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Fig. 1. Local identification of samples used in this study within the scope of the NW provinces of Iran

Table 1. Chemical composition of the rock samples used in this study by mean of XRF

XRF (5,4 siwgh cnl )0 oolaiuwl 5590 (oK diged glowd cuS 5 ) Jgo

Sample SiO: TiO: ALO3 FeO¢r MnO MgO CaO NaO KO P.0s L.O.I
AFSH 6544 037 1432 428 0.03 243 3.35 4.5 291 018 2.19
ARAK 5884 0.78 14.02 83 0.13 4.07 6.68  2.18 2.1 0.16 2.74
DOLF 5999 049 17.11 455 0.04 1.31 4.7 4.39 6 026 1.16
EKBT 7053 038 138 3.63 0.03 0.71 .34 3.01 518 0.11 1.28
GBG 5441 126 1257 1077 0.11 6.38 7.24 2.5 206 023 247
GLT 49.08 092 1631 6.69 0.1 514 1514 278 BDL 0.09 3.75
GOLM 7264 023 1322 224 0.01 0.42 1.53  4.06 43 0.06 1.29
GOSH 73.1 0.17 1232 288 BDL 0.17 0.7 3.37 57 0.03 1.56
KHAL 7433 02 1196 3.19 0.0l 0.37 .69 336 365 005 119
KHOR 63.57 052 1527 4.63 0.09 099 278 373 676 024 142
MARG 5813 049 175 497 004 243 462 458 534 031 1.59
NARI 7601 0.11 1229 1.83 BDL 022 0.66 393 469 001 025
PIRB 6249 036 163 517 0.07 028 235 715 4.5 0.09 1.24
PIRG 626 034 1455 69 0.13 0.19 319 595 436 0.06 1.73
SAGZ 5998 078 1423 6.17 0.05 2.79 554 496 3.07 042 201
Mean 6408 049 1438 508 0.06 1.86 4.10 403 433 015 1.72
St.D 7.86 032 179 239 0.04 1.98 369 132 143 0.12 0.82
Cv 1227 6435 1246 47.09 66.75 106.65 90.01 32.68 33.08 7696 47.83




Fev e yykite cn 3l (Gl (it S g (8L sla Sy o bl )| (o)

OYAA JL) ¥ ojles V) al>

2 2525 0 5 )M 555 )0 peal ples B Jsans ;5 10 sl A (g5 S 2o laee Kol BLLILE (6 gl 4Y 4w ¥ S5
O 9 98 4 S Sl slads e Sz )0 098y Ko e 232 42,0 FO L LI Gl 2 o5

Fig. 2. Three superposable photomicrographs of a same microscopic view field acquired in the different optical condition
of polarized microscopy, A: image under PPL, B: image under XPL, and C: image under XPL with the difference by a 45°

clockwise rotation of the stage to the two earlier images
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1. Batch image processing software
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Fig. 3. Schematic diagram from continuous microscopy imaging to performing the crystal boundary tracing on the big

superposable mosaic image layers
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2 . Continuous shifting
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Table 2. Statistical characteristics of crystal boundary tracing of the studied rocks' thin sections

Samples Reference Area DI:::::FS i
(mm?) (%) No.
AFSH 199.17 36.6 884
ARAK 130.49 26.4 1190
DOLF 200.64 37.1 781
EKBT 471.53 86.7 1844
GBG 30.80 6.5 579
GLT 226.31 37.3 1081
GOLM 164.21 28.5 1800
GOSH 129.20 24.2 1426
KHAL 277.65 54.9 1802
KHOR 204.88 454 1021
MARG 160.90 30.2 617
NARI 158.33 322 1346
PIRB 334.18 62.3 821
PIRG 205.56 382 895
SAGZ 144.78 28.7 1756
SUM 3038.63 17842
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1. Data Exchange Format
2. Extension tools
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Table 3. Most important mineralogical and geometric textural parameters used in this study

Syb. Parameter Description Formula Reference
Min  Mineralogy The percentage of the occupied area by a specific >4,
mineral on the measured reference area Min = P
L Length The longest perpendicular distance between the two Pixel count in GIS (Feret, 1931)
parallel lines tangent on either side of an object
A Area The geometric surface of an object Pixel count in GIS
P Perimeter The boundary length of an object Pixel count in GIS
Eln Elongation The length-to-width ratio of the smallest rectangle L, (Schneiderhoh
. . AR =—*
surrounding the object W, n, 1954)
C Circularity ~ The ratio of object area to the area of a circle with the C < 4r A (Cox, 1927)
same perimeter E
Rnd  Roundness The square of the ratio of the object equivalent D,\ 44 (Cox and
diameter to the object length Rnd (Tj R Budhu, 2008)
Rgh  Roughness  The ratio of the object perimeter to the perimeter of the P Introduce in
smallest circumscribed rectangle enclosing the object Rgh = a this study
Rug Rugosity The ratio of the object perimeter to the perimeter of Ruo = P Introduce in
the smallest circumscribed circle enclosing the object &= » this study
Ree  Rectangularity The ratio of the object area to the area of the smallest Introduce in
. . . . Rec = .
circumscribed rectangle enclosing the object x this study
CPc  Compactness The ratio of the object squared perimeter to the CP. ER (Cole, 1964)
object area T A
t Grain Size  The evaluation of grains homogeneity with respect to A4,, (Dreyer, 1973)
Homogeneity their size distribution Y(4,-4,,)°
H  Heterogeneity The evaluation of grains heterogeneity with respect () 2 (Pengetal.,
Index to their size and mineralogy distribution 2. [? - ]] Ro=2 o0 2017)
g Interlocking ~ The evaluation of grains interlocking with respect to 1_P (Dreyer, 1973)
Coefficient their perimeter and area ratio &= " zﬁ
TC Texture The evaluation of grains interrelations with respect to o N, (Howarth and
Coefficient the share of elongated and equidimensional grains N+N,’ ST%J{TO N, ARIAEJ Rowlands, 1987)

and the mean orientation of grains
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1. Size metric parameters

2. Shape metric parameters 4. Texture Coefficient

3. Grain interaction parameters
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Table 4. The total (grain) arithmetic mean of the studied rocks' geometric textural parameters

Textural Parameter — 3
Z2:E88522:8¢8z282¢% £ ¢
T ERE0C g ITEETZERE A p
Type Symbol Unit
A
% L mm 048 038 054 051 03 055 035 03 032 042 06 035066 049 033 044 0.12 2667
_g A  mm? 023 011 027 026 005 021 0.09 0.09 015 020 026 012 041 023 008 0.18 0.1 5207
P
“5’ P mm 151 12 1.7 166 093 178 1.13 098 10 135 197 105205 153 1.02 139 038 2733
n
Eln - 178 177 178 185 167 166 176 159 184 176 167 172176 174 167 173 007 4.05
C - 059 057 06 056 059 061 058 061 06 06 06 059 058 059 06 059 001 226
g
g Rec - 065 064 066 063 065 065 065 065 064 066 0.66 055 0.66 065 065 064 003 4.16
2 Rnd - 049 048 052 047 05 051 049 018 048 05 052 045049 05 051 047 008 17.83
E
Qé Rgh - 09 091 094 091 091 09 091 09 089 09 093 084 091 091 09 09 002 241
7
Rug - 087 0.88 0.88 0.88 0.88 0.88 0.88 0.89 085 0.87 091 0.87 0.88 0.88 0.88 088 0.01 143
CPc - 044 044 044 042 045 046 044 047 043 045 046 044 044 045 046 045 001 3.08
5
Q
% t - 005 .007 .003 .003 .020 .008 .007 .004 .004 006 .016 .008 .010 .009 .008 .01 .005 58.18
g,
=]
-% H.I - 1.18 217 193 151 558 238 256 524 107 152 139 357 204 223 425 257 143 5573
i G - 481 49 494 501 482 474 486 473 477 479 488 477 485 485 4776 483 008 1.64
g
O
TC - 186 192 187 198 173 174 188 170 188 184 180 182 181 175 175 182 0.08 431
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Table 5. The phasic mean of the geometric textural parameters for the mineralogical phases of quartz, plagioclase, alkali-
feldspar and mafic minerals
Mineral Textural = E = E
Phase Parameter = = 8 =

GBG
GLT
GOLM
GOSH
KHAL
KHOR
MARG
NARI
PIRB
PIRG
SAGZ
Ave
St.D
CV (%)

L 040 033 - 038 021 - 044 024 023 034 - 030
A 015 006 - 009 002 - 014 006 009 005 - 009

020 023 030 008 028
0.02 003 007 005 062

P 130 105 - 113 062 - 156 075 067 095 - 091 - 054 067 092 032 034
2 Eln 168 171 - 174 170 - 178 157 184 201 - 170 - 180 1.68 175 011 006
= C 059 055 - 058 055 - 053 065 061 054 - 060 - 063 060 058 004 006
§ Rec 063 061 - 063 060 - 061 066 065 061 - 056 - 065 064 062 003 005
) Rnd 049 048 - 049 046 - 046 014 048 042 - 046 - 049 049 044 010 023
Rgh 090 091 - 090 091 - 094 08 088 089 - 08 - 087 088 089 003 003
Rug 088 08 - 087 08 - 091 087 08 084 - 08 - 083 085 086 002 003
CPc 044 043 - 043 040 - 042 048 043 038 - 045 - 044 044 043 003 006
L 058 042 058 037 036 062 027 023 044 035 074 054 - 021 048 044 016 035
A 027 013 027 008 009 026 004 003 025 0.12 033 017 - 002 017 0.16 0.10 065
° P 176 126 170 102 1.13 192 075 066 135 1.02 214 156 - 057 152 131 048 037
= Eln 172 180 185 180 157 167 177 170 170 1.67 187 162 - 180 1.59 172009 006
; C 061 060 063 067 061 060 062 065 062 067 059 060 - 068 062 063 003 005
§ Rec 067 067 070 0.70 066 065 0.69 069 067 071 068 055 - 073 068 067 004 006
E" Rnd 051 049 050 053 054 051 049 006 051 055 048 047 - 052 055 048 012 025
= Rgh 090 090 090 087 091 090 089 0.88 0.89 088 091 084 - 087 091 089 002 002
Rug 0.87 087 085 0.84 089 088 0.85 085 086 085 086 089 - 082 089 086 002 003
CPc 046 045 045 047 048 046 045 047 046 049 044 046 - 046 049 046 001 003
L 069 039 059 078 032 - 052 038 058 0.74 094 048 0.73 0.69 029 058 019 033
A 1.10 007 033 075 006 - 021 014 041 066 049 022 048 040 0.05 038 030 079
2 P 297 115 198 292 101 - 187 133 201 271 335 151 224 216 086 201 078 039
§~ Eln 157 178 173 179 157 - 162 159 172 1.67 169 172 171 165 157 167 008 005
§ C 059 056 053 055 057 - 056 056 055 058 052 056 059 058 0.63 057 003 005
E Rec 064 062 061 063 063 - 063 063 062 066 062 054 066 0.65 0.65 063 003 005
= Rnd 051 045 046 048 050 - 050 028 048 051 048 044 050 050 052 047 006 0.13
:;; Rgh 093 090 094 094 092 - 094 093 092 094 098 085 091 092 088 092 003 003
Rug 092 087 091 091 090 - 093 092 090 092 096 0.88 0.88 090 0.88 090 002 003
CPc 047 042 042 043 045 - 045 045 043 046 043 043 045 046 048 044 002 004
L 050 038 065 055 032 050 045 055 038 064 067 053 056 050 043 051 010 020
A 0.08 0.6 0.13 0.13 005 0.16 003 008 007 0.12 0.8 008 0.15 0.1 008 011 004 040
2 P 140 142 206 164 100 1.71 127 195 107 203 241 148 188 162 141 162 039 024
s Eln 272 193 393 221 193 168 441 394 221 338 325 270 285 275 256 283 081 029
§ C 073 059 160 054 067 064 1.67 157 056 137 138 064 080 0.84 0.79 096 042 044
é Rec 085 068 164 065 073 067 173 1.65 063 147 145 068 090 094 090 1.04 042 040
£ Rnd 056 051 135 044 056 053 140 028 043 120 122 048 066 0.71 067 073 037 050
g Rgh 1.17 100 2.12 100 1.01 092 233 229 093 19 195 1.13 133 137 130 145 052 036

Rug 1.09 096 2.08 093 098 091 226 226 086 194 194 1.11 127 132 125 141 053 037
CPc 051 046 1.17 040 050 048 123 1.19 038 1.07 107 047 060 0.64 060 072 032 045
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Table 6. Mineralogical composition of the studied samples based on the covered surface area of the minerals in the
microscopic thin sections. Abbreviations according to Whitney and Evans (2010) (Qz: Quartz, Plg: Plagioclase, Kfs:
Alkali-feldspar, Foid: Feldspathoid minerals, Bt: Biotite, Ms: Muscovite, Amp: Amphibole, Px: Pyroxene, Ol: Olivine, Ep:
Epidote, Ap: Apatite, Tur: Tourmaline, Spn: Sphene, Opq: Opage Minerals, Ser: Sericite, Chl: Chlorite).

Major minerals (%)

Minor and secondary minerals (%)

Samples
Qz Kfs Plg Foid Bt Ms Amp Px Ol Ep Ap Tur Spn opq Ser Chl
AFSH 219 220 50.1 - 2.1 - 32 - - - - - 04 0.1 - -
ARAK 179 5.0 487 - 227 - 52 - - - 01 - - - - 0.2
DOLF - 69.2 253 - 2 - 03 13 - - 01 - - 0.8 - 1.7
EKBT 141 702 3.5 - 70 38 - - - - - 07 - 0.1 0.4 -
GBG 37 17.0 2938 - 132 - - 352 - - - - - 1.0 - -
GLT - - 64.7 - 141 - - 165 31 - - - - 1.0 - 0.5
GOLM 326 468 177 - 04 - - - - - - - 02 03 - 1.9
GOSH 339 623 09 - 1.6 - 0.1 - - - - - 01 09 02 -
KHAL 344 28.0 329 - 40 - - - - 03 - - - 0.1 0.3 -
KHOR 8.6 710 142 - L5 - 26 - - - - 06 01 13 - -
MARG - 504 372 0.2 32 - 47 - - - 03 - 01 17 01 1.1
NARI 585 306 84 - 19 - - - - - - - - 0.4 - -
PIRB - 954 - - 03 - 07 16 - - 01 - - 1.9 - -
PIRG .1 901 0.5 - 3.1 - 38 07 - - 01 - - 0.7 - -
SAGZ 133 49 662 - 53 - 84 - - - 02 - 03 09 - 0.2

s b a5 Sl E 1 Gays 3T claeKi
Ghiaib 55 5L S8 05,90 LS e pps 1 58
Y - . . . . .

Ll ol oslizul (s 93 (S 3 secd wl...&@lf

1. IUGS
2. Point counting method

(Streckeisen, 1976)" e jpshe Moll o 4 5lows! (3lg2tn
33 ek gas Comd e 3 Jlanl 5 (0 JSK8) Wus gnanb
S 4SSl p e ol Gl S VL il s s

j|gﬁt\f\jasﬁa>;ﬂf&5—w)ﬁ>)ydh&w



8 o ppbe ST slaSis (i G 5 (28l e Sy m B (o

OYAA JL) ¥ ojles V) al>

Q

Samples Classification (Streckeisen, 1976)
AFSH  Granodiorite

ARAK  Tonalite

DOLF  Syenite

EKBT  Quartz Alkali Feldspar Syenite
GBG  Quartz Monzonite

GLT Gabbro

GOLM  Syenogranite

GOSH  Alkali Feldspar Granite

9 KHAL Monzogranite

10 KHOR  Quartz Syenite

11 MARG Foid-Bearing Monzonite

12 NARI  Quartz Rich Granitoid

13 PIRB  Foid-Bearing Alkali Feldspar Syenite
14 PIRG  Alkali Feldspar Syenite

15 SAGZ  Quartz Anorthosite

CO ~1 G\ i B W kY —

Oreipste (Hallinm aoll oleiing (hsym (sw) 2 S50 Slodiges ganaiil B Kb
Fig. 5. Classification of the samples based on the International Union of Geological Sciences
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Table 7. A brief petrographic description of the studied samples

Kfs: anhedral to subhedral, small to coarse (up to 10 mm), occasionally with perthitic texture, Plg: subhedral and sub-rectangular (up to Smm length),
mostly with concentric stained zoning bands, Qtz: anhedral, fine to coarse, filled in intergrain spaces, Myrmekite texture in some case, Bt: light green,
associated with Chl and ferromagnesium stains. Totally: homogeneous texture by Qtz and Fds Dist, a slight alteration in some crystals.

AFSH

Kfs: infrequent and anhedral, scattered among Plg crystals, rarely shows Carlsbad twins, Plg: subhedral, relatively coarse (up to 3mm), associated with
polysynthetic twins, Qtz: anhedral, filled in intergrain spaces, Bt: brownish to dark red, platy form, larger than other minerals (up to Smm), Pyx: moderate
size with fair scattering, Poikilitic texture by small Plg. Totally: fresh, without significant alteration and relatively homogencous granular texture by the
distribution of Fds and Qtz.

ARAK

Kfs: size medium to coarse, porphyric rectangular crystals mainly are albite with perthitic texture and Carlsbad twins, Plg: subhedral, moderate size (up to
4mm), containing inclusions of some fine Kfs, Bt: lathy form, associated with radial Chl and Opq minerals, Pyx: mainly OPx. Totally: sub-porphyric,
seriate texture due to scattering of coarse Kfs in the fine matrix of Plg. and Kfs.

DOLF

Kfs: commonly mega-porphyric (up to 30mm), sub-rectangular, showing perthitic texture and contact twins, Plg: subhedral, mainly fine, small than Imm,
Qtz: fine, anhedral, filled in intergrain spaces. Totally: heterogeneous in size, fine crystals of Plg, Qtz, Ms and Bt interplaced among the lathy porphyric
Kfs, alteration in parts around the Kfs microcracks.

EKBT

Kfs: subhedral and fine grain in size, Plg: subhedral fine and larger than Kfs, Qtz: fine, anhedral filled in intergrain spaces, Bt: reddish brown, subhedral
and elongated, Pyx: OPx and OPx both are coarse grain. Totally: relatively seriate texture in the aspect of crystal type and size, fresh, without significant
alteration equigranular texture by the distribution of Fds, Pyx, and Bt.

GBG

Lack of Qtz and Kfs, Plg: subhedral with transverse cleavages and zoning bands, vary from fine to coarse, Bt: reddish brown, subhedral and large, filled
in the intergrain spaces of Plg, OPx, Bt, and sometimes olivine crystals. Totally: seriate texture by scattering of both small and large crystals, fresh,
without significant alteration.

GLT

Kfs: coarse and anhedral, foggy in parts due to alteration, occasionally associated with perthitic texture, Plg: some are coarse (up to 1.5 mm) and
subhedral, the smaller is euhedral (rectangular) with inclusion of Kfs and Qtz, Qtz: fine and coarse, filled in intergrain spaces, Chl; more with origin of Bt
alteration Totally: relatively homogeneous texture by fairly scattering of Qtz and Fds, alteration is significant mainly in Kfs.

GOLM

Kfs: coarse and subhedral (up to 4 mm) with perthitic texture in sometimes, slightly alteration, occurrence of —systematic microcracks perpendicular
and/or oblique to the crystal long axes traced by staining, Plg: infrequent and anhedral, Qtz: vary from fine to coarse (up to 4 mm), the fines formed
between the coarse Fds. Bt: infrequent and associated with Opq and Sph, Totally: relatively homogeneous by fairly scattering of Qtz and Fds.

GOSH

Kfs: anhedral and coarse (up to 4 mm), mostly with perthitic texture and Carlsbad twins, Plg: anhedral and coarse (up to 4 mm), show alteration staining
and concentric zoning, Qtz: vary from fine (<Imm) to coarse (up to 4 mm), the fine crystals formed between the coarse Qtz. Bt: subhedral and elongated,
predominantly strained among the coarse Qtz. Totally: coarse grain and heterogeneous texture by localization of Qtz, Plg and Kfs, moderately alteration
in Plg, the existence of parallel intra-grain microcracks in coarse Qtz.

KHAL

Kfs: subhedral, semi-rectangular and coarse (up to 8 mm), mostly show Carlsbad twins staining, the existence of systematic microcracks perpendicular to
the crystals long axes, Plg: subhedral and semi-rectangular show polysynthetic twins, Qtz: fine, filled in the intergrain spaces of other crystals. Totally:
heterogeneous and sub porphyric by coarse lathy Kfs scattered among the other fine crystals, slightly alteration in Kfs.

Lack of Qtz, Kfs: subhedral, semi-rectangular and coarse (up to 7 mm), partly stained, Plg: smaller than Kfs, have transverse cleavage microcracks
without alteration, Amp: scattered associated with Opq minerals, Bt: colored (red and brown), far-flung scattering. Totally: homogeneous texture by fairly
distribution of Kfs and Plg mainly.

Kfs: anhedral to subhedral, fine to coarse (up to 10mm), mostly with the inclusion of albite, predominantly with perthitic texture and Carlsbad twins, Plg:
subhedral and semi-rectangular (up to Smm), mostly with zoning bands and polysynthetic twins traced by staining, Qtz: anhedral, fine to coarse, filled in
intergrain spaces. Myrmekite texture in some case, including of systematic microcracks in some case, Bt: subhedral, coarse, light green, associated with
Chl and ferromagnesium stains, Totally: relatively homogeneous texture in the aspect of crystal type and size, fresh, without significant alteration.

NARI MARG | KHOR

Present a little amount of Foid (0.03%), Kfs: predominant mineral, subhedral, semi-rectangular, coarse (up to 10mm length), slightly orientated, Perthitic
texture, mostly with systematic microcracks perpendicular to the crystals long axes, show irregular ragged boundaries may cause high interlocking, Amp:
elongated, case concentration among the coarse Kfs, Totally: coarse grain and relatively homogeneous texture, preferably orientation visible in the coarse
Kfs, slightly alteration around the Kfs. Wide spreading Kfs without Qtz and Plg.

PIRB

The Qtz amount is little (~1%), Kfs: predominant mineral, subhedral and coarse (up to 6mm), Mesoperthite are common, mostly with systematic
microcracks perpendicular to the crystals long axes, Plg: infrequent and fine which trapped by coarse Kfs, Amp: elongated, sometimes concentrated
among the coarse Kfs, associated with Bt and Pyx, Totally: coarse grain and relatively homogeneous texture, inconspicuous orientation, apparent
interlocking due to Kfs irregular ragged boundaries, slightly alteration in Kfs.

PIRG
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Table 8. Correlation of the main mineral content with the minerals chemistry in the studied samples

Qz% Kfs% Plg% Maf%

SiO: 0.82 0.28 -0.57 -0.73
TiO: -0.58  -0.52 0.58 0.93
ALOs -0.76  0.27 0.20 -0.01
FeOt -0.63  -0.31 0.38 0.87
MnO -0.54  -0.06 0.01 0.61
MgO -041  -0.70 0.70 0.94
CaO -0.53  -0.56 0.71 0.76
Na;O -0.25 0.60 -0.31 -0.52
KO -0.06  0.73 -0.59 -0.65
P20:s -0.51 -0.23 0.55 0.25
L.O.1 -049  -0.57 0.69 0.76
Na;O+K>0  -0.05 0.85 -0.65 -0.78

1. Matrix correlation
2. Least squares
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Table 9. Significant matrix correlations between the geometric properties and the chemistry of minerals

L_all A_all P all A Qz L Maf A Maf P _Maf
SiO; -0.39 -0.16 -0.40 0.61 0.04 -0.53 -0.19
TiO: -0.04 -0.24 -0.04 -0.56 -0.40 0.17 -0.20
ALO;3 0.85 0.71 0.87 -0.14 0.65 0.79 0.74
FeO: 0.02 -0.13 0.01 -0.67 -0.45 0.21 -0.21
MnO 0.00 -0.09 -0.01 -0.74 -0.20 0.32 0.01
MgO -0.08 -0.31 -0.06 -0.35 -0.46 0.16 -0.26
CaO 0.21 -0.04 0.23 -0.50 -0.21 0.40 -0.02
Na;0 0.53 0.62 0.48 -0.05 0.37 0.09 0.32
K:0 0.34 0.41 0.38 0.05 0.88 0.30 0.77
P20s 0.08 -0.04 0.10 -0.38 0.12 0.22 0.22
L.O.I 0.07 -0.14 0.10 -0.31 -0.38 0.27 -0.15

N2:0+K:0 0.34 0.51 0.32 0.01 0.69 0.05 0.56

Textural abbreviations: L_all: length, all grains; A_all: area, all grains; P_all: perimeter, all grains; A_Qz: area, Qz phase;
L Maf: length, mafic minerals phases; A Maf: area, mafic minerals phases; P_Maf: perimeter, mafic minerals phases
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Table 10. Matrix correlations of the different textural parameters with each other

L A P Eln C Rec Rnd Rgh Rug CPc TC H.I t G
L 1
A 0.94 1
P 0.99 0.92 1
Eln 018 035 0.15 1
C -024 -030 -022 -0.75 1
Rec 0.27 023 031 -0.06 0.14 1
Rnd 039 029 036 044 -029 0.11 1
Rgh 044 036 049 0.06 -027 0.86 0.16 1
Rug 037 0.14 042 -059 005 0.29 -0.12 0.54 1
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G 045 043 047 057 -091 009 031 054 027 -059 071 -044 -008 1
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Introduction

The mineralogical and textural characteristics of
rock materials have an important influence on
physico-mechanical properties. The effects of
some textural characteristics like grain size
(Brace, 1961), grain shape (Cox and Budhu,
2008), grain surface (Diepenbroek et al., 1992),
grain size distribution (Gurkan Ozgurel and
Vipulanandan, 2005), and grains interlocking
(Hoek, 1965) on physico-mechanical behavior of
rock materials has always been emphasized. On
the other hand, it has been found that textural
properties are originally controlled by the
mineralogy and chemistry of rock materials
(Locat et al.,, 1984). Knowing the textural,
mineralogical and chemical properties of rock
materials and understanding the governing
relationships can help us predict the quantitative
and qualitative behavior of rock materials. The
aim of this study is to investigate the
interrelationships among the various textural
properties besides the relationship between the
textural characteristics and the mineralogy and
chemical composition.

Materials and methods

Fifteen crystalline igneous rock samples including
a wide variety of rock types and grain size were
collected from the granite quarries of NW Iran
(Fig. 1) and the thin sections of the samples were
prepared for quantification of the textural
characteristic by image acquisition analysis under

a polarized microscope. A total of 360 digital
photomicrographs of each thin section were taken
from the entire surface area of the thin section in
three steps of natural light (PPL), polarizing light
(XPL), and polarized light by a 45° rotation of the
stage (Fig. 2). After preprocessing of distortion
and skewness, the images were joined by Adobe
Photoshop software to make the integrated mosaic
image layers. The grain boundary tracing was
carried out by drawing the grain outline through
the interface of the adjacent grains via the three
mosaic image layers on the background using the
JMicroVision software (schematic diagram in Fig.
3). Simultaneously, identification and
documentation of the mineral grains (crystals)
were conducted by utilizing the optical properties
of the minerals occurring in image layers. Overall,
about 18,000 mineral grains were traced from the
thin sections of fifteen samples. The accomplished
graphic files after some of the file-format
conversions were loaded by the ArcMap program
to extract the main geometric textural properties
like length, width, area, perimeter, circularity, and
some related geometric concepts (Fig. 4) which
were used to calculate advanced textural
parameters such as roughness, rugosity, etc.
Simultaneously, the mineralogy composition of
the samples was obtained from the covered area of
minerals in thin sections and used for
classification of the samples according to the
IUGS system (Fig. 5). In addition, textural
mineral distribution map (TMDM) of the samples
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(Fig 6) were prepared and used to do petrographic
textural studies of the samples.

Discussion

The results of correlations revealed that "size" is
the most important textural parameter, which
shows a notable relationship with mineralogy and
chemical composition of the studied rock samples.
Moreover, the result exhibited that the number
frequency graphs of the grains (crystals) size
distribution are asymmetric and non-normal that
show negative (right) skewness. Consequently,
arithmetic average cannot be an acceptable
statistical mean to determine the average of the
grain size due to the fine-grains tendency error,
whereas textural and qualitative properties of rock
are mainly controlled by the coarse and moderate
grains content. Thus, the area-weighted mean
diameter  extracted from the cumulative
distribution curves, (Fig 22) was suggested
instead of the common arithmetic average to
determine the mean grains size of the crystallized
rock material. In addition, it was found that the
elongation (aspect ratio) of the grains shows a
good correlation with most of the shape-metric
and grains-interrelation parameter. Thus, it should
be considered as an efficient textural index to
evaluate the grains interrelationships rather than
the common texture coefficient (TC) index
because of the simplicity and rapidity of its
calculation.

Results and Conclusions

The statistical mean of the geometric textural
parameters besides the total constituent grains
were determined for the main minerals phases
(quartz, plagioclase, alkali-feldspar) and mafic
minerals (here all the other minerals). Therefore,
correlation analyses were conducted among the
various non-phasic and phasic textural variable as
well as the chemical and mineralogical
composition. The analysis was carried out through

classification of textural parameters into three
main groups of size-metric (diameter, area and
perimeter), shape-metric (elongation, circularity,
rectangularity, roundness, roughness, rugosity and
compactness) and  grain-interaction  (size
homogeneity, heterogeneity index, interlocking
index and Texture Coefficient) parameters with
respect to the nature of parameters' demands.
Considering abundance of the evaluating textural
variable, at first, the matrix correlations among
the various textural, mineralogical and chemical
variables were calculated and the significant
correlations were interpreted via linear regression
analyses and graphical illustrations.

References

Brace, W.F., 1961. Dependence of fracture
strength of rocks on grain size. 4th Symposium
on Rock Mechanics, Pennsylvania State
University, Pennsylvania, USA.

Cox, M.R. and Budhu, M., 2008. A practical
approach to grain shape quantification.
Engineering Geology, 96(1-2): 1-16.

Diepenbroek, M., Bartholomi, A., and Ibbeken,
H., 1992. How round is round? A new
approach to the topic “roundness” by Fourier
grain shape analysis. Sedimentology, 39(3):
11-422.

Gurkan Ozgurel, H. and Vipulanandan, C., 2005.
Effect of Grain Size and Distribution on
Permeability and Mechanical Behavior of
Acrylamide Grouted Sand. Journal of
Geotechnical and Geoenvironmental
Engineering, 131(12): 1457-1465.

Hoek, E., 1965. Rock Fracture under Static Stress
Conditions. Ph.D. Thesis, University of Cape
Town, Cape Town, South Africa, 270 pp.

Locat, J., Lefebvre, G. and Ballivy, G., 1984.
Mineralogy, chemistry, and physical properties
interrelationships of some sensitive clays from
Eastern Canada. Canadian Geotechnical
Journal, 21(3): 530-540.



	3- 70491- Ghafouri - F   WB
	3- 70491- Ghafoori- E

