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Introduction

The Sanandaj-Sirjan zone, one of the most critical areas for studying
metamorphic events, originated by subduction of the Neotethys oceanic
lithosphere beneath the Central Iranian microcontinent during Early
Jurassic to Late Cretaceous (Berberian and King, 1981; Alavi, 1994;
Hassanzadeh and Wernicke, 2016). The Qori metamorphic complex
located in the southeastern part of the Sanandaj-Sirjan zone (Figure 1).
Fazlnia et al. (2009), suggests a regional metamorphic phase (c.a. 187 to
180 Ma) concurrent with the orogeny activities, and another phase (c.a.
147 Ma) associated with arc magmatism.

The main purpose of the present paper is to investigate the
metamorphic evolution of Qori complex metapelites using the phase
diagram calculations. This research can enhance the accuracy of previous
studies and provide researchers with a better understanding of
thermodynamic changes during progressive orogenic metamorphism
related to the tectonic evolution of the southern Sanandaj-Sirjan zone.

Geological setting

+ 40°C attributed it to crustal thickening in the

The Qori metamorphic complex mainly course of Early Cimmerian orogeny(180 - 187 Ma)
comprises alternating actinolite schists, garnet (Fazlnia, 2007, 2017; Fazlnia et al., 2009). The rift
amphibolites, and marbles interbedded with propagating activity in Gondwana (Golonka, 2004;
metapelites (garnet-kyanite-biotite schists) and Sears et al., 2005) led to non-orogenic magmatism
metaultramafic ~ rocks  (olivine-orthopyroxene- in northeastern Neyriz and the intrusion of the
spinel-hornblende schists) (Figure 2), subjected by heterogeneous Talle-Pahlevani batholith into the
Barrovian-type metamorphism (Fazlnia et al.,, semi-pelitic to pelitic metamorphic rocks of the
2009). The previous studies have reported peak Qori complex (Fazlnia et al., 2009). This caused
metamorphic conditions of 9.2 £ 1.2 kbar and 705 intense contact metamorphism and migmatization
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at 700 to 750°C and P> 5 kbar (Fazlnia et al., 2023;
Miri and Fazlnia, 2024). By the closure of the
Neotethys, the study area underwent deformation,
as the other parts of the Sanandaj-Sirjan zone.

Material and methods

About 50 metapelite samples we studied using
polarizing microscope. The 6 selected samples were
analyzed for their major oxides by a Philips PW1480
XREF instrument in University of Kiel, Germany.

Petrography

The major minerals include biotite, quartz, garnet,
muscovite, kyanite, plagioclase, chlorite, staurolite,
along with minor amount of magnetite, rutile and
porphyro-lepidoblastic texture. Two foliation fabrics,
S1 and S2, are traceable in the area (Figure 3a),
leading to the preferred orientation of biotite and
muscovite (Figure 3b). The main stage of the garnet
and staurolite growth occurred during the second
metamorphism stage along with S2 foliation. They
were replaced by biotite, muscovite and chlorite
through the retrograde metamorphism (Figures 3e, f).
In higher P-T, the staurolite became unstable, and
kyanite replaces it (Figure 3g) indicating the middle
amphibolite facies condition (Bucher and Grapes,
2011). In the final stage of the metamorphic process
and cooling, magnetite crystals formed post-
tectonically, cutting through the rock foliation (Figure
3f). The lack of pressure shadows in these crystals
point to post-tectonic growth.

Geochemistry

The chemical data of the whole-rock are
represented in Table 1. The samples plot between the
pelitic and mafic rock fields on a discrimination
diagram (Figure 4a), although, the presence of
kyanite and staurolite reveals their metapelitic natures
(Bucher and Grapes, 2011). The FeO/K,O versus
SiO,/Al,O3 diagram (Figure 4b) suggests a Fe-rich
sandstone for their protolith.

Discussion

Phase diagram modeling

The sample Af-220, containing peak P-T mineral
assemblage and sufficient Al,Os;, FeO, and MgO
contents to form the desired minerals, was selected
for calculations. The calculations were performed
using Theriak-Domino software (de Capitani and
Petrakakis, 2010), version 10.0.19044.1526, released

in 2018, with the tcdb55c2d database in a K,O-FeO-
MgO-Al,05-Si0»-H,0 (KFMASH) chemical system
(Figures 5 to 7). The fluid was considered as pure
water and in-excess. The solid solution models used
in calculations include GARNET (White et al., 2007)
for garnet, CHLORITE (Holland et al., 1998) for
chlorite, PHNG (Coggon and Holland, 2002) for
muscovite, BIO (White et al., 2007) for biotite,
CORD (Holland and Powell, 1998) for cordierite, and
LIQtc (White et al., 2007) for melt.

Metamorphism conditions

The stability fields of garnet + biotite + kyanite +
sillimanite indicating peak metamorphic condition
occur at T 650 to 780°C and P >7 kbar (Figures 5, the
blue dash-line). At higher T, melt appears, suggesting
that the sample did not experienced T>780°C. It
should be noted that there is no field containing the
kyanite and the sillimanite as well, but their
coexistence in the samples display the polymorphic
transformation P-T  condition. However, the
occurrence of sillimanite in the samples under study
point to the higher T than that of kyanite, the field 1 is
considered as the peak metamorphic condition prior
to anataxis. This thermal shock occurred due to
intrusion of the Talle-Pahlevani pluton into Qori
metapelites (e.g. Fazlnia et al.,, 2023). Cordierite
appears at P<7 kbar, thus, its absence in the samples
indicates a minimum P of 7 kbar.

Influence of protolith composition

A MgO/(MgO+FeO) vs. T phase diagram at 8
kbar P (Figure 6) shows that the peak assemblages
occur at MgO/(MgO+FeO) ratios of 0.2 to 0.5. Also,
an Al,O; vs. T phase diagram (Figure 7) suggesting
that the assemblage requires at least 10 wt% Al,O5 to
form kyanite and sillimanite at peak condition.

Conclusions

o The metapelites of Qori complex originated from a
Fe-rich sandstone protolith;

e The parageneses include (1) chlorite + muscovite +
biotite (greenschist facies) — (2) biotite + garnet
+ staurolite (lower amphibolite facies) — (3)
biotite + garnet + staurolite + kyanite + sillimanite
(medium to upper amphibolite facies);

e Thermodynamic  phase  diagram  calculations
indicate that the peak assemblages formed at 650
to 780 °C and 7 kbar;

e The MgO/FeO and Al,O; contents of the protolith
affected the peak mineral assemblage.



Petrological Journal .

J S3el9 —4

E-ISSN: 2322-2182 YYYY-YVAY o Sy Sl bLa
th .

15" Year, No. 60, Winter 2025, pp. 97-114 Petrological Journal PRV o AP ¥ yliuann poicads o bouds o0 by Jlus

L 5598 degomo lacabibio (ol3Souw 9 (F95 50 bl s
S8 Saoluogoy b loges 31 oolasuw!

T Ste Jole P o o sammo puo () Lo s polilune

nfazlnia@yaho0.com ), cares | cdung,l olEzils pole oaSiils ( awlidsiyan) 0,5 colinl
M.MIrT@SCU.AC.IT o) 5l jlgnl lsal ol oz dageds SlEEINS o) poke 0aSsls o cwlid e 09,5 ¢ Loliul |
adel_saKi@SCU.AC.IT ¢yl jlonl laal ol yor dnges olELEINS cipan) pole 0aSisls o owlidpe 09,5 ¢ Lol "

R Ao wleMb|

3590 Hgmeisy Gl e i Ay 5 sl B eGS0 598 (P95 50 dsgesns
S5 L gy s3] (slmosss ol yady Erhylio g iy Stio oSy ikt glaSi s VXYYl b

VESYNANE 5o pu i
L, S S 58 ALK 3 Ko oS El a4l Sk U o A T

LSLQMLA a.\_;L‘:O)_{ |A_u J_AK) ;_ia_w‘)j) )\) d)jﬁ Q‘)”‘ 5)L§\)).> )_3) d_a Mj_i.’

Wojlg wuls
ClS-adg il (g9, (slamd g g aloss 95 5o Eodguiel 5,lus, o o ddlate bl
&Lo‘mb; ‘Lg)Li;&_iJ_m Lgu‘é_m)ﬁ g._xl; ~ .o)_f ‘53L3\>) Le;—‘ » U|5-’L$-‘° ‘) wLo.L_w 9 )dLo g,
SRR SUPRCIEN DO R SO 1 SCIN A N FRCNE . SUCSC RN Bt 14 b oge

an Ll STV 5l 5V la s g ol Kl & o YA L5 #0- slos 0 Lo ol

aS sl sl Slowi S Lo (5518 (sla oges ¢ puizmod sy o (5 0l

[=Icy

oo S pal |y QIS plems 5 cal bz, @ 1 95108/ijp.2025.141810.1337

Sl Lacbie jslacSi s meions T 5 oyl oYLy (glsiome o)td-Los Lul, 55 1053

Lo Joaes dwloms .0dl a il 565 50 oL 0
GBI ge A 2 S-S P) s

olis oo wile 555655 Jelye ,uilicon 555,50
led oS 5 sl el aes o) Jhw oS S

E—o30 o=l oy sl ol 5l (SO (Seluoge
5 oihgd sleanl Bl ki, s sla 555,50 ol

slesls &5 ol b i 5l 6l 50 (2; 5 A
T o RS » s le SB Giolam ;o eaisS fpad (a8 Wiy oo jole S

Jstens iy D

(F) V0 s55d9,5 55L8 (Seoliudge i (sl loges 3l oolatul b (5,68 degarme slaiolilio ol5w 5 (565,50 Loyl pead (V2 1) g o SLos cpp o6 o e ol Juad :allio oyl 4y SLlew!
RRAZLNY

2322-2182 © The Author(s). Published by University of Isfahan
This is an open access article under the CC BY-NC 4.0 License (https://creativecommons.org/licenses/by-nc/4.0). BY NC


https://ijp.ui.ac.ir/
mailto:m.miri@scu.ac.ir
mailto:m.miri@scu.ac.ir
https://creativecommons.org/licenses/by-nc/4.0
mailto:m.miri@scu.ac.ir
mailto:m.miri@scu.ac.ir
https://www.orcid.org/0000-0002-3760-636X
mailto:nfazlnia@yahoo.com
mailto:m.miri@scu.ac.ir
mailto:adel_saki@scu.ac.ir
https://doi.org/10.22108/ijp.2025.141810.1337
https://doi.org/10.22108/ijp.2025.141810.1337

VEY Glie piiad o)led ool Jo 15909 iy

Elol Jolsi g o)l aslol sog LS Voo ay Sop
Sl 5o el (Jyslme 5 slaml (555,50 S
L il sl S 1, 35555 slo ygais, o i |
2,0 L plhie led ST O jsoan v Sae
., 1994; Sheikholeslami, 2015Alavi) ailes 41,0

gy Sl orr (B )0 698 (59553 degerne

30 ol e bld 4 5 018 geis ) ol j-zaiw
S og S B g i b (659 Jled (5 7%0glS VO

(O 52) 8)ls pgeis; Sk ot s S boss

Seghalatoun

N\ inmp
\\ Sanandaj-
\Sirjan zone

A

O yesm o &gy (Berberian and King, 1981)
o=l s sl Gl o S et
g3l 5,5 Si G908 (0 o 45 s (S5
Semalysl 00 635 e Ol 8,180,514 een
Berberian ) cowl sael anay cyms 4wl ,S G oy 5le]

; Ghasemi and ; Alavi, 1994and King, 1981
Talbot, 2006; Hassanzadeh and Wernicke,

S5 50 il Jled 5l oylisle angy ol (2016
05 5 sl sz L 5Lel s e codsd!
Sl 5 gl V0 an S ghile L ol e

Sanandaj-Sirjan

%
e
ear zone
D

Oman Sea

Middle Jurassic

Highly contaminated quartz diorite-
anorthosite

Weakly contaminated quartz diorite-
_anorthosite b

% Gabbro s, main fault

.

izea] Hornfels around Highly Con.
| B2 quartz diorite-anorthosite

-| Hornfels around gabbro

Qori metamorphic complex (QMC)

Outcrops of metapelite
* rocks &

Figure 1. Geological map of the Neyriz area (after Sabzehei et al., 1992).

J.B‘co)_f L)_u J_aLi'S &Ha‘)s) » d)jﬁ U‘)—" 5)I_§OJ$
(Fazlnia et al.,, 2009; Sheikholeslami 2015)

9o olas, (Fazlnia et al., 2009) i sla )y

aS 05l 00,5 il acgomme (ol sl 1y G955 56

5 Lacly Slia LacSyjlblie 51 s )05 iegazma
S 5 Ly gy vl 6l 0055 ol pamay b oy lis
19 eSad S el ou il Sk L5 ol

725 A eSS gl 6,8 S (5,8 plie




Vol ol Ses 5 L s ol

SV (Saolsdgo i (b ylogai jleoliwl b (598 degorro goCadslio (] jSiuw 5 (F95 50 Ll b (s

Ali,S G an ezl Wl ey 9 S5, £
Wil (Gl 5 Frogse ool gla S ol (7

tomsdll G 4 p e
o 9Sllm gl o A (B 5 (S laasgy (Y
: Sheikholeslami et Sabzei et al., 1992)

al., 2008, 2015; Fazlnia et al., 2009;
.(2013; Fazlnia, 2017

Sl S Ggeis ) Sl b Sl 55 Sl

3 ol Sla S 5, Shas aouil iy 1, s 555

s ) (K il dba i (5 o b,

5| o lma S5 4 Sl sl 00,8 S, et

S 58 6,58 degerme wilon as’?j)-ﬁ sl
ladl Ggeis ) Folexr slaSo

Jobd yin 6,98 degerme (S95 50 slaSiw

5 Cdgrriol S8 L5 cnd eSSl sl

Lo Sl e (e ey~
(St al o0 = ool =S g 55 )] = (r29—11)

sla>lg iaa (Fazlnia et al., 2009) asloa—s

)L_m.» 9 v JS_M;) J_3|o.>)9_>' = 4Cgamo O—"
; Sheikholeslami et al., 2008) scws sa_is, =

Ll o i sl o, (Fazinia et al., 2009
b Sl laoly) 5 (o lad-Les sla g,
P slang Sa bt o o adlesls s
YAV Lo VA ) s (o 23055 oL S
sl gl L3 )5 9 (G Jbw 5—he
GLskS UYEY JLid g ol Suslw &m0 V- OFYF-

A cgarme ol dilize Lo sy o Lol S
; Fazlnia et al., 2009) sSloa—s 35,55 lajen
15 edlS g 0, Sloe (Fazinia, 2007; 2017
; Sears et al., Golonka, 2004) Llgo—3 e,
SlSle iy 5 (2005

5290 2925 8395 385 g 3 s 5 sl Sl

)° (5")’““ <)_._c f

= ol—jor gla—l S5s—5,50 5L S Joli
Ol p—ilaSle L)l jo , S0 5L 85 iy
Jl_w uﬁ—"l"" \\‘V as sS_nb)J )o o)lj :\......Jl_‘> ‘S’LJLA
09° Slyleaads (29 plS 8355 Sobi s iy
Fazinia et ) cowl oot ol sllwn 9 YU a0
.(; 2023; Fazlnia, 2017al., 2009
SS9y ;5338 ey oSl 65138 sLs lages
L (Miri and Fazlnia, 2024) L a8 3 5,
5 —r $32 lajlogel Slule 525 LS4
OV gmi gy adlie ol 51 Baie Lol , S BISGS
S Gt an g bl iy Gl o 2
plSe 5o (Seeloge, byl & s 5l g
oS L Lo e 0ig iy 25095 S5 53

.\.\.QJC;A

@l yo b o)y g i (ool o
sleaidi g ol o logilon il
it (S sloa Ty S s i

5l aies & )le

5 ol cJgial g Ce—ble (ol St (V
g S

(Sebf ) OB sloca Vgsl) dge (F

‘(s_i..ml)s) u.w) (5’5)"L? —&JLQ‘).J‘ 3&93 (¥

oals yga) L K5 sl jaye g Loy, ISl (F
(s



VE Y Gliae cpiad o leds (o3l Jlo (558)9 iy

i P95 ,S0 Ao L gblis ggw an lboan il
el L gaes o w3l 0s 5 5165 0
4_') u_ul.as u_w)o LSL@M)'{Jﬁ)J)y LS L@J_‘>‘5

g oo Bl (ertile (paiz 85kl
YL Jlexsl as Laa §) ol o us olel,8 o6,
Aoy St glaa sl ol jo Sal isuogd
g oYU Gisu L as gblie ol jo asilea sl
R P K C) ‘5:9_?;») Ce‘ u))‘é @‘5_72@ g.A_uL:.S
S and Glma Y o gd o198 g, sl
w00 AwlS L.Q)T (;)‘9—61) b)d )‘ ud_...od_.s
Sl GhpnS Lada S, ge0 ol .l ails Jlooay
g Slob ise 0 ea STy O g may g als

Hgd o 00y CoilS

o293 el by
laSges 00 e Slae Lo 050 o
1693 F55 50 degorme bl sloasi o
ot D Sl g (6558 Asgarme (5555 sla i
L assed 7 led dboasses S5 ablbe (o) 5l
o= =l piale 5 (Gl I ple (S
e bt caS S o lm 2BE lens S
Sl ymaie 0 nST jlaie 0l oay S 5 S S s,
oSl 695 il )sigls hgy L Le iged cnl (Lol
s Philips  PW1480 olsi__s L, 5 (XRF)
Sl saS (Kiel) |5 o8 _sils o8 _i,Le3]

L gaued, 4 bao e sla,loged ai (6,505l

s 5 e sl 090 SlyAogals
Jlw Oskes VYo )0 (6558 degomme 00555 50
Fazinia et al., )culai sl Jlsoas !, o
L wleolie ool s ol X sagsy ! (2009
Sles a5 S j0-9 LS 5l (SIS e S oS 5
ol o st Lacyjoi el (it JLS oS 5
Sl ns asels s Lyl asleas oo pln
Lo paslSle L Lo ool 5 S gon
o=l = o aesl Al il JlgSren slama o g0
3 =loileSe 5 wad et (S5 5,50 Ss i
5 S Led g ol Smlu &m0 VO L Ve slas
(Fazlnia et al., 2023) sl osls #, ,LslS 0
JLsd slo)8 LS’ ) am g il 9 3
Ol e~ Ay 40 e 45) (555 0 O
2 5555 35 eegs Sl 4 (5 b oyt
il oaalonil Gy JL g VFY a0 S35 0
; Fazlnia et al., 2009; Fazlnia, 2007)
L2 ,o a5 (Sheikholeslami et al., 2008
S55550 3l =36 ol sle STy (ol sz,
Jsd aJd 555 50 slaSw jo —iducsd ecl
,o (Fazlnia et al., 2009) el so—i lo,L38
s 953 A Ay Jobo j0 g Wolag, ! aslol
gy sla i se S0 o sben 55 alae o
e 5, 50 sz Ol e —pais (S95 50
(Mohajjel et al., 2003; Golonka, <ol az¥
.2004; Hassanzadeh and Wernicke, 2016)
ety 95555 iz o adbis slacoblie iy

| Sl S Jgtol adhis sl oK o
slaay aihie ol o (Fazlnia et al., 2009)
Olo— oo 1y Coslodmw g ciliS=odg Ll (g,
ale ol (Filg I Lachilie 0,5 (6,50
Lasjign 3 539 DV 5 C-F slo S5

AJQ_.U.:LH 03— u_’)lf M)Q Lgl_mw)bj)d)y



VoY e 5 L s ol

S (Sarebuogeyi sl yloges 3l ooliiwl b (5598 Aegoxe riadilio (o3 9 (55,50 byl o (yunnd

.L‘b%m B T (0148 el fulled vy lofll g 58, 2l o6 Eulllbs o

Figure 2. Photographs of the Qori complex metamorphic rock outcrops. A) Alternation of meta-basites
and meta-pelites; B) The border between the meta-basites and meta-pelites with clear different colors;

C, D) Folding in the meta-pelites.

G gial )L s ) Sl bl + c S8+ o Se (Y
€ns
8yl ) Calod i+ e S+ eS8+ g (¥
(Vb o Colgriol
o o Ol 1,52 581 (Sl 5 S 5o
S a4 S AT JS0) 9,5 (6,59, adlaie
S ola 2 g CugsS—ao § S (e
(AT JS5) aloamalontl LaaSis (gl jo Seteusdlgo]
Syl g c)l8 (ST S Az Sl Lo
SlagiisSly (o 9 45 Wgb oo plaled Lacilis

SIS

6)9—§ 3_(:947:.0. slacd ?L'Z.o So.s)‘L.,.. sugu i
S gsS S S wige Jal
9 S:;\—A“:Q-Aiﬂ Lg)L\_u o‘)_o.b a u.Jj)l:_w‘ su\_’i‘)lf 9)159-’))14

5 Laasiged ot 43 g LS (5L sy Ay s

s e |y 5 2l sl olans S YL L oS ooy
:é; ‘Sg‘L»L.w

(o Sy 8yl ) Cudigm + CuggSume + o IS (A




VEY Glie piiad o)led ool Jo 15909 iy

50 il STy ol sla s sa s i Luwa > (C Bucher and  :aile) ssleasl sy Cbgm sa S é,as
sloyshciye &joan Lacs 5 VL 4z o gladises P e )5 sl 52> (Grapes  (2011)
(D-Y I55) wigds oo 00y Codgm 5l slallan VISl oS G9S Se a0 Ll slac gy

Jole Sdlgand <8l (B S2 5 S1 Lo s, n (A 5,98 $55 55 degorme lacabilio 5| (58g Son sl g ¥ S0
L 26,5 cadligped o (D tomly a0 lo Sow Sudgm )0 235 sl )lilee (C tcqgeSns 5 Cudgm slojsh (e b (Shcw
ot (Nl S S S F CugsSine asgame b (i3 j5b 4 a5 codg)linl cudls 85y (B S2 S S s g5l il
Bl sla S ;5 o S aass CilS (G ronig g (355,55 o 10 Casm b oadiedily 55 cedlig by (F sl

$9) b omejlin O 904 s S cutiRe slayely wly (H D 9230 + 55058 + Cudgm 5l lare; )0 YL b Gloo cdgurial
(Whitney and Evans (2010) :3l la SIS (s lazsl 6b) S2 5,155
Figure 3. Photomicrographs from the meta-pelite in Qori metamorphic complex. A) The S1 and S2 fabrics; B)
Lepidoblastic texture formed due to preferred orientation of the biotites and muscovites; C) Garnet inclusions in a
biotite from the low-grade metamorphic rocks; D) A garnet porphyroblast with helicitic texture formed during S2;
E) a garnet porphyroblast replaced by biotite during the retrogressive metamorphism; F) A staurolite
porphyroblast replaced by muscovite + biotite + chlorite; G) A subhedral kyanite from the middle to upper
amphibolite facies rocks in a groundmass composed of biotite + quartz + plagioclase; H) Formation of post-
tectonic euhedral magnetite on S2 schistosity (The mineral abbreviations are from Whitney and Evans (2010)).




Vb ol Ses g L s Lulllae

SV (Saolsdgo i (b ylogai jleoliwl b (598 degorro goCadslio (] jSiuw 5 (F95 50 Ll b (s

Aalol Y Sl

Figure 3. Continued.

Gload g Lo ilydl Ly (F-Y g E-Y slos JS_5)
Ol Gl el g ol oad bl auds Ll
ol Lace LS (G-Y i) el oo
e 53 S L s JSBaes 5l g asls (Se5UsS
2 aS eyl 5 e ilS ol g pen s
s 5B sams bl Gl o5y
Bucher and o sl el Slae codgiol 5,z
N - S PN )l ,0 (Grapes  (2011)

RSSO P W PN PR R SURIP B ST NN PR S )

el pelnd ©,5—0any (Fazinia et al., 2009)
s |y LnSi s 5)ls 5 00 5 00,5 o, Kiww ,o
as,las =i ylad L lw La sl ool (F-T ISe) Wlos )50

3 Post-tectonic

A cudsg i wl g o 8 sl ,sbec b0 sla >,

L ma g 5o St wdlogiely b yon S Bl fala oy
Sy asls | Sk il a5 el sacpelon]
"ol L lajes 0, saasylis a5 (D-Y
pLXa ;081 Suslc g oS ool o ulyl
5 Sl oonl any (S555,50 Al 0 s oo s
09— (95 50 Al ye (e egd waly S2 I )ls 5
Codgylil 5 e )l Lol 0, i s el
s lac B .culosls F; G555 ,50 Al o pangs )0
Gl LS Ly ooiS s eS80 alSin o lacads, bl
dload 0 Sola SIS 5 Cu g (g

"helicitic
2 Syn-tectonic




VPTGl ppiad o)l seas3ly Jlo s §55lg s

58 0 LS an el ey cbios Gl 1) sl
0 485 0y gy LS sl gl ACF o oi 5l Loyl
Oloe Aols jo Ladsgas logas ool o (A-F JS)
sl Sl 5 —dy sl slnosga e
4 Sy il 5 Sl jpd w0 S e
plefn U 555 55 slacSn msls sla oS
«Bucher and Grapes, 2011) o o 5w,
JRJUIUFLY I IRUET PN T Y [ [ IPS{ IRN IR SO O
ol Sw ses o plis Lodbges glad oS 5
05 UsS Sligsy 63555 L (g9 ddgo ST 50 ]
Barton et al., ) aSloas asesl po L 4 conl ooy
5 Chlie (Sl slacKi . Jls5 (1991
3 et e S = SosE Aegemme ;0 Bl Sl
Slapls) ;o ddg> 4 (639)9 Dby, i
S I35 izpots sl ouol aay (35555
B-f Js_2)FeO/K,0 , 1, ;5 SiO,/Al,04
3= Sowdwle Ladsgad joleSw s oo lis

AU ogam Lyl o, o, Koo 2ls 5 05 5 5

el S5, )80

ol A 5o5 5l sawloc _wsa sy slaosls

03,51V Jsdz ;0 (5,98 dilaie (5SL5sS sladises
ol slo,aie gloor ST Slsls sy aleas
(S99, 0+ F -£F12) SiO, 1 e wl o)le
FEO: (55 aoyo 0/ 4 — YA/FA) Al,O;
YT — VAY) MQO (535000 YIAS-DI\Y)
($399——2,0 +[+A = YY) MNO (Jj50—0,0
— - 19%) NayO «(5j50o,5 VAT — «/FY) K,0
o0 —=-/0Y)Ca0l ¢ (Sjg0— 5 5Y/FO
55 o el s L (i
wile) | o tps Loy £ 53 LacKin olars
ol o ,aie slome e o (Winter (2014)

i * 1sochemical
el 009y oyl
A o
N
A M AF-253 B
© AF-221 +
A\ AF-220 o |
-+ AF-111-C -
X AF-114-a
< AF-180 O
o ¢
= Fe-Shale Fe-Sandstone
) A
p2
S 5- B
o & )
& j ég Sub-litharenite Quartz-arenite
<3 g/ 5
e o | FA
: / = Shale d)ﬁ” /
“\ Marls o Sub-arkose
Skarn %~ = Arkose
/ Carbonates o
e T T T T
C F 0.0 0.5 1.0 1.5 20 25
Log(SiO,/AlL,0;)

AFC oo (A Lyl Jol sloaie ST Jloio L (5,98 (555,50 degorma slo cudslin jolo s sy (yuns F ST
Barton et al., ) [ Jge oo &304 FEMgO+MnO+FeO; 4 C=Ca0-(3.3xP,05) A=(Al,03 +Fe,03)-(Na,0+K,0)]
(Herron, 1988) Log FeO/K;0 ,l, ,o Log SiOx/Al,05 s loges (B «; Winter, 20141991

Figure 4. Identification of the protolith of metapelites in Qori metamorphic complex based on major element
oxide contents. A) The ACF diagram [A=(Al,O; +Fe,03)-(Na,0+K,0), C=Ca0O-(3.3xP,0s) and
F=MgO+MnO+FeQ, in molecular proportions] (Barton et al., 1991; Winter, 2014); B) Log SiO,/Al,0O3 versus
Log FeO¢/K,0O diagram (Herron, 1988).
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Table 1. Whole-rock chemical compositions (in wt%) of meta-pelite in Qori metamorphic complex.
Sample No. AF-253 AF-221 AF-220 AF-111-C AF-114-a AF-180
Sio, 58.98 60.64 58.20 59.04 64.16 63.85
AlLO; 15.09 16.09 19.48 19.41 16.96 18.25
TiO, 3.38 0.85 0.88 0.81 0.74 0.82
FeO, 7.86 7.52 6.98 5.81 5.67 5.12
MnO 3.17 2.00 0.08 6.81 2.33 2.05
MgO 2.00 3.65 3.46 1.87 3.56 4.22
CaO 0.14 0.16 0.52 0.27 0.06 0.05
Na,O 2.65 0.75 171 0.64 0.74 0.89
K.0 111 1.93 171 0.43 1.58 1.35
P,0s 0.55 0.21 0.21 0.17 0.15 0.12
Total 94.93 93.80 93.23 95.26 95.95 96.72
LOI 5.07 6.20 6.77 4.74 4.05 3.28
A 0.093 0.125 0.145 0.175 0.138 0.150
c 0.001 0.002 0.009 0.004 0.001 0.001
F 0.204 0.223 0.184 0.223 0.200 0.205
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Figure 5. Phase diagram calculated using for AF-220 sample composition. The blue-colored area shows P-T
condition consistent with the mineral paragenesis in association with the peak regional metamorphism of meta-
pelites in the Qori metamorphic complex. See the text for more explanations (The mineral abbreviations are And:
andalusite, Bt: biotite, Chl: chlorite, Crd: cordierite, Ctd: chloritoid, Grt: garnet, Ky: kyanite, Ms: muscovite, Opx:
orthopyroxene, Qz: quartz, Sil: silimanite, St: staurolite (Whitney and Evans, 2010)).
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Figure 6. The MgO/(MgO+FeQ) versus T phase diagram in 8 kbar pressure for the AF-220 sample
composition. The blue-colored area shows P-T condition consistent with the mineral paragenesis in

association with the peak regional metamorphism of meta-pelites in the Qori metamorphic complex
(The mineral abbreviations are as Figure 5).
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blue-colored area shows P-T condition consistent

with the mineral paragenesis in association with the

peak regional metamorphism of meta-pelites in the Qori metamorphic complex (The mineral
abbreviations are as Figure 5).
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