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Introduction

The magmatic activities of Lut block started from the middle of Jurassic
(165-162 Ma) with the intrusion of Kalate Ahani, Shahkoh and Sorkh kooh
intrusive masses and reached its peak in the Tertiary. Tertiary volcanic and
semi-volcanic rocks cover more than half of the Lot block with a thickness
of about 2000 meters, which were formed as a result of subduction before
the collision of the Arabian and Asian plates (Camp; Griffis, 1982; Tirrul
et al., 1983; Berberian et al., 1982). The studied area with geographic
coordinates 59°31'14" - 59°36'05" east longitude, 32°32'28" -32°34'29"
north latitude, is located 40 km southwest of Sarbisheh and includes a thick
succession of Tertiary volcanic and pyroclastic rocks that are covered by
young Quaternary sediments in some places. This area is located in the
1:100,000 Sarbisheh geological map prepared by Nazari and Salamati
(1999). According to the map prepared by Pang et al. (2012) for parts of
Sistan zone and Lut block, the studied area is located on the eastern edge of
Lut block and on the border of two structural states of Lut block and Sistan
zone (Figure 1). Since the Tertiary volcanic rocks in the mentioned region,
despite their wide expansion and having large reserves of perlite and clay
minerals, have not been subjected to detailed lithology and geochemistry

d 10.22108/ijp.2024.139550.1312 studies, they have been selected as the subject of this research.

Regional Geology related pyroclastic rocks such as tuff, ignimbrite, and
In this area, there are extensive outcrops of Tertiary agglomerate, which are on serpentinized peridotites in

volcanic rocks, including pyroxene-andesite, andesite- the east of Fal village to the south of Asfich, and

trachyandesite, dacite, rthyodacite, rhyolite (perlite) and gabbro belongs to the Cretaceous ophiolites of
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southeast Birjand. In terms of age, the ophiolitic units
are related to the late Cretaceous. Tertiary volcanic
units are related to the Eocene and Oligocene (Pang et
al., 2013).

Research method

In order to carry out this research, first of all,
library studies including the collection and review of
geological and topographical maps and previous
studies have been carried out. In the next step, during
10 days, field investigations, separation of different
rock units and sampling were done, and then 90 thin
sections of the rocks of the area were prepared and
their mineralogical and textural characteristics were
examined by a Leitz type polarized microscope. In the
next step, according to the diversity and geographical
spread of different rock units, 9 unaltered or less
altered samples were selected and coded (LF200) for
chemical analysis by ICP-ES for major elements and
ICP-MS for trace elements. Acme laboratory in
Canada and 2 samples have been sent to Kansaran
Binaloud laboratory. Finally, GCDKit, Excel (@2007),
Corel and Minpet software were used to draw
diagrams. In order to obtain Fe,O; and FeO values that
are closer to the real values, Minpet software was used
according to the Irvine and Baragar method (Irvine and
Baragar, 1971).

Petrography

Tertiary volcanic rocks of the region include
pyroxene andesite, andesite, dacite, rhyodacite, rhyolite
(perlite), tuff, breccia and agglomerate. The common
texture of these rocks is porphyritic with microgranular
or microlithic, glomeroporphyritic, flow and cavity
texture. Pearlites have a pearlitic texture. Euhedral and
subhedral phenocrysts of plagioclase with oligoclase-
andesine composition are the main constituents of
these rocks and have rounded or bay sides. Some
plagioclase phenocrysts show a sieve texture.
Plagioclase microlites are the main component of the
matrix. Clinopyroxene (augite) and hornblende are
present in small amounts. In addition, bay-sided
phenocrysts of sanidine and quartz are observed in
rhyolites.

Geochemistry

The results of chemical analysis of volcanic rocks
of Asfich area are presented in Table 1. In the diagram
of total alkali versus silica, presented by Cox et al.
(1979), the samples are in the range of andesite, dacite

and rhyolite (Figure 8A). Due to the presence of
variation in some samples, charts based on immobile
elements have been used for the geochemical
nomenclature of rocks. In this regard, in the Nb/Y vs.
Zr/TiO, diagram presented by Winchester and Floyd
(1977), the samples are in the range of andesite,
trachyandesite, dacite, rhyodacite and rhyolite and
show a subalkaline nature (Figure &B). In the
Na;O+K,0-MgO-FeO*  triangle diagram (AFM
diagram), which is used to identify magmatic series
and their transformations, and subalkaline series is
divided into two separate tholeiitic and calc-alkaline
series and presented by Irvine and Baragar (1971), the
samples are in the calc-alkaline range (Figure 8C).

Tectonic setting and origin

It is possible that the Th/Yb ratio for the samples is
higher than the mantle, and this compositional change
is attributed to subduction-related processes (Helvaci et
al., 2009). Arc magmas are mainly formed as a result
of partial melting in the subduction-related mantle
wedge, due to the addition of metasomatic components
released from the subducting oceanic lithosphere.
Metasomatic fluids may include hydrous fluid
(supercritical) or primary melts from sediments or
basaltic crust subducted into the mantle wedge, which
causes the mantle solidus to decrease and magma
production (Figure 11) (Harangi et al, 2007; Hoang et
al, 2001). Depletion in elements P, Ti, Ta and Nb and
enrichment in U, K, Sr, Zr, Rb and Th and enrichment
of LREE compared to HREE indicate the formation of
these rocks in the active continental margin regime.
which are mainly formed as a result of partial melting
in the mantle wedge, due to the addition of
metasomatic components released from the subducting
lithosphere. Geochemical evidence such as Nb/Y
versus Rb/Y shows that contamination is one of the
most important phenomena in magma evolution in the
area. According to the diagram of Dy/Yb versus La/Yb
and Dy/Yb versus Dy, it is possible to imagine the
origin of partial melting of lherzolite spinel mantle and
the range of phlogopite-bearing spinel lherzolite facies
for the magma that forms the rocks of the region.
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Figure 2. Geological map of Asfich area (taken from the 1:100,000 map of Sarbisheh; Nazari and Salamati,

1999).
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Figure 5. Photomicrographs of A) Embayed shap quartz in the dacite (in XPL); B) Perlitic texture in the rhyolite

(in PPL).
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Figure 6. Photomicrographs (in XPL) of A) Glomeroporphyritic texture and chemical zoning of plagioclase in
andesite; B) Poikilitic texture in andesite, clinopyroxenes are covered by plagioclase.
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Figure 7. Photomicrographs (in XPL) of A) Sieve texture at the edge of plagioclase; B) Homogeneous sieve
texture and coarse sieve texture and rounded edges in plagioclase.
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Figure 8. Photomicrographs (in XPL) of A) Banded twinning pyroxene in the pyroxene andesite; B) Presence of
altered and none altered plagioclase together in the pyroxene-andite.
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Figure 9. Photomicrographs (in XPL) of
microgabbroic xenolith in the pyroxene andesite.
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Table 1. The chemical analysis data of samples from Asfich area.

Rock type Rhyolite Rhyolite (Perlite) Dacite Trachy- andesite Andesite Bentonite
Sample No. 15A 80A 35A 107A | 77A  27A  75A  54A 31A 31 14
Sample location |X]| 5923234 59232735 592353"  59235%8" [59233°01" 59232'14" 59232'13" 5923238"| 59234'18" | 5923233 5923234
Y| 0.6342 32 5933232 "11332 32 "56302 32['9'332 32 "14'322 32 "59'322 32 45312 32| 2133232 |'57'332 32 "58'332 32
SiO2 75.20 71.51 67.30 64.10 65.71 63.14 6625 63.11 62.08 62.75 53.68
TiO2 0.05 0.05 0.51 091 049 0.64 0.51 0.88 0.78  0.284 0.489
AlLO3 12.83 13.16 15.00 16.57 1494 1544 1535 1575 15.65 12.63 12.86
Fe:203 1.62 1.66 376 3.76 376 438 3.64 493 4.70 532 6.58
MnO 0.03 0.03 0.07 0.03 007 007 0.04 0.08 0.08 0.036 0.043
MgO 0.10 0.08 1.00 1.00 238 3.18 .36 2.09 3.25 2.31 2.32
CaO 0.82 0.80 332 392 389 492 377 422 3.89 332 349
Na20 3.52 2.56 359 391 365 327 344  3.68 3.34 0.68 044
K:0 4.71 5.52 318 367 367 227 331 3.39 2.86 046 044
P20s 0.01 0.01< 0.16 025 0.14 019 0.14 024 0.20 1.019  0.064
LOI 1.1 4.6 1.9 1.7 2.1 1.7 2.0 14 1.6 11.86 19.43
Total 99.96 99.95 99.81 99.81 99.82 99.77 99.83 99.80 99.79 99.69 99.66
Ba 27 26 777 537 452 575 469 521 505 - -
Be 6 3 2 2 5 3 2 2 <1 - -
Rb 193.6 213.0 97.9 107.9 1304 946 1248 1055 96.8 - -
Ta 22 22 0.9 1.1 1.3 0.9 1.6 1.1 0.7 - -
Sr 23.8 19.9 2944 3753 4855 3492 2943 360.1 2845 - -
Y 26.0 30.2 170 219 188 169 17.5 208 17.3 - -
Zr 90.1 84.3 84.5 2204 1853 885 812 972 90.9 - -
Nb 24.8 20.6 10.5 148 144 107 14.1 15.0 10.9 - -
Th 24.8 26.4 16.3 157 174 144 16.7 15.0 12.8 - -
Ga 18.0 18.7 14.1 169 162 150 16.7 15.6 15.0 - -
Ni 20< 20< 33 20 33 46 41 24 47 - -
Sc 2 2 7 10 9 10 9 9 12 - -
v 8< 8< 44 61 62 84 58 62 84 - -
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Table 1. Continued.
Rock type Rhyolite Rhyolite (Perlite) Dacite Trachy- andesite Andesite Bentonite
Sample No. 15A 80A 35A  107A | 77TA  27A  T5A 54A 31A 31 1.4
Sample location|X | 59232734 5923235 592353"  59235'8" |59233'01° 59232'14" 59232'13" 5923238" [ 59234'18" | 5923233 5923234
Y |0.634232 '59'332 32 1133232 "56302 32('9'332 32 "14322 32 "59'322 32 45312 32| 2133232 |'57332 32 "58'332 32

Hf 2.4 24 2.3 5.3 42 2.6 2.3 2.7 2.6 - -
Cs 15.3 23.8 3.8 4.8 9.3 5.0 9.8 5.2 1/4 - -
Co 0.6 0.5 11.3 6.5 10.0  13.1 9.0 11.6 14.9 - -
W 0.5< 0.5< 0.5<  0.5<  05< 05< 0.5< 0.6 0.5< - -

U 53 6.1 32 33 3.7 3.9 3.7 32 2.9 - -
Sn 8 9 2 3 4 1 4 2 2 - -
La 19.5 22.0 358 36.0 294 313 319 355 28.0 - -
Ce 38.9 419 57.7  63.8 509 519 540 634 48.0 - -
Pr 4.35 4.64 648 723 556 559 567 6.80 5.46 - -
Nd 15.2 17.3 232 259 184 21.1 21.0 243 20.1 - -
Sm 3.73 4.02 4.16 471 383 347 377 475 3.69 - -
Eu 0.16 0.17 0.93 1.06 082 086 0.84 1.02 0.95 - -
Gd 3.86 4.37 392 455 359 349 371 438 3.46 - -
Tb 0.72 0.85 0.57 071 061 053 058 0.68 0.55 - -
Dy 4.40 4.83 332 398 339 285 324 373 3.01 - -
Ho 0.95 1.05 0.64 081 062 064 0.61 0.81 0.62 - -
Er 2.96 3.23 190 219 187 1.86 1.67 1.98 1.91 - -
Tm 0.15 0.16 028 0.11 011 015 0.12 0.14 AF - -
Yb 3.05 3.15 1.69 215 170 1.62 1.57  2.09 1.83 - -
Lu 0.43 0.47 027 033 025 025 025 033 0.28 - -
Nb/Zr 5.18 5.41 18.41 10.17 10.61 16.19 11.01 16.26 15.66 - -
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Figure 11. Composition of the volcanic rocks from Asfich area on A) SiO, versus Na,O+K,0 diagram (Cox et al.,
1979); B) Nb/Y versus Zr/TiO; diagram (Winchester and Floyd, 1977); C) AFM diagram (Irvine and Baragar,

1971).
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Figure 12. A) Chondrite-normalized rare earth element pattern of volcanic rocks of the Asfich region

(Normalization values from Boynton, 1984); B) Primitive mantle-normalized trace element pattern (Normalization
values from Sun and McDonough, 1989).
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(Thompson and Fowler, 1986).
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Table 2. Comparison of the results of XRF analysis of bentonite samples from Asfich area (samples 1.4 and 31)
with the analysis of clay minerals in terms of weight percentage (Deer Howie et al., 1983).

Sample No. Kaolinite Illite Montmorillonite 1.4 31
SiO: 45.8 56.91 51.14 53.68 62.75
TiO2 - 0.81 - 0.489 0.284
ALOs3 39.55 18.5 19.76 12.86 12.63
Fe203 0.57 4.99 0.83 6.58 532
FeO 0.18 0.26 - ' '
MnO - - - 0.043 0.036
MgO 0.14 2.07 3.22 2.32 2.31
CaO 0.41 1.59 2.62 3.49 2.32
Na.O - 0.43 0.11 0.44 0.68
K20 0.03 5.1 0.04 0.44 0.46
P20s - - - 0.064 0.019
H:0 14 8.84 22.8 19.43 11.86
Total 100.77 99.5 99.52 99.66 99.69
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