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of granitoids are influenced by the type and nature of granitic magma. The S-type granitoids have quartz
crystals with the highest abundance of sum trace elements (710-1111 ppm), followed by I-type granitoids
(287-438 ppm) and plagiogranites (201-116 ppm). Among the trace elements present in quartz,
aluminum (ppm 18-216) exhibits the highest abundances, followed by titanium (ppm 44-183) and lithium
(ppm 5-80), entering the crystal lattice with relatively high concentrations. The Aluminum Saturation
Index (ASI) is the most significant factor in the distribution of Al in quartz crystals, and the Al content
increases with an increase in the Ge/Ti differentiation coefficient. The concentration distribution and
variation trends relative to the differentiation ratio of elements Ga, Ge, Li, and Rb in quartz crystals are
similar to aluminum. The abundance of Ti decreases with increasing the Ge/Ti, and the distribution of
this element in quartz crystals is dependent not only on the nature and composition of the parent magma
but also on the ambient temperature-pressure conditions. Thermometric calculations using the Titan Q
method (Ti in quartz) indicate that the crystallization temperature of quartz in S-type granitoids (average
776 °C) is higher than in I-type granitoids (average 707 °C) and plagiogranites (average 683 °C). Due to
their very low concentrations and the influence of other factors such as involved fluids or very fine
inclusions, other trace elements in quartz crystals exhibit irregular distributions.

Abstract

Introduction
Quartz is considered one of the most abundant

suggest that the trace element composition present in
quartz can be used to differentiate various granitoids

minerals in granitic rocks and it is more resistant to
secondary processes compared to feldspars. Studies
conducted on the content of trace elements in granites
indicate that the composition of these elements can be
used to study magmatic evolution trends and
mineralization potential in these rocks (e.g. Ji et al.,
2024). Although the compositional variations of trace
elements in different types of granites are relatively
broad and irregular even at local scales, some studies

(e.g., Breiter et al., 2020). In Iran, limited access to the
necessary equipment has resulted in a lack of data on
trace elements in quartz. The only study conducted on a
small number of trace elements in quartz crystals in
granitoids in the Nagadeh intrusive complex focused on
examining variations in Ti, Ge, Al, and Li in quartz
minerals and their role in distinguishing magmatic
events (Mazhari et al., 2012).
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This research aims to analyze the data obtained from
the analysis of trace elements in quartz in granitic rocks
from three regions: the Kaboodan area in the Taknar
zone, the North Sabzevar region, and the Baneh
intrusive complex in the northwestern part of the
Sanandaj-Sirjan zone. The nature of magma and
petrological evolutions of these granitoids have been
well investigated in previous studies. Samples from the
Kaboodan area consist of distinct types of I-type and S-
type granitoids dating to the Neoproterozoic era (Ma
547-528) (Mazhari et al., 2020); the studied granitoids
from North Sabzevar are plagiogranites related to the
Sabzevar ophiolitic complex (Moghadam et al., 2014);
and the granitoids from the Banah intrusive complex are
classified into two groups of I-type and S-type
granitoids dating to the Eocene age (Azizi et al., 2018).
By using the results of this study, it is possible to
compare the composition of quartz trace elements in the
studied granitoids and investigate the potential use of the
quartz trace element content to identify different types
of granites.

Materials and Methods
Analytical methods

In order to investigate the composition of quartz
trace elements in the different types of the studied
granitoids, ten samples have been selected from various
areas. Trace element compositions of quartz were
measured using LA-ICP-MS. For this purpose, a 193 um
Analyte Excite laser ablation system connected to an
Agilent 7900 ICP-MS was utilized. The analyses were
performed under the following conditions: a repetition
rate of 10 Hz, a spot size of 44 um, and a laser energy of
12 Jicm2. NIST SRM 610 was used as an external
standard, while 2°Si was used as an internal standard for
calibration and stoichiometry of quartz. NIST SRM 612
was also employed as a secondary reference. The
elemental abundances were calibrated using lolite
software. The error estimation for measuring trace
elements in this study is less than 10%. The LA-ICP-MS
studies were conducted at the Institute of Geochemistry,
Chinese Academy of Sciences. Care was taken in the

analysis of trace elements in quartz to select crack-free
and inclusion-free crystals to minimize their effects on
the quartz composition.

Results and Discussion

Aluminum is the most abundant element studied in
quartz crystals, showing a wide compositional range
from 18.12 to 769.35 ppm. The difference in the amount
of Al in different types of granitoids is very noticeable.
S-type granitoids from the Baneh intrusive complex
have the highest Al concentration with an average of
700.84 ppm, followed by S-type granitoids from the
Kaboodan area (average 468.90 ppm), I-type granitoids
from Banah (average 157.21 ppm), I-type granitoids
from Kaboodan (average 113.38 ppm), and Sabzevar
plagiogranites (average 29.87 ppm). There is a direct
relationship between the Aluminum Saturation Index
(ASI, which is the molar ratio of Al to the total Ca, Na,
and K) and the Al present in quartz crystals. The Al
content of the studied quartz crystals increases with an
increase in the Ge/Ti ratio.

After Al, titanium shows the highest concentrations
in the studied quartz crystals. Similar to Al, the Ti
abundance is higher in S-type granitoids than I-type
granitoids, and plagiogranites have the lowest levels of
Ti. With an increase in the Ge/Ti ratio, the Ti
concentration of quartz in the studied granitoid types
decreases. With an increase in the Ge/Ti ratio, the
amounts of Li, Ga, and Ge also increase. The behavior
of Rb in the studied quartz crystals is similar to Ga and
Ge, with the difference that the level of Rb in
plagiogranites is below the detection limit of the LA-
ICP-MS.

The abundance of other trace elements such as Fe,
Mn, Na, K, P, Be, Sr, and Sn in the studied quartz
crystals does not follow a specific trend and is not
related to the differentiation coefficient. The absence of
elements such as K, Be, and Sn in plagiogranites, which
have a low whole-rock composition of these elements,
indicates that the melt/fluid composition influenced on
the abundance of these elements. On the other hand, the
irregular distribution of these elements indicates that
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multiple factors are involved in changing their values in
quartz crystals. The irregular trends and significant
variations of these trace elements in quartz crystals are
often attributed to the presence of involved fluids or very
fine inclusions within the crystals.

The calculated temperature based on Titan Q (Ti in
quartz) varies from 658 to 839 degrees Celsius in
different types of granitoids. The highest temperatures
are found in S-type granitoids in Baneh (average 788 °C)
and Kaboodan (average 762 °C), followed by I-type
granitoids in Kaboodan (average 710 °C) and Baneh
(average 703 °C). The lowest calculated temperature is
attributed to plagiogranites (average 683 °C).

Conclusions

The abundance of trace elements is related to the
nature and type of granitoid magma so that in S-type
granitoids, quartz crystals contain higher amounts of
trace elements compared to quartz in I-type granitoids.
The lowest levels of trace elements are observed in
quartz crystals of plagiogranites.

The Al concentration of the studied quartz crystals
is related to the ASI of the host rock, and its level
increases with an increase in the differentiation
coefficient Ge/Ti. The distribution and geochemical
trend of elements Ga, Ge, Li, and Rb are similar to
aluminum, although the influencing factors on the
geochemical behavior of each element are different. The
Ti contents decrease with an increase in the
differentiation coefficient, and the thermodynamic
conditions of the crystal crystallization environment
affect the abundance of this element in quartz. The
calculation of the crystallization temperature using the
Titan Q method indicates that S-type granitoids are
formed at higher temperatures compared to I-type
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granitoids and plagiogranites. The distribution of other
trace elements in the studied quartz crystals is irregular
and depends on other factors such as involved fluids or
very fine inclusions within the crystals.
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Table 1. The results of major oxides (wWt%), trace elements (ppm) and isotopic ratios of the studied samples. GPS: Kaboodan S-type
granitoids; GPI: Kaboodan I-type granitoids; GES: Baneh S-type granitoids; GEIl: Baneh I-type granitoids; Pg: Sabzevar

plagiogranites.

Sample No. Ka39 Kal8 Kab Ka33 Ba23 Bal9 Ba9s Ba37 Ss134 Ss48
ID GPS GPS GPI GPI GES GES GEI GEI Pg Pg

SiO2 70.88 76.13  69.31 72.66 70.83 73.98 65.23 70.52 61.88  70.31
TiO: 0.16 0.21 0.63 0.39 0.14 0.06 0.56 0.14 0.72 0.39
Al203 12.59 12.46 15.94 13.36 15.17 14.48 15.46 15.62 12.89 13.16
FeOt 4.26 211 1.82 3.42 3.08 1.48 4.89 2.27 6.21 4.39
MgO 1.25 0.17 0.76 0.66 0.92 0.12 2.08 0.40 5.62 1.53
MnO 0.02 0.02 0.05 0.05 0.11 0.04 0.12 0.03 0.15 0.08
CaO 0.62 0.38 4.02 2.52 0.53 111 453 2.76 5.99 4.24
Na:O 3.71 3.91 5.33 4.54 3.14 3.55 2.98 3.90 3.80 3.46
K20 351 4.05 1.45 1.61 5.47 4.16 2.58 4.23 0.12 0.77
P20s 0.07 0.03 0.10 0.06 0.15 0.08 0.18 0.10 0.12 0.11
LOI 1.77 0.67 0.76 0.77 0.61 0.59 0.59 0.81 1.85 1.71
Sum 98.84 100.14 100.17 100.04  100.15 99.65 99.20 100.78 99.35 100.15
Li 3.85 5.01 12.78 9.86 27.31 26.34 20.27 18.96 17.18 19.25
Rb 130.36 10155 21.32 51.12 167.70  101.55 84.60 80.24 6.21 11.88
Cs 0.80 1.12 1.55 1.36 4.43 1.22 261 1.60 4.63 9.48
Be 2.19 3.03 2.23 2.76 1.43 1.72 1.36 1.63 1.34 1.58
Sr 65.22 3943 187.16  98.13 232,36 107.05  279.15 221.06 275.77 138.87
Ba 981.34 67542 13329 30241 501.38 668.05 44935 676.42 167.32 92.00
Sc 11.13 12.88 8.72 9.09 7.53 12.16 11.70 6.46 3052 2213
\YJ 1.93 1.69 33.69 22.84 5.39 4.16 80.04 10.05 177.78  33.03
Cr 2.13 1.82 13.05 5.83 2.19 3.60 23.10 11.18 216.37 85.24
Co 1.86 1.28 7.67 6.12 2.23 1.67 10.63 5.06 5.12 9.05
Ni 1.37 1.17 54.77 5.86 7.35 2.92 7.71 291 32.81 13.30
Cu 0.96 1.78 31.34 4.86 2311 13.18 8.06 4.26 15.70 7.41
Zn 18.64 19.13  73.13 34.13 62.10 17.46 57.68 32.70 1254 3259
Ga 16.43 18.51 14.82 16.29 17.19 16.54 16.81 18.05 18.97 16.79
Y 54.38 65.54  24.30 45.18 26.78 16.62 25.47 12.52 2790 30.74
Nb 11.40 14.20 11.53 11.86 9.72 15.34 10.78 13.37 1.93 2.35
Ta 0.98 1.12 0.82 0.79 0.67 1.28 0.96 1.32 0.15 0.12
Zr 119.20 28340 47520 306.10 24217 18290 19640  130.30 83.92 103.44
Hf 4.37 8.54 11.03 9.48 7.62 5.66 6.67 3.63 2.86 4.08
Mo 0.72 0.62 0.64 0.59 1.24 3.16 0.23 22.37 <0.10 <0.10
Sn 2.19 1.65 1.13 0.45 2.39 3.10 1.88 0.78 <0.10 <0.10
Tl 0.24 0.37 0.28 0.09 0.23 0.25 0.40 0.39 <0.10 <0.10
Pb 5.17 5.61 51.39 10.26 6.18 7.03 8.54 16.13 <4 6.87
U 18.15 17.48 4.85 5.83 19.42 15.29 1.91 1.77 0.14 0.21
Th 16.85 31.08 19.16 16.59 17.82 10.37 11.89 9.03 9.48 3.92
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La 3145 5288 2918  31.07
Ce 7152 11729 6240  67.14
Pr 8.49 1474 7.05 7.94
Nd 3309 5569 27.26 3156
Sm 7.08 1237  5.35 6.81
Eu 0.59 135  1.06 1.14
Gd 6.93 1178 4.75 6.86
Tb 1.39 196 0.69 1.18
Dy 8.82 1177 3.86 7.29
Ho 1.86 236  0.78 155
Er 5.65 672 231 459
Tm 0.74 101 038 0.73
Yb 5.49 642 246 457
Lu 0.81 094 041 0.69
Sum REE 18391 297.28 147.94 173.12
ASI 1.14 1.08 090 097
Age 529 532 547 549
87Rb/%eSK 1.3522 12642 51520 4.9518
875y /35Sy 07246  0.7198 0.7448 0.7458
Wigm“Nd  0.1424 01212 0.1525 0.1518
WNgA“Nd 05122 05120 05127  0.5126
7St/ 8Sr); 07144 07102 0.7046 0.7070
eNdt -454  -695 368 2.49
Tom 1.852 176 1106 124

13.78 25.41 31.43 30.31 4.70 3.40
29.32 45.56 57.97 56.93 12.60 6.30
2.28 4.56 6.40 6.25 2.17 0.78
7.10 14.84 11.52 22.06 10.50 3.00
2.82 3.08 2.54 3.92 3.48 0.62
0.36 0.65 1.14 0.96 1.06 0.38
3.10 2.75 4.40 2.72 3.87 0.64
0.70 0.44 0.69 0.39 0.67 0.10
7.86 2.77 4.28 2.09 4.74 0.56
0.36 0.57 0.91 0.38 1.01 0.13
4.70 1.62 2.42 1.04 3.08 0.48
1.48 0.25 0.39 0.15 0.46 0.08
2.56 151 2.63 1.00 3.04 0.66
0.34 0.23 0.39 0.15 0.48 0.13
76.76 104.24  127.07  128.36 51.86  17.26
1.26 1.17 0.97 0.98 0.75 0.92
40 40 40 90 90
0.8768 2.7460  0.6330  0.6117
0.7073  0.7102  0.7052  0.7042
0.1336  0.1250 0.1256  0.1379
0.5126  0.5124  0.5126  0.5127
0.7068  0.7086  0.7049  0.7039
-4.26 0.11 0.55
1.036 1.215 0.859 0.939
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Fig. 3. a) General view of the microscopic texture of granitoids in Kaboodan area. A sample of I-type granodiorite in PPL (a) and
XPL (b). Mineral abbreviations are from Whitney and Evans (2010). Amp: amphibole; Bt: biotite; Kfs: K-feldspar; PI: plagioclase.
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Fig. 4. a) Textural characteristics of a S-type granite from the Baneh intrusive complex in PPL (a) and XPL (b). An I-type granodiorite
sample from this complex in PPL (c) and XPL (d). A textural view of a plagiogranite from ophiolitic complex in north of Sabzevar
in PPL (e) and XPL (f). Amp: amphibole; Bt: biotite; Grt: garnet; Kfs: K-feldspar; Pl: plagioclase.
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Fig. 5. a) The comparison of Al abundance in different types of the studied granitoids. Binary diagrams of Al in quartz vs. whole-

rock Al;O3 (b) and ASI (c). d) The relationship of quartz Al content and Ge/Ti differentiation partitioning. GPS: Kaboodan S-type
granitoids; GPI: Kaboodan I-type granitoids; GES: Baneh S-type granitoids; GEI: Baneh I-type granitoids; Pg: Sabzevar

plagiogranites.
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Fig. 6. Binary diagrams of Ge/Ti versus trace elements present in quartz crystals. In this figure, elements with regular distribution

are indicated.
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Table 2. The results of analysis of quartz trace elements in the studied samples. GPS: Kaboodan S-type granitoids; GPI: Kaboodan
I-type granitoids; GES: Baneh S-type granitoids; GEI: Baneh I-type granitoids; Pg: Sabzevar plagiogranites; b. d.: below the detection

limit. T1 and T2 are calculated temperatures based on (1) and (4) equations, respectively.

Sample No. ID Al Ti Fe Mn Na K P Li Rb
Ka39-1 GPS 439.21 135.02 0.36 0.32 26.73 53.95 31.20 48.49 1.37
Ka39-2 GPS 470.09 107.36 0.25 0.18 36.12 53.74 39.42 54.13 1.55
Ka39-3 GPS 439.73 131.39 0.31 0.28 19.23 42.00 8.14 59.08 1.15
Ka39-4 GPS 465.06 113.55 0.40 0.24 27.94 37.57 18.12 53.45 1.62
Ka39-5 GPS 464.31 115.10 0.61 0.31 37.53 47.07 30.32 52.36 1.38
Ka39-6 GPS 441.20 130.75 0.37 0.34 37.99 38.74 16.45 49.25 1.22
Ka39-7 GPS 449.35 128.34 0.45 0.25 10.66 40.90 36.01 55.34 145
Ka39-8 GPS 470.80 116.31 0.51 0.35 23.64 57.23 37.60 53.96 1.58
Ka39-9 GPS 454.19 126.92 0.51 0.36 47.20 34.53 21.88 52.19 1.33
Ka39-10 GPS 468.92 110.73 0.32 0.26 26.98 56.97 31.80 53.71 1.59
Ka39-11 GPS 459.75 126.13 0.62 0.37 21.79 40.28 22.23 53.18 1.56
Ka39-12 GPS 462.33 122,51 0.50 0.29 9.36 40.75 23.81 55.73 1.42
Kal8-1 GPS 486.84 99.26 0.40 0.31 25.80 41.72 25.28 58.45 1.91
Kal8-2 GPS 481.49 106.31 0.45 0.25 35.93 46.30 4.06 54.69 1.82
Kal8-3 GPS 471.46 113.40 0.26 0.19 41.28 43.97 32.71 55.16 1.47
Kal8-4 GPS 488.10 93.42 0.21 0.26 49.47 52.59 18.15 56.03 2.06
Kal8-5 GPS 484.19 102.37 0.30 0.19 8.80 37.57 35.75 56.06 2.13
Kal8-6 GPS 474.50 112.93 0.32 0.22 25.44 52.94 32.55 54.29 1.76
Kal8-7 GPS 476.73 111.25 0.27 0.30 16.24 48.80 11.63 54.47 1.60
Kal8-8 GPS 486.35 100.57 0.70 0.38 39.56 46.82 25.86 55.93 1.95
Kal8-9 GPS 478.29 109.34 0.31 0.23 28.43 41.85 14.45 55.70 171
Kal8-10 GPS 481.96 105.21 0.35 0.18 26.61 57.23 6.80 55.82 1.85
Kal8-11 GPS 489.93 91.50 1.36 0.37 7.48 58.77 13.98 57.19 2.10
Ka6-1 GPI 82.39 77.92 1.56 1.35 83.69 34.34 31.77 21.52 0.13
Ka6-2 GPI 125.39 73.70 1.92 0.87 54.47 22.04 13.95 30.88 0.28
Ka6-3 GPI 84.73 77.63 0.75 1.44 67.42 29.11 38.80 24.98 0.17
Ka6-4 GPI 102.34 76.54 1.26 0.97 61.52 27.98 14.00 28.39 0.26
Ka6-5 GPI 91.56 77.31 0.82 1.23 89.84 9.67 17.07 21.70 0.15
Ka6-6 GPI 98.16 76.39 0.60 1.05 37.89 9.93 28.71 27.77 0.24
Ka6-7 GPI 92.70 77.24 153 1.17 42.57 24.95 10.36 26.96 0.27
Ka6-8 GPI 77.24 78.26 1.25 1.30 71.52 26.80 24.78 22.07 0.19
Ka6-9 GPI 123.71 74.36 0.57 0.88 57.80 27.95 10.20 32.19 0.31
Ka6-10 GPI 94.65 76.83 0.58 1.15 90.79 9.80 34.75 25.43 0.23
Ka6-11 GPI 106.75 75.31 143 0.92 93.08 24.08 11.14 27.03 0.32
Ka6-12 GPI 115.60 75.02 1.69 1.03 64.12 33.30 16.50 28.57 0.35
Ka33-1 GPI 99.63 73.52 2.45 1.20 70.86 20.65 24.28 27.16 0.28
Ka33-2 GPI 145.06 61.63 1.13 1.36 43.32 18.68 12.74 36.80 0.44
Ka33-3 GPI 115.04 71.93 2.74 131 68.96 10.03 32.13 28.46 0.22
Ka33-4 GPI 144.16 65.20 0.29 0.75 43.35 15.02 38.40 38.59 0.39
Ka33-5 GPI 129.30 72.16 0.50 1.16 91.88 27.54 13.05 33.11 0.37
Ka33-6 GPI 143.29 67.28 0.18 0.81 68.75 15.37 5.73 34.14 0.42
Ka33-7 GPI 135.80 66.39 0.82 1.04 38.26 21.40 20.14 33.72 0.38
Ka33-8 GPI 108.19 73.41 2.18 1.22 89.33 8.42 22.54 29.85 0.29
Ka33-9 GPI 137.95 70.18 0.75 0.99 93.45 18.71 39.66 37.73 0.36
Ka33-10 GPI 140.72 63.41 0.16 0.96 38.06 32.63 21.81 36.01 0.43
Ba23-1 GES 675.39 164.15 0.56 0.42 41.27 58.31 9.69 63.12 217
Ba23-2 GES 623.72 182.71 1.25 0.51 45.10 78.03 34.92 58.76 1.73

Y
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Ba23-3
Ba23-4
Ba23-5
Ba23-6
Ba23-7
Ba23-8
Ba23-9
Ba23-10
Ba23-11
Ba23-12
Ba23-13
Bal9-1
Bal9-2
Bal9-3
Bal9-4
Bal9-5
Bal9-6
Bal19-7
Bal9-8
Bal9-9
Bal19-10
Bal9-11
Bal9-12
Ba95-1
Ba95-2
Ba95-3
Ba95-4
Ba95-5
Ba95-6
Ba95-7
Ba95-8
Ba95-9
Ba95-10
Ba37-1
Ba37-2
Ba37-3
Ba37-4
Ba37-5
Ba37-6
Ba37-7
Ba37-8
Ba37-9
Ba37-10
Ba37-11
Ss134-1
Ss134-2
Ss134-3
Ss134-4
Ss134-5
Ss134-6
Ss134-7
Ss134-8
Ss134-9
Ss134-10
Ss134-11
Ss134-12

GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GEI
GEI
GEI
GEI
GEI
GEI
GEI
GElI
GEI
GElI
GEI
GEI
GElI
GEI
GElI
GEI
GElI
GElI
GEI
GElI

686.80
645.19
681.55
677.34
690.52
638.02
645.93
702.16
680.65
678.10
682.53
755.20
688.30
751.46
692.13
769.35
745.36
705.19
753.92
727.43
761.37
719.39
743.94
146.92
123.11
133.41
125.36
12591
156.90
126.40
129.00
151.37
132.18
145.39
216.42
153.16
189.57
162.43
165.25
204.53
169.03
193.26
174.41
177.31
26.57
18.12
26.22
18.60
28.83
20.16
24.45
22.35
25.39
23.11
28.64
24.73

153.45
179.30
168.80
166.37
146.31
177.23
175.41
158.06
172.36
161.12
150.29
110.51
126.10
96.37
125.40
112.02
107.35
123.21
102.55
123.94
99.60
125.37
118.43
71.39
75.30
58.22
81.42
80.33
63.77
80.74
56.34
65.90
78.35
79.31
51.20
77.35
65.48
75.05
7491
57.62
71.03
63.92
59.37
53.20
60.84
64.52
61.04
62.98
58.00
62.60
61.82
62.17
60.17
62.43
59.44
58.19

0.41
1.73
0.47
0.62
271
2.19
1.20
1.03
131
0.82
0.29
0.20
1.43
0.88
2.60
1.57
1.28
0.43
1.04
0.21
0.05
0.19
2.18
0.16
2.39
0.15
1.82
2.73
1.77
3.21
0.14
1.72
0.11
0.35
1.89
1.92
3.16
0.55
0.13
1.05
2.30
0.12
0.26
0.41
0.54
2.76
1.80
2.38
0.21
0.80
0.99
1.56
0.11
0.96
0.12
0.73

0.50
0.57
0.55
0.51
0.39
0.62
0.48
0.48
0.46
0.47
0.61
0.43
0.65
0.86
0.51
0.70
0.75
0.59
0.82
0.62
0.48
0.60
0.51
1.12
1.42
0.48
0.93
0.75
0.23
1.62
0.25
0.75
0.39
0.18
1.16
1.52
1.82
0.53
0.08
1.50
1.72
0.22
0.32
0.24
241
0.20
0.07
1.21
0.85
1.03
0.52
0.34
0.05
0.36
1.28
2.16

Yy

30.17
12.51
28.59
13.05
31.62
28.41
13.34
59.94
10.68
45.59
11.76
42.06
30.31
27.16
30.35
19.32
58.69
54.76
49.07
32.94
49.54
50.97
22.07
34.13
46.57
41.64
49.53
22.98
58.36
50.59
55.74
50.48
34.95
5901
37.25
53.91
23.09
23.13
15.33
54.13
53.95
2251
44.15
31.13
4411
50.58
7.74
51.37
34.92
9.99
11.59
17.40
12.58
18.00
12.69
25.27

66.98
66.75
67.54
49.41
46.13
47.69
77.94
46.59
56.78
56.36
64.53
74.81
58.65
73.66
65.97
77.88
75.65
43.07
69.06
54.62
40.33
52.67
42.09
44.53
20.98
50.13
39.11
36.90
37.11
38.34
33.30
37.94
38.60
54.50
49.18
62.04
55.11
57.58
55.82
44.87
38.21
33.32
59.21
35.59
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.

27.03
7.83
8.89

29.96

26.91

15.67

19.82

19.66
9.94

31.98

32.60
431

1341

26.98

13.28

36.77

36.83

16.26

15.52

27.87

17.46
9.62

35.32

16.76

34.73

38.76

16.73

34.15

13.65

15.80

18.32

16.83

21.46

17.67

22.66

16.12

30.30
4.95

28.09
4.05

1351
7.64

17.86

27.23

33.76

24.02

14.28

13.57

29.15

35.89

35.85

20.97
8.29

13.98

35.67

38.47

69.16
59.47
67.64
66.25
73.55
63.24
61.29
73.07
65.30
64.70
66.05
76.38
68.64
75.42
73.40
79.78
77.77
71.39
75.90
74.70
78.14
71.90
78.13
39.95
29.04
34.93
31.70
32.66
42.92
32.73
35.31
39.21
35.95
37.50
47.79
43.21
47.75
41.74
42.43
47.66
42.97
46.74
43.81
48.49
11.09
474
10.29
4.53
12.11
5.54
5.78
5.05
7.18
6.14
12.52
10.63

211
1.65
2.06
1.73
2.24
1.67
1.89
221
1.93
1.84
1.99
2.65
2.30
2.47
2.28
2.61
2.45
2.36
2.40
2.51
2.58
2.33
2.48
0.53
0.35
0.45
0.31
0.32
0.57
0.37
0.42
0.49
0.48
0.46
0.79
0.51
0.72
0.55
0.59
0.83
0.65
0.89
0.62
0.61
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
b.d.
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Ss48-1 Pg 30.37 54.06 2.86 2.42 58.85 b.d. 19.11 16.15 b.d.
Ss48-2 Pg 30.71 54.28 1.94 2.30 16.26 b.d. 39.71 17.45 b.d.
Ss48-3 Pg 33.08 53.91 171 0.05 15.36 b.d. 14.20 17.08 b.d.
Ss48-4 Pg 33.39 53.06 2.82 0.08 37.08 b.d. 4.27 16.42 b.d.
Ss48-5 Pg 28.92 60.53 2.44 0.63 56.35 b.d. 7.62 13.78 b.d.
Ss48-6 Pg 36.10 52.40 1.29 1.52 51.82 b.d. 10.26 19.49 b.d.
Ss48-7 Pg 45.19 46.15 124 0.94 52.58 b.d. 14.74 20.73 b.d.
Ss48-8 Pg 39.13 52.70 0.14 1.73 25.87 b.d. 5.52 19.26 b.d.
Ss48-9 Pg 40.16 50.11 1.56 0.56 53.93 b.d. 34.55 1941 b.d.
Ss48-10 Pg 29.34 57.36 2.36 0.24 31.67 b.d. 8.32 12.83 b.d.
Ss48-11 Pg 41.35 47.35 0.97 0.80 17.87 b.d. 28.61 22.13 b.d.
Ss48-12 Pg 29.55 58.35 1.52 0.72 49.80 b.d. 38.41 15.27 b.d.
Ss48-13 Pg 42.27 44.60 1.89 1.92 11.88 b.d. 9.32 21.72 b.d.
Ss48-14 Pg 29.96 56.49 1.38 0.31 48.13 b.d. 35.42 16.93 b.d.
=Y Jgus aalol
Sample No. 1D Be Sr Ga Ge Sn Sum T1(°C) T2(°C) P(kbar)
Ka39-1 GPS 3.99 0.38 0.64 2.65 0.12 744.43 784.70 775.46 6.91
Ka39-2 GPS 2.29 0.85 0.76 2.92 2.39 772.05 755.93 745.62 5.31
Ka39-3 GPS 3.95 0.58 0.62 2.59 1.26 710.31 781.20 771.57 6.70
Ka39-4 GPS 2.14 0.89 0.82 2.64 1.89 726.33 762.82 752.34 5.66
Ka39-5 GPS 3.23 b.d. 0.80 2.81 2.65 758.48 764.50 754.02 5.75
Ka39-6 GPS 2.94 0.50 0.81 2.53 2.60 725.69 780.57 770.88 6.66
Ka39-7 GPS 3.93 0.41 0.77 2.40 3.85 734.11 778.20 768.29 6.52
Ka39-8 GPS 2.47 0.36 0.73 2.77 2.11 770.42 765.80 755.33 5.82
Ka39-9 GPS 3.50 0.49 0.72 2.51 2.23 748.56 776.78 766.77 6.44
Ka39-10 GPS 2.93 b.d. 0.75 2.80 2.33 760.09 759.71 749.28 5.50
Ka39-11 GPS 2.18 0.62 0.76 2.93 2.14 734.54 775.99 765.92 6.39
Ka39-12 GPS 2.07 0.40 0.75 2.72 2.05 724.69 772.30 762.02 6.18
Kal8-1 GPS 3.44 0.46 0.91 3.67 0.32 748.77 746.43 736.76 4.84
Kal8-2 GPS 3.96 0.29 0.96 3.16 3.24 742.91 754.73 744.47 5.24
Kal8-3 GPS 2.48 0.72 0.69 2.86 3.62 770.27 762.65 752.18 5.65
Kal8-4 GPS 3.57 0.30 0.92 3.15 0.40 768.63 739.22 730.33 4.50
Kal8-5 GPS 2.98 0.66 0.77 2.95 0.08 734.80 750.15 740.17 5.02
Kal8-6 GPS 2.07 0.52 0.88 2.87 3.03 764.32 762.14 751.67 5.63
Kal8-7 GPS 3.83 0.79 0.85 3.41 0.57 730.74 760.29 749.85 5.53
Kal8-8 GPS 3.30 0.84 0.87 3.07 1.07 767.27 748.01 738.20 491
Kal8-9 GPS 3.33 0.38 0.84 3.35 1.06 739.27 758.16 T47.77 5.42
Kal8-10 GPS 3.18 0.49 0.72 3.23 1.24 744.87 753.46 743.27 5.18
Kal8-11 GPS 3.72 0.27 0.77 3.42 121 732.07 736.77 728.21 4.39
Ka6-1 GPI 2.00 0.06 0.15 0.82 1.08 338.78 718.22 712.98 3.62
Ka6-2 GPI 1.74 0.27 0.31 1.32 2.10 329.24 711.95 708.15 3.38
Ka6-3 GPI 0.54 0.44 0.12 0.97 0.15 327.25 717.80 712.65 3.60
Ka6-4 GPI 1.52 0.24 0.25 1.08 1.70 318.05 716.20 711.40 3.54
Ka6-5 GPI 0.52 0.34 0.13 0.73 0.66 311.73 717.33 712.28 3.58
Ka6-6 GPI 2.50 0.58 0.16 0.95 2.15 287.08 715.98 711.23 3.53
Ka6-7 GPI 2.45 0.22 0.18 0.85 1.06 282.51 717.23 712.20 3.58
Ka6-8 GPI 0.08 0.63 0.17 1.18 1.74 307.21 718.71 713.36 3.63
Ka6-9 GPI 1.30 0.50 0.29 1.40 0.91 332.37 712.95 708.91 341
Ka6-10 GPI 1.64 b.d. 0.15 1.23 145 338.68 716.63 711.74 3.55
Ka6-11 GPI 2.18 0.49 0.21 1.35 0.82 345.11 714.37 710.00 3.47
Ka6-12 GPI 0.43 0.18 0.27 1.62 1.15 339.83 713.94 709.67 3.45
Ka33-1 GPI 2.38 0.97 0.19 1.42 2.46 327.45 711.68 707.94 3.36
Ka33-2 GPI 0.67 b.d. 0.44 1.97 0.92 325.16 692.33 693.96 2.69
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Ka33-3
Ka33-4
Ka33-5
Ka33-6
Ka33-7
Ka33-8
Ka33-9
Ka33-10
Ba23-1
Ba23-2
Ba23-3
Ba23-4
Ba23-5
Ba23-6
Ba23-7
Ba23-8
Ba23-9
Ba23-10
Ba23-11
Ba23-12
Ba23-13
Bal9-1
Ba19-2
Bal9-3
Bal9-4
Bal9-5
Bal9-6
Ba19-7
Bal19-8
Bal9-9
Bal9-10
Ba19-11
Ba19-12
Ba95-1
Ba95-2
Ba95-3
Ba95-4
Ba95-5
Ba95-6
Ba95-7
Ba95-8
Ba95-9
Ba95-10
Ba37-1
Ba37-2
Ba37-3
Ba37-4
Ba37-5
Ba37-6
Ba37-7
Ba37-8
Ba37-9
Ba37-10
Ba37-11
Ss134-1
Ss5134-2

GPI
GPI
GPI
GPI
GPI
GPI
GPI
GPI
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GEl
GEI
GEI
GEl
GEl
GEI
GEI
GEI
GEl
GEl
GEI
GEI
GEI
GEl
GEl
GEI
GEI
GEl
GEl
GEl
GEI
Pg
Pg

0.56
1.46
131
2.18
1.61
0.21
1.17
2.97
2.13
1.75
0.62
2.27
1.14
2.76
0.63
2.51
0.91
2.77
2.92
1.07
0.65
0.60
2.35
0.67
2.08
0.71
2.23
2.20
2.05
1.04
2.89
2.92
2.21
0.20
0.80
2.29
241
0.05
2.97
0.97
0.67
1.86
1.29
2.74
1.44
0.16
1.07
1.58
0.27
1.43
2.03
1.47
2.19
2.61
0.14
1.90

0.17
0.16
0.43
0.45
0.15
b.d.
b.d.
0.30
1.21
0.97
1.15
1.83
1.20
1.34
0.58
0.17
1.30
0.41
0.32
1.65
2.00
1.81
1.19
0.23
0.68
0.96
1.33
1.37
0.82
1.69
0.90
1.70
0.15
0.84
0.18
1.62
1.06
1.83
0.12
1.54
0.82
0.85
1.16
1.28
1.35
0.79
1.17
1.49
1.03
0.17
1.50
151
0.83
1.74
1.34
0.97

0.22
0.48
0.37
0.40
0.43
0.29
0.38
0.42
0.85
0.83
0.82
0.81
1.05
0.70
0.95
0.72
0.83
1.25
0.98
1.13
111
0.97
0.96
1.10
0.83
1.20
1.35
1.06
1.02
1.13
1.28
1.18
1.15
0.40
0.33
0.35
0.32
0.25
0.51
0.34
0.32
0.45
0.36
0.41
0.65
0.39
0.53
0.49
0.55
0.51
0.52
0.58
0.50
0.67
0.03
b.d.

1.16
1.93
1.77
1.85
1.79
1.23
1.36
2.16
3.80
3.51
3.69
3.34
3.75
3.85
3.81
3.59
3.22
4.07
3.70
3.86
3.65
4.57
3.72
4.88
4.30
4.73
4.19
3.95
4.35
4.25
4.61
3.60
4.17
2.06
1.53
1.65
1.33
1.50
2.08
1.48
1.83
1.99
1.76
1.75
2.30
1.90
2.45
2.23
2.37
2.39
2.16
2.28
2.20
2.13
b.d
b.d

YY

0.19
1.12
1.04
0.49
0.84
131
271
1.23
0.48
0.19
2.75
0.84
281
1.09
0.56
0.75
1.15
2.69
341
2.65
0.44
0.26
0.99
391
3.59
2.98
3.51
2.93
1.24
3.32
3.71
0.16
1.71
0.59
1.16
3.53
3.62
131
2.84
3.64
1.56
3.86
2.79
1.23
3.43
2.17
2.64
1.38
3.74
0.42
3.12
271
0.96
2.99

b.d

333.12
351.30
373.99
341.34
322.77
338.47
405.40
341.27
1023.55
1033.98
1045.64
984.09
1036.04
1014.98
1026.91
982.48
1004.71
1074.39
1010.74
1051.34
1018.50
1074.76
999.00
1066.05
1017.40
1110.58
1118.74
1028.77
1079.76
1056.27
1062.94
1042.60
1054.54
359.58
337.89
367.61
355.65
341.67
383.80
357.77
334.02
373.70
349.83
348.68
437.51
415.15
424.86
373.68
390.59
421.16
402.70
377.17
406.69
384.35
180.83
167.81

709.24
698.42
709.59
701.85
700.40
71151
706.50
695.40
810.53
825.23
801.48
822.62
814.32
812.35
795.17
821.01
819.59
805.43
817.18
808.01
798.71
759.47
775.96
742.90
775.25
761.14
755.91
773.02
750.36
773.77
746.84
775.22
768.05
708.40
714.36
686.25
723.22
721.68
696.02
722.27
682.78
699.59
718.84
720.23
672.81
717.39
698.89
713.98
713.77
685.16
707.84
696.27
688.33
676.78
690.95
697.28

706.11
698.23
706.38
700.69
699.64
707.82
704.08
696.10
806.51
826.18
795.13
822.57
811.45
808.87
787.53
820.38
818.45
800.04
815.22
803.29
791.77
749.04
765.89
733.59
765.13
750.68
745.61
762.77
740.37
763.56
737.14
765.10
757.62
705.48
709.99
689.80
716.94
715.71
696.53
716.17
687.47
699.06
713.47
714.55
680.92
712.33
698.56
709.70
709.54
689.06
705.07
696.71
691.21
683.51
693.00
697.42

3.27
2.89
3.29
3.01
2.96
3.36
3.17
2.79
8.60
9.69
7.98
9.49
8.88
8.73
7.56
9.37
9.26
8.25
9.08
8.43
7.80
5.49
6.39
4.67
6.35
5.57
5.30
6.22
5.03
6.26
4.86
6.35
5.94
3.24
3.47
2.50
3.82
3.75
2.81
3.78
2.39
2.93
3.64
3.69
2.10
3.58
291
3.45
3.44
2.46
3.22
2.82
2.56
2.21
2.65
2.85
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Ss134-3 Pg 0.08 1.67 b.d.
Ss134-4 Pg 1.01 1.67 b.d.
Ss134-5 Pg 0.54 0.80 b.d.
Ss134-6 Pg 0.50 1.27 b.d.
Ss134-7 Pg 2.46 1.07 b.d.
Ss134-8 Pg 1.75 0.12 b.d.
Ss134-9 Pg 1.65 0.17 b.d.
S5134-10 Pg 0.52 1.66 b.d.
Ss134-11 Pg 1.80 131 0.05
Ss134-12 Pg 0.45 0.23 b.d.
Ss48-1 Pg 1.70 1.08 0.02
Ss48-2 Pg 0.23 0.41 b.d.
Ss48-3 Pg 1.66 1.98 b.d.
Ss48-4 Pg 2.43 1.03 b.d.
Ss48-5 Pg 1.31 0.23 b.d.
Ss48-6 Pg 0.48 1.43 b.d.
Ss48-7 Pg 2.20 0.92 b.d.
Ss48-8 Pg 221 0.14 b.d.
Ss48-9 Pg 0.25 0.56 b.d.
Ss48-10 Pg 1.83 1.13 0.02
Ss48-11 Pg 2.76 0.16 b.d.
Ss48-12 Pg 2.59 1.89 0.03
Ss48-13 Pg 2.74 0.42 b.d.
Ss48-14 Pg 0.23 1.15 b.d.

b.d
b.d
b.d
0.05
b.d
b.d
0.04
b.d
0.05
b.d
b.d
b.d
b.d

b.d
0.06
b.d
0.07
b.d
b.d
0.08
0.04
b.d
b.d

b.d 123.19 691.30 693.25 2.66
b.d 157.32 694.67 695.58 2.77
b.d 165.41 685.85 689.53 2.48
b.d 137.83 694.01 695.13 2.74
b.d 144,53 692.66 694.19 2.70
b.d 131.71 693.27 694.61 2.72
b.d 115.63 689.76 692.19 2.61
b.d 127.16 693.72 694.92 2.74
b.d 153.57 688.46 691.30 2.57
b.d 160.86 686.20 689.77 2.50
b.d 186.62 678.45 684.60 2.26
b.d 163.29 678.87 684.88 2.28
b.d 139.03 678.16 684.41 2.25
b.d 150.58 676.50 683.33 2.21
b.d 171.81 690.40 692.63 2.63
b.d 174.85 675.20 682.48 2.17
b.d 184.69 662.21 674.15 1.82
b.d 146.77 675.80 682.87 2.19
b.d 201.09 670.59 679.50 2.04
b.d 145.10 684.68 688.74 2.45
b.d 162.08 664.81 675.80 1.89
b.d 198.17 686.49 689.96 2.50
b.d 136.76 658.78 671.98 1.73
b.d 190.00 683.06 687.66 2.40

RTInX %"= —60952+1.520%(K)~1741+P(kbar)+RTlnarioz  (2)
TiO, 4o eS| Arioz g ,Led P & G’L?r" bR alwly ol o
2 lomylad 56 ) p 2 Slile] 3l sladle
ol 3l S Slalllas ol sl @bl ol381 55,1s8 0 Ti cuhdl>
535 6lp oYU Jeily 55055 50 Ti miwlos yae) 45 ol
2l 51 Y gene s, cnl 5301 Jlo 1S oS j5ls Ll
0ydS L el (gl (s, 50 ZF Jie) (primslod ey D¥0leo
ol 5l o 0 e eolinl TitAN Q slaJow g ¥olae 0,5
sas &3l (Oshorne et al., 2022) . Koo g ¢yl awgs o Jow
1l
RTInX*=-55 287-[P(Kbar).(-2.65+0.0403P(Kbar))]+R TInajsile ®)
42581 ATIGHE 5 ol oS oy T 5 dlolas (o
dbge (Do b Jhw) Hob 0y e ,0 TIO2
(V) dolee 5l colawl b asllas 0550 S 3 so,sl jold (sloo
oodd dawle glod @A S5 gV Jguz) Sl 0uds alxe

AA

Fle5 30 Ti gewlod iy 31 oolaiwl b yobd slod (o
(Titan Q)

2y el ol Lad g bes Lalyd 5l oaemg 03k 5o 5188
Slallas sl ly ($5555 5 (9 02,8 oS 5l 5k
eled awg 3L 40 5155 0 Ti el (6,5 03ll b adgl oy
s i, Sl ) oo @ 3508 T lee oSy coli L
Wark and) oo S, Titan Q mislesipe) (wlwl oy
(Watson, 2006
1)

3765 +24
T (K)

Log (X7*)= (5.69 + 0.02)-

Ti
5 sl PPM e s 55,158 5o Ti cale X7 alsles ol o
3o oaolS e Lo T (K)
Cl> 5 lad aS ol las calizee slajlid jo gum Slalllas
Slad-loo b 35,165 o Ti e LLs |5l g oyl 2 55,1687 o Ti
Thomas et ) sgai ool o, lid-led pny G lgie 45 lg5 oo

«@l., 2010
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FlsS 50 T oy, & Lo e gl S0 (bl Jgo 8 S

5| Jiee &0 4 (Shah et al., 2022) | )Sea 5 olis Lawgs
W PP RIS

Temperature=A+B +C (4)

65+T1
22.65

A= (

)+ Ti + 646.24

(Ti-11.3 1)—Ti)
Ti—-11.31

B=( (Ti + 25.25)
Ti
6.75
—10.55Ti—

—7.8—
c= (

+0.86)
T1
10.55

Vdgazr ) 55 (F) dlolae b 5065 (slojols ks (slos anlne

00 dulore (slod BB 45 vas oo (ylid guls .ol 00 03 4]
il S 4,5 T+ 3] S ()5 (1) slopest b §
Ool3 L asdllae 8590 sladiges 35,195 slaysly jsks Lad

A dwle (V) dolae ;0 (V) Jge 8 Gk 5l o] canss los
S9zy s laghy, 5l lad-les ceslie e ST (Y Jou)
Titan Q Yoleo L jlid 5 Lo flojed puend il anilas
Osborne ) sls salgss 4l jlad 5l mo Syglp (Vg ¥ &¥oles)
Lyl s ko wilgs sed 0ol dwle slojlad ol Ly (et al., 2022
5 Wsd 43,5 A ) badiged ;o Sl 51 5,155 (sl ok ol Lol

D gad Sl ooyl @ b o cde (o 4

Y$

a0 AYA U FOA 5l bassidl S elgl jo 5 5,05 50 Ti s
al ;08 g9 sloasgnil 31 Lo o in 0S co s o5 Sl
QT 3 a9 5yl (YPY °C .55Lle) (logsS g (YAA °C (.55L)
°C eilen) il 5 )+ °C (Sile) oS | 55 slonisigl S
b bgye ond dslme glos ppyiaS wjSe 3 (VoY
(@A JS5) Cel (FAY °C :Siloe) bl Soy5Dl

ol el Sl o b giwles ey cnl b BLS I 5o o5 (glasss
5 Sl 85 @ri02=1 ) S5, e 50 ol Gl a5 o
sled «(ari02<]) il ALLINS S92 g piaaman Ho i, a5 asl il o
5O 00 oy saSgndl )T 0 0l oral 4 jld odd dewlxe
Gl 5o nlplie 5w edls pasas badiged ;o Sy, oo o
B Sy Bl s52s Jbopl b sl 5 51 a8 G702 b S
a0 o Hlid Ldigal ded jo (Cusld g Codalsl aman) jlopsilis
Wark and Watson, ) ol s (0.5 (sYb) YU s & Qrio2 45
IS oS 5 5l eolaul b Ariog dwlre 8 (59 ;5 (2006
0.7-) YU ledigas ;o Arioz 45 w23 o lis MELTS |J58ls 5 5o
w255 b oy S 300 VO Lawsgio ysb 4y 1, Arioz 51 .ol (0.8
Uas of 5 il ax 0 Fr B Y+ Jloi conel sy slalos 5,
Wark and Watson, ) cusls aalss 5534 00l dewle slales (o
(2006
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oA 3l

GRS - = GPS+ }M
GPI }m{ GPI o}m{ o

GESH — GES- }[H
GEI{ |- R GEI }“]1

700 750 800 200 400 600 800 1000
Temperature ( C)

Sum trace elements (ppm)

il 5 el 35 onS yolic gyacma s (0 Adlln 3,30 slnssi 5 gl 15 5155 (sl THAN Q g, b 0 ralons slos gl @A S5
asesl 5 GEl il 63545 degome ;0 S &y sl 5 GES ¢ jlogS ddlais ol & ol 5GPl ¢ ylogS dilais ;0 S &y slasgdl 3

g3 ol Fo0 5 PP il (63985 acgorms jo | £g
Fig. 8. a) Comparison of calculated temperatures using the Titan Q method for quartz crystals in different types of the studied
granitoids. b) Variation in total trace element content among the different types of granitoids. GPS: Kaboodan S-type granitoids;
GPI: Kaboodan I-type granitoids; GES: Baneh S-type granitoids; GEI: Baneh I-type granitoids; Pg: Sabzevar plagiogranites.

e 5 sl (¥) (Breiter et al., 2013; Miller et al., 2009) Cuss
4 03l ST 555 oleard S 5 Wl e 29790 polic L . ‘
SR i Gl st oduzmy Ly, 5b Cod 5155 (ool

P AP e a5 558 0 cge )b il &L Sl Glee )
Peterkova and ) 5,5 o,Lsl o)lse (! 4 o)lg5 o dlaz 5l aS 5 ls

Glagssls plo b Be? it Jlgls 5l cou Veene 3,158

LoSle 4 055 o Jowslslia ;3 yaie gl (1) «(Dolejs, 2019
SLeSle 5 4 (Fy (Miiller et al., 2009) wsl hie o 39 56 ¢ 5 i !

_ . ) ) . S5y » ood plowl oland OYed & (rizmen 5 SVl 5 50k
e JLid g les 4y polie S inlas ol s (azin S S L i
Slie Ol bojo wilg oo Y0 cpl o)l S gy

T e R A R e I O e
13 5Ll polie cale al33l Coga oS 38l 51 o ptases

(g axxl o L3 su o TitAN Q (5 %eg,bge 5 G a)) 8,ls
rolie Qi Wi ge 5 35l (Jolad e el 9wy 255 ()

Breiter and Muller, 2009) wsl axsls 36 Clws
-l el sladigas 5155 slajl po DleS polic ST mbs

Ao JB Dglas oS e oo lis Giegh cpl jo dslllas 050 o

s zlial pac oauay jo (ol ogdle 0gd o 0nile Bl Jlow 58
ok yo gl Gz cops 4 oleS olie S50l
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ool Bhe 35,165 0 L e i oudleysi b Jloeed (s
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G b o T ks, wiz e a8 by plgoe anlllas 950
315850 gl Slgl8 i 5 g w00s o] 5l Sgline LS
&S S gy sludeilS sm ol alie badgdl S elsl
5o T el YL 6o il |y oleaS polic lpme o yion
DS 5 | g8 sloassdl,S o yaie (nl Jlie 5 sits
slpaiin Glgi oo Wosls (b ay axei b (@-F JSB) 2l oo ialS
&35 0 Fae Jelss 5l JeSas sles 5 (1S sleSle cmle a5 0l
Lol asgisl 5 elgl o Ti

Glas e slaasdge 13 Ygane LIt (goman slogyssls
Slou! Sl 4 Al zils 1 o aS o)L Joles ool sl (o
(Gotze et al., 2021) wgi o 3l 3,155 HlaSle ,o walk
e ol s gz i pate nl ogd e el LI Ldsn) copols
S5 35 pae ] Ve )0 4S el B 0gd 35,08 ek b wlSilew
Ol & 3,15 a0 LI il a5 a0 55 4 5, o0l
stolie Wgy 5 dalllas 550 (sladiges ,o . 0bb atwlg Al il
-0 sl JS5) 95 g0 oanlive 5 )lsS ool yo Li g Al gy505 5
(b-f 4d

aS 0gd oo ailil e Ly Tl jae G lsie 4 s,
RD Gl il oo gz il 5 5 owle Bl slaclie 1o Ygons
Breiter ) o,lo Glas JS Sow ;0 RD e b aian 35165 50
a5 el Tl waalas 9,50 slaasginl S o (et al., 2020
Rb a5 w5l olays,lsS carib oo JS K RD oyl polie sl s
50 Ggm 50 (Y Jgoz) Conl olfiws Laseis o 5l xS oyl
ool ytin | g8 Gloadsidl S Cond 4 5lsS a0 Lol
Cople Jole g0y a8 cudls bl lgi co gl cpl b (€-F o)
259 5> oIS S 1o RD 505 5 (coil)S g9 ol 5 sloSle
Slasls i anlllas 8,90 35,158 slo, ol 4 ;o RD

elads ooplpogdle 5,10 ST asline [ld, ladssy i 5l pusle s

Alg oo GE™ (ol plt .ol SI™ ay oo (+/0Y °A) Ge* Sy

YA

rolie ggazme 29b 0 00 (B-A JS5) 35,155 slaysh jo ClweS
O =¥V ppm (ke L) b S 98 laaudsisl,S 5o 35,155 CleeS
OeSle) | e slaadgndl,S 5 VL (VEF ppm (:Sike) (1055 s
255,18 sl S oy 50 Cewl (oS 5 4l )3 YYY o YVA ppm
Q558 (VOA PPM (1.55ke) GleoS jolie (e (p yieS b

2 NS AL Gl (il glaesls 4y azgi L
pominagll gltl oo 5l e i adllas )50 slansyisl S
s b Sladllas slaosls b laazsly opl (C-0 JS&) el (AS])
Jacamon and Larsen, 2009; Breiter et al., ) s,ls Jls5en
ol b as seed cailo iz e e cwl ol (2013, 2020
a3l 55l sl s Al Cis Sl il S sleSle o ASI
4 S (gl yy DL 5 5l o0 jslite )08 am 50 5 o0
laasrsil S elsil o 55,165 Al e .ol SYLATL IS cpaglls
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