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Abstract

In this study, petrography and geochemistry of the sandstones and shales of Padeha Formation in Khoshyeilagh section in Eastern
Alborz have been used to obtain more information on their provenance. The Padeha Formation in the studied section has a thickness
of 341 meters and overlies the Late Ordovician-Silurian Soltan-Meydan basalts and disconformably underlies the Middle to Upper
Devonian Khoshyeilagh Formation. After field studies, 20 medium-grained sandstone samples were selected for point-counting and
eight sandstone and two shale samples were selected for geochemical analysis. Based on the calculated percentages of point
counting data, the composition of these sandstones has been detected as quartzarenites, subarkose and sub litharenites. Based on
Q/Q+F in sandstones and geochemical properties of sandstones and shales, such as Al,Os/TiO, ratio and TiO, against Zr, the
dominant parent rock of these deposits can be considered as felsic igneous rocks. The QmFLt and QtFL diagrams show the tectonic
setting of the Padeha sandstones as a stable craton. The geochemistry has also largely confirmed the tectonic setting of passive
continental and rifted margins. Considering paleogeography of the region, tectonic uplifts and erosion of the Cadomian granitic
basement and also the entrance of clastic materials from granitic rocks of Arabian craton can be considered as other source rocks of

the sediments of Padeha Formation.
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Introduction

Petrography and the composition of siliciclastic sediment and
sedimentary rock components provide important information
on parent rock, which is one of the main factors in the
reconstruction of tectonic evolution and sedimentation. In
addition, by using the chemical composition (major, trace and
rare earth elements) of siliciclastic sediments and
sedimentary rocks, one can also estimate the provenance and
other sedimentary processes such as weathering, transport
and diagenesis (McLennan et al. 1993; Armstrong-Altrin et al.
2012; Armstrong-Altrin 2015).

In this study, petrography and geochemistry of the
sandstones and shales of the Padeha Formation in
Khoshyeilagh section in Eastern Alborz have been used to
obtain more information on their provenance.

Material & Methods

The Padeha Formation in the studied section has a thickness
of 341 meters and overlies the Late Ordovician-Silurian
Soltan-Meydan basalts and disconformably underlies the
Middle to Upper Devonian Khoshyeilagh Formation. In this
study, 30 samples of sandstones of the Padeha Formation in
Khoshyeilagh section were selected after field sampling and
petrographic studies. Twenty medium- to fine-grained
sandstone samples were selected for modal analysis, and
about 300 points were counted on every thin section using the
Gazzi-Dickinson method (Ingersoll et al. 1984). According to
the point counting, the main and accessory components of
this sandstones are identified and quartz, feldspar and rock
fragments modes are utilized for naming the sandstones
according to the Folk classification (Folk 1980) as well as
different diagrams of the provenance (Dickinson 1985). Based
on the calculated percentages of point counting data, the
composition of these sandstones has been detected as quartz
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arenites, subarkose and sublitharenites. Eight samples of
medium-grained sandstone samples with the lowest amount
of carbonate cement and two samples of shales in the middle
member of the Padeha Formation were selected, crushed and
powdered with a mill and sent to the Zarazma Laboratory,
Tehran for geochemical analysis (ICP-MS method) to
determine the major, trace and rare earth elements.

Discussion of Results & Conclusions

According to the ratio of quartz to total feldspar and quartz in
the sandstones of the Padeha Formation, which is 0.95 and
geochemical properties of sandstones and shales, such as
Al,O3/TiO, ratio and TiO, against Zr, the dominant parent
rock of these deposits can be considered as felsic igneous
rocks. The QmFLt and QtFL diagrams show the tectonic
setting of the Padeha sandstones as a stable craton. Passive
continental and rifted margins for Padeha Formation has also
largely confirmed by geochemistry of sandstone and shale
samples. Considering paleogeography of the region, tectonic

uplifts and erosion of the Cadomian granitic basement and
also the entrance of clastic materials from granitic rocks of
Arabian craton can be considered as the other source rocks of
the sediments of Padeha Formation.

The point counting of the studied sandstones and the ratio
of total quartz to the feldspar and rock fragments (Qt / F +
RF) versus polycrystalline quartz and chert on feldspar and
rock fragments (Qp / F + RF), to study the climatic
conditions in the source area, indicate the humid conditions
in the source region of the Padeha Formation.

The geochemistry of the samples and the use of the CIW'
index in the Padeha Formation samples indicate an average of
73.6 for sandstone and a mean value of 90.7 for the studied
shales. These average indicate modirate to high weathering
conditions for these deposits, which confirms the existence of
humid climate conditions at the time of formation of the
Padeha Formation, which is consistent with paleogeographic
data and the presence of Iran at latitudes of 15 to 30 degrees.
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Ps 26 122 72 0 8 6 2 9 0 0 0 30 8 12 3 15 1 288
Ps 27 129 80 0 5 9 8 4 0 0 0 29 0 8 0 0 1 273
Ps 28 125 83 0 0 9 5 4 0 0 0 24 18 0 10 25 1 304
Ps 29 134 79 0 5 8 3 12 0 0 0 20 0 4 4 15 1 282
Ps 30 122 69 2 6 10 5 5 0 0 0 35 9 10 0 10 1 279
Mean 118 69 1.3 58 8.2 4 65 01 03 0.2 494 12 8.6 2.5 6 2 295
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L Bl P
Lasl &jle @:E,I 5,055 sbKwanbe 55 (K50 3 6ut.<ﬁ) s o5 505 L 6,&: sby,ls Ao IS
S o Bl S 5 (K353, 0I8) (S35 gmerems Olams 5 (K350 3 OIS) (g0 sl b (5055 55,155 B
(K5,55)5 08) pdS 5 Koo g9 51 sla s (S luwilli 51 (5145505 .C sl L3l o Samanls )3 (Kb 0IS)
Ol s (K yn,5 0LSe) o s Sass 5 Lo &ls D dlask Ljle Ly S Slesms 15 slaSamanls s

el 028 Slor 2481 5 Gl S Dl b 4 55,058 (slasils

C",—m-'«;s-_[é K (FOlk 1980) &J}é ‘5LA)|>}¢3 BL) saleul (5‘)-3 ‘5)1»_3:@ @Lﬂ }‘ A.\JA.:..-W ‘_;Lﬂ.\aﬂjé -y d}-",'
JJ :R gQJ_? = LA&S/J_..«B}JJ ZL 5‘5)‘}1.3.\;?" 6‘#}7)‘\,5 e‘ﬁ LY h&ha:ﬁ JS .Lt u:)ﬁ A‘JQ.A “ 6)}1{.‘2’;

6)\,1{.—\35:}6)\,-‘%& 6\.&;'5)‘"5‘}5 ZQ ghCJL;wJ.lJ.JS:F saﬁ B‘JQA “ Lﬁ&eb}
OtFL

Sample no. ng,l/;; (%) Q(E/S
Qm F Lt Qt F L Q F R

Psll 96.73 0.93 2.34  99.07 0.93 0.00 99.07 0.93 0.00
Ps12 96.05 1.32 2.63 98.68 132 0.00 098.68 1.32 0.00
P.s13 96.79 046 275 9954 046 0.00 9954 0.46 0.00
P.s14 92.02 160 638 9840 160 0.00 9521 160 3.19
P.s15 94.12 0.98 490 99.02 0.98 0.00 95.10 0.98 3.92
P.s16 97.08 0.42 2.50 99.58 0.42 0.00 99.58 0.42 0.00
P.s17 96.60 0.43 2.98 99.57 0.43 0.00 99.57 0.43 0.00
P.s18 80.31 5.18 1451 91.19 5.18 3.63 84.97 5.18 9.84
P.s19 85.95 8.11 5.95 91.89 8.11 0.00 89.73 8.11 2.16
P.s20 8723 638 638 9362 638 0.00 90.96 6.38 2.66
Ps21 87.79 7.56 465 92.44 756 0.00 91.28 7.56 1.16
P.s22 84.31 3.92 11.76 96.08 3.92 0.00 89.22 3.92 6.86
P.s23 7740 12.02 1058 8798 12.02 0.00 8125 12.02 6.73
P.s24 80.00 952 1048 89.05 952 143 8429 952 6.19
P.s 25 85.37 8.54 6.10 91.46 8.54 0.00 90.24 8.54 1.22
P.s 26 88.58 3.65 7.76 96.35 3.65 0.00 9224 3.65 411
P.s27 88.94 7.23 3.83 9277 7.23 0.00 91.06 7.23 1.70
P.s28 92.04 6.19 1.77 9381 6.19 0.00 92.04 6.19 1.77
P.s29 8950 336 7.14 9664 336 0.00 91.60 3.36 5.04
P.s 30 89.25 467 6.07 9533 467 0.00 9522 467 2.34

Mean 8735 581 683 9385 581 033 90.88 5.81 3.45
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95/

/5 Sublitharenite

Subarkose

Lithic F'eldspat.ic Litharenite
arkose litharenite

Quartz arenite

Subarkose

3:1 1:1 1:3
F/RF

RF

B o o bl Lile  Kwauls gladi sd gdiaid shies (Folk 1980) U sh s Hls g0 —F K2

53 K0 5Ca0 - Kls ol pize (duoys Vo) 1 S0La)
s b e 55 5 Ao WY 5T Lo e bKiwaslks
PITVNC R S5T R PN WCIUTR EESRCHO WSS 71 P 0/
DL T 55 i )y a3l 3 s oy 5 g
S S alis laaS1 L ¢(Cardenas et al. 1996) das .
o Ce LS L s Swasle glad el o
ot S G 5 ediadlae gladses 45 KO 5 AlO3
5 L Ll s Sl (ol asle ool S
Cymoman (ALY Jg—”") das o Ol lad gas o N:,;:,a)ﬂ
Sls1 = s Sl sy 53 TIO, LALO; o e bLS |
el e A 53 b ST alen b Y s
LLs,l.(B v &) (McLennan et al. 1993) cul Ly »
Sslp s 3pms 4 55 Fe0s 5 Ca0 L p e SIS e
Slaassai 53 all ST Olop 5 Sl sladlo

(D 5C N IS8) 358 40 05ls S sdianllas

Y

SRS

ol polis

53 Lasl 3w sl et 5 bSamanls 51 € a5 Vo sl
Gl (et 65a0 ¥ 5 Siasls w503 A) BV 555 52
ICP-MS | _lowi samy 52 5 bl glan 555 (slaanlllas
S 53l 5 o5 ol ole Jdoisa e mls i
03 eddaallae oy s Lash Al sla L L SKvaule
sladsdr 3 a5 H5boles Lisd oo o kis O UY lad s
SlaKvwasls 13S8i0; Ol 355 o sdalive sl iisl
5 (o s ATV 1 SKle) o3 A¥/0 B £5/4 5l sdandlas
SOe) Ao 00/Y L5 OF/A 5l sl saalllas (gl fod o
ol 53 3L 5 S0, Ol e sl e (A3 OF/0
S F1S LS s 4 Olg e i ) Sianls
Sle) dess FIA LY S LaKwanls 53 ALO;z 5l

Ao, WY B AA Sl eddandlae sla Jod 55 5 (Ao, Y70
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:
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ARO3 (%) ARO3 (%)
Lol il sla Jod 5 bSimanle 53 pamion JTuenST ol 53 s gladenS| Sl il -V IS5

G plie s fod 55 55,0 (ol g 0 08 (0e) ol g 2 A L
Heas e 0L 1 (el g g VY0 Sole) tlgsn TY V5 )
o robe i baglie s 1) (5 i b alis ok
)‘ o.k_md.'.SLhA J:’J" BE) W‘Jiw‘ 444_},«4 (5‘)" ‘M.}& QL@.‘
Lo 53 5 (plige PH/Y 5SSbe) gl o VY75 L1/

e (ol VPV Se) ol M)A BN Y/D

]

S b wobe
i3 bl ke lacKimanle Sk s ubie sl
23 pols £ pema Ol .l ool O s 53 Dl o
LYV 5o ot i slaKamanle s Lo,s Sbs
e sl sad 3 5 (el oY SOk ol g g V)P

V0¥ 5 SGlse) ol VATV LAY 51 oddaalllas

B

o3 Lash b laSianls £ obe ol ¥ Jsus
L jole e las o 0L ol 835 o Jdloed a0 25
SLadises 53 @S 55 e Lils (HFSE) 5L Olhwe oo y3
Y5 Sl) el 40 BT sddanillas  Swauls
f(cj_i&_i YO L #) )\ sl daaIlze 6L_§J~J BEIS] (f\gs'igfi
L V/8 3l sddaalllas sla ok 3 5 (plg o /0 nSSLe)
v(&w ARV 4 )\ ol anlae LSLA&AMLA BL] v—i-)d&«ﬂ\
Shdas o 0L ) (plp g 778 SSke) gl g o AV GOV
(transition trace elements) L_ulyl> <5 —sle 0L
u-i’;—fjb ﬁbb\jjda&}_f J-i.‘.‘.ﬁ C,\JLS 4(,_3.>L.2l3 Lile
535 (el g YV o) elizs PY BT 5l eddanillas

e (ol s (0 0470 L) ol g 2 O3 B FY Sl s Lot



O 5 g (S ge

B e s bl W5l sl = i g S e 55 5 BS54

$Ld g SH 5 Kivvanle sladi 503 S) M s> o 5o sk Ljlu 31 bl gl Jed 5 L Kiwanle ol sladST Ao s =Y J i

(et
Samples Si0, AlL,O, CaO0O Fe)04 KO MgO MnO Na©O P,0Os TiO, LOI
P-S-13 9457 2.13 0.19 0.43 0.68 0.09 0.05 0.85 0.05 0.25 0.82
P-S-14 92,55 1.93 1.32 0.49 0.60 0.08 0.05 0.62 0.05 0.28 1.95
P-S-16  93.86 1.25 1.38 0.30 0.41 0.05 0.05 0.68 0.05 0.09 1.81
P-S-17  81.75 0.94 7.51 0.33 0.32 0.07 0.06 0.77 0.05 0.05 7.85
P-S-23  66.98 6.52 7.88 3.86 4.41 0.48 0.05 0.45 0.11 0.95 8.23
P-S-26  85.76 3.34 3.36 0.82 1.56 0.31 0.05 0.48 0.05 0.10 4.21
P-S-28  70.10 6.84 7.62 1.09 4.72 0.57 0.06 0.53 0.06 0.25 8.03
P-S-29 8431 3.44 3.95 0.93 1.68 0.18 0.05 0.51 0.05 0.06 4.93
P-SH-3  55.12 8.85 8.47 2.62 4.59 4.86 0.12 0.51 0.07 0.35 1437
P-SH-5 5396 11.36 4.67 4.71 4.64 7.94 0.05 0.75 0.11 0.43 11.39

SH (Kivtals 06503 .S) plg 0 o 2 Su s Sp 03 3l L3l 51 Bl o fod 5 bKimtnls (25 ol palis ¥ Jyur

(e s\t gl
Samples Rb Sr Y Zr Nb GCs Ba Hf Ta Th U Sc V Cr Co Ni
P-s-13 15 159 05 63 35 06 45 151 019 261 05 06 16 11 11 5
P-s-14 14 375 06 70 46 05 1952 171 028 266 04 11 15 7 10 5
pP-s-16 11 295 05 22 31 05 1509 05 019 085 02 0.7 16 8 1.2 7
pP-s-17 10 1206 57 14 27 05 3418 05 018 046 0.2 1 14 8 1.0 6
P-s-23 60 875 69 90 67 18 802 205 044 363 14 51 64 88 3.6 9
P-s-26 31 665 18 29 32 07 913 05 025 072 05 08 13 11 24 5
pP-s-28 76 913 43 43 65 11 630 09 027 214 07 15 18 11 13 6
P-S-29 36 651 23 18 3 08 701 05 02 064 05 08 13 10 11 4
P-SH-3 94 1109 9 61 79 48 549 162 057 593 14 57 42 26 61 16
P-SH-5 95 1025 112 75 157 3.7 496 176 114 834 24 8 59 40 126 32

3 Ko aals ok 03 ) plig g e 1 B i i s basly W3l S 1 sl ot 5 aKiwanls (S5 30 ol palie -0 s

(s sl 05 SH
Samples La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
P-S-13 15 24 251 71 056 014 02 019 09 011 031 011 04 0.09
P-S-14 12 20 158 42 127 059 031 0.2 1 010 034 009 04 0.09
P-S-16 8 11 091 26 093 049 034 02 09 011 027 010 03 011
P-S-17 7 11 089 48 384 157 253 045 23 009 076 012 0.7 0.09
P-S-23 18 35 276 99 223 073 193 041 229 011 107 017 09 011
P-S-26 7 12 084 27 081 046 033 023 111 012 043 011 05 0.09
P-S-28 12 23 197 67 158 070 117 032 174 012 074 013 0.7 011
P-S-29 7 12 069 21 065 042 03 022 118 013 046 011 06 09
P-SH-3 19 38 374 135 278 082 233 045 266 02 137 021 12 0.16
P-SH-5 32 60 5.9 21 385 1 322 054 324 035 166 026 17 024
Lt dilat 53 1m0 5 4 23 (S350sn o o
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3 SI0; ;S Ol Choas &S P-S-28 5 P-S-23 &4l 55
UV Wl PVRAP TN e S I BE WS U S PR E
sl s S )3 Sistaas lpaso 83 s 3 3
Db o Sslite Gt by (S35len A s
Na0 Ky0) S e olic sladnS! IS se slacans
AlLO; 1l S e e ole slansl 4 (MgO 5 Ca0
(Chittleborough 1991; Shao et al. .l ol slgly TIO;
S35l s 6l | s Ll (Cullers 2000) ;S 2012)
S ol e, S ) ane 5 3L3 Ca0 (gl ls GlaKinanls
Dad ) S

CIW'=[Al,043/(Al,03+Na,0)] X 100

A J5S e o S L batuSt ;oo o
Sl wanls gl CIW' Ol co 5ol 5 L as S
Sl b ) s VP Lo gie s ba Lask 3L
S35l Ol liisl pl cdel s 4 QWY sdlandlas
i s 5 dms e 0L baazig opl sl 1y 345 G daw e
Lasly a3l slaadgod sl b o sb o slsascl 05 0
{(Nesbitt and Young 1982) > S slgly

S5 53 e A S3le gladnl b SE L s
313 oKt (Gl s ey 5 LaKwauls =le
R ] & 3851 (Suttner and Dutta 1986)
5 bSies 2 5 bl le SIS o 55 5 Gl S5 dan s
SIULL gl ol s o i 5 e gl so]
5 Slmadls Ol 4y 55155 ¢ pooms Lod 35S s
5 o S 5158 ol 53 (QUFHRF) Sos =
2 Ls (QPIFHRF) Kwes ;5 5 Slwdls 55, &
Sl gy G 5 3lml Olo L3 a5l £ s 6l
ol s i bl dalllas 5> (Suttner and Dutta 1986) !
Lyl 5 ), skieas (Suttner and Dutta 1986) Uss 5 5o
JS2) s sed ol 3 eslizad Lie &alaie 3 olpa sl
b e b3 sde 53 Lask wle  Swanls glad el (A
Lt itlate 5o 1 sbo o ln gl il 2 oS i 813
(Suttner and Dutta L5 53 5 5Lw .das e 0L Lash L5l
sl slesbinad U1 Ui didae ol a5l Lail L5 1986)
=02 = NagO 5 KoO Al05 ¢ 5azes I 53 SIO,
Sleslaul U Lask 13l A;/:\MMLA Slad ol 2l Ls S

}_>.=3Eu\_&:é;)\];g}lﬁfdbﬁjgi;:jbujbjbﬁ g)"\

~ 100
1 \\ o 8
'
\\ 90
N \\o Humid o
0.14 N \ 80
& \\ \\ =
+ \ e S .
B o e N Semlhumlh\ Q Humid
=3 Semiarid N \ & 70 o
¢ P, N - Semiarid
0.011 S~ 3
S 60
~ N
Arid S
0.001 : - T 509 10 15 20 25
0.1 1
Al QUF+RF B] ALO3+ K0 + NayO %,

5 Jmel slesls ls gmad ol bl » ((Suttner and Dutta 1986) Qp/(F+RF) 5 QU(F+RF) sl &l i jls s0d A -A K2

il A|203+K20+Na20 g P S|02 2B 15503 B .JJ);‘;: A ok ‘5|}AJ;.JT 8394w LA.:L_:} Sewtwla Gl aads

@ 3 sler sl Candy s sl (Suttner and Dutta 1986) Gys 4

Pl K S 5
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B B S 5o Wl 3l Il e s S end 55 5 B 5

Qp 2-3 Crys units per grain
>%75 of total
polycrystalline quartz

Slates &
schistes

Qp >3 Crys units per grain
> %25 of total
polycrystalline quartz

sskse (Tortosa et al. 1991) ol 1San 5 155, 5 Jla e -4 1SS
G ot o sl sl lacKimanle Lite opens

35 S S Sl slend oS 5 51 eslizad
ol &_MLM&_“ 8}_" oS 3 edlinals ) e fal e
Roser and Korsch 1988; 4 gei (gl =) el oSl

McLennan et al. 2003; Jafarzadeh and Hosseini-Barzi 2008;
23 e S AlLO;/TiO; s (Taheri et al. 2018

(ol (15T = b Dy 53l S gy s
S 31 Al VF 51 2a8 Sy 55 i ol il
L4 st Cond opl ST Kledds Grine Sdle slaobe
iar Lo e Sls glasle K 0 b gy (L YA
Ollsen 5 —abls L LLul s (Anderson et al. 2004)
ALY S A s ) sl (Hayashi et al. 1997)
S ol it b5 0 Sl gla ol Koy s
5330 51 i st Ll a3l slacKimaule
SO S Col Y8 5 Y0 s Lk dijlw sl Jos

5 ibls sl Sols glapale K 5l Ll s e

e 53 LaKimaale rge sl S8 SIS 51 S 518
S et olauls oy 3 Ygame 5 ol oSauls
osliiul 5o1S Sladily (g5, lise Juloei a2 Sla )
et 0 5al L (SO ST SlagilS sl Ol 55 0
Soshdlor 5 e e Ll S s
(Basu 1985; K wanls (K4, Line s0us0l
03 FoleS ol alie aa > L Tortosa et al. 1991)
Sssed 3l ol il s dlasl L3l glaSKianls
! ,— (Tortosa et al. 1991) ol,LSCen 51555, U5,
bl o eslinad e Simanls ool ol S 65 ) 2
FolsS il gladils gla Sns 2 4SS Lo ls s ol
LS g 5 sl 3l e SKmaals Lie K 547 50
g3 3 el glalwdls 525 .(4 IS8 A s
U 30Soloba glads e 5o (CF 1S2) S5, S
= LIS 550 4 o LT 035 500503 5 bkl
Gl s (gl o Sls 3T jsle K suiasolis
el e lianlas
53 FolsS 5 Slwdldd ¢ ez s FO1S Sl Ol
il 3l K d_,.u\w.u&_m s S jasie la Kvavle
o 3 5d Sile 3l K 3 luds ol (Johnsson 1993)
33 9 /XL /N sads bl glagsle S s oV U
(Van De Kamp cul +/¥ 31 io s gla ole S
e vanbs 53 Cand ol xSl 4l wa 5L 2010)
L S 3T Laie Ko 05 o el +/20 Lasly 55
S S S s kgl o sl S
Lle s 3l slacKen L sus ol biKanle
L layilS ol palhe 5ax il gl p ol §
S s dEss D Gles S ensa s ot SAis S
S o 3l 5 1y e gy glaKom Lis oits S
(Johnsson 1993)
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sl K sluls 53 55 Cr/Th 5 La/Sc ThiSc dLa/Co
Wronkowics and Condie 4z sas (gl ,0) L5515 (Sloss g Coanl
.(1987; Cullers 2000; Cullers and Podkovyrov 2000
=l 53 THISC Sls s 55 sl sl slads sas o8 S 5138
5= (B Vv %) (Wronkowics and Condie 1987) Cr/Th
Lasl a3l Sl il S0 s jabe Ko s

> TiO, slae asls LS (Hayashi et al. 1997) O, Sen
Ses slaline S S sl Wl 0 p 5S35 R
53 bl W3k sladd g 03133 b e 58 Sl 5 Jaul st
SLaaised i 3p8 n s (A L)+ JK5) Sl ped oo
e 005 13 Sends Lae K 63 500ma s Lasly 5L
35de 534S LB sl 5 Swaul sl S
PR PUPRI U U O SR N S SO0 P BRI\ (P PN O

adex3l o 3 ole 5l 2 slac el sl

2 ’ ’
O
’ ’
el "’ ) "" A B
? l’ IQS‘V' ," 22 10
S ! T 2
1.5 g ! B
» 8§ ".’ . \_«3““ /’ 1.8 \Felsic end member
Iy < .
S -0 ! K 5 ) S
O 2 4 QO
§ S~ & e iS 1.4-
I~ . Q\ ’ N B o
= 1l g/ o.& o )
o S > oM 7%) Ul e
@) ' » e = tramafic
=, ’:' o .\g\%\ = end member
3 ~d -
! R afic/Ultramafic
05| ¢/ o contribution
/0,
l’ "
f ',‘od? . .
.;59 Maficend mc\mbm
0 - - - -
0 100 200 300 400 500 0 50 100 150 200
Zr (ppm) Cr/Th

Lash L3l (sladi god (51 1 damil s 6 Sl (glaline S o5 (Hayashi et al. 1997) o505 5 4 5 TIO nslie s pei A-Ve S

23w sLads yoi s 5o 5 (Wronkowics and Condie 1987) Th/Sc i, ;s Cr/Th Uss s s B s s 0las BMo 555 50 5o

Jols ool Lite b g «ands glaSivaals
5 oSl la e (Ko (SLIVL Gl o gl S
Sl 55 K34y 5 pni | eolgs a5 o Lo gla Sl5e S
Lsesls JLasl .ass S 431, QEFL 5 QmFLE ke
Jsd) Lask L3le S3U ablie (5 lediaais Sl okl S
oSl () JS5) QIFL 5 QMFLE Jls s s (¥
ol slao sl S 1 Lasly wsle slacKvanls ol ey

Aas e oL

ol 0 yasiia O (55, 4 Lask

o) Kl
gl 5 Slwdls 5l 5 8) LaKivale Sl el
sr Sl b s o el 5 S (LS
LS cdew oS ol oSl bl SO 55 sl
P S Al bl S e Ko
L plubs o S8 ka5 bSuanl Kl
g o ooliial 4y s glaas o oKiuls dile S SS
O 4S5 > (Dickinsson and Suczek 1979; Dickinsson 1985)

S s L, (Dickinson et al. 1983) 0l,L Saa
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Qt
A) Qm B) Craton g
Craton /S interior 4
interior/™ ¢ /
Quartzose - o
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continenta
Transitional
recycled
Dissected
Basement Arc
o Basement Transitional
uplift
Lithic
recycled
-
F
F 15 a7 Undissected Lt Undissected
Arc Arc

Sl gL Kivwanle g5l e oKiuls g5 mn s shias (Dickinson et al. 1983) &1, 18 5 0 puinSss glasls god —V) K3

S S5 g s sl

S 5 lesB Jlb o Ail s gde s iy Lasl A5l
(B NY S8) wlas S 5l 3
Ly S pime sboosls Ygame S 3l 5 o5 ols
AJb‘ g&ﬁ ng_l} U.W 6\]’ L;L.é\‘/..,pl.&m s
ol ol agd e Esl Wby, 5 el O s Lole
s B ey g L )l Slgey on S S «
1S Ll S ST slaolKls 5 Line bl SIS s 1
5 (Taylor and McLennan 1985; McLennan et al. 2003)
(Bhatiaand S, S 5 Ll e glajls el ol Jass
St Lask le glaSiwanle 5 L eslinul o Sl

A S 13 oyl Jlad 8 b sdee ST 5 s

Dl s LK le 5 Lo b e 55 51 ol

5l (ST oL 05Tz 3 (s 4
2L s o ol sl pland 55 ke lasls s
et S (S5 Sl e S S
(Bathia 1983; Roser and Korsch Xy s eslicul (g1
3 Si0; (gl s =s .1986; Verma and Armstrong-Altrin 2013)
R ol 3l LA wa e 53 KoO/N20 e
s e aoRl3 IS sSS Gl SIS gla ST
45 4s S &byl (g4l sel (Roser and Korsch 1986) %, S 5
S5 Ll e S edssly e el
o, Jlas oL - (Passive margin) (glo L5 Jlab .
—sldl Slas Ll Sl 5 (Active margin)
ladisad O3l 3 L sl 4,01 (Oceanic island arc)
slaK v ule Sgh o geeda pldsed ol s lash Wl
Ala S 513 sleyB Jlad s Ail> 63 5 5 Lol X3l
(Verma and s 1 i )T 5 Ly (A Y JS5)
slad .St oslde 31 esleul Lo Armstrong-Altrin 2013)
Slasl Sl ol m 1 sl SIS s 5l i
s S sl SOl 0S5 63,55 1 iy SO8SS

Lo sad 50 Slo g0l 1l 55 555 s sdaline 45 &S 0len
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© o bl e

Ol o (S35 50l 5 e el S sy SO o
Slaamio 4 slms Gla,y iS5l als laaabad Lol jan
U Jls i3l s 5 en s Joate Ol o 5 W 3
{(Husseini 1991; Ruban et al. 2007) &l azils 5 3 L8
S Ll k_i:jj\j}ﬁ}ﬁ)ﬁ Obey 53 Ot (sle B dna sy
(0338 Ol sme L (glo )3 OlaS 5 5 g 808 W Sais
bl aS Jled iil= > (Cadomian continental arc)
(Moghaddam ol a3 5 1 3 Lo, Shces o
3 S L L3 S5l Ol wax gL et al. 2017)
sl Jrolsd 0 S L obas Sl e s sl L)
(Berberian and King  Jled s |25 oy show 5 e 93]
ooslsl JS\W J>! .+ .1981; Derakhshi and Ghasemi 2015)
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