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ARTICLE INFO Introduction
Urumieh—Dokhtar Magmatic Arc (UDMA) as a part of Zagros orogeny
Received: 31 January 2026 is the most important Cenozoic magmatic belt in Iran (Alavi, 1994,
Accepted: 13 March 2026 Babazadeh et al., 2024). Lithostratigraphic and age dating evidence
indicates that magmatic activity in this belt initiated during Late
Keywords Cretaceous-Paleocene and continued to Pliocene-Quaternary, with the peak
Biotite Chemistry of the magmatism in the Middle-Late Eocene. This was followed by
Crystallization Conditions extensive Oligocene-Miocene intrusive magmatism and subsequently
Granitoid renewed during Pliocene—Quaternary by scattered volcanism (Moghadam
Dalfard et al., 2022a, b; Babazadeh et al., 2024). In the southeastern segment of the
Jiroft UDMA, particularly along the Jebal-e-Barez mountains, regional geology

and zircon U-Pb geochronology record multiphase, extensive arc related
magmaism from the Eocene to the Oligocene-Miocene, locally extending
to the Pliocene—Quaternary (Nazarinia et al., 2020; Atapour and Aftabi,
2021; Moghadam et al., 2022a, b; Babazadeh et al., 2024). Peak of the
magma emplacement occurred during the Oligocene—Miocene,
characterized by intermediate to felsic plutons of the Jebal-e-Barez
mountains (Chiu et al., 2013; Babazadeh et al., 2024). Biotite, a major Fe—
Mg-bearing constituent of the Jebal-e-Barez intrusive complex, has a
substantial capacity for incorporating Ti and Al, making it an effective
monitor of crystallization conditions (temperature, pressure, oxygen
fugacity), as well as for classification and discrimination of granite tectonic
d . settings and their mineralization potential (\WWones and Eugster, 1965;

10.22108/ijp.2026.148212.1381 Wones, 1989; Abdel-Rahman, 1994; Henry et al., 2005; Nachit et al.,
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2005; Jiang et al., 2002; Uchida et al., 2007; Anderson
et al., 2008; Villaseca et al., 2017). Most previous
studies on the Jebal-e-Barez intrusive complex have
relied on whole-rock geochemistry for petrological
purposes and economic fertility assessments, whereas
mineral chemistry approaches such as biotite chemistry
remain sparse.

Geology

The Sarbijan—Dalfard district, located northwest of
Jiroft within the Jebal-e-Barez mountain range,
represents the southern part of the UDMA. This major
volcano-plutonic complex developed in response to
prolonged subduction of the Neotethys oceanic
lithosphere beneath the Central Iran block, with
magmatic activity persisting from the Late Cretaceous
to the Neogene. In the southeastern segment of the
UDMA, a compositionally diverse suite of
intermediate-felsic plutonic rocks—including diorite,
monzodiorite, quartz diorite, granodiorite, and
granite—intrudes  the  Eocene  volcanic and
volcano-sedimentary rocks (Moghadam et al., 20224,
b; Babazadeh et al., 2024). The Jebal-e-Barez
granitoids exhibit calc-alkaline to high-K calc-alkaline
affinities, consistent with an active continental arc
setting. Moreover, the Oligocene—Miocene magmatism
has been attributed to incipient collisional processes,
crustal thickening, and partial melting of the oceanic
slab and metasomatized mantle wedge, with variable
crustal contamination (Moghadam et al., 2022a, b;
Babazadeh et al., 2024).

Research Methods

Representative  specimens  from the main
lithological units (monzodiorites and granodiorites)
were selected for mineral chemical analyses using a
JEOL 8200 electron microprobe at the Microprobe
Laboratory, University of Milan, Italy. Analyses were
conducted at an accelerating voltage of 30 kV, beam
currents ranging from 1072 to 10> A, and a counting
time of 80 seconds. Biotite composition was
normalized to 22 oxygens, and the Fe** content was
calculated following Droop (1987) assuming charge
balance within the biotite structure.

Petrography

The granitoid bodies of the Sarbijan—Dalfard
district show a progressive fractionated series from
diorite to granite. The diorites and monzodiorites
exhibit coarse- t0 medium-grained hypidiomorphic
textures, characterized by plagioclase as the dominant
mineral, alongside biotite and amphibole as the
primary mafic phases. Granodiorites predominantly
display anhedral granular textures, where plagioclase
often shows polysynthetic twinning and evidence of
secondary  alteration.  Granites are typically

coarse-grained and anhedral granular, and show
granophyric  and myrmekitic  textures in
alkali-feldspar-rich varieties, representing the late-stage
simultaneous crystallization of quartz and feldspar.

Discussion

Biotite geochemistry in the Sarbijan—Dalfard
granitoids  provides key constraints on the
physicochemical conditions (P, T, fO.) of magma
generation, crystallization, and emplacement, as well
as classification (I, S, A), tectonic setting , and
mineralization potential. Microprobe analyses of
biotites in the Sarbijan—Dalfard granitoids indicate
their Mg-rich magmatic nature, crystallized under
relatively high H-0 pressure and oxidizing conditions,
reflecting a calc-alkaline (I-type) orogenic magma
within a subduction-related continental margin
environment. Fe/(Fe+tMg) ratios and Al content
indicate limited crustal contribution, while Ti
concentrations suggest closure temperatures of 638 to
724°C, close to the crystallization conditions of
granodiorite-granite suites (Luhr et al., 1984; Henry et
al., 2005). Total Al content in biotite implies
emplacement  pressures of  0.98-2.56  kbar,
corresponding to depths of 3-7 km in the upper crust
(Uchida et al., 2007). High Mg# contents of biotites
and their coexistence with Fe-Ti oxides further support
high fO: conditions, consistent with subduction-related
arc magmatism and minimal post-emplacement
re-equilibration.

Conclusion

Biotites of the Sarbijan-Dalfard granitoids are
Mg-rich, magmatic, and largely unaltered, recording
relatively oxidizing conditions during crystallization,
consistent with Fe-Ti oxide-bearing calc-alkaline
I-type magmas of a subduction-related arc setting.
Thermo-barometry estimates based on Ti and
Al-in-biotite suggest closure temperature ranges of
630-725°C and pressure ranges of 1-2.5kbar,
indicating emplacement at shallow upper crustal
depths. Integration of petrography, biotite chemistry,
and thermo-barometry calculations confirms that these
granitoids were generated in an oxidizing,
subduction-related environment, with significant
potential for Cu mineralization.
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Figure 2. Field photographs of the lithological units in the Sarbijan—Dalfard district. A) Far view of granite
intrusion into the dioritic body; B) Occurrence of mafic microgranular (dioritic) enclaves within the granitic part;
C) Closed view of light granitic and dark granodioritic boundary; D) Closed view of diabasic dyke cutting the
granites.
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Table 1. EPMA data of Biotite in the representative rock samples granodiorite (Gd) Sarbijan—Dalfard granitoid.

Sample No. DRM.07 (Gd)

SiO2 36.01 35.8 36.51 37.22 35.36 36.6 36.6 37.94
TiO2 1.72 1.86 3.89 3.29 1.84 1.93 2.98 3
Al203 16.55 16.46 14.33 14.94 15.71 15.21 14.83 15.03
FeO 20.07 19.85 21.68 20.97 19.99 19.31 20.04 20.19
MnO 0.6177 0.6054 0.4361 0.5729 0.5233 0.5639 0.4942 0.4609
MgO 10.64 10.58 10.16 10.65 11.06 111 10.29 10.14
CaO 0.1421 0.191 0 0 0.0662 0.1975 0.0911 0.1463
Na20 0.0739 0.0556 0.0533 0.0693 0 0.0562 0.0867 0.0917
K20 9.03 9.41 9.34 9.53 9.24 8.42 9.24 9.07
Cr20s 0 0 0.0367 0.0171 0.0425 0.0707 0 0

Si 5.54 5.52 5.58 5.61 5.52 5.67 5.65 5.74
Ti 0.20 0.22 0.45 0.37 0.22 0.23 0.35 0.34
Al 3.00 2.99 2.58 2.66 2.89 2.78 2.70 2.68
Mn 0.08 0.08 0.06 0.07 0.07 0.07 0.06 0.06
Mg 2.44 2.43 2.32 2.39 2.57 2.57 2.37 2.29
Ca 0.02 0.03 0.00 0.00 0.01 0.03 0.02 0.02
Na 0.02 0.02 0.02 0.02 0.00 0.02 0.03 0.03
K 1.77 1.85 1.82 1.83 1.84 1.67 1.82 1.75
Al 2.46 2.48 242 2.39 2.48 2.33 2.35 2.26
AlV! 0.54 0.51 0.16 0.27 0.41 0.45 0.35 0.42
Fes* 0.20 0.22 0.45 0.37 0.22 0.23 0.35 0.34
Fe? 0.28 0.25 0.17 0.18 0.37 0.21 0.11 0.00
FeZ*+Mg 2.58 2.56 2.77 2.64 2.61 2.50 2.59 2.56
Mg/(Mg+Fe?*) 0.49 0.49 0.46 0.48 0.50 0.51 0.48 0.47
Fe# 0.51 0.51 0.54 0.52 0.50 0.49 0.52 0.53
Temperature (°C):

Luhr et al. (1984) 602.84 609.47 687.47 665.66 608.09 614.73 657.98 657.87
Henry et al. (2005) 583.86 600.40 712.90 690.26 602.93 613.08 679.43 676.39
P(Kb)

Uchida et al. (2007) 2.56 2.54 1.29 1.52 2.23 1.89 1.65 1.59
logfO2 -17.81 -17.49 -15.88 -16.09 -17.34 -17.24 -16.29 -16.44
Depth (km) 9.54 9.52 4.78 5.63 8.32 6.97 6.13 5.89
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Table 1. Continued.

Sample No. DRM.08 (Mzd)
SiO2 37.83 38.66 37.63 37.65 37.36 36.70 37.60 36.73
TiO2 3.68 3.73 3.88 3.84 3.65 3.77 3.59 3.57
Al2O3 14.56 15.66 14.35 13.92 15.85 14.34 14.25 14.17
FeO 17.59 17.41 17.22 17.28 16.94 17.32 17.75 17.39
MnO 0.35 0.37 0.38 0.32 0.35 0.37 0.36 0.35
MgO 12.39 12.41 12.72 12.80 13.10 13.20 12.81 13.11
Cao 0.08 0.12 0.03 0.05 0.14 0.00 0.01 0.04
Na2O 0.02 0.06 0.00 0.02 0.02 0.04 0.00 0.10
K20 9.48 9.08 9.61 9.49 9.12 9.52 9.44 9.49
Cr203 0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.00
Si 5.64 5.64 5.61 5.64 5.48 5.49 5.60 5.52
Ti 0.41 0.41 0.44 0.43 0.41 0.43 0.40 0.41
Al 3.22 3.25 3.21 3.17 3.35 3.27 3.2 3.26
Mn 0.04 0.05 0.05 0.04 0.04 0.05 0.05 0.05
Mg 2.76 2.70 2.84 2.87 2.88 2.98 2.86 2.97
Ca 0.01 0.02 0.01 0.01 0.02 0.00 0.00 0.01
Na 0.01 0.02 0.00 0.01 0.01 0.01 0.00 0.03
K 1.81 1.69 1.84 1.82 1.72 1.84 1.81 1.84
Al 2.44 2.4 2.46 2.45 2.47 2.51 2.45 2.5
AlV! 0.78 0.85 0.75 0.72 0.88 0.76 0.75 0.76
Fedt 0.06 0.00 0.09 0.09 0.14 0.23 0.16 0.23
Fe?* 2.14 2.12 2.07 2.08 1.95 1.96 2.07 1.98
Fe?*+Mg 4.90 4.82 4,91 4.95 4.84 4.93 4.93 4.95
Mg/(Mg+Fe?*) 0.56 0.56 0.57 0.57 0.58 0.58 0.56 0.57
Fe# 0.42 0.42 0.41 0.41 0.4 0.4 0.41 0.4
Temperature (°C):
Luhr et al. (1984) 717.97 723.31 735.26 731.89 724.62 726.97 710.69 713.86
Henry et al. (2005) 720.82 719.92 730.68 730.10 723.15 729.79 719.15 722.53
P(Kb)
Uchida et al. (2007) 1.25 1.67 1.17 0.98 1.87 1.24 1.13 1.17
logfO2 -16.23 -16.06 -15.69 -15.79 -16.02 -15.95 -16.46 -16.36
Depth (km) 4.70 6.15 4.34 3.60 6.90 4.58 4.16 4.36
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Figure 3. Photomicrographs of granitoid units from the Sarbijeh-Delfard area. A) Porphyritic texture consisting of
plagioclase phenocrysts in a fine-grained groundmass in monzodiorites; B) Anhedral to subhedral texture
composed of plagioclase with polysynthetic and sieve textures, along with biotite grains in diorites; C) Primary

magmatic biotites (Bt) and secondary flaky—fibrous biotites (SBt) around opaque minerals (magnetite) in a
granodioritic rock; D) Granophyric texture in alkali feldspar of granite. Mineral abbreviations after \Warr (2021).
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Figure 4. Chemical composition of biotites from granodiorites and monzodiorites of the Sarbijeh-Delfard area. A—
B) Biotite classification diagrams (Deer et al., 1992); C) Classification diagram of AIV'+Fe®*+Ti, Mg, Fe?*+Mn
for biotite (Foster, 1960); D) FeO*, MgO, 10.TiO- classification diagram for biotite (Nachit et al., 2005).
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Figure 5. A and B) Composition of biotites from the Sarbijeh-Delfard granitoid bodies plotted on magma series
discrimination and tectonic setting diagrams (Abdel-Rahman, 1994); C) Alv versus Fe# diagram (Jiang et al.,
2002); D) Fe# versus Fe?* diagram for discrimination of I- and S-type granites (Villaseca et al., 2017); E) Total Al
(Alv+vi) versus Fe# diagram (Anderson et al., 2008); F) Al,Os/(CaO+Na20+K-0) versus total Al (Altot) in biotite
(Uchida et al., 2007); G) Malachite veinlets indicating Cu mineralization potential in the Sarbijeh-Delfard

granitoid bodies.
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Figure 6. Composition of biotites from the Sarbijan—Dalfard granitoid body plotted on oxygen fugacity and
temperature determination diagrams. A) Total Al versus Fe number diagram (Anderson et al., 2008); B-C)
Temperature versus oxygen fugacity diagrams (\Wones and Eugster, 1965; Wones, 1989); D) The studied biotites
on the thermometry diagram (Henry et al., 2005).
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Table 2. EPMA data of feldspar in the representative rock samples of granodiorite (Gd) and monzodiorite (Mzd)

from Sarbijan—Dalfard granitoid intrusions.

Sample No. DRM.07 (Gd)

Details Core Rim Core Rim Core Core - Rim Rim
SiO2 57.53 61.4 57.62 63.98 57.77 60.98 64.57 53.89 63.57
TiO2 0.02 0 0.01 0.02 0.02 0.03 0.02 0.06 0
Al203 26.17 23.66 26.26 21.95 26.59 24.16 18.67 29.5 22.19
FeO 0.38 0.23 0.2 0.15 0.19 0.12 0.05 0.26 0.12
MnO 0.02 0.04 0 0.04 0.04 0.03 0 0 0
MgO 0 0 0 0 0.01 0.03 0 0.04 0
CaO 9.19 5.85 8.62 3.36 8.75 6.01 0.02 11.92 3.68
Na20 6.35 8.21 6.92 9.9 6.69 7.96 1.3 4.69 9.71
K20 0.19 0.43 0.1 0.12 0.13 0.18 14.81 0.09 0.14
Total 99.87 99.83 99.72 99.52 100.18 99.51 99.46  100.45 99.42

Sample No. DRM.07 (Gd)

Details - - Core Rim Core Rim - -
SiO2 60.47 57.71 59.14 64.89 56.91 62.51 64.04 58.89 53.87
TiO2 0 0 0.07 0.01 0 0 0 0 0.04
Al203 24.59 25.92 25.07 22.05 26.29 233 18.65 25.61 28.81
FeO 0.11 0.23 0.17 0.09 0.26 0.14 0 0.16 0.32
MnO 0 0.02 0.01 0 0 0.02 0.01 0 0.06
MgO 0.04 0.03 0.02 0 0 0 0.02 0 0
CaO 6.17 8.39 7.54 3.13 8.72 4.86 0.01 7.83 11.93
Na20 7.91 6.76 7.39 9.69 6.67 8.77 0.68 7.36 4.93
K20 0.15 0.27 0.17 0.25 0.15 0.15 15.83 0.11 0.18
Total 99.45 99.33 99.61 100.11 99.02 99.77 99.29 99.95 100.14
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Table 2. Continued.
Sample No. DRM.07 (Gd) DRM.08 (Mzd)
Details - - - Core Rim Core Rim Core Rim
SiO2 56.57 61.3 65.3 51.08 61.33 51.03 59.01 51.38 60.58
TiO2 0.05 0.01 0 0.03 0.02 0 0 0 0
Al203 26.86 23.41 18.16 29.81 23.12 29.51 24.7 30.16 24.17
FeO 0.26 0.13 0.14 0.19 0.17 0.28 0.18 0.28 0.17
MnO 0 0 0 0 0.01 0.01 0 0 0.01
MgO 0.02 0 0 0 0.04 0.05 0 0.01 0
CaO 9.65 5.54 0.18 12.03 5.88 13.78 7.74 13.55 6.66
Na20 5.93 8.19 0.88 4.36 8.29 3.21 7.1 3.75 7.64
K20 0.27 0.23 15.21 0.11 0.29 0.08 0.26 0.11 0.2
Total 99.63 98.81 99.91 97.62 99.14 97.95 98.99 99.25 99.45
Sample No. DRM.08 (Mzd)
Details - - - Core Rim Core Rim Core Rim
SiO2 64.98 65.49 65.87 50.8 61.19 53.08 61.45 50.98 60.65
TiO2 0 0.06 0.04 0.06 0 0 0 0 0.03
Alz03 17.7 17.76 18.08 30.52 233 29.24 23.89 29.64 22.82
FeO 0.05 0.06 0.04 0.3 0.12 0.18 0.13 0.17 0.23
MnO 0 0.03 0 0.05 0 0 0 0.02 0
MgO 0.03 0 0 0.02 0.01 0.01 0 0 0.01
CaO 0 0 0.04 14.55 6.21 12.78 6.13 14.06 6.23
Na20 0.85 0.78 2.07 3.3 8.03 4.26 8.02 3.53 7.91
K20 15.21 15.19 13.49 0.12 0.27 0.14 0.24 0.09 0.3
Total 98.82 99.36 99.64 99.71 99.18 99.69 99.86 98.49 98.18
Sample No. DRM.08 (Mzd)
Details - - - Core Rim Core Rim - -
SiO2 64.64 63.43 62.58 61.24 60.28 49.82 58.8 64.99 65.33
TiO2 0 0 0 0.05 0 0.02 0.03 0 0.02
Alz03 17.86 16.9 14.17 23.9 24.27 31.15 24.81 18.27 17.6
FeO 0.06 0.07 0.04 0.23 0.12 0.18 0.08 0.02 0.08
MnO 0 0.04 0.03 0 0 0 0 0 0.05
MgO 0 0.02 0.56 0.01 0.06 0 0.01 0 0.03
CaO 0 0 0.97 6.25 6.93 15.25 7.95 0 0
Na20 0.68 0.61 1.94 7.88 7.29 2.89 6.93 0.8 0.88
K20 15.29 15.05 12.16 0.32 0.3 0.07 0.15 14.94 15.09
Total 98.57 96.14 92.49 99.88 99.25 99.42 98.78 99.02 99.11
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Figure 7. Feldspar compositions from the Sarbijan—
Dalfard granitoids on A) Or-Ab-An ternary diagram
(Deer et al., 1992); B) Or-Ab-An ternary diagram for
determining feldspar final equilibration temperatures
(Anderson, 1997).




) ohSen g Sbyol slo, acsl, — O3 S gl S (2131 a9 (o 3Rl ool (sl 50 Caigm (oleatt S 5 0,8
. o,lals

References

Abdel-Rahman, A. M. (1994) Nature of biotites from alkaline, calc-alkaline, and peraluminous magmas.
Journal of Petrology, 35(2), 525-541. http://www.minsocam.org/ammin/AM73/AM7 3_1275.pdf

Alavi, M. (1994) Tectonics of the Zagros orogenic belt of Iran: new data and interpretations.
Tectonophysics, 229, 211-38. http://doi.org/10.1016/0040-1951(94)90030-2

Anderson, J. L., Barth, A. P., Wooden, J. L., and Mazdab, F. (2008) Thermometers and
thermobarometers in granitic systems. Reviews in Mineralogy and Geochemistry, 69(1), 121—
142. http://DOI: 10.2138/rmg.2008.69.4

Anderson, J.L. (1997) Status of thermobarometry in granitic batholiths. Earth and Environmental
Science  Transactions of the Royal Society of Edinburgh, 87, 125-138.
http://journals.cambridge.org/abstract_S0263593300006544

Atapour, H., and Aftabi, A. (2021) Petrogeochemical evolution of calcalkaline, shoshonitic and adakitic
magmatism associated with Kerman Cenozoic arc porphyry copper mineralization, southeastern
Iran: A review. Lithos, 398, 106261. http://doi.org/10.1016/j.lithos.2021.106261

Babazadeh, S., Ghalamghash, J., Raeisi, D., Santosh, M., Furman, T., Choi, S.H., D'Antonio, M.,
Heilimo, E., and Cottle, J.M. (2024) Arc magmatism associated with continental convergence in
the SE segment of the UDMA, Iran: Insights from zircon geochronology and Hf-Sr—Nd-Fe
isotopes. Lithos, 466-467, 107468. https://doi.org/10.1016/j.lithos.2023.107468.
https://doi.org/10.1016/j.1ith0s.2023.107468

Barbarin, B. (1999) A review of the relationships between granitoid types, their origins and their
geodynamic environments. Lithos, 46, 605-626.

Behpour, S., Moradian, A., Ahmadipour, H., and Nakashima, K. (2019) Mineralogy, petrology and
geochemistry of mafic dikes in the southeast Jebal-E-Barez Granitoids (Bam, Kerman province,
Iran): Studies from mafic dikes formed in a volcanic arc-setting. Turkish Journal of Earth
Sciences, 28, 920-938. https://doi:10.3906/yer-1809-34

Chappell, B.W. (1974) Two contrasting granite types. Pacific Geology, 8, 173-174.
https://doi.org/10.1017/S0263593300007720

Chiu, H.Y., Chung, S.L., Zarrinkoub, M.H., Mohammadi, S.S., Khatib, M.M., and lizuka, Y. (2013)
Zircon U-Pb age constraints from Iran on the magmatic evolution related to Neotethyan
subduction and Zagros orogeny. Lithos, 162, 70-87. https://doi.org/10.1016/j.lithos.2013.01.006.

Deer, W.A., Howie, R.A., and Sussman, J. (1992) An introduction to the rock forming minerals.
Longman Ltd. 528 p. https://www.geokniga.org/bookfiles/geokniga-anintroductiontotherock-
formingminerals.pdf

Dimitrijevic, M.D. (1973) Geology of Kerman region. Institute for Geological and Mining Exploration
and Investigation of Nuclear and Other Mineral Raw Material, Beograd—Yugoslavia. Geological
Survey of Iran, Report Yu/52.

Droop, G.T.R. (1987) A general equation for estimating Fe 3+ concentrations in ferromagnesian
silicates and oxides from microprobe analyses, using stoichiometric criteria. Mineralogical
Magazine 51, 431-435. https://doi.org/10.1180/minmag.1987.051.361.10

Dymek, R.F. (1983) Titanium, aluminum and interlayer cation substitutions in biotite from high-grade
gneisses, West Greenland. American Mineralogist, 68, 880—-899.

Foster, M. D. (1960) Interpretation of the composition of trioctahedral micas. U.S. Geological Survey
Professional Paper, Washington. https://pubs.usgs.gov/pp/0354b/report.pdf

Henry, D.J., Guidotti, C.V., and Thomson, J.A. (2005) The Ti-saturation surface for low-to-medium
pressure metapelitic biotite: Implications for Geothermometry and Ti-substitution Mechanisms.
American Mineralogist, 90(2—-3), 316-328. https://doi.org/10.2138/am.2005.1498

Ishihara, S. (1977) The magnetite-series and ilmenite-series. Mining Geology, 27(4), 293-305.


http://www.minsocam.org/ammin/AM73/AM7%203_1275.pdf
http://doi.org/10.1016/0040-1951(94)90030-2
http://DOI:%2010.2138/rmg.2008.69.4
http://journals.cambridge.org/abstract_S0263593300006544
http://doi.org/10.1016/j.lithos.2021.106261
https://doi.org/10.1016/j.lithos.2023.107468
https://doi.org/10.1016/j.lithos.2023.107468
https://doi:10.3906/yer-1809-34
https://doi.org/10.1017/S0263593300007720
https://doi.org/10.1016/j.lithos.2013.01.006.
https://www.geokniga.org/bookfiles/geokniga-anintroductiontotherock-formingminerals.pdf
https://www.geokniga.org/bookfiles/geokniga-anintroductiontotherock-formingminerals.pdf
https://doi.org/10.1180/minmag.1987.051.361.10
https://pubs.usgs.gov/pp/0354b/report.pdf
https://doi.org/10.2138/am.2005.1498

VEe D o g Coads o)lod i Jlos 55999yt v

https://doi.org/10.11456/shigenchishitsu1951.27.293

Jafari, A., Ao, S., Jamei, S., and Ghasemi, H. (2023) Evolution of the Zagros sector of Neo-Tethys:
Tectonic and magmatic events that shaped its rifting, seafloor spreading and subduction history.
Earth-Science Reviews, 241, 104419. https://doi.org/10.1016/j.earscirev.2023.104419

Jeshari, M. (2020) Petrology, geochemistry and tectonic setting of the middle part of the Jebal-e Barez
granitoid complex, east of Jiroft, 208 p. M.Sc. Thesis, Shahid Bahonar University of Kerman,
Kerman, Iran (In Persian).

Jiang, Y.H., Jiang, S.Y., Ling, H.F., Zhou, X.R., Rui, X.J., and Yang, W.Z. (2002) Petrology and
geochemistry of shoshonitic plutons from the western Kunlun orogenic belt, Xinjiang,
northwestern China: implications for granitoid genesis. Lithos, 63(3-4), 165-187.
https://doi.org/10.1016/S0024-4937(02)00140-8

Johnson, M.C., and Rutherford, M.J. (1989) Experimental calibration of an aluminum-in-hornblende
geobarometer with application to Long Valley caldera (California) volcanic rocks. Geology,
17(9), 837-841. https://doi.org/10.1130/0091-7613(1989)017<0837:ECOTAI>2.3.CO;2

Kumar, A., and Ashok, C. (2024) Geochemistry and mineral chemistry of the armoor granitoids, eastern
dharwar craton: implications for the redox conditions and tectono-magmatic environment. Acta
Geochimica, 43(1), 110-133. https://doi.org/10.1007/s11631-023-00647-1

Li, W., Cheng, Y., and Yang, Z. (2019) Geo-fO2: Integrated software for analysis of magmatic oxygen
fugacity. Geochemistry, Geophysics, Geosystems, 20. https://doi.org/10.1029/ 2019GC008273

Luhr, J.F., Carmichael, 1.S., and Varekamp, J.C. (1984) The 1982 eruptions of El Chichon Volcano,
Chiapas, Mexico: mineralogy and petrology of the anhydrite bearing pumices. Journal of
Volcanology and Geothermal Research, 23(1-2), 69-108. https://doi.org/10.1016/0377-
0273(84)90057-X

Moghadam, H.S., Griffin, W.L., Santos, J.F., Chen, R.X., Karsli, O., Lucci, F., Sepidbar, F., and
O'Reilly, S.Y. (2022a) Geochronology, geochemistry and petrology of the Oligocene magmatism
in SE segment of the UDMB, Iran. Lithos 416-417, 106644.
https://doi.org/10.1016/j.lith0s.2022.106644

Moghadam, H.S., Li, Q.L., Griffin, W.L., Stern, R.J., Santos, J.F., Ducea, M.N., Ottley, C.J., Karsli, O.,
Sepidbar, F., and O'Reilly, S.Y. (2022b) Temporal changes in subduction- to collision-related
magmatism in the Neotethyan orogen: The southeast Iran example, Earth-Science Reviews 226,
103930. https://doi.org/10.1016/j.earscirev.2022.103930

Mohammadzadeh, Z. (2017) Genetic Modeling of Razi Abad Porphyry Copper System in Jebal Barez,
North of Jiroft: Constraints from Geology, Petrology, Dating, Isotope Geochemistry and Fluid
Inclusions. Ph.D thesis in Geology. Department of Economic Geology, Faculty of Basic Science,
Tarbiat Modares University, Tehran, Iran. 309p.

Mohammadzadeh, Z., Ghaderi, M., Alirezaei, S., and Hassanzadeh, J. (2018) Geology, hydrothermal
alteration and mineralization at Razi Abad porphyry Cu deposit in the south of Kerman copper
belt, southeastern Iran. Scientific Quarterly Journal Geosciences, 28(109), 175-186.

Mohammadzadeh-Jahani, N. (2014) Petrographic, geochemical and petrogenesis study of the intrusive
Jebal-e Barez Mountains, south of Nisa Dam, Bam area, Kerman Province, 110 p. M.Sc Thesis,
Shahid Bahonar University of Kerman, Kerman, Iran (In Persian).

Nachit, H., Ibhi, A., Abia, E., and Ohoud, M.B. (2005) Discrimination between primary magmatic
biotites, reequilibrated biotites and neoformed biotites. Comptes Rendus Geoscience, 337(16),
1415-1424. https://doi.org/10.1016/j.crte.2005.09.002

Nazarinia, A., Mortazavi, M., Arvin, M., Hu, R., Zhao, C., and Poosti, M. (2020) U-Pb zircon dating,
Sr-Nd isotope and petrogenesis of Sarduiyeh granitoid in SE of the UDMA, Iran: implication for
the source origin and magmatic evolution. International Geology Review, 62, 1796-1814.
https://doi.org/10.1080/00206814.2018.1514668


https://doi.org/10.11456/shigenchishitsu1951.27.293
https://doi.org/10.1016/j.earscirev.2023.104419
https://doi.org/10.1016/S0024-4937(02)00140-8
https://doi.org/10.1130/0091-7613(1989)017%3c0837:ECOTAI%3e2.3.CO;2
https://doi.org/10.1007/s11631-023-00647-1
https://doi.org/10.1029/%202019GC008273
https://doi.org/10.1016/0377-0273(84)90057-X
https://doi.org/10.1016/0377-0273(84)90057-X
https://doi.org/10.1016/j.lithos.2022.106644
https://doi.org/10.1016/j.earscirev.2022.103930
https://doi.org/10.1016/j.crte.2005.09.002
https://doi.org/10.1080/00206814.2018.1514668

ay ohSen g Sbyol slo, acsl, — O3 S gl S (2131 a9 (o 3Rl ool (sl 50 Caigm (oleatt S 5 0,8
. o,lals

Raeisi, D., Zhao, M., Babazadeh, S., Long, L.E., Hajsadeghi, S., and Modabberi, S. (2021) Synthesis on
productive, sub-productive and barren intrusions in the Urumieh-Dokhtar magmatic arc, Iran,
constraints on geochronology and geochemistry. Ore Geology Reviews, 132, 103997.
https://doi.org/10.1016/j.oregeorev.2021.103997

Rahmanian, Z., Ghadami, G., Ahmadipour, H., Poosti, M. (2023) Application of mineral chemistry to
determine the formation conditions and tectonic setting of Dalfard quartz diorites (NW Jiroft,
Kerman Province). Iranian Journal of Crystallography and Mineralogy, 31(2), 229-242.
https://doi: 10.22071/gsj.2022.349172.2010

Rasouli, J., and Ghorbani, M. (2017) Porphyry copper mineralization, alteration, U-Pb zircon
geochronology and petrogenesis of rocks in the Delfard area (NW of Jiroft), Journal of Earth
Sciences, 28(110), 273-286. https://doi:10.22071/9sj.2019.84487.

Rasouli, J., Ghorbani, M., Ahadnejad, V., and Poli, G. (2016) Calc-alkaline magmatism of Jebal-e-
Barez plutonic complex, SE Iran: implication for subduction-related magmatic arc. Arabian
Journal of Geosciences, 9, 1-22. https://doi: 10.1007/s12517-015-2124-9

Rezeau, H., Moritz, R., Wotzlaw, J.F., Tayan, R., Melkonyan, R., Ulianov, A., Selby, D., d’Abzac,
F.X., and Stern, R.A. (2016) Temporal and genetic link between incremental pluton assembly and
pulsed porphyry Cu-Mo formation in accretionary orogens. Geology, 44, 627-630.
https://doi.org/10.1130/G38088.1

Rieder, M., Cavazzini, G., D’yakonov, Yu. S., Frank-Kamenetskii, V.A., Gottardi, G., Guggenheim, S.,
Koval, P.V., Miller, G., Neiva, A.M.R., Radoslovich, E.W., Robert, J.L., Sassi, F.P., Takeda, H.,
Weiss, Z., and Wones, D.R. (1999) Nomenclature of the micas. Mineralogical Magazine, 63(2),
267-279. https://doi.org/10.1180/minmag.1999.063.2.13

Sepidbar, S. (2019) Petrology, geochemistry and tectonic setting of the western part of the Jebal-e Barez
granitoid complex, east of Jiroft, 172 p. M.Sc. Thesis, Shahid Bahonar University of Kerman,
Kerman, Iran (In Persian).

Spear, F.S. (1993) Metamorphic Phase Equilibria and Pressure-Temperature-Time Paths. 799 p.
Mineralogical Society of America (Monograph 1).

Uchida, E., Endo, S., and Makino, M. (2007) Relationship between solidification depth of granitic rocks
and formation of hydrothermal ore deposits. Resource Geology, 57(1), 47-56.
https://doi.org/10.1111/j.1751- 3928.2006.00004.x

Vernon, R.H. (2004) A practical guide to rock microstructures. 594p. Cambridge University Press.

Villaseca, C., Ruiz-Marti'nez, V.C., and Pe’rez-Soba, C. (2017) Magnetic susceptibility of Variscan
granite-types of the Spanish central system and the redox state of magma. Geologica Acta 15(4),
379-394. https://doi.org/10.1344/GeologicaActa2017.15.4.8

Xianwu, B., Ruizhong, H., Hanley, J.J., Mungall, J.E., Jiantang, P., Linbo, S., Kaixing, W,. Yan, S.,
Hongli, L., and Xiaoyan, H. (2009) Crystallisation conditions (T, P, fO2) from mineral chemistry
of Cu- and Au-mineralised alkaline intrusions in the Red River—Jinshajiang alkaline igneous belt,
western Yunnan Province, China. Miner Petrol 96, 43-58. https://doi.org/10.1007/s00710-009-
0047-4

Warr, L.N. (2021) IMA-CNMNC approved mineral symbols. Mineralogical Magazine, 85(3), 291-320.
https://doi.org/10.1180/mgm.2021.43

Winter, J.D. (2014) Principles of Igneous and Metamorphic Petrology, 2" Edition, 738 p. Pearson,
Harlow, U.K.

Wones, D.R. (1989) Significance of the assemblage titanite + magnetite + quartz in granitic rocks.
American Mineralogist, 74(7-8), 744-749.

Wones, D.R., and Eugster, H.P. (1965) Stability of biotite: Experimental, theory and application.

American  Mineralogist, 50, 1228-1272. http://www.minsocam.org/ammin/AM50/AM5
0_1228.pdf.



https://doi.org/10.1016/j.oregeorev.2021.103997
https://doi:%2010.22071/gsj.2022.349172.2010
https://doi:%2010.1007/s12517-015-2124-9
https://doi.org/10.1130/G38088.1
https://doi.org/10.1180/minmag.1999.063.2.13
https://doi.org/10.1111/j.1751-%203928.2006.00004.x
https://doi.org/10.1344/GeologicaActa2017.15.4.8
https://doi.org/10.1007/s00710-009-0047-4
https://doi.org/10.1007/s00710-009-0047-4
https://doi.org/10.1180/mgm.2021.43
http://www.minsocam.org/ammin/AM50/AM5%200_1228.pdf
http://www.minsocam.org/ammin/AM50/AM5%200_1228.pdf

VEC D oid g Coad oo qobsin Jlo (55999 ymmmiy ¥

Wu, C.-M., and Chen, H.-X. (2015) Revised Ti-in-biotite geothermometer for ilmenite- or rutile-bearing
crustal metapelites. Science Bulletin, 60, 116-121. https://doi.org/10.1007/s11434-014-0674-y

Yousefi-Sharikabad, S.J. (2018) Source and evolution of magmas and ore fluids in Kerver porphyry
copper deposit, Kerman Copper Belt, Iran; investigation of factors controlling magma
productivity and ore formation, 116 p. Ph.D. thesis, Shahid Bahonar University of Kerman,
Kerman, Iran (In Persian).


https://doi.org/10.1007/s11434-014-0674-y

