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Sample Area Index mineral Associated minerals
K-1 East Keshe Kaolinite Quartz+ Anatase+ lllite
K-2 East Keshe Jarosite Quartz+ Clay minerals
K-3 North East Keshe Kaolinite Quartz
K-4 North East Keshe Kaolinite Quartz +Hematite +Calcite
K-5 North of Keshe Alunite Rutile + Quartz + Kaolinite
K-6 North of Keshe Alunite Quartz + Kaolinte
K-7 Keshe Kaolinite Quartz + Alunite
K-8 Keshe Kaolinite Quartz + Alunite + Hematite
K-9 Keshe Kaolinite Quartz + Alunite
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Slsl,3 (Meyer and Hemley, 1967) sg oo JuSii
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el S 5 LaSw ol a5 amo oo )Lis 1985)
(Irvin. AFM ko Jloges 4 azg5 b (-7 JS2)

(A

Na, O+K,0

= Slaiass] slacKiw (o tpumds Hloges (I -F S
(Middlemost, 1985) _ulew Jolis ;o JSIT ggamme (wlul
&= (Irvin and Baragar, 1971) AFM  _lis jlogi (o
AT osgame j0 (oS5 )5 slodiges LeSle g9 (s
i 5l R2 Jolie 0 R1 logai (7 s S o )58

(De La Roche et al., 1980)  S54:S5 oo 00,5
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3ol o 9 c,g‘f_;jﬂs);‘l.; ‘Q,,JQJT A dus A W}ﬂ
Sladiged .l 00g0d colawl K g Na (Ca q5l5 4w
Joleie casgll Cumdge ;o dnlllas 550 ddlaie i)l
el (2350l mader (Zaiglly 5L o yek plessla
(S ot LgLo.b I u...-}” A S ‘5315 C)'.’.‘ el 00

Sl 5o Lasls cusgll (Kelepertsis, 1988) swa
5 Sl Jlmn bl Cog aS cul aid iy o,
(Creasy, osis o JoSid colag oYU aiy g5
as G,Lw.wl sl 40 .1966; Dill et al., 1997)
HoS oVl colles Sil coigll 2525 o ylo Lol >
YL il sl el cusgll ooty @Yl Cul
S5 e pliand J 1A 51030 S oo Ges )0 H9algm
) Yo B sl Ll o i iy L3
2l e g (GelS H Ta 58T ol
(Hemley et al., 1969; Dill, so- o oS5 laie

aid s Syl e eadile (cwlu! sla SIST.2005)

555 aihats I CoidglS g Cuiglly U gl sladigel EDS mls 5l (S -V Jsoxr

Sample Mineral Al,Os SiO, SO; KO Fe,O3 Na,O P,Os P,0O; MgO CaO  Total
11.3 Quartz-Alunite 10.5 85 1.8 3.00 - 100.3
11.4 Alunite 43.4 49.5 7.3 p 100.2
115 Na- Alunite 42.44 46.6 6.95 b 4.19 100.18
11.6 Kaolinite 44.65 55.30 95.95
11.7 Alunite 40.5 59.73 7.53 4 2.38 100.14
27.1 Alunite 38.80 1.03 42.29 10.36 0.82 1.34 197 1.26 0.92 1.19 99.98
24.1 Kaolinite 41.81 52.73 1.58 - - 0.88 0.86 2.08 99.94
24.2 Kaolinite 42.36 56.96 - 0.69 100.01
42.3 Kaolinite 4153 54.40 - 0.81 1.37 0.84 99.95
90 Minamiite Natroalunite
¢ 10 20 30 40 50 6o 70 80 90 Nay

5 yaS o 58 gl 5l —Cudgll odgaze 1o WSS sladiged (Click, 1999) cigll 09,5 o0lgils (gaipmds loges -V S
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S omly PH L (e )5 (S 500 jobe
SO,” PO (COS™ slayg Syl 5 Kol T YL
Wi S e 2l S slolb—w 2 CI 5 F
(Wood, 1990; Haas et al., 1995)
SleeS ol aloishs sloosls am azgi
8 —obie ol L) (V Jou2) S 0l
3 S S aghie Slow S e lize sloa iy
FSm o plor 35S pd il 2y ()

Dgds oo ytS @L»)fa slaay

Slpasy 30 S5 o ole jLd) ow)yp
S S

oyt il o ST ol jolie b, 4L55E o

a5 ogr tnl s b e ad)T I 0 S e 8

2525 e B Gl S0 oo il o polie
(Michard and Albarede, 1986; Lewis et al.,
9y y= s Slallhe iy aS Jls ,0.1998)

s sl slalase o Gl 5o sl
Lol )b o aS ools (L (6585 e sla, LS
VL Gl S bag S ol ,ole ol
(Arribass, 1995; Bissig et wgis 0 S e olo,S

al., 2002)

ICP-MS (g, 4 (o5 ;S dilate o oo 50 slagyg 0 (SB 50l olie olordiss; laiolejl gl =Y Jsax

Sample Zone La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
S-1 silicic 16.00 25.00 5.58 8.90 1.66 0.09 0.87 0.75 1.90 0.47 0.91 0.07 0.63  0.04
S-2 silicic 3.00 20.50 3.20 6.61 1.20 0.05 0.73 015 0.75 020 0.52 0.09 057  0.10
S-3 silicic 10.01 19.10 2.20 7.70 1.70 0.07 0.87 0.25 1.40 0.31 0.82 0.18 0.97 0.12
S-4 silicic 6.25 10.43 1.50 3.30 0.63 0.08 0.50 0.08 043 0.12 0.50 0.06 058 0.06
Ad-1 Advance argillic 40.00 78.00 9.80 36.00 5.20 0.80 170 0.32 120 025 068 0.09 0.53  0.06
Ad-2 Advance argillic 102.00 14.02 48.00 6.80 0.63 4.80 0.73 3.40 0.73 2.20 0.39 - 2.50 0.35
Ad-3 Advance argillic 60.00 101.00 9.20 23.10 4.20 0.89 201 076 221 037 089 015 076 0.11
Ad-4 Advance argillic 53.00 70.00 8.70 25.60 3.21 0.45 0.92 0.18 0.66 0.13 0.67 0.08 0.32 0.08
Ag-1 argillic 120.00 190.00 20.32 71.00 14.50 191 9.30 1.33 9.62 169 470 073 5.90 121
Ag-2 argillic 90.00 180.00 19.00 67.00 12.00 1.85 8.70 1.40 8.80 1.40 3.70 0.67 5.10 1.10
Ag-3 argillic 109.00 172.00 20.20 67.00 13.02 2.05 9.01 150 9.20 1.71 320 035 490 0.67
F-1 Volcanic rock 67.00 130.00 - 9.01 1.90 - 1.01 - - - - 340 -
F-2 Volcanic rock 65.00 120.00 7.80 1.70 0.91 2.55

F-3 Volcanic rock 73.00 140.00 9.30 2.01 1.01 3.01

U Fl slodaises) adhis ol o So 6 sl Xw b Slw )50 aigy

095 1y S el olie olos jal S «(F3
ol eSis [ Slo a5 (A JSS8) ves o las cwadiw

oSS el 5 ub pH g oo b el jo asg,

bl b Sy, s
o)l 35 >g 39 03 )
S9 S99 09—l o 00 L Sl 5

3 o a8,

(Knight, 1977)

Wood gy oo plol ol allas olwl o
Slod (ol (395 = Sl 5 (198 4)
o Yy &y gelinST ol PH (<300°C) (sl
Ol 90 eSS e Jale ol jgdly (Sl 3
Sad malS 095 ol yo el Slilsw G 095
Ao Kly 45 09 o 000 S ol ole
Luld o adgl slaslS an o g ¥k aanl
Sl (PH<2) Gml— L= pH
1999)

(Fulignati,

Loz S 5 ol ol auglio
Ly oS 55 acilaie (S US4 (cladiges) ool smmpows
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Volecanic rock

10

Advance argillic
zone

SapleChawlrite

Fu Tb Ho Tm Lu
Ce INd Smm Gd Dv Er Yb

slSin ;o (S ol jobe Sasly o6 anlie -1 S

a8y Sl gy (gladiged 5 oS S dilaie Slaids]

Oy o 0am0 1 JSh 0 a S 5 bl oo
leas Sos 5 ¢ Lo LREE I Soi ¢
A Comd Sl S0 4y ) ;o Lo HREE
3,18 05 >g WS, S adlie Slsassl slaSw
(Ad-4 b Ad-1 sladises)
ad, i Sbs,l Slw 5o 095 40 La LREE
Gl Jgs 3 4 cigll (g sl a9y
S5 o=l sl jo 0s—i o AB3(XO4) (OH)s
A28y 0 el 5355 > L_» LREE
55k i) cigll ool s
(Arribass; 1995) wisd co 0asd HS Jlo i ol

LSL“’(“" o 50 (Ean

200
100 -

E Volcanic rocks
'
g
6 10 5
T :
; -
% ]
1e E
0.5 -

La Pr Eu Th Hoe Tm Lu
Ce Nd Sm Gd Dy Er Yb

ClaKin o S 5l polie SuiSTy 655 alio A IS5
sk ity sladiged 5 (5,8 dilate Jlazas]

600

100

Sample/C1 Chondrite

10 I — (-

Eu Tb Ho Tm Lu

Ce Nd Sm Gd Dy Er Yb
Ajja.l.oQ.l‘LS.:JQ")")TL'”)‘QL.J;.)duéwjkrj;d.ﬂa@@wiéb&)béb)bbﬁt&t;..\.lf‘).;‘_gji”d.u.;.u.o—\’JS.JZ


www.SID.ir

70 Oledal Jlod (1S 5 pliwnsS (Slo )5 sl Lo 55 53 (SB 530 g b polie 1) (o g (cords) i omlidine)

Qs o JSis o jail ST —cjail | S
bt S 5 (olendgs il bl
aalais Ie 6.59.55 9 @LNM] LSLD&N o..\j)‘LM) ‘_gLo.fLo
2 gl Slzass] slaKiw o SlwSs
SLagygy Gy .l sad o oy 4 ola iy
095 &S (Sygmedn Sowl Oglite WSS 50 Sl S
095 IS (655 ey dnmgs S5yl g Soilys
g 4Bl (ygeis ) wlecSols & jgody atd iy S
095 09y° »° 03STn sl fdn Sjygots (pdiw (95
el SIS eyl dilaie cpl o 0l 1,8 L3,
Sog s la gl Mﬂ 09,5 sla SLS 5,la5sL
3 90 adlate Hlos] Sl wangll sla SIS Jloges

Dy oo 5y
S S sy 3 SB ol polie 180w, 2
adsl Sl pais] Ko an & i oS =S aalais
Ol | (oo (393 5o ymolis el (Sob 5
o=l o La sl YL oginl o 4 a5 aies o

olie il iy STyl ey 50 el 00 (gl
Sl o pud ol ey S S j0b
i S ol polic 5 I K sl 4 ol
S 0 olie STL35,T g5 50 aoladl zals
5o yolie ol 09,9 Cdeds a5 wilos S oy o8l

ol SIS L5 ) sy sl el

@‘b)-\é 5 s & ee
C)_" )_»5& OA_S)‘)‘ 61_‘:5@1_0.@1) )‘ u[fd..»_w.:y
1 O i 555 5 Ll spame 555 it

S 0L olie oloerdsss slrosls & azgi b
rolis (gl wusy oo 5 4 (WSS gz il )
9y SO | )l.. L PREES | -IGJ‘)M-’ ) L;L> )*5[3
P S oL ele L;M(_ge‘., Oy e el 0010
ol (9 o=l o A el cudw Slo S Ay,
Ay 0 ey e lid Sub 45 S el pelie
S S 00 yole b i, J“b))l Sl 5o
Ol 5o sl s ‘;M SOV PR PP AR Ve
9 el sloo Lz jo e S 4 o
0= S92 9 ol PH L bLS )| o« iy Sebs,]
S ol pole el 3 v el Jhw o Sladguw
009 Vb (S Silyg 9SGkl sloasg 5o
Sl (WIN) S 1o by s 9 pH

yole bawslio o (oK S 0l olic 5,45
Loysas> 4 did i g_i,.l.,)ﬂ gy 50 S S ol
ol phpe Sl 5o 5l Jol> G I 90> pus
oS S cez adhie oo S S S ol
Sobsl dgy (08 g8 e Sudell SIS 9g2g 5
D9 ge S (S ol polie jlais iy

g o S ol nle i (Sod s
aS o)l Jlw jo olie plcdale Gi......, &.L))T
Ol 8l zmed (olerdisSo s bl il Ol s ags
Joaile, Sle 0 olic gh o ool oy IS
slaolidlw Lols o o cpl o LS oYL

gl o 35yt gz IS wiile (sl

SlaKiw ;0 ;518 slaonsy 5 (S Glo S
6[-@&;-»& ‘g.',«_.w‘ k)us)j dﬁ.b.;.n )Q L'J"‘“'Sj‘ LS; P .....—‘
)“ LS“") ,.._.....5 5 — S)_, aslaie Q—.’.‘ 4o ul-‘)-w @l a "

o=l S Bz (e 45 Wl s B el


www.SID.ir

WA e oiid o)lah 30 Jbo ecs5)s % 55

Soyad g 5hhd oKl Clidon S 5 leasl Opmized WAUS o ST Gadod Cpl el plodl 4
g oo oBils gl e Cigles Jo slriules
&lw

(a28) 555 gz adibate Jloyis)one slagse il sonmi555 5 3sls (PS5 sla,n OYAY) o (GG
Ol Ol 9aS (omlidiime) Glajlo e pole aSimghy bl (cwlid )5 asbibly

Olpl (olprel loaal olKiils (6 28> Al (938 bl aw g b 95 ¢ 22,8 55!

ol el gl oSty ) fpuslis 5 4l (eSS

O i sl ey lojle LT (5eS \lem VIO v o bl alai 700 (VYY) o soal)

Arribas, A. Jr. (1995) Characteristics of high sulfidation epithermal deposits and their relation to
magmatic fluids. Mineralogical Association of Canada Short Course Series 23: 419-454.

Bissig, T., Clark, A. H., Lee, J. K. W. and Hodgson, C. J."B. (2002) Miocene landscape evolution and
geomorphologic controls on epithermal processes in‘the El Indio- Pascua Au-Ag-Cu belt, Chile and
Argentina. Economic Geology 79: 971-996.

Celik, M. (1999) Minamilte and alunite occurrences formed from volcanic Emanations. Geological
Bulletin of Turkey (42)2: 89-97.

Creasy, S. C. (1966) Hydrothermal alteration. 'In: Titely, S. R. and Hick, C. L. (Eds.): Geology of the
porphyry copper deposits. University of Arizona Press, Tucson.

De La Roche, H., Leterrier, J.,-Grand claude, P. and Marchel, M. (1980) A classification of volcanic and
plutonic rocks using R1-R2 diagrams and major elements, it’s relationships with current nomenclature.
Chemical Geology 29: 183-210.

Dill, H. G. (2005) A comparative study of APS minerals of the pacific rim fold belts with special
reference to south American argillaceous deposits. Journal of South American Earth Sciences 16: 301-
320.

Dill, H. G., Boss, H.-R., Henning, K-H., Fricke, A. and Ahrend, H. (1997) Mineralogical and chemical
variations in hypogene and supergene kaolin deposits in a mobile fold belt-The Central Andes of
northwestern Peru. Mineralium Deposita 32: 149-163.

Fulignati, P., Gincada, A. and Shrana, A. (1999) Rare earth element (REE) behavior in the alteration
facies of the active hydrothermal system of volcano (Aeolian magmatic islands, Italy). Journal of
Volcanology and Geothermal Research 88: 325-342.

Haas, J. R., Shock, E. L. and Sassani, D. C. (1995) Rare earth elements in hydrothermal systems:
estimates of standard partial molal thermodynamic properties of aqueous complexes of the rare earth
elements at high pressures and temperatures. Geochimica et Cosmochimica Acta 59: 4329-4350.

Hemley, J. J., Hostetle, P. B., Gude, A. J. and Mountoyoy, W. T. (1969) Some stability relations of
alunite. Economic Geology 64: 599-612.

Henderson, P. (1989) Developments in geochemistry, rare earth elements geochemistry. Elsevier Science
Publishers, New York.


www.SID.ir

4 Oledal Jlod (1S 5 pliwnsS (Slo )5 sl Lo 55 53 (SB 530 g b polie 1) (o g (cords) i omlidine)

Irvine, T. N. and Baragar, W. K. A. (1971) A guide to the chemical classification of the common volcanic
rocks. Canadian Journal of Earth Science 8: 523-548.

Kelepertsis, A. E. (1988) Formation of sutates at the Thaphes area of milos Island: Possible precursors of
kaolinite mineralization. Canadian Mineralogist 27: 241-245.

Knight, J. E. (1977) A thermochemical study of alunite, enargite, luzonite and tennantite deposits.
Economic Geology 72: 1321-1336.

Lewis, A. J., Komninou, A., Yardley, B. W. D. and Palmer, M. R. (1998) Rare earth element speciation in
geothermal fluids from Yellowstone National Park, Wyoming, USA. Geochimica et Cosmochimica
Acta 62: 657-663.

Meyer, C. A. and Hemley, J. J. (1967) Wall rock alteration In: Barnes, H. L. (Ed.): Geochemistry of
hydrothermal ore deposits. Rinehart and Winston, New York.

Michard, A. and Albarede, F. (1986) The REE content of some hydrothermal fluids. Chemical Geology
55: 51-60.

Middlemost, E. A. K. (1985) Iron oxidation norms and the classification of volcanic rocks. Chemical
Geology 77: 19-26.

Parsapoor, A., Khalili, M. and Mackizadeh, M. A. (2009) The behaviour of trace and rare earth elements
(REE) during hydrothermal alteration in the Rangan area (Central Iran). Journal of Asian Earth
Sciences 34: 123-134.

Pourhosseni, F. (1981) Petrogenesis of Iranian plutons, a study of the Natanz and Bazman intrusive
complexes. Report no. 53, Geological Survey of Iran.

Torres-Alvarado, I. S., Pandarinath, K., Vermal, S. P. and Dulski, P., (2007) Mineralogical and
geochemical effects due to hydrothermal alteration in the Los Azufres geothermal field, Mexico.
Revista Mexicana de Ciencias Geolégicas 24: 15-24.

Wood, S. A. (1990) The aqueous . geochemistry of the rare earth elements and yttrium: 2. Theoretical
prediction of speciation in hydrothermal solutions to 350°C at saturation water vapor pressure.
Chemical Geology 88: 99-125.


www.SID.ir

4 Petrology, 2" Year, No. 8, Winter 2012

Geology, geochemistry and behavior of rare earth element in
the hydrothermal alteration zones, Karkas Mountain
North of Isfahan

Mohammad Ali Mackizadeh * and Batoul Taghipour *°

! Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran
2 Department of Earth Sciences, Faculty of Sciences, University of Shiraz, Shiraz, Iran

Abstract

The Eocene volcanic rocks in the south of Karkas region have been subjected to alteration
by hydrothermal and the late magmatic fluids. These volcanics are acidic to intermediate
in composition and they show calc-alkaline magmatic affinity. A regular distribution
pattern is not observed in the alteration zones. The propylitic zone forms the outermost
part of the alteration facies. The propylitic and argillic have mostly a sharp boundary. The
latter zone is characterized by kaolinite and veinlets of iron oxide (oxidized pyrite). The
advance argillic zone, as dyke outcrop, occurs within argillic zone. It is also characterized
by widespread alunite occurrences. On the base of EDS analysis and using K, Na, and Ca
discrimination diagram, the acid-sulfate minerals are alunite to natroalunite in
composition. The silicic zone is exposed the vicinity of advance argillic zone. The
geochemical studies of rare earth elements in the studied altered zones indicate that silicic
zone is depleted in REE, which may be deduced by high water/rock ratio and high activity
of ion sulfate. The advance argillic zone displays LREE enriched and depletion in HREE
which may be due to the presence of abundant alunite and the replacement of K by LREE
in its structure. The REE-enrichment in argillic zone is notable. This can be related to the
low acidity and immobility of these elements in this zone.
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