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Ôàêóëòåò Íàóêè çà Çåìÿòà, Óíèâåðñèòåò Øàõèä Áåõåùè, Òåõåðàí, Èðàí
Îðãàíèçàöèÿ çà àòîìíà åíåðãèÿ, Èðàí
Ðåçþìå. Ãðàíèòúò Åøêàôòó å ðàçïîëîæåí íà ÑÇ îò ãð. Áèðäæàíä â Ñèñòàíñêàòà ñóòóðíà çîíà, Èðàí. Òàçè
çîíà ïðåäñòàâëÿâà êðåäíà äî òåðöèåðíà îðîãåííà âåðèãà, êîÿòî å ôîðìèðàíà ïðè çàòâàðÿíåòî íà ïîòúâàùèÿ íà
ñåâåð êëîí íà Íåîòåòèñêèÿ îêåàí. Îïèñâàíèÿò ãðàíèò å êàëöèåâîàëêàëåí, ñëàáî ïåðàëóìèíèåâ. Ñêàëàòà ñå ñúñòîè
îò êâàðö, ïëàãèîêëàç, îðòîêëàç, ìàëêî áèîòèò, àìôèáîë è àêöåñîðè. Ïëàãèîêëàçúò å çîíàëåí ñ ïåðòèòîâà, ìèðìåêèòîâà è ãðàôè÷íà ñòðóêòóðà. Èçñëåäâàíèòå îáðàçöè ñúäúðæàò ìàôè÷íè (äèîðèòîâè è ãàáðîäèîðèòîâè) êñåíîëèòè. Îêîëî ïëóòîíà, âúâ âìåñòâàùèòå ãî ïàëåîãåíñêè ôëèøêè è âóëêàíñêè ñêàëè å ôîðìèðàí òåðìè÷åí îðåîë.
Ãðàíèòîâèòå îáðàçöè ñå õàðàêòåðèçèðàò ñ âèñîêî ñúäúðæàíèå íà SiO2, Na2O, K2O, CaO, Ba, Rb è íèñêî íà P2O5,
FeOtot, MgO, U, Zr, Y, Nb, Cr è Ni. Íàé-îáùî ñå íàáëþäàâà íàìàëåíèå íà Al2O3, FeOtot, P2O5 è TiO2 ñ óâåëè÷åíèå
íà SiO2. Ñúäúðæàíèåòî íà CaO è K2O íå ïîêàçâàò òàêèâà ÿñíî èçðàçåíè êîðåëàöèè. Òåðåííèòå, ïåòðîãðàôñêèòå
è ãåîõèìè÷íè äàííè ñî÷àò, ÷å òåçè ñêàëè ñà íèñêîòåìïåðàòóðíè I-òèï ãðàíèòè. Âúçìîæíî å òå äà ñà îáðàçóâàíè
ïðè ïàðöèàëíî òîïåíå íà êîðàòà èëè ñìåñâàíå ñ ìàíòèéíè ìàãìè, ïîëó÷åíè îò ôðàêöèîííà êðèñòàëèçàöèÿ.
Íîðìàëèçèðàíèòå ðàçïðåäåëåíèÿ íà åëåìåíòèòå-ñëåäè ñî÷àò îáîãàòÿâàíå ñ LILE è îáåäíÿâàíå ñ HFSE, ïîäîáíî
íà òîâà â êàëöèåâîàëêàëíèòå ñóáäóêöèîííîñâúðçàíè ñêàëè îò îðîãåííèòå âåðèãè. Åøêàôòó ãðàíèò èìà õàðàêòåðèñòèêàòà íà ñèíêîëèçèîíåí ãðàíèò, íàé-âåðîÿòíî îáðàçóâàí ïðè êîëèçèÿòà íà Öåíòðàëíîèðàíñêèÿ ìèêðîêîíòèíåíò (CIM) ñ Àôãàíñêèÿ áëîê.

Êëþ÷îâè äóìè: Åøêàôòó ãðàíèò, ãåîõèìèÿ, êàëöèåâîàëêàëíè ñêàëè, íèñêîòåìïåðàòóðåí I-òèï ãðàíèò,
ñèíêîëèçèîííà îáñòàíîâêà.
Abstract. The Eshkaftou granite is located NW of the town of Birjand in the Sistan Suture Zone of Iran. This zone is a
Cretaceous to Tertiary orogenic belt, which was formed by closure of a northward-dipping branch of the Neo-Tethys Ocean.
The described granite is calc-alkaline, weakly peraluminous. The rock consists of quartz, plagioclase, orthoclase, minor
biotite, hornblende and accessories. Plagioclases are zoned with perthitic, myrmekitic and graphic textures. The studied
samples contain mafic (diorite and gabbro-diorite) xenoliths. A thermal aureole is formed around the pluton within the
Paleogene flysch and volcanic country rocks. Granite samples are characterized by high concentrations of SiO2, Na2O,
K2O, CaO, Ba, Rb and low concentrations of P2O5, FeOtot, MgO, U, Zr, Y, Nb, Cr, and Ni. They show general trends of
decreasing Al2O3, FeOtot, P2O5 and TiO2 with increasing SiO2. The contents of CaO and K2O do not show a distinct pattern.
Field, petrographical and geochemical studies indicate that these rocks are low-temperature I-type granites. They may
have been produced by partial melting of the crust and mixing with mantle-derived magmas generated by fractional crystallization. Normalized trace element patterns show enrichments in LILE and depletions in HFSE, very similar to calcalkaline subduction-related rocks from orogenic belts. The Eshkaftou granite has the characteristics of syn-collision granites, most likely formed during the collision of the Ñentral Iranian micro-continent (CIM) with the Afghan block.

Key words: Eshkaftou granite, geochemistry, calc-alkaline, low-temperature I-type granite, syn-collision setting.

Introduction
The subduction of the Neo-Tethyan oceanic crust
beneath the southern margin of the Central Iranian block occurred during Late Triassic up to Oligocene-Miocene (Agard et al., 2006). Paleomagnetic

data indicate that, during the Jurassic to Late Cretaceous, the Central Iran micro-continent (CIM)
moved northwards, accompanied by a counterclockwise rotation of about 130° towards the southern rim of Eurasia (Davoudzadeh et al., 1981;
Schmidt, Soffel, 1983).
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The Sistan Suture Zone of Eastern Iran (Tirrul et
al., 1983) is a Cretaceous—Tertiary orogenic belt, part
of the complex Alpine-Himalayan collision zone
(Dewey, 1977). With increasing convergence rate
between the Neo-Tethys and the CIM, the Sistan Sea
(between CIM and Afghan blocks) began closing with
subduction beneath the Afghan block (Tirrul et al.,
1983) in Campanian to Paleocene times (83—55 Ma,
Fotoohi Rad et al., 2005). This orogenic belt, which
is also referred as the Eastern Iranian Ranges (Stocklin, 1968) separates the CIM block from the Afghan
block to the east (Fig. 1a, b).
According to Tirrul et al. (1983), the orogen consists of an accretionary complex of disrupted ophiolitic rocks. Metamorphic rocks within the older
and more eastern part of this complex include blueschists and eclogites, reflecting subduction of NeoTethyan oceanic crust (Delaloye, Desmons, 1980; Tirrul et al., 1983; Geological Survey of Iran, 1990a, b).
According to Tirrul et al. (1983), the Sistan Suture
Zone is composed of two parts (Fig. 1b): the Ratuk
Complex, an older part to the east, and the Neh
Complex, a younger part to the west. The Ratuk
Complex comprises a vast anticlinorium of Upper

Cretaceous flysch-like sediments, and Cretaceous
ophiolites (the “Ophiolitic Domain”), described in
more detail below. To the east of the Ratuk Complex, basement rocks of the Afghan Block are exposed, consisting of Lower Cretaceous limestones
unconformably overlying probably Proterozoic rocks.
The Neh Complex is of Coniacian to Early Eocene
age (ca. 89—49 Ma) and also incorporates ophiolitic
material. It is considered by Tirrul et al. (1983) to
have been assembled after that the Sistan subduction zone had switched to a more western position.
The Sefidabeh fore-arc basin was unconformably
overlying the Ratuk and Neh Complexes and straddling the former. It consists of unmetamorphosed
clastic sediments of Campanian to Early Eocene
age (ca. 71—49 Ma, Tirrul et al., 1983).
The study of granitoid massifs in the eastern Iranian ophiolitic belt (e.g. Birjand, Dehaj and Nehbandan area) provides new data on their geochemistry, genesis and geotectonic setting and could elucidate a probable relation between them and some
ophiolitic rocks. The goal of this study is to determine the type, tectonic setting and origin of one of
these massifs — the Eshkaftou granite.

Fig. 1a. Generalized tectonic map of the Middle East, showing location of the Sistan Suture Zone between the Afghan and Lut
blocks (CIM, Ñentral Iranian micro-continent)
Fig. 1b. The Sistan suture zone of Eastern Iran and its major subdivision (modified from Tirrul et al., 1983)
Grey-shaded areas within the Ratuk Complex are outcrops of ophiolitic rocks (the Birjand Ophiolite); the Eshkaftou granite is
marked by a black star.
Ôèã. 1a. Îáîáùåíà òåêòîíñêà êàðòà íà Ñðåäíèÿ Èçòîê ñúñ Ñèñòàíñêàòà ñóòóðíà çîíà ìåæäó Àôãàíñêèÿ è Ëóò áëîê
(CIM — Öåíòðàëíîèðàíñêè ìèêðîêîíòèíåíò)
Ôèã. 1b. Ñèñòàíñêàòà ñóòóðíà çîíà â Èçòî÷åí Èðàí è ãëàâíèòå £ ñúñòàâíè åäèíèöè (ïî Tirrul et al., 1983, ñ èçìåíåíèÿ)
Ñèâèòå ïåòíà â êîìïëåêñà Ðàòóê ñà ðàçêðèòèÿ íà îôèîëèòîâè ñêàëè (îôèîëèòèòå Áèðäæàíä); ãðàíèòúò Åøêàôòó å
îòáåëÿçàí ñ ÷åðíà çâåçäà.
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Geological setting
The studied area is situated in Sistan Suture Zone of
Eastern Iran. The Eshkaftou granite (~3 km2) occurs
northwest of the town of Birjand. Previous investigators have used different names for this part of Iran,
for example “flysch area” (Stocklin, Nabavi, 1973)
or “East Iran flysch basin” (Aghanabati, 1998). Lack
of sediments older than Cretaceous, indicates a maximum Cretaceous age for the area.
The Eshkaftou granite is intruded into the Paleocene meta-volcanic rocks comprising essentially
andesitic lava and tuff, with intercalations of sandstone and dolomite (Fig. 2). In the studied area, the
Paleogene volcanic rocks begin with a tuffaceous
series, which is covered by volcanic breccia, tuff breccia, agglomerate, andesite and basaltic andesite. The
Paleogene sediment units are covered by Neogene
sediments (mainly conglomerate).
Eshkaftou granite is mainly light gray to white in
color. At the contact of the granite with the country
rocks a weak metamorphic aureole is produced. This
contact aureole are superimposed on low grades
metamorphic rocks, including slates (Fig. 3D), phyllites and mica-schists.
The northern and eastern parts (composed
mainly of tuffs) are surrounded by a well-developed contact aureole. Other contacts with the rock

units are commonly tectonic (faults). The granite
contains xenoliths of mafic rocks (diorite and gabbro-diorite).

Petrography
Petrographic studies show that the pluton is composed of granite. The main texture of the rocks is
granular. These rocks consist of plagioclase, quartz
and orthoclase. Plagioclase occurs as medium to
coarse grained, euhedral to subhedral crystals with
normal zoning and shows polysynthetic and Carlsbad
twinning. The texture is perthitic, myrmekitic and
graphic (Fig. 3À, Â). The plagioclases are altered to
sericite, chlorite and epidote. The intensity of alteration increases towards the core of the zoned crystals
and may be due to their more calcic core. The extinction and optic angles of these plagioclases show
that their composition ranges from oligoclase to andesine. Quartz occurs as xenomorphic interstitial
mineral showing undulate extinction. Orthoclase is
the most common type of K-feldspar, while microcline occurs only in some plagioclases (by exsolution
texture). Biotite (Fig. 3C), hornblende, apatite, zircon, titanite, and opaque mineral are minor phase
in this granite. Secondary minerals comprise chlorite, sericite, epidote, and clay minerals.

Fig. 2. Simplified geological map of the studied area (modified from the Geological map of Iran, Birjand sheet, Scale 1:100 000)
Ôèã. 2. Ñõåìàòè÷íà ãåîëîæêà êàðòà íà èçñëåäâàíèÿ ðàéîí (ïî Ãåîëîæêàòà êàðòà íà Èðàí, ëèñò Áèðäæàíä, Ìàùàá 1:100 000)
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Fig. 3. A to C: Microphotographs of the studied granite with a graphic texture of plagioclase; D, Microphotograph of contact
metamorphic rocks.
Abbreviations: qa, quartz; pl, plagioclase; or, orthoclase; bi, biotite. Cross-polarized light.
Ôèã. 3. A äî C: Ìèêðîôîòîãðàôèè íà èçñëåäâàíèÿ ãðàíèò; âèæäà ñå ãðàôèòíàòà ñòðóêòóðà íà ïëàãèîêëàçà; D — ìèêðîôîòîãðàôèÿ íà êîíòàêòíî-ìåòàìîðôíèòå ñêàëè.
Ñúêðàùåíèÿ: qa — êâàðö; pl — ïëàãèîêëàç; or — îðòîêëàç; bi — áèîòèò. Êðúñòîñàíè íèêîëè.

Geochemistry and tectonic setting
Based on the composition of the studied granite
(Table 1) on the diagram of Middlemost (1994)
they are plot on the boundary line between the alkali granite and granite fields (Fig. 4). According to
the 100(MgO+FeO+TiO2)/SiO2 vs. (Al2O3+CaO)/
(FeO+Na2O+K2O) diagram of Sylvester (1989), the
Eshkaftou granite shows a calc-alkaline signature
(Fig. 5A). It also is of ferroan-type according to the
geochemical classification of Frost et al. (2001)
(Fig. 5B). The A/CNK vs. A/NK diagram (Maniar,
Piccoli, 1989) indicates its slightly peraluminous
character (Fig. 5C). In the K2O vs. Na2O diagram the
samples plot in the I-type granite field (Fig. 6).
The Eshkaftou granite has low concentrations of
Y, Zr, Th, U, FeOtot, MgO, and Ce. On the Harker
diagrams, the samples show reasonably well-defined
trends for Al2O3, MgO, P2O5, CaO, TiO2, Ce and Y
and no regular trends for K2O, and FeOtot (Fig. 7). A
negative correlation between P2O5 and SiO2 has been
considered as a typical feature for I-type granites
(Chappell, White, 1992). Na2O concentrations are
high and mostly between 3.4 and 3.9 wt.%. K2O shows
a positive correlation with SiO2 but an inverse corre40

Fig. 4. Discrimination diagram (after Middlemost, 1994) with
the points of the Eshkaftou granite
A-Granite, alkaline granite; A-Qtz Syenite, alkaline quartz-syenite
Ôèã. 4. Äèñêðèìèíàöèîííà äèàãðàìà (ïî Middlemost,
1994) ñ ôèãóðàòèâíèòå òî÷êè íà ãðàíèòà Åøêàôòó
A-Granite — àëêàëåí ãðàíèò; A-Qtz Syenite — àëêàëåí êâàðöñèåíèò

Table 1
Whole rock composition of the Eshkaftou granite (XRF method at the Zar Azma Company in Iran)
Òàáëèöà 1
Ñúñòàâ íà ãðàíèòà Åøêàôòó
Sample

B1

B2

B3

SiO2
TiO2
Al2O3
FeO (tot)
MnO
MgO
CaO
Na2O
K2O
P2O5
Sum

76.81
0.16
13.04
1.10
0.01
0.05
0.43
3.75
4.59
0.02
99.96

75.54
0.27
13.81
0.99
0.00
0.08
0.70
3.81
4.75
0.04
99.99

76.84
0.15
13.01
1.29
0.00
0.05
0.41
3.84
4.37
0.02
99.98

Ba
La
Ce
Cr
Ti
P
Th
Cu
Ni
Zn
Sc
V
As
Pb
Sr
Sn
Rb
Y
Nb
Li
Zr
Bi
W
Cs
U

297
34.8
61.6
30
970.3
46.3
15.6
10
4
28
4
10
6
13
39
4
201
28
8
6
25
0.1
1.5
8.5
1.9

376
27.3
47.8
10
1644.7
79.8
18.6
8
4
22
4
15
5
13
65
17
212
24.8
8
5.5
30
0
1
9.5
1.9

305
32.4
62.8
10
907.6
39.6
17.2
4
6
24
3
15
10
9
49
4
173
29.7
10.5
4.5
32
0
1
6.1
1.5

B4

B5

B6

Major oxides (wt.%)
76.05
76.30
76.20
0.26
0.15
0.17
13.43
12.82
13.29
0.95
1.80
1.38
0.01
0.01
0.00
0.08
0.06
0.06
0.69
0.44
0.58
3.59
3.77
3.85
4.87
4.60
4.43
0.04
0.02
0.02
99.97
99.97
99.98
Trace elements (ppm)
317
369
394
25.2
29.2
31.6
41.8
60
62.6
0
10
30
1575.6
908.3
1035.0
92.6
39.7
33.2
20.3
16.4
16.8
10
12
4
2
4
2
36
42
22
3
3
4
10
20
15
8
7
12
21
21
10
53
46
51
4
3
3
213
204
169
24.9
27.5
27.2
7.5
10
8
7.5
5
4.5
48
25
35
0
0
0.2
1.5
1.5
1.5
9.4
6.4
5.4
2.1
2
2.4

lation with all other major oxides. This behavior is
normal — when granitoid magmas fractionate they
become enriched in alkalis, SiO2 and a water-rich
vapor phase (Raymond, 1995). The content of K2O
is also high (> 4 wt.%), characteristic of subductionrelated granites in a continental margin setting (Rottura et al., 1998).
Several tectonic discrimination diagrams are used
to identify the tectonic setting of the Eshkaftou granite. According to the Nb vs. Y and the Rb vs. Nb+Y
diagrams of Pearce et al. (1984) Eshkaftou granite
plots in the field of volcanic arc and syn-collision
granites (Fig. 8A and 8B). On the diagram of Batchelor and Bowden (1985) all samples plot also in the
field of the syn-collision granites, close to the limit
with the post-orogenic granites filed (Fig. 9). So, the
Eshkaftou granite shows geochemical characteristics of a subduction-related setting.
We have used spider diagrams to constrain the
relative role and importance of mantle and crustal
sources. On this diagram the sample composition

B7

B8

B9

B10

76.34
0.27
13.73
0.66
0.00
0.06
0.63
3.57
4.67
0.05
99.98

75.46
0.30
13.92
1.18
0.00
0.07
0.61
3.61
4.79
0.04
99.98

76.45
0.24
13.40
0.64
0.00
0.08
0.91
3.41
4.81
0.03
99.97

76.85
0.23
13.40
0.54
0.00
0.07
0.51
3.45
4.90
0.02
99.97

343
29.4
53
0
1635.9
103.6
17.8
10
2
30
3
10
5
19
60
6
200
24.3
10.5
8
28
0
2
6.8
2.5

354
44.3
86.4
30
1815.8
85.9
20.2
12
12
136
4
15
4
23
79
6
210
26.6
8
6
32
0.2
1.5
8.4
4.5

344
39.8
78.1
30
1462.0
55.4
17
6
16
284
3
15
2
13
82
5
188
32
10
6.5
52
1.2
1.5
7.3
3.8

373
44.2
85
20
1390.0
52.8
18.7
6
8
40
3
10
2
14
73
6
199
48.7
10
7
34
1.3
1.5
7.4
3.6

shows enrichment in most LILE and LREE but relative depletion in HFSE, compared to the primitive
mantle value (Fig. 10). Negative HFSE and positive
LILE anomalies indicate a subduction-related origin of the magma.

Discussion on the origin
of the studied granite
Granitoid rocks are an important component of continental crust, and different models are envisaged
for their generation (e.g. direct partial melting of the
mantle, fractional crystallization from basaltic magma, etc.). On the basis of the geological and geochemical data we try to elucidate the genetic type
and the origin of studied granite. The source and
tectonic setting are intimately inter-related with the
genetic processes, so it is likely that the composition
of granites characterizes their tectonic environment
(Pitcher, 1983).
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Fig. 6. Fields of I- and S-type granites on the Chappell and
White (1984) diagram with the points of the Eshkaftou granite
Ôèã. 6. Ïîëåòàòà íà I- è S-òèï ãðàíèòè íà äèàãðàìàòà íà
Chappell, White (1984) ñ ôèãóðàòèâíèòå òî÷êè íà ãðàíèòà
Åøêàôòó

Fig. 5. The composition of the Eshkaftou granite plotted on
the diagrams of:
A, Sylvester (1989); B, Frost et al. (2001); C, Maniar, Piccoli
(1989)
Abbreviations: A/NK, molar Al2O3/(Na2O+K2O) and A/CNK,
molar Al2O3/(CaO+Na2O+K2O).
Ôèã. 5. Ôèãóðàòèâíè òî÷êè íà ãðàíèòà Åøêàôòó íà äèàãðàìèòå íà:
A — Sylvester (1989); B — Frost et al. (2001); C — Maniar,
Piccoli (1989)

Chappel and White (1974) proposed a genetic
subdivision of granitic rocks into: (i) S-types derived
from sedimentary protoliths and (ii) I-types derived
from igneous protoliths, further subdivided into: A
and M-type. S-type granites contain high amounts
of potassium (K2O=5.5 wt. %), Ba (400 ppm) and Sr
(300 ppm), and exhibit low concentrations of Zr (40
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ppm), Th (<1 ppm) and Y (<10 ppm). They result
from the partial melting of metasedimentary rocks.
I-type granites are characterized by low Rb, Y, Zr,
FeOtot, MgO, Th, U, REE, high SiO2 and Ba contents, high K/Rb and Ba/Rb ratios (Sheppard et al.,
2003). I-type granites are produced either by fractional crystallization of mantle-derived liquids or by
partial melting of mantle-derived source rocks of the
crust. Therefore the source materials for I-type granites will be broadly basaltic to andesitic in composition (Chappell, White, 1992; Pitcher, 1993). Chappell and White (1984, 1992) and Chappell (1999)
proposed that I-type granites occur as two distinct
groups, high and low-temperature, based on the absence or presence, respectively, of inherited zircons
and the abundance of Zr. The high-temperature Itype granites are the most primitive and they are
formed by the partial melting of mafic rocks in the
deep crust, or perhaps in modified mantle (Chappell, 1999). They are dominantly high-Ca tonalite to
low-K granodiorite and occur in younger subduction-related continental margins. The low-temperature I-type granites are formed by the partial melting
of older quartz-feldspar igneous rocks such as older
tonalities, to produce magmas that comprise varying
proportions of low-temperature felsic melts and restite. These rocks are mostly granodiorite and granite
that typically occur in continental marginal arcs.
The studied Eshkaftou granite has contacts with
the country rocks without significant thermal aureole around plutons. It indicates that magmas were
possibly low in temperature. The rocks contain
microcline that is à typical low-temperature K-feldspar. The presence of zircon grains in studied granite
suggests that zircon possibly was presented in the magmas, hence temperature was low. The Ce and Y decrease with increasing SiO2 contents (Fig. 7), which
behavior is consistent with fractional crystallization
of low-temperature I-type granites (Chappell, 1999).
The content of P2O3 is low (for all samples <0.05 wt.%)
and decreases with increasing alkali content, sug-

Fig. 7. Harker diagrams for Eshkaftou granite
Ôèã. 7. Õàðêåðîâè äèàãðàìè íà îáðàçöè îò ãðàíèòà Åøêàôòó

Fig. 8. Trace element discrimination diagrams for granitic rocks of
Pearce et al. (1984)
A, Rb vs. Y+Nb; B, Nb vs. Y
Abbreviations: ORG, ocean ridge granites; VAG, volcanic arc granites;
WPG, within-plate granites; syn-COLG, syn-collisional granites
Ôèã. 8. Äèñêðèìèíàöèîííè äèàãðàìè ïî Pearce et al. (1984)
A — Rb vs. Y+Nb; B — Nb vs. Y
Ñúêðàùåíèÿ: ORG — îêåàíñêè ðèôòîâè ãðàíèòè; VAG — ãðàíèòè íà âóëêàíñêèòå äúãè; WPG — âúòðåøíîïëî÷îâè ãðàíèòè;
syn-COLG — ñèíêîëèçèîííè ãðàíèòè
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Fig. 9. Eshkaftou granite samples plotted on the diagram of
Batchelor and Bowden (1985)
Ôèã. 9. Ôèãóðàòèâíèòå òî÷êè íà ãðàíèòà Åøêàôòó âúðõó
äèàãðàìàòà íà Batchelor and Bowden (1985)

Fig. 10. Primitive mantle-normalized trace elements patterns
for the Eshkaftou granite. Normalizing values are from Sun
and Mcdonough (1989)
Ôèã. 10. Ñúäúðæàíèÿ íà åëåìåíòè-ñëåäè íà ãðàíèòà Åøêàôòó, íîðìàëèçèðàíè íà ñúäúðæàíèåòî èì â ïðèìèòèâíàòà ìàíòèÿ (ïî Sun and Mcdonough, 1989)

gesting low solubility of P in low-temperature I-type
granites (Harrison, Watson, 1984). Textural evidences also indicate that this granite had crystallized under low pressure and most volatile-rich condition. The presence of mafic xenoliths shows evidence of a magma mixing phenomena during their
formation.
We have used the geochemical characters and
geochemical diagrams for elucidating the characters and evolution of the granite melt:
· the K2O/Na2O ratio in studied rocks is ranging
from 1.1 to 1.5. This low K2O/Na2O ratio supports
the partial fusion of preexisting igneous rocks in the
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crust (Sun, Chen, 1992; Roberts, Clemens, 1993; Ajaji
et al., 1998).
· Ni and Cr contents in the granites are highly
dependent on hornblende and Fe-Ti oxide contents
(Soesoo, 2000). Therefore, the low contents of Cr and
Ni in the Eshkaftou granite suggest that a large
amount of ferromagnesian minerals may have been
fractionated or the source was low in these elements
(e.g. Tate et al., 1999).
· the calc-alkaline, peraluminous and I-type characters of Eshkaftou granite suggest that it was produced by partial melting of the crust at low magmatic temperatures and mixing with mantle-derived
magmas generated by fractional crystallization.
· MgO/CaO vs. P2O5/TiO2 diagram indicates the
magmatic source for the studied granite (Fig. 11A).
· the studied rocks have low Sr/Y values and plot
in the field of mantle-derived arc magmas (Fig. 11B).
· on the alkali/CaO vs. Y+Ce+Zr+Nb diagram
of Whalen et al. (1987) they plot in the fractionated
orogenic granite field (Fig. 11C).
· comparing the data with the field of arc-type
granitoids (Fig. 11D) the studied rocks plot in the
field of à normal continental arc.
Normally, for continental arc granitoids a fundamental role is assigned to mantle derived mafic
magmas. They may be parental magmas, end members in mixing or assimilation processes, material for
lower crustal source regions, and/or heat sources that
derived crustal melting (Tepper et al., 1993). Furthermore, there is an emphasis on the fractional crystallization, crustal anatexis and role of open system
processes such as magma mixing and assimilation
on the origin of granitic magmas (Tepper et al., 1993),
which probably contributed to generation of the Eshkaftou granite. The LILE contents of studied granite are enriched above primitive mantle level (Fig. 10),
probably indicating the contribution of the mantle
wedge from à dehydrated subducted oceanic crust
(Pearce, 1983; Pearce et al., 1984). Such a source is
commonly invoked for subduction related magmas
(e.g. Pearce, Peate, 1995) and is presumably located
in the convecting asthenospheric mantle wedge above
subducting slab (Stopler, Newman, 1994). Low MgO
concentrations of the samples and other geochemical parameters however rule out a direct derivation
from mantle wedge.

Summary and conclusion
Field geology, petrographic and geochemical characteristics of Eshkaftou granite resemble those of lowtemperature I-type granites that are the most primitive and formed by partial melting of mafic rocks in
the deep crust, or perhaps in modified mantle. It is
calc-alkaline, and peraluminous. The presence of
mafic xenoliths indicates the probable formation of
this granite from two magmas experiencing subsequent mixing/mingling processes.
In tectonic discrimination diagrams they plot
in the field of orogenic granites, also in syn-colli-

Fig. 11. Classification diagrams for Eshkaftou granite of:
A, Werner (1987); B, Martin (1993); C, Whalen et al. (1987) — fog, fractionated orogenic granites and nfog, nonfractionated
orogenic granites; D, Brown et al. (1984)
Abbreviation: TTG, tonalite—trondhjemite—granodiorite
Ôèã. 11. Êëàñèôèêàöèîííè äèàãðàìè íà ãðàíèòà Åøêàôòó ïî:
A — Werner (1987); B — Martin (1993); C — Whalen et al. (1987) — fog — ôðàêöèîíèðàíè è nfog — íåôðàêöèîíèðàíè îðîãåííè
ãðàíèòè; D — Brown et al. (1984)
Ñúêðàùåíèå: TTG — òîíàëèò—òðüîíäåìèò—ãðàíîäèîðèò

sion granite fields. Negative HFSE and positive
LILE anomalies indicate a possible subductionrelated origin.
A number of geochemical studies suggest that most
of the Iranian ophiolites were formed in a suprasubduction zone (SSZ) setting (e.g. McCall, Kidd, 1982;
Desmons, Beccaluva, 1983). The Upper Cretaceous
dismembered ophiolites within the Sistan zone are
also of SSZ-type, formed above a northward dipping
subduction zone and were later dismembered and
admixed with accretionary melange during Late Cretaceous—Early Tertiary closure of the Northern NeoTethys Ocean (Tirrul et al., 1983; Fotoohi Rad et al.,

2005). Therefore, on the basis of existing tectonic
models of Eastern Iran, we suggest that the Eshkaftou
granite can be related to the closing of the Sistan Sea
(between the CIM and Afghan blocks) during the
Late Cretaceous, thus being of volcanic arc or syncollision types.
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