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ARTICLE INFO ABSTRACT

Article History In this study, the mineralization potential of the Almogholagh intrusive
Received: 04 February 2025 rocks (Northwest Hamedan), Central Sanandaj-Sirjan Zone, was
Revised: 17 May 2025 investigated using the chemical composition of zircon grains. The
Accepted: 20 May 2025 Almogholagh intrusive rocks comprises three main types of rocks: (1)

diorite and gabbro, (2) syenite and quartz monzonite, and (3) granite.
The primary minerals in these rocks include plagioclase, amphibole,
orthoclase, and quartz, with minor occurrences of biotite and pyroxene.

Keywords Diorite is associated with iron mineralization, forming Fe-rich veins and
Zircon chemistry skarn deposits. Zircon, though a minor mineral, serves as a valuable tool
Mineralization for understanding the petrogenesis and ore-forming potential of the
Almogholagh magma. The chemical composition of zircon was analyzed using LA-
;srzr;andaj-Salrjan zone ICP-MS. The results indicate that the zircons are of magmatic origin and
belong to the alkaline to sub-alkaline magmatic series. The geochemical
signatures of the zircons suggest that the magma originated from the
mantle and underwent contamination with continental crustal rocks
during its ascent. This process, accompanied by magmatic fractionation
and assimilation (AFC), led to the observed chemical characteristics.
Additionally, the magma was formed under relatively low oxidation
conditions, as indicated by slightly Eu/Eu*, Ce/Ce*, and Ce*/Ce**
ratios. Based on these findings, the formation of Cu skarn and porphyry
*Corresponding author copper deposits is unlikely. However, the rocks fall within the Fe-skarn
Fatemeh Sarjoughian field, suggesting potential for iron mineralization. This study highlights
o fsarjoughian2@gmail.com the utility of zircon chemistry in evaluating the mineralization potential

of intrusive rocks.
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EXTENDED ABSTRACT

Introduction

Zircon is a highly durable and chemically resistant
mineral that is commonly found in a variety of rock
types. Its ability to retain detailed records of
geological events makes it an invaluable tool for
geologists (e.g., Hoskin and Schaltegger, 2003). In
this study, we focus on the petrogenesis of the
Almogholagh intrusive rocks and assess their
mineralization potential by examining the chemistry
of zircon.

The crystallization of zircon is influenced by several
factors, including temperature, the chemical
composition of the magma, water content, the rate of
crystallization, and the degree of zircon saturation
within the magma. Due to these dependencies, zircon
serves as an excellent mineral for extracting critical
information about the origin of rocks, magmatic
processes, and the age of crystallization.
Additionally, zircon can provide insights into the
composition of the initial melt and reflect the
oxidation state of the parent magma (Hoskin and
Schaltegger, 2003; Trail et al., 2011, Trail et al.,
2012; Watson et al., 2006; Hofmann et al., 2014;
Geisler et al., 2007; Li et al., 2014). By analyzing
zircon chemistry, we aim to unravel the geological
history of the Almogholagh intrusive rocks,
understand the magmatic processes that led to their
formation, and evaluate their potential for
mineralization. This approach will help us to better
understand the conditions under which these rocks
formed and the potential resources they may contain.

Materials and methods

After field works and collecting samples from the
Almogholagh intrusive rocks, suitable samples were
selected for thin section preparation and microscopic
studies. The samples were selected from diorite,
quartz monzonite granite, and zircon crystals were
separated from the host rocks. The LA-ICP-MS
method has been used to study the chemical
composition of zircon in the diorite, quartz
monzonite, and granite of Almogholagh. LA-ICP-
MS analysis is one of the most important analytical
method for geochemistry studies.

Field and petrography studies
Based on field observations, this intrusion is divided
into three main groups: (1) diorite-gabbro; (2)

syenite-quartz monzonite; and (3) granite.

The first group is mainly located in the northeastern
part of the Almogholagh intrusion, which is
characterized by a rough morphology. The second
and third groups have a mild morphology, cover a
wide range, in the southeast, west and center of the
area. The results of the U-Pb analysis of zircon grains
of the samples show that the studied rocks
crystallized in the Late Jurassic-Early Cretaceous
(Sarjoughian et al., 2023).

Gabbro-diorite is mostly coarse-grained to medium-
grained granular and it is the main host of the Baba
Ali iron deposit. These rocks contain the main
minerals plagioclase, amphibole, and minor
pyroxene. Syenite and quartz-monzonite has a
granular and microgranular texture and contain
orthoclase, amphibole, plagioclase and minor quartz
biotite, and pyroxene. Granite has a microgranular
and porphyritic texture. Its  mineralogical
composition is quartz, orthoclase, plagioclase,
biotite, and hornblende in medium to fine grain size.

Result and Discussion

In the diagram of the REE variation of in zircon,
normalized to chondrite (Sun and McDonough
1989), from diorite, quartz monzonite, and granite
show a similar pattern. In this diagram HREE are
higher than LREE and Ce has a positive anomaly and
Eu has a negative anomaly, and it seems that these
rocks are in an oxidation state. Granite have higher
REE than diorite and quartz monzonite, which
maybe due to magmatic fractionation. Using zircons
chemistry we distinguished that most zircons in the
studied rocks have high Sm/La and Th/U ratios and
are magmatic (Hoskin, 2005) and they are mostly
subalkaline and alkaline nature (Mathieu, et al 2022).
Using the element content in zircon chemistry, the
petrogenesis of the study area can be identified, using
the U/Yb to Hf ratio (Kamaunji et al., 2023). As
revealed, magma originating from mantle (NMORB
or enriched OIB), which are contaminated by
continental crustal component, as indicated by high
U/Yb ratio in zircon chemistry (Grimes et al., 2007).
In this samples, Gd/Yb ratio in zircon decreasing but
Hf value in zircon increase, indicating magmatic
fractionation along with contamination.

Intrusions associated with Fe skarn, in contrast to
intrusions associated with Fe-Cu skarn and Cu
porphyry deposits, have lower oxidation states, are
generally less oxidized. Studies have shown that
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zircon Eu/Eu* is useful in ore exploration for
assessing the mineral potential of intrusions (Lu et
al., 2016; Ghasemi Siani et al., 2022). Fe skarn-
associated intrusions have zircon Eu/Eu* values less
than 0.45, while these values are greater than 0.65 for
Cu-Mo skarn-associated intrusions. Cu-Au-Fe skarn-
associated intrusions have most zircon Eu/Eu*
values in the range of 0.45 and 0.65.

Using the Yb/Dy and Eu/Eu* ratios of zircon, the
amount of magmatic water can be evaluated. As with
increases of Eu/Eu* and Yb/Dy, the water content
increases, and mineralization type tends from Fe
skarn to Cu-Fe-Au skarn. The studied samples have
Eu/Eu* between 0.1 and 0.3 and Yb/Dy less than 5
and fall in Fe skarn field with lower water (Wen et
al., 2020).

The studied zircons have intermediate Ce/Ce* and
Ce**/Ce® ratios (between 10 and 100) and are in the
range of Fe-bearing deposits. Also, the low Hf
content at temperature 700 to 800°C in the studied
zircons indicates that the magma forming the
Almogholagh intrusive rocks may be susceptible to
Fe mineralization (Wen et al., 2020). It should be
noted that the intermediate Eu/Eu*, Ce/Ce*,
Ce*/Ce®, and Yb/Dy ratios in the Almogholagh
intrusive rocks indicate the Fe mineralization
potential.
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Fig. 3. BSE (left) and CI (right) photos from Almohgholagh A and B: granite, C and D: quartz monzonite, E and F: diorite
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Table 1. LA-ICP-MS result of zircon (ppm) in the Almogholagh diorite

Sample Y La Ce Pr Nd Sm Eu Gd Tb Dy
number
Cl2 489 13120 * 219 * 019 * 023 209 093 1223
C13 272 13111 * 240 @ * * 045 020 179 094  12.08

Ci4 3.70  186.39 * 16.46 * 0.43 0.94 090 513 174 17.82
C15 9.43 1802.33 50.16 457.84 20.16 190.89 60.89 434 8182 2270 223.22
Ci6 6.91  865.92 * 8.06 003 0.63 3.23 032 1374 6.96 88.64
C17 9.82 98151 * 716 004 090 3.07 043 18.06 7.78 100.78
C18 9.93 966.37 0.02 787  0.05 1.18 2.88 055 1754 7.47 98.30
C19 830 89043 0.19 933 0.09 111 2.75 035 15.08 6.87 89.93
Cc21 10.71  934.97 * 7.01 1.02 2.84 047 18.05 7.66 94.45
C22 13.84 105691 0.84 13.75 033  3.67 4.09 0.65 1894 839  108.23
C23 9.28 1001.10 4.73 4023 165 12.03 5.38 0.60 1989 832 10252
C24 12.09 1106.20 0.67 1284 0.22 2.10 3.70 051 1975 9.15 11555
C25 1299 1082.83 1838 13471 7.17 5163 1920 098 30.36 10.29 11445
C26 526 14291 * 243  0.02 * 0.52 026 206 1.03 13.25
Cc27 566  143.33 * 2.57 * 0.20 027 267 0091 13.20
C28 512 190.14 * 18.01 * 0.44 1.43 093 612 181 18.99
C29 10.93 101991 084 1443 038 314 411 051 1968 833 107.90
C30 8.78 866.01 560 5066 292 18.10 8.36 048 2039 7.58 90.15
C31 12.25 853.72 * 7.40 0.76 2.80 038 1549 6.68 88.12
C32 13.95 123356 1537 84.73 576 3151 1419 111 3193 1172 136.67
C33 * 1026.40 0.98 15.02 041 3.04 4.04 042 1853 833  108.77
C35 1457 1005.63 0.11 8.88  0.10 1.10 3.50 0.54 1834 813 103.80
C36 12.71 1156.50 8.79  0.08 1.16 4.24 0.62 2322 963 12239
C37 18.89 1088.84 0.04 836 0.11 1.39 4.54 054 2128 915 11434
C38 10.43 164680 0.04 806 026 3.60 8.92 1.00 37.88 1507 179.22
C39 3.92  139.67 * 2.54 * * * 025 199 1.09 13.39
C40 551 14322 * 2.53 * * 0.52 * 186 1.09 13.48
C41 569 229.90 * 19.82 0.06 0.58 1.93 123 836 229 24.34
C42 12.23 987.13 0.16 744  0.12 1.01 431 046 1984 826 10591
C43 10.25 107285 354 1781 133 494 6.13 0.67 2215 9.05 11364
C44 13.98 1061.59 * 8.88  0.13 1.18 4.74 0.48 20.74 932 11052
C45 16.77 1075.71 * 855 0.12 1.09 4.89 0.50 20.08 870  109.79
C47 5.83 202558 96.22 180.83 30.64 63.92 3187 189 6458 21.24 239.18
C48 1441 1623.02 4.78 20.25 2.67 6.82 10.15 112 40.05 1519 18341
C49 9.98 86250 4445 66.30 1221 19.16 8.46 056 1997 753 89.70
C50 17.16 1138.72 64.81 97.68 2511 3778 1916 119 349 11.20 127.73
C51 1423 87855 0.68 1041 045 1.01 3.59 031 1682 6.86 90.51
C55 * 128.51 * 2.37 * * 0.48 025 207 097 11.92
C56 474 18533 0.17 18.74 * 0.58 1.83 097 598 193 18.50
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Table 1 (Continued). LA-ICP-MS result of zircon (ppm) in the Almogholagh diorite

Sample

Ho Er m Yb Lu Hf Th u Ce/Ce* EU/Eu* Ce*Ce®
number
C12 4.93 25.07 7.07 75.50 11.72 5278  28.62 79.47 * 0.78 *
C13 5.18 24.60 7.07 78.64 12.20 5340 28.59 80.08 * 0.59 107.46
Cl14 6.13 24.30 5.62 57.72 8.75 5850 16.39  204.98 * 1.00 119.52

C15 73.92 293.07 63.15 589.25 77.83 6161 84.96 124.95 3.48 0.19 7.28
C16 3429 150.23 34.60 335.01 46.22 7209 4246  87.18 93.86 0.13 24.60
C17 38.74 167.03 37.02 359.44 5248 6882 49.84 87.92 61.94 0.14 27.13
C18 36.99 163.60 37.08 35693 51.01 6861 52.33 102.73  43.29 0.18 33.02
C19 3443 150.63 35.99 347.27 4793 7144 4664 95.24 17.18 0.13 40.80
Cc21 37.38 159.14 36.58 353.67 5095 7100 43.74  86.22 * 0.15 30.28
C22 4179 181.22 40.78 389.58 5750 7260 56.02  97.17 6.32 0.19 33.06
C23 39.72 16998 38.73 36759 5399 7589 4591  90.64 3.48 0.16 54.80
C24 4333 186.15 43,58 423.30 57.63 6827 64.14 11435 8.06 0.15 37.21
C25 4240 18255 4154 39319 5793 8616 58.88 115.88 2.84 0.12 16.55
C26 585 2845 775 8524 1304 5550 31.17 87.84 35.04 0.67 87.16
c27 554 2802 771 8519 1325 5636 32.02 89.29 * 0.71 *

C28 6.44 2488 585 59.03 941 6024 1694 21191 * 0.82 62.31
C29 4049 17469 4118 389.51 5452 7280 59.71 111.26 6.16 0.14 32.47
C30 3417 149.04 3483 336.20 4892 8200 48.89 100.76 3.00 0.11 26.82
C31 33.83 148.06 34.52 330.57 49.28 7611 39.37 79.03  #DIV/0! 0.14 32.10
C32 49.63 204.08 46.31 43551 6242 6873 46.86 86.29 2.18 0.15 19.65
C33 40.65 175.71 41.13 397.73 5497 7225 68.73 119.67 5.73 0.12 35.28
C35 40.38 17259 39.83 37272 5589 7373 5299  94.47 18.79 0.17 27.91
C36 4517 197.14 45.00 42256 60.16 6681 88.90 122.29 33.27 0.15 19.91
C37 4231 184.16 4256 39790 58.94 7348 5840  98.53 20.14 0.14 16.26
C38 65.43 27317 6152 54934 7993 6979 59.82 102.85 8.85 0.14 491
C39 556 2726 758 8333 1269 5561 3111 8548 * 0.89 *

C40 541 2819 784 8526 13.15 5665 31.74 87091 * * 91.37
C41 738 2963 720 6896 1068 6034 19.95 228.18 100.02 0.79 42.27
C42 40.07 166.52 39.33 372.63 54.27 6736 4214  83.72 12.33 0.13 14.72
C43 42.03 17759 4160 38733 5598 7112 50.21  90.36 1.99 0.16 18.65
C44 41.60 180.77 41.30 38390 57.14 7196 58.10 100.20  20.68 0.13 15.42
C45 42.09 181.13 4238 39043 58.69 7256 55.28  97.82 21.57 0.13 14.34
C47 82.65 327.71 7290 63564 90.52 7492 86.76  139.69 0.80 0.12 11.86
C48 65.54 27229 6153 54769 80.13 6767 8207 119.17 1.35 0.15 10.60
C49 33.95 148.04 35.07 329.66 4930 7899 44.14  90.25 0.68 0.13 34.98
C50 4576 191.88 44.49 406.54 60.19 6812 6845 107.41 0.59 0.14 12.04
C51 3457 153.09 36.20 340.10 50.67 7952 53.38 106.11 4.40 0.10 28.71
C55 493 2515 716 7842 1229 5415 29.12 79.47 * 0.65 *

C56 6.10 2506 591 59.16 9.14 5902 1695 207.75 8524 0.81 39.03
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Table 2. LA-ICP-MS result of zircon (ppm) in the Almogholagh Quartz monzonite

BY 5T 5 508 55 OPM) oS 5 55, ICP-MS-LA 325 5 ¥ o

r‘?’jmgéer Ti Y La Ce Pr Nd Sm Eu Gd Tb Dy
C54 * 13643 * 2.44 * 0.28 * 026 217 097 1311
C55 * 13123 * 237 * * 052 025 199 106 1226
C56 501  189.40 * 1875  * 062 192 097 572 211  19.03
C57 1445 117751  * 611 012 157 432 064 2117 973 116.36
C58 1136  874.09 * 1140 007 042 261 032 1194 591 7808
C59 2329 125105 @ * 523 021 225 794 112 2839 1229 136.99
C60 926 1380.84  * 16.71 082 274 051 1866 990 124.54
C6l 1405 69532 * 493 006 055 243 035 1160 527  66.15
C62 1678 116911 004 569 008 169 666 105 2446 1059 12543
C63 1513 105368  * 577 015 169 424 087 2224 945 109.94
C64 898 45306 004 394 121 019 629 314 4157
C65 2464 250549 @ * 1519 012 18 540 129 3288 17.61 231.13
C66 1591 65806 002  6.20 * 078 197 046 1045 535 6502
C67 139.32 * 253 * * * 032 233 103 12.98
C68 653  139.88 * 2.64 * * 045 015 233 091 1324
C69 560 187.55 * 1793 = * 126 093 573 198 1866
C70 1253 57855 * 478 004 187 034 951 451  56.39
C71 1456 114397  * 505 014 193 417 101 2333 970 116.97
C72 1776 284617  * 1221 039 603 1472 352 7387 29.66 329.88
c73 858 71895 002 634 003 060 150 022 10.64 550  68.30
C74 1455 135761 @ * 622 019 284 452 108 27.83 11.80 140.93
C75 766 134961  * 776 007 202 412 091 2530 1152 137.87
C76 1057 55953 * 454 005 043 146 033 893 406 5220
C77 1754 127887 002 499 021 297 514 147 2664 11.09 132.42
c78 879 120667 @ * 617 016 224 421 118 2333 1048 12570
C79 1529 60441 001 410 005 063 175 046 1027 486 5861
C80 1616 123446  * 555 020 312 523 133 2725 1106 132.14
c8l 482 13833 * 252 * * 055 031 200 093 1281
Cc82 612  196.38 * 1866  * 080 106 125 642 200 2056
Cc83 1026 1057.94  * 584 008 133 303 087 2034 876 106.68
C84 1303  786.49 * 374 009 187 274 082 1618 687 8185
Cc85 1747 139975 001 481 014 260 378 153 2953 1271 147.47
C8 1389 124351  * 568 026 337 507 125 2601 1120 13175
c87 1327 101122  * 538 010 247 350 101 2001 870 106.95
c88 929 77491 * 575 004 073 163 052 1177 555 7264
C89 1623 1369.89  * 518 018 351 415 156 2973 1267 147.00
C90 1236 127103  * 624 012 262 408 106 2718 1091 132.32
col 669 175821  * 867 016 322 435 098 3091 1423 173.06
C92 354 13041 * 2.40 * 024 043 025 215 097 12.34
C93 540  139.34 * 2.45 * * * 022 229 109 13.38
C94 383 19158 * 17.48  * 100 113 133 642 190 1938
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Table 2 (Continued). LA-ICP-MS result of zircon (ppm) in the Almogholagh Quartz monzonite

r?l?rrr?gé?’ Ho Er Tm Yb Lu Hf Th u Ce/Ce* EU/Eu* Ce*/Ce?
C54 5.58 26.48 7.60 81.84 1281 5492 31.64 87.78 * 0.85 *
C55 4.96 26.08 7.30 80.44 1259 5508 29.94  82.59 * 0.65 118.39
C56 6.16 26.01 6.03 60.78 9.37 6015 1745 216.27 * 0.83 52.18

C57 4417 200.80 51.15 500.73 72.16 8129 96.87 140.10 1542 0.17 23.43
C58 31.27 153.43 39.79 39635 62.07 10841 166.66 245.68 49.31 0.15 107.20
C59 48.70 210.37 50.63 47479 6537 7675 85.67 99.47 7.54 0.20 4.74

C60 50.11 24589 63.74 64549 98.85 11227 24541 352.57 * 0.16 219.76
C61 26.21 12222 31.07 31711 49.11 8438 48.88 87.54  24.88 0.17 41.87
C62 4542 199.99 4852 46396 64.74 8265 84.00 10490 18.01 0.22 7.76

C63 40.51 178.34 4443 428.63 59.30 8378 76.44 100.08 11.65 0.22 18.57
Co64 16.96 79.27 2149 21163 3240 9120 3043 59.38 76.16 0.17 88.57
C65 94.87 426.09 103.65 983.72 136.27 6739 346.36 329.01 38.33 0.23 69.21
C66 2464 11233 29.28 29328 42.01 8253 66.79 109.79 239.71 0.25 67.35

C67 554 2705 7.59 82.01 12.89 5583  30.67 82.32 * 0.97 *
C68 568 2741  7.56 8483  12.66 5587 3145 85.76 * 0.37 173.24
C69 6.10 2411 586 59.18 9.10 5820 16.80 210.28 * 0.89 109.56

C70 22.07 100.65 26.89 27425 39.24 8315 50.26 92.03 36.18 0.20 54.33
Cr71 4484 19573 47.71 45403 68.34 8613 9487 119.35 12.87 0.25 23.00
Cr2 117.25 477.45 11228 1034.34 14143 6872 282.07 233.78 9.48 0.27 7.18

C73 27.17 12488 3422 346.78 50.67 8832 67.21 12290 57.03 0.12 141.56
C74 5293 229.47 55.09 52559 7839 8506 107.42 121.92 9091 0.23 23.19
C75 53.03 23285 5822 57019 79.60 9290 136.67 173.64 33.56 0.21 35.74
C76 2159 9738 25.72 26210 39.32 8784 4224 7431 2749 0.21 84.53
cri 50.62 217.34 51.62 488.00 7274 8128 8554 99.32 7.00 0.31 13.15
C78 48.08 210.13 5231 50760 70.87 8584 98.19 12396 11.68 0.29 24.12
C79 23.31 10455 2729 27788 4119 7754 3857 69.59 2253 0.26 55.39
C80 48.60 20549 48.79 467.47 6780 8467 8571 101.24 8.40 0.27 13.13
C81 5.60 26.47 8.04 83.62 13.21 5507 3156 88.80 * 0.80 118.22
C82 6.57 26.27 6.15 61.10 9.62 6166  17.83 222.42 * 1.13 166.31
C83 41.69 178.56 43.69 43833 63.18 9220 8298 113.19 2210 0.25 39.46
C84 3147 12939 3227 31185 4465 8235 4741 6477 1258 0.29 21.60
C85 55.80 228.77 5484 52196 7352 7879 103.87 110.16 10.01 0.31 2341
C86 49.17 206.32 4944 47629 6836 8227 82.86 101.28 6.61 0.27 14.49
Cc87 40.58 170.85 42.27 406,51 56.77 8413 7041 90.13 16.29 0.29 24.24
C88 29.63 13445 3565 37516 55.08 8915 6540 126.63 43.52 0.26 118.42
C89 55.81 225.89 5478 516.08 7149 7638 101.20 10540 8.71 0.31 20.35
C90 51.23 209.44 5324 50584 70.33 8644 96.04 11513 1574 0.23 25.54
Cca1 70.87 297.89 7471 72205 102.65 9721 20241 24566 16.41 0.19 45.84

C92 498 2577 711 7979 1240 5538 29.43  80.72 * 0.65  169.85

C93 5.63 27.27 7.72 82.91 12.89 5507 32.31 88.59 * 0.68 *

C94 6.28 2379 628 6074 914 6022 1750 214.80 * 1.18  131.54
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Table 3. LA-ICP-MS result of zircon (ppm) in the Almogholagh granite

Sample

Ti Y La Ce Pr Nd Sm Eu Gd Tb Dy
number

C92 410 128.87 * 2.38 * 0.18 0.46 0.24 2.13 0.93 12.27

C93 6.36 13791 * 2.44 * * * 0.21 2.28 1.05 13.35

Co4 458  189.92 * 17.49 * 0.72 1.24 1.26 6.40 1.83 19.40

C95 9.60 1686.54 * 16.79 0.10 2.00 3.98 0.52 31.66 1421 18541
C96 573 4589.05 3.37 21.85 0.41 8.16 17.90 1.94 118.06 46.26 567.92
Cc97 1298 6743.18 9.95 21.99 2.28 26.40 36.46 7.66 209.71 7542 857.77
Cc98 17.40 7828.69 0.21 24.03 0.59 11.47 28.41 5.44 198.22 7834 936.14
C99 13.42 422738 0.22 17.07 0.38 6.13 14.31 2.75 103.48 42.02 510.57
D01 11.07 5661.04 0.13 24.64 0.50 8.46 18.78 2.29 138.33 56.53 691.81
D02 7.17 3081.95 * 20.28 0.35 6.28 12.68 1.00 7437 3096 372.05
D03 11.00 2334.46 * 11.77 0.26 4.15 8.92 1.08 56.37 22,74 279.53
D04 15.27 212046 0.15 17.47 0.25 3.02 6.22 0.77 4193 1830 231.09
D05 6.97 3056.74 0.07 17.72 0.44 6.54 11.52 1.52 7272  29.75 364.71
D06 * 141.37 * 2.58 * * * 0.24 2.04 1.02 12.72

D07 * 141.10 * 2.54 * 0.28 0.50 0.31 2.32 0.96 12.76

D08 938 19755 0.01 18.31 * 0.68 1.38 1.28 6.35 1.93 19.91

D09 1350 3504.62 0.13 23.60 0.39 7.28 13.05 1.44 8342 34.03 41312
D10 * 526.63  0.02 7.29 0.03 0.22 0.48 * 4.77 2.28 39.08

D11 6.42 4994.03 0.03 32.36 0.59 9.98 20.99 1.56 12399 50.89 611.06
D12 6.85 824214 039 46.91 1.87 26.09 44.66 6.05 236.39 89.99 1030.66
D13 12.48 8427.60 0.05  46.62 0.89 15.52 33.42 3.34 22598 88.02 105441
D14 6.82 441189 0.02 27.35 0.47 7.53 15.72 1.56 104.99 4339 536.56
D15 16.65 3388.72 * 11.88 0.31 571 12.07 1.35 80.39 3322 410.01
D16 17.96 4490.77 * 20.74 0.47 9.03 17.79 2.63 118.57 46.74 558.45
D17 14.02 3319.08 * 36.65 0.24 5.08 11.22 0.93 78.15 32.67 400.63
D18 11.83 3963.58 0.48 18.09 1.50 18.37 24.12 4.44 123.01 4555 516.53
D19 541  137.76 * 2.58 * 0.31 0.59 0.30 2.43 1.02 13.66

D20 * 137.05 * 2.44 0.03 * * 0.22 1.85 1.05 13.09

D21 773  191.67 * 18.56 * 0.65 1.01 1.07 7.24 2.10 19.62

D22 10.93 3747.66 * 21.32 0.38 6.58 15.10 1.29 93.79 38.18 463.77
D23 18.68 7356.02 0.02 29.93 0.63 11.16 26.53 3.15 186.36 74.19 903.59
D24 1589 8164.11 0.02 38.33 0.77 13.52 33.50 3.85 221.64 88.03 1049.72
D25 23.32 3863.53 0.01 51.76 0.29 5.14 12.42 1.14 90.77  38.13 47499
D26 14.44 3085.13 0.01 1191 0.38 5.68 12.18 1.85 77.28 30.58 377.26
D27 16.32  2392.20 * 27.16 0.12 3.34 6.63 0.73 50.16 21.83 276.98
D28 20.34 4106.55 * 43.27 0.29 5.86 11.99 1.70 9148 3859 490.19
D29 20.81 6633.08 0.02 28.14 0.62 10.44 27.87 3.43 178.39 71.20 856.38
D30 16.50 3002.68 * 13.41 0.23 5.74 11.82 1.53 7469 3055 37157
D31 480 138.45 * 2.62 * * 0.54 0.24 2.60 1.00 13.17
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Table 3 (Continued). LA-ICP-MS result of zircon (ppm) in the Almogholagh granite

Sample Er Tm Yb Lu Hf Th U  CelCe* EU/Eu* Ce%/Ce?
number

C92 497 2549 7.5 7844 1231 5401 2942  80.75 * 063 11487
C93 563 2705 778 8162 1283 5381 3235  88.77 * 0.64 *

C94 628 2368 633 5987 912 5895 1755 21561 * 110 8569
C95 7134 29155 7296 69236 8950 7014 450.12 37807 5084 010  70.98
C96 20586 79195 186.31 165155 212.63 6021 42263 457.21 383 010  10.20
C97 30135 1133.31 267.52 2356.67 302.05 6623 59448 56422 108 021  2.95
C98 33568 128261 30301 2705.85 34572 6549 71873 57180 1082  0.16 6.91
C99  187.76 741.89 180.27 164348 214.93 6718 48422 66440 1109 016  12.80
D01  255.68 987.28 23568 2101.99 267.40 6684 60142 62161 1354 010 1327
D02 13684 536.67 131.84 1217.04 153.16 7339 270.89 35741 17.54 008  14.12
D03  102.84 40659 9951 91519 11695 6945 16429 23572 1371 011 1247
D04  89.91 370.81 91.86 857.95 11506 6798 319.22 33244 1713 011 3931
D05 13276 527.78 12872 117481 151.00 7364 28108 36546 1148 012 1468
D06 550 2631 741 8325 1269 5650 3059 8371 * 0.83 *

D07 541  27.09 774 8294 1301 5719 30.75  84.27 * 073 11018
D08 670 2589 628 6153 982 6155 1758 22222 1011.30 110 7873
D09  150.64 603.14 14435 131213 169.81 7611 33335 42505 1621 010  17.29
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Fig. 5. The REE patterns of zircon of the Almogholagh intrusive rocks that normalized to chondrite (Sun and McDonough
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