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1-Introduction

During the Late Triassic to Jurassic period, the Early Cimmerian tectonics initiated rifting that led to the
separation of the Central Iranian plateau from the Alborz zone, resulting in the formation of a narrow ocean.
This trend was reversed by the Laramide orogeny in the Late Cretaceous. As rifting continued, the oceanic
crust of Neotethys subducted northeast ward beneath the Binalud mountains, ultimately leading to the
closure of the ocean. Recent geochemical studies of post-Eocene igneous rocks in northeastern Iran have
identified several of these as adakitic rocks related to Neotethys subduction (Salehinejad, 2008; Ghasemi
et al., 2010; Dehnavi, 2010; Tanha, 2009). The objective of this research is to conduct a comprehensive
study of the petrography, geochemistry, and petrogenesis of igneous rocks in the Cheheldokhtar and Firuzeh
areas. This study aims to provide a deeper understanding of the tectonic trends and magmatic processes
associated with Neotethys subduction. By examining these data, we seek to identify the unique
characteristics of adakites and their influence on the formation of geological structures in the region.

2-Material and methods

The Cheheldokhtar and Firuzeh areas in the Sabzevar zone were selected for this study based on their
characteristics. These regions are located in the northeastern and southeastern parts of Sabzevar. The
Cheheldokhtar igneous body is massive, with no observable layering. The Cheheldokhtar mountains are
situated amidst Paleocene and Quaternary alluvial deposits. This area encompasses Paleozoic, Mesozoic,
and Cenozoic units. Significant structural changes have made it challenging to examine the relationships
between rock units and variations in their appearances. The chemical analysis of rock samples from the
region for major elements was conducted using the XRF method, while trace elements were analyzed using
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) by Kansaran Binalud Company.

3-Results and discussions
The rock units in the Cheheldokhtar region predominantly consist of subvolcanic rocks, including pyroxene
monzodiorite porphyry, hornblende monzodiorite porphyry, hornblende pyroxene monzodiorite,
hornblende quartz monzonite porphyry, and monzonite porphyry. These rock masses exhibit porphyritic
textures with a fine to medium-grained background and poikilitic features. In contrast, the igneous rock
samples from the Firuzeh area include extrusive types such as andesite, latite, trachyte, and dacite. These
rock units display porphyritic, glomeroporphyritic, and flow textures (Fazel Valipour, 2021).
Geochemical diagrams, such as Nb/Y vs. Zr/TiO2, indicate that the rocks from the Firuzeh region fall
within the trachyandesite, andesite, dacite-rhyodacite, and rhyolite classifications, while the samples from
Cheheldokhtar are categorized as basalt and andesite-basalt. The SiO2 vs. Na20+K20 diagram further
illustrates that the Firuzeh rocks range from trachydacite to rhyolite, whereas the Cheheldokhtar samples
encompass trachybasalt and basaltic trachyandesite. The Th vs. Co and SiO2 vs. K20 diagrams were
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employed to investigate the magmatic series of the samples. In the Th vs. Co diagram, all samples from
both Firuzeh and Cheheldokhtar areas are classified within the calc-alkaline series. The SiO2 vs. K20
diagram reveals that Firuzeh samples are primarily calc-alkaline, while those from Cheheldokhtar range
from high-potassium calc-alkaline to shoshonite.

Spider diagrams normalized to primitive mantle and NMORB composition demonstrate a greater
enrichment trend from right to left, indicating magmatic differentiation. These rocks exhibit enrichment in
LILE and LREE elements and depletion in HFSE elements, characteristic of rocks formed in volcanic arcs
associated with subduction zones and active continental margins. The presence of negative Zr and HREE
anomalies suggests low partial melting and varying crustal thickness. The lower Zr, Hf, and HREE values
in the Cheheldokhtar area, along with a higher Pb content, imply that the crustal thickness in Cheheldokhtar
was likely greater than that in Firuzeh. Calc-alkaline flows from active continental margins are typically
richer in TiO2, P205, and Zr but depleted in Y compared to island arcs. According to spider diagrams, the
Firuzeh samples are comparatively richer in Zr and poorer in Y than those from Cheheldokhtar.

In differentiation diagrams of low-silica adakites (LSA) and high-silica adakites (HSA), the Firuzeh
samples predominantly fall within the high-silica adakite range, while the Cheheldokhtar samples are
classified as low-silica adakites. The Th vs. Th/La ratio diagram for Cheheldokhtar samples indicates partial
melting of the Neotethys oceanic lithosphere with a garnet-amphibolite composition, resulting in less than
10% partial melting. Conversely, the Firuzeh samples originate from partial melting of the oceanic
lithosphere in the garnet-eclogite facies, with approximately 5% partial melting. The Rb/Y vs. Nb/Y
diagram shows that Cheheldokhtar samples exhibit an enrichment trend related to fluids, while Firuzeh
samples display a trend associated with both fluids and melts. This suggests that the influence of the crust
and crustal fluids on Cheheldokhtar samples is more pronounced than on those from Firuzeh. According to
the Zr/Y classification, if Zr/Y>3, the samples are associated with continental volcanic arcs; if Zr/Y<3, they
are linked to oceanic volcanic arcs (Pearce and Norry, 1979). Thus, Cheheldokhtar adakites are associated
with oceanic arcs, while Firuzeh adakites are linked to continental volcanic arcs.

4-Conclusion

This investigation demonstrates that the Cheheldokhtar and Firuzeh adakites in the Sabzevar zone, despite
their petrographic and geochemical differences, originate from the melting of the Neotethys oceanic crust
during subduction. Analysis of geochemical diagrams, such as Y vs. St/Y and Th vs. Th/La, confirms that
these rocks fall within the range of subduction-related adakites. The Cheheldokhtar samples are classified
as low-silica adakites (LSA), while the Firuzeh samples are categorized as high-silica adakites (HSA),
indicating variations in melting conditions and subduction depth. The spider ratios, including Nb/Ta and
Zr/Sm, suggest that the Cheheldokhtar samples were primarily influenced by partial melting of the oceanic
lithosphere with a garnet-amphibolite composition, whereas the Firuzeh samples originated from partial
melting of an amphibolite or eclogite composition, influenced by enriched fluids. These differences likely
arise from the distinct locations of these two areas relative to the subduction zone. Additionally, the Ba/Th
and Rb/Y diagrams indicate that the Cheheldokhtar samples were primarily affected by fluid enrichment,
while the Firuzeh samples experienced a combination of enrichment from both fluids and melts. These
findings align with previous studies on Cenozoic magmatic arcs and suggest that Cheheldokhtar adakites
belong to oceanic arcs, whereas Firuzeh adakites are associated with continental arcs. This research
highlights the gradual evolution of the Sabzevar zone from an oceanic to a continental environment during
the subduction and closure of the Neotethys Ocean. These results contribute to a better understanding of
the subduction processes and the formation of magmatic arcs in central Iran.
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Table 1- Major and minor (in wt%) and trace (in ppm) elements composition of the chehaldokhtar subvolcanic rocks.

S.N
Si02
Al1203
Fe203
MgO
CaO
Na20
K20
TiO2
P205
MnO
L.O.I
SUN

Fe
Mg
Na
K
Al
Ca
Mn
Ti
P
S
Ni
Sc
Ba
Be
Co
Cs
Hf
Nb
Rb
Sn
Sr
Ta

Th
U
A%
w
Zr
Y

La
Ce
Pr
Nd

A59
50.63
16.74
8.46
44
7.48
5.32
2.15
0.836
0.239
0.126
3.46
99.841

5.87765
>2%
4.0260
1.8927
9.0637
5.4346
0.1032
0. 5042
0.1075
0.026
17

14.7
591

1

15.3
1.5
0.52
1.4

13

0.8
873.1
<0.1
1.33
0.5
285
<0.5
25

13.1

11

23
1.95
6.7

AS50
48.42
15.83
11.56
6.98
9.52
3.69
1.21
0.996
0.247
0.211
1.19
99.854

7.95968
>2%
2.9070
1.2180
8.6773
6.8198
0. 1700
0. 6222
0. 1081
0.028
36
27.6
364
0.8
24.9
5.1
0.55
1.1

12

1.4
526.3
0.11
0.94
<0.5
437
1.1

27
13.2

20
1.81
6.7

A46
59.42
17.52
5.79
2.26
5.42
5.24
2.99
0.562
0.211
0.145
0.19
99.748

4.0449
3

1.3828
3.7931
2.9924
9.3869
4.0357
0.1171
0. 3566
0. 1004
0.019
8

9.5
707
1.5
10.4
1.4
0.63
2.1

28

0.9
54701
<0.1
2.21
0.5
164
<0.5
38
12.8
15

28
2.56
8.7

A43
50.36
16.39
8.56
4.22
8.59
3.94
1.78
0.769
0.241
0.182
4.74
99.772

5.89751
>2%
3.0917
1.7821
8.5980
6.2235
0. 1470
0.4794
0.1092
0.052
10

16

526

16.3
1.5
0.52
1.7
15
0.9
761.7
0.13
1.44
<0.5
283
<0.5
21
14.1
11
22
2.17
7.6

A27
51.63
16.74
8.84
3.95
6.88
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Table 1- continued Major and minor (in wt%) and trace (in ppm) elements composition of the chehaldokhtar subvolcanic rocks.

S.N AS59 AS50 A46 A43 A27 A36 A35 Al3 A4 A3
Sm 2.37 2.49 2.45 2.53 2.6 2.56 2.62 342 2.95 2.82
Eu 0.84 0.91 0.82 0.87 0.87 09 0.94 1.13 1.01 0.93
Gd 2.33 2.49 2.25 2.54 2.52 2.49 2.65 3.32 2.73 2.8
Tb 0.36 0.38 0.34 0.38 0.39 0.38 0.4 0.47 0.4 0.42
Dy 2.46 2.54 2.28 2.63 2.63 2.55 2.7 3.05 2.59 2.86
Er 1.36 1.37 1.25 1.48 1.42 1.44 1.5 1.63 1.42 1.56
Tm 0.19 0.18 0.18 0.21 0.2 0.21 0.22 0.22 0.2 0.22
Yb 1.5 1.4 1.5 1.6 1.5 1.6 1.7 2.6 1.5 1.6
Lu 0.21 0.18 0.2 0.22 0.2 0.22 0.23 0.23 0.19 0.22
Mo 0.7 0.5 1.1 0.5 0.5 1 0.5 0.7 <0.5 1.3
Cu 85 86 122 114 511 117 73 179 111 65
pb 28 18 20 12 12 15 16 16 21 35
Zn 2941 80 82 63 63 49 59 54 57 52
As 10 6.6 24 1.6 11.6 19.1 7.3 5.1 34 33.6
Cd 14.1 0.4 0.3 0.2 0.2 0.2 03 0.1 0.2 0.4
Sb 1.2 1 0.9 1 1.1 1.4 1.3 1.1 1 1.5
Bi <0.1 <0.1 <0.1 <0.1 0.1 0.1 <0.1 0.4 0.2 <0.1
Ag 04 0.4 0.4 04 0.5 0.4 0.4 0.4 0.6 0.4
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Li 4 20 7 8 9 36 9 11 11 7
Cr 47 142 22 27 22 26 25 60 29 56
Te <0.1 <0.1 <0.1 0.13 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tl 0.26 0.18 0.2 0.24 0.28 0.44 0.27 0.31 0.37 0.4
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Figure 4. (a) Geochemical diagram of SiO; versus Na,O+K>O (Le Bas et al.,1986), and (b) Geochemical diagram of Nb/Y
versus Zr/TiO, (Winchester and Floyd, 1977) (Rhombus for Cheheldokhtar sample and square for Firoozeh sample).
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Cheheldokhtar areas in a normalized spider diagram normalized based on the NMORB composition (Sun and

McDonough, 1989) (symbols as in Figure 4).
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V2T



\ o)Lo.i: Y4 o)9~3 AR RN )L@d

a

s A . .
Wyt 8 B i

Martin et al., 2005) LeuSToT glgil b 039,48 ¢ 50 Jox lodiges slo S35 dmolio =Y Jgax

Table 2- Comparison of the Cheheldokhtar and Firuzeh samples with different adakite types (Martin et al., 2005).

Average of Firuzeh samples Average of
Cheheldokhtar samples
67.79 > Si0, > 61.67% 59.42 > Si0, > 48.42%
3.09> MgO > 1.44% 6.98 > MgO >2.26%
12.22 > CaO+Na,O0 > 5.56%  15/76 > CaO+Na,O >
8/18%
1029 > Sr > 309.8 ppm 54701 > Sr>410.1
without positive Sr anomaly  ppm with high positive
or weak positive anomaly Sr anomaly
Ti0, 0.54% TiO, < 0.996%
Low MgO and without High MgO and

sometimes with
clinopyroxene as
phenocryst

clinopyroxene as phenocryst

LSA HSA
Si0; < 60% %S10, > 60
MgO =4-9% 4>MgO>0.5
CaO+Na,O > %Ca0O+Na,O <11
%10

Sr > 1000 ppm,

Sr < 1100 ppm, without positive Sr

with high anomaly or weak positive anomaly
positive Sr
anomaly

Ti02 > 3% Ti02 < 0.9%
High MgO and Low MgO and without clinopyroxene as
sometimes with phenocryst
clinopyroxene
as phenocryst
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vs. AI203 diagram (Ousta et al., 2024). (Symbols as in Fig. 4).
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