Petrological Journal

E-ISSN: 2322-2182
14™ Year, No. 54, Summer 2023, pp. 89-116

Research Article

The composition of zircon trace elements
in the various Cadomian granitoid types
of Taknar zone, south of Sabzevar

Seyed Ali Mazhari '™

Petrological Journal

and Urs Klétzli

! Associate Professor, Department of Geology, Faculty of Sciences, Payame Noor University, 19395-4697 Tehran, Iran,
s _mazhari@pnu.ac.ir
2 Professor, University of Vienna, Department of Lithospheric Research, Vienna, Austria, urs.kloetzli@univie.ac.at

ARTICLE INFO

EXTENDED ABSTRACT

Received: 1 February 2023
Accepted: 6 August 2023

Keywords

Taknar zone

Sabzevar
Zircon

Trace elements

S- and I- types granitoids

@20. 1001.1.22285210.1402.14.2.3.0
10.22108/1jp.2023.136687.1293

d

Introduction

The composition of minerals in igneous rocks is influenced by the type and
nature of their parent magma, and for this reason, minerals can provide
valuable information regarding the original magma. Zircon (with the
general formula ZrSiOy), due to its widespread distribution in various types
of rocks, is considered a valuable tool in many geological studies. For this
study, the composition of trace elements in zircon crystals from
Neoproterozoic to Lower Cambrian granitoids in the Kaboodan area
Sabzevar is geochemically investigated. As the previous studies have
documented the granitoids in this area are classified into two distinct
groups, I- and S-type (Mazhari et al., 2020).

Regional Geology

The study area lies in the northeast of Iran and belongs to the Central Iran
Zone on the northern margin of the Lut Block. The granitoids from the
southern part of the Sabzevar region were investigated for this research.

The main fault of the Taknar separates the

volume of the rock formations in the Kaboodan

northern Sabzevar Zone and the southern area consists of various magmatic rocks related
Taknar Zone occurrences in this area. to Cadomian events. The mafic intrusive rocks,
A small part of the intrusive complex with an age of Ma 552-545, consist of a

appearing in the Kaboodan area includes both
felsic and mafic rocks with the Cretaceous age.
The geochemical and isotopic characteristics of
these rocks point to their formation in an active
arc  setting during the Late Cretaceous

(Mazhari et al, 2019). However, the main

gabbro-diorite composition derived from the
partial melting of a mantle source enriched in
spinel peridotite at shallow depths (Mazhari et
al., 2020a). The granitoid rocks in the area are
of two different types, I (Ma 549-547) and S.
(Ma 531-528) types (Mazhari et al., 2020a).
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Analytical methods

Two samples of S-type (Kal8 and Ka39) and
two samples of I-type granitoids (Ka6 and Ka33)
were selected. The trace element analysis of zircons
was carried out using the Agilent 7700x ICP-MS,
which was equipped with a Resonetics Resolution
M-50 series 193nm excimer laser ablation system.
The laser ablation beams had a diameter of
approximately 31 pm with a laser energy density of
8.5 J/em2. All spot analyses were conducted with a
repetition rate of 10 Hz. External standards NIST
SRM610 and TEMORA 2 (TEM) were utilized for
the analysis. The detailed operating conditions for
the laser ablation system and the ICP-MS
instrument, as well as data reduction procedures,
were the same as those described by Liang et al.
(2018).

Petrography, nature, and formation setting of
zircon crystals

The separated zircon samples from the two types
of granitoids have a similar appearance. They are all
transparent and come in various colors ranging from
colorless to pale yellow and light brown. The length
of the zircon crystals is approximately 100 to 300
microns, and the length-to-width ratio is about 3:1.
The zircon grains in the studied granitoids are
mostly euhedral to subhedral and often exhibit
zoning. The observed zoning in the zircon samples
is mostly of the oscillatory or sector type, and some
crystals also display banding textures. These
textures are prominent features of magmatic zircon
crystals.

All the analyzed crystals have high Th/U ratios
(>0.1), which is consistent with zircons of magmatic
origin. Moreover, the Th/U ratio is approximately
1.5-1 in these zircons. All zircon crystals in the
studied samples exhibit a rare earth element (REE)
pattern similar to magmatic zircons. The U/YD ratios
in the zircon crystals indicate that the studied
zircons fall within the range of continental zircons.

Trace element distinction between I- and S- types
of granitoids

With careful examination of the results of trace
element analysis in the zircon crystals from different
types of granitoids in the studied region, significant
differences are observable. While some elements
like Sr, Nb, and Ta show consistent ranges of
variation in zircon crystals from different granitoid

types, the composition of other trace elements varies
significantly. Zircon crystals in S-type granitoids are
enriched in elements (i.e. Ti, P, Hf) compared to I-
type granitoids, whereas in I-type samples, zircons
are relatively enriched in elements like Y, Th, U,
and REE. These compositional differences in
magmatic zircon crystals indicate different sources
and distinct evolutionary processes that gave rise to
the formation of the primary magmas.

Crystallization temperature and oxygen partial
pressure (fO2) in zircon crystals

The calculation of the Titanium-in-Zircon
Thermometry (TZT) documents that zircon crystals
in S-type granitoids crystallized at Thigher
temperatures (877-910°C) compared to I-type
granitoids (808-860°C). The concentrations of
elements (i.e. Nb, Hf, Th, U) in zircon crystals
decrease with increasing crystallization temperature
in both I- and S-type granitoids. The trend of
variation in trace elements with increasing
crystallization temperature in zircon crystals
indicates  systematic changes in the melt
composition simultaneous with the cooling of the
system. This behavior of trace elements is in line
with magmatic differentiation processes such as
fractional crystallization.

I-type granitoids were formed at higher oxygen
partial pressures compared to S-type samples. The
average values of AFMQ for zircon crystals in S-
type granitoids are -18.8, while the zircon crystals in
I-type granitoids have an average of -16.3. The
relationship between temperature and oxygen partial
pressure indicates that all samples were formed
under conditions lower than FMQ. The calculation
of temperature and fO, using the trace element
composition of zircon crystals in the studied region
suggests higher temperatures and lower oxygen
partial pressures for S-type granitoids compared to I-
type ones.
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Table 1. The major oxide (Wt%) and trace elements

(ppm) analytical data (GPI: I-type granitoids; GPS:
S-type granitoids).

Sample ID Kal8 Ka39 Kab6 Ka33

ID GPS GPS GPI GPI

SiO2 76.13 70.88 69.31 72.66
TiO2 0.21 0.16 0.63 0.39
AlLO3 12.46 12.59 15.94 13.36
FeOt 2.11 4.26 1.82 3.42
MgO 0.17 1.25 0.76 0.66
MnO 0.02 0.02 0.05 0.05
CaO 0.38 0.62 4.02 2.52
Na:0 3.91 3.71 5.33 4.54
K>O 4.05 3.51 1.45 1.61
P20s 0.03 0.07 0.10 0.06
L.OL 0.67 1.77 0.76 0.77
Sum 100.14 98.84 100.17 100.04
Li 5.01 3.85 2.78 9.86
Rb 101.55  130.36 11.32 51.12
Cs 1.12 0.80 1.55 1.36
Be 3.03 2.19 2.23 2.76
Sr 39.43 6522 187.16 98.13
Ba 67542 98134 133.29 302.41
Sc 12.88 11.13 8.72 9.09
\4 1.69 1.93 33.69 22.84
Cr 1.82 2.13 13.05 5.83
Co 1.28 1.86 7.67 6.12
Ni 1.17 1.37 54.77 5.86
Cu 1.78 0.96 31.34 4.86
Zn 19.13 18.64 73.13 34.13
Ga 18.51 16.43 14.82 16.29
Y 65.54 54.38 24.30 45.18
Nb 14.20 11.40 11.53 11.86
Ta 1.12 0.98 0.82 0.79
Zr 283.40 119.20 47520 306.10
Hf 8.54 6.52 11.03 9.48
Mo 0.62 0.72 0.64 0.59
Sn 1.65 2.19 1.13 0.45
Tl 0.37 0.24 0.28 0.09
Pb 5.61 5.17 51.39 10.26
U 17.48 18.15 4.85 5.83
Th 31.08 16.85 19.16 16.59
La 52.88 31.45 29.18 31.07
Ce 117.29 71.52 62.40 67.14
Pr 14.74 8.49 7.05 7.94
Nd 55.69 33.09 27.26 31.56
Sm 12.37 7.08 5.35 6.81
Eu 1.35 0.59 1.06 1.14
Gd 11.78 6.93 4.75 6.86
Tb 1.96 1.39 0.69 1.18
Dy 11.77 8.82 3.86 7.29
Ho 2.36 1.86 0.78 1.55
Er 6.72 5.65 2.31 4.59
Tm 1.01 0.74 0.38 0.73
Yb 6.42 5.49 2.46 4.57

Lu 0.94 0.81 0.41 0.69
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Table 2. Age, Aluminum Saturation Index (ASI), and Nd-Sr isotopic ratios of Taknar samples (from Mazhari et al., 2020a).

Sample No. Age (Ma) ASI eNd 87Sr/86Sri TDM (Ga)
Ka39 529 1.141484 -4.54 0.714 1.85
Kal8 523 1.08 -6.95 0.710 1.76
Kaé6 547 0.903302 3.68 0.704 1.11
Ka33 549 0.968622 2.49 0.707 1.24

(Ka33 3Ka6) I g55 sladiges g Ka39 5Kal8) S 45 angiil S slaaiges 10 cudgn SIS Gladass 4555 51 sanlcassa slacsls ¥ Jgaz

Table 3. Microprobe analytical data of biotites in S-type (Kal8 and Ka39) and I-type (Ka6 and Ka33) granitoids.

Sample No. Ka6 Ka6 Ka33 Ka33 Ka39 Ka39 Kal8 Kalg&
Sio2 35.84 35.62 35.74 35.58 34.53 34.55 34.71 34.37
TiO2 3.92 3.75 3.71 3.89 3.08 3.08 2.9 3.25
AI203 13.3 13.25 13.19 13.09 17.21 17.26 17.25 17.28
FeO 21.03 20.61 20.89 20.53 24.73 24.72 24.38 25.04
MnO 0.31 0.24 0.29 0.26 0.25 0.29 0.27 0.3
MgO 12.47 10.71 11.82 10.52 5.69 5.65 5.51 5.82
0.08 0.06 0.08 0.05 0.16 0.14 0.12 0.18

Ca0O
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Table 3. Continued.

Sample Ka6 Ka6 Ka33 Ka33 Ka39 Ka39 Kal8 Kal8
Na20 0.75 0.59 0.74 0.55 0.24 0.27 0.26 0.23
K20 10.05 9.53 9.59 9.48 9.52 9.3 10.41 8.15
Total 97.75 94.36 96.05 93.95 95.41 95.26 95.81 94.62
Atom numbers calculated based on 11 (O)

Si 2.95 2.85 2.785 2.845 2.746 2.74 2.752 2.735
AllV 1.07 0.889 1.018 0.777 1.12 1.06 1.132 0.989
AlVI 0.2 0.274 0.193 0.457 0.53 0.55 0.48 0.631
Ti 0.23 0.186 0.214 0.23 0.188 0.182 0.174 0.19
Fe3+ 0.4 0.247 0.377 0.521 0.222 0.289 0.148 0.43
Fe2+ 1.04 0.597 0.985 0.852 1.241 1.36 1.491 1.237
Mn 0.02 0.005 0.019 0.018 0.003 0.019 0.018 0.02
Mg 1.44 1.688 1.359 1.392 0.731 0.75 0.683 0.817
K 0.99 0.909 0.943 0.781 0.904 0.902 1.033 0.771
Na 0.12 0.054 0.112 0.086 0.025 0.037 0.039 0.035
Ca 0.007 0.005 0.007 0.005 0.003 0.013 0.01 0.016

. Magtae- 1 4 &% -

loasblS B g sloansilS pseis, jl ales (A GlogS dilaie ;3 U digy F3,0 ool slosiw 5o plme by, (50 ¥ S0
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Figure 2. Some field relations in the plutonic rocks of the Taknar Zone in the Kaboodan area. A) A view of the I-type

granitoids; B) S-type granitoids appear as dyke; C) distinct outcrops of S-type granitoids in the mafic rocks of this area; D)
Mafic enclaves in the I-type granitoids.
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Figure 3. Discrimination diagrams for biotite in various granitoid settings (from Abdel-Rahman, 1994). A) MgO

versus Al,O;3 diagram; B) FeOt versus Al2O3 diagram.
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Figure 4. Representative images of zircon crystals in Taknar samples. A) zircon crystals from S-type granitoid;
B) zircon crystals from I-type granitoid; C) zircon crystals separated from S-type granitoid; D) zircon crystals
separated from I-type granitoids (A and B are reflected light (RL) microscope images while the others are

cathodoluminescence (CL) images. The age data is from Mazhari et al. (2020a). Trace element analysis of zircon
cores in inherited zircon crystals from S-type granitoids has not been conducted).
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Figure 5. A Chondrite (Sun and McDonough, 1989) -normalized pattern of rare earth element (REE) in zircon crystals of
Taknar samples; B) Average distribution coefficients for REEs in zircon crystals of Taknar samples (Samples Kal8 and Ka39
are from S-type granitoids, while samples Ka33 and Ka6 are from I-type granitoids).
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Table 4. The trace element analytical data in zircon crystals of Taknar samples by the LA-ICP-MS method (GPS: S-type

granitoids; IPS: I-type granitoids; T°C: calculated temperatures using the TZT method (Dardier et al., 2021) (The temperature
is in Celsius and concentration is in parts per million (ppm)).

Sample No. Kal8-1 Kal8-10 Kal8-11 Kal8-2 Kal8-3 Kal8-4 Kal8-5 Kal8-6 Kal8-7
Granitoid Type GPS GPS GPS GPS GPS GPS GPS GPS GPS
Ti 46.67 48.39 39.47 46.35 44.37 40.7 50.6 51.82 423
P 657 475 383 496 495 390 661 703 361
T°c 897.1 901.35 877.8 896.29 891.21 881.29 906.64 909.48 885.7
Hf 9580 9491 10537 9374 9742 10129 9260 9275 10040
Nb 7.22 6.08 8.83 6.9 7.73 8.25 6.23 5.65 8.1
Ta 1.13 0.99 1.79 1.05 1.26 1.45 0.97 1.02 1.53
Th 64.13 64.37 72.6 64.53 65.32 69.5 63.25 61.92 69.43
U 64.75 63.21 71.63 63.31 66.31 69.77 62.19 61.2 68.1
Sr 0.38 0.45 0.53 0.42 0.55 0.41 0.36 0.33 0.36
Y 1281 1325 1151 1296 1263 1225 1360 1380 1206
La 0.1 0.1 0.09 0.1 0.1 0.09 0.1 0.1 0.09
Ce 32.84 343 28.89 33.49 31.85 30.54 34.48 34.72 30.9
Pr 0.41 0.43 0.36 0.42 0.4 0.38 0.43 0.44 0.39
Nd 5.66 591 4.98 5.77 5.49 5.26 5.94 5.98 5.33
Sm 7.14 7.46 6.28 7.28 6.93 6.64 7.5 7.55 6.72
Eu 1.43 1.49 1.26 1.46 1.39 1.33 1.5 1.51 1.35
Gd 334 34.89 29.39 34.07 32.4 31.06 35.07 35.31 31.43
Tb 10.16 10.61 8.94 10.36 9.86 9.45 10.67 10.74 9.56
Dy 122.65 128.11 107.93 125.1 118.97 114.06 128.78 129.68 115.41
Ho 41.89 43.75 36.86 42.73 40.63 38.96 43.98 44.29 39.42
Er 183 191.14 161.04 186.66 177.51 170.19 192.15 193.49 172.2
Tm 39.11 40.85 34.42 39.89 37.94 36.37 41.07 41.35 36.8
Yb 360.4 376.44 317.15 367.61 349.59 335.17 378.42 381.05 339.14
Lu 60.02 62.69 52.82 61.22 58.22 55.82 63.02 63.46 56.48
Sum REE 889.02 928.59 782.34 906.8 862.35 826.79 933.47 939.96 836.57
Aol Jgax

Table 4. Continued.

Sample No. Kal8-8 Kal8-9 Ka33-1 Ka33-10 Ka33-11 Ka33-2 Ka33-3 Ka33-4  Ka33-5
Granitoid Type  GPS GPS GPI GPI GPI GPI GPI GPI GPI
Ti 5027 4509  31.66 20.4 29.45 21.73 24.8 31.87 30.75

P 593 502 291 185 187 190 291 265 207

T’ 905.86  893.08  853.36  807.62 845.57 813.96 82748  854.08 85021
Hf 9123 9568 7460 7860 7536 8160 7751 7309 7453

Nb 6.07 6.51 5.33 8.47 6.16 8.19 7.45 4.95 4.18
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Table 4. Continued.

Sample No. Kal8-8 Kal8-9 Ka33-1 Ka33-10 Ka33-11 Ka33-2 Ka33-3 Ka33-4 Ka33-5

Ta 0.95 1.2 1.19 2.05 1.54 2.17 1.85 1.32 1.26
Th 6247 646 1704 251.6 185.4 252.8 237.1 153.4 175.2
U 6146 6531 1159 165.1 118 164.3 155.3 106 115.8
Sr 0.37 039 0.72 0.39 0.49 0.46 0.48 033 0.53
Y 1367 1305 2255 1806 2006 1816 1852 2350 2294
La 0.1 0.1 0.07 0.14 0.16 0.06 0.07 0.07 0.17
Ce 3481 3298 4245 72.66 84.28 34.39 39.05 433 89.8
Pr 0.44 0.41 0.48 0.57 0.66 0.39 0.44 0.49 0.71
Nd 6 5.69 9.48 8.17 9.48 7.68 8.72 9.67 10.1
Sm 7.57 717 127 10.78 12.5 10.29 11.69 12.96 13.32
Eu 1.52 1.44 2.89 1.02 1.18 234 2.66 2.95 1.26
Gd 354 3355 60.16 49.68 57.63 48.73 55.35 61.36 61.4
Tb 1077 10.21 17.28 14.2 16.48 14 15.9 17.63 17.55
Dy 130.01  123.19 20177  166.63 193.29 163.43 18563 20581 20595
Ho 44.4 4208  68.41 56.06 65.03 55.42 62.94 69.78 69.28
Er 193.98  183.81 29174  235.14 272.76 23631 268.4 297.58  290.62
Tm 4146 3928  61.56 49.09 56.95 49.87 56.64 62.79 60.67
Yb 38202 362 54927  436.48 506.32 44491 50533 560.26  539.46
Lu 63.62 6029  93.84 72 83.52 76.01 86.34 95.72 88.99
Sum REE 94236 892.96 139934  1150.84 133498 113346  1287.39 142733 142237
PRI S v

Table 4. Continued.

Sample No. Ka33-6 Ka33-7 Ka33-8 Ka33-9 Ka39-1 Ka39-2 Ka39-3 Ka39-4
Granitoid Type GPI GPI GPI GPI GPS GPS GPS GPS
Ti 31.49 25.63 25.49 27.9 39.15 40.27 44.96 40.93
P 264 242 200 335 479 440 640 356

T 852.78 830.9 830.33 839.81 876.88 880.08 892.74 881.93
Hf 7433 7562 7681 7505 10366 10220 9657 10417
Nb 5.67 6.4 6.89 6.27 9.14 7.59 73 8.16
Ta 1.35 1.62 1.7 1.4 1.84 1.63 1.39 1.72
Th 188.7 223.4 221 208.2 73.16 72.77 65.31 71.5

U 122.7 147 145.8 143.1 72.54 72.31 64.03 71.49
Sr 0.46 0.57 0.36 0.5 0.41 0.47 0.63 0.39
Y 2261 1880 1906 1993 1142 1167 1277 1183

La 0.16 0.15 0.15 0.16 0.09 0.09 0.1 0.09
Ce 86 81.43 81.7 83.51 28.7 29.57 32.29 30.2
Pr 0.68 0.64 0.64 0.66 0.36 0.37 0.41 0.38
Nd 9.67 9.16 9.19 9.39 4.95 5.1 5.57 5.21

Sm 12.76 12.08 12.12 12.39 6.24 6.43 7.02 6.57
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Table 4. Continued.

Sample No. Ka33-6 Ka33-7 Ka33-8 Ka33-9 Ka39-1 Ka39-2 Ka39-3 Ka39-4
Eu 1.21 1.14 1.15 1.17 1.25 1.29 1.41 1.32
Gd 58.8 55.68 55.86 57.11 29.2 30.07 32.84 30.72
Tb 16.81 15.92 15.97 16.33 8.88 9.15 9.99 9.35
Dy 197.22 186.75 187.36 191.53 107.22 110.44 120.6 112.82
Ho 66.35 62.83 63.03 64.43 36.62 37.72 41.19 38.53
Er 278.3 263.52 264.39 270.27 159.98 164.78 179.94 168.33
Tm 58.1 55.02 55.2 56.43 34.19 35.22 38.46 35.98
Yb 516.6 489.17 490.77 501.7 315.06 32451 354.38 331.51
Lu 85.21 80.69 80.95 82.76 52.47 54.04 59.02 55.21
Sum REE 1362.1 1289.78 1294 1322.81 777.18 800.5 874.16 817.77
Aol Jgax

Table 4. Continued.
Sample No. Ka39-5 Ka39-6 Ka39-7 Ka39-8 Ka6-1 Ka6-10 Ka6-11 Ka6-12
Granitoid Type GPS GPS GPS GPS GPI GPI GPI GPI
Ti 48.7 41.85 39.16 43.1 23.08 33.25 32.49 28.3
P 316 473 531 631 226 254 273 195
T 902.1 884.47 876.91 887.85 820.08 858.7 856.18 841.32
Hf 9506 9859 10650 9630 7814 7260 7347 7640
Nb 6.74 7.69 8.37 7.05 7.1 4.51 4.63 6.53
Ta 1.08 1.17 1.73 1.34 2.16 1.06 1.12 1.65
Th 64.02 67.71 72.33 65.75 248.4 155.3 166 215.7
U 63.5 68.04 72.08 66.27 160.4 105.2 110.5 145.4
Sr 0.49 0.51 0.34 0.54 0.39 0.51 0.41 0.67
Y 1347 1249 1135 1255 1841 2430 2406 1965
La 0.1 0.09 0.08 0.1 0.14 0.08 0.17 0.07
Ce 34.15 31.08 28 322 76.1 48.82 90.56 39.9
Pr 0.43 0.39 0.35 0.41 0.6 0.55 0.71 0.45
Nd 5.89 5.36 4.83 5.55 8.56 10.91 10.19 891
Sm 7.43 6.76 6.09 7 11.29 14.61 13.43 11.94
Eu 1.49 1.35 1.22 1.4 1.07 3.33 1.27 2.72
Gd 34.74 31.61 28.48 32.76 52.04 69.18 61.92 56.55
Tb 10.57 9.62 8.66 9.96 14.88 19.87 17.7 16.24
Dy 127.56 116.08 104.6 120.29 174.53 232.04 207.69 189.67
Ho 43.57 39.64 35.72 41.08 58.72 78.68 69.87 64.31
Er 190.32 173.19 156.06 179.47 246.28 335.51 293.08 274.24
Tm 40.67 37.01 33.35 38.36 51.42 70.8 61.19 57.87
Yb 374.82 341.08 307.35 353.45 457.17 631.67 544.03 516.32
Lu 62.42 56.8 51.19 58.86 75.41 107.92 89.74 88.21
Sum REE 924.58 841.37 758.16 871.88 1205.4 1609.24 1434.43 1315.38
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Table 4. Continued.

Sample No. Ka6-2 Ka6-3 Ka6-4 Ka6-5 Ka6-6 Ka6-7 Ka6-8 Ka6-9
ID GPI GPI GPI GPI GPI GPI GPI GPI
Ti 24.17 22.17 2691 28.12 28.77 33.61 32.75 23.92

P 283 256 326 216 280 219 290 176

T 824.82 815.99 836 840.64 843.07 859.89 857.05 823.75
Hf 7763 7831 7739 7405 7495 7368 7315 7950
Nb 7.6 9.15 7.25 5.25 593 4.8 4.36 8.8

Ta 2.03 1.86 1.79 1.23 1.39 0.88 0.95 1.95

Th 243.1 250.7 220.5 193.5 202.3 162.8 150.9 2493

U 159.2 163.7 146.9 121.2 130.1 107.4 106.8 162.3

Sr 0.44 0.42 0.58 0.3 0.37 0.4 0.5 0.52

Y 1860 1790 1874 2204 2380 2471 2367 1835

La 0.15 0.13 0.15 0.07 0.16 0.07 0.08 0.06

Ce 79.91 70.01 81.43 40.75 86 44.15 45 35.66
Pr 0.63 0.55 0.64 0.46 0.68 0.5 0.51 0.4

Nd 8.99 7.88 9.16 9.1 9.67 9.86 10.05 7.97

Sm 11.85 10.39 12.08 12.2 12.76 13.21 13.47 10.67
Eu 1.12 0.98 1.14 2.78 1.21 3.01 3.07 2.43

Gd 54.64 47.87 55.68 57.75 58.8 62.56 63.77 50.53
Tb 15.62 13.69 15.92 16.59 16.81 17.97 18.32 14.52
Dy 183.26 160.57 186.75 193.7 197.22 209.84 213.88 169.49
Ho 61.65 54.02 62.83 65.68 66.35 71.15 72.52 57.47
Er 258.6 226.58 263.52 280.07 278.3 303.41 309.25 245.06
Tm 53.99 47.3 55.02 59.1 58.1 64.03 65.26 51.71
Yb 480.03 420.6 489.17 527.3 516.6 571.25 582.23 461.39
Lu 79.18 69.38 80.69 90.09 85.21 97.6 99.47 78.83
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Figure 6. Discriminant diagrams for identifying the type and origin of zircon crystal based on trace element
composition. A) La versus (Sm/La)n diagram (Hoskin, 2005); B) (La/Sm)n versus (Yb/Sm)n diagram (Xia et al.,
2010); C, D) Discriminant diagrams for distinguishing zircons formed in continental and oceanic crusts (Grimes

et al., 2007).
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