 0.23 0.14 0.03 0.03 2.17 99.74

AR



TPE= 11 2(P) PP Fo P (a0 pgle/§ylasl Sanzllsas/ ... 35 loSlo bUEST (alioiigs § 9 (5 )BoSiuw Sadlgib a2

/“/’ ] Q9 Recent atluvivm

o ‘ Q2" Young terraces and alluvial fsns

Q"1 O terraces and gravel fans.
1 o

Travenine

Conglomerate, grey-brown, unconsolidated, tited.
56°10'0"E
Trachy andesite - Trachy basalt
Volcanic conglomerate, lahar and breccia.
Ash tuff, Iahar and breecia.
Hyslo-Pyroxene. andesitic lava flows.
PIM: Acidic ulf breccia, agglome rate, lapitli 1ulT.
P19 Ahtered acidic lava and breccia
| M. Alternation of conglomerate and sandstone.
L [ 4 Sancutons.tsminatod.mar. gypuferous
81| Ng - Gypsiferous mart and thin-bedded, red sandstone
M 9. Dacitic tuff-breccia and lithic wif, green.
T MY Breccia and conglomerate with interealations of red sl
uug 1|_ - | oM. Sandstone, microconglomerate, with acidic tulf inters:
OM S - Limestone, chalky, reefal, algal, thick-bedded, grey
OM ! Limestone, nigal fossiliferous, grey-yeliow.
SEI8 ¢ . conglomerate, red-Purple.
DI o1+ veicne conpomene e, e g
6] 0¥ 01 ©: Conlomersie
01" : Dacitic tif-breccia
o] O1% . Zeolitized acidic rocks.

El: Sandy limestone, well bedded.nummaiitcs beanng

E™: Trachytic and andesitic 1u(f-breccia, with intercalation of
E'" - Rhyolitic and rhyodacitic crystal toff, light-colowred

E* "Alternation of yellow sandstone and grey Nummulitic lim
E¥: Volcano-sedimentary rooks in general.

E™P - Andesitic tff-breccia aad volcanic breccla

E°'. Dacitic and Trachytic toff breccia

5| E“ Coloured il twifite and tuffaccous sandstone

14| EP. Pyroxene andesitic lava flows

| E* - Voleano-Sedimentary rocks.

¥ Trachytic, trachy andesitic lava flows.

Aphanitic andesitic lava fNows, with volkcanic breccia
E®Y" : Rhyolitic and dacitic 10l breceia and volcanic breccia.
E™ . Andesitic basalt and basaltic lava flows.

P ; Andesitic lava and Pyroclastic rocks.

E® . Porphyritic andesitic lava with volcanic breccia.

E'™: Andesitic volcanic breceis, with lava flows.

E**. Submarine aadesitic rocks, vesiculor.

E' Coloured tuff, sandy teff and tuffite.

E% . Alternation of dacitic 1ulf breccia and hysloporphyritic
E™P . Megaporphyritic andesite

ol

Andesitic basalt and volcanic breccia
EY . Dacitic tuff breccia and ignimbrite 29°35'0"N
E' - Tulf and red sandstone.

E™; Andesitic lava and tuff.

EM; Acidic tff, tuffaccous sandstone, weldded tuff.

|| EPY . Porphyritic andesite

) E°: Red Conglomerate and sandstone.

Z] K\ - Limestone.crystallized and thick bedded (Campanian-Ma
K - Voicanic breccia. spulitc , diobasic tuff.

K3 £ Tolfacoous sanditone, wh mséone lcnsc

Il

1 - Pelog limestone. (Campanian-Maestrichtian)

77
7%
7
i
%
7%

R

b Volcanie breccia, agglomerate, spilitic rocks.

N
N
N

N
X

agg - Agomerate (spilitic and disbasic), with disbasic dykes

N

nn
N
NN
N
N

N
X
AN
\

=
\\\‘g\
S
N

N
N

R

st Spilitic rocks with tuff and radiolarite

X
R

3p. Spilitic rocks with Pelagic limestone inter-bedded.

TN
N
N

\.
N
N
NN
N
AN

§*: Gabbro, ahiered

N

N\

RN
N\

X

N

N
N

52 : Serpentinized rocks.

R

=
NN

‘m - Coloured melangs, undivi
c loured melangs, undivided. 56°10°0"E

m " "
PP Lowgrade metamorphic rocks: Chlorite schist, Sericite 3

Quartz dionte
) j Andesite
.

56°15'0"E 56°20'0"E

-29°40°0"N

& 29°35°0"N

e Kilometers

g 1
56°15'0"E 56°20'0"E

TV (ool 5 L 0l) A8 Jlem ViV ere e aiE g elisl 5 ol 88 5l eslinul b adkais 4l 4bE (g5, odd Sl (Slaw el Cundge Y S8

Figure 3. The location of the collected samples on the base map of the area using Google Earth and GIS and the 1:100,000 map of Chargonbad

(Khannazer and Emami, 1996).
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Figure 4- A) lenticular mafic microgranular enclaves in the Chahargonbad granitoid mass;

B) rode and bell-shaped microgranular mafic enclaves in the Chahargonbad granitoid mass; C)

Wavy surfaces between the microgranular mafic enclaves and granite; D) Dykes Fragmented mafic

rocks with synplutonic; E) The passage of host magma in the form of felsic veins into mafic dykes;

F,G) The presence of alkaline feldspars from the host rock into the mafic enclaves.
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Figure 5-A) A view of plagioclase of the second generation with oscillatory zoning (red dotted line), anhedral quartz and subhedral
amphibole formed in the space between plagioclase. B) A view of anhedral quartz, first and second generations of plagioclase and
subhedral opaque minerals in XPL optical mode. C) A view of quartz crystals with dissolved edges that are seen as osley. In XPL
optical mode. D) A view of euhedral amphiboles with alteration to chlorite, epidote and opaque minerals. In XPL optical mode.
E) A view of quartz, first-generation plagioclase and altered amphibole. In XPL optical mode. F) Altered biotite. In XPL optical mode.
G) Contact surface of enclave and host, plagioclase crystals are present in both. H) The second generation plagioclase with oscillatory
zoning (red dashed dot), anhedral quartz with inclusions of plagioclase and amphibole and altered biotite. In XPL optical mode. I)
A view of quartz with inclusions of plagioclase, alkali feldspar, plagioclase of the second generation with alteration of sericite and
allanite and epidote. In XPL optical mode. L) A view of plagioclase and quartz in the studied granitoids and its distinct boundary with
the enclave (red dotted line). In XPL optical mode.
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Figure 6. The composition of the intrusive mass, enclaves and decisive mass dykes in

the total alkali vs. silica diagram (Cox et al., 1979).
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Figure 7-A) Alkali sum diagram against silica and B) AFM diagram to separate the tholeiitic and calc-alkaline series. The

explanation that the boundary between the two series is in accordance with Irvine and Baragar (1971) (the symbols are

according to Figure 6).
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Figure 8. Diagrams of changes of some LILE elements against silica for host granitoid rocks, dykes and

enclaves of Chahargonbad region. The elements are in terms of PPM (symbols are according to Figure 6).
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Figure 9. Diagrams of changes of HFSE elements against silica for the host granitoid rocks, dykes and

enclaves of Chahargonbad region. Elements are in ppm.

» 0% (Chappell and Stephens, 1988) Wlazuils e (glatw s 095k
03 5dmen 53 casllas 540 (sladsly adSNa,O 4l 55 KO Ll gei wlal 5 !
O JK8) 5,8 o 15 Type glacsl §
White and Chappell, 1983;) Q:»)JT Bl CL“‘ e B ER N g e
(Al/CatNa+K) A/CNK & yse 4 4« (Chappell and White, 1974
das o 0L cpedTln Sy ailaie sy il § 055 (Calodd iy o8

O )

Yo

BB s S Wy Jlesiey L8l wsle 55 V, Cr, Co, Ni jwle

ols das gr e pole ol Sz b o alS T Ol I oLSL
S @Sl bl f&as sy WSl ety Lsd it s s SS
Rollinson, 1993;) 558 awlS adl 5,8 sbolds ;3 ,wole ol sl
S s S S0, gy 53 PO, jaie sl Ly, (Zanetti et al, 2004
Bea et al., 1992; Chappell, 1999;) «iil o I-Type slats il § Lasls
it 3l sotel aeKaw stile LS 5 8 Lise 4 (Broska et al., 2004



IPE=1 11 2(P) PPl Fo P a0 pole/ g badl saazllsuc/.... 33 loSlo bUES] uliowigs § 9 (5SS Sablguds auy

3 T T T T T T T T T T
- a
L I-Type > S-Type .
o2 o*®
gL d
(1] ~
20 © 8
= L
| Peralkaline 8l
0- L L 1 1 1 Il L 1 1 1 L L ]
0.5 1.0 1.5 2.0
All(Ca+Na+K)

2 it BSIS 53 e dIT 5 gLl Ol s o pes =V JSC
sl S s i+ (Maniar and Piccoli, 1989) Lls Lasls alul
IS ks M) 45t o (Chappell and White, 1974) S 5 1

(a2l o

Figure 11. The diagram of determination of alumina
saturation in the granites of the area based on Shand’s index
(Maniar and Piccoli, 1989) is the boundary between I and S
granites (Chappell and White, 1974) (symbols are according
to Figure 6).
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and White (1974) (symbols are according to Figure 6).
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Figure 12-a) Distribution patterns of rare earth elements of host granitoid mass samples and b) enclaves inside it normalized to

chondrite (chondrite data is from Nakamura, 1974).
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Figure 13-a) Spider diagrams of rare and rare earth elements of host granitoid mass samples and b) enclaves within it,

normalized to primitive mantle from Sun and McDonough (1989).
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Figure 14-a) Distribution patterns of rare earth elements of dykes in the area normalized to chondrite (chondrite data from

Nakamura, 1974). b) Spider diagrams of trace and rare-earth elements of dyke samples of the area normalized to primitive

mantle from Sun and McDonough (1989).
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Figure 15. Location of samples of intrusive masses of the area on tectonomagmatic diagrams to determine

the tectonic environment of the intrusive masses of the area; a) diagram of Nb against SiO, from Pearce and

Gale (1977); b) Diagram of Y against Zr from Le Maitre et al. (1989) ), all samples show the characteristics

of arc environments. (The signs are according to Figure 6).
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Figure 16. The location of the studied samples in the area on the diagrams of Pearce et al. (1984), the samples of the

region are located in the volcanic arc. Other ranges include ORG = Ocean Ridge Granite and WPG = Within Plate

Granites (symbols are according to Figure 6).
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