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Origin of scapolite in plutonic rocks of Panj — Kuh
(south-east of Damghan)

D. Esmaeili, M. Sheibi, A. Kananian

Department of geology, Faculty of Science, University of Tehran, Iran.
E-mail: esmaili@khayam.ut.ac.ir

(Received: 10/12/2003, received in revised form: 27/07/2004)

Abstract: The mineralogy and origin of the scapolite crystals of the
Panj-Kuh area (S-E Damghan) has been investigated. Based on textural and
field observations, two types of scapolite have been identified. Type 1
scapolite consists of fine to coarse grain crystals which are mainly replaced
for plagioclase in the pluton body. The type 2 as veinlet and vein ranging in
thickness from few milimeters inside the body to about few hundred meters
in the margin of the body that present close to the iron ore deposit. It seems
that the formation of the first type of scapolites is related to the circulation of
NaCl rich fluid around of the intrusive body, and the second type has
directly been precipitated from the hydrothermal fluids. The extensive
aboundance of scapolite-albite zone in intrusive rocks and specially between
body and a volcano-sedimentary sequence suggest that the formation of
scapolite was accompanied by an alkali metasomatism which has been
derived from the evaporate sediments of that sequences.

Keywords: mineralogy, scapolite, Panj — Kuh, Damghean, alkali metasomatism



VALY °BSG"’ Ls.b?.m 83g8 )2 WJ'B.J:ISAJI oKl

doo Al
SragdeS 0 dlols 0 5 (655 0 Glal Glazsla azly A5 (n S et 13 058 gy 42U
OFFY' 5 Bn Jo b OFYY a ol ol oLdlas Slasses o)ls )13 clials 5,5 wosix
eads g bly prolz g8 (opix Aeble g 095 VVD e 555 b 5o g el Jlads o0
Sypa Ll degomma 3 i3 Glae 4 Cdgllul I sl i e (1 S8 !
L glead, Sypoar b g ond a5l cpiilar 355 Al )0 0huga 5 J5s 1 aslllas
d=B e 5o pre B Sl e B ogSgySm 0 58 Siaishes s il sleclius
NG FRVAR A

sl o8 polie 5 (MiCa,Na, KOMeTirOreA cagas J3o8 b ol olSii 098
sosl> sl alos (SO CFF COMY ol ol clygng, T AL 5 T Si Al &s
(Me: CarALSiz0rC) g 5 Ma: NagALSiaOreCly ol le ol liae! o
ols—e 4 (Me: CarNaALSKOCO) Cobguns dY B V] 22l ye j0 aims o oS5 |,
whlo oyl lsd ls e 4y NarCaAkSLOwCD 5o 5 Lalls DLy, gl s ol
-4z (CarAlSi;OrS0¢) ostol dF] am o jo wlons a3 & Ja s olsl wly 8. l8
S el L el S5 0590 45 e 00l il 9,555 5 menedS (6l fo Clad e
ddozr 5l ool ey i lide Slidume ;3 Syl (gais ) cd 23S J1E Lulis
a3l S lgmmnS O] SIS SIS (sl 5 e pn e slawml 5 50 gl
kS L35V F Leid Sy Ll 5o (2l S slacdyyj [8] clsiol e L,
Slbh ole S slpdslone L bolil jo 50 5 [NV 5 sl 558,80 lean [ o 3
L oas o )55 VY] (303 glaesss

i m e e} D
! et EE
! t “‘“i";‘_‘_m [ e
e P i
H s ks
5 :.4
j; .‘_‘
] ]
7
! 4
i T e =2
- ;
4 Ea T .
J
/
;
/
.;:
/ o
p / ot Sl
5 g ol ]
I & e
Is
L F S ey -
< »lé: ¢ e
B > o 0 2MKm
j— sty . By

WS po 0L (0 ) anlllae 3550 5,008 4 IS 0pS Am b LSt e S aden Baa Y s



u'.:-_..]-:.i.s— 'L_';»':‘j) GU_JI,:J'—lA.uJ‘ YAy

SV9i 895 Al 5 bl o LSl slaygls 5 calises b gy g0 e opl 5o

3 ey S5 e 4l 0 (G onl Suies ST slasnl B g Al (Syxe oS iy

hime — S5l adaiia Vo io alaite YO oS50 adaiie Yoo 5l e Ll ol g ol azd §
J.J.S; J‘)é defllas S350 9 %XRD )Jl.ﬂ éus.o_) L

oo g ddlrin  cawlids iy )

i 3 (Sded 8355 31,5 45 IisTay wienh 0390 1 S Ly Saigishy 5 sl Slia ST
ooten oY 50 Ly gliaasT- ragd Al Sy 0950 @ caalllan 3590 8508 giz g 35
LJ‘&JLS—A 'l) A.xjua.o J)B.n Z.EJ:ILAJQ d:._‘il._:‘ QB-WJ LSi""" Lgl.md.}lj LJ'?-J:""‘Q’" w! o&gg o‘).o.h
Sgb g og g 0 Sy g a8 3,5 e 09,5 de 4

@MT — el AL GRS — Al

oo g ousld o 1,0glSE ) glasgamme b (Slsy - iy Aoy S oSy ddkaie o
Slaasl g 5l xiy glaaVile 5 Siwawle 5 Job sloag¥ 5 ogls 4y for g
L,;_;L_‘.ﬁ_c..“..-l slzeilof b s ( Kiw dule 5 Jud degomms (ol b oo aol] b~y
By cowye allis )l el adnfe igd e cdeng ¢ edly - c.g“}_x.ﬂ N VWL
rtd IYA] o )3 el ssal e BB 934 (g5 £33 (3,5 33 g gtz Caas 1

CI PRV CLIOIR SIS 1| N I PP FEWCATY S P 251 i Alss

e
Sl i (253500 aalllan 3)50 heml giz 5 S e (At 55 4 0Ty (5098 B398
ma Dypo i Ui gl e (et el S —Sigiige I S
S 05Ty (63585 5355 gSens oo e S S5, 5 S 10 b sl ol
ol S 5 g 0o 00 b awgie Slat b S Cdl glhis Gl jebo an Lol 45 aeo e
ST oy oSS 08,5 a8 e & g ok — Suigiige f Lol o]
5 il g il g ool Sl 5l Sy s dS g CSner TN (gl ) jlmels
5 sone b K onl digd e Cgaime kKin nl 25 sl 2 teges Sl il 90
sleman g3l e 15 oS glasgfan wilond gl o ediws o42e S s 4 al8
CodgalSnsl olF 5 c gl g S Sy by Glsals JSIT 5 M3 la S5

Aol ns

3 el U Loas, symg w0, o )lil 5l 4 gl oo byl 53 a8 ol jlo 55
et '_Qj 45 Suoy g0 ).L:.z Ay g Sl Ls.':g.fa.i 8395 Q‘.' 3 .ﬁ.\?,n._ C._‘_:JB_;LS..J LSLQ‘.“JS
(U YLSLQJS.HJ) KHI b)){f%)y.i Q.g')fg_b 4 U;)!JS 6;""}?:' J.....'



VA OBSG"' 5.}594 5&9.: Je HJSQLS.\J Kl

G e R

(Rt VO lesS )30 St 50 00 (Sl oSl (Gla S 9, 0y 3l osnd® j5i pgead ¥ I8

45 558 bagr o Zendt T Sl gl SISl (6 reds slaan; Seahad jb ppal RS
Lol Tr olaid ) wilenls azigs Sl 5 5,L0 5l puitns aloas

Ul YO oledE ) 30)



bl s daelow] Va¥

OF Ggelrat 9 Fime 097 ol U 4 garxe -
el 4285 olo 2Dgdl B3g5 Jlaud 4o 4 ‘S)L.\-GL..Ji_ comtpd Allas 19,0 as L"AI Sheils”
danlte 5 adle sy amd 13 i3 550ty jauj0 Allis Wil o dihais (WS> 3boyes;

el 00l o5 Ll 5,008 o canaY Ll
5% (50880 bagt aY amo e lis Ll Cios 4 (63085 B3y 9,0 3 Solaiacen ddlas
(O JS) wleads Bud Sl g il 5 Cael o 510 wend T -0 ! sla SIS 51 ol
Y5 e g 039 (FnDhgh 5 S8l (Sl pSag Km0 (o lid SIS degeme o
Cghy wzasbl il ) Q'| BBy g dend 895 S g A10 dgam (oo lSll G S
555 v M Sl b oG Gl plad jpam (F IS2) ol 00 oSt ool
Sl it IS asgazme cnl )3 Ul 5 Cudsts 252y w2 S 18 0l 0 5 X

2l ) s e (003 0 paow J 8 et Ay LD (gla ) Lwals Sl S0
z\_bfa U‘JB‘ ;L.A)ksp)];u do el O\.‘A.AT Dg2-gdy Ls.)}(.b Lgl.ﬁ){j a.-a.k )| o u.‘....sj)..__:_ lJ o\fo.{h
[ SRURIN PR YV QRN | ESCU Y W) S NPV P3| SV ISPV GO P S DA S B
50051 sla ol O ygoa a5 Cuil and LSS4T coseBa 3l oS pal Sl ) B p
coiler an (B a b an 5 odda le o aS wies SLadl ol ghls su,als s
Grls e slails 0o b e caalie S n B b ol o (V0 5 jXaS) Co SIS g g 1

iyl Dgm s Culia b ool par 30 St einS L Sudan 5 g Dogaal 5 leS

NEPR T E¥) SV L JUOVE PPN YETR- LY WELE IR I | AN 91 o BV SR ) o



LS oS iy (S48 8055 4O Cad oSl ol

S B
- L_Qj JERCI VL L gy ails LSas a8 ailesd anslis golb; ol ola LS (586
an Gl g JUe (lgie 4 ke e g0les 50 g (5 s sl S B S slaa!
D18 5l s Bacie ans JVF] ogei o)l Ll il g lindl3E s, 5o oo LS
ol sloal ial 0 g U8 (63l ,50 laan) b g 0al 38 50 (&t slainiia
odT il 25T al oIS 50 ot ol JS85 55 Cotpte &S T L il e
sl onlpln iloss 1S5 Jole 5 55 lps 5o Solla g il Wl 3 (slaaiys
ol 22 u,.,sl; ol S

S Bl a S aoms e LS 595 de sletmghy bl L awdlias 590 dilaie dslao
aS oyeke s wienl 428, S polie ail s Sl o Yhoio! 15 oSy Al jo ColglSul
1 gidibae Sl o Jio 5 o S oS 3U ablis dalllas 5 ol e anlsd Yy
it ki Ly 0355 e 30 liadlS BRS04 (5358 B3 oo Sl 05Ty

8355 35 yo 50 g g S8 —gow 5 Saaw S, 5ol el slaacgams — il
ol iep jgd S (o3 £35S gaagilS § Sei Joeohel) Mg 5 Ca i 22
UL QR SN I Ca g Na g=95 B jlaie o ailal alaly 4 LS
Dy gn Dy S 3 Au 5 Cu Fe pla

Shmad g dda wlgs oS gdadi BagT o8 gim bl jo ehg a Sl Ls’l“’)f‘:’ -
Solm adoyo onl 53 052 g0 Jhow Zuwh (ateiia j53)) 25 Jhaeald gla sl S0 g Sarigen
3._:...‘3[.7’ )‘)CU'S Fe LS‘-‘) ‘UISMSM LS......JL:J L.S‘;L"'J)fo ujas 4............:5.)33 )S).q )i st_j...‘!
Adtedud LSJMT le{.i.-...a Q)BL?LQ g

as e ol 5 (V Jedo) Ko plean gty glasals (ol alsl el
Lt S 5 b (S 4 €0 s NavO 5 Lo 5 Cusigipe w8 5 b (i 38y &5
T )L:..:" o JaJlls) uql 3530 0 6).&.\.:4.‘) Sledlsl 7 uls..u S 30 J.J._\..:l K\'O )! )L\..JJ...J
)_.aL..c L_J._:La.a 2 Ca0 g KVO :Naro LJ_“' erl.z..a )_.aL.c )L'Z_é) LLQ)!.}},&J L)"‘ 5o ..DJ‘K
s e Gldi by slew B ool (g1 e Ly ilond gamw i TIOY 5 2000 L0l



WSV s Ol elon!

V48

o5l SheaShs 5o g e by S0 Gl ecein S o cd SS gy

bS] 5ol ol plo e aitia b Sudgn 5 Lty pge dauls u

a Cled jo g Na 5l e dds wan Ca il i il e SO oS il 5l ol

deslllae 050 8 1S sladiges ol jon 4 P S5 (glo lages wish o bad K 5 22 W e
wileods e ,gt ¥ IS e

O30 e 055y (53985 0355 31,55 &5 Sy o Sl 4 (i ool waled 4 4o L

)1 L—DO}L—VJ LJ""‘>J> i g bJ;J.aL Lg‘la; JLMJLA & -.:J)s.a a2 ) \_"_;l...._n.....ﬂ :\JLJJ

heiso eh9ds g ;s glasl 4o 9 6355 5,8 A Lﬁo)l..ih oyl el san d_LofLa sloo bl
CBJQ_...: FEE] Q-)B_: )‘ C)LD- St A LQO)L_.J _“‘)L‘-’S M e LSJL.J;J ‘LS)S)"
uuw% & u_i.u.ul.._v 6DL{J;J S o ‘)JQ;M’ L_S‘Lm d.:.....ab J.) oJ.JBdu [} )J'ua.o.ﬂpf

ol Sl 5 S eySan Al ledasT - tagd Ao o g e gloo L sgmre Lil
Sy e A 4l el en)S n IVFT L il g B s, T L L agmls
aiane gladesh 2o MO 655 oo Lo ) ol gyl (LS5 sl p3Y (slial a8
J.u.ul.: ol u.uois

— ‘5.|_4| )_.aL..c Lng_L_._..\.S| D}'SC“‘J 15‘35'“" 0345 e L‘;L&i"““ LSJL-MSEJ ).:.]L_i CJLo.J \Jj»\’
Al PP >y Olel Jolie 4 iy do)d s

3 Y Y ¥ I3 4 ¥ A g Yo i Y
Si0; § ativa ass S04 av B ABAY  AFSE OEFF OFF DFYF ATAY  ATAY
TiO. Y -8 - AY -4 LY <iFA FF -4 CEA ¥ ¥ ¥
ALO: | vaon 1q VAY VAR WATY O AATF VATE YALNS 1ARE YYVA v
Fe O, ] vas UTY -89 YEY VY - 4r AR Yad Ty AV YA Y.aT
FeO | vy 1ED 147 v Y. (B33 LYY 1.4y Ty Y.g vy Y YA T AA
MnO 5 Y A 2B “A- 4 i .Y .9 oA LV 5
MgQO | v¥v AY TAA VAT AAL YA TVA - AN VYA TS T AN Tah
CaO 58 T 48 TAY AAS Y9 ASS TAY Y Y AYA AR (32}
Na, ) Y VA V.Y BAY Y YEA Far ffy AR Y £FA Ty
KO Jyve.n  #a . ¥F FAY ¥ £ L) YAY FAY 1A avy sy
P.O, Ty N - &% AT Wt Y -f . ¥y T LV SRy )
b ar VAR VEY B 4. 8N ks L raq Y- VoA
Sr YYAC 1eqe YAV 03 [N A T A A V- Y VAV VUF. Ay
Zr ey VoA VDA YYL e ) V-A Vi WY YA AY.A V1A
Nd Y Yary oy Yo8 \EAY Yy Y Trf A T4 vEA Y5
Y Y- Yy T4 YT AR VA4 VYA 1art Tex Yy YoF Yo




14y ﬁgSC—J 639.9.: 5035 Ie CA:}_QJS..J oSols

ZoRiG 300 -

200} (.\/., -
/ .
L]
100
z 6 v 8
NaQ
3
500 T r
‘I
.
wor / \ |
Zn’l')(}2 300 - 4
200 - / -
—_—
. AU Y
100 o 2.0 0.1 92 0.3 .4 0.8 0.8 [
Kpl{NaaD-l-K:DL

G i A Lo S @ e W
= Ca0 ;55 (CO)KO (B)Na,O {(A)Ca0 coer o Z1/TIO, slon)loges P Sl
bassa L a8 Ll Cagr o 0a Sy shpasses s~ (D KO J (Na, 0+K,0)

29 g il Cufgm 5 Satew (S gyt & Sgige (Sl 5O s

1000,

E T plgmtite ! T ; P
- :/ . '\\\ Quartz motzonite I
T | " Cranodiarite ;
K e, o T
e JEET AN
_ et B, Na
100 = Grraite ., AN Y s
. s + Toualite
- Parent :
RO - Pacert ._ i
rocks - |
10 ! Diorite
5 4
i Gubbro -
i Plutonic ;
Kocks B
100 1000 10000

Sr
oSz pla ) Gk b a5 gy ool sleSiw Y] ST s pRD a2 )8 Jlogal ¥ S0
-t ol |y e )8 B g, Ll s e plti 1, Ca g Na K 3 S g8 wilends
Lolaads 55)3]; Js..:':d.:._...ﬁ p_‘a)LcL. d.......‘l_L:l.n ;"{))':-' ogfc..; ¢LB-L.3_¢_ ] ST )



ALtk Ve Gl el VaA

S g3 (5! o1l
ol il )1 ghlite iz Sy 3,90 30 3l Cdg ISl S Sigka 5 olSauls
B g5 ) 1 SIS 514 58 Syl 323 T s o5 550
DV AY] sloals o alod o 28 18 (235Ty 45 condS 5 S5 o1 40 4 losle
Aoy S35 bag T Sl bl 15 ez ae eyt il [YY B Y- )i ) K0s 5
Jle Dlyie @ dims o Sond ljee GleSiw 50 (55055 glaarY I gris slao Ls g
2w cdgyiSul Sz s NaCl gola oVl glagl 25 5 1] o Sen § 8
waled go ol I cnl JS25 (sl ) 3 L3Sl 5 0350
¥X anorthite + Y'Y albite + X calcite + (NaCl) fluid = Me,Ma,

el ol e Ma 5 Cuigee Me ] s oS

shoadcsame ;0 a8 wols L [YA 5 YV (Y2 Y0 08 TP aloosl (g Lo puiiizes
St b pains jo o 4 Me/Ma e alSiolejl 5 onnds codglSul - 1S 50
B )8 ale s (Jolis 8,10 5L8 (oS 5 005 dltuly S o S 150,
Al e badlllas CulgplSl S o 4 oot CodgolSd LSas 2381y 595 o
255 e g om glitio 09,8 90 |, 0557y

§3g 0053 J 3o jo blas 5 0 a8 cgliiul co s s b b 3, la,el -3
ot NS 9 M Kl

S g b olied 45 (2 Nogil T 08l gl g St Laogin B 3y sl sl Y
e S 5,00 Sl gl ate talie 5 Ly gleaf) 0 oliie jgbay Sl g il (o r0)
53 el Sl Bl Ly s K el a8 SIS degeie (nl aileads diigs
L 59985 5355 19,5 w5 Koo 12 50 oanliio ) jrandeo aiz Cuslnd b olaaf),
QLS 828 b b0g5 Juaddhy & jglome 10 9 1 andlor jo 2o 00+ 31 2o alies & (s I3
S 00 e Bk 5 B |y bl aegazme nl ol Sl 55 26 e ssalic
2 sol> guiaily 052y pae eizmed 5 dg) s b g dei 4 528 Gl (530h5 a0y
ol et Sl a el ool S gladiges

el gl (sliadls b g 5 acdsl Lol degarme o 0g2ge (1L Ly, 4 4z L
e 53 el S G3la by fas s (6,05 5 g0ty IS (ol 45 sy 0 Jla5 4y
295z &l )0 udglSlul laiga 5l o plonl XRD (gla bl .ot oal 39351 Lna$
ot U ol V] gl 5 s 5 ong codl o 95 51 naigad nl o5 i oo o)Lt
=i o Sl jle LS gl dudis 4 0gd s JoSzs NaCl 5 e s ls 8 collas
i ST 2 IVE Gl Baie & 01 opdle o leaS Ly By il s
5 Na i 2 b CudgylSal LS5 @ ot 0)L5 VL olie vl sli,S oL A0 40



A G;C_u LS‘;NT:" 339.7 5o \_A:J?liﬁ-dw bl

Lo} 6yl S paitns 808liue 3oy 5 (5 ks 9 lg0 52 and b onl 295 o C
ials a5 gy Al 55 Jlie (sl 4 2900 sl aallian 3550 > 5 0 (T sl
i Y le g (Gne 8T 5 e 5 St SHE oY sazs 4 Ol e
sgam gles ;o U e ga cad Bl VY] ol o 5805 b 2 8 o5l aaile L

ol oo dsmaar s NaCl Jse 75+ 3 oS glao)ls 3t ¥4 -7°C

Cadalo g g vy
2 el S yge 93 @ oS ahy (sDah 358 LIS asgame Figode lsie 4 Zolg IS
y_ga salive wlonds 4ty glo)T 5)L5 3 Lariies a5 oleanS ) 5 134, 5 S0
sals L ss ol e g 3 4l ol Sgy 8t sla el oS 5 XRD gleosls bl
395 sl Bad sl ojlso (sletidu )3 Mk 5 ol Sl o (L Laglyy 0
e an oy Jleizl 4 a5 000 0 )lh - Se At al8 5 2ol aalilas o5
g S sl KL Ss and et Ay (g3g0 Bag5 ksl o ple 5 (slae L
o 03505 & gla)F 0 )lh j9e Ayl sren lgets 395 5 0335 Jlow Slyz el

ielr LYol 0 (63980 (slgfanm jo oodslint ol slajsl s JoSis
505 U elpan Laa €, 50 15 Culpliinl (sm ik el ol o 0S5 Jolar
3 oo b 4 (il 3 5555 oSl e d lowalB JSITLLLD LI (slals
el 0 A oleyS ol

oS iy Al bl e JolST 53 057 ge e b 2 o3 BB et et
icgame Jlianil - iy sleass> ;5 3smee 5 s Slaa¥ a5 L gl ol ol
el g5 SdglSent LSss g NaCl gl 550 (sloo L el 3525 crgo [yl
sl jes 1) S zse sledond g laey;s (Bl Jolse AR D92s (al b il 50d

us)f o.L.Z.)U

o yad
spSmig (5354 835 sliendely 5 (Sidlsrn muy SN b Jol agh n
L as c DYY/ESYO b,lans an oyl Lhails a0 08,50 L (bals (5,8 wogia)
58 aiman o plal 15 sl pale baSadls taghy p e Siglee o Sl
Seiia s 080}y ddiaz 55 (LT kel sl dalads 1 gl Gl plac!
gas o5l Loy (i sUBT 5 (100 o8iils als o o mone slascl sl
oyl jhal canas a8 Wl sud solinul 15 liels abpgle sl Lole Cipe p s

S5 (6l Fen



&ty

[1] AITKEN B.G., "I-XCO2 stability relations and phuse equilibria of a
calcic carbonate scapolite”, Geochim. Cosmochim. Acta 47 (1983) 351-362.
[2] ORVILLE P.M.. "Stability of scapoliie in the system Ab-An-NaCl-
CaCO3 at 1 kbar and 750 °C", Geochim.Cosmochim. Acta 39 (1975) 1091-
1105.

[3] LIEFTINK D.J., NHLAND T.G., MAIJER C.. "Clrich scapolite from
Odergdrdens”, Verk, Bamble, Norway", Nordsk Geologisk Tidsskrift 73
(1993) 55-57.

[4] TEERSTRA D.K., SCHINDLER M., SHERRIFF B.L., HAWTHORNE
F.C.. "Silvialite, a new sulfatedominant member of the scapolite group with
an Al- Si composition near the 14/m-P42/n phuse wransition"”, Mineral Mag.
63/3 (1999) 321-329,

[5] WHITE A.J.R.. "Scapolite-bearing marbles and calc-silicate rocks from
Tungkillo and Milendella", South Australia”, Geol. Mag. 96 (1959) 285-
306.

[6] SHAW DM., "The geochemistry of scapolite, Part il. Truce elements.
peirology and general geochemistry™, J. Petrol. 1 (1960b) 261-285.

{7] LOVERING J.F., WHITE A.LR., "The significance of primary scapolite
in granulitic inclusions from deep seated pipes”, 1. Petrol. 5 (1964) 195-218,
[8] STOLZ A., "Fluid activity in the lower crust and upper mantle:
mineralogical evidence bearing on the origin of umphibole and scapolite in
ultramafic and mafic granulite xenoliths ", Mineral. Mag. 51 (1987) 719-732.
[91 DAWSON J.B., "ddvances in kimberlite geology”, FEarth-Science
Reviews 7 (1971) 187-214.

[10] GOFF F.E., ARNEY B.H.. EDDY A.C., "Scapolite phenocrysts in a
latite dome, northwest Arizona, USA", Earth Planet. Sci. Lett. 60 (1982) 86-
92,

[11] KERRICK DM. CRAWFORD K.E., RANDAZZO AF.,
"Meramorphism of calcareous rocks in three roof pendants in the Sierra
Nevada, California”, ). Petrol. 14 (1973) 303-325.

[12] Arranz [Z., Lago M.. Basti Jand Galé, "Hydrothermalscapolite related to
the contact metamorphism of the Maladeta Plutonic Complex, Pyrenees:
chemisiry and genetic mechanisms”, SCHWEIZ. MINERAL. PETROGR.
MITT. 82 (2002) 101-119.

[13] Collins 1.G., "Hvdrothermal differentiation,  Theophrastus
Publication”, S.A. Athens (1988) p. 382.

{14] Rudyard Frietsch, Pakka Tuisku, Olof MartinssonEarly, "Protrozoic
Cu- (Au) and Fe ore deposits associated with regional Na- Cl melasomatism
in nathern fennoscandia”, ore geology Review 12 (1996) pp [-34

[15] Serdyuchenko D.P., "Some Precambrian Scapolite bearing rocks
evoloved from evaporates”, Lithos 8 (1975) 1-7.



Ty 0aSaiy (§3ad Bogi 0 Lo iSul oSl

[t6] Serdyuchenko D.P.. "Boric—sedimentary—metamorphic formations”,
Editors volume: Voprosy Sedimentologil, Kongresu Copenhagen (1960) p.
132-140.

[17] Oteroom W.H., Gunter W.D., "dctivity models for plagioclase and CO3
scapolites— an analysis of field and laboratory dara”, Am. J. Sci. 283-A
(1983) 255-282.

[18] MOECHER D.P., ESSENE E.J., "Phase equilibria for calcic scapolite
and implications of variable Al-Si disorder for P-T. T-XCQ2, and a-X
relations™, J. Petrol. 31/5 (1990) 997-1024.

[19] REBBERT C.R., RICE J.M., "Scapolite-plagioclase exchange: CI-CO3
scapolite solution chemistry and implications for peristerite plagioclase”,
Geochim. Cosmochim. Acta. 61/3 (1997) 555-567.

[20] KWAK T.A.P., "Scapolite compositional change in a metamorphic
gradient and its bearing on the iden- tification of meta-evaporite sequences”,
Geol. 114/5 (1977) 343-354.

[21] Moine B., Sauvan P., Jarousse ., "Geochemistry of evaporite-bearing
series: o lentative guide to the identification of metaevaporites”, Contrib.
Mineral. Petrol. 76 (1981) 401-412.

[22] Vanko D.A., Bishop F.C., "Occurrence and origin of marialitic
scapolite in the Humboldt Lopolith, N.W. Nevada”, Contrib. Mineral. Petrol.
81(1982)277- 289.

[23] Owen J.V., Greenough 1.D., “Scapolite pegmatite from the Minas fault,
Nova Scotia: tangible manifestation of Carboniferous, evaporite derived
hydrothermal fluids in the western Cobequid highlands”, Mineral. Mag. 63/3
(1999) 387-397.

[24] Shaw D.M., "The geochemistry of scapolite, Part 1. Previous work and
general mineralogy”, J. Petrol. 1 (1960a)218-260.

[25] Mora CI., Valley JLW. "Halogen-rich scapolite and biotite:
implications for metamorphic fluid-rock interaction”, Am. Mineral. 74
(1989) 721-737.

{26] Markl G., Piazolo S., "Halogen-bearing minerals in syenites and high-
grade marbles of Dronning Moaud Land, Antarctica: monitors of fluid
compositional — changes  during  late-magmatic  fluidrock — interaction
processes”, Contrib. Mineral. Petrol. 132 (1998) 246-268.

[27] Ellis D.E.. "Stability and phase equilibria chloride and carbonate
hearing scapolites at 750 ° and 4000 bar”, Geochim. Cosmochim. Acta 42
(1978) 1271 1281.

[28] Huckenholz H.G., Seiberl W., "Occurrence of carbonate scapolites and
their bearing on geothermometry of (high-temperature) gramulite facies",
28'th Int. Geol. Congress, Abstracts, Vol. 2 (1989) 79-80.

Olejles « 0apT (lidies; lootay JoT g o i up sle v s3ljazaiga (Y]
OTBYY HSo ) lady 355 1,588 oslidpees



