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1- Introduction:

In this study, PlioQuaternary basaltic volcanic rocks have been studied in parts of East Azerbaijan province
and in the counties of Kaleybar, Ahar and Varzaghan. The studied areas are located in the longitudes of
45°46' to 15°47' East and latitudes of 38°25' to 39°00' North. Major parts of Azerbaijan are considered part
of the Central Iran zone, its northeastern margin is considered part of the Alborz zone and its southern part
is considered part of the Sanandaj-Sirjan zone (Stocklin., 1968). Based on the studies of Rahim Dabiri et
al. (2018) and based on mineral chemistry calculations, thermo-barometry and phase equilibria (based on
the methods of rock mass composition, clinopyroxene composition, clinopyroxene-melt equilibrium,
olivine composition and olivine-melt equilibrium), the temperature of formation of basic rocks in the study
range in pyroxene and olivine minerals is estimated to be between 1170 and 1270 °C and the crystallization
pressure of clinopyroxenes is estimated to be about 8 kbar (middle-lower crust). In this study, due to the
lack of previous mineral chemistry studies on pyroxene, plagioclase, amphibole, and olivine minerals in
volcanic rocks of the Ahar and Kaleybar regions and the abundance of these minerals in the samples, the
thermobarometry of the studied igneous rocks and lavas was discussed and compared with previous studies
in Varzaghan.

2- Material and Methods:

In this study, in order to investigate the chemical composition of the minerals, 373 points of pyroxene, 371
points of plagioclase, 130 points of amphibole and 118 points of olivine were analyzed. The mineral
chemistry was qualitatively analyzed at Kuchi University, Japan.

3- Results and discussion:

- Geology of the area:

The Iranian Plateau is a complex puzzle of continental and oceanic plates that were combined during the
closure of the Paleotethys and Neotethys oceans. The structure of the plateau reflects the geological-tectonic
evolution, including subduction, collision and magmatism in the Alpine-Himalayan orogenic belt (Stampfli
and Borel, 2002). Most researchers believe that the final collision of Arabia with Eurasia occurred between
35 and 20 million years ago (Allen and Armstrong, 2008; McQuarrie and Van Hinsbergen, 2013). The
collision, or closure of the Neo-Tethys, caused extensive volcanic eruptions in the region. Most studies
have focused on the younger and more extensive phase of volcanism in the region, which occurred from
the Pliocene to the Quaternary, and consider different geodynamic models responsible for the magma
production.
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- Clinopyroxene Thermobarometry:
- Thermometry and barometry by the method of (Soesoo, 1997):
The chemical composition of pyroxene has been determined from 6 areas: Zandabad, Nahar, Gangalabad,
Marzroud, Siah-Kalan and Kaleybar In this method, with the help of the chemical composition of
clinopyroxene, the two parameters XPT and YPT can be used to estimate temperature and pressure through
the following equations:

Xpr= 0.446 Si0,1+0.187 Ti0,-0.404 Al,03+0.346 FeO1-0.052 MnO-0.309 MgO+0.431 Ca0-0.446
Na20

Ypr=-0.369 Si0,+0.535 Ti0:-0.317 Al:03+0.323 FeOr+0.235 MnO-0.516 MgO-0.167 Ca0-0.153
Na,O

Based on this method, the occurrence of clinopyroxenes in the studied areas is estimated to be in the
temperature range of about 1150 to 1220 (£50) °C and also at a pressure of 3 to 13 kilobars.

- Barometry by (AKinin et al, 2005):
Also, based on the diagram proposed by Akinin et al. (2005), the estimated pressure value for pyroxene
samples is in the range of 7-10 kbar.

- Thermometry and barometry by the method of (Putirka, 2003; Neave and Putirka, 2017):
This equation is based on the symbiotic melt-crystal equilibrium and in addition to the mineral composition,
the chemical composition of the melt itself is also used. Which is obtained based on equation 1:
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(equationl)
Based on the above equation, the average temperature obtained for the areas of Zandabad is 1016.23,
Nahar 1201.01, Gangalabad 1192.98, Marzroud 1073.81, Siah Kalan 1046.39 and Kaleybar 1186.09 °C,
and the average pressure obtained for the areas of Zandabad is 7.05, Nahar 9.83, Gangalabad 10.44,
Marzroud 9.41, Siah Kalan 3.18 and Kaleybar 9.88 kbar.
A newer method for obtaining clinopyroxene thermobarometry is the method of Neave and Putirka
(2017) based on equations 2 and 3, in which clinopyroxene is in equilibrium with the host melt. (equation2)
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Based on the above equations, the average temperature obtained for the areas of Zandabad is 1026.05,
Nabhar is 1226.07, Gangalabad is 1194.82, Marzroud is 1105.33, Siah Kalan is 1064.39, and Kaleybar is
1211.56 °C. Also, the pressure obtained for the areas of Zandabad is 4.5, Nahar is in the range of 5.5,
Gangalabad is 8.30, Marzroud is 8.43, Siah Kalan is 3.0, and Kaleybar is 8.27 kbars.

- Thermometry and barometry of plagioclase minerals:

- Thermometry and barometry by the method (Putirka, 2005b):

Putirka's (2005b) studies of plagioclase thermometers have shown that calibrations (Sugawara, 2001;
Ghiorso et al, 2002) provide the most accurate temperature predictors for existing models, but these models
show poor performance at lower temperatures (less than 1100 °C) and for aqueous systems. As a result, it
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was shown that improvements in temperature estimation can be achieved by using a simpler model and
using Equation 4.
4 pl
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The above equation has performed well in other experiments (Blundy et al, 2006) and new experiments

show high accuracy with an overall regression improvement of about 6°C (Equation 5):
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Also, for alkali feldspars, temperature can be represented through two new models based on albite-liquid
equilibrium (Equations 6 and 7).
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The average temperatures obtained using the method (Putirka et al, 2005b) for the regions of Zandabad
are 1183.19, Nahar 1192.72, Gangol-abad 1176.85, Marzroud 1201.27, Siah-Kalan 1249.90, Laleh-Bajan
1221.29, and Kaleybar 1208.58 °C.

Barometry is also based on the equilibrium between albite, anorthite, and the host melt composition and
is obtained based on equation &:

. . X xl  xtia
P(kbar) = —42.2 +4.94x 107 T (K) + l.l6xl0"T(K)ln[W]
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(equationS) t ( > ‘0&:) ( K a.s)
Based on this equation, the average pressures obtained for the areas of Zandabad are 16.36, Nahar 9.61,
Gangalabad 19.87, Marzroud 30.86, Siah Kalan 13.79, Laleh Bejan 10.15, and Kaleybar 13.84 kbar.

- Amphibole thermometry and barometry:
- Thermometry and barometry according to the method (Schmidt, 1992; Vynhal et al, 1991):
Barometry is performed based on the A1™% content in amphiboles according to equation 9 (Schmidt, 1992):

(equation9) P (£ 0.6 kbar) = -3.01 + 4.76 Al™®

Also, in order to evaluate possible dependencies between temperature, pressure and chemical
composition of amphiboles, equation 10 has been proposed for calculating temperature at pressures of 1 to
20 kbar (Vynhal et al, 1991):

(equation10) T=253P+ 6549

Based on the calculations, the average pressure value obtained for the Zandabad region is 7.22 kbar and
the average temperature value obtained for this region is 842.05 °C. Also, the average pressure value in the
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Marzroud region is 6.41 kbar and the average temperature value obtained is 733.37 °C. The average
pressure value in the Laleh-e-Bajan region is 7.36 kbar and the average temperature values obtained are
840.98 °C. The average pressure values in the Kaleybar region are 7.78 kbar and the average temperature
values obtained in this region are 851.81 °C.

- Thermometry and barometry by the method (Putirka, 2016):

In this study, the T and P conditions of equilibrium with amphibole with symbiotic melt or host rock were
calculated using empirical equations based on amphibole composition and based on the Putirka method
(Putirka, 2016) (Equation 11, 12).

T(°C) = 1781 — 132.74 x [Si"'“P]
+ 1166 x [Ti""“’] —69.41

X [Fe;\mp] + 101.62 x [Na'\mp]

(equationll)
P (MPa) = 24023—(1925.3 x Si)—(1720.6 x Ti)
—(14785 x Al)—(1843.2 x Fe)
—(1746.9 x Mg)— (15828 x Ca)
—(40.444 x Na) + (14389 x K). (4
(equation12)

Based on the above equations, the average temperature values obtained for the Zandabad region are
956.40, for the Marzrud region 917.16, for the Laleh Bejan region 954.87, and for the Kaleybar region
966.43 °C. Also, the average pressure values obtained for the Zandabad region are 7.81, for the Marzrud
region 10.06, for the Laleh Bejan region 5.13, and for the Kaleybar region 6.85 kbars.

- Olivine thermometry by the method (Beattie, 1993; Putirka, 2007):
The model does not specify the composition of olivine as input, but rather groups it due to mathematical
similarity and close fit in the output data (Beattie, 1993) (equation13).

13603 +4.943x107 ( P(GPa)x10° -107)

1= 26w 2mpy™ : L
26+ 2In D™ + 2In[1.5(Cly )]+ 21n[3(Chq, ) - NF

=273.15

(equation13)
In order to use these equations and calibration for aqueous systems, a new calibration has been proposed,
the best thermometer of which is according to equation 14 (Putirka, 2007).
T(°C) ={15294.6 + 1318.8 P(GPa) + 2.4834[ P(GPa)]’} / {8.048
+2.83521n D" +2.0971In[1.5(Cy,, )1+ 2.575In[3(Ch, )]

. i
(equat10n14) —141INF +0.222H,0" + 0.5P(GPa)}

The temperature obtained for the olivine’s of the Nahar region based on the Beattie equation (1993) is
1337°C and the Gongal-Abad region is 1289°C. Also, the average temperature obtained based on the
Putirka equation (2007) for the Nahar region is 1316.21°C and for the Gongal-Abad region is 1261.97°C.

4- Conclusion:

The study areas are located in the counties of Kaleybar, Ahar and Varzeghan in East Azerbaijan province
and are considered part of the Urmia-Dokhtar volcanic belt. These lavas are mostly composed of trachyte
andesite, basaltic andesite and alkaline olivine basalt. The study areas show extensive outcrops in a linear
form, which can be considered evidence of fissure eruptions from a fault or a fault system. In the rock
samples, the textures of the rocks are diverse and include microlithic porphyric, hyaloporphyric, porphyric
and trachytic textures. Their main minerals include plagioclase, pyroxene, olivine, amphibole and the minor
minerals include apatite, quartz and opal minerals. Also, the presence of regional structure, sieve texture,
burnt and opaque edges and depleted edges of crystals can indicate unstable conditions in the crystallization
environment and may have been caused by rapid magma ascent or impurity and digestion processes.
Thermometric calculations have been made for the minerals olivine, plagioclase, pyroxene and amphibole.
Thermobarometric calculations based on the chemical composition of the pyroxene mineral in basaltic
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trachybasalt and trachyandesite rocks show a temperature of 1016.23-1226.07 degrees Celsius and a
pressure of 3-13 kbar. Thermobarometric calculations based on the chemical composition of the plagioclase
mineral in basaltic trachybasalt and basaltic trachyandesite rocks indicate temperatures of 1176.85-
1249.90°C and pressures of 10.15-30.86 kbar. Thermobarometric calculations of amphibole mineral in
trachyandesitic and basaltic trachyandesitic rocks indicate temperatures of 733.37-954.87°C and pressures
of 5.13-10.06 kbar. Thermobarometric calculations based on the chemical composition of olivine mineral
in basaltic olivine rocks indicate temperatures of 1261.97-1337°C. The results of barometric calculations
of pyroxene and amphibole indicate crystallization at medium pressures equivalent to the depth of the
middle-lower crust. These results are consistent with the results obtained by Rahim Dabiri et al. (2018) who
estimated the formation temperature of the basic rocks of the region in pyroxene and olivine minerals to be
between 1170 and 1270 °C and the crystallization pressure of clinopyroxenes in the region to be about 8
kbar (middle-lower crust). Also, barometric calculations of plagioclase indicate crystallization at greater
depths equivalent to the Earth's mantle. The purpose of this research and obtaining temperature and
barometry was to obtain the pressure and origin of formation for minerals that crystallized at depth. Because
the magma ascent rate was high, most minerals crystallized at depth.
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Fig. 1. (a) Study areas on the 1:100,000 geological maps of Kaleyber and (b) Varzaghan (left), the boxes indicate the

study areas. (Geological Organization)
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Fig. 2. (a) and (b) Outcrops of basaltic trachyandesite and basaltic trachyandesite rocks with prismatic structure in the
study areas in the Kaleybar areas. (¢) and (d) Outcrops of basaltic trachyandesite and trachyandesite rocks in the study
areas in the Ahar and Varzaghan areas. In all images, the view is to the northwest.
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Fig. 3. (a) Pyroxene and olivine macrocrystals in basaltic trachyte in a fine-grained background (Kaleyber), XPL (cross
polarized light)
(b) and (c¢) Plagioclase macrocrystals with sieve texture and oscillatory zoning in basaltic andesite trachyte in a fine-
grained background (Ahar-Varzaqan), XPL

(d) Amphibole macrocrystals with burnt margins in basaltic andesite trachyte in a fine-grained background (Ahar-
Varzagan), XPL
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Table 1. Spot results of a number of pyroxenes in the studied areas in trachybasalt and trachybasalt andesite rocks, (BZ=
Zandabad, NB= Nahar, GB= Gangalabad, PBM= Marzroud, SB= Siahkalan and KB= Kaleybar)

Sample BZ BZ NB NB GB PBM PBM SB SB KB KB
Si0,  50/97 49/92 51/51 51/47 46/25 50/49  48/86  52/48  51/71  50/59  52/00
TiO,  0/79 2/02 0/67 0/61 2/59  1/10 1/72 0/54 0/43 1/09 0/77
ALO;  2/69 3/34 419 3/95 6/58 3/84  4/24 1/63 1/55 5/20 2/67
FeO  7/38 6/30 5/32  5/15 7/63  7/03 7/56  10/63  10/32  6/90 6/47
MnO  0/49 0/39 0/13 0/15 024  0/19 0/18 0/45 0/47 0/13 0/09
MgO  4/78 15/56 15/73 16/14 12/94 14/88 14/54 14/58  14/47 14/40 15/78
CaO  22/05 21/46 21/78 21/71 22/63 22/31 21/48 20/44 20/80 22/38 22/42
Na,O  0/57 0/74 0/00 0/00 0/89  0/54 0/71 0/35 0/36 0/69 0/37
Total  99/75 99/81 99/98 99/80 99/86 100/43 99/52 101/10 100/24 101/47 100/57
Si 1/903 1/856 1/891 1/890 2/325 7/163  7/029  1/945 1/938 1/850  1/911
Ti 0/022 0/056 0/019 0/017 0/098 0/118 0/186 0/015 0/012 0/030 0/021
Al 0/118 0/146 0/181 0/171 0/390 0/641 0/719 0/071 0/068 0/224 0/116
Fe 0/231 0/196 0/163 0/158 0/321 0/834  0/909 0/329 0/323  0/211  0/199
Mn 0/15 0/012 0/004 0/005 0/010 0/023 0/022 0/014 0/015 0/004 0/003
Mg  0/823 0/862 0/861 0/884 0/970 3/184 3/117 0/805 0/808 0/785  0/864
Ca  0/882 0/855 0/857 0/855 1/219 3/391 3/311 0/812 0/834 0/877 0/883
Na  0/041 0/054 0/046 0/044 0/087 0/149 0/199 0/025 0/026 0/049  0/026
Total  4/036 4/040 4/022 4/027 5/423 15/472 15/515 4/017  4/027  4/031  4/023
#Mg  78/11 81/48 84/04 84/81 75/15 79/06 77/42 70/97 71/42  78/83  81/31
Fe’*  0/121 0/074 0/096 0/076 0/036 0/104 0/089 0/274 0/239 0/115 0/128
Fe**  0/107 0/12 0/066 0/081 0/201 0/112 0/145 0/054 0/082 0/094  0/070
AI™ 0/097 0/143 0/109 0/108 0/255 0/131 0/164 0/035 0/061 0/149  0/089
AIYD 0/022  0/003 0/073 0/063 0/038 0/037 0/024 0/016 0/008 0/075  0/027
Wo  44/33 43/24 44/39 43/94 46/86 45/00 43/86  40/9  41/63  45/54  44/71
En  41/35 43/63 44/62 45/46 37/29 41/76 41/32  40/6  40/31  40/80  43/80
Fs 12/25 10/43  8/63  8/32 12/52 11/27 12/19 1724 16/76  11/09 10/15
Ac 2007  2/7  2/36 2/27 3/33  1/97 2/62 1/27 1/3 2.54 1/34

=PBM L] 55 =GB «,lgs =NB sblss; =BZ) waallas 0,90 3blic (S gy gidS slodiges sl oo amlne YPT ¢ XPT -Y oo
(el5 =KB 5 ;Wolw =SB w35, 0

Table 2. Calculated XPT and YPT for clinopyroxene samples from the study areas, (BZ= Zandabad, NB= Nahar, GB=
Gangalabad, PBM= Marzroud, SB= Siah-Kalan and KB= Kaleybar)

Sampe BZ BZ BZ BZ NB NB NB NB GB GB GB GB
Xpr  38/14 37/18 3920 3843 38/16 37/27 39/08 36/85 3539 35/44 38/18 36/41
Yer - - - - - - - - - - - -

28/14  27/99 27/04 25/99 28/95 28/85 29/79 28/44  26/53  26/43  28/94 28/04

Sample PBM PBM PBM PBM SB  SB SB SB KB KB KB KB
Xpr 3891 37/92 36/07 37/65 39/29 39/35 39/04 39/09 3827 38/80 3894 38/70
Yor - ; ; - ; - ; - - - - -

29/38 28/57 26/41 28/28 27/42 2737 26127 26/72  29/86 29/94 28/95  28/95
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Fig. 6.Diagram of Mg/(Mg+Fe2+) versus Na variations for estimating the pressure of clinopyroxenes (Akinin et al, 2005)

Sy s il Sy sl gl (Putirka, 2003; Neave and Putirka, 2017) golgainn Jow olul 5 (oo jlid —loo mlis =Y Jgax
(S =KB § :MSolews =SB 34,3 0 =PBM (l] J5:5 =GB (s =NB wsblws; =BZ) cJi,b o uil
Table 3. Thermo-barometric results based on the proposed model (Putirka, 2003; Neave and Putirka, 2017) for basaltic
trachyte and baralt trachyte andesite rocks (BZ= Zandabad, NB= Nahar, GB= Gangalabad, PBM= Marzroud, SB= Siah-
Kalan, and KB= Kaleybar)
Sample BZ BZ BZ NB NB NB NB GB GB GB

Neaveand 0,70 10540 1052/8 1195/5 12149 1167/4 118277 1187/1 1204/1 1191/9
Putirka, T (°C)
Neave and
Putirka, P 3/2 4/3 3/4 5/1 7/0 3/4 4/5 6/7 8/0 6/0
(kb)
Putirka,T (°C) 1041/3 1048/6 1043/6 1233/1 1246/7 1219/7 1229/5 1209/5 1222/0 1207/6
P“t(llilg';“ P 70 89 1 104 123 95 104 107 121 93
Sample PBM PBM PBM  SB SB SB SB KB KB KB
Neaveand — 165 1116/8 1097/8 1080/4 1066/6 10633 1078/9 1211/0 1228/6 1221/7
Putirka, T (°C)
Neave and
Putirka, P 77 1000 7/9 3/3 3/0 2/6 4/1 7/8 9/4 8/4
(kb)
Putirka,T (°C) 1067/8 1082/5 10682 1058/6 1048/3 1046/6 1056/2 1187/5 1197/4 1188/6
P“t(f;;" P 80 112 87 34 32 209 44 97 109 91
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=6.4706+0.31281n 3 2
K) (X%,.)(2%,)

dn -8.103( X%, )

S0,
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P(kbar)=—42.2+4.94x107T(K)+1.16x lO’ZT(K)ln[
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X Ab X AlO, X Ca0

X pl X lig X lig

An“ " NaOg ¢ “7Si0,

~382.3(x%, ) +514.2(X%%, ) ~19.61n(X2)~139.8(X!4,)

Si0,

+287.2( X" )4+163.9( X"
( -\")m) ( l‘()uﬁ) (A 4.]4)‘))
5 b ST slbcSn slp s VN0 lual¥ ATV Gly ol Cessy Sl glaylad alal, ol &l
JLLSVYIAR LIS o Y4 IAF 55,550 blis 45 b sl able 5 bl ST s el coyul Sy sk
e 00T B Jgaz 4o Ll 5l ke gl ol a5 ol O ol VYAY SLTUSE A5Y g S Ll
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Table 4. Results of temperature and barometric measurements of plagioclase minerals using the Putirka method (2005,
b), (BZ= Zandabad, NB= Nahar, GB= Gangalabad, PBM= Marzroud, SB= Siah-Kalan, LB= Laleh-Bajan and KB=
Kaleybar)

Sample BZ BZ BZ BZ NB NB NB GB GB GB  PBM
Pu?fg" T 1662 11645 11630 11957 12049 11753 1189/8 11909 1189/4 11902 1187/
Pu(t;(ﬂ;“)’ P s 16/1 16/3 17/4 12 11/5 93 20/5 197 182 276

Sample  PBM  PBM  SB SB SB LB LB LB KB KB KB
P“t(‘fg’ T 118000 11802 12447 124200 12446 1214/9  1248/6  1224/0 120909 1209/1  1202/5
Put(f;;" Pos 204 132 138 134 12/3 /6 1006 13/8 13/3 14/6

Leo On e 6L‘°nsi~“‘)/" .‘5 gs.’L.’.})| )9-‘4“” D (it _

_ pe ‘ P b P . Y'—Y'—Y‘

) loled o ) e abal doJgmiel oloond oS 3 g ,Lid Jomdel s 09l 9 5 F0ge S
09y M Grwgyl 9 Gyegey ) =Y Y Y

Vynhal et ) cenl oo slgrian beo dmloe gl jLglS ¥+
Y ' Shr ok (Schmidt, 1992; Vynhal et al, 1991)

(al, 1991

T=25/3 P + 654/9 (V+ abal)) Geb p il ;o AlTotal slgoe wlwl p e lid
Sl g A glealaly 5l osel conay jLad 5 Lo olis (Schmidt, 1992) s .5 o pll 4 alaf,
L ST UL oyl (ST e asl S5 slaSan P(+ 0.6 kbar)=-3/01 +4/76 AlTotal (3 ala,)

el 000l O Jgaz 5o
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=PBM .sblai; =BZ) (Schmidt, 1992; Vynhal et al, 1991) axlas 5,50 sbolio (slo Jgiol (sl oanl Cavss los g ,Lid polie -0 Jgaz

(5 =KB g lwal¥ =LB g5 5

Table 5. The pressure and temperature values obtained for the amphiboles of the studied areas (Schmidt, 1992; Vynhal et
al, 1991), (BZ= Zandabad, PBM= Marzroud, LB= Laleh-Bajan and KB= Kaleybar)

Sample BZ BZ BZ BZ PBM PBM PBM PBM
T (°C) 818/86 825/18 834/30 838/66 713/86 719/16 746/89 753/57
P (kb) 6/48 6/73 7/09 7/26 5/33 6/54 6/64 6/90
Sample LB LB LB LB KB KB KB KB
T (°C) 840/47 819/68 832/66 862/73 864/87 865/56 849/67 836/01
P (kb) 7/33 6/51 7/03 8/21 8/30 8/33 7/70 7/16

a3 ol 5 Jomeel ST ecnlnbis w5yl basle Lo 5 Jpeie]
L bdye glblhs o¥olee ol wiils Jobs cdl> e
DS o iy |, P-T (glayess

Plie b sl Jobs Ps T Lulps magsy cal 5o
o (2,78 DY olae loolaiwl byl S by g Sy o
(Y+\#) Putirka g, 4 oliwl b g Jodol oS5 5
O b)) wlonds apuloee
OV akly

T(°C) = 1781 — 13274 x [Si"mp]
+ 1166 x [Ti"mp] —69.41

x [Fef™| + 10162 x [Na'"™?]

Jiie 5 jlad @ ainly sl Jow (Y1 #) Putirka a> 51
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s Ridolfi  Ja. .2010; Ridolfi and Renzull, 2012
el Jgredol 1o portaagll (glgiomo 5 (b (Y01 0) ol 1Ko
&lgize 4 (1Y) Renullzi g Ridolfi Jow 45" Jl> ;o
130) 518 (S Jpemiel ;5 polis plos e 5 pgeioyl]
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(Putirka, 2016)
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InP (MPa) = 38.723—(2.6957 x Si)—(2.3565 x Ti)
—(1.3006 x Al)—(2.7780 x Fe)
—(2.4838 x Mg)—(0.6614 x Ca)
—(0.2705 x Na) + (0.1117 x E) (3)

(Y akly)

P (MPa) = 24023—(1925.3 x Si)—(1720.6 x Ti)
—(1478.5 x Al)—(1843.2 x Fe)

—(1746.9 x Mg)— (158.28 x Ca)

—(40.444 x Na) + (14.389 x K). (4

g (Y-+1#) Putitka jgmen Al laceisls

—Jde (oS Dygo 4 (Y ) o Sen s Erdmann -y coxen
Renzull 4 Ridolfi  ozen ¢ oK g Ridolfi sla
laylis aF wiles,S sliiny 5 65,5 sy |, (Y4)V)
Sxie Y 5 VY glaalal, 5l oslinul b o 0830ymass
szy ol boazen clog lfle wloS 5 eansS
ools dcgazs jloslatnl b (Y- 1Y) ), e g Nagasaki

Table 6. The obtained pressure-temperature values for the amphiboles of the studied areas and using the Putirka method
(2016), (BZ= Zandabad, PBM= Marzroud, LB= Laleh-Bajan and KB= Kaleybar)

Sample Bz BZ Bz BZ PBM PBM PBM PBM
T (°C) 952/2 987/8 970/1 967/0 853/8 818/3 950/6 968/5
P (kb) 7/1 6/6 10/1 8/7 11/5 11/7 8/3 6/7
Sample LB LB LB LB KB KB KB KB
T (°C) 940/2 969/4 961/5 967/2 974/3 953/9 980/1 967/1
P (kb) 6/6 4/8 5/0 5/1 6/7 7/5 6/2 8/1
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.(Roeden and Emslie, 1970) ..
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» 9 (Beattie, 1993) su0g,5 9,5 slrosls jo oy
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Table 7. Olivine thermometry for basaltic olivine rocks in the Nahar and Gangalabad areas (Beattie, 1993; Putirka, 2007)

(NB= Nahar, GB= Gangalabad).

Sample NB NB NB NB NB NB NB NB
Putirka,

2007 ocy 1321313206 131477 13182 13127 13208 13185 131472
Beattie, 1337/0  1337/0  1337/0  1337/0 13370 1337/0  1337/0  1337/0
1993 (°C)

Sample GB GB GB GB GB GB GB GB
Putirka,

(Q007°Cy 126271 12634 12603 1259/9 12604 12541 12639 1261/1
lgggtgec’) 1289/0  1289/0  1289/0  1289/0  1289/0  1289/0  1289/0  1289/0
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