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Introduction

The Chah Gonbad area is located 125 km southwest of Birjand, 90 km
southwest of Khousf, and about 40 km southwest of Khour village,
between the longitudes 58°07'30"-58°14'50" and the latitudes 32°36'23"—
32°42'40". Based on the 1:100, 000 map of Seh Changi prepared by
Eftekharnejad and Stocklin (1975), the studied area is located in the
northeast of Sechangi, north of the Lut Block. Access to the area is
possible via the main Birjand—Khousf—-Khour—-Kerman road and the
Khour-Chah Gonbad-Sechangi side road (Figure 1). There are various
opinions about the formation of the volcanic rocks of the Lut Block
(Eftekharnejad, 1972; Darvishzadeh, 1976; Jung et al., 1983; Camp and
Griffis, 1982; Tirrul et al., 1983; Tarkian et al., 1983; Pang et al., 2013;
Omidianfar, et al., 2018; Kalatbari Jafari et al., 2019, 2020, 2021; Fotoohi
Rad et al., 2022; Yousefzadeh and Chahkandinezhad, 2023). The studied
rocks range from basic/intermediate to acidic compositions. The main
purpose of this research is therefore to provide detailed petrological and
geochemical information on volcanic rocks in the Chah Gonbad area to
constrain the tectonic setting of these rocks and to identify the geology of
the Lut Block in eastern Iran.

Regional Geology

include tuff, perlite, and ignimbrite (Paleogene), as

The Tertiary volcanic rocks are extensively well as rhyolite, dacite (associated pyroclastics), and
exposed in the north of Chah Gonbad. These volcanic andesite/ basaltic andesite (Neogene) (Figure 2).
and pyroclastic rocks, which cover most of the region, Research Method
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In order to carry out this research, reports,
geological and topographic maps, satellite images of
the region, and references related to the research topic
were first prepared and reviewed. In the next step,
during 8 days of fieldwork, rock sampling was carried
out by examining their field relationships. In the third
step, 79 thin sections were prepared, and their
mineralogical and textural descriptions were identified
using a polarizing Leitz microscope. Then, 10 samples
with the least alteration were selected and sent to Acme
Canada Laboratory for analysis of major elements by
the ICP-ES method and analysis of trace elements by
the ICP-MS method. GCDKit, Excel (@2007),
Grapher, and ArcGIS software were used to draw the
diagrams and geological map. To calculate the
amounts of Fe:Os and FeO, Minpet software was used
following the method of Irvine and Baragar (1971).

Petrography

The Chah Gonbad area has extensive outcrops of
volcanic rocks with basic/intermediate to acidic
compositions. The studied rocks range from basaltic
andesite  to  rhyolitic  compositions  (basaltic
andesite/andesite, rhyolite, dacite, perlite, and
ignimbrite), with a peak in acidic compositions. These
rocks are dominated by porphyritic texture with
microlitic groundmass, glomeroporphyritic,
hyaloporphyritic, poikilitic, perlitic, and spherolitic
textures. Plagioclase (oligoclase—andesine), sanidine,
pyroxene, hornblende, biotite, and quartz are common
minerals. Evidence of disequilibrium, including sieve
texture, chemical zoning and resorption margins in
plagioclase, opacified margins in hornblende, and
rounded or embayed edges in quartz and sanidine, are
observed in these rocks.

Geochemistry and Petrogenesis

Based on various diagrams, the samples from Chah
Gonbad fall within the range of andesite/basalt,
andesite, trachyandesite, dacite, trachydacite, and
rhyolite. These rocks have calc-alkaline, high-
potassium calc-alkaline, and shoshonitic affinities
(Figure 9C). In the Co versus Th diagram (Hastie et al.,
2007), which is used for volcanic rocks, the samples
show consistent trends. The Sun and McDonough
diagram (1989) was used to normalize trace elements
to the primitive mantle (Figure 10A). The overall
geochemical characteristics, including depletion in Ba,
Nb, P, Ti, and Ta, enrichment in LILEs (i.e., Cs, Th, U,
K, Rb) relative to HFSEs (i.e., Nb, P, Zr, Ti, Ta),
negative anomalies of Nb, Ti, and Ta, and high

LILE/HREE ratios in the studied rocks, are features
associated with subduction zone magmas. The
observed negative Nb anomaly in these samples is an
indicator of continental rocks and may suggest crustal
participation in magmatic processes (Rollinson, 1993).
Depletion of HFSEs such as Nb, P, Ta, and Ti is a
prominent feature of arc environments and may result
from magma derived from subducted oceanic crust and
the overlying mantle wedge, which underwent
fractional crystallization, assimilation, and
contamination with crustal materials (Saunders et al.,
1992; Nagudi et al., 2003). To study the behavior of
rare earth elements in samples from the region, a
normalized spider diagram with chondrites was used
(Boynton, 1984) (Figure 10B). In this diagram, LREES
show enrichment relative to HREEs. According to
Winter (2010), the enrichment in LREEs indicates
formation in subduction zones. The low Eu depletion
in these rocks could be due to high oxygen fugacity
during formation and crystallization. Based on Nb
versus Zr, Ta/Yb versus Th/Yb, and Yb versus Th/Ta
ratios (Figures 11A-11E), the studied rocks are located
in a subduction—post -collision setting and in the active
continental margin. Geochemical characteristics and
tectonic discrimination diagrams suggest that these
volcanic rocks presumably formed in an immature
continental arc setting (Figure 12). Considering the
geological setting and petrological and geochemical
evidence, it can be concluded that these rocks were
formed in a post-collisional zone during delamination
of the continental lithosphere in the Lut Block.

Conclusion

The depletion of Ti, Nb, and Ta in the rocks of the
region, along with low HREE and high LREE
contents, indicates magmatism in a subduction zone.
These rocks belong to the active continental margin.
Depletion in Ti, Nb, and Ta (TNT) and Ba enrichment
in Cs, Th, U, and Rb provide evidence of the role of
continental crust in magmatic processes. Low amounts
of Ni (>20) and Co (0.6-24.8), Mg# values less than
40 (12-40), and Nb/Ta ratios greater than 1 (8.9-23.5)
indicate the prominent role of the crust in the formation
or evolution of the parent magma. Based on
geochemical evidence, the volcanic rocks of the Chah
Gonbad region were formed in a post-collisional zone
during thinning of the continental lithosphere in the Lut
Block and in an immature continental margin arc.
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Figure 1. Satellite image of the Chah Gonbad area (southwest of Khour, Southern Khorasan) with its geographic
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Chah Gonbad region, D) alternating lava and pyroclastic units (perlite and red welded tuffs), E) dacites in the area,

F) volcanic brecia, G) ignimbrite.
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Figure 4. Photomicrograph of rhyolite units in the Chah Gonbad area. A) Quartz with embayed margins in a
devitrified groundmass showing spherolitic texture (XPL image); B) Large plagioclase phenocryst with polysynthetic
twinning, sieve texture, and partly rounded corners (XPL image); C) Lath-shaped sanidine phenocryst with embayed
margins (XPL image); D) Subhedral biotite phenocryst in a devitrified groundmass with spherolitic texture (PPL

image).
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Figure 5. Photomicrograph of perlite units in the Chah Gonbad area. A) Spherolitic and perlitic textures (PPL
image); B) Perlitic texture (PPL image); C) Lath-shaped sanidine phenocryst in a perlitic groundmass (XPL image);
D) Euhedral clinopyroxene and opacified hornblende phenocrysts (XPL image); E) Euhedral plagioclase phenocryst
with polysynthetic twinning (XPL image); F) Biotite phenocrysts and fine-grained quartz crystals in a perlitic

groundmass (XPL image).
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Figure 6. Photomicrograph of andesites and trachyandesites from the Chah Gonbad area. A) Glomeroporphyritic
texture (XPL image); B) Porphyritic and poikilitic textures (fine clinopyroxene crystals enclosed by plagioclase)
(PPL image); C) Sieve texture in plagioclase (XPL image); D) Chemical zoning in plagioclase (XPL image); E)
Opacitized amphibole phenocryst (XPL image); F) Pyroxene and plagioclase phenocrysts (XPL image); G)
Opacitized amphibole and biotite phenocrysts (PPL image); H) Microlites of plagioclase and alkali feldspar (XPL
image); 1) Fine-grained opacitized amphibole crystals (PPL image) (Images A-G are from andesites, and images H-I
are from trachyandesites).
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Figure 7. Photomicrograph of ignimbrites from the Chah Gonbad area. A) Porphyritic texture resulting from the
presence of euhedral plagioclase phenocrysts in a glassy groundmass; B) Euhedral sanidine phenocrysts (XPL
image); C) Euhedral biotite phenocryst (PPL image); D) Opacitized amphibole with embayed margins (XPL image).
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Table 1. The chemical analysis data of volcanic rocks from Chah Gonbad area.

Rock type Basalt/ Andesite | Andesite | Dacite- Rhyodacite | Perlite | Ignimbrite | Rhyolite
Sample No. 21D 24D 34D 2D 49D 1D 41D 63D 42D (2) 10D (2)
Sample X 58°10'22” 58°10'22" 58°12'31" 58°08'03" 58°09' 01" 58°08'42" 58°08'14" 58°10'23" 58°08' 10" 58°08' 04"
Location Y 32°41'07" 32°41' 14" 32°40' 58" 32°41'40" 32°40" 22" 32°41'41" 32°42'15" 32°41'09" 32"42'1.5" 32°39'33"
SiO, 51.03 52.77 54.81 64.52 70.05 70.41 63.83 63.69 72.92. 745
TiO, 1.1 11 0.9 0.48 0.25 0.26 0.53 0.58 0.25 0.23
Al,O3 17.8 18.36 16.81 16.19 13.61 13.59 16.36 16.51 13.32 12.14
Cr;04 0.003 0.002 0.008 0.012 0.007 0.003 0.006 0.005 0.009 0.003
MnO 0.15 0.11 0.13 0.07 0.06 0.07 0.06 0.05 0.04 0.05
Fe,Ost 9.52 9.47 8.74 4.09 15 1.6 5.2 4.45 1.58 1.55
MgO 4.06 2.52 3.09 1.93 0.27 0.29 1.26 0.85 0.15 0.2
CaO 8.51 8.18 6.58 4.69 1.02 0.98 5.2 3.49 1.01 0.69
Na,O 331 3.46 2.88 4,01 3.81 4,14 3.43 3.53 3.23 2
KO 1.88 1.84 3.53 1.97 4.67 3.9 242 5.21 6.15 7.6
P,0s 0.17 0.17 0.38 0.26 0.03 0.03 0.14 0.15 0.04 0.03
LOI 2.2 1.8 1.8 1.6 4.6 4.6 14 1.2 1.2 0.9
Total 99.78 99.8 99.76 99.85 99.88 99.9 99.89 99.82 99.9 99.91
Mg# 45.79 34.52 41.18 48.31 26.35 26.44 32.43 27.44 15.82 20.35
Ni <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Sc 23 22 22 8 4 4 11 10 4 4
Ba 368 389 655 607 114 102 532 722 105 94
Co 24.8 20.2 22.8 9.4 0.9 0.6 125 7.9 0.9 0.8
Cs 15 1.2 25 1.2 13.7 14.3 2.7 4.8 7 5.6
Be 1 5 3 3 4 4 2 2 5 3
Ga 16.4 16.5 16.7 141 11.6 11.7 125 14.3 10.3 9.9
Hf 3.3 4.1 34 6.3 6.7 7.2 6.4 7.7 6.4 2.8
Nb 47 5.1 8.3 8.9 20.6 19 4.9 13.8 18.8 18.03
Rb 38.1 38.5 106.6 60.5 238.5 297.3 78.4 157.5 218.2 230.7
Sn 1 1 2 1 3 2 1 2 2 2
Sr 604.8 449.3 698.2 536.1 275.1 111.9 386.7 539.6 190 133.5
Ta 0.2 0.4 0.4 0.7 15 15 0.5 1 13 1.3
Th 3.2 3.8 8 12.6 271.7 26.2 7.4 16.2 27 23.9
0.6 14 2.1 1.9 7.1 6.8 1.6 4.7 6.1 49
\% 278 283 223 69 13 13 59 102 28 15
W 0.5< 0.5< 0.9 0.6 2.9 25 15 2.3 2.3 1.7
Zr 106.7 114.4 148.1 187.6 232.7 228.2 136.8 284.8 209.9 194.5
Y 26.2 23.1 23.3 111 26.9 27.6 16.4 245 25.2 24
La 18 18.3 31 37.6 48.1 44.3 15.7 36.4 44.9 41.8
Ce 34.3 37.7 62.1 59.6 91.3 85.9 29.5 71.8 85.8 78.1
Pr 4.26 4.29 7.38 5.96 10.09 9.28 3.35 8.01 9.24 8.55
Nd 18.3 17.2 30.8 20.3 34 34.5 12,9 29.5 32.7 30.3
Sm 4.17 411 6.29 3.53 6.38 6.05 25 5.71 6.12 5.59
Eu 1.33 1.29 161 1 0.66 0.66 0.84 1.37 0.7 0.63
Gd 4,98 4.6 5.72 291 5.39 5.08 3.06 5.15 4.86 4.76
Tb 0.8 0.72 0.81 0.39 0.81 0.74 0.46 0.77 0.74 0.71
Dy 457 454 4,73 2.07 4.85 4.6 2.79 4.69 4.74 4.2
Ho 0.98 0.93 0.9 0.43 0.94 1 0.62 0.85 0.88 0.9
Er 3.22 2.72 2.47 1.12 3.09 2,94 1.9 2.39 2.82 2.75
Tm 0.42 0.37 0.38 0.18 0.48 0.42 0.27 0.4 0.43 0.42
Yb 2.87 2.65 2.36 1.08 3.25 3.26 1.89 2.74 3.17 2.94
Lu 0.44 0.39 0.36 0.15 0.53 0.46 0.28 0.46 0.47 0.45
Eu/Eu* 2.58 2.66 2.73 2.39 411 3.87 2.32 2.74 3.91 3.91
(La/Yb)n 6.27 6.91 13.14 34.81 14.80 13.59 8.31 13.28 14.16 14.22
(CelYb)n 11.95 14.23 26.31 55.19 28.09 26.35 15.61 26.20 27.07 26.56

(Th/Yb)n 111 1.43 3.39 11.67 8.52 8.04 3.92 8.04 8.25 8.13
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Figure 9. Composition of volcanic rocks from the Chah Gonbad area on: A) AFM diagram (Irvine and Baragar,
1971); B) SiO2 versus Na:O+K-O diagram (Irvine and Baragar, 1971); C) SiO: versus K-O diagram (Peccerillo and
Taylor, 1976); D) Co versus Th diagram (Hastie et al., 2007); E) A/ICNK versus A/NK diagram (Shand, 1943).
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Ta/Yb versus Th/Yb diagram (Pearce, 1983; Siddiqui et al., 2007); D) Ta versus Th diagram (Schandl and Gorton,
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