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Aluvium in stream channels & flood plains (Quaternary) E&indstouc & Shale (Jurassic)
[:| Low level, young terraces & gravel fans (Quaternary)
\:] High level, old terraces & gravel fans (Quaternary) :lshotori Fm (Triassic)

Red beds: gypsiferous conglomerate & marl (Oli-Mio) EEE=Er Sardar Fm (Carboniferous)
Sandstone & Siltstone with interbedded green tuff (Eocene) ahram & Shishtu Fm (Devonian)
Limestone, Shale, Gypsum & Sandstone (Cretaceous) %Sibzar Dolomite (Devonian)

Bidou Series (Late Jurassic) - Kuhbanan Fm (Cambrian)
% Baghamshah Fm (Jurassic) oY Lalun & Zaigun Fm (Cambrian)
I HORJOND Fault - Desu Series(Precambrian-Cambrian)

——— Second class road

\| Shemshak Fm (Triassic-Jurassic)

(VY] 51 ol s b oo oaw g y2 Al oo licdl cyo 3 s .Y JSC


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 ]

Ga))l? o) fh}l.c \YAA ULH.«.A) 9 ﬁl.: At S)Lo..ic 0 .\.L’> Yoy

i

Jlod oy 430) wir > dllaivo 13 930 (5 (stgay SWOlg leo 50 9 pELi 90 S0g3 51 lei (1Y IS
3 (Fwd Bgod (@ (Jlod Ggmds W3) 930 Gpw ST Halmo ;3 (92098 80g5 51 (led (& (Gpd
b gpluasliyes 5l (owd digad (& o ls @ (GleySs Jbo 50 Jgmiol g mSgpm loysl b o y909 0

SelS Fgg el b Jguwiol 5530 b ysls

IR )

5 S50 ablio laaiges olass I ¢loails;sn Sble 0,31 slaSiw 5l (550 paigas 5 (2lye w05L 5l an
PR g oS g9l Jomsbol lo S5 (slabais &35 G i ploxl (6B Kinr (2 g s o
oo i oiolosl jo Sg iSUl 35510 15 ) oKt 51 soliiwl b wix > ddhaie slacSow ol 5l diges T 0
ol A5 KV sasesclis 5ty L JEOL. JIXA-8600) olfcws opl .o plxl (pls 55i8 50 LELL olKasls
> WS 0 )5 gan g g slaslasbinl l solaill b g akais jo gl a4l oo gy 83k 20nA S9Nl
Droop, ) s, 51 F&™ 5l FE* S gl el duop /o0 b +/+¥ o yolie sl olSims (g3l 501

o o3liiwl PET (6 5gnnals a5l la SIS 5 sl Jgo 8 acnlne sl 5 [¥+] (1987

6)@&»)
095 90 4 ol e 1) Wiz > ddhaie Wil e ol Sk S dacgere (S oo, bl
13,5 el S y520-9 25 5 9 2wl j50
b o psn (S Ll oyl Vel F e cdl gl dwls clipo B lawgie K ol 19 pEacds ye0

Ao, £o VD) S gmendS Joli bSw (pl jo b S5 dcgomme 0gd o0 0290 o2 alop, ey b (68,0


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 ]

YOY olesS Gyd Jlad iz > dilate Sy j50-3 S (535 slrodgt smionlis s 5 U sard o5 KK

aox 5l 28 G S Gl g (om0 )0 YO U 0) Jgarial (((cozm> 2oy B0 5 10) PS5l o coze>
CaslS s lse (g slosed S5, L o Saa U s IS & pgoy Jprhel aiien 513 il 5 (8] slaaS]
sk L bl fSbans Bl Ss slajsly Sk ys O jgoa oS (nl )0 SR (F USS) wloads Glu S
it ypms 3 Gl Slse By 45 BTyl (F USE) Consl Ugewiol S 51 slalol gl olf ¢ St
R Sgee &) 93 (220 gblie ;5 5k Lawgte b jok Cul)s 5 S0 U loSt &)g0ds (puS'g gidS oot
iloads b 5o Cu IS 4 o8 5 slg
5 (oo doyd F o 0905) gmitol Jolis Jlgld Ll 5l oS oyl saims o5 aigl sl SIS 1y yg1.5-3 8
=2 S il (o> 00,0 1O BV 0) (puS g 09l (6505 ke g ((con> 20y YO B Y-) DS o33
Sl ysls 45 (F USE) ol Kl Sy oK ol e il g o 00y WSt ol 0 58 Sl 5 Ly
AONIE ool slajsh ool €85 5 0 1) (S5 gilS 5 DDy Sla S 53l ©jgon Jsrpiel
ol 50 Tl g e osd (cloggd b e Sijs 5 0dedS O ypody 45 ol Kin ol 5o Sl IS
s oo (i (61,55 S o5 5 S0 0 U o IKheus O jgods laSw

slo 5k &gty Vyone Jyraiol 09 oo jsliie T 51 28 3k sloSle 51 ails 00 o (29208 sloKiw o
2 Jsrel o Gygo o IPTTIYYDINTAAL ol 05 et >0 2l Jpame 55 D523k 5 S8
5l Dl b 93 5 S5 cnels) Gy adsl Ul ie slo IS (2STy doeis ) (209,005 (sloSiw
Ll b 25Ty Sl o wloa S ablol 1) 2yl sl IS 5 S gy (slajsh )50t Ygana SIS (ol caniily
Sedle ,dT slacKon 13 (o3 SdS Son <L) 8L e daily, bl [¥E] val vl dal Y] el
5 ol 5l e ol o STy Jols bSiw ol 5o Jamie] S Yol (yle,S wiz > adlaie loailsgn
il ool JSCAS P9l g (S gy 9ilS sla sl

R WA & : <

N Rl

925 30 Yl il Juled (T o allain lasliyan slog ol 51 BSE g 95y Somn pigliai .F IS
30 SoialS Sgy <L Glules (@ Hloaidiyoh o yg90-9p jo Joumiol 9 Mg 3N sbryek (& Hlouwidign
Jouidi e 5925 50 Jomiol iy (slaysly 5IBSE o guad (@ ¢ lonidisjen o yg00-9 08


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

ol e pole

YA UL.mA) 9 ).»JLs Al E)Lo..fa A J.L’>

L‘”G;'S u;"-*-“’
P r lp ead aulbre g i3l Joo b iz g S S S S5, slea sl el mls

X, 55>90 M DL oleond oS 3 ol 00 oa)ﬂ V Jgas o Giw 09,5 95 4o Lm))l.fy))b
(O JS) [YY] 6,5 o )13 ool b by 5,8 50 loails oo Sdle 0,31 slacKan

O3S T @31 A wlwl s g bl Jg0 38 dnwlxo g M99 3 (S (S9SN o310 30 &3 guls ) Jgu

Yof

Sample K-06 K-04 Sh-05 K-01 Sh-03 K-03 Sh-01 K-05  Sh-02 K-02 Sh-04 K-31
Rock GD GD GD GD GD GD HG HG HG HG HG HG
SiO, 00,% NAT FAYY AR £4,Y7 AL Y. 0,5 OF)) OANF SAL OY A
Tio, e e RN e .09 CAY ~f f K 9 K .Y
ALO; YAYA A% TYOF YV,50 )95 YV TYYY O YOYY  YASY YA¥A Ya¥0 YEXY
Fe,0, -¥a ¥ < FA <5 - SV N0 i NF - OV F Y5
MnO R Y o R .Y . . ) ) Y o f Y
MgO RE\ RV L AY K e K of Ky 3% K o F
Ca0 VLYY Vol V0,AP (RRN VO,M Ve VXY VAF RAN VovE \YF- VYLYA
Na,0 £.YY B,y YvY 0,°A ¥4 oYY (A% £ 0,%0 O¥0 0,3 Y8
K,0 LY RN 0 < JFA ¥ BV . .50 Y LRV 0 0
NiO K S K . o)) . ) oY K o Ky .Y
V,0, of Y ) 0 . Y . ) ) . K K
F AY RN L A4 K Y K cee L K K oY
cl f Y cee K K K oY L o K K
Total VLEY VLA aa,y¢ VALEY VB 1188 1 FF 4388 Ve eESe VYA Vel
Si Y FA v0f v vy Y.or YYo YOr YYY Y50 v Ff YOF vf- Y5
Al RS (Ra (N V.50 )Yy V.50 VY (R4 V.07 (Rid V.08 \FY
Fe3+ ’.\" .,.Y ,.\/ ’.\‘ . ’.\" ’.Y ,.\ ,.\’ ’.Y ’.\ ’.ﬁ
Mg K3 oo L K3 K o\ o L L o) K K
Ca - 0F - FA YA -0 VY < FA <A YA 5 - JFA e - 50
Na na N Yo - JFF - YA RN e .Y - FA RN - OY Sy
K ’.\‘ .,.\“ ,.\ ,.\“ ,.\ ,.\“ . ,.f ,.\’ ’.\" ,.\ .
F oY RS ) Y e oY b ) ) .Y e e
cl e ) ) e e e b oY ) b e e
Sum o, £,Y 0,4 o, o,f £,29 0,Y v 0,V £,94 0,) £,45
% AN 00,5V 0¥y Yo,y OV,YY Y,V 0.1 VYRS FeYY OFAA 0.1\ IS¥al £0,A%
%Ab LARYS 5,20 YY YA £0,FY Y5,0A Y, YYYE O 00 FYOF £V, - A £0,0+ YA
%O0r Y8 Y SY V5 YA 55 Yy A ¥.A (Rid Y <A e



http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

YOh AlosS Gyt Jlad wkim > allaie S j330- 5,8 (53585 sloedgs sz Lid Led 5 SIS o o5 KK

I Gabbro-Diorite
A\ Hornblende-gabbro

Madori&\ &)wnite \iao%ite
An

AL 50

[1V] o 3505 5339 5okt 5f0903 30 105553534 (st e 5 & S

S 9

Soailiyse bl ()3 GlacSin ST smstlS @ )lSle Jso b aralne 5 (slabail gloayizs @b
) ladiges 10 d93ge oS g o gidS oS 5 Q-0 Jloges jo el sl 00,51 ¥ Jgu j0 e gy
[¥Al WO-EN-FS suos, Jloges 10 cpizan (15 JS5) @ ,.5 oo L3 QUAd 3sgume 1o loails e bl
il oS 5 50 Al lie (08 JS0) it Cogl 5 dmsnd Gl craS s masielS €53 5l o0 4525 sladigas
JRYRCI RUFCoN W o V) IRVA P2 FIRYA IS IOVNURSTSC SN SRS (- Wo J A7) RRVAV-S FIRYRS (IRt RCTUETvS
Boguzme [0 (Siw 09,5 90 40 39290 Slo S s eidS plos dral Ti+Na+Cr Llie ;0 Al e loges
il 55 ALO3 iy 5o SIO2 Jlogas jo o & JS8) wpS oo )3 aleSle GlogrS's ygials
IR OIIGls (g 83500 o jloailiysn Sdlo ()3 (loSins 09,5 93 0 )0 d9zg0 GlomS g ymsils
(& F JSs) wilazs 5

1.60  2.00
1

Ca+Mg+Fe™
1.20

Q=

g| /5 others N_ N\ — Augite
= Pigeonite
8l i Clinoenstatite 1 Clinoferrosillite
0. . 2.0 En 50 Fs
2 J=2Na B
" AA Subalkaline
S o %
—~ 2] & o
2 Igneous L £
=3 =] o =
= m A N =t 2
= mg A S Alkaline
=) ‘% 52
S AN *
LT Peralkaline
S Metamorphic
= - ; T ¥
0.00 0.02 0.04 0.06 0.08 0.10 0 2 4
Ti+Cr+Na (an fn ) ALO.(Wt%)

Soged (0 Q ply 30 T (1 510905 50 Hlouidiy90 Sudlo 09 )3T (SBSowws (ouS g 3 (o2 laos S 5 7 IS
AlLO3 ply 35 SI0; Hloges (w Ti+Na+Cr Jlie o Al Hloges (¢ EN-FS-Wo il


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

ol e pole

YA ULM) 9 ).»JLs Al E)Lo..fa A J.L’>

YOF

O @317 bl 1 (5 5LiS L Jg0 58 dmlino g (ounS'g oy geddS (S (9 SN (0310 1 30 5 & j2nd b Y Jgur

Sample K-21 K-15 K-02 K-04 K-12 K-13 K-14 K-20 K-21 K-22
Rock GB GB GB GB GB GB GB GD GD GD
Si0, oYY ISR of.¥a oYYy oY Ff oY) ov.a8 OYY¥ OYAY OYY
Tio, -4 -2 -y (RN AF 1,00 <A\ VY VY e
AlL,O, -9 -4 v ¥.YA LAL] ¥.04 ¥,v Y TYF YAY
Cr,05 N4 NF -1 4 -Yf ¥ NA .Yt - xY - xY
FeO £.YY Y, A V¥ (AN £Y0 vy FA- £.0r £.51 £.5Y
MnO 4 Y N4 NP N AY AY .Yy .Y .Y
MgO 10,08 VOYY VoY 10,4 V0, FF V0.f- 10.£4 V0, FY Vo4 V08
Cao AR 1,04 Yo AP 1,00 1,04 YAY ¥1,0 YAy Yoo TIOF
Na,0 X5 - f0 ¥ X0 - ¥e YA - X0 - Y Y - YF
K,0 Ky oY oY oY K of L K oyee oY
NiO f % e K . K AY ) Je F
V05 R RS e s K3 L L K o f oyee
F AY . F . K . <0 K ~f Je Je
cl K RS K cee K L L K oyee oyee
Total VeesY VoA V-Y.0A VoY VoV AN RAR VoAyy VoYY A0 aa,-¥
Si V.4 V,ay 1,20 1,2 Vay VA9 Var VAY 1,20 1,20
Ti Y oY Y oY Y oY Y Y oY Y
Al ¥ . f 4 NF N N0 AY A 0f Y
Cr K3 oo K L K3 L ) o) oo oo
Ee®* K oY K L K Y% L K , ,
Fe?t N4 Y- -7 ¥y AT N0 - N Nf Nf
Mn K oo K3 K3 K L L K3 K3 ,
Mg - A0 - A$ - A% “ AY - AY CAY - A¥ - AF A0 < AY
Ca - A0 - AF - A - AY < AY - A¥ - A¥ - AY - AY - AY
Na Ky oY K s .Y oY oY .Y oY B ¢
F K3 oo K L K L L o)
Al .Y oY RY Ri: RN RE % RN o0 o0
AV oY S Y A S 4 % % o9 09 oA
MolWo FF,A7 .Y £F.0 £1,4Y Y0¥ £F FEAD fo.v8 fOXF FOYY
MolEn FFA FEAY £Y,07 0,0 5,00 ¥¥, FEEY £5.YF FEYA PV
MolFs VoYY .08 V.AA VY08 LYY AR Ve or Aee V.AY V.0A



http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Yov

w17 bl (65LBLe Jgo 58 Ao g (oS’ g oS S (g SN 5510 31 335 &5 @l Y Jgur anlol

oS Gy Jlodh iz > ddlaie Sy y5a0-5,5 (63985 slaosy i, lid Les g I sond o5 B3

O S|

Sample K-06 K-07 K-08 K-13 K-14 K-16 K-27 K-53 K-54
Rock GB GB HG HG HG HG HG HG HG
SiO, or.va INES ov,\Y INA ov,0f OF,0A OFFY INA AT
Tio, “ AV \Ras VA -2 < AA -4 A < AP e
AlLO; Y00 AR AAL \EQ AR7 Y.SY ARR \AE Y.af
Cr,0s AL -V -.YA Y AL Y 0 - e
FeO 0.0A Al o 0N .0 .57 A £.5A \¥a
MnO - XY <A Y Y - F SNV AY4 -
MgO VEYE Ve V0,¥f VO,A0 10,30 VOM 15,30 VO,V0 AR
Ca0 \ARg! AP YVFA YA AARL Y1 ,0f AR AR Y,
Na,O AN YA Ani Ani - YF Aa] An - A
K,O . R . . Y Y Y K Ry
NiO 0 K Ry d K . . 0 A q
\,05 R34 ) ¥4 oA 0¥ 5 Y ¥ )
= YN ). K K EAN 0 K K . F
cl K .Y K Ry d . Y Ry Y Y
Total AR Voo ARENGS ARRA 49,04 29,81 Yooy 19,48 1,45
Si 1,40 AR\ VA AR\ Va8 Va7 1,24 1,20 var
Ti .Y ~f Y Y B ¢ v s Y Y
Al BN Y Nf - Y A ,4 Y AY
Cr o K o\ K A . K Y Y
Fe3* K K K o o K K K
Fe?* LAY XY IAY4 IAY4 0¥ 0¥ Y- Nf af
Mn e K3 K3 K . . 3 3 R
Mg - AA na < A¥ < AP AV < AF <M < AP A
Ca <AY <AY < A¥ < AY CAY ¥ CA - AY CAY
Na .Y s Y Y v v Y Y Y
= R R . . K3 K3 K K B
AlY 0 RS % o f ~f oo F RS 0 oY
AV 0 Ry d 2% A R Y oA A .
MolWo A0 o, 0,57 FF.¥4 £,-¥ £0.91 FEN £F.24 AP
MolEn £7.A4 Y. 0.5V £5.0V AN £5,0A FE.VE VY FAN
MolFs 18 YA a,-y AST VA VA N0 YA \A\s



http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

ol e pole

WWAA L) g 5l oF 5Lt o ol

YOA

Jgiol

5 Jole mls ol wiz o dilaie il jse Sdle 0,31 slocSiw o SIS nSlsld g cn St Joeniel

sl 00 03,51 ¥ Jgazr 30 (5081 @3 YT ulaslyy S5 0l (g b3l Jge 8 5 39,5801 5 Gl sy slasz26

A(M4)2(M13)3(M2)2(T2)4(T1)4022(0, OH, F)2 4, 5 [Ag-1 B2Cs Tg Oz, (OH),]

sl S y50 00 Jgeeol (coges Jgo 8

L] cosl JB A cosbse Jymiol SIS ogos Jgo,8 50
03T 1YY bl 5l Lo Jg0 58 drwlne 9 Jguniol (S (938N (B310 0 325 & 3o gl ¥ Jouar

Sample D-01 D-02 D-04 D-06 D-09 D-12 D-09 D-14 D-22 D-31 D-14 D-18
Rock HG HG HG HG HG HG HG HG HG HG HG HG
SiO, £o0F Y0¥ £0A YT LARTIEE AR 202 S K A IR (AR AR T £Y,F9 YV
Tio, YYY Va8 Y XA Y, Y.YA v, f ¥,r Y58 VLAY Y yY YyY YA
Al,O, VO,YA YA 10,40 V- AT AREY N0 AF 100) Y- 10,54 Y0 "
Cr,0; Y Ry % s K K K o K % 0
Fe,0 - - - - - - - - - - -
FeO Ve 0A VAN NOE yxv YASS V088 Y- AY VSV 1SAF Y YTV VA
MnO ~f yY LY ¥ - xF Yo 0 SN0 ys N0 N < YA
MgO VE, ¥ 1,¥4 WYLYE VeV a.5v VoML WYY AYAF a4f VET vf 4,A4
Ca0o \YLYE V1PV V)84 V1,08 MOV VLAY TF ATy A Yo Y A¥ai VV,VA
Na,0 VLYY YYF YYF (22 VYO VYO 1,08 1V RG Y50 .00 .00
K,0 Ve < A¥ - A¥ e - A CAP A4 AY - AY e - -
NiO oo K 3% L L 0 ) L .Y 0 K K
V5,05 N 0 - 0 A - - ~f - NF NF SN

F e 4 - L .Y Y - f Ry . . - - f -
cl Y KL\ oY e AY . 5 .Y A s e e
Total avy Voo XE AAY. Veoxs  aaa WAFE AAY AAAY AL Ve YA Yoo Yoy,
Si NG FAY OA 5, ¥ £AY £,9 O.YA o4 ) oM £YY sy
Ti -Ya - XY . YF - XY Yo - XY ¥y -ya Y- ¥ LXF LxY
Al v.04 Yy Y.y Y Y0 Yy Y50 Y5 Y. Y5 Yf Yf
Cr oo K K K3 L L L L o L K K
Fe® <AQ - 0% . Sf V0 -0 e - AD 3 ¥ - ¥ - FV
Fe?* S YA (X% - - A )YV V0 - FY - OF (N3 .Y Y VY
Mn oo i .Y 0 oF Ky K3 oY RN oY o5 0
Mg ¥, v,.$ A0 YA v,q XY v.ay YAE YA ¥4 YAy YOF
Ca VA% VLAY VA0 ), VY VA VLAY VAD VLAY VAA VLAY VAY VAY
Na - EA .55 .55 ¥ e e - FF PV Y LY - _
K NE NP N N0 Ry Ry RV SN0 ny CNF LY LY
Ni oo K ) L L K3 L L K L K K
V ,.\ .’.\ .’.\ ,.\ ,.Y , .,-\ .,-\ K .,-\ e e
F v e .9 e v v oo . 0 . e e
CI .,.\ ,.\“ ,.A ,.\’ ,.\“ ,.\’ ,.\ ,.\ ’.\‘ ,.\’ . .
AV Y. VAV Yy Vas VAA 1,31 Y.YY Y K Y4 VYA VA
AV YA N - Y X0 YV _a FY -4 e - FY YA Ly

XNaM, eV e A N Y e 4 A Y e Y e
Mg Y- < JFA - SA - OY - FA - 00 -5 " -0 -5 0. 0.



http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Yoa

OleyS Gyd Jlods iz > ddlaie Co 505,08 63985 slaosgs i )lid s 5 ST cend 5,

5T oI VY bl s (55l Jgo 58 duslna g Jpmndol (G (S9,58Il (5310 3 55% 525 @l ¥ Joguor dalol

Sample D-27 D-34 D-26. D-22 D-23 D-15 D-41 D-31 D-04 D-13 D-19 D-09
Rock HG GD GD GD GD GD GB GB GB GB GD GD
SiO, FOOA Y% 50 FLYD Yasv £1,45  FoAD £1,00 1,00 FVA FVLES FVAA
Tio, 1,50 VAV 1,31 VLYY %22 VAT VY- VA Y,y Y.V YV V.a.
AlLO, VES) VOVA VEVE VE,o ¥ LA VEVY VO, FY VE¥Q 10,.F V6D WYY ATV
Cr,0; ) RS3 RS o Y oA ]
Fe,0 - - - - - - - - - - -
FeO VEVY Y VE,-0 Ve 58 VY8 ) FY IYAL VY- VYA NLEY LYY VY
MnoO Ly -0 _a ¥ LYY 0 LAY 04 Cof A T L Yf
MgO 1,04 1,5 11,41 VeAY q,.y VAP 11,30 WPV WAF  W0A V5V V)
Cao V)0V IRG! 1,0F VAL N,¥a Y, ARG 11,AY 00 AYYE Yy e
Na,0 Y0 1,30 YXf Y XA Yy Y FA YV Y. vy )Y 1,50 VLYY
K,0 < A¥ <A Y < AA - - AD e ¥ - AA - YA <A CAY
NiO R4 , ) .Y ) Y% . . R4 ) K K
V505 Y eV NF Y 0 A ¥ Y Y A - o f

E e BN Y -4 oY Y 5 AT - 0 - o f
cl oY o0 0 Ry e Y 0 Y 0 .Y Ky REZ
Total AAYE a8,ay ATy AAYY 40,4) 19,07 a9,-A aA0A A AAd a9) aag
Si 0,30 oM 0.AY A .0 X\ IXE XY XY X OAF )
Ti “NA -0 =Y R A Y- N4 N4 R x4 .xa "
Al Y0¥ ARG v.ar Y FY Y Y YFY Y.SY YFf Y.AY Y £5 Y.00 YXF
Cr K oo L K L L o) o ) L K K
Fe® Ve CAP YA OV e . y# - YA Ve - FY CAY A CAY
Fe2t 1,00 v Af VLYY V.0V 5 cA. ne e .00 - FY 1.Ya
Mn 0 v ¥ 0 ~f o Y Y ) ) Y - f
Mg Y Y.0f v.04 v Y,.# vaf % YAy vay ¥4 Y.a5 YA
Ca VAY VAP VA VAV VAD VAF VLAY VAY 1,40 1A% VAY VA
Na .SV -0 .58 A 2y A -5 ¥l .50 N - F0 - FA
K Ry T N Y A N Y N0 Ry NF AT AT
Ni K o) K3 K L L o o) L L K K
\Vi oY oo oY K3 oY L K3 K3 K3 K3 K 3
F ,.T oy ,e ’.T ’.\ ’.f ’.\ ’.A "Y‘ "\‘ , ,.\‘
cl Ky oo K3 o\ K3 K3 Y ) K3 3 K3 oY
AV L Y4 YA YAy 1,30 Y, Y Y8 Y,f Y.,-q YOF v.a.
AV - BV .00 N Y - FA FY .Y YA - OY Ly _a - FF

XNaM, Y Bl . e e . e Y 8 A A .

Mg# -0 ¥l e N ¥ N S8 - FA " N -5 -0

oo dy25 slo Jgmiel alos [FYI N ol 0 Ti g [FV] (Ca+ Na + K) il 50 Siosla loges oolul
ailaie loarkiyee Sile 3T slacKin o d9ge Jsmiel sladiges (YVF L Y/¥A) CatNatK oo

G () 5 Kleo g /DY 51 5 i) BC&/B(C3.+N8.) Cd g 43¢5 b (S Y JS0) Sl 04,3 glil 51 o> >

Na ol wloly ouized ol S glgl 51 oad oy sl gl Y] Goipnds oluly 5 (/Y7



http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Na (a.p.f.u.)

2.0

1.4

0.0

K+Na+Ca

ol e pole

YA L.)L“"‘“‘G) 9 ).».:Ls Al E)Lo..f; A u\.L’>

5.

5SS Sy b SelS lo Jpeial 8350me 45 (V/F+ B VYY) NA+HCA olsee 5 (V) b +/FF (1)

b ol yen Seble oy,dT clacSins plos MG/(M+FE™) Ly 1o Sii Jlogas yo [FF (1Y US5) 0,8 oo

(o ¥ JSE) 0l o Siasleg 5150 oland S 5 AIVSFE™) s 4y azgs
T - o Paragasi
Alkali Al">Fe e
. agnesio-
kil .ﬂ sadanagite
o gnesio-
[2 tingsite
Na-Ca + = 1"'<Fe*
w =]
§ E Ferro-
e < paragasite
% [ﬁ %ﬂ Ferro-edenite Al'>Fe” Sadanagite
a Calcic Hastingsite
Al'<Fe"
10 13 2.0 23 30 8 75 7 65 6 355 50 45
Ca+Na (a.p.f.u.) Si (a.p.fou.)
o <
o -
< < Secondary
% amphibole
& ) Primary -~ Primary amphibole
amphibole f_’
N A &3
<
z
]
N
° Secondary
& amphibole
® o
— T (=3 T
5 6 7 9 0.0 0.2 0.4 0.6 0.8
Si (a.p.f.u.) Ti (a.p.f.u.)
)
((; &
()
z— Aé-A& Metamorphic amphibole
s | fefp
Y A
z
T o
M Igneous amphibole
L
55 60 63 70 75 80
Si (a.p.f.u.)

§03 ) (5L )1og05 50 Hlouidii yap Sudlo 9,31 (GBS (S gasiol (ol S 5 (0 TV IS
Soges (&5 Na ply 30 Ti loges (& (Ca + Na + K) iy 50 Siyloges (o (Leake et al., 1997) s J guniol

(Ca+ Na+ K) nly ,5Si


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Y# SlosS s Jlad ez ailate oy s ol 53935 lbosgi ominn )il Los 5 SIS o o5 (5Kt

LSl cualbo
Coale b slogaiel [F5] F0] conl las o LT slo ol sliond oS 5 b K ouijle sloSle conle
LEY] 55l 65 AL O3 4 KO« TiO NaO (e JISIT ol canle b sla Jgasiol b anslie jo JISUT
02,3 VOIVA BAYIOY oo AlO3 « 555 days Yo¥ b 1V/FO con TIOZ 6lls oads 43555 sla Jomsiel [FA]
MgO Na;OAILO3 Llis ,o TIO2 (e wlaly axiws 39 doyo VIOV B V/EY o NaxO 4 S5
ol TG b JIIT dilaie sloKiw o Jgmiel o3l LSl conls (Molina et al., 2009) K0 ,
lSiw ;8 S s ,me)| d9u g Jymiol 3529 LFA] 5l (Kiny Sl O olimets Jguial (5l (A JS2)
Joial oloord cuS 5 5l oolitul U 1) LSle O lime canl 039y adgl LSle jo OT woys ¥ 5l in S0k
N o5 rass Gl oo Ll cnl bl
H2Omeir = 5.215A1V*+12.28
AV = A+ (AIY/13.9) - ((Si+Ti)/5) - (CFe*/3) - (Mg/1.7) + ((PCat+"{})/1.2) +
(*Na/2.7)-1.5K - (Fe/1.6)
el 039 ST (FIFY :5aSilio) 0o, P05 B Y/ A )18 Jgesiol ysks i 55 sl le clowlns 3ol
Sloreas (18 xSl g Y B 210 o0l sy Sdiges (gl ond awle) MOH iolie 4 4z g5 L
saams LS5 slSle o] do+] LSl (M#<0.7) latug b 3 M#>0.7) lawisss Lo 5l casls

ol digy g aigS olge 5l Dogliee s > dilaie loails e Sble oy )31 slaKin 10 3940 sl Jgarial

=) =
Q Q
2 ©
PR . Alkaline
X Alkaline R«
t d =
S . Alkaline & S
< Subalkaline p=
Subalkaline
< <
Subalkaline
=) =)
0 2 4 6 8 0 2 4 6 8
wv on
Alkaline &
Subalkaline
~ o .
S o Alkaline
T Alkaline 3
S ‘% @)
> M
: | e
—~|  Subalkaline alife' &
Subalkaline
Subalkaline
o ‘ ‘ o ‘
0 2 4 6 8 0 2 4 6 8
Ti,O (wt%) Ti,0 (Wt%)

MgO 9 Kzo ‘Nazo ‘Alzog J.:LO» 39 T|02 6'&)'09&) 39 LDJMT ‘sala.o.un ws}: Y L)


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

so3l9> e psle VWAA lins) g 5l oF 8)let O ol YEY

O awlSgd

5 FE™T e 8 ot 1y LSle (50T a20lS58 55 oo Jpmbol 5 omS5im (stloond S 55 ool
Al gh Gl b a5 5bas 0l ks LU (50T 258 b b seniel sloar oS5 43 Al'Y
az o o 31 10Y] 05s o Sl Jmiel ol 5 5 (65t FETTFEY s i ame ()5S
oty 05T £S5 e 508 1Bl iy Jseeiel (oleond oS5 o FEZTI(FEP M) s
o FEH i [OV] ol LSl ST ailS's8 e 80iS s s FEHE e [OY] [¥A] cl Lo
Py Fe# e 5 asgte ST atslS 98 il A G - 18 o FEH e 50T ol aalS'sd Sl /8 6
Bauao i a5 Cal /O B /Y o 0dd 4325 sla Jgarial jo FOF ol ool Sl ST aewlSgs 5 oylo )
@B oS5 ) eslitul 5T anles byl oo slagty, Il LSle sbj 5enST anlSss
Jsseiel loorss a8 5 0 [0%] s AI'Y>21vo 5 Fel(Fe+rMQ) > ¥ cos s a5 ol oo Jsesial
YIYY G AVA ALY e iz ol i +10Y B e o FEI(FEHMO) o o0 oy sl
3V (5eS] anlS b s3g0me 4o Waaised plos [0¥] AIY i s Fe/(FE+MQ) Jlsgas po ol juiie
ool s5ba adsl SLaSle 31 jobi 5 o S 5o Jpmeia] SIS 50mT aipnlSs5 ialidl b (T4 JS) 56,5
Soke 0ad (ow)p sladsmiel glionds oS5 50 MO (i 39 0bj cnlpli dOF] 09 e 522 pgrjeta 5|
e ol 00Dy Ailaie Hloailiyga SBle ()3T laciw saijle GleSle (y5nST awlE g8 ogs oL

L00] 855 aulone ol oo alasly cpl (bl 1) 5T aalSgd e Jgmsiol (obiowds oS 5 5l ooliinl b

Logfo,= -30930/T+14.98+0.142 (P-1)/T

@l 1y S VAIBY (oSiles 5 L ~Y /28 b -)S/PA sog0mme ;5 laaiged oot dumslons y5eS] atpulS'sd e
5 osS9 id spial IS pgm 50 Byl el (y5aST ol atanlS sasna i ailaie (slo Jgreko]
LoSlo [07] olj oy5uns] atewlSsd Fols 095 ool o)y dilate sladiges ablie i ;0 ool sloasns]
b YL ok Aol )3 )3 (Som S sloaised 655,13 Grizpd ol diz o adlate Gla S ol
eslSsh Sl (o 8 Jsz) 2Ti+ Cr+ AV 1, s Nat AIY b g Jlsses o [0A] [ov] Fe**=0

el S gy S ek e p0 0l (5enS]

= 5
i = < |
Low 1O,
= 2]
= — - High 1O,
o0 . 8 4
= Intermediate /O, s = -m
+ 2 S P\
£ < 2 44 <<
= I ks .Z!
=
S HighfO, g < =1
© Low O,
N =
(=}
0.5 1.0 1.5 2.0 2.5 0.0 0.2 0.4 0.6 0.8 1.0

AlY (a.p.fu) A1l 2Ti+Cr (a.p.fu.)
tlonds <o 35 (0 Al il 0 Fel(Fe+Mg) 5loges 595 b smiol (orlowds cu 55 (T2 Jsid
2Ti+ Cr+ Al 15 ;o Na+ Al™Y ggommo jls905 595 crn's yt gl


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Yy losS By Jlad iy ailate Sy a5 1l 3905 slooogs o Lid Lod g SIS ot o5 S5

S 509,lg0 595

35 353~ Jgmial 9 5 oolisiunl by 2islod

L8]y o T el IS 9253 Jgial (SIS 55 51 olitil (395 sloodgs (5 yiage 555 Jpare sl s2s) 3l (S
il 7o) gieled Il wiiee pa b Jobss Jlo 50 ladigad 5t ;0 PR3l 5 Jsmiel la 5 155
Sl Ghey onl yo b okl b, wix > ddhie Cojge-g a8 jekd Job jo Lo o)) sl e
asl> 90 g sole Glajre ghls b sla SIS L as o5 ooliiwl oloJgmbol 51 ol Lo (g puSo;lul
3 XMy Na laie al 5155 036 slacKiw [0 ytage s ol 5l oolitul e L5 ] aiil (adguss) 28,
w5 oelol sl @PFU) VIV B F o Si e 5 (<1.8) ALY olie (0.03) Jsmiel oSy
ST b G jon o 3Siislrgy 5350 795 5| (miled (gl o Jguz) Jpmial 4 bgsypo (labais sloay 320
sadols olgaien 1y abayly ol oiwlos gl Wogs STy alils> e g p2 b Jolas jo aSuls colasul

T={(0.677P(Kbr) — 48.98 + Y,,,)/ (-0.0429 — 0.008314 InK)} and K= {(Si-4)/ (8-Si)}

Plag
XAb

oy jl2d Pyl i3l a8 50 b (39505 Slaws Sleipgls 250 oy sloo T alady 5o
] g ooty Ll ol 5 YA oo s I 5o el Jsa a0 X% L ligkss
Xap>0.5, Y ap=0
Xap<0.5, Y= -8.06 + 25.5(1-Xzp)*
Caysos S 30 b Usweel @55 Sy bl 00l drlms ol Jlr 5o Gl Dl 5 Joehol sloo
Sls plas 1y ol 5 ile dx 50 (ATYF . 5Le) AP L VAT oles b0 iz > ddhais

(VA% onelS 5 VAAF) cyigl Sbgy 31 ooliiuw! b cximwlod

Slos,S solatl miwles Glgie 4 Joial g l3le oS5 50 Ti 0358 Gl 5l eolatnl b ladses > 5
5 T Jlade 31 eoliial gycnl 5 LPYT aub oo il 33! Jgasiel Ma o8 sl 5o TH jlade Lo zalidl L[] )]
ool dute griwles jlgicay Jgmial (6 L3l oS 5

Sl se (S 55 Corabl b il alox 51 Jloplis sla SIS sgmg &g 4o V] il diiae (VAAF) 'l
Sl S g a4 axgi b 0,8 soliiwl xiwles sl Jomiol 5 t3le cuS 5 50 Th 05l lime gimles
gemolod 3l oolawl coads cw) p loails ee Sl slaSKin Sl )0 puwsS o yawl g ol alaz 3l Jlopgulios
3990 sl Jgmiol oS 5 40 Ti Ol o oolaiwl  miwles (gl Jgmrial (5 l3le cuS 5 50 Ti 09l e
(V' Jogoz) cuwl s o @apfuwoty 3oad gy loailijee Sl d Glaiw 09,5 g0 ,o 4o
L9V ] il o5 Jgesd Al Uoe, cnl 5l ooliw] b Jgmiel ol slos arloxe

T(°C)=1204 Ti+490
adlaio 9,5 09,5 90 1 (gl o5 il Az 0 VP LSS LAAL BT oled 8oga0me o g, ol (bl

FUW) Ml:u R .))540

1. Otten


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

so3l9> e psle VWAA lins) g 5l oF 8)let O ol (T3

b s o T plie @ atly (L3 5y, wiile a5 05 (e (ommales (35, (1A ol
ol 5l oo wil @PFUY /oA 5l 50S Jgial Jisle Jgo,3 50 Th olime 5145 & goimas [Vl Jonial
D9 o0 dumlne alayl)
T(°C) = (2816*Ti) + 445
09 g0 Ao O jg0indy Led asl @PFUY /oA 51 5k Jomiel i3l Jsesp 5 T lie ST
T(°C) = (980*Ti) + 600
ailaie ool e Sl 0,31 slacKiw ;0 090 sla Jgial CuS 5 j0 (T1>0.08) Ti ,0lis 4 a>g5 L
Az dilaie gy j500-9 05 5 g plS wiliiyon )0 Jeiol jshs glod pgd Jse b 5l ealitul 5 loyS wiz >
Lo¥] el pise o) il 4z 0 AMA B YAY 5 omiwles (3, Db b,

(T )L
(53585 sloodgs T slr Bas g 5Lid et 0 bt b el G leend 55 50 Al e
Wher Gl Jomial oS5 50 jlad all b AL luie wias e ol alSisloj] slagiags, [9F] o)l
S5 Lamms oS Lid g Lo o S ol b oS 5 50 Al glgis 5l oslinul b laizes olul ol VY]
WS e o)l ) 3l slasi
ol gy wiz 5 aiz > ddlate jloails e Sedle )3l slaSiw o Jomiel JoSi5 s p) sl
Lol dov] doal d] ws solicul Joaial ;o 8290 Al Gliee ool
)8 392y (ad alaly ol Lad g Jgmiel S 5 0 Al b 5 (miw i (sla sty 3l
P(kbar)= -4.76+5.64Al “@ r?=0.97 (Hollister et al., 1987) [s5]
P(kbar)=-3.01+4.76 Al r?=0.99 (Schmidt, 1992)[sv]
P(kbar)=-3.92+5.03AI"® ?=0.80 (Hammarstrom and Zen, 1986) [\]
5 o & Sy Jomdel Hold Lad ba g, plad jo el ooy o8 e 358 slabs) 4 Hlid aule mls
S e 35501 SbskS AV o S5le) AF B VY | ol Lid
St e s (sl 1y 25 Sl Jso el <S5 50 Al e ol (VAAR) T8990, 5 T 5ig
LPAL wols slpainy Jguie
P (+0.5kbar) = -3.46+4.23A1"® r?=0.99
dibie Jooilijee Suile 0,80 GlKiw ;o Jseiel sk lid ,sS0e Wsles Lululy ond plbwl Slwls
A o Lad Ll VIV Sl L VA L 10 51 1, wis >
1) LSl elocSin slo Jsmmial ;8 Al Sl aslil U lid eass gly Ty 5 Al (V< 18) o 5an 5 em
[ea] wo 5
P (kbar) = 0.5 + 0.331Al + 0.995 Al

1. Colombi
2. Johnson
3. Rutherford
4. Mutch


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Y#h SlosS Gyt Jlad ek ailate oy s ol 53905 slbosgi minn il Los 5 SIS o o5 5K

il 5 ,LslS MA B £10 dilaie lacSKiw 1o Jomiol jols (sl oue] covsdy JLad o by, ol 5l eslanal b
[5a] el JLsls VY

oS5 3 Al ety bid Joodal j5ls bamme jo )i (ess lp 55500 (55keg,bsss slabs, ples 5o
4255 )90 eS| aLalsh g Lo alox 5l jols (Saliasge 5 Jeloe oo @y g Cosl oud ools S plood
s osdle il oliond cuS 5 0 jaie ol Gliee 45 windiies [OF] Toanl 5 ' gyl (8,b 51 el 03923
b denbre sln 1) Wslee Gl b iina )18 (Sas 55 (5T a9 58 g jels Lo sles 4 jLud
50l olgion Jomrial jls las
P (+0.6kbar) =-3.01+4.76 AI® _ {(T ['C]- 675)/85}*{0.53 Al +0.005294*(T[ C]-

675)} r =0.99

4 S 535S b 5 200 2L Lok S A B0 (o Jlad g oS il ax o Av e B Fe e les o Ui, o
SeSl) AIY B P10 (s o oy slodigas 55 Jomwial Hobd 128 o e, ol bl [V-] 58 b ig, plo
oo Gial33l el jLad g oo (il b S slo Jgerial oS 5 50 TIO2 3 Al O3 50 sl LslS (VIY
3 Jgmiel (6,5l Jge,8 50 TH (yliee Jloges wboolp [V aiS o pois 505 AlO3 4y e TIO, laiie Ll
Jyene ssboas (114 JS8) 255 oo 518 Lawgie Lad sla Jysial 0g0m0s 53 0 (o) slacises [VYT AL L1
AVY] 55 ez i oo 1y 0058 (35 lr 3os ST oS ;5 Jpeial o0l alons j5l3 L2 5l anlazul |
slosy 3Tl Gas cnlply wanl @.73 KGIEM®) lo)5 &gy JE> nKils 450l & azg5 L [V
39 55k Bes b amt ol s ol (yeshS Yo B YY sgas iz > dilats loails e Sdle 30 slacKi
S 525 Jsial (SIS 255 (s 00 dnslons 55k slos b Bae cnl wizen [VO] 3l (6, 5le (Slios gy
Fr Lot Ay jo0 oleSle jols a5 o5 Ly e oo azml jo 0l Sls e 3 (0,5 sl A 0 AAF-YVAY)
Iyl dvs] DVl cat ool

oSyl Glamio 05)0 5 (Ul 8 (S letes) slelume Gliise Jsmiel (alord oSy 5 eolinul L
Syt TI02 3 NazO lsee «(I-AMPh) Glasin (5,0 sladases b das o sloJgmial [VA] 55 5l
Slye Sy 50 Blod cpl 5HIVAL w)ls 095 oS5 50 (S-AMPh) 2l g3 slalae slaJymiel 4 Cons
AVAD Jomel (Gloosd oS5 ) oolital b (ilogme; Lo et Jloged bl i)l 5 Slbgyen
Slazio G558 bz b b o slageiol glgil 4 hiled 5 (SLagyem 0350 )3 Fiian o (o) sladiges
e lsieds Olise 5 Usmiol mbond oS 5o AIVELE) s uimes (o ) JK5) ains o olis
a byrye VD 51 50 AIY e o5 Spsocnn 288 I o ladsmdel iSlacue; b sousShar
S Ll Sloowe] Wy LelS Ve sgus slalid o g cwed plix S lee) ladaowe (o a5 g.uJWT
5 (0,8 Jleb a3l>) (glo,8 Jlsd (glag o o a5 s o smsiel JSis Sl 03 V0 51 58 AV e
(X Jsoz) baigas mbiond S5 50 AIY e aazgr b LA T V] Wl LS5 JLsksS 0 51 jzeS L

sz, ddaie ool ee Sile w)ST sl ;o 04> 40 GLQJWT Ol plo Cenl 00gs VO 51 YL lie oyl

1. Anderson
2. Smith


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

s3> e pole VWA biano) g 5l ¥ 8l & al> Yss

o) S oy b ases ol o sloul ilye 3 a4y atly (slo,BB Jlad dcils sluire; dasee 3 ole,S
Ol i lio g o psS g gidS Sloasd cuS 5 iz AV 80 Slospa 15 becSiw opl J5 Shw oo
Gy @Bly 50 lase () 05,5 o )8 LS SegnSS Lase s3game jo (1Y ) (TIHCI) Ll 0 Ca
lolas 5ogamme ;o aiges ples [AYI F2 & FL cos (& g 0V e JS2) Jloges &b (axed slo,BB 9,0

5y oo )% (OFB) (osilidl a5 slacdlil 5 (WPT) slamivo (39,0 (25 slocdlil (logss;

ar V==
L (

© Low pressure =
R
B
G —
2 @)
q <
- 2 Z
= ° Midium pressure

<

(=

o
Apadbs
(=] T
1 2 3
Al (a.p.f.u.)
0.06
<

f;, Extensional A
& 004 &
e
“ .y
N/
9
' t 0.02
= Orogenic

0 T T T

0.5 0.6 0.7 0.8 0.9 1

Ca (a.p.fu.)
< C JS Al 2l 0 Ti Hloges (& Na,O Py SiO, Hloges @ 39 LbJ,.u.e.oT ol S 5 Ve S
Gl o (ruaai Slo10905 g1 (puiS gy PhlS (2 Lo oS (O

& S A
@l sz dilate jloaili;on Sdle ()31 SlaSiw g5, G oS5 5 B9 (e Gl b
1] Casdds )
o b &5 W DRl 5 Jseiel (S mpilS aSin Gl saias 1S Gl et -
Slodsmiol g5 5l ooy nl Glodsmtol 5 Cofgl 5 drnd oS Sy mstlS da S ard
el S Setolg 5380 09,5 15 5 SeenalS
OlFee ) oS il dx 0 AYE L VEA oo dogusme (DS db-ailijee S 795 mwbes &Ly -
il il 90 Sdle 1,31 GlaSiw (pl o b SIS opl Hsls sl lgicas


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Yey SlosS Gyt Jlad ek ailate oy s ol 53905 slbosgi minn il Los 5 SIS o o5 5K

45 Sy o0 Sl daSiw pl 5o s g ol GleanST Gla SIS 392y 5 Jymial oliord oS5 ALy -
ol 03 35 Lo 5 LT oujls (SLaSle 5T Azl 58 520

A RIS R O Y T P W PO R Y[ I S EC NS P PO
GroskS Yo BYY o8 ee o bosy onl s pSsle Jolae a5 0b 3,505 LslS (MY (ko) A/F
o

L)l S0k odsmiol 5§ (uSpmsnedS G gord ololy ooy (SigiSs oSsle gyp iz -
GloyB amino (y5)0 (o285 glalaze b (o) diz > dilate Jloailiyse Sdle 0,80 sloSin sloSin
o

SIS ol

S 50 SI008 Reghy nl Gl yad a9 Calem 10 05 10l slRAIS (e ple g (renb milie BuSCidls )

Iy So,a8 5 ,Sis S (ply jeaS o LELL oKuils jo gyg,500 6[@}¢JUT ploul (gl LaptslSL jgudgy 5l

- ool Sl 2le lataghy )0 len (sl jsremld rwdeze g jsrenld Slyzascs GLET I el

Sebes 61
&lw

1. Yang D., You Sun D., Gou J., Gang Hou X., "Petrogenesis and tectonic setting of
Carboniferous hornblende gabbros of the northern Great Xing'an Range, NE China:
Constraints from geochronology, geochemistry, mineral chemistry, and zircon Hf isotopes”,
Geological Journal, 53 (2017) 2084-2098.

2. Yan S., Shan Q., Niu H. C., Yang W. B, Li N. B., ZengL. J., Jiang Y. H., "Petrology and
geochemistry of late Carboniferous hornblende gabbro from the Awulale Mountains, western
Tianshan (NW China): Implication for an arc—nascent back-arc environment”, Journal of
Asian Earth Sciences, 113 (2015) 218-237.

3. Beccaluva L., Bianchini G., Bonadiman C., Siena F., and Vaccaro C., "Coexisting anorogenic
and subduction related metasomatism in mantle xenoliths from the Betic Cordillera (southern
Spain) ", Lithos, 75 (2004) 67-87.

4. Bonev N., Stampfli G., "Compositional diversity of the Evros ophiolite, Thrace, northeastern
Greece: Field occurrences, preliminary petrologic and geochemical data on plutonic
sequence and tectonic implications; Proceedings of Annual Conference of Bulgarian
Geological Society, 17-18 November 2005, Sofia", Bulgaria, (2005) 28-31.

5. Mandal A., Ray A., Debnath M., Paul S.P., "Petrology, geochemistry of hornblende gabbro
and associated dolerite dyke of Paharpur, Puruliya, West Bengal: implication for

petrogenetic process and tectonic setting", J. Earth Syst. Sci. 121 (2012) 793-812.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

w3l e pole WAA o) g by ¥ 8)loss b ol YFA

6. Debari S. M., "Petrogenesis of the Fiambala Gabbroic Intrusion, Northwestern Argentina, a
Deep-Crustal Syntectonic Pluton in a Continental Magmatic Arc™" J. Petrol, 35 (1994) 679—
713.

7. Hickeyvargas R., Abdollahi M. J., Parada M. A., Lopezescobar L., Frey F. A., "Crustal
Xenoliths from Calbuco Volcano, Andean Southern Volcanic Zone implications for crustal
composition and magma-crust interaction", Contrib. Miner. Petrol, 119 (1995) 331-344.

8. Wan B., Xiao W., Windley B. F., Yuan C., "Permian hornblende gabbros in the Chinese Altai
from a subduction-related hydrous parent magma, not from the Tarim mantle plume",
Lithosphere, 5 (2013) 290-299.

9. Yan S., Niu H. C., "Petrography and Geochemistry of the Wuling Amphibole Gabbro and Its
Implication for Iron Ore Metallization", Acta Geologica Sinica (English Edition), 88 (2014)
397-398.

10. Blundy J. D., Holland T. J. B., "Calcic amphibole equilibria and a new amphibole-17.
Fischer, T. P. and Marty, B., 2005. Volatile abundances in the sub-arc mantle: Insights from
volcanic and hydrothermal gas discharges"”, Journal of Volcanology and Geothermal
Research, 140 (1990) 205-216

11. Ridolfi F., Renzulli A. and Puerini M. "Stability and chemical equilibrium of amphibole in
calc-alkaline magmas: an overview, new thermobarometric formulations and application to
subduction-related volcanoes™, Contributions to Mineralogy and Petrology, 160 (2010) 45—
66.

12. Yavuz F., Doéner Z., "WinAmptb: A Windows program for calcic amphibole
thermobarometry", Periodico di Mineralogia, 86 (2017) 135-167.

13. Hammarstrom J.M., Zen E-an., "Aluminum in hornblende: An empirical igneous
geobarometer", American Mineralogist, 71 (1986) 1297-1313.

14. Sial A. N., Ferreira V. P., Fallick A. E., Jeronimo M. and Cruz M. "Amphibole- rich clots in
calc-alkalic granitoids in the Borborema province northeastern Brazil”, Journal of South
American Earth Science, 11 (1998) 457-471.

15. Murphy J. B., Blais S. A., Tubrett M., McNeil D. and Middleton M., "Microchemistry of
amphiboles near the roof of a mafic magma chamber: Insights into high level melt
evolution”, Lithos, 148 (2012) 162-175.

16. Tiepolo M., Oberti R., Zanetti A., Vannucci R., Foley S. F., "Trace-Element Partitioning
Between Amphibole and Silicate Melt", Reviews in Mineralogy and Geochemistry, 67
(2007) 417-452.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Y#a s By Jlad ki ailate Sy a5 1l 3905 slooogs o Lid Led g SIS ot o5 S5

17. Fischer T. P., Marty B., "Volatile abundances in the sub-arc mantle: Insights from volcanic
and hydrothermal gas discharges”, Journal of Volcanology and Geothermal Research, 140
(2005) 205-216

18. Wallace P. J., "Volatiles in subduction zone magmas: Concentrations and fluxes based on
melt inclusion and volatile gas data”, Journal of Volcanology and Geothermal Research, 140
(2005) 217-240.

19. Humphreys M. C., Cooper G. F., Zhang J., Loewen M., Kent A. J., Macpherson C. G.,
Davidson J. P., "Unravelling the complexity of magma plumbing at Mount St. Helens: a new
trace element partitioning scheme for amphibole”, Contributions to Mineralogy and
Petrology, 174 (2019) 9.

20. Meurer W. P., Claeson D. T., "Evolution of crystallizing interstitial liquid in an arc- related
cumulate determined by LA ICP-MS mapping of a large amphibole oikocryst", Journal of
Petrology, 43 (2002) 607-629.

21. Abd EI-Rahman Y., Helmy H. M., Shibata T., Yoshikawa M., Arai S., Tamura A., "Mineral
chemistry of the Neoproterozoic Alaskan-type Akarem Intrusion with special emphasis on
amphibole: Implications for the pluton origin and evolution of subduction-related magma”,
Lithos, 155 (2012) 410-425.

22. Mével C., "Evolution of oceanic gabbros from DSDP Leg 82: influence of the fluid phase on
metamorphic crystallizations"”, Earth and Planetary Science Letters, 83 (1987) 67-79.

23. Aghanabati A., "Geology of Iran", Geological Survey of Iran, Tehran (in Persian) (2004).

24. Ramezani J., and Tucker R. D., "The Saghand region, central Iran: U-Pb geochronology,
petrogenesis and implications for Gondwana tectonics”, American Journal of Science, 303
(2003) 622-665.

25. Haghipour A., "Etude geologique de la region de Biabanak- Bafq (Iran Central) ", Pour
obtenir le grade de Docteur es sciences natureles (1974).

26. Balaghi Z., Sadegheian M., Ghasemi H., "Petrogenesis of the lower Paleozoic igneous
rocks, south of Bahabad (Bafq, Central Iran): Implication for Rifting”, Iranian Journal of
Petrology, 1(2010) 45-64 (in Persian).

27. Sahandi M. R., "Geological map of Horjond 1:100.000", Geological Survey of Iran, Tehran,
No. 7450 (1995)

28. Mehrabi B., Karimi Shahraki B., Bazargani Guilani K., Masoudi F., "Early Cambrian high-
temperature dolomite of the Rizu Series in the Jalal-Abad iron ore deposit, Central Iran",
Arabian Journal of Geosciences, 8 (2015) 7163-7176.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

w3l e pole WAA lao) g by ¥ 8ot b ol Yyv-

29. Stocklin J. "Structural history and tectonics of Iran", a review American Association of
Petroleum Geologists Bulletin, 52 (1968) 1229-1258.

30. Droop G. T. R., "A general equation for estimating Fe** concentrations. In ferromagnesian
silicates and oxides from microprobe analyses, using stoichiometric criteria”, Mineralogical
Magazine, 51 (1987) 431-435.

31. Ulmer P., Callegari E., Sonderegger U. C., "Genesis of the mafic and ultramafic rocks and
their genetical relations to the tonalitic-trondhjemitic granitoids of the southern part of the
Adamello batholith (Northern Italy) ", Mem. Soc. Geol. Ital, 26 (1983) 171-222.

32. Sisson T. W., Grove T. L., "Experimental investigations of the role of H,O in calc-alkaline
differentiation and subduction zone magmatism", Contrib. Miner. Petrol, 113 (1993) 143-
166.

33. Sisson T. W., Grove T. L., Coleman D. S., "Hornblende gabbro sill complex at Onion
Valley, California, and a mixing origin for the Sierra Nevada batholith”, Contrib. Miner.
Petrol, 126 (1996) 81-108.

34. Dong C., Xu, X., Chen X., Zhou X., "Mineralogical record of the crystallization processes
of Pingtan hornblende gabbro, Fujian", Acta Mineral. Sinica, 17 (1997) 285-290.

35. Prouteau G., Scaillet B., Pichavant M., Maury R., "Evidence for mantle metasomatism by
hydrous silicic melts derived from subducted oceanic crust"”, Nature, 410 (2001) 197-200.

36. Costa F., Dungan M., Singer B., "Hornblende-and phlogopite-bearing gabbroic xenoliths
from Volcan San Pedro (36 S), Chilean Andes: evidence for melt and fluid migration and
reactions in subduction-related plutons”, J. Petrol, 43 (2002) 219-241.

37. Deer W. A., Howie R. A., Zussman J., "An Introduction to the Rock forming minerals. 2™
edition, single chain silicates”, Longman, London, (1992) 696.

38. Morimoto N., Fabrise J., Ferguson A., Ginzburg I. V., Ross M., Seifert F. A., Zussman J.,
Akoi K. 1., and Gottardi G., "Nomenclature of pyroxenes", Mineralogical Magazine, 52
(1988) 535-55.

39. Berger J.,, Femenias O., Mercier J. C. C., Demaiffe D., "Ocean-floor hydrothermal
metamorphism in the Limousin ophiolites (western French Massif Central): evidence of a
rare preserved Variscan oceanic marker"”, Journal of Metamorphic Geology, 23 (2005) 795-
812.

40. Giret A., Bonin B., Leger J. M., "Amphibole compositional trends in oversaturated and
undersaturated alkaline plutonic ring-complexes”, The Canadian Mineralogist 18 (1980)
481-495.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

™y losS By Jlad iy ailate Sy a5 1l 3905 slooogs o Lid Led g SIS ot o5 S5

41. Keeditse M., Rajesh H. M., Belyanin G. A., Fukuyama M., Tsunogae "Primary magmatic
amphibole in Archaean meta-pyroxenite from the central zone of the Limpopo Complex,
South Africa", S. Afr. J. Geol, 119 (2016) 607-622.

42. Brandriss M. E., Nevle R. J., Bird D. K., & O’Neil J. R. "Imprint of meteoric water on the
stable isotope compositions of igneous and secondary minerals, Kap Edvard Holm Complex,
East Greenland", Contributions to Mineralogy and Petrology, 121 (1995) 74-86.

43. Hawthorne F. C., Oberti R., Harlow G. C., Maresch W.V., Martin R. F., Schumacher J. C.,
Welch M.D., "Nomenclature of the amphibole supergroup”, American Mineralogist, 97
(2012) 2031-2048.

44. Leake B. E., Wooliey A. R., Arps C. E. S., "Nomenclature of amphiboles: Report of the
subcommittee on amphiboles of the International Mineralogical Association Commission on
New Mineral Names", The Canadian Mineralogist, 35 (1997) 219-46.

45, Princivalle F., Tirone M., Comin-Chiaramonti P., "Clinopyroxenes from metasomatized
spinel peridotite mantle xenoliths from Nemby (Paraguay): crystal chemistry and
petrological implications", Mineralogy and Petrology, 70 (2000) 25-35.

46. Avanzinelli R., Bindi L., Menchetti S., Conticelli S., "Crystallization and genesis of per
alkaline magmas from Pantelleria volcano, Italy: an integrated petrological and crystal-
chemical”, Lithos, 73 (2004) 41-69.

47. Molina J. F., Scarrow J. H., Montero P. G., "High-Ti amphibole as a petrogenetic indicator
of magma chemistry: evidence for mildly alkali hybrid melts during evolution of Variscan
basic— ultrabasic magmatism of Central Iberia”, Contribution to Mineralogy and Petrology,
158 (2009) 69-98.

48. Tiepolo M., Tribuzio R., Langone A., "High-Mg andesite petrogenesis by amphibole
crystallization and ultramafic crust assimilation: evidence from Adamello hornblendites
(Central Alps, Italy) ", Journal of Petrology, 52 (2011) 1011-1045.

49. Scaillet B., Evans B. W., "The 15 June 1991 eruption of mount Pinatubo. I. Phase equilibria
and pre-eruption P-T-f0,-fH,O conditions of the dacite magma™, Journal of Petrology, 40
(1999) 381-411.

50. Xie Y. W., & Zhang Y. Q., "Peculiarities and genetic significance of hornblende from
granite in the Hengduansan region”, Acta Mineral Sin (in Chinese), 10 (1990) 35-45.

51. Huaimin X., Shuwen D., Ping, J., "Mineral chemistry’ geochemistry and U-Pb SHRIMP
zircon data of the Yangxin monzonitic intrusive in the foreland of the Dabie orogen sci-ence
in China", Earth Sciences, 49 (2006) 634-695.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

w3l e pole WAA lao) g by ¥ 8ot b ol ANAS

52. Stein E., Dietl C., "Hornblende thermobarometry of granitoids from the Central Odenwald
(Germany) and their implications for the geotectonic development of the Odenwald",
Contribution to Mineralogy and Petrology, 72 (2001) 185.207.

53. Anderson J. L., Smith D. R., "The effects of temperature and fO, on the Al-in-hornblende
barometer”, American Mineralogist, 80 (1995) 549-559.

54. Wones D. R., "Mafic minerals as indicators of intensive variables in granitic magmas",
Mineral Geology, 31 (1981) 19-122.

55. Wones D. R., "Significance of the assemblage titanite+magnetite+quartz in granitic rocks",
American Mineralogist, 74 (1989) 744-749.

56. Helmy H. M., Ahmed A. F., EI Mahallawi M. M., Ali S. M., "Pressure, temperature and
oxygen fugacity conditions of calc-alkaline granitoids, Eastern Desert of Egypt, and tectonic
implications"”, Journal of African Earth Sciences, 38 (2004) 255-268.

57. Cameron M., Papike J. J., "structural and chemical variations in pyroxenes"”, American
minerals, 66 (1981) 1-50.

58. Marcelot G., Maury R. C., Lefevre C., "Mineralogy of Erromango Lava New Hebrides:
Evidence of an early stage of fractionation in island arc basalts", Lithos, 16 (1983) 135-151.

59. Holland T., Blundy J., "Non-ideal interactions in calcic amphiboles and their bearing on
amphibole-plagioclase thermometry", Contributions to Mineralogy and Petrology, 116
(1994) 433-447.

60. Blundy J., Cashman K., "Petrologic reconstruction of magmatic system variables and
processes”, Reviews in Mineralogy and Geochemistry, 69 (2008) 179-239.

61. Otten M. T., "The origin of brown hornblende in the Artfjallet gabbro and dolerites",
Contributions to Mineralogy and Petrology, 86 (1984) 189-199.

62. Colombi A., "Metamorphisme et geochimie des roches mafiques des Alpes ouest-centrales.
Memoires de Geologie", Universite de Lausanne, No. 4 (1989).

63. Anderson J. L., "Proterozoic anorogenic granite plutonism of North American"”, Geological
Society of America Memoir, 161 (1983) 133-152.

64. Simakin A., Zakrevskaya O., and Salova T., "Novel Amphibole Geo-barometer with
Application to Mafic Xenoliths", Earth Science Research, 1 (2012) 82-97.

65. Putirka K. "Amphibole thermometers and barometers for igneous systems and barometers
for igneous systems and some implications for eruption mechanisms of felsic magmas at arc

volcanoes", American Mineralogist, 101(4) (2016) 841-858.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

Yvy SlosS s Jlad wkim o ailate oy s ol 53905 slbosgi minn )il Los 5 SIS o o5 (5K

66. Hollister L. S., Grissom G. C., Peters E. K., Stowell H. H., Sisson V. B., "Confirmation of
the empirical correlation of Al in hornblende with pressure of solidification of calc-alkaline
plutons", American Mineralogist, 72 (1987) 231-239.

67. Schmidt M. W., "Amphibole composition in tonalite as a function of pressure: An
experimental calibration of the al-in-hornblende barometer”. Contributions to Mineralogy
and Petrology, 110 (1992) 304-310.

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

69. Mutch E. J. F., Blundy J. D., Tattich B. C., Cooper F. J., Brooker R. A., "An experimental
study of amphibole stability in low-pressure granitic magmas and a revised Al-in-hornblende
geobarometer", Contributions to Mineralogy and Petrology, 85, (2016) 1-27.

70. Idrus A., Kolb J., Meyer F. M., "Chemical Composition of Rock-Forming Minerals in
Copper—Gold-Bearing Tonalite Porphyries at the Batu Hijau Deposit, Sumbawa Island,
Indonesia: Implications for Crystallization Conditions and Fluorine—Chlorine Fugacity",
Resource Geology, 57 (2) (2007) 102-113.

71. Moody J. B., Meyer D., Jenkins J. E., "Experimental characterization of the green-
schist/amphibolite boundary in mafic systems", American Journal of Science, 283 (1983) 48-
92.

72. Hynes A., "A comparison of amphiboles from medium and low pressure metabasites”,
Contributions of Mineralogy and Petrology, 81 (1982) 119-125.

73. Hossain 1., Tsunogae T., Rajesh H. M., "Geothermobarometry and fluid inclusions of
dioritic rocks in Bangladesh: implications for emplacement depth and exhumation rate", J.
Asian Earth Sci. 34 (2009) 731-739.

74. Fanka A., Tsunogae T., Daorerk V., Tsutsumi Y., Takamura Y., Endo T. and Sutthirat C.,
"Petrochemistry and mineral chemistry of Late Permian hornblendite and hornblende gabbro
from the Wang Nam Khiao area, Nakhon Ratchasima, Thailand: Indication of Palaeo
Tethyan subduction”, Journal of Asian Earth Sciences, 130 (2016) 239-255.

75. Petrini K., Podladchikov Y., "Lithospheric pressure-depth relationship in compressive
regions of thickened crust”, J. Metamorph. Geol, 18 (2000) 67-77.

76. Richards J. P., "Tectono-magmatic precursors for porphyry Cu-(Mo-Au) deposit formation”,
Econ. Geol, 98 (2003) 1515-1533.


file:///C:/Users/samen/AppData/Local/Temp/WWW.SID.IR
file:///C:/Users/samen/AppData/Local/Temp/WWW.SID.IR
file:///C:/Users/samen/AppData/Local/Temp/WWW.SID.IR
http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html

[ Downloaded from gnf.khu.ac.ir on 2024-04-30 ]

[ DOI: 10.29252/gnf.5.2.249 |

w3l e pole WAA lao) g by ¥ 8ot b ol vvY

77. Kelemen P. B., Rilling J. L., Parmentier E. M., Mehl L., Hacker B. R., "Thermal structure
due to solid-state flow in the mantle wedge beneath arcs., Inside the Subduction Factory
AGU Monogr, 138 (2003) 293-311.

78. Coltorti M., Bondaiman C., Faccini B., Grégoire M., O’Reilly S. Y., Powell W.,
"Amphiboles from suprasubduction and intraplate lithospheric mantle™, Lithos, 99 (2007)
68-84.

79. Miyashiro A. "Volcanic rock series in island arcs and active continental margins", American
Journal of Sciences, 247 (1974) 321-355.

80. Vyhnal C. R., McSween H. Y., Speer J. A. "Hornblende Chemistry in southern
Appalachian granitoids Implications for aluminus aluminum hornblende thermobarometry
and magmatic epidote stability”, American Mineralogist, 76 (1991) 176-188.

81. Ghasempour M. R., Davoudian A. R., Shabanian N., Moeinzadeh H., Nakashima K.,
"Geochemistry and mineral chemistry of gabbroic rocks from Horjond of Kerman province,
Southeast of Iran: Implications for rifting along the northeastern margin of Gondwana",
Journal of Geodynamics, 133 (2020) 101675.

82. Nisbet E. G., Pearce J. A., "Clinopyroxene composition of mafic lavas from different

tectonic settings”, Contributions to Mineralogy and Petrology, 63 (1977) 149-160.


http://dx.doi.org/10.29252/gnf.5.2.249
https://gnf.khu.ac.ir/article-1-2711-en.html
http://www.tcpdf.org

