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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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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.; ‘c,g:.ijﬂ A dus A W5JT
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 Lch.b I u...-}” A S ‘5315 C)'.’.‘ el 00

Sl 5o Lasls cusgll (Kelepertsis, 1988) swa
5 Sl Sl Ll Sood oS Conl b i (o)
(Creasy, osis o JoSid colag oYU aiy g5
as G,Wl sl 40 .1966; Dill et al., 1997)
HoS (VL cudlad Silo cudgll 352 e o Lxl dl>
GYLs 3l slmy! sl gl ooyl ¥l el
S5 e pliand J 1A 51030 S oo Ges )0 H9algm
o) YU Ll Aol Lyl po aid iy S35,
2ol eols; ez g (09l TH Tas ST by
(Hemley et al., 1969; Dill, so- o JoSi5 laie

b iy S5l sy eaile swlul sl SIS 2005)

55 alise ) 55 5 iyl 6 iyl slowipns EDS s 5 Y s

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 - 100.2
115 Na- Alunite 42.44 46.6 6.95 - 4.19 100.18
11.6 Kaolinite 44.65 55.30 95.95
11.7 Alunite 40.5 59.73 7.53 - 2.38 100.14
27.1 Alunite 38.80 1.03 42.29 10.36 0.82 1.34 1.97 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 s e 70 80 e Ne

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
bl )b o aS ools (Lt (658 )5 e s, LlS
Y Gl S g S ol ol ol
(Arribass, 1995; Bissig et wgd oo S e olo,S

al., 2002)

ICP-MS (b5, 4 (o5 ;S dilate o oo 50 slagygs 10 (SB 50l yolie olordiss; laiulejl gl =¥ 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 25.60 321 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 - - - - 3.40 -
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

095 0 1y S ol ole olas el s «(F3
ol JeSis [ Slo a8 (A JSK8) aes o las cwadiw

oSS el 5 b pH g Lo 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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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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