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Introduction

Mineral chemistry data as well as petrography provide a
comprehensive picture of magma crystallization conditions that
support the conclusions based on geochemical data. In addition,
the chemical composition of minerals such as clinopyroxene,
olivine, biotite,  feldspar, and Fe-Ti oxides  reflect
physicochemical parameters (pressure, temperature, and oxygen
fugacity), crystal growth history, and melt origin. The pressure,
temperature and oxygen fugacity parameters are estimated from
chemical data of various rock-forming minerals to provide
information  regarding the crystallization of magmas. The
essential purposes of present study are to determine the
physicochemical  conditions (temperature and  pressure), to
identify the tectonic environment and to propose an emplacement
model for Pargeh mafic magmas formation.

Regional Geology

The Pargeh area is a part of the Central Alborz

extensive magmatic sections in this zone including
the Cenozoic calc-alkaline and alkaline (potassic)

Magmatic Belt (AMB) (Figure 1). There are magmatism generated in an arc and back-arc setting

in an extensional environment (post collision). This
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belt is mainly composed of Upper Precambrian to
Eocene sedimentary and volcanic sequences
intruded by Mesozoic to Cenozoic plutons, in the
central and western parts of the belt. The igneous
rocks of the north and northeast of Qazvin were
formed during three volcanic phases, of which only
two phases can be seen in the study area. These Late
Eocene-Oligo-Miocene plutonic rocks are related to
post-collisional magmatic activities originated in
back-arc extensional basins and have calc-alkaline
to high-potassium  shoshonitic  characteristics.
According to U-Pb dating, the age of the syenite
and monzonite rocks is Late Eocene. But the exact
age of the Pargeh gabbroic rocks is not known,
considering that these intrusions were injected into
Eocene tuffs, they are Late Eocene and possibly
Oligocene.

Analytical Methods

The main minerals were analyzed by an electron
microprobe at the Queen’s Facility for Isotope
Research (QFIR), Queens University, Kingston,
Canada. Operating conditions were as follows: the
acceleration voltage was 15 kV, the beam current
was 20 nA, and the diameter of the probe was 3 um
(Tables 1 to 6).

Petrography

Field and petrographic observation show that
most of the Pargeh pluton is monzogabbro and
olivine gabbros make up only a small part of the
pluton. Olivine gabbro is a medium- to coarse-
grained mesocratic-melanocratic  rock.  Olivine
gabbro and monzogabbro are texturally varied. In
both samples, intergranular, poikilitic, sub-ophitic
and granular textures were identified. Olivine
gabbro are dominated by olivine (20-25%vol),
clinopyroxene (15-20 %vol), plagioclase (50-55
%vol), biotite (~ 5 %vol) and K-feldspar (~ 5 %vol).
Accessory minerals include apatite and Fe-Ti
oxides. Monzogabbros are characterized by a high
proportion of plagioclase (55-60 %vol) and
clinopyroxene (20-25 %vol), biotite (5-10%vol) and
K-feldspar (8-10%vol).. Fe-Ti oxides and apatite are
common accessory minerals in monzogabbros.

Discussion

Based on research on the distribution of Ti in
silicates and oxides of magmatic rocks, Verhoogen
(1962) proposed that the crystallization temperature
of clinopyroxene is positively correlated with its Ti
content. Therefore, the higher clinopyroxene,

crystallization ~ temperature, the  more  Ti
clinopyroxene likely to contain. The TiO; content of
clinopyroxenes in olivine gabbros is slightly higher
than that of monzogabbros, pointing to the
clinopyroxenes in olivine gabbro having a relatively
higher crystallization temperature compared to that
of clinopyroxenes in monzogabbro. In the 9-A and B
diagram, all the samples are in the range of alkaline
basalt, so the parental magma can be an alkaline
magma. As mentioned above, clinopyroxenes have
high amounts of Al and Ti, consistent with the
evolution of an alkaline magma. High amounts of
calcium in the studied clinopyroxenes indicate that
the parental magma may have an alkaline nature.
This tectonic setting discrimination diagram can
distinguish basaltic clinopyroxenes from volcanic
arc basalt (VAB), ocean floor basalt (OFB),
intraplate tholeiite (WPT) and intraplate alkaline
environments (WPA). In the F1-F2 tectonic
environment discrimination diagram, all the study
samples fall within the range of volcanic arc basalts
(VAB+OFB), which shows that these rocks are
probably formed in a volcanic arc and arc-related
tectonic setting environment. In general, all tectonic
discrimination diagrams based on clinopyroxene
chemistry indicate an arc-related environment for
the parental magma.

Conclusion

The mafic rocks of Pargeh are composed of
olivine gabbro and monzogabbro which are
characterized by the presence of olivine, plagioclase,
clinopyroxene, biotite and K-feldspar. The mineral
chemistry results show the role of fractional
crystallization as the main process in the formation
of the parental magma of the rocks under study The
chemical features of clinopyroxenes point that the
parental magma must belong to a silica under-
saturated alkaline series, characterized by high
temperature, low pressure, low Si and high Ca
contents possibly formed in a volcanic arc tectonic
setting environment. As the xamined
thermobarometers data show, the olivine gabbros
generated at higher temperature and pressure than
that of monzogabbros indicating that the olivine
gabbros probably crystallized at a greater depth.
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Figure 1. Simplified geological map of Iran showing Cadomian basement rocks, Mesozoic ophiolites and Cenozoic
igneous rocks and other structural units (modified after Aghanabati, 1998).
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Figure 4. Photomicrographs of the investigated Pargeh rocks (in XPL): A) Sub-ophitic texture in olivine
gabbros; B) Accumulation of olivine, clinopyroxene and plagioclase minerals in olivine gabbro with granular
texture; C) Granular texture and the presence of large clinopyroxene crystals in gabbroic olivine sample; D)
plagioclase zoning in olivine gabbro sample; E) Clinopyroxene twinning and polysynthetic twinning in olivine
gabbro sample; F) Intergranular texture and presence of euhedral clinopyroxenes in monzogabbro sample
(Abbreviations from Whitney and Evans, 2010).
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Figure 4. Back-scattered electron images of the Pargeh olivine gabbro and monzogabbro rocks: A) Accumulation of
olivine, plagioclase, clinopyroxene, and biotite in the olivine gabbro; B) Clinopyroxene, plagioclase, magnetite, and
ilmenite in the olivine gabbro; C) Biotite and clinopyroxene and intergrown of magnetite and ilmenite in the
monzogabbro sample; D) Plagioclase, biotite, clinopyroxene, and magnetite in the monzogabbro sample (The red
dots correspond to the EPMA analytical point numbers).
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Table 1. Representative data of major element oxides for olivine in the Pargeh olivine gabbroic rocks and
the calculated structural formulae (in apfu) and end members (in mole%) based on 4 oxygens.

Point No. 1 2 3 4 5 6 7 8 9 10
SiO, 35.94 35.91 36.08 36.06 35.83 35.64 35.52 35.95 35.88 36.00
Al,O4 0.02 0.02 0.00 0.02 0.02 0.02 0.02 0.01 0.01 0.02
Cr,03 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00
FeO 34.05 34.22 34.69 34.10 34.20 34.88 35.07 35.28 35.62 35.07
MnO 0.78 0.74 0.78 0.77 0.82 0.79 0.80 0.81 0.79 0.83
MgO 28.68 28.29 27.68 28.29 28.69 28.11 28.13 28.03 27.57 27.82
NiO 0.07 0.03 0.03 0.03 0.03 0.04 0.02 0.02 0.06 0.05
CaO 0.17 0.17 0.15 0.17 0.14 0.13 0.10 0.13 0.12 0.16
Total 99.71 99.38 99.41 99.46 99.72 99.62 99.68 100.22 100.06 99.95
Si** 0.998 1.001 1.007 1.004 0.996 0.995 0.992 0.998 1.000 1.002
AP 0.001 0.001 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.001
Cr¥ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe?* 0.791 0.798 0.810 0.794 0.795 0.815 0.819 0.819 0.830 0.816
Mn?* 0.018 0.017 0.018 0.018 0.019 0.019 0.019 0.019 0.019 0.020
Mg? 1.187 1.176 1.152 1.174 1.189 1.170 1.172 1.160 1.146 1.154
NiZ* 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.001
Ca? 0.005 0.005 0.004 0.005 0.004 0.004 0.003 0.004 0.004 0.005
Cation Sum 3.002 2.998 2.993 2.996 3.004 3.004 3.007 3.001 3.000 2.998
Fo 59.32 58.90 58.04 58.96 58.89 58.30 58.20 57.94 57.33 57.86
Fa 39.51 39.97 40.80 39.87 39.93 40.58 40.71 40.91 41.55 40.92
Mo# 60.02 59.57 58.72 59.66 59.92 58.96 58.84 58.61 57.98 58.58
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Figure 6. Composition of olivines in the Pargeh gabbroic rocks in A) Fe?/ (Fe**+Mg) versus Mg/(Mg +
Fe?*) diagram (Deer et al., 2013); B) Fo versus NiO diagram (Elthon et al., 1992); C) MnO versus Fo
Diagram of (Tamayo, 1998).
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Table 2. Representative data of major element oxides (in wt%) for clinopyroxene in the Pargeh gabbroic rocks and
the calculated structural formula (in apfu) and end members (in mole%) based on 6 oxygens.

Point No. 1 2 3 4 5 6 7 8 9 10
Rock Type Monzogabbro Olivine gabbro

core rim core rim core core rim core core Rim
SiO, 51.23 51.14 51.92 51.54 52.00 50.26 51.50 50.84 50.59 51.06
Al,O; 2.77 2.60 1.95 1.14 2.15 3.70 2.56 3.27 3.42 3.30
TiO, 0.94 0.93 0.71 0.42 0.80 1.12 0.92 1.08 1.06 1.13
Cr;03 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.01 0.01
FeO 8.65 9.45 10.28 13.63 9.76 8.88 8.88 9.43 8.71 9.11
MnO 0.27 0.29 0.35 0.59 0.35 0.23 0.26 0.24 0.24 0.24
MgO 14.00 1351 12.85 11.17 13.38 13.63 13.68 13.60 13.45 13.60
CaO 21.55 21.63 21.52 20.80 21.36 21.79 21.43 21.06 21.55 21.70
Na,O 0.35 0.36 0.38 0.46 0.36 0.32 0.39 0.40 0.37 0.33
KO 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Total 99.78 99.90 99.95 99.76 100.16 99.95 99.62 99.95 99.39 100.48
Si** 1.915 1.917 1.949 1.969 1.942 1.880 1.928 1.901 1.899 1.899
AP 0.122 0.115 0.086 0.051 0.095 0.163 0.113 0.144 0.151 0.145
Ti** 0.026 0.026 0.020 0.012 0.022 0.031 0.026 0.030 0.030 0.032
Cr¥ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Fe 0.270 0.296 0.323 0.436 0.305 0.278 0.278 0.295 0.273 0.283
Mn?* 0.009 0.009 0.011 0.019 0.011 0.007 0.008 0.008 0.008 0.008
Mg 0.780 0.755 0.719 0.636 0.745 0.760 0.763 0.758 0.753 0.754
Ca* 0.863 0.869 0.866 0.851 0.855 0.874 0.860 0.844 0.867 0.865
Na* 0.026 0.026 0.027 0.034 0.026 0.024 0.028 0.029 0.027 0.024
K* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AM 0.031 0.025 0.035 0.016 0.036 0.035 0.039 0.040 0.046 0.039
AlY 0.090 0.089 0.051 0.035 0.058 0.128 0.074 0.104 0.105 0.105
Cation Sum 4.011 4.013 4.001 4.010 4.001 4.018 4.004 4.010 4.009 4.009
Wo 45.10 45.25 45.40 44.27 44.88 45.69 45.22 44.48 45.79 45.46
En 40.77 39.32 37.72 33.08 39.12 39.77 40.16 39.97 39.76 39.64
Fs 14.13 15.43 16.88 22.65 16.01 14.54 14.62 15.55 14.45 14.90
Mg# 74.26 71.81 69.02 59.36 70.96 73.24 73.30 72.00 73.35 72.69
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Figure 7. Classification diagram of minerals in both samples of the Pargeh olivine gabbro and monzogabbros A) En—
Wo-Fs diagram for classification of clinopyroxenes (Morimoto, 1988); B) Ternary plot for classification of feldspars
(Deer et al., 1992); C) Classification diagram of micas (Foster, 1960); D) 10*TiO; -FeO(t) +MnO - MgO ternary
diagram for classification of biotites (Nachit et al., 2005); E) TiO—FeO-Fe,03 diagram for classification of ilmenite

and magnetite (after Parat et al., 2005).
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Table 3. Representative data of major element oxides (in wt%) for plagioclase in the Pargeh gabbroic
rocks and the calculated structural formula (in apfu, based on 8 oxygens) and end members (in mole%).

Point No. 1 2 3 4 5 6 7 8 9 10
Rock Type Monzogabbro Olivine gabbro

core rim core rim core Core rim core rim Core
SiO, 50.21 53.47 51.12 49.34 54.75 45.66 55.87 46.20 57.12 49.33
Al,O3 31.49 29.66 30.98 32.45 28.76 34.37 27.72 34.22 27.11 3251
FeO 0.52 0.46 0.52 0.44 0.50 0.50 0.31 0.70 0.49 0.52
CaO 14.32 12.12 13.52 14.77 10.92 17.66 9.56 17.47 9.13 15.18
Na,O 3.12 4.45 341 293 4.98 1.38 5.84 1.49 6.12 2.72
K,0O 0.25 0.36 0.36 0.15 0.53 0.08 0.31 0.08 0.39 0.13
Total 99.91 100.52 99.90 100.08 100.45 99.65 99.61 100.14 100.37 100.39
Si** 2.295 2413 2.331 2.253 2.466 2114 2.524 2.128 2.559 2.248
AP 1.696 1.577 1.665 1.746 1.526 1.875 1.476 1.858 1.432 1.746
Fe? 0.020 0.017 0.020 0.017 0.019 0.019 0.012 0.027 0.018 0.020
Ca* 0.701 0.586 0.661 0.723 0.527 0.876 0.463 0.862 0.438 0.741
Na* 0.276 0.389 0.301 0.260 0.435 0.124 0.511 0.133 0.532 0.240
K* 0.014 0.021 0.021 0.009 0.030 0.005 0.018 0.005 0.023 0.008
Cation Sum 5.002 5.004 4.998 5.008 5.004 5.013 5.003 5.012 5.002 5.003
An 70.67 58.83 67.20 72.94 53.11 87.20 46.64 86.22 44.17 74.94
Ab 27.86 39.09 30.67 26.18 43.83 12.33 51.56 13.31 53.58 24.30
Or 147 2.08 2.13 0.88 3.07 0.47 1.80 0.47 2.25 0.76
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Table 4. Representative data of major element oxides (in wt%) for biotite in the Pargeh gabbroic rocks and the
calculated structural formula (in apfu) based on 11 oxygens.

Point No. 1 2 3 4 5 6 7 8 9 10
Rock Type Monzogabbro Olivine gabbro

rim core rim core rim core rim core rim Core
SiO, 36.80 36.90 37.59 37.08 37.25 37.81 37.64 37.42 37.97 37.65
Al,O; 13.30 13.38 13.33 13.60 13.49 13.50 13.62 13.66 13.44 13.56
TiO2 6.39 5.87 6.58 6.66 6.53 7.28 6.51 6.90 6.12 6.43
Cr,03 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01
FeO 18.11 16.88 17.95 17.64 17.62 15.51 14.66 15.04 14.26 14.98
MnO 0.17 0.17 0.16 0.16 0.18 0.13 0.07 0.08 0.08 0.09
MgO 11.37 12.46 11.75 11.96 11.87 13.31 14.08 13.36 14.61 14.21
CaO 0.04 0.05 0.06 0.06 0.04 0.02 0.02 0.04 0.02 0.06
BaO 0.04 0.02 0.04 0.10 0.00 0.16 0.14 0.09 0.00 0.09
Na,O 0.68 0.70 0.75 0.72 0.74 0.60 0.50 0.60 0.58 0.47
K20 8.97 9.01 9.02 9.03 9.00 9.10 9.13 9.03 9.29 9.38
F 2.95 3.00 2.84 2.56 2.66 0.59 0.63 0.80 0.85 0.67
Cl 0.16 0.07 0.06 0.06 0.06 0.10 0.13 0.08 0.14 0.12
Si+ 2.784 2.787 2.796 2.765 2.783 2.776 2.782 2.774 2.799 2.774
AR 1.186 1.192 1.169 1.195 1.188 1.168 1.186 1.194 1.168 1177
Ti* 0.364 0.334 0.368 0.374 0.367 0.402 0.362 0.385 0.340 0.356
Cr¥ 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.001
Fe?* 1.146 1.066 1.117 1.100 1.101 0.952 0.906 0.933 0.879 0.923
Mn?* 0.011 0.011 0.010 0.010 0.011 0.008 0.004 0.005 0.005 0.006
Mg? 1.282 1.403 1.303 1.330 1.322 1.457 1.551 1477 1.606 1.561
Ca? 0.003 0.004 0.005 0.005 0.003 0.002 0.002 0.003 0.002 0.005
Ba?* 0.001 0.001 0.001 0.003 0.000 0.005 0.004 0.003 0.000 0.003
Na* 0.099 0.103 0.108 0.104 0.108 0.085 0.071 0.086 0.082 0.067
K* 0.866 0.869 0.856 0.860 0.857 0.852 0.861 0.854 0.874 0.882
F 0.706 0.716 0.668 0.603 0.628 0.136 0.147 0.188 0.197 0.157
CI 0.021 0.008 0.008 0.008 0.007 0.013 0.016 0.010 0.017 0.015
OH" 1.273 1.275 1.324 1.389 1.365 1.851 1.836 1.802 1.786 1.828
Cation Sum 7.742 7.769 7.733 7.745 7.739 7.707 7.729 7.714 7.755 7.755
Mg# 52.80 56.82 53.85 54.72 54.57 60.47 63.12 61.30 64.62 62.83
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Table 5. Representative data of major element oxides (in wt%) for magnetite in the Pargeh gabbroic rocks and the
calculated structural formula (in apfu) based on 4 oxygens.

Point No. 1 2 3 4 5 6 7 8 9 10
Rock Type Monzogabbro Olivine gabbro

core rim core rim rim core rim core rim Core
SiO, 0.06 0.07 0.06 0.05 0.14 0.05 0.05 0.03 0.06 0.04
TiO, 18.27 16.23 16.92 14.95 16.67 9.86 10.46 9.85 12.19 9.93
Al, O3 1.99 1.70 1.37 1.64 1.56 1.48 1.79 1.80 1.60 212
Cr;03 0.02 0.05 0.03 0.05 0.03 0.23 0.19 0.32 0.19 0.24
V,0; 0.47 0.47 0.49 0.60 0.41 0.92 0.75 0.90 0.67 0.82
Fe,O3 28.08 32.75 31.73 35.20 31.46 46.94 45.59 46.41 42.89 46.19
FeO 46.23 44.38 45.28 43.28 44.63 38.86 39.08 38.73 40.64 38.30
MnO 0.75 0.89 0.65 0.84 0.79 0.86 0.51 0.64 0.76 0.46
MgO 0.04 0.07 0.01 0.01 0.02 0.40 0.79 0.54 0.77 0.99
ZnO 0.18 0.15 0.12 0.16 0.18 0.09 0.10 0.14 0.11 0.13
NiO 0.04 0.00 0.02 0.03 0.02 0.04 0.07 0.05 0.04 0.06
CaO 0.03 0.00 0.01 0.00 0.12 0.00 0.00 0.02 0.00 0.02
Total 96.15 96.75 96.70 96.81 96.04 99.74 99.38 99.43 99.93 99.30
Si** 0.002 0.003 0.002 0.002 0.005 0.002 0.002 0.001 0.002 0.001
Ti** 0.534 0.473 0.494 0.436 0.490 0.280 0.297 0.280 0.344 0.281
ARt 0.091 0.078 0.063 0.075 0.072 0.066 0.080 0.080 0.071 0.094
A 0.015 0.015 0.015 0.019 0.013 0.028 0.023 0.027 0.020 0.025
Fe3* 0.821 0.955 0.927 1.028 0.924 1.335 1.294 1.320 1.211 1.309
Fe?* 1.502 1.438 1.470 1.405 1.457 1.228 1.233 1.224 1.275 1.206
Mn?* 0.025 0.029 0.021 0.028 0.026 0.028 0.016 0.020 0.024 0.015
Mg 0.002 0.004 0.000 0.000 0.001 0.022 0.045 0.030 0.043 0.055
Zn* 0.005 0.004 0.004 0.005 0.005 0.002 0.003 0.004 0.003 0.004
Ni2* 0.001 0.000 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.002
ca* 0.001 0.000 0.000 0.000 0.005 0.000 0.000 0.001 0.000 0.001
Total 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
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Table 6. Representative data of major element oxides (in wt%) and calculated structural formulae (in apfu, based on
3 oxygen atoms) for the ilmenite in the Pargeh gabbroic rocks.

Point No. 1 2 3 4 5 6 7 8 9 10
Sample No. Monzogabbro Olivine gabbro

rim core core rim core core rim core rim Core
SiO, 0.02 0.02 0.02 0.00 0.02 0.00 0.00 0.01 0.02 0.01
TiO, 49.90 49.70 49.69 49.42 50.43 48.44 49.89 49.02 48.88 48.96
Al,O3 0.07 0.08 0.04 0.05 0.05 0.05 0.05 0.08 0.07 0.05
Cr;03 0.02 0.00 0.00 0.01 0.02 0.04 0.05 0.03 0.01 0.05
V,0; 0.03 0.10 0.06 0.07 0.01 0.15 0.08 0.09 0.09 0.12
Fe;0s 5.17 6.11 4.95 491 4.00 8.35 7.31 8.64 8.97 7.38
FeO 42.59 42.46 43.01 42.75 42.92 40.64 39.56 39.20 38.37 41.44
MnO 0.93 0.87 1.05 1.39 1.25 1.35 1.04 0.85 0.90 1.01
MgO 0.84 0.82 0.42 0.21 0.77 0.91 242 2.29 2.69 0.95
Nb,Os 0.11 0.08 0.09 0.06 0.16 0.06 0.04 0.03 0.07 0.09
Total 99.68 100.24 99.33 98.87 99.62 99.99 100.44 100.23 100.07 100.07
Nb%* 0.001 0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.001 0.001
Si* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Ti* 0.947 0.938 0.950 0.950 0.958 0.917 0.929 0.916 0.913 0.926
AP 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.001
cr3* 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.001
A 0.001 0.002 0.001 0.001 0.000 0.003 0.002 0.002 0.002 0.002
Fe3* 0.098 0.115 0.095 0.094 0.076 0.158 0.136 0.162 0.168 0.140
Fe 0.898 0.891 0.914 0.914 0.906 0.856 0.819 0.814 0.796 0.871
Mn? 0.020 0.019 0.023 0.030 0.027 0.029 0.022 0.018 0.019 0.021
Mg** 0.032 0.031 0.016 0.008 0.029 0.034 0.089 0.085 0.099 0.036
Total 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
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Table 7. Comparison of calculated pressure (kbar)
and temperature (°C) for the Pargeh monzogabbros
and olivine gabbros.

Max. T (°C) Min. T (°C) MeanT (°C)

Clinopyroxene-only thermobarometer (Putirka, 2008)

Equation 32d (thermometer)

Olivine gabbro 1259 1188 1215

Monzogabbro 1151 1118 1136

Equation 32b (barometer)

Olivine gabbro 9.72 450 7.16

Monzogabbro 3.59 1 2.18

Clinopyroxene-liquid thermobarometer (Putirka, 2008)

Equation 33 (thermometer)
Olivine gabbro 1298 1117 1241

Monzogabbro 1110 1050 1092

Equation 30 (barometer)

Olivine gabbro 12.52 3.09 9.27

Monzogabbro 4.14 1.46 3.15

Olivine-liquid thermobarometer (Putirka, 2008)

Equation 22 (thermometer)

Olivine gabbro 1489 1393 1442
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Figure 8. A) Xpr—Ypr diagram for estimating formation temperature of pyroxenes (Soesoo, 1997); B) Na2O versus
Mg# diagram (Sun et al., 2020); C) Al V! versus Al'"Y plot (Aoki and Kushiro,1968); D) Ab-An-Or ternary diagram
(Furhrman and Lindsley, 1988) for feldspar thermometry (Symbols as in Figure 7).
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3 Metasomatized subcontinental lithospheric mantle
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Figure 9. A) Ca (a.p.f.u) versus Ti (a.p.f.u) plot; B) Ca (a.p.f.u) versus Al wa (a.p.f.u) (Leterrier, 1982); C) F1 versus
F2 tectonic setting discrimination diagram (Nisbet and Pearce, 1977) (Symbols as in Figure 7).
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4 Subcontinental Lithospheric Mantle
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