wVa

shahid Chamran Adv. Appl. Geol. Autumn 2023, Vol. 13(3): 661-678

University of Ahvaz

Research Article

Study of garnet-amphibolite and garnet mica schist from the Faryab complex with
an approach to field data, petrography and chemistry of constituent minerals

Afsaneh Naseri Esfandagheh®*, Mohamad Rahgoshay*, Sasan Bagheri?, Iman Monsef®

1- Department of Geology, Faculty of Earth Sciences, University of Shahid Beheshti, Tehran, Iran
2- Department of Geology, Faculty of Sciences, University of Sistan and Baluchestan, Zahedan, Iran
3- Department of Earth Sciences, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

Keywords: Garnet amphibolite, Garnet mica schist, Mineral chemistry, Faryab complex, Sanandaj-Sirjan
zone.

1-Introduction

Garnet-bearing metapelitic rocks are not only sensitive to temperature and pressure changes (Maldonado et
al., 2018; Chatterjee, 2016; Cheng et al., 2009; Holdaway, 2001; Spear et al., 1984; Perchuk and
Lavrenteva, 1983); They are also a suitable recorder of deformational processes (Ali et al., 2016; Li et al.,
2011; Johnson, 1999; Jones, 1994; Bell et al., 1992). Since felsic rocks contain more hydrous phases than
their mafic counterparts and are rheologically weaker (Proyer, 2003; Menold et al., 2009), the structure and
even the primary composition of minerals may not be preserved in high-grade metamorphisms, and
therefore they are not helpful in metamorphic interpretations alone, but the study of these rocks (for
example, garnet-bearing metabolite) with metamorphic mafic rocks (e.g., garnet amphibolite) can be
helpful to in metamorphic research.

The Sanandaj-Sirjan zone is the metamorphic core of the Arabian-Eurasian collision zone, which was
formed in the opening and closing of the Neotethys Ocean in the southwest of Iran. Bajgan is a Jurassic or
older metamorphic complex reported as metamorphic rocks southeast of the Sanandaj-Sirjan zone (McCall
and Kidd, 1982; McCall, 2002). Faryab complex, as a part of Bajgan metamorphism, is mainly composed
of metamorphic rocks formed in greenschist and amphibolite facies and includes garnet mica-schist, epidote
schist, epidote amphibole schist, amphibole schist, epidote amphibolite, amphibolite and garnet amphibolite
(Naseri et al., 2022). In this paper, garnet amphibolite and garnet mica schist rocks are investigated.

2-Material and methods

The chemical composition of garnet, amphibole, plagioclase, and chlorite has been analyzed in Russia at
the Precambrian Institute of Geology and Geochronology (Academy of Precambrian Sciences and
Geochronology, IPG RASAS, Russian G) using JEOL JSM-6510LA scanning electron microscope,
equipped with JED scattering spectrometer -2200 at the accelerating voltage of 20 kV.

3-Results and discussions

The Bajgan-Durkan complex is considered a continental block that can continue the southeastern part of
the Sanandaj-Sirjan zone (McCall & Kidd, 1982; McCall, 2002). The studied area is a part of the Bejgan
complex metamorphisms, located in the Golashkard and Pagodar, approximately 500 km from Kerman
province, in the Faryab ophiolitic complex, at the southeastern end of the Sanandaj-Sirjan zone. The Faryab
complex is surrounded by the metamorphic rocks of the Bajgan complex and the Kahnuj and Ganj
ophiolites from the south, the Zagros belt from the west, and the Abshur metamorphic units from the north.

Garnet-amphibole schists are one of the essential schists sampled in the region, having large garnet
grains and amphibole and mica crystals. The orientation and lineation structures of amphibole crystals can
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be clearly seen in these rocks. Garnet mica schists have a mineral assemblage including garnet (5%),
amphibole (about 40%), muscovite (10%), epidote (10%), plagioclase (20%), quartz (5%), biotite (less than
1 percent) and chlorite (10 percent). According to the parageneses and amounts of minerals, a garnet-
epidote-chlorite shale is considered the protolith for these rocks.

Garnet amphibolites have been sampled in different positions in the Faryab complex. Some of these
samples were taken precisely from under the peridotites, and others were sampled at distances of several
kilometers from the peridotites. The expansion of garnet amphibolites is very low compared to other
amphibolites and can be seen as small masses in the sequence with green metabasites. Garnet amphibolites
have been found with two different parageneses. Samples that are significant of garnet minerals (32%),
amphibole (20%), chlorite (more than 15%), plagioclase (15% by volume), quartz (8%), epidote crystals
(less than 1 percent) and opaque minerals such as magnetite, ilmenite (about 10 percent) and titanite and
apatite minerals can be detected. Granoblastic and cataclastic textures are the most critical textures of these
rocks. These paragenesis are probably related to the sediments of the upper part of the ophiolite complex.
The second paragenesis is related to rocks that include amphibole minerals (60%), garnet (more than 10%),
plagioclase and quartz (more than 20%), chlorite and opaque minerals (less than 10%), and epidote less
than 3 percent. The protolith of these rocks is probably related to basaltic rocks.

The composition of garnet porphyroblasts in Garnet amphibolites is almost without zoning and can be
classified as almandine with values of Alm ~ 70% and Mg# = 0.13-0.22, and other end members as pyrope
(19%- 11%), grossular (16%-11%) and a small amount of Mn (~1%). The increase of pyrobe shows that
the protolith of these samples had high amounts of magnesium. In garnet amphibolite rocks, which are
located at a further distance from peridotites, garnet porphyroblasts are mainly made of grossular
(Grs=82.67%) with lower proportions of pyrope (Py=0.15%) and almandine (~17.18%) have been formed.
The grossular increase indicates high amounts of calcium in the protolith of these samples. The composition
of garnet porphyroblasts is slightly different in mica schist garnet rocks. The almanden amount equals 60%,
and Mg# = 0.1. Other end members of these rocks include grasolar (25-35% Grs) and small amounts of
manganese (3-4% Sps).

According to the classification (Leake et al., 1997, 2004), the composition of amphibole crystals in
garnet amphibolites and garnet mica schists of the Faryab complex is generally rich in calcium. The change
in the composition of amphibole crystals in amphibolite garnet is insignificant, and they generally include
magnesium hornblende to edenite, but the composition of amphibole in garnet mica schists is in the range
of magnesium hornblende. In garnet mica schist, plagioclase composition ranges from Anl7 to albite. The
chlorite composition in garnet amphibolites and garnet mica schists can be shown almost as a mixture of
two final members, amesite and pennine.

Thermometric calculations based on different methods, temperatures of 505 to 708 °C for garnet
amphibolite and temperatures of 450 to 650 °C for garnet mica schists, and barometric calculations based
on five methods were used for these samples. As a result, it has been shown that the average pressures of
6.7 t0 8.6 kbar for garnet amphibolite samples and the average pressures of 6.7 to 7.2 for garnet mica schists.

4-Conclusion

Geochemically, garnet amphibolites can be placed in two groups. Group | and garnet micaschists have the
geochemical characteristics of sedimentary rocks, while garnet amphibolites of group 1l show the typical
characteristics of basalts. Based on outcrops and geological and geochemical characteristics, the
metamorphic rocks of the Faryab complex seem to have been formed from two different metamorphic sets
with distinct formation conditions. The small and upper part of metamorphisms (probable metamorphic
sole (Searle and Cox, 1999)) was formed at the base ophiolite of the Faryab Complex, which is related to
the thrusting stage of the mantle part of the subducting hot lithosphere on the edge of the inactive continental
crust (obduction), while most of the metamorphisms in the region attributed to the Bajgan metamorphic
complex were formed with weaker metamorphic conditions in a continental metamorphic situation.
Therefore, an accretion-subduction complex was formed in the supra-subduction zone of the Neotethys
ocean with a northward slope.
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Fig. 1. Geological location of the studied area. (a) Geological location of Faryab in Sanandaj-Sirjan zone (Shafaei

Moghadam, 2013) and (b) The ultramafic unit and metamorphic units of the Faryab complex and the location of the
studied samples in maps with a scale of 1: 100,000, Mohammad Abad (Sabzehei et al., 1994), Kahnuj (Morgan et al.,
1979), Now-Dez (Morgan et al., 1980) and with a scale of 1: 250,000 Sabzevaran (Babakhani and Alavi Tehrani, 1992),

geological survey and mineral exploration of Iran.
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Fig. 2. Metamorphic units of Faryab complex. (@) Metamorphic units adjacent to peridotites, diabase dykes among

metamorphic units (b) Coarse garnet crystals (top of the picture), elongated amphiboles and mica with white color on the
surface of garnet mica schists rock (c) Coarse crystals with reddish brown color of garnet amphibolite adjacent to
peridotites and (d) Garnet-amphibolite at a distance of several kilometers from peridotites, garnets with smaller size and

amount (the lower part of the picture).

oad ooly Laueis (oo ;0 V) Co IS § (somauo 0
Ui (6 g g 00wiS (s y0 Ald & ygeo s L Jguniol o]
— s u_is)..\p shls b O R Gi).x.ob
50 oS g by il b g sl co sy o
“CwlliglSG gy 09l s0 0ayo UL u;‘"‘“’f galy p) Oyee
Gl o dss Loyss b s JSddes &)go 4 25,5 o

444

k&Lw -Y

St S 5, 5-9-Y

Q) o5 el olilS acgazme S LS pl (lp
Cugame (om0 )s o gam) Jsrdel ((sozao )
Vo) 3W sl f(sommao o Vo) Ggasl (goxao )0V 0)

\ )‘ ):AS) Cadgm ((gomduo )0 ) )_»)195 (g0 duo 50



Yoo )lad Y 090 N F-Y b

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

SLIGla G5 5 co IS ((ommanoys Voo 5l i) 5,168
wizmed (MY JS5) atiwe (sezaoyd Vool pS)
=S8 pogle a5 ol vgzg 4l pl o plin b S
gl (oIS g 35,055 GUS 55l 28 Jgmnial) 35 slo
SloSiw Glgiee |y 095 oal pole S 09d o0 00 35
wylite sloshly @ azxg b onlply 85 ks o L
55 4 Olgi e |y 0,58 adlate Colgibel C)5 slacKin
Ghls a5 1 6g 8 lacsmial Co)l8 0,8 pud 05,5
CHE g aes gy oS aberdsl) sla S
ol |y il Jsons sla S5s o5 1053 slacadseial
.Mosa

or 9-F

2ol s Wil el 2l Gland LS5
S35 955 9 oelidbime; dwmbe ;O Ay, iS5
Academy of Precambrian Sciences and ) .y ,lS 5
osla! L (Geochronology, IPG RASAS, Russian G
JEOL JSM-6510LA iy, sySll wsSvs,Sae |
sains olis 5ty 0 JED-2200 oSy mwcinds 45 oo
8 55 e V=Y 5 bepal UV iy 5 2y S Y
JeST 5805 oo S IS ozl Jyo i iloats a3
3l oolaiwl b pizmen ciload (5318 5 s g 00l attice
5 Lo polie Hlai 5550 sladgep g JuST 00,0 Olxio
ol Cows Ll

LN

S et w5 (o p 0 Sal 00D (o (A5 (5o
5 Los (ot )3 g i 0,95 5 (Slofag Coenl 5l S ol
PP VES RSPIFRVHUE SR Jt- I P S ICSPOR o

<o, 5-1-0

5k pies 5 A3B3(SI04)3 LIS Jsed L e,
J:523 Mg 5 Fe i 8 sl ;o onas jsb a4y SiasS
G5 s oylal L3 25 s a5 shiles ilend
hey el alidee 5310 wizr b o SAUS” adhais onias JoSis
@ azg by LSl uS 5 s b 25w cnl 5o Wles S
1l ol S ploand S5 050 b (S 5k
25a &S Y JS8) 4 axsi b peddoe I8 (sw)n 9550
LS (! )0 sgzge slocs 5 wwwl co)l8 S5 SEM
Saolil g (05 sloyob) 5)lsS (lgl% sl bmleo (STl

FEY

9 W3l slojoh widlioe CuSgm 9 5)ls5 lajlils
S oSl Sygo a9 by, Gl S (lare 4 58 5)leS
gl so odalive JSLo (g lajUS g5l i)l jeha> eniS
5 o)l claaallishSys bl 6uulS &g 4 oS
Gl SleSs ) Uil oS 098 oo oms Jgial slayoly
- o0 00 b Kiw (pl jo (5,155 Cslosnsl 55 4 la SIS
S8l S cnl 5o ovalie LB slacdl (n Spte 5 095
L@y o) adboe Swlbgiles el g Seallgsl S
lse &) Sy Olsioe deil polie 5 SLIS asgame 4y azgs
88 o b Saw ! (Cudgig ) jole S

el guaio] 6,5 Y-

iloads b Bglie 5L 60 b Eedgmiel C6,5 sla St
5 Kol Cullo  lcuigny ;55 ) Ln,.ea oS olbdige -l
(o220, TT) 25)8 Gl g5 51 (g JB ok &
ol Co S (emmao,s Vo) el
N PSS (e, V0 Waslh ((seoao)s
Sl Gl 5 (eom>ao)s V5l 1eS) Sganl (om0
LRIICY KCS JCOU{ 1) EPRCOON CO SCHEON I ICOVCEL SRR PRSP
- Canlligl S g S0 a4 Lo 8 L Slonds JoSCid ((pomaio )0
~CnllgkSo g load SCAT Jielee Ve 3L S5 sla
sloylile ol 5 S8 e b5 sk 4 )5 slo
Syl 5 G155 slayliles g o5 (e 35190 )3) 5,165
oz 93 LS 0aniS &0 a b Jarel il (l3
Wgdise s (i () Wiz 5 (atie 350 yid £,
S R ($95 50 eaims (i FL cnl o Dgunl el
2ibge parid BB o5 @ aljsiend 5 (SIS 5 el
il 4l ol o (b 55k L alie lacSin (CF JS)
wis S5 a5 s eglle LT 3L ablia o a5 wileas
o3 SO (sl RSl o 53 JLilee lyie 4 58 CeSsn
o calBl seg cde @ Ulis! a5 (Y JS2) 09 oo
=l Gl el o cwl ot JuSis S (pl 40 99290
osolive SAWSLE 5 SinllieSs eyl S sl
GlaSin Ul boshl 5l 05,8 cnl jole Kiw 358 o0

o)

Voo alold o atiie cdedl acgame SUL idw oom,
Salate 356 b ol co)l5 laeaisn » 5l 6%
o) Jomial sl o5 -0 Juls Bowe o Sgds oo il
9 Wil (o) ) BUPE) UL gl QN R VSR



%

Yooyl VY 0,90 VY 5oL 4 i (69,5 bt (o) f"ﬂfuf/#fvg}f
¥ u

ERTRCRE - O

SU3500 15.0kV X60 BSE-3D d 500um MMU3500 15.0kV X80 BSE-3D

ol yor <58 e ys (sla o (0) Setulbgiles b b oneslSs 26,5 (@) w0l )1 degomme 565,50 slaasly (o5 Ses polas -V 5o
L co)l8 slacaallshSog (ol S5y b Jomiel (slaysh (€) udgmial Ci)l8 S5 j0 Cufign 5 Syl )18 sl lile 5 (St L
S slacullishSsg (@) dacaisn p jslne Cudganiol Co)l8 S S5 50 wlowd hous Co IS 4 sl 5145 5,158 sl 3 (sl Lilse
2y €) dacaigns p 3l (ke diz alols ;0 Colgial 55 50 CuSgn 4 0sd (o S 5 o (S5jaiz b laJgiel  26)l8 S b
o9 9 CHgS Oyge 43 S5, SEM s (F) 5 (i (slaysl) cociall g (0,5 slaysk) 5,155 olsl 8 sl Ll s1ls sbaes 5 SEM
«(Chl) &y IS (Gr) 6,5 (AMP) Jgrino] (QLZ) 35,155 (EP) Sganll o JSo 50 aives slo o) cials] Lilio (sl ol caidly o) aiil>

LSpear, 1993) ol Lolul 1 (s Lais! wille (OPG) SUI S5 (Pl 5US 035U «(MS) g gSavgo «(Bi) Cusigm
Fig. 3. Microscopic images of Faryab complex metamorphic units. (@) Garnet mica schists and nematoblastic texture (b)
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blue amphibole crystals, garnet Poikiloblast with abundant quartz inclusions that have been altered to chlorite from the
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Fig. 4. Electron microprobe analysis of garnets in Faryab metamorphic complex. (a, b) Garnet composition in garnet

amphibolite rocks adjacent to peridotites from the center to the rim (c) garnet compounds in garnet mica schist rocks and
(d) Garnet compositions in garnet amphibolite rocks a few kilometers away from peridotites.
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Table 1. Chemical composition of analyzed garnets and their structural formula based on 12 oxygen atoms, from
amphibolite garnet (Fa-19, Es97. 2-4 and Kg98. 4-1) and garnet mica schist (Kg98. 4- 6).

Fa- 19 Es97-2-4 Kg98.4.6 Kg98.4.1

Cor - Rim Rim Cor Rim Rim Cor Rim - - Rim -

1 2 3 1 2 3 1 2 3 4 5 6 1
SiO; (wt%) 35.51 38.29 26.53 37.24 37.66 36.97 3765 372 36.83 37.7 3755 3761 39.24
TiO, b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d 0.08
Al,O; 23.43 23.43 23.81 20.57 20.75 2093 2097 2029 20.08 20.38 20.75 20.87 28.24
Cr,03 b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d
FeO 33.71 33.83 2.39 32.82 31.81 33.33 2851 2946 2752 28.74 29.26 28.84 6.33
MnO 2.58 2.71 0 0.94 0.5 0.77 141 142 1.54 1.16 1.28 1.47 0.32
MgO 4,97 4,97 20.56 3.74 4.64 3.27 1.96 1.49 157 1.39 1.33 121 0.03
Ca0 476 49 0 4.68 3.71 491 9.5 10.09 10.93 10.09 9.83 10 24.96
Total 103 103 93.3 99.99 99.07 100.1 100 99.95 9847 99.46 100 100 92.2
Cations 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0) 12(0)
Si 5.7 5.68 4.32 5.971 6.029 5931 6.004 5987 5992 6.059 6.014 6.018 5.854
Ti b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d 0.009
Al 4.2 4.2 4.6 3.887 3.915 3.957 3941 3848 3850 3.860 3.917 3.935 4.965
Cr b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d b.d
Fet? 4 4 2.2 4.401 4.258 4471 3.802 3964 3744 3.863 3919 3.859 0.789
Mn 1 0.08 b.d 0.128 0.068 0.105 0.190 0.194 0.212 0.158 0.174 0.199 0.040
Mg 1.1 1.1 5 0.894 1.107 0.782 0.466 0357 0381 0.333 0.318 0.289 0.007
Ca 0.76 0.78 0 0.804 0.636 0.844 1623 1740 1905 1.737 1687 1.714 3.990
Total 16.2 16.2 16.2 16 16 16 16 16 16 16 16 16 16
Mg/(Mg+Fe?) 0.21 0.22 0.69 0.17 0.21 0.15 0.11 0.08 0.09 0.08 0.08 0.07 0.009
Py 19.22 19.35 9394 14359 18.245 12611 7.663 5715 6.101 5468 5209 4.762 0.152
Alm 61.84 100 b.d 70.68 70.16 72.1 6252 63.38 59.98 6342 6428 63.67 16.35
Grs 8.98 8.69 b.d 12,91 10.48 13.61 26.67 2781 3052 2852 27.67 28.28 82.670
Sps 5.67 6 b.d 2.050 1.117 1687 3131 3.094 3399 2592 2848 3.287 0.825
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Fig. 5. (a, b) Classification of amphiboles based on their chemical composition (Leake et al., 1997) (c) Plagioclase
compounds in garnet mica schist and (d) separation of igneous and metamorphic amphiboles (Fleet and Barnett, 1978).
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Table 2. Chemical composition of analyzed amphiboles and their structural formula based on 23 oxygen atoms, from
garnet amphibolite (Es97. 2-4) and garnet mica schist (Kg98. 4-6) and the chemical composition of feldspar in garnet
mica schist (Kg98.4.6).

Amphibole plagioclase
E;?Z : Kg98.4.6 Kg98.4.6
1 2 3 4 5 1 2 3 1 2 3

Si0, (Wt%) 4215 4234 4277 4022 4301 4568 4632 4495 66.5 64.47 68.57
TiO2 022 0.6 031 041 032 0.46 0.53 0.21 b.d bd  bd
Al203 1234 12 1373  13.82 1315 1333 1311 124 205 226 19.65
Cr20: b.d b.d b.d 035 bd b.d b.d b.d - - -
FeO 1768 19.62  19.22 1817 1804 1468 1502 151 0.29 bd  bd
MnO 002 0.4 019 026 025 0.13 0.25 0.24 - - -
MgO 8.18  7.73 798 722 89 9.86 9.43 9.65 - - -
Ca0 995 1072  11.33  10.67 10.02  9.96 1023 10.19 1.59 318 057
Naz0 237 191 268 238 287 2.45 2.46 2.84 11.12 975 112
K20 006 021 0.19 02 011 0.43 034 025 b.d bd  bd
Total 9297 94.83 984 9370 96.67  96.98  97.69  95.83 100 100 99.99
Cations 23(0) 23(0) 23(0) 23(0) 23(0) 23(0)  23(0) 23(0) 32(0)  32(0) 32(0)
Si 6.54  6.50 637 628  6.40 6.69 6.77 6.72 11695  11.35 11.97
Ti 0026 0018 0035 0048 0036 0051 0058  0.024 0.000 0.000  0.000
Al 147 15 163 172 16 131 1.23 1.28

AV 079  0.67 078 082 071 0.99 1.02 0.91 4,249 4689 4.042
cr 0.000 0.000 0000 0.043 0.00  0.00  0.000  0.000 b.d bd  bd
Fe*s 059 0.650 0.361 0430 0.768 0329  0.133  0.189 b.d bd  bd
Fe*2 1696 1.870 2032 1.942 1478 1468 1701  1.699 0.043 0.000  0.000
Mn 0.003 0018 0024 0034 0032 0016 0031 0.030 b.d bd  bd
Mg 1.891 1770 1771 1.680 1.976 2151 2054  2.151 b.d bd  bd
Ca 1653 1.764 1807 1.785 1598 1562 1601  1.632 0.300 0.600 0.107
NaM4 0347 0236 0193 0215 0402 0438 0399  0.368

NaA 0.365 0.332 0581 0505 0427 0257 0298  0.456 3791 3328 3.7%0
K 0012 0041 0036 0040 0021 0080 0063 0.048 0.000 0.000  0.000
Total 154 1537 1562 1554 1545 1534 1536 1551 20077  19.97 19.91
gﬂag’(ggai‘;z) 053 049 047 046 057 059 055 056 07 15 03
ol s el oas 3,51, (124F) Blundy 4 Holland 25 U9 3Us-Jgmnial (5 ykogslign 5-Y-F
24 Coul oads oolitul plagmiel 5 JWSs5l 5 3, aeelas 3l ooliiul L U a5l 5 il jon sla SIS Cai> sles

#YY



Yoo )lad Y 090 N F-Y b

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

a0 OFA - OTF il So)l8 sladiges lp g
esloads Lol JLslS $10 - & 5 3 S Siilu

sles polie (VAAA) Liu 5 Ernst mewles 5l oolazul b
asdlas 5 50 (S5 ,50 K 90,2 gl ol F il a0 £O-
(V2aY) Schmidt g las 5l sslinul b .caslons Jol>
Gl LshS AD 5 Gt 26,8 sl FIA Lid iolie
(F Y Jgoz) cnlosnal Caws 4 cudgubol &o,l8

(2aY)  Schmidt  glagiwles Lol
ol 4 Hollister (VaAf) Zen s Hammarstrom
5 Jsla> (Y4A9) Rutherford s Johnson s (VaAY)
VAL & sg0> Codgeial 26,5 diged sl bolis 2Slam
JslS AIY B O/A Gl 26,15 sladigns 51,0 5 ,LslS

(¥ Jgoz) Caslonds awl=o

5 load (g pSojlail o S jslre 10 g See gl
JRY POvtl JUUN [ g R 0] ) VR St S UON S ]
oewled hgy 0 ol odel Cews 4 (Y4Y)Schmidt
C5)l8 igas 50 Lamgie jobo ar Lod ezt US g5l J gurial
)Bﬂuﬁﬁ)ﬁ)ﬁ)ﬁh)\ﬁ@hﬁ)d ¥o. - [KM,
(F oY Jgaz) Colonds Jol> JlishS V/Y

SUS 325U Jgunol (5 k09 lige 5 Y7

00 ynS amio )l eoliiwl L lbeJgudal Jlid 9 Lo
zoled g (Leake et al., 1997) wls sa (s g bge,s
oS (12Y) Schmidt zow)Las 5 (VA3A) Liu 5 Ernst
6)"‘5)L‘9‘°)) 0o ,.ﬁ..w.S g Y ) )b )LAI-AB 9 Lcd {yo w‘odu.u
<o,8 slaaiges sl (Leake et al., 1997) ails)ee
Jisks 8/Y-Y/A 5 Sl dn ;0 00 0- OV = Jo il

ol )b degerme GlacucdlSn )8 g Cguinl C6)5 (6 pega s Y Sy
Table 3. Thermometry of garnet amphibolite and garnet mica schists of Faryab complex.

T (°C)
sample Graham and Poweel Ernst and Liu Leake et al. Holland and Blundy
(1984) (1998) (1997) (1994)
ES97-2-4 550-708 620-650 505 - 570 b.d
Kg98-4-6 b.d 580-650 524 - 538 450 (7.2 kb)
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Table 4. Barometry of garnet amphibolite and garnet mica schists of Faryab complex.

Sample P (Kb)
Leake et al. Johnson and Hollister et al. Hammarstrom Schmidt
(1997) Rutherford (1989) (1987) and Zen (1986) (1992)
ES97-2-4 52-178 6-75 7.8-9.9 7.3-9.2 8.5
Kg98-4-6 6-6.5 5.8-6.3 75-82 7-76 6.8
O SHESS (5l 5 ColSs zgog 4 0, SAUS 4l o ey -Y

liuigd ;) aolll a5 Ss5 50 oS o)l b
Gl 4 i (g i o, g lalos (gl lo s yls 1,8
ool <o)l5 0 jLad 5 Lo atin () (355,50
&S eliaillw ci )8 & o dibie glaciigay 0
S ez 513 lacudan p 4 Cod 5y abold o
ol 5o crailedl g gy laie Bk 5l ool

FYY

095 B o2l dcgazme jo danlllas 350 (o slooxls
7l —Baniul slacddsdl & jglome )3 5 Ol g
30t iz sl asgeze (nl Wyl (ygeis; oL
Naseri et al., ) <ol byl slaSw slo pwas
asgeze & ceiin (95 5 Slaassene 59, » a5 (2022
Sdlel gl oK jpam wiload ol Eal 3555



Yoo )lad Y 090 N F-Y b

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

B Ul 5,5 5laj 53 eSS (sl b sl
z-A
Camrd D9l (98mg Sn g 2o Slalllas 4l 5
ol 6 )5 s Jguriial s Jguriial Sigay]
il oo ol B dcgeme So5 50 X

3 Boes bewgaie] <68 a5 wos oo lis S aonds
$)5 U3l ool Gla S5 «i)8 lacen, S5
Sl e 5 Co)lS 5 Colsm gl sl sla SIS
ool «i)8 Lol gla 15 Lol lacansilSis )5
edge 85 LS 5 35lsS O lwald gl (o g

5 Sedgmiel S5 50 )8 slocullskShg sond
caiets sl 55 ol a3gaome s e tlas <35
clcdgaaol o Jomtal glo )l oS5 .Cnl ool ools
Al yon 505350 51l (o S 5 5SS 53 5l bt
03g9azts ;3 WSl oS 5 (oot el ptie Zossl 55 U
350 S 93 58 50 SIS S 5ol 3 USSIIG o]
sl 00 0318 AT i g o el anlllas

sbales walie sla g, (wlal (6 70g0,5 Dl
25 Sedgaial 58 gl 1y oS ol 4z, VEA L 00
Glp oS il ax,0 £0- U FO slales 5 lacusga
g (b Codgny gy Yoo alold o) boweillw o)8
-digad onl jo 418, LIS 4y Gy O bl 2 (55509, Dl
Goaiges sl 1y JLekS AP B AV sla,lad (Sile do
C)E el VIY B SV gla lid Sl 5 Codgunial <o) 5
b 62518 Cundy iz s o LS i slSs
S50 asl a0 g wlly ole)S e cud o4
] Cd gl

5 eobdime) o S (sl slagses) bl

oz 09,5 55 42 (g o0 |y anlllan 5 )50 Lo S ¢ o loarn sl
bedlil Jyons la Sy a5 1 og,5 Cudgmdol Co)5 0,8
)5 olper s 1 09,5 Codguiel )8 was o oylid |,
9 S aberdssy b S bl bowa il

FY¥

W S g p) slacdgniel S5 s e )8
~Cd el 65 4 S aizmed g et )8
i 3lazd 5 13 lacaigny 3l (g ien alold o a4 oo
Oy wed (=95 Sl RSB Cexdy izl
S50 oS ey Usane abige aibly lo)S
G55 anil ailas Wil oo Sedsndl saeld slaal o il g
Searle and Cox, ) sl (metamorphic sole) <.ts.él
SxRelr plSin 3 iy oos € 5l S 5 (1999
Oley 4 Se33 slen Sug 6Nl (o) (S)le o)l
S 03 Wiz SHU Ay dayon HHI 4 Sl osgy )9 2
oes i | Sglite s 50 Tyt b s s
30 90 9 (gl e Sldllas oyl aslaie slo S6S5 S
ez ile ailaie SoeSs gl isle glacails, LS
SSghn p) $F S50 s ;o ip besle g S
Oty 6Bl laasly ay Cos (6t a5 Jll8 L
aily jeam p siclae walis codl Sas a5 il ond alls
il Ssdl s 5
dcgerme (J55 )50 G Sw ol &l waled 4 axgi
J585 Ly glit 5sF 55 aegama 53 51 5 4y ol 6
st 55 Slish 5 SasS g wlasS S5 plato
Pl aegme Syl sacls o (Jlatol isF 5 ail)
laideS iy (Sodoud) Al>pe 4y byyye a5 i85 IS
" Slo)B wiwgy ad (59) p Mlyep Sl o gl 05 S
- 555 59 sdws Lidu aSJl> o il . (Obdaction) Jls
Lalyd b Bl (96555 acgeme 4 e ailate o
U5 slo)B o5 5o Cunbsn S 3 icknd G55
- slidl dsgezme S AT ols 3gzg Jlaizl ol ez F
b oot (gildl (ailyg 8 adlaie o UL yo (o298
Ol oo Cadae ol 5o ail ool JSCid Jlod Cowo a4y (o
sl SUL JLas g ol sleKow a5 ol mess e
& Wesd oaly oS2l 55ee o gyl 53y 2 55,50
laojlas) )3 b 4z s (G55 50 slaKiw Koo ©)le

SlaKiw 5 bl acgerme (9> Glais )0 jaw Cend
O 5 (B Cudgaal o)l b UL Az (6550
aegazme oyl aoad jalls axllae 850 4cgazae Jlod
O adlate g8l Ll LS 50 O, acgemme (595 S0
Camdge So 5 (Flsdl dsgerma (pl o Sl ol



w

Y oo,lads MY 0,90 NF-Y 50l 4 i (63,5 wlid Cyue) st:fuf/»-fsgb
L
ECTPURER RS S NE S R O e S S e JoSE5 Ll ol igS 55
At (el s 4l eSS Jligh 5 S

4.1};.@ @byﬁdu;ﬁub)bﬁwdjﬁﬁ‘od&[ﬁ
7 owlye,8 J jo Els 0,8 K (glanigS yisw (Sadoend,
5o b e (Obdaction) Jled,é (glo,B arwg ad s,

Sloyad
5 (ol yo) dumge 5l Sergey Skublov s BT
5 4ed 50 &5 dmsgy )32S O RAS 5yl ($35l5i9)S 55
R o & TS 5> >SS labak glas T pl
o Color o allie (ol 05 o S5 5 A cilazsls Lo

Afgazme 4 i dihais b S5 50 cnes i 4>

Sendye Sy ,0 Fiend (S5 50 Ll b b Bl 9655

- - . . | wa & ‘o lﬁ R
s,less L Iran Natianal Science Foundation (INSF) WS Jb slo)B G975
égl.‘o.e

Agard, P., Omrani, J., Jolivet, L., Mouthereau. F., 2005. Convergence history across Zagros (Iran): Constraints
from collisional and earlier deformation. International Journal of Earth Sciences 94, 401-419.

https://doi.org/10.1007/s00531-005-0481-4.
Ali, A., Yar, M., Khan, M., 2016. Interrelationships between deformation and metamorphic events across the

western Hinterland Zone, NW Pakistan. Journal of Earth Science 27(4), 584-598.

https://doi.org/10.1007/s12583-016-0717-1.
Azizi, H., Stern, R.J., 2019. Jurassic igneous rocks of the central Sanandaj—Sirjan zone (lran) mark a

propagating continental rift, not a magmatic arc. Terra Nova 31(5), 415-423.

https://doi.org/10.1111/ter.12404.
Bell, T.H., Johnson, S.E., Davis, B., 1992. Porphyroblast inclusion-trail orientation data: eppure non son girate.

Journal of Metamorphic Geology 10(3) 295-307. https://doi.org/10.1111/j.1525-1314.1992.tb00084.x.
Berberian, M., King, G.C.P., 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian Joumal
of Earth Sciences 18, 210-265. https://doi.org/10.1139/e81-163.
Babakhani, A.R., Alavi Tehrani, N., 1992. Sabzevaran geological map, scale 1/250000, geological survey and

mineral exploration of Iran.
Chatterjee, N., 2016. Constraints from monazite and xenotime growth modelling in the MNCKFMASH-PYCe

system on the P-T Path of a metapelite from shillong-meghalaya plateau: Implications for the Indian shield
assembly. Journal of Metamorphic Geology 35(4) 393-412. https://doi.org/10.1111/jmg.12237.

Cheng, S.H., Lai, X.Y., You, Z.D., 2009. P-T paths derived from garnet growth zoning in Danba domal
metamorphic terrain, Sichuan province, west china. Journal of Earth Science 20(2), 219-240.

https://doi.org/10.1007/s12583-009-0022-3.
Davoudian, A.R., Genser, J., Dachs, E., Shabanian, N., 2007. Petrology of eclogites from north of Shahrekord,

Sanandaj-Sirjan Zone. Iran, Mineral, Petrolgy 92, 393-413. https://doi.org/10.1007/s00710-007-0204-6.
Ernst, W.G., Liu, J., 1998. Experimental phaseequilibrium study of Al and Ti contents of Calcic amphibole in
MORB-A  semiquantitative ~ thermobarometer.  American  Mineralogist 83,  952-969.

https://doi.org/10.2138/am-1998-9-1004.
Fleet, M.E., Barnett, R.L., 1978. Aliv/Alvi partitioning in calciferous amphiboles from the Frood mine,
Sudbury, Ontario. Can. Mineral 16, 527-532. https://rruff-2.geo.arizona.edu/uploads/CM16_527.pdf.

YO


https://doi.org/10.1007/s00531-005-0481-4
https://doi.org/10.1007/s00531-005-0481-4
https://doi.org/10.1007/s12583-016-0717-1
https://doi.org/10.1007/s12583-016-0717-1
https://doi.org/10.1111/ter.12404
https://doi.org/10.1111/j.1525-1314.1992.tb00084.x
https://doi.org/10.1139/e81-163
https://doi.org/10.1111/jmg.12237
https://doi.org/10.1007/s12583-009-0022-3
https://doi.org/10.2138/am-1998-9-1004
https://rruff-2.geo.arizona.edu/uploads/CM16_527.pdf

w

Y oo,lads MY 0,90 NF-Y 50l 4 i (63,5 wlid Cyue) st:fuf/»-fsgb
Y

Graham, C.M., Powell, R., 1984. A garnet-hornblende geothermometer, calibration, testing and application to
the Pelona Schist, Southern California. Journal of Metamorphic Geology 2, 13-31.

https://doi.org/10.1111/j.1525-1314.1984.tb00282.x.
Hammarstrom, J.M., Zen, E., 1986. Aluminum in hornblende: An empirical igneous geobarometer. American

Mineralogist 71, 1297-1331. https://pubs.er.usgs.gov/publication/70015213.

Haynes, J., Reynolds, H., 1980. Early development of Tethys and Jurassic ophiolite displacement. Nature 283,
561-563. https://doi.org/10.1038/283561a0.

Holdaway, M.J., 2001. Recalibration of the GASP geobarometer in light of recent garnet and plagioclase
activity models and versions of the garnet-biotite geothermometer. American Mineralogist 86(10) 1117—
1129. https://doi.org/10.2138/am-2001-1001.

Holland, T.J.B., Blundy, J.D., 1994. Non-ideal interactions in calcic amphiboles and their bearing on
amphibole plagioclase thermometry. Contributions to Mineralogy and Petrology 116, 433-447.
https://doi.org/10.1007/BF00310910.

Hollister, L.S., Grissom, G.C., Pters, E.K., Stowell, H.H., Sisson, V.B., 1987. Confirmation of the empirical
correlation of Al in hornblende with pressure of solidification of calc-alkaline plutons. American
Mineralogis 72, 231-239. https://pubs.geoscienceworld.org/msa/ammin/article-abstract/72/3-
4/231/104937.

Johnson, M.C., Rutherford, M.J., 1989. Experimental calibration of an aluminum-in-hornblende geobarometer
with application to Long Valley caldera (California) volcanic rocks. Geology 17, 837- 841.

https://doi.org/10.1130/0091-7613(1989)017<0837:ECOTAI>2.3.CO;2.
Johnson, S.E., 1999. Porphyroblast microstructures: A review of current and future trends. American
Mineralogist 84(11/12) 1711-1726. https://doi.org/10.2138/am-1999-11-1202.

Jones, K.A., 1994. Progressive metamorphism in a crustal-scale shear zone: An example from the Léon region,

north-west  Brittany, France.  Journal of  Metamorphic  Geology  12(1) 69-88.

https://doi.org/10.1111/j.1525-1314.1994.tb00004..x.
The Kananian, A., Juteau, T., Bellon, H., Darvishzadeh, A., Sabzehi, M., Whitechurch, H., Ricou, L.E., 2001
ophiolite massif of Kahnuj (western Makran, southern Iran): New geological and geochronological data.
https://doi.org/10.1016/S1251-Comptes rendus de I'Académie des Sciences 332, 543-552

8050(01)01574-9.

Leake, B.E., Woolley, A.R., Arps, C.E.S., Birch, W.D., Gilbert, M.C., Grice, J.D., Hawthorne, F.C., Kato, A.,
Kisch, H.J., Krivovichev, V.G., Linthout, K., Laird, J., Mandarino, J.A., Maresch, W.V., Nickel, E.H.,
Rock, N.M.S., Schumacher, J.C., Smith, D.C., Stephenson., N.C.N., Ungaretti, L., Whittaker, E.J.W.,
Nomenclature of amphiboles: Rreport of the subcomm, on amphiboles intern. miner .Youzhi, G., 1997
Ass, commiss, new minerals and mineral names, am. mineral 82, 1019-1037
https://pubs.geoscienceworld.org/canmin/article-abstract/35/1/219/12862.

Leake, B.E., Woolley, A.R., Birch, W.D., Burke, E.A., Ferraris, G., Grice, J.D., Whittaker, E.J., 2004.

Nomenclature of amphiboles: Additions and revisions to the international mineralogical association’s
amphibole nomenclature. American Mineralogist 89, 883-887.
Li, S.Z., Zhao, G.C., Santosh, M., 2011. Palaeoproterozoic tectonothermal evolution and deep crustal processes

in the jiao-liao-ji belt, north china craton: A review. Geological Journal 46(6) 525-543.

https://doi.org/10.1002/gj.1282.
MccCall, G., Kidd, R., 1982. The makran, southeastern Iran: The anatomy of a convergent plate margin active

from cretaceous to present. Geological Society, London, special publications 10, 387-397.
https://doi.org/10.1144/GSL.SP.1982.010.01.26.

ala


https://doi.org/10.1111/j.1525-1314.1984.tb00282.x
https://pubs.er.usgs.gov/publication/70015213
https://doi.org/10.2138/am-2001-1001
https://doi.org/10.1130/0091-7613(1989)017%3C0837:ECOTAI%3E2.3.CO;2
https://doi.org/10.2138/am-1999-11-1202
https://doi.org/10.1111/j.1525-1314.1994.tb00004.x
https://doi.org/10.1016/S1251-8050(01)01574-9
https://doi.org/10.1016/S1251-8050(01)01574-9
https://doi.org/10.1002/gj.1282
https://doi.org/10.1144/GSL.SP.1982.010.01.26

w

Y oo,lads MY 0,90 NF-Y 50l 4 i (63,5 wlid Cyue) st:fuf/»-fsgb
Y

McCall, GJ.H., 1997. The geotectonic history of the Makran and adjacent areas of southern Iran. Journal of
Asian Earth Sciences 15.517-531, https://doi.org/10.1016/S0743-9547(97)00032-9.

McCall, G.J.H., 2002. A summary of the geology of the Iranian Makran. Geological Society 195, 147-204.

McCall, G.J.H., 2003. A critique of the analogy between Archaean and Phanerozoic tectonics based on regional
mapping of the Mesozoic—Cenozoic plate convergent zone in the Makran, Iran. Precambrian Research
127, 5-17. https://doi.org/10.1016/S0301-9268(03)00178-5.

Maldonado, R., Weber, B., Ortega-Gutiérrez, F., 2018. High-pressure metamorphic evolution of eclogite and
associated metapelite from the chuacts complex (Guatemala Suture Zone): Constraints from phase
equilibria modelling coupled with Lu-Hf and U-Pb geochronology. Journal of Metamorphic Geology
36(1) 95-124. https://doi.org/10.1111/jmg.12285.

Menold, C.A., Manning, C.E., Yin, A., Tropper, P., Chen, X.H., Wang, X.F., 2009. Metamorphic evolution,

mineral chemistry and thermobarometry of orthogneiss hosting ultrahigh-pressure eclogites in the North
Qaidam metamorphic belt, Western China. Journal of Asian Earth Sciences 35, 273-84.

https://doi.org/10.1016/j.jseaes.2008.12.008.
Moritz, R.F., Ghazban, F., Singer, B.S., 2006. Eocene gold ore formation at Muteh, Sanandaj—Sirjan tectonic

zone, western Iran: a result of late-stage extension and exhumation of metamorphic basement rocks within
the Zagros orogeny. Economic Geology 101, 1497-1524. https://doi.org/10.2113/gsecongeo0.101.8.1497.

Morgan, K.H., Huber, H., McCall, G.J.H., Peterson, L.W., Child, R., Jones, D.R., Simonian, K., Samimi
namin, M., 1979. Geological map of Kahnuj, Scale 1:100000. Geological survey and mineral exploration
of Iran.

Morgan, K.H., Huber, H., McCall, G.J.H., Samimi namin, M., 1980. Geological map of Now-Dez, Scale
1:100000. Geological survey and mineral exploration of Iran.

Naseri, A., Rahgoshay, M., Bagheri, S., Monsef, 1., 2022. Petrology and mineral chemistry of peridotites of

the Faryab ophiolitic complex, Golashkard region-southeast of Sanandaj-Sirjan zone. Iranian Journal of
Crystallography and Mineralogy. https://ijcm.ir/browse_accepted.

Perchuk, L.L., Lavrent’eva, 1.V., 1983. Experimental investigation of exchange equilibria in the system

cordierite-garnet-biotite. In Saxena, S.K. (Eds.), Kinetics and equilibrium in mineral reactions. Springer-
verlag New York. pp. 199-239. https://link.springer.com/chapter/10.1007/978-1-4612-5587-1 7.

Proyer, A., 2003. The preservation of high-pressure rocks during exhumation: Metagranites and metapelites.
Lithos 70, 183-94. https://doi.org/10.1016/S0024-4937(03)00098-7.
Sabzehei, M., Nazemzadeh Shoaei, M., Eshraghi, S.A., Roshan Ravan, J., 1994. Mohammad Abad map, 1:

100,000. Geological Survey of Iran.
Schmidt, M.W., 1992. Amphibole composition in tonalite as a function of pressure: An experimental

calibration of the Al-in-hornblende barometer. Contributions to Mineralogy and Petrology 110, 304-310.

https://doi.org/10.1007/BF00310745.

Shafaii Moghadam, H., Mosaddegh, H., Santosh, M., 2013. Geochemistry and petrogenesis of the Late
Cretaceous Haji-Abad ophiolite (Outer Zagros Ophiolite Belt, Iran): implications for geodynamics of
theBitlis—Zagros suture zone. Geological Journalgeol 48, 579-602. https://doi.org/10.1002/gj.2458.

Searle, M., Cox, J., 1999. Tectonic setting, origin, and obduction of the Oman ophiolite. GSA Bulletin 111(1)
104. https://doi.org/10.1130/0016-7606(1999)111<0104: TSOAO0>2.3.CO;2.

Spear, F.S., Selverstone, J., Hickmott, D., 1984. P-T Paths from garnet zoning: A new technique for
deciphering tectonic processes in crystalline terranes. Geology 12(2) 87-90. https://doi.org/10.1130/0091-
7613(1984)12<87:PPFGZA>2.0.CO;2.

Yy


https://doi.org/10.1016/S0743-9547(97)00032-9
https://doi.org/10.1016/S0301-9268(03)00178-5
https://doi.org/10.1111/jmg.12285
https://doi.org/10.1016/j.jseaes.2008.12.008
https://doi.org/10.2113/gsecongeo.101.8.1497
https://ijcm.ir/browse_accepted
https://doi.org/10.1016/S0024-4937(03)00098-7
https://doi.org/10.1007/BF00310745
https://doi.org/10.1002/gj.2458
https://doi.org/10.1130/0016-7606(1999)111%3C0104:TSOAOO%3E2.3.CO;2
https://doi.org/10.1130/0091-7613(1984)12%3C87:PPFGZA%3E2.0.CO;2
https://doi.org/10.1130/0091-7613(1984)12%3C87:PPFGZA%3E2.0.CO;2

w

Y oo,lads MY 0,90 NF-Y 50l 4 i (63,5 wlid Cyue) st:fuf/»-fsgb
Y

Spear, F.S.,1993. Metamorphic phase equilibria and pressure-temprature tim pathe. Mineralogical society of
America.  Monograph  series  BookCrafters. Inc., Chelsea, Michigan, U.S.A, 799.

https://www.abebooks.com.
Tracy, R., Robinson, P., Thompson, A.B., 1976. Garnet composition and zoning in the determination of

temperature and pressure of metamorphism, central Massachusetts. American Mineralogist 61, 762-775.

https://pubs.geoscienceworld.org/msa/ammin/article-abstract/61/7-8/762/40662.
Verdel, C., Wernicke, B.P., Ramezani, J., Hassanzadeh, J., Renne, P.R., Spell, T.L., 2007. Geology and

thermochronology of tertiary cordilleran-stylemetamorphic core complexes in the Saghand region of
central Iran. Geological Society of America Bulletin 119, 961-977. https://doi.org/10.1130/B26102.1.

Verdel, C., Hassanzadeh, J., Wernicke, B., Stockli, A.D., 2013. The Eocene Golpaygan metamorphic core

complex, Central Iran: A case history of orogen-parallel forearc rifting along an Andean-type continental
margin. Geological Society American Abstracts Programs 45(7) 516.

https://www.researchgate.net/profile/Charles-Verdel/publication/351686639.

FYA


https://doi.org/10.1130/B26102.1
https://www.researchgate.net/profile/Charles-Verdel/publication/351686639

