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ARTICLE INFO ABSTRACT

The Zanjan-Takab complex is a metamorphic belt with NW-SE trend
_ that includes gneiss, amphibolite and gneissic amphibolite, old
Received: 28 December 2022 metagranites, pelitic schists with migmatites and metaophiolites. Takab

Avrticle History

ii\é:eﬁgd: gg Eig;ﬂzz ggg mafic migmatites, based on field evidence and partial melting degree,

are divided into two main groups of metatexites with patchy,

ophthalmitic, diktyonitic, agmatic, stromatic structures and diatexites

with schollen, ptygmatic, folded, stictolithic, phlebetic, schliren,
Keywords nebulitic structures. These migmatites consist of mesosome part with
Crystal size distribution (CSD) textures of pprphyroblas’gic, xinoblastic, granob_las_tic and nematoblastic
leucosome and main minerals plagioclase, hornblende, biotite, melanosome part
migmatite with nematoblastic, xinoblastic, granoblastic and oriented textures and
northeast Takab main minerals hornblende and plagioclase. The leucosome part is
plagioclase composed of granular, sympletic and myrmekitic textures and the main

minerals are plagioclase, quartz, k-feldspare, titanite, hornblende and
biotite. Investigating the shape of the crystal size scatter diagrams (CSD)
shows the physical conditions and petrological processes are effective
in the studied rocks. In order to investigate these processes, plagioclase
crystals in 4 leucosome samples were quantitatively analyzed with the
help of Jmicro vision and CSD Corrections software, and then the results
obtained from the analysis of different leucosome samples were
compared. The crystal size scatter diagrams of plagioclase crystals show
two stages of growth with different speeds in the studied samples, so that
Haleh Ghorbani the larger crystals (the end part of the curved diagram on the right)
& haleh_ghorbani@tabrizu.ac.ir belong to a melt that is at greater depths or it cooled in a calmer
environment. Nevertheless, the initial part of the diagram on the left side
crystallized in more superficial areas and at a higher speed.
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EXTENDED ABSTRACT

Introduction

The crystallization history of a rock is recorded in the
size and distribution of its minerals (Muller et al.,
2009). The most common method of quantitative
measurement of textures is investigation of crystal
size dispersion (CSD) (Higgins, 1998). Crystal size
dispersion (CSD) deals with the quantitative
measurement of crystals of a specific mineral with a
unit volume in size intervals (Cashman, 1993;
O'Driscoll et al., 2007). Many researchers, including
Cashman and Marsh (1988), Cashman (1993), Zieg
and Marsh (2002), Higgins and Roberge (2003),
Higgins and Roberge (2007), Kaneko et al., (2005),
Cashman and Ferry (1988), Higgins (1996) and
O'Driscoll et al., (2007) in their studies of CSD
diagrams to determine Kkinetic indices of
crystallization of magmatic systems, cooling history,
temperature, magmatic mixing, texture maturity,
dominant size of crystals, density Crystals and partial
volume of crystals and thermodynamic and Kinetic
models were used. In addition, researchers such as
Kaneko et al., (2005), Cashman and Ferry (1988),
Moazzen and Modjarrad (2005) and Muller et al.,
(2009) studied the crystal size distribution in
metamorphic rocks. In this research, an attempt has
been made to investigate the plagioclase crystals in
the leucosome section in the migmatites of North-
Eastern Takab using the crystal size dispersion
(CSD) technique, and by examining the resulting
diagrams, the petrological processes and the
nucleation rate of the crystals plagioclase should be
expressed during melting and finally the formation
of leucosomal parts.

Materials and methods

In the study of Ghareh naz migmatites, after taking
digital photos of the leucosomal part, they were put
together with Adobe lllustrator software for better
coverage, and then all the plagioclase crystals were
drawn and measured separately. Then the images
were transferred to JMicroVision v1.2.7 software
and the necessary measurements for all 4 locosome
samples (7n, 6p, 6m, mh) including length, width,
area, angle, location of the center of crystals
(coordinates of X and Y points) in the environment
of this software was done. It should be mentioned
that considering that the studies are done on thin
section images, so to eliminate the errors caused by

this problem, all the software settings were entered
based on the Higgins (1998) method. Then the
obtained data were transferred to CSD Corrections
1.40 software and according to the information
obtained from the frequency and size of plagioclase
crystals, a natural semi-logarithmic diagram based
on the method provided by Higgins (1998) for 4
leucosome samples of migmatite Ghareh naz was
drawn separately. In these diagrams, the population
density axis, Ln(n)(mm-4) is plotted against the size
axis of the largest crystal dimension, (mm) equal to
L. The unit of measurement for bulk density is mm-
4 (Marsh, 1988; Higgins, 2006; Bindeman, 2003;
Higgins ana Roberge, 2003, Higgins ana Roberge,
2007; Gulda, 2006; Higgins and Chandrasekharam,
2007; Brugger and Hammer, 2010) and for crystal
size is mm.

Result

Studies show that downward concavity in the
direction of small crystal sizes indicates coarsening
(Higgins ana Roberge, 2007; Vanderzwan et al.,
2013) or, in other words, indicates the cessation of
nucleation along with successive crystal growth
(Lentz and Mcsween, 2000; Higgins ana Roberge,
2007; Vanderzwan et al., 2013). The amount of low
concavity in some samples can be considered as an
almost linear trend. The almost linear trend on the
right side of some graphs indicates the successive
growth and nucleation of crystals, the process of
subtraction (crystal separation during subtractive
crystallization) and crystal accumulation (Higgins,
2009). As can be seen in the diagrams, the very small
break created in the crystal size scatter diagram
indicates the accumulation or increase of large
grains, or in other words, the sedimentation and
separation of crystals (Lentz and Mcsween, 2000). In
other words, the coarsening process in the studied
migmatite locosome occurs when small grains in
multiphase mixtures have a higher surface free
energy per unit volume than large grains and for this
reason, they are less stable (Higgins, 1998, Higgins,
1999).

Discussion

The scatter diagrams of the crystal size in the studied
leucosomal samples show that the larger crystals (the
end part of the curved diagram on the right) belong
to a melt that cooled at greater depths or in a calmer
environment. Nevertheless, the initial part of the
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diagram in the left side crystallized in more
superficial areas and at a higher speed. Based on the
studies conducted on the plagioclase crystals in the
migmatite locosome, it was observed that the
plagioclase crystals have a non-linear CSD trend,
which indicates two stages of growth with different
speeds for these crystals. In the initial stages of

crystallization, plagioclase is in the form of coarse
crystals with low number of spores, high gradient
and high growth rate, and in the next stage, smaller
plagioclase with high nucleation rate, low gradient
and low growth rate are developed. Plagioclase
crystals with their large number and relatively large
size indicate their slow cooling and low nucleation.
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Table 1. Classification of metatexite structures in migmatites of Ghareh naz area

Figure of structures

Types of structures

A: Patchy;

B: Ophthalmitic;
C: Diktyonitic;
D: Agmatic;

E: Stromatic

Metatexite
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Table 2. Classification of diatexite structures in migmatites of Ghareh naz area

Figure of structures Types of structures

A: Schollen;

B: Ptygmatic;

C: Folded;

D: Stictolithic; Diatexite
E: Phlebetic;

F: Schliren;

G: Nebulitic
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Fig. 3. Petrography of mafic migmatites of Ghareh naz area. A: The formation of granular texture between quartz,
plagioclase, k--feldspar crystals and also the presence of apatite crystals in small amounts in the leucosome sample, the
presence of zoning in plagioclase crystals which indicates partial melting (Ashworth and Mclellan, 1985), XPL., B: The
presence of amorphous quartzes filling the empty spaces in the leucosome, which indicates the formation of melt in the
final stages of crystallization, the presence of shaped and oriented hornblende in the melanosome, which is located at the
edge of the leucosome, indicates the formation of melt in situ in Ghareh naz migmatite, XPL, C: Representation of
nematoblastic texture in the melanosome part as a result of the orientation of amphibole crystals and granular texture in
the leucosome part, XPL, and D: Observation of different crystal sizes in the leucosome and mesosome parts, which is
indicative of partial melting in the studied migmatites, XPL. Abbreviations after Whitney and Evans (2010) (Leuco:
Leukosome, Mela: Melanosome, Meso: Mesosome, Ap: Apatite, Cal: Calcite, Ms: Muscovite, Kfs: K-feldspar, PI:
Plagiocalse, Hbl: Hornblende, Qz: Quartz, Spn: Sphene, Zr: Zircon, Amp: Amphibole).
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Fig. 4. An image of the marginalization of plagioclase crystals in the leucosome of Ghareh naz area using Adobe

Illustrator software and preparing binary images (black and white) to be called in Image j software for image processing
(A: sample 7n, B: sample 6p, C: sample 6m, and D: sample mh).
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Table 3. Data related to crystal size distribution in plagioclase Leucosome of Ghareh naz area. The data are in millimeters.

No.Leuco Area Length Width No.Leuco Area Length Width
1 83075 463.002  325.512 36 18700 185.648  127.456
2 138300 619.282 388.79 37 8600 123.467 92.865
3 240625  960.619  485.794 38 32625 273.139  164.102
4 190175  636.435 4129 39 789875 1295.836 887.956
5 257550  637.801  546.055 40 19600 223.347  128.886
6 14375 222.967 89.437 41 141475 483.37 464.919
7 29375 283.590 163.37 42 349850  944.819  642.849
8 29375 257.720  171.291 43 8325 170.079 84.709
9 50725 330.219  268.146 44 37800 295575  245.132

10 32225 247.074  185.067 45 26600 277.853  170.941
11 19575 226.815  139.358 46 284950 678.509  615.802
12 9775 135505  116.546 47 438025 1093.378 664.854
13 12250 148.064  133.195 48 8575 144.218 81.948

14 80250 384.406  326.482 49 8075 128.478 89.323

15 9975 131.234  117.662 50 501800 1203.574 734.342
16 146250 630.350  374.573 51 7050 105.417 82.873

17 50275 334.020  247.997 52 28200 194.652  169.875
18 166700 586.135  485.392 53 18475 165.925  148.274
19 127050 535.022  353.608 54 47625  1153.721 626.354
20 174125 764.929  369.621 55 19750 218.572 139.58

21 194850 543.291  529.486 56 397625  129.678  639.161
22 645600 1075.468 877.228 57 230750 674.832 52.693

23 30950 246.122  175.379 58 71500 380.282  291.942
24 82200 502.097  314.859 59 7175 121.272 77.426

25 21325 216.392  183.567 60 80350 363.082  327.134
26 19700 234.094  106.021 61 103350 779.475  254.137
27 20525 246.220  136.491 62 67750 433.678  286.635
28 14650 184.459  113.588 63 28225 225764  170.437
29 30675 221.934 172.81 64 50125 316.447  235.979
30 12100 143.193  104.817 65 120650 633.954  348.293
31 24750 200.683  157.367 66 61575 344582  273.553
32 84450 415233  314.878 67 22875 243.018  136.974
33 34150 307.36 759.00 68 50425 331.283  247.319
34 82675 482,296  271.874 69 29375 257.437  155.737
35 146000 576.015  449.562 70 170150 665.877  514.207
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Table 4. Data related to crystal size distribution in plagioclase leucosome of Ghareh naz area. The data are in millimeters.

No.Leuco6p Area  Length Width No.Leuco6p Area Length Width
1 4775  86.362  75.234 36 1902 204.02  161.48
2 11250 144982 113.13 37 1230 148.64 108.87
3 88275 44241  428.63 38 7207 39574 312.50
4 19725 196.224 15234 39 3677 29574 197.05
5 41475 316.299 254.06 40 3932 317.67 216.82
6 90250 530375 373.02 41 8490 418.07 358.01
7 20675 267.266 138.82 42 2395 20357 198.01
8 6600  99.874  88.228 43 2372 24122 19141
9 8400  118.828  99.691 44 1116 441.08 437.85
10 19150 202.827 13881 45 1872 20395 1451
1 11542 51213 479.19 46 1730 24566 97.674
12 11525 157.234  79.443 47 1750~ 237.04  445.77
13 12225 162.28 104.34 48 3162 24327 213.33
14 78900 424.947 315.92 49 1277 207.40  112.00
15 12675 130.192 119.98 50 1307 162.77  98.076
16 17125 187.352 18161 51 2215 262.01 124.55
17 15700 155.526 129.70 52 1437 179.67 110.21
18 35550 97.111  44.91 53 2752 297.05  129.65
19 14425 166.818 124.67 54 9825 146.02 114.01
20 24500 218.441 14454 55 gg75 11046  102.88
21 21820 817.903 558.09 56 1785 177.04 158.83
22 22350 265559 134.08 57 4600 99.16  65.878
23 17450 165.035 15251 58 1530 17556 127.14
24 6025  116.457 73.553 59 2805 31335 174.98
25 49150 334277 2385 60 1100  489.49  391.15
26 12400 205.441  91.589 61 4720 31857  238.20
27 13152 54024 501.99 62 1845  206.99 144.72
28 17625 194.907 158.04 63 6650 124.38  66.541
29 11700 151.617 113.63 64 1116 663.36  298.64
30 17675 216.259 138.84 65 1467 195.17 134.25
31 18500 158.841 148.80 66 7425 14534 75717
32 4825  96.312 71.825 67 8650 143.03  87.037
33 7675  128.147 77.337 68 2082 21516  139.96
34 5925  101.863  90.958 69 7200 103.68  89.053
35 30000 259.34 185.74 70 9300 173.56 68.218

DOI: 10.22067/ECONG.2023.80119.1061

\as

Y oylad (A0 0555 VF Y (3Ll owlis e


https://doi.org/10.22067/ECONG.2023.80119.1061

e 33 asb o3Il TS 3l aslinal b3S 5 5% sla b LS (G5 Ll b o 5 OL&es 5 SL

M).ZAL;\:AWJ:[AAJ‘A)laoj.;dk...ar},w;)j)%ﬁjmjéLh)}lac)‘uuj.\.;‘ﬂm.byféueéb £ ij\?@‘é‘

Table 4 (Continued). Data related to crystal size distribution in plagioclase leucosome of Ghareh naz area. The data are
in millimeters.

No.Leuco 6p Area Length Width  No.Leuco 6p  Area Length Width

94 155375  680.356  499.084 71 36825  406.724 179.573
95 10075 128.994  102.288 72 2500 70.501 49.825
96 42500 299.201  229.935 73 475 90.354 57.147
97 29200 261.579 171.722 74 4650 84.041 71.6
98 9450 148.385 95.531 75 5400  128.867 47.506
99 43425 335.165  231.297 76 54400  457.75 193.391
100 12950 162.085  111.643 77 20525  204.076 143.045
101 5900 92.122 89.87 78 13075  156.997 139.283
102 44025 283.657  260.817 79 96975  660.75 462.421
103 14775 172.48 157.261 80 81675  482.137 283.335
104 2600 80.904 42.634 81 12950  184.228 97.701
105 24900 283.295  177.027 82 11075  162.057 94.807
106 6225 125.355 77.53 83 33975  349.649 200.464
107 96450  425.1755  324.752 84 65200 425.301 239.339
108 14525 171.331 126.369 85 99475 557.394  321.808
109 27800 319.821 147.385 86 35625  275.32 223.849
110 15825 176.328  131.873 87 25875  236.046 197.828
111 16775 213.628 123.47 88 20100  180.303 162.504
112 10450 182.02 85.431 89 16525  209.925 129.447
113 61025 417.48 241.192 90 33950  332.079 168.792
114 8200 118.714 95.742 91 64675 543.692 192.577
115 16050 239.7 90.513 92 77725  397.648 281.042
116 21850 242.677 135.761 93 35300 247.986 210.816
117 28350 262.5 169.133

118 16775 187.317 123.976

119 6000 103.641 70.058

120 50200 331.362 258.04

121 4450 92.265 69.515

122 2975 77.636 42.498

123 33600 286.306  165.372

124 75275 473.627  381.144
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Fig.5. A, B, C, D. Logarithmic diagrams of the cumulative density against the size of plagioclase crystals in the leucosome
of Ghareh naz area, in millimeters (Fig. 5.A for sample 7n, Fig. 5.B It corresponds to the sample 6p, Fig. 5.C corresponds
to the sample 6m, Fig. 5.D corresponds to the sample mh).
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Table 5. Data related to crystal size distribution (CSD) in plagioclase Leucosome of Ghareh naz area. The data are in
millimeters.

No.Leuco No.Leuco No.Leuco

6m Area Length  Width 6m Area Length  Width 6m Area Length  Width
1 2400 7 53.069 3 16950 226.58 131.90 69 3370 267.76 171.80
2 2882 3 145451 3 6625 90.816 88.890 70 1497 17223 127.44
3 1450 2 126.768 3 12625 194.15 87.230 71 2445  276.15 212.68
4 2700 2 1685503 3 8775 184.02  66.554 72 4700 11152  79.831
5 2305 2 149546 3 122975 516.13 426.22 73 1502 162.77 130.38
6 5197 4 219153 4 17900 17450 170.34 74 2630 299.52 149.86
7 6925 1 77144 4 7275 124.05 89.014 75 1477 21916  99.819
8 1930 1 170557 4 12025 166.43 105.20 76 6375 109.65 92.424
9 7350 1 70.020 4 28350 245.64  199.10 77 6775 138.27  63.959
10 4992 4 223500 4 9350 118.68 102.89 78 1080 154.76  96.041
11 9175 1 90.127 4 8625 106.75  96.321 79 4460 393.84 174.42
12 7800 1 85.669 4 7575 119.14  72.316 80 1735 17915  524.55
13 3127 3 180334 4 13000 170.60 102.74 81 1675 165.58 153.99
14 9125 1 97.268 4 49575 395.26 192.24 82 1607 215.18 100.46
15 6775 9 88.913 4 70900 466.95 296.17 83 1622 182.89 122.73
16 1615 1 134814 5 7950 148.42 109.50 84 1317 165.24 131.46
17 1129 5 317.141 5 21875 231.88 130.01 85 1125 157.44 101.57
18 3075 7 47.690 5 33300 315.15 204.90 86 2065 203.30 123.52
19 1232 1 120.023 5 27325 253.42 179.97 87 2466 881.55 553.28
20 9050 1 109575 5 126475 606.86  379.02 88 3900 85.211 58.998
21 1624 8  371.021 S 7050 117.26  75.210 89 1370 194.74  93.039
22 2990 3 163493 5 19500 185.28 148.20 90 3575 70.076 59.288
23 1317 1 125.453 5 14975 184.49 124.96 91 2225 210.76  155.22
24 1462 1 135.404 5 14700 156.27 126.26 92 3170 229.37 209.52
25 2242 2 150.891 5 15700 177.43  130.07 93 9700 17441 79715
26 2117 2 128.734 6 41875 367.06 233.62 94 4535 322.33  209.77
27 6700 1 93950 6 8300 12744  g5.712 95 3492 32842 198..59
28 3050 8 65531 6 31050 268.93 175.82 96 7000 120.61  g0.227
29 3650 9 52.277 6 20525 214.70 152.05 97 3165 32855 157.33
30 4400 8 66.418 6 14275 21822  98.873 98 1070 14525 128.02
31 2325 2 149680 6 7425 142.12  85..23 99 4315 258.68 238.02
32 1337 1 116959 6 6850 142,57  62.046
33 5102 4 21.173 6 25250 267.98 142.80
34 5367 3 235721 6 15900 213.19 13155
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Table 6. Data related to crystal size distribution (CSD) in plagioclase leucosome of Ghareh naz area. The data are in

millimeters.

No.Leucomh  Area  Length Width No.Leuco mh Area  Length Width
1 0.017 0.198 0.148 38 0.026 0.264 0.142
2 0.017 0.177 0.133 39 0.040 0.330 0.214
3 0.088 0.485 0.311 40 0.133 0.492 0.352
4 0.285 1.136 0.527 41 0.080 0.579 0.242
5 0.106 0.439 0.326 42 0.046 0.300 0.243
6 0.057 0.307 0.294 43 0.063 0.315 0.293
7 0.094 0.476 0.362 44 0.051 0.281 0.263
8 0.117 0.768 0.269 45 0.061 0.523 0.201
9 0.127 0.647 0.373 46 0.039 0.342 0.157
10 0.049 0282 0.248 47 0.032 0.274 0.158
11 0.032 0.221 0.179 48 0.166 0.561 0.372
12 0.077 0.366 0.283 49 0.221 0.918 0.483
13 0.015 0.159 0.124 50 0.136 0.717 0.376
14 0232 0.825 0.438 51 0.101 0.132 0.114
15 0.032 0.240 0.182 52 0.036 0.275 0.225
16 0.021 0.194 0.119 53 0.048 0.281 0.259
17 0.049 0.347 0.219 54 0.019 0.210 0.137
18 0.028 0.281 0.134 55 0.005 0.109 0.059
19 0.142 0.463 0.451 56 0.011 0.176 0.085
20 0.035 0.277 0.182 57 0.025 0.222 0.171
21 0.059 0.381 0.241 58 0.227 0.791 0.602
22 0.044 0.287 0.248 59 0.013 0.200 0.870
23 0.056 0.321 0.298 60 0.016 0.179 0.114
24 0.029 0.232 0.177 61 0.074 0.456 0.361
25 0.054 0.342 0.227 62 0.045 0.312 0.264
26 0.015 0.177 0.149 63 0.022 0.216 0.156
27 0.021 0.197 0.183 64 0.032 0.277 0.158
28 0.068 0.371 0.289 65 0.034 0.257 0.207
29 0.103 0.472 0.353 66 0.022 0.194 0.140
30 0.111 0.473 0.425 67 0.014 0.151 0.137
31 0.053 0.305 0.231 68 0.054 0.341 0.206
32 0.038 0.274 0.160 69 0.152 0.670 0.312
33 0.247 1.037 0.493 70 0.062 0.412 0.297
34 0.011 0.451 0.369
35 0.050 0.302 0.209
36 0.013 0.191 0.123
37 0.042 0.286 0.217
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