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Kloas 00,9] dunlie Hgliteas PAAS 4 UCC ,0lie lacublie S 9 ol yolie 5§ S gords 5L =l 2 Jgo

Garmichay schists

ayd dal s 16GS01  16GS02 16GS03 16GS04 16GS05 16GS06 16GS07 16GS08 16 GSO09

SiO, 60.06 61.37 70.38 71.19 60.88 62.50 61.37 73.57 62.92
TiO, 0.78 0.88 0.64 0.67 0.85 0.88 0.80 0.31 0.89
Al,O3 18.85 17.94 12.17 13.16 18.13 19.47 19.75 11.71 18.11
Fe,03 0.81 0.65 0.53 0.39 0.64 0.72 0.7 0.27 0.64
FeO 7.2 5.90 4.90 3.90 5.8 6.5 6.7 2.60 5.7
MnO 0.04 0.03 0.03 0.04 0.09 0.08 0.09 0.01 0.06
MgO 2.65 2.69 1.86 2.09 2.75 2.92 3.07 1.13 2.80
CaO 0.52 0.45 0.62 1.08 0.98 0.67 0.74 0.25 0.63
Na,O 2.30 0.62 3.17 3.23 2.59 2.05 2.03 2.62 2.77
K0 5.66 4.94 191 2.31 3.42 4.04 4.07 3.32 3.76
P,0s 0.12 0.20 0.17 0.14 0.18 0.19 0.17 0.08 0.16
BaO 0.07 0.10 0.06 0.12 0.08 0.10 0.09 0.08 0.05
SrO 0.02 <0.01 0.02 0.04 0.02 0.02 0.02 0.02 0.02
LOI 2.73 3.66 1.68 1.34 2.34 1.78 211 1.25 2.39
Total 101.84 99.45 98.16 99.71 98.76 101.94 101.73 97.22 100.91
Trace elements (in ppm)

Co 14.1 137 8.6 9.6 16.7 145 143 5.4 14.7
Ni 34.2 38.8 32.7 243 44.9 46.3 49.6 15.3 413
Sc 16.3 17.0 8.3 9.7 17.2 17.6 18.5 5.0 15.9
\% 136 138 74 77 129 132 132 40 118
Ba 643.5 838.8 512.0 1068 726.8 848.4 7915 673.9 462.2
Rb 178.2 180.3 88.0 87.6 135.2 154.9 149.3 82.8 141.2
Sr 150.2 64.5 188.5 326.3 144.2 1344 135.9 1215 137.1
Zr 219 165 354 274 180 176 166 125 219
Hf 5.7 45 8.8 7.60 55 5.3 4.7 3.6 6.3
Nb 13.8 14.6 10.5 10.0 14.0 139 12.6 55 139
Ga 25.9 24.8 15.7 16.1 26.1 27.3 27.1 139 23.9
Th 15.26 13.74 16.19 11.25 11.22 11.90 12.37 6.10 12.64
Sn 9 9 7 6 8 7 7 <5 6

Cs 6.79 46.78 12.95 5.67 8.86 9.16 7.98 2.72 8.01
w 4 5 3 4 <1 1 2 1 <1
Ta 1.1 1.1 0.9 0.8 1.1 1.1 1.0 0.6 1.1

U 3.98 3.53 3.13 3.13 3.79 3.78 3.42 1.64 3.72
Y 323 28.9 30.0 26.2 333 36.0 30.8 17 313
Cr 109 108 74 76 106 112 104 38 103
Tc 0.04 0.02 0.03 0.02 0.06 0.01 0.02 <0.01 0.04
Ts <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
REE (in ppm)

La 36.2 39.1 35.0 33.7 443 43.2 38.2 22.0 40.4
Ce 72.0 79.2 77.2 72.6 91.0 89.1 78.2 48.5 85.6
Pr 8.53 9.21 8.71 7.93 1041 10.36 9.14 4.87 9.78
Nd 33.6 36.3 335 29.5 40.5 40.3 34.4 184 374
Sm 6.66 7.46 6.68 5.59 7.62 7.80 6.86 3.59 7.51
Eu 1.37 1.52 1.29 2.15 1.79 1.70 1.26 0.98 1.66
Gd 6.20 6.64 6.22 5.21 7.45 6.96 6.17 3.29 6.79
Th 0.89 0.94 0.90 0.76 0.96 1.07 0.92 0.48 0.97
Dy 5.65 5.39 5.41 4.70 5.84 6.48 5.46 3.03 5.73
Ho 1.16 1.10 1.08 0.95 1.15 1.30 1.10 0.61 1.15
Er 3.46 3.15 2.95 2.67 3.35 3.63 3.04 1.73 3.24
Tm 0.46 0.42 0.44 0.44 0.51 0.55 0.46 0.25 0.49
Yb 3.27 3.03 2.85 2.55 3.33 3.45 3.06 1.58 3.21
Lu 0.51 0.44 0.45 0.39 0.51 0.53 0.47 0.26 0.48
Eu/Eu* 0.65 0.66 0.61 1.22 0.73 0.71 0.59 0.87 0.71
Gdn/Y by 15 1.8 1.8 1.6 1.8 1.6 1.6 1.7 1.7
Lan/Smy 34 33 33 3.8 3.7 35 35 3.9 34
Th/iU 3.83 3.89 5.17 3.59 2.96 3.15 3.62 3.72 3.40

YREE 179.96 193.9 182.68 169.14 218.72 216.43 188.74 109.57 204.41




Garmichay schists

a3 2al 16 GS 10 16 GS 11 16 GS 12 16 GS 13 16 GS 14 PAAS ucc
SiO, 60.47 59.71 64.64 70.12 69.92 62.80 66.00
TiO, 0.82 0.77 0.78 0.74 0.64 1.00 0.50
Al,04 18.98 18.33 15.60 12.81 14.06 18.90 15.20
Fe,03 0.7 0.67 0.56 0.49 0.38 7.23 5.00
FeO 6.2 5.99 5.2 4.39 3.44 - -
MnO 0.08 0.12 0.03 0.03 0.07 0.11 0.08
MgO 2.95 2.87 2.59 1.49 2.45 2.20 2.20
CaO 1.13 2.46 0.56 0.57 0.98 1.30 4.20
Na,O 2.48 435 1.88 2.79 3.90 1.20 3.90
K0 4.03 3.09 4.83 293 2.04 3.70 3.40
P,0s 0.16 0.19 0.20 0.20 0.18 0.16 -
BaO 0.09 0.05 0.06 0.07 0.04 - -
SrO 0.02 0.03 0.01 0.01 0.02 - -
LOI 2.90 1.10 1.88 1.49 1.65 6.00 -
Total 101.04 99.73 98.83 98.14 99.76 104.6 99.78
Trace elements (in ppm)

Co 18 16.4 115 8.4 6.9 23.0 -
Ni 46.7 40.6 36.1 222 234 55.0 20.0
Sc 17.6 16.6 14.1 9.2 8.9 16.0 10.0
\Y 134 131 102 78 77 150 60
Ba 747.7 458.5 574.3 639.3 330.3 650.0 700
Rb 156.7 144.3 143.2 774 66.5 160.0 110
Sr 183.8 220.3 78.4 114.7 198.5 200.0 350
Zr 179 174 236 387 245 210.0 240.0
Hf 5.2 4.9 6.6 10.8 6.8 5.0 5.8
Nb 14.1 135 16.6 12.0 10.5 19.0 25.0
Ga 28.1 26.8 22.7 15.9 19.0 - -
Th 11.82 12.28 16.88 13.36 10.60 14.60 10.50
Sn 7 6 6 5 5 - -
Cs 7.74 9.11 5.56 2.63 3.94 15 4
w 2 <1 4 1 2 - -
Ta 1.2 11 1.2 1.0 0.9 14.6 -
U 3.89 3.52 413 3.13 2.90 3.10 2.50
Y 341 328 311 329 246 27.0 22.0
Cr 104 105 89 78 71 110.0 35
Tc 0.1 0.02 0.03 <0.01 <0.01 - -
Ts <0.01 <0.01 <0.01 <0.01 <0.01 - -
REE ppm

La 55.1 325 41.1 38.0 36.3 38.0 30.0
Ce 104.9 67.7 88.9 85.2 79.5 80.0 64.0
Pr 12.13 8.00 10.05 9.56 8.85 8.83 7.10
Nd 452 30.3 40.3 37.0 34.0 32.0 26.0
Sm 9.32 6.08 8.18 7.64 6.26 5.60 4.50
Eu 2.37 1.79 1.57 1.59 1.41 1.10 0.88
Gd 8.48 5.8 7.08 6.61 5.85 4.70 3.80
Tb 1.21 0.89 0.90 091 0.76 0.77 0.64
Dy 6.60 5.92 5.86 5.83 459 4.40 3.50
Ho 1.23 1.20 1.13 1.17 0.87 1.00 0.80
Er 3.44 341 3.24 3.40 2.65 2.90 2.30
Tm 0.52 0.49 0.46 0.48 0.39 0.41 0.33
Yb 311 3.12 3.14 3.24 2.60 2.80 2.20
Lu 0.51 0.48 0.45 0.50 0.37 0.40 0.32
Eu/Eu* 0.81 0.92 0.63 0.68 0.71 0.67 0.65
Gdn/Y by 2.2 15 1.8 1.6 1.8 1.4 1.4
Lan/Smy 3.7 34 3.2 31 3.6 43 4.2
Th/U 3.29 3.45 4.10 4.27 3.66 471 4.20
~REE 254.12 167.68 212.36 201.13 184.4 182.91 146.37
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&ly Siwanls 5 Jod lass 5o sl 0,5 slacllie «(1994) Garcia et al. ilis jloges (g .(Winchester and Floyd, 1977)
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50 yal)b go ol polie (Neshitt and Young, 1984) w58 o 1,8 eolitwl 090 slice 4l jo oloows
oy B S @ e lwald i Sl Ss 5l S CIA (1, 100-90 polie ailoass sols lis 2 Jgas
Qb o (Sl 5o ax 0 0519) 75 § 70 (s 459,56 (Lo Juis sl 45 (Nesbitt and Young, 1984) il s
(a-12 o) aib oo dawgie Slo S ax 0 5l S (72/6-56/3) sl o5 slacadlia sl CIA olie
QB3 o Cawd Ay iyl ol s CIA e sl 068wt 3,15 (6 yiion K ol (S 55L0 a5 Sl )
S T slo s sl CIW (3 Jgaz) 8,5 oliwl CIW® il 51 olgs co ol plo (Fedo et al., 1995)
a3l o 90 U 62 > 05 slacublie 51y 9 (Condie, 1993) oog 98-90 5 95-80 s a (25,1 4
CIW 5 CIA Jtal,ly 58 52 i Gelato 551y sladess b iy jsba o5 (3 Jyaz 5 b-12 Jss)
index of ) ICVE Lowl a5 Jloys aims oo plis slice S ,8b o 1) oy @ Hlewald sl
olie (3 Jgam) wil e MU0 5 Fe05" 53,k 5l slive w136 saims Lis (compositional variability
3 0ud NS Cgm) 5 oy mé S | g UL Slhgw; saimsplis (PAAS 0/85) uuil cnl (oYL
Sla s 4 jlwals Sl So Slis ICV sl polie Jbcplb.(Long et al., 2008) wib oo o8 Jlad aril>
2l oo s 40 1110 5090 (1 g 009 YU sl 0,5 slacabilio 10 ICV .ol oo pgaivagd] 51 (8 omv)

(3 s

42 19) DF4 5 DF3 (gl 2l s ol yon 4y abogs o (slo sl )y arslons (sl abgyye Lally; 5 Lo S0 5 (Sojlsn glagmail 3 Joux

(G50
Sample ID 16GS01 16GS02 16GS03 16GS04 16GS05 16GS06 16GS07
CIA! 62.3 72.6 60.0 59.0 64.3 70.4 70.4
Clwz? 78.6 90.0 66.7 65.0 75.6 82.6 82.6
ICV3 11 0.90 1.10 1.00 0.94 0.91 0.92
DF3 2.68 1.8 -0.56 142 0.28 0.06 -0.17
DF4 0.84 2.41 -0.72 0.97 1.02 1.00 0.84
Sample ID 16GS08 16GS09 16GS10 16GS11 16GS12 16GS13 16GS14
CIA! 56.7 66.7 65.5 56.3 62.5 59.1 58.3
Clwz 714 78.3 76.0 62.0 78.9 68.4 63.6
ICV3 0.90 0.95 0.96 11 1.10 1.00 0.98
DF3 4.79 0.99 0.61 0.32 4.15 2.18 1.35
DF4 -0.14 1.00 1.05 -0.04 2.83 0.19 1.22

1CIA=[Al,05/Al,03+Ca0+Na,0+K,0]x100

2CIW=[AL,04/(Al,05+Ca0+Na,0)]x100
3ICV=(Fe203mt)+K20+Na20+CaO+MgO+TiOz)/AI203

DF3=[30.638 TiO, — 12.541 Fe;0340y+ 7.32 MgO +12.031 Na,O + 35.402 K,0]/Al,05 - 6.382.
DF4=[56.50 TiO, - 10.879 Fe;O3y + 30.875 MgO - 5.404 Na,O + 11.112 K,0]/Al,05 — 3.89.

12 Chemical Index of Weathering
13 Index of Compositional Variability



Al203
wr-—="~"="="====-
"~ Deeply
90 — Weathered x5
&
80 &/ phism il
g Average
r _.‘5 shaleg
[ T & AR () L A
= | Moderately
Weathere
60 —
= Andesite
50 —
DGranudiurim
40 Basalt P
Ca0+Na20 K20 Ca0 Na20

S on ala>do a5 ol ylen ACN s (b (1995) Vergara et al. 4 (1984) Neshitt and Young ;] ACNK clis (12 s
soboled a5 cnl S8 a4y o5 adl il oo lawgie So5len 5 glo Fo ax 0 sl g ails sloasSTy & 5e8 slo 0,5 (sddiges

rn%.;,,oj.ﬂ 5l 8 g (Al203 u*’T) S0 “_,,Jf,.i;) ﬁﬁfr*s“’jﬂ 5! ey Sglazo V.,Jyjf £ 90 shls mel.,L..o ol asas P &S
Sewd (Al203 u*’T) 390 e smelin)

DS o )R @byl 2)ee el polis jleslanul b (psm, Lo S SEFESS Coabye | (S ghST Cordgo
Middleburg et al., ) 5,5 blos! ol 1 g S o0 S5 C oty | gt Ca g Na plas (g polic al
0505 50 )18 08 Jlb 4l lae 0 i lroa S ladises ol yolie S glaloges 50 (1988
il sagm) o505 5 (S35 Lagma oy ) (sotee G185 HFSE 5 532 yolie 5l (50 (C b @-13 52
o B Jlad aril> ;0 a5 ol (65 58 wgw, Kiw oo 9o (2005) Meres .(Cullers et al., 1997) wS o
Sglitte Sis s 99 (ytl ol 03,5 8y ilod T gy (DOBRESR) wwsilidl e 4y s (ACMESR)
20 loges cpl 3o sl oo ,F (sladiges (d-13 JSo) Wigd oo SeSis La/Ce g La/YD slacas lawgs o954
slacalls EWEU* ol jo (La/YD)N Jloges j0 ogdleas (d-13 i) 06,08 o 1,8 0,8 Jlad asl> ylae
2 e So )5 5 ded 4l 4 azg b (e-13 US8) wigd e @dly o) Jlb il las ;0 gl o)
Sl (a8 o (85 L5 10 b g Wad oo Je5i5 sloyl b (LBle> g g e Cendig B L slaass>
ke 540 5 600) (ragols’ Jsbo jo Guriising osiledl (sloasls 51 (o il a8 (i palS 1) sl se )
oo sl 0,5 sy (slacKiw Caiisal g 0,18 Jlad ail> (5 05 JSb 4 ,oxie (Shahzeidi et al., 2016) ( JLo



100 4 10
10 1
g | 2
z S
S 14 <
g g
) @ 4
<
-
0.1 1
2 4
0.01 T T 0 T T T
40 50 60 70 80 90 0.01 0.1 1 10 Na,O K0
Si02 (%) K20/Na20
d e
207 r n = -
Active Continental Margin Environment
304 . . 2 Sedimentary Rocks
Active Continental Margin
Environment Sedimantary Rocks 15 \’ e
- bl
& eep Ocean Basin Ridges
P 20 ! ‘* 5:7 1 Em‘l;ronmenl % ¢
3 : ’: get? Ocean Bt‘isil'{ Ridge Cl Sedimentary Rocks*.’ .1 7 .
v B nvironment Sedimentary Rocks 5 /_&__w‘_,\-
104 W T ey S 5 TS e
;(’/ \, ’ ) K ‘-mheliamurqllus bd
s B i £ % halmyrolyti
e e -==" 0 metacherts~”" black schists ="~ *"mdlm:tr:n)mm
0 T ~ . T T T
0.5 1 1.5 2 0 0.5 1 1.5

La/Ce Eu/Eu*

Al flawe ;8 i adlllas 050 slaasges (Roser and Korsch, 1986) ogw; jole Kiw (Swigiss SS& jloges (213 s
acil> Glawe ;o yiios asges (Maynard et al., 1982) Lol jolie bl 5 (SogiSs SIS loges (0 g co gdly 0,8 Jled
Jb ail> e ;o addllas 5,50 sladiges o] 4o a5 (1999) Toulkeridis ;| SsgiSs SUSE loges (€ i puS oo 1,8 0,8 Jlud
0,8 Jlad sl lose 48 sl 0,5 sladiges (Meres, 2005) La/Ce il ,o LA/YD loges (d g oo gdly Jlad it aril> 90,8

Bgd o @Blg 0,8 Jlad 4l ylase 10 sl )5 sladiges (Meres, 2005) EWEU* 1y jo Lan/Ybn jloges (€ cdigis oo adls

S 50 Sty 9 g
59 ol onalive slracgass SGIL Ll o SIS g0, l58le 5 lawsgs (555,50 Jsb j0 ools &, sla jiiSTy
slacablio jo (asis B G55 50 acgerme onlsl (a-14 JS5) wloads sloriny (S555% slaem)
iy |y Celansl 5 oS Cudgn slagg) 45 wblice CosSime 5 Calgm sl Jold slr oS
e Wilgi o B o)l STy nss (2l 5B g 0l j i ladiged 5l (S e ol b cpl b oS
Lojloss Sly g il go GaiSTy cnl )0 2gzge Curlidy ey (a-14US) 05 cojgllail (8 IS &,
a5 ol oais samlive Kiw (pl ;0 OV gamme oo ;0 39290 ddgi IS adl (a-14 JSa) sgd eSS
292 oyl GuaSTy a0 CogSasmCadgn 095 bl SYL lales jo I (nl a5l 220 wilg
Sl il o5 STy ol sle Saaly (214 JS0) conl ond LS5 ol 428 G55 5o Lyl
53 Vb 4,8 s 4 3516 go (Bucher and Frey, 1994) aiboo ol glales o ey ;o 35290
5 STy o imis Comdge Wlowds sualive (s Cujgllail-cy 0,8 5 o S py9) lrse S ol
Aol oo LI Co oS dcgezme g SYL a0 5l (S oo lailinl sle iSugogw 0 S92 g0 slalae
@14 ) ol ons LSa5 5 STy 4t jo Cojgllasi=co 50,5 095 (16 415 a-14 sla <)



o Lol Wb ;5 a5 jsbolad aly go S § o ,S oS5 (6l o jellail Bpan 5l (S 28Ty slacdly
5 bl ($55,50 Jsb 50 ol Bran 5l 246 wilg e a5 all e 05l S (nl o Codg bl 0
" a4 e B ojled (1S S e st slra )T slacuhlie ;0 1) (555,50 gl Ca e ST a s
Tobe SasSly S plgiear (RSTy ol po Cedgylinl @14 JS) codl oads (g5 cnl & bgiye 531G 655
dsb > G onl Srae (lgiee slreeS sletmaed 50 Gl Ol S Sl 4z by ail o
5 Sodgybinl S5 4y e Wlgioo 5 4 ojled (13STy cudls Sl (ily Slsl cde 1) o3 23ST

(a-14 JS8) 05 adsn IS 8 me

a
8
=]
~l
g=
7 4 =
25
i =1
8I9
6 - Sl
=
e
=]
=
41
3 4
2 -
1 T
b 200
O ~3
=& = &
+ ? |1 = +
5 5% :
& & .8 e
¢ 212 P
= -
i ERp :
¥ Rl .
ol vl g
' o= g
F g
E
£
Bt-Ms zone Crd-And zone Bt
16 GS 01: Ms+Bt+QtztAnd 16 GS 10: Bt+Ms+And+Crd , Crd-Ms zone
16 GS 02: Ms+Bt+Qtz+And 16 GS 11: Be+Ms+Crd £ St

‘(HOIIand and POWe”, 1998) Cwl 00 ) g_glsyo).\ )‘felf:f uuLMJI » as 6«.5‘5 6[.&)‘54.2...0 9 g_i..u)j)u 4&.“.: @ 14 J&w
(g sSas aSge Condge abg e S35l o baigas oS 5 Candse oy sl o0 ,5 Slalulilie sl 5,55l sloloses (D
Wloads muwy ok (sored @S bl p Sudg)linl 5 Zu o S



5 sl latablio ;5 ol sl sl pslaiess | Jola S35 5 S S oaunds G
30 baiges cundge (D-14 JS5) conl oo sslinl BLol 35,155 g O cugSs L AFM (5,550 slapl SLo
Al g sl)ls Galate sl yslhlb b slaasges andl (014 JSo) sl oo aslie Mg g Fe Ll 5l L jloges oy
3° 329 At (pl Al ogmy pole Siw o pariegll Sglite Gliee 5 (LU Wlg e &S s Jglite
28 Gy ez oled 2 J3uz) 355000 ous il (Gl oS5 5 bl S S ond oS 5
ol Lylh 5l S aS Wad oo @dly Sl slacdie 2o (o Slowls pgai )55l slaloges
oS5 Sy 5,50 Sgliie Lulyh azess )3 ead evaline slahly inlple allise abgye slaslil
SlaS 5 b slreeS sbeceblio alin ol jolie oS5 arg b wload LS4 Sglite (obond
Ll gy 12 i (glopiSingogun 31 g on (4 J392) laclio (6l alisea olaiasils goloriny
Pattison 4(2004) Wei etal., solgin (slo piSwgdgu 0,5 ooliiwl sois odalice slasl,b (s lub g Jols
(riSasgdges 99 (nl 5o B3I 6l lawe e (oo8 Dglis (15 JS8) wilazd 518 eoliul 5 50 (2006)
-480 oo o5b o (16 GS 10 aiges) (Bt+Ms+Crd+And) Slo cojellasT-co po,S ol 55,0 .0l 5459
a5 ol oL ! (2006) Pattison solgiias adaie ,o (215 JSo) conl oo LuSas ol 5 26l a0 640
5 Cojellasl a8l as 635LL uimen L(D-15 JS2) cal ooy o S Sl ax )0 620-560 sl o 55,
o3b aS cewl Jlo yo pliams oo lid |y JLelS 215 5 S jLas o5l (16GS1L aige) aib oo Cups,S ol
Johnson et al. golgiion piSwgdgm 4o (a=15 JS) aib o ol 5 ile a0 610-470 551,L ol Sleo
Sbtia ;5 35k a5 VL (ol oles o3L (1962) Patison 5 o Siloe S 5 L slocblen 51 (2003)

(16 sz 2l oo ol,5 il a0 635 15535 sga g ooy Sogame sl )5 sla

<~ (1991) Ague 5 (1956) Shaw «(1992) Symmes and Ferry ;| .55 4 Ave-A 3 Ave-S Ave-SF slo Sl 4 Jgo
25l n abgiye nSilee polie alie M slr ca S slaculilie (eSilie oS 5 il

Sample ID SiO2 Al203 Fe.03 CaO MgO Na.O K20 MnO
Garmichay 64.94 16.36 5.90 0.83 245 2.63 3.60 0.06
Avg-SF 70.59 11.54 5.81 2.75 461 1.98 2.66 0.07
Avg-S 70.61 14.26 6.76 0.65 3.37 157 2.78 0.07
Avg-A 64.76 13.70 8.89 1.90 5.54 2.01 2.95 0.18

14 Garmichay



6 6 ~ I Wet melting granite
Ms Bt St Als St+C hl_.-' \in pmwm:cgt;l"émil]vih:
5l MsBtChl 18 chl " sesit_/
;‘S _.,.,'_?{md—(‘hl \ : ; )
\.Y}A\ """ “=-k._/And+Crd \ Sil+Kfs
. p Ms Bt Als S 4 “feo.. And+Kfs \
5 2 - -
=] - —-
=2 | - I Sil+Crd
& 3| MsChlBtAls Ms Bt Als Crd = [ o y
A - " et Chl UL K
- Bt Crd Als Kfs -} < R
And+Crd+Kfs
2k craecnl REPRARISE ¥
2+ . Crd+Kfs ~
Ms BtCrd Kfs = L
1 "
) : PR T S N U U W N T N T M1 0 1 I 1 | 1 1 1 1 1
450 500 550 600 650 700 450 500 550 600 650 750
T(°C) T(C)

“los (piSwga g (0.(1997) Mahar et al., slacablbio oSl oS 5 sl (Wei et al., 2004) jLid-los piSwgag (215 IS
s 89 58 (Al o0 (1992) Pattison ;I lsges ol o bolSlwgiagll 5 lub o {Pattison, 2006) leable gl Llud
b oan J5s 10 39250 bodiges 4 Blate sl glaul slaglae 4 by S slalage 0l o KFMASH

(Sl (G595 50 4 bgs o) il oo

Bt Grt

Ms

Bt Grt Ms Sil
(vii)

Bt GrtCrd
Ms Sil

= ’ & Bt Grt St
3 Bt Grt St S G
£ Chl Ms And Ms And (v)
=
a Bt
Chl Bt Grt Ms And
Ms
)
Bt Crd
Kfs And
Bt Crd Kfs
2 L . 1
500 550 0 650

wsj) O"’L"" > )‘J.Jl.: 6L®4.CM OMQUL\.J MnNCKFMASH W o LQ:;«JJL.A 6‘).1 )LM.B'LOQ U""‘S""j“}j"“’ 16 J.i.u
U515 5 59290 sladigas ozl s by slosins 4 byire 6 iuS s (slalase (1992) PAttiSON Lawgs ons 4| uSilee
(Johnson et al., 2003) wias o yli | la

5 (2004) Wei et al., o ,lailiwl slopiSwgogm 3l lacablio JLid g Lo bl jokaieas I Fo5 550 jLikd g Lod
e e Sl ol lacSaw cpl )0 shl o 5YL ax s .l sas oolaiwl (2006) Pattison et al.,
o 00,5 Bl ad o Lal YU o 4 jebiylen aib oo (BtHMs+Crd) Jloca po,S ¢ (Bt+Ms+Crd+And)
o S go g aidl (a-15 Jsz) a2 oo olis 1y ol )3 gole ax o 640-480 ol o5b Sl cosellail
a>,0 640-520 4 620-560 55 a4 a5 wims o Cews @ 55 S,L oles slaojb 16 4 b-15 slo JS



L 535 ples o3k yo ConlaKin (pl 10 (95 2 FYL 4250 &5 S o p0 S (95 akdbse ol 5 il
Sl S ol glp a8 Sl cp YL cplpls (16 JS5) ol st JSis of 5 s6le a0 635
oS ool lp Lid jiSlas ablio et wlol p .ol oo 0,5 clo 4,0 635 vg0> 8,5 i o lg5 o
g o Ti Slgl s Lolwl » S (2005) Henry et al., solpiinn Jloges wlal p ol 08gr ,b obS 3 dg0
a5 (17 Jo) ol oogs ol 5 sl a0 600 5 500 0 16 GS 10 aiges ;0 Cudgn JoSid sloo RV P

Db e 0, lailiu] slapiSwgd g awgs sdnlcansas slos alive

T~

Tiapfu

00 1 ] 1 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Mg/(Mg+Fe)
2 S ol gm oS 5 elal s (Henry et al., 2005) cusse SIS sl Mg/(Mg+Fe) Jilis ;s @pfu) Ti mwles 17 S
Gl 00 oS5 ol,5 il 4,0 600 1 500 slales ;o (16GS10 ages) Crd+Bt+ANd 3551,L

SIS 5 otn s 5 sl Si FEIMY s o slo3shl g JF S oond
3o slXw o SIS pl g (Bucher and Grapes, 2011) oS oo slal sl SIS lseds Co o SO
Wload gal S ps,S W 5 L0 oS sl U5 S SLaS 5 ARM 2l Jloged 53 0 1S se SO e
Slald g oS lacyilb o a5 ALOs e jo glis (@ 18 JSi) auas cos (ylits o opl 5o (6 s o
5l e (el 5 (o) Sslisie Sudgin 99 51 (S5 9530 0pd (I 5 20 223)5) Jpseiesll Sl S
ol lio ;o oLl slade game .ol aLilas oK (pl 3o Co 0,5 LSis jo oids FE? /MY cas (ol plo
5! Gl 4 e lgi oo MNO (8l polie Jlke plyieds 6,5 o )13 (F52 polie S5 3l Co
Sl Glawe Lials celb MO iol58l (Mahar et al., 1997) o4 ol 5 sl a0 100 o3lula 5,8
AlO3 ol o 45 Sl MNO 25 a5 sl ol 5 oliiel 05 co o IS jiaS Jlade 4y g S o S cEadg il
Sl oo )5 dilaie 10 o po,S A8 o po S (ol sladaiges (Wei et al,, 2004) sls 3 v, 0,50 K2O g
AlOs (5 odleas (b-18 JS2) e o L MNO w51 Sglae polae MNO il 0 ALO3 jloges o



S UK 0 coge i L MNO (ol plis . (0-18 i) ausl co (8l s 0 o 3 S (59l (slavdiges 5o
al 035 el S oS ol slazill

-]

A And
St
Cid Crd
‘-
/ Ch_ ¥ AN

@

..

Bt

M

0.14

0.12

0.08
0.06

MnO (wt%)

0.04

0.02

cordierite-bearing m
cordierite-absent @

10

15 20
AZO3 (Wt%)

25

F62+/Mg Connd B @‘M &5&.} aS el uws) AFM )L}}m SS9y ¥ 03 ))9@ 65‘50; 6&@5@ JS Sow Go.u.u (a18 J.i.u
(wt%) U9 5loges (0 wims oo Lis 1) o5 Wiz 2 s badiged (pl Al (e 1add 5 050 cod 0y alidee sladiged sy

s oo lis (v logs o) oo ,S W8l

» pobe ol (Qbgs sbjloges o oS JSas o Nig Cs Zr jlas Sy jolie 285 o)y jshaieds

oo Sl o 0,5 A3l g ol (sladiges o wlie Slgl 3 o 4 BaO (19 &) wlows pav, BaO plp
oS sz, CS g Ni lie ;0.(19 JS) smo o oyLis |, Z 51 (6 558 polie o 0,5 (sol> (sladiges ol
sloadl L olay ;o Cs 8l polie s oo lis Cu o )S (g9l slrdiges 0 6 5YL polie Jpll L

5 MgO MnO ogdleds .ol o 0,5 sla SIS Slu S 5l ol wlgs oo 45wl o (2004) Bertoldi et al.,
Co S JoSas 50 Ll il (S a5 W)ls Cupo S sol> sladiges jo 6 5V Cod 4 Syl 3 ALOs

50 60
400 .
. 40 " =
= 300 =
E_ ® E 3 E“m i z °
S ®e = =30 ol
5 "y 520 Z 0 % @ .
100 ® 10 o °
P, ,"an 10
0 0 e 0 0
~0.12 =3 i
q B ] . =20
Z0.10 . < ™ Y S s .13
S 008 m e =2 s « |E215 L
= 0.06 o o« . ¥ °
S0 = . S10
0.40 . e 1 . <
0.02 il 5 5
0 s 0

BaO (wt %)

BaO (wt %)

0
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 ¢ 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

BaO (wt %)



€S Zr) Sy yolie olie 10 iy, Sglis 09 o aaxdo a5 j5bylen B0 ply 10 S polie Hbgs slayloges 19 S

=

Gol> G g slaal aol> g0) 1) (555,50 lize Aol aw s> 0,5 ool jol> adlllas ol 5
ol ot oS5 Cegms g CaysSame (RMPL) SoS 50 aisls (ylgl Job o ailaiiliS o oy (55l
(eIl WB) g 00, (sgl 55L aw B o Cojllasl g 2o 08 (5SS 4 2 (RMP2) oo
J3Is a0 goumite gz (63985 (sloosgs .l o o jellasT=Cs 150,S (Sl g (o po,S ABL) CogllaiT ggl>
Qiloas (3l 4z 30 (CM) 5 yglme (555,50 Jamtie (cosid (slacad o] aml 10 45 wiles,S 3985 laciunds
4 e (AS858 pes 1 alead plulid et (o (IS8 Ss ol 5B g0 (B550 walsd bl
Slbl o Hgruldsd Sl il ol oud LSS (piden 5 5lealS g oud St I A jeand (59,050
Sl dy 5l (Fp U 50 Ol JSA S Wy g o)l )led slaasle dacudS gl
Lol Lol 50855y ST b lejee L5255 (S o oS

Ot S (Sara el ooty Sgg )5 5 Jod oy iy a8 5 plnil sl gy 2 bl 2
Co 0,5 (g Jline lsiedy) LlSilwsld o polie (pl 55 003 51 Sl> AlOs 4 TIO2 L Co 4V Ni Sc
20 ST Ly 5l Sl sl a5 slacablio o (3/72) THIU cas ol oo (Coials] aiile) laosnST
St 413 o s HREE 4y o (6 s S 28 oKias ol ;5 LREE il o 6 )38 g b
G55 ot gy S SIS (nlplis 5 0 00,3P205 3 KoO Al:03 TiO; 5 IREE (5 (o5 jlons oo
=29 Sz robe s Sl bolSiliwsld fola ol ple hlie jo .0S cod S5 1) Oligw, cnl ;o REE
kol yolie oleordsss gla Sy aidloo REE gl Jaime glapliee (Cojlise 5 cudl] il aiile)
Lo eizen ailioo lre)S lacund lp el b lawlgas ()30 clite Sow 5l (Sl 28 5
S5 Sgign Slaasli 51 (o )0 (el sk 50 a5 00 (sl B Jlad il gy JSAT (ST
el 00

23 S (2] 85 28, T 55 e Lrtiged olod (sl AFM Jlsgoi 15 FEPIMG Coli S 4y 425 L
365 5 () SLSE J (8) (et aligs oS 5 0 a5 Dol (pl el bl 28 sl b JoSas
S 5 (AU Sl ol oaalive 55 sl oe )5 slacalilio sl Glowadd 5 5,158 51 (28) (S 95 5 S ale)
» Sl glacdie 2 o IS S OlaS 5 658 Grimes bl (9w, ol S gl
VL S @ p3lie hls Cups S ol sladiges Cwla Bl pog (Jobs 5 Sl 6 Bl sla loges
Copo S ol sldigas o o 5YL polae slilo Cs g Zr (NI ogdle 4y ol o ALO3 9 MgO MNO |
Jad g Lo Caled 5o il oo Co 3 S sl sbasishl 6 xS JSB )0 polie (nl 28 ) S bl cal s
sl 0352 JlosleS 3-1 g ol Kzilis 4z 50 635-535 o i F3L (VL Az e LSt
&Ll



Gﬁh’lﬂ-ﬁdw—n) Alas 1371 c.‘ céé‘n.\.i.} 9 J cdsél.@ c.rﬁ sd)j‘é s.rb ‘GALA‘ ‘.gé GULAJ); ) 4):)] w‘ c.‘ ‘(_9)5)'9{'.’

ooy 4t 1357 o cgaae 5 o (o o) (a e wp Slors o (D05 cp il oy o GlT (ssle
Olpl el ey Glesle .(1:250000) asls b

(J5 S o (Il o L) (slzroasS dilate S i slacdl 51399 Lo 5o 5 o wyge ol ctelme
12-53 AL (535l alome LSt )15 5 5l 5 (S5l (o oS0l

Ague, J. J., 1991. Evidence for major mass transfer and volume strain during regional metamorphism
of Pelites. Geology, 19, 855-858.

Bertoldi, C., Proyer, A., Schonberg, D. G., Behrens, H. and Dachs, E., 2004. Comprehensive chemical
analyses of naturalcordierites: implications for exchange Mechanisms. Lithos, 78, 389-409.

Bierlein, F. P., 1995. Rare-earth element geochemistry of clastic and chemical metasedimentary rocks
associated with hydrothermal sulphide mineralisation in the Olary Block, South Australia.
Chemical Geology, 122, 77-98.

Boles, J. R. and Franks, S. G., 1979. Clay diagenesis inWilcox sandstones ofsouthwest Texas,
implications of smectite diagenesis on sandstonecementation. Jornal of Sedimentary Petrology,
49, 55-70.

Bucher, K. and Frey, M., 1994. Petrogenesis of Metamorphic Rocks. Springer Verlag, 318.

Bucher, K. and Grapes, R., 2011. Petrogenesis of Metamorphic Rocks. Springer-Verlag, 428.

Condie, K. C., 1993. Chemical composition and evolution of theupper continental crust: contrasting
results from surfacesamples and shales. Chemical Geology, 104, 1-37.

Condie, K. C., 1997. Plate Tectonics and Crustal Evolution.4" edition.Butterworth-Heinemann, 282.

Cullers, R.L., Bock, B. and Guidotti, C., 1997. Elementaldistributions and neodymium isotopic
compositions ofSilurian metasediments, western Maine, USA: Redistriburionof the rare earth
elements. Geochima et Cosmochima Acta, 61, 1847-1861.

Eftekharnejad, J., 1975. Brief history and structural development of Azarbaijan. Geological Survey
of Iran. Internal Report, 8.

Elias, E. M. and Al-Jubory, Z. J., 2013. Provenance and tectonic setting of the metapelites deposits
in the Bulfat Complex, NE-Irag. Arab Journal of Geosciences, 7,9, 3589-3598.

Fedo, C. M., Nesbitt, H. W. and Young, G. M., 1995. Unravelling the effects of potassium
metasomatism in sedimentary rocks and paleosols, with impilications for paleoweathering
conditions and provenance. Geology, 23, 921-924.

Feng, R. and Kerrich, R., 1990. Geochemistry of fine-grained clastic sediments in theArchean Abitibi
greenstone belt, Canada: implications for provenance andtectonic setting. Geochimica et
Cosmochima Acta, 54, 1061-1081.

Floyd, P. A., Winchester, J. A. and Park, R. G., 1989. Geochemistry and tectonic setting of Lewisian
clastic metasediments from the early Proterozoic Lock Marie Group of Gairlock, Scottland.
Precambrian Research, 45, 203-214.

Garcia, D., Fonteilles, M. and Moutte, J., 1994. Sedimentary fractionations between Al Ti, and Zr
and the genesis of strongly peraluminous granites. Journal of Geology, 102, 411-422.

Girty, G. H., Ridge, D. L., Knaack, C., Johnson, D. and Riyami R. K. A., 1996. Provenance and
depositional setting of Paleozoic chert and argillite, Sierra Nevada, California. Journal of
Sedimentary Research, 66, 107-118.

Hallberg, J. A., 1984. A geochemical aid to igneous rock identification in deply weathered terrain.
Journal of Geology Exploration, 20, 1-8.



Hawkesworth, C., Cawood, P. A. and Dhuime, B., 2019. Rates of generation and growth of the
continental crust. Geoscience Frontiers, 10, 165-173.

Henry, D. J. and Guidotti, C. V., 2002. Titanium in biotite from metapelitic rocks: Temperature
effects, crystal-chemical controls and petrologic applications. American Mineralogist, 87, 375-
382.

Henry, D., Guidotti, C. and Thomson, J., 2005. The Ti-SaturationSurface for Low-to-Medium
Pressure Metapelitic Biotites:Implications for Geothermometry and Ti-Substitution Mechanism.
American Mineralogist, 90, 316-328.

Herron, M. M., 1988. Geochemical classification of terrigenous sands and shales from core or log
data. Journal of Sedimentary Petrology, 58, 820-829.

Holland, T. J. B. and Powell, R., 1998. An internally consistent thermodynamic dataset for phase of
petrological interest. Journal of Metamorphic Geology, 16, 309-343.

Ji, S., Saruwatari, K., Mainprice, D., Wirth, R., Xu, Z. and Xia, B., 2003. Microstructures, petrofabrics
and seismic properties of ultra high-pressure eclogites from Sulu region, China: implications for
rheology of subducted continental crust and origin of mantle reflections. Tectonophysics, 370, 1-
4, 49-76.

Johnson, T. M., Brown, M. and Solar G. A., 2003. Low-pressure subsolidus and suprasolidus phase
equilibria in the MNNCKFMASHSsystem: Constraints on conditions of regional metamorphism in
western Maine, Northern Appalachians, 88, 624-638.

Long, X., Sun, M., Yuan, C., Xiao, W. and Cai, K., 2008. Early Paleozoic sedimentary record of the
Chinese Itai; Implications for its tectonic evolution. Sedimentary Geology, 208, 88-100.

Mabhar, E. M., Baker, J. M., Powell, R., Holland, T. J. B. and Howell, N., 1997. The effect of Mn on
mineral stability in metapelites. Journal of Metamorphic Geology, 15, 223-238.

Maynard, J. B., Valloni, R. and Yu, H., 1982. Composition of modern deep sea sands from arc-related
basin. Geology Society of London. Special Publication, 10, 551-561.

Mason, B. and Moore, C. B., 1982. Principle of Geochemistry. John Willey and Sons.Fourth Ed, 352.

McLennan, S. M. and Taylor, S. R., 1991. Sedimentary rocks and crustal evolution: tectonic setting
and secular trends. Journal of Geology, 99, 1-21.

Meres, S., 2005. Major, trace element and REE geochemistry of metamorphosed sedimentaryrocks
from the Malé Karpaty Mts. (Western Carpathians, Slovak Republic): Implications for
sedimentary and metamorphic processes. Slovak Geological Magazine, 11, 2-3, 107-122.

Middelburg, J. J., Van Der Weijden, C. H. and Woittiez, J. R. W., 1988. Chemical processes affecting
the mobility of major, minor and trace elements during weathering of granitic rocks. Chemical
Geology, 68, 253-273.

Nadimi, A., 2007, Evolution of the Central Iranian basement. Gondwana Research, 12, 324-333.

Nesbitt, H. W. and Young, G. M., 1982. Early Proterozoic climates and plate motions inferred from
major element chemistry of lutites, Nature, 199, 715-717

Nesbitt, H. W. and Young, G. M., 1984. Prediction of some weathering trends of plutonic and
volcanic rocks based on thermodynamic and kinetic considerations. Geochimica et Cosmochimica
Acta, 8, 1523-1534.

Nesbitt, H., Young, G. and Bosman, S., 2009. Major and trace element geochemistry and genesis of
supracrustal rocks of the North Spirit Lake Greenstone belt, NW Ontario, Canada. Precambrian
Research, 174, 16-34.

Passchier, C. W., 1994. Mixing in flow perturbations: a model for developmentof mantled
porphyroclasts in mylonites, Journal of Structural Geology, 16, 733-736.

Passchier, C. W. and Trouw, R. A. J., 2005, Microtectonics. 2" edition, Springer, 289.

Pattison, D. R. M., 1992. Stability of andalusite and sillimanite and the Al:SiOs triple point:
Constraints from the Ballachulish aureole, Scottland. Journal of Geology, 100, 423-446.



Pattison, D. R. M., 2006. The fate of graphite in prograde metamorphism of pelites: An example from
the Ballachulish aureole, Scotland. Lithos, 88, 85-99.

Piazolo, S. and Passchier, C. W., 2002. Controls on lineation development in low to medium grade
shear zones: a study from the Cap de Creus peninsula, NW Spain. Journal of Structural Geology,
24, 25-44.

Potter, P. E., Maynard, J. B. and Depetris, P. J., 2005. Mud and Mudstones: Introduction and
Overview. Heidelberg, Springer-Verlag, 308.

Puchelt, H., 1972. Barium. Handbook of Geochemistry (Wedepohl, K. H. et al., eds.), 56B1-5602,
Springer, Berlin, 458.

Puelles, P., Abalos, B., Gil Ibarguchi, J. I. and Fernandez-Armas, S., 2018. Petrofabric of forsterite
marbles and related rocks from a low-pressure metamorphic terrain (Almadén de la Plata massif,
Ossa-Morena Zone, SW Spain) and its kinematic interpretation. Journal of Structural Geology,
117, 58-80.

Ramezani, J. and Tucker, R. D., 2003. The Saghand Region,Central Iran: U-Pb geochronology,
petrogenesis and implicationsfor Gondwana Tectonics. American Journal of Science, 303, 622—
665.

Roser, B. P. and Korsch, R. J., 1988. Provenance signatures of sandstone-mudstone suites determined
using discriminant function analysis of major-element data. Chemical Geology, 67, 119-139.
Rollinson, H., 1993, Using geochemical data: evolution, presentation, interpretation. Longman

Scientific and Technical, London, 384.

Saki, A., 2010. Proto-Tethyan remnants in northwest Iran: geochemistryof the gneisses and
metapelitic rocks. GondwanaResearch, 17, (4), 704—714.

Shahzeidi, M., Moayyed, M., Murata, M., Yui, T., Arai, Sh., Chene, F., Pirnia, T. and Ahmadian, J.,
2016. Late Ediacaran crustal thickening in Iran: Geochemical and isotopic constraints from the
~550 Ma Mishu granitoids (northwest Iran) International Geology Review, 59, 793-811.

Shaw, D. M., 1956. Geochemistry of pelitic rocks: Part 111.Major elements and general geochemistry.
Geology Society of American Bulletin, 67, 919-934.

Spear, F. S., 1995. Metamorphic phase equilibria and pressure-temperature-time paths. Mineralogical
Society of America, Monographs, 799.

Stocklin, J., 1968a. Structural history and tectonics of Iran: a review. American Association of
Petroleum Geological Bulletin, 52, 7, 1229-1258.

Symmesm G. H. and Ferry, J. M., 1992. The effect of whole-rock MnO content on the stability of
garnet in pelitic schists during metamorphism. Journal of Metamorphic Geology, 10, 221-238.
Taylor, S. R. and McLennan, S. M., 1985. The Continental Crust: Its Composition and Evolution.

Blackwell, Oxford, 312.

Toulkeridis, T., Clauer, N., Kroner, A., Reimer, T. and Todt, W., 1999. Characterization, provenance,
and tectonic setting of Fig Tree graywackes from the Archean Barberton Greenstone Belt, South
Africa. Sedimentary Geology, 124, 113-129.

Vergara, M., Levi, B., Nystrom, J. O. and Cancino, A., 1995. Jurassic and Early Cretaceous island
arc volcanism, extension, and subsidence in the Coat Range of central Chile. Geology Society of
American Bulletin, 107, 1427-1440.

Wei, C. J., Powell, R. and Clarke, G. L., 2004. Calculated phase equilibria for low- and medium-
pressure metapelites in the KFMASH and KMnFMASH systems. Journal of Metamorphic
Geology, 22, 495-508.

Werner, C. D., 1987. Saxonian granulites-igneous or lithoigneous: a contribution to the geochemical
diagnosis of the original rock in high metamorphic complexes. Zfl Mitteilungen, 13, 221-250.
Whitney, D. L. and Evans, B. W., 2010. Abbreviations for namesof rock-forming minerals. American

Mineralogist, 95, 185-187.



Winchester, J. A. and Floyd, P. A., 1977. Geochemical discrimination of different magma series and
their differentiation products using immobile elements. Chemical Geology, 20, 325-343.

Young, G. and Nesbitt, H., 1998. Processes controlling the distribution of Ti and Al in weathering
profiles, siliciclastic sediments and sedimentary rocks. Journal of Sedimentary research, 68, 448-
455,

Garmichay metapelites, NW Iran: whole rock chemistry, provenance and
metamorphic conditions

Mahamed, A}, Moayyed, M.2 and Modjarrad, M.3

PhD student, department of Geology, Faculty of Natural Sciences, University of Tabriz
2Professor, Department of Geology, Faculty of Natural Sciences, University of Tabriz
3Department of Geology, Faculty of Sciences, University of Urmia, Urmia, Iran

Abstract

The whole rock chemistry of the Garmichay metapelites located in Northern Miyaneh, NW Iran is investigated to reveal the
provenance and metamorphic conditions of the rocks. Petrofabric scrutinizes have revealed the syn-tectonic nature of
regional metamorphic cordierite porphyroblasts in the metapelites. C' shear band structure is another feature that is observed
in the rocks. Two regional metamorphic (RMP1, RMP2), one contact metamorphic (CMP) and two deformation (D1, D2)
phases are identified. The major oxide geochemistry implies two sedimentary progenitors: shale and greywacke. Based on
major, rare earth and trace elements (Ti, Ni, TiO2, Zr and K20) the igneous source rock has been an andesite to
dacite/rhyodacite. The CIA (chemical index of alteration) and CIW (chemical index of weathering) parameters imply a
medium degree of alteration in the igneous progenitor area. The Garmichay metapelites, in comparison with the PAAS and
UCC, are enriched in Cs, La and Ce and depleted in Sr, Nb and Ta. The representative samples lie inside the paragenetic
triangles of the compatibility diagrams that imply their thermodynamically stable conditions. Finally, based on the standard
pseudosections the maximum temperature and pressure range has been 535-635 °C and 1-3 kb, respectively.
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