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Keywords: alteration zones. The unaltered tuffs belong mainly to lithic-crystal tuffs and crystal-
Ei?;?r;g?}ngtjgh,’w&s;o?;lance' vitric tuffs and are composed of quartz, plagioclase, biotite, K-feldspar and opaque
Nyagh, Qazvin as well as lithic clasts and a considerable amount (up to 40 vol. %) of glassy matrix.
The XRD analysis results show that montmorillonite + alkali feldspar + plagioclase
+ quartz = illite £ kaolinite, are the mineral assemblages in the alteration zones of the
study area. However, due to the greater abundance of illite in the Nyagh district, its
bentonitic deposit is of higher quality than the Ardebilak deposit. Major element data
suggest that Na;O, K,O and to a lesser extent Al,O3 and Fe;O3 are depleted in the
alteration zones. Whereas, SiO, and CaO show different behavior in two study
districts. It means that in the Nyagh area, SiO; is enriched and CaO is depleted.
While, in the Ardebilak area, SiO; and CaO are depleted and enriched, respectively.
In both areas, REEs show enrichment in the alteration zones, while Eu has a
prominent depletion (especially in Nyagh) that may be due to alteration of feldspars
and leaching of Eu in the aqueous fluids. Except for Zr that shows a considerable
depletion (ACi=-53 in Ardebilak and ACi=-64.91to -84.97 in Nyagh), other HFSEs
(especially Nb, Ta, Hf) were immobile during alteration event. It seems that the hot
and very acidic (pH < 4) or alkali fluids may be responsible for Zr depletion in the
altered zones. In conclusion, it seems that a hidden granitic intrusion in the fractured
zone of Nyagh could be responsible for heating the circulating fluids in the tuffaceous
rocks. Such a conclusion is verified by more altered tuffs (montmorillonite + illite +
kaolinite), the basic dyke swarms and a dacitic dome near the Nyagh area.
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Introduction
Bentonite is an industrial name for an ore

which  contains mainly  smectite  (or
montmorillonite-like) with particular
properties of swelling and water absorption.
Indeed, bentonite presents strong colloidal
properties and its volume increases several
times when coming into contact with water,

creating a gelatinous and viscous substance.
For this reason, it is known as a “swelling” or
“plastic” clay.

The clay to which the name bentonite was
first applied was formed by the alteration of
upper Cretaceous volcanic ash in the
Wyoming/Montana region of the the United
States, and early definitions of bentonite
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indicated this mode of origin. However,
further studies have shown that some clays
designated as bentonite on the basis of their
composition and properties have had other
modes of origin, namely, in situ alteration of
tuff, hydrothermal alteration of igneous rocks,
and deuteric alteration of igneous material
(Grim and Giiven, 1978). Depending on the
nature of their genesis, bentonites will contain
a variety of accessory minerals in addition to
montmorillonite. The presence of these
minerals will affect the industrial value of a
mined deposit, reducing or sometimes
increasing its value depending on the
application.

There are some bentoitic deposits in the
green tuffaceous layers of the Eocene Karaj
Formation in the north of Qazvin. Because of
the short distance between altered and fresh
outcrops, it is useful to study chemical changes
of alteration zones by the mass balance
calculations. Interestingly, there are two
adjacent bentonitic deposits in the same
stratigraphic  level that show apparent
similarity in the outcrop but different in
alteration grade. Thus, the nature of bentonitic
deposits in the area and finding the effective
chemical parameters in their genesis are two
main goals of this study.

Geological background

The study area is considered as a part of the
Alborz zone located on the north of Qazvin
city (Fig. 1), and its stratigraphic sequence is
equivalent to the Eocene Karaj Formation.
Asiabanha et al. (2009) divided the
lithological succession of the area into three
main facies based on facies analysis as
follows: 1) subaqueous volcaniclastic facies,
2) lava flow facies (including basic-
intermediate lava flows and acidic domes),
and, 3) intrusive bodies (including parallel
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trachy-andesitic dyke swarms and monzo-
gabbroic body).

Although the volcaniclastic deposits in the
north of Qazvin show a great variety in
lithology, they can be grouped into two sub-
facies: pyroclastic green tuffs in the lowermost
horizons (Fig. 2a) and epiclastic tuffs in the
uppermost parts (Fig. 2b).

In some outcrops especially in the Nyagh
and Ardebilak districts, the epiclastic sub-
facies were altered into the bentonite (Fig. 2b).
However, the original fabrics are still
preserved, such as the unmineralized layered
tuffs and the relatively unaltered dyke (Fig. 2c,
d) in the Nyagh district. Although, the
mineralized deposits in the area are exploited
for the ceramic manufacturing, the altered
deposits show some chemical and
mineralogical varieties in different localities,
even in short distances.

Materials and methods

Geochemical considerations and mass-
balance calculation procedures in this study
were done based on the method proposed by
Grant (1986). Therefore, 8 altered samples and
2 unaltered samples were analyzed (Table 2).
Samples were crushed and pulverized in an
agate mill and analyzed by Inductively
Coupled Plasma Mass Spectrometer at the
ALS-Chemex Laboratory, Canada with the
lithium metaborate/tetraborate fusion method.
A portion of the sample pulp is mixed with a
flux (lithium metaborate, LiBO>) that lowers
the melting point. The mixture is then heated
in a muffle furnace until molten. After cooling,
the fused mass is digested in 5% HNO3 and the
resulting clear solution is analyzed.

We propose 1.85 and 2.68 for the densities
of altered and fresh samples, respectively
(unpublished data from Industry, Mine and
Trade Organization of Qazvin Province). The
mass-balance calculations were run by
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EASYGRESGRANT program (L6pez-Moro,
2012), and the results are presented in Table 3
and Fig. 4.

Whole rock geochemistry and mass-
balance calculations

Major elements

Fig. 4 shows the major element variations
in two bentonitic deposits of the area. While,
TiO2, MnO and P,Os are apparently immaobile,
Na,O, KO and to a lesser extent Al,Os; and
Fe,O3 show depletion in the alteration zones.
On the other hand, the oxides such as SiO, and
CaO show some differences in both areas. It
means that in the Nyagh area, SiO; is enriched
and CaO is depleted. While, in the Ardebilak
area, SiO; and CaO are depleted and enriched,
respectively.

Mineralogically and texturally, the
mobility of elements could be explained by
silicification in altered samples of Nyagh,
illitization and sericitization of feldspars
(depletion of CaO and Na,O and enrichment
of K;0). Although, the Al,Os is proposed as
an immobile oxide during alteration and
weathering, Karakaya et al., (2012) suggest
that the acidic fluids dissolve and transport it
readily.

Trace elements

In both areas, REEs show enrichments in
the alteration zones. While, Eu has a
prominent depletion that may be due to
alteration of feldspars and leaching of Eu in
the aqueous fluids. Except for Zr, that shows
a considerable depletion (ACi = -53 in
Ardebilak and ACi = -64.91 to -84.97 in
Nyagh), other HFSEs (especially Nb, Ta, Hf)
were immobile during alteration event. Many
researchers (e.g., Nesbhitt et al., 1999; Jiang,
2000; Jiang et al., 2005; Karakaya, 2009)
believe that the hot and very acidic (pH < 4) or
alkali fluids may be responsible for Zr
depletion in the altered zones.
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REE diagrams

Fig. 5 shows the REEs diagrams of the
altered and fresh tuffs in two mineralized
districts (Ardebilak and Nyagh) normalized to
chondrites (Nakamura, 1974) and upper
continental crust (Taylor and McLennan,
1995). The prominent signatures of the
chondrite-normalized REE plots (Figs. 5a, b)
are as follows:
a) LREE enrichment relative to HREE (about
10 times): According to Muchangos (2006),
segregation of REEs in the alteration zones
could be resulted by more stability of HREEs
than LREEs in the alkaline solutions.
b) Slight enrichment of REEs relative to the
upper continental crust: Karakaya et al.,
(2012) propose two reasons for this
phenomenon: (1) low ratio of fluid to rock and
thus low degree of alteration and (2) leached
REEs may be absorbed by secondary phases
such as chlorite, epidote and illite. However,
REE diagrams normalized to upper
continental crust (Fig. 5c, d) may suggest that
the unaltered rocks have a continental
tendency.
c) Negative anomaly of Eu: According to
Sverjensky (1984) and Bau (1991), depletion
of Eu from altered rocks may be produced by
dissolution of Eu-bearing phases (especially
plagioclase) in hot (> 250°C) hydrothermal
fluids. Such a conclusion is verified by Ca and
Na depletion in the altered tuffs. On the other
hand, some researchers (e.g., Honty et al.,
2008) state that Eu occurs as Eu*® under
diagenetic conditions and thus could not be
dissociated from other REEs. However, it may
be mobile in the higher temperatures and also
in alkaline and reducing environments, which
is not evidenced by any anomaly of Ce.
Conclusions

Two bentonitic deposits (argillic zone) in
north of Qazvin were formed in the Eocene
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green tuffs (Karaj Formation). Although the

distance between the two deposits (Nyagh and

Ardebilak) is not very high (~ 10 km) and their

main mineral assemblages (montmorillonite +

alkali feldspar + plagioclase + quartz + illite =

kaolinite) as well as the parent rocks are very
similar, the Nyagh deposit has a better quality
than the other district (Ardebilak).

The main geological and geochemical
characteristics of the Nyagh bentonitic
(argillic) zone are as follows:

1) Tectonically, the Nyagh district is a more
fractured zone relative to the Ardebilak
district (Fig. 1).

2) A cluster of basic dykes and a dacitic dome
are seen in the Nyagh district (Fig. 1).

3) Greater abundance of illite in the Nyagh
deposit (Table 1).

4) More enrichment of SiO; and depletion of
CaO that is likely due to more alteration of
feldspar clasts in tuffs (Fig. 4).

CRediT authorship contribution statement

5) More depletion of Eu (Fig. 5) caused by its
leaching from altered plagioclase in the hot
aqueous fluids.

6) Although both areas show Zr depletion
(Fig. 4), its depletion in the Nyagh district
is higher than the Ardebilak district (Table
3). According to many researchers (e.g.,
Nesbitt et al., 1999; Jiang, 2000; Jiang et
al., 2005; Karakaya, 2009), Zr depletion in
the altered zones had been produced by the
hot and very acidic (pH < 4) or alkali
aqueous fluids.

In conclusion, it appears that a hidden
granitic intrusion in the fractured zone of
Nyagh could heat the circulated fluids in the
tuffaceous rocks. The rhyodacitic dome near
the Nyagh area supports such a conclusion.
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(in front of figure) below the less altered deposits that are invaded by the trachyandesitic dyke swarms. A
rhyodacitic dome is seen in the heights. d) Dyke intrusion into the altered layered tuffs of the Nyagh district.

The layered appearance is still preserved.
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Fig. 3. Photomicrographs of the unaltered epiclastic deposits. a) Rounded crystal fragments of quartz and
feldspars cemented by calcite. b) Compaction of rounded to sub-rounded grains of quartz and feldspar by
diagenesis. c) Epitaxial growth of secondary fine-grained quartz on the curved biotite during diagenesis. d)
Concentration of opaque minerals parallel to layering during deposition and subsequent diagenesis. Length
of views: 6 mm. a, ¢: XPL and b, d: PPL. Bt: Biotite; Kfs: K-Feldspar; PI: Plagioclase; Qtz: Quartz.
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Table 1. Mineral assemblages in the mineral deposits of the study area based on XRD (unpublished data
of Industry, Mine, Trade Organization of Qazvin Province).

Mineral Deposit

Minerals

Nyaq Quartz, Montmorillonite, Illite, Kaolinite, Alkali Feldspar, Plagioclase, Calcite, Dolomite.
Ardebilak Quartz, Montmorillonite, Kaolinite, Alkali Feldspar, Mica.
Taratun Quartz, Montmorillonite, Zeolite (Mordenite), Calcite, Dolomite, Alkali Feldspar.
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Table 2. Major element oxides (wt.%) and trace element (ppm) data for altered and fresh tuffs from the
study areas.

Rock Type Altered Tuffs Fresh Tuffs
Sample No. A3 N4 N5 N6 N14 Ni15 N16 T1 Al N7
SiO2 58,50 73.10 70.40 69.30 7340 68.00 69.00 68.20 68.20 65.80
TiO2 018 014 016 035 012 016 017 0.16 0.47 0.57
AlO3 11.00 9.97 10.90 13.00 873 11.70 1170 11.20 12.60 13.00
Fe203 1.18 0.90 1.45 141 0.51 1.17 1.28 1.15 211 3.94
MnO 0.14 0.04 001 0.04 0.06 - 0.03  0.05 0.04 0.08
MgO 196 090 153 046 021 142 164 122 0.87 1.02
CaO 615 191 091 3.04 316 081 170 236 2.27 3.41
Na20 060 040 020 3.00 020 010 080 110 3.70 3.50
K20 144 221 160 109 640 252 172 296 1.90 1.91
P20s 0.03 - - 0.07 002 001 001 0.01 0.07 0.18
Cs 1.5 2.1 4.6 0.9 0.4 29 7.7 1.2 4.2 6.6
Rb 39.20 7240 5870 32.60 90.10 55.90 65.10 78.80 76.50 55.40
Ba 220 1900 740 590 2670 240 680 980 400 560
Sr 350 200 150 240 130 160 310 190 230 350
Ni - - - 6.0 6.0 - - - - 7.0
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Rock Type Altered Tuffs Fresh Tuffs
Sample No. A3 N4 N5 N6 N14 N15 N16 T1 Al N7
\Y% 8 - - 58 8 8 5 6 30 71
Ga 15 13 15 15 11 16 15 15 16 18
Zn 39 35 45 28 20 41 49 43 52 64
U 2.94 2.59 2.57 0.95 2.53 2.20 3.18 2.89 2.18 1.93
Zr 133 120 139 121 140 140 143 145 186 212
Hf 4 4 4 3 3 4 4 5 5 4
Y 279 261 220 127 227 204 234 243 20.0 18.6
Nb 16 17 17 8 13 18 18 18 16 18
Ta 11 11 1.2 0.9 1.3 1.3 1.3 11 11
Th 10.2 9.7 104 4.2 8.3 11.4 11.9 11.2 8.4 7.4
La 29.20 30.20 30.80 11.30 24.10 35.10 3430 31.30 24.40 26.50
Ce 5420 57.20 5850 20.40 4480 66.30 63.70 58.60 45.30 50.50
Pr 6.09 636 653 241 491 726 691 6.47 5.04 5.88
Nd 21.30 2260 22.00 860 1750 2520 2450 22.00 18.00 21.60
Sm 3.70 410 410 1.70 3.30 4.40 4.40 3.80 3.40 4.30
Eu 072 063 068 064 039 071 073 0.62 1.00 0.96
Gd 374 379 338 163 300 337 373 345 3.21 3.42
Th 066 059 058 027 048 056 059 0.58 0.53 0.52
Dy 4.02 3.77 3.62 1.83 3.22 3.49 3.92 3.88 3.37 3.17
Ho 091 084 077 043 073 071 079 0.85 0.70 0.65
Er 2.73 2.60 2.32 1.42 2.30 2.05 247 2.61 1.99 1.95
Tm 043 045 035 021 039 034 038 040 0.34 0.30
Yb 3.00 320 240 140 280 210 270 270 2.20 2.00
Lu 044 044 036 022 044 035 045 042 0.34 0.30

(Grant, 1986) <65 ig, 4 dxlllas 5,590 ditlaie ool L )50 sladigeas 59, » oy ojle Slawle gl Y Jga
Table 3. Mass balance calculations for the altered samples based on the method of Grant (1986).

ACi

Sample A3/A1 N4/N7 N5/N7 N15/N7 N16/N7
SiO2 -9.70 11.58 8.70 0.15 3.08
TiO2 -0.29 -0.42 -0.40 -0.41 -0.40
Al;03 -1.60 -2.45 -1.47 -1.65 -1.32
Fe203 -0.93 -2.99 -2.41 -2.81 -2.66
MnO 0.10 -0.04 -0.07 -0.05
MgO 1.09 -0.07 0.60 0.36 0.62
CaO 3.88 -1.39 -2.45 -2.62 -1.71
Na20 -3.10 -3.08 -3.29 -3.40 -2.70
K20 -0.46 0.43 -0.22 0.53 -0.19
P20s -0.04 -0.17 -0.17
Cs -2.70 -4.38 -1.73 -3.79 1.09
Rb -37.30 21.24 6.72 -1.18 9.58
Ba -180.00 1451.33 223.08 -327.23 118.79
Sr 120.00 -138.28 -191.27 -194.82 -40.55
\Y/ -22.00 -63.24 -66.01
Ga -1.00 -4.24 -2.13 -2.48 -3.03
Zn -13.00 -26.95 -16.38 -24.23 -15.09
U 0.76 0.81 0.79 0.20 1.24
Zr -53.00 -84.97 -64.91 -76.22 -69.26
Hf -1.00 0.23 0.23 -0.12 -0.01
Y 7.90 9.03 4.68 1.19 4.76
Nb 0.00 0.00 -0.01 -0.54 -0.03
Ta 0.00 0.06 0.17 0.16 0.20
Th 1.80 2.87 3.61 3.66 4.48
La 4.80 5.47 6.09 7.54 7.74
Ce 8.90 10.05 1141 13.80 13.09
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AC;i
Sample A3/ALl N4/N7 N5/N7 N15/N7 N16/N7
Pr 1.05 0.85 1.03 1.16 1.02
Nd 3.30 2.32 1.68 2.84 2.86
Sm 0.30 0.04 0.04 -0.03 0.09
Eu -0.28 -0.29 -0.24 -0.27 -0.23
Gd 0.53 0.59 0.16 -0.15 0.30
Th 0.13 0.10 0.09 0.02 0.07
Dy 0.65 0.82 0.66 0.21 0.74
Ho 0.21 0.24 0.16 0.04 0.14
Er 0.74 0.80 0.51 0.04 0.52
Tm 0.09 0.18 0.07 0.03 0.08
Yb 0.80 1.39 0.54 0.04 0.70
Lu 0.10 0.17 0.08 0.04 0.15
Ardebilak Nyagh
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Fig. 4. Enrichment-depletion plots of the Ardebilak and Nyagh deposits by the method proposed by Grant

(1936).
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Fig. 5. The Ardebilak (a) and Nyagh (b) rare earth element patterns normalized to chondrite (Nakamura,
1974). The Ardebilak (c) and Nyagh (d) rare earth element patterns normalized to upper continental crust
(Taylor and McLennan, 1995). The fresh and altered samples are shown by green and red colors,

respectively.

YoV


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

c Ol e Jled (gt slady OlSen 5 Ll

b SlaissT glacdld Lol )l )3 s
Gblie jo a8 awe iz gljed Cal g S
2l e b Sl (Sojgled calid gl
> o 93 Jol> ()])98 Lazme 5 S 15 51 s
Jlgl o a5 g eb 4 aitie Solaie oleSl
wilie 5l slagl)sd (Sle gl B sl
Qo9 Sy 4o (P Dlge, (6,05, ol
255 Shgw) 65805, ) Gos o5 (29,
S oS 5 St asle gl s ol
Ol gl 5o aSLl b caslos; oo o2 o |, (Sal
45) sy a5 el Vb b gl gl
(el ] a5 (sl B 5 (6 s Dlgany JoSts
— il e Do ar g len (Jae 0ol )68
L STy sooslad aily, 5 aslaisly, aslsl 5
75 1y Selsym el o8 5 (sl ST
8 Gl st Gblia 3 o35 4) il
sl 5l lsl S GlaassT sla g cwlbks
S 1z o9 oo 5ok (28 syl Ceom 4 (635 10
S5 5l 655 e Gblia 3 LaaglaS el
A Gz S ] g Bl
wled o LSl 9 599

oS ojluz) (ngd Jlod adlaie o
99 4 (@S Wile jlee) psl S8 S
ol jo 5lsT,3 b SadlS 5y o)l 5
2 SE lo)led) nj 9 sl oulidans
Wlosd i YL cwlibane  gla il
-&! oluz, 55 .(Asiabanha et al., 2009)
2 gy S &ly s Sl

30 e (5,00, g olw,d 5l a5 wis

YoA

SLiassl degazme S 5l QLSLe LS
30 550 dg)l oSl (loS 4 son s
Gl sl aleSle slacKiw Ceul ol nl Jlod
b slephsd 5l atie ()08 s
Ol Sg,lrdl s (S slaglye8 4 (g il
Asiabanha et al., 2009; Nemati et ) wws
Lg 385 sloowdisls sla o,y @l., 2019
(Asiabanha and Foden, 2012) 043 ¢ Lsblw]
obey 5o syl gleSle leS aS el ools ylis
09 GleS Cedy ddg> Sy gl po S
Cdyw L) o] gl oleSle slocKin 5 ol
b (Gigdsd 5 Seuly SIS olesLe
slaglyed laml iasleass sl Jlgie al>y0 40
Slgasy (2byon) bame )0 ol (g,lxil
e Slodg) S gl g S
el YU b s 5 los,S sl 1) (2,5 w5k
o5 9) J il wax slaplsd s>
Wd S Oge S e Lo (6l
Agard et al., 2011; Brunet ) alise pdaxe
3>¢ 4 3o (et al., 2003; Vincent et al., 2005
0 Ll (pgil Lo 5o 5l )o (o2 e (i
iles,S
oldded 9wz waled o odle
Verdel ) o995 2w oy 9 (Dedual, 1967)
Lo a5 S asles (et al, 2011
odel Cusy 35 slaaiins 545 5 (5105,
009 0duzmn ,Sly a5 Cewl (60 )lge (gol> el
005 9 bl Sl @ cnles] JoSas bl
s (Asiabanha and Foden, 2012)


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

s Sl g3 Sl g slacds

Ol 5 L]

— oo o S 55 2 Ygere Al 03 aSiT 59> L -
(Karakaya .,Sen g LTS a5 a4y Jg 040
Gl slaJglxe jo jaie cpletal, 2012)
Debee Jo 9 J> Sy @

FSas Jds 4 MgO 5 KO s o181 -
2 Slopmie @lacl I codsl jsaiise
el Caly] g (g9 slie

O gy b 35 N0 4 Ca0 yialS -
2 90l55 s Lo Lsals s Ll g

S lerd paie S 78 o1 02 -
5 Gt 10l (Ssts Wil o0 S5 4 g el
2 e Sl 4B Sy Sl S o3
4 08 05 L0-F JS8) (B159 5 saled ulul
i 58 3 (il S el o
HFSE a> 1. Jl> ol b .ol 00l )5 as|
Jasl BB sblee s asles dilate ol 4o
Zr aol (Sod 8 (Jg g g0 0090 g Sl
ACi =-64.9110 - 5 SLus,l ,» ACi = -53)
9 S 097 (S by (35,0 84.97
Sl (Nesbitt et al,, 1999) .,Ken
(Jiang et ,Ken 5 Sl (Jiang, 2000)
4 (Karakaya, 2009) L1,ls" 4 al., 2005)
b5 5 PHSE) (sl s 15 (sla Jylons
Ll 00l 03l Conns

s ol sleaiges ;0 REE (o5 caliss -
(Karakaya l,Ken ¢ LTS Lo 4y .oyl 5o
&l oe may dalpd jo 0aay cpletal,, 2012)
Al pd g bl oF Sow 4 Jhw Ces &

Sl L g s ol plais Sle S wal

Yyod

Sob Saw sloanld Joxi g 9w, ade>
on 3 Jol) K ol sz ailons S
& Slows b (Gladed 5 sk (S b
2 daagie b ol 5 Jodss 5 598 ol
oosS les,S Iy Sabcss o LS
sl (o, o |, lidgs (Goodman, 1989)
S S s aies, Il 5 Jsbsie Lo
Slasial p sla Sy prils Jodo 4 a5 960
Wy obesd b iSly 6lp @0 L
shls (Vo gl e () rgyls gle )80
A odd S glases godjle wo,of  vgu
Sl (7 ace olewd bl cole lsie
JTCT [P JPCTRURRIN | CIS P L E T
8 Jlos WNW-ESE S, S wilazs 5
Radfar, ) NE-SW 33J slacel sl S (6,550 4
S 3 2yl ST slacils ple-o sl (F (2002
s olled ) lis (L) oad e T sblis ;|
GuF 9 005 pF5 lr Gy ES pteew
Syl ST eYlw
bl S 9 (o lonligh) Ol i

27 OlF Slelre 5 (olord Slom)
Olis aslllas 3,90 adlaie Jlu 5y slaaigy )
037 TNl i pas 929 b &S wad o
STy bV 5 Cr Ni Hf Ta Nb P,0s TiO;
Sl ) glacSiw b gopl Els oYL
) s polie Olhess (bl il )0 adhas
23,5 yed Qo0 25 Oy &
55 & Baiges lj s L SIO; il -


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

s Sl g3 Sl g slacds

Ol 5 L]

l, 2lbesS slaslxe o lajlwals 5| EU adss
il S Gle ) 2% &
3Eu Al,Si, Og(Eu sl)ls )5 55nL)+ 2K

— 2KAIl;3Si; 0,0(0OH), + 3Eu*? +
4H*

OhlSes 5 s 4 s olel hll-
Ll 0 EU ,aie (Honty et al., 2008)
ol 50 0gh e yalb EU? &g 4 ol
olezle gl 4 YU (isSTly gub O s
et pae g K00 jlsdioe gl PR
4>y > Ce om LREE 055 paie Ko
Ce™ a4 oS Lyl s 4o Ce™ as | > el
b Jlw 25Ty 50 G 9 99800 b
> 15 068 o0 o> REE ple 5l S
O ygem A5y g Sl yieS REE &&) 5l
lasin o cplpls WS o g, Ce™
pAS LABS o QL.M.) L;"\"""G"c 0l ULM:;Q
b jole slajloges o Co Jlogl d4g
Ll e sl alllan 550 sakhie S5
(O US5) o Sl F5 (b hagaST Lyl
sadhio wix g addllas 5,90 Sigin sloadlais
05 50 (Sebsyl 695 s sead Glu S
e glacdss Lo S0 5l Gl g5 50 @ly o
u;‘ @Lu lode] S99 (C)S JJ)L....') u-“’?j‘
1S a2 oo lis aslllae
LEL“@[S )‘ JS.“....A 0 QL.:;Q Lgdj.la.;.a-\
9 7 5l SaidgilS g Cobl il et
b e (S ol oyl oo

Blbl Slosel 0szge 7,5 sl Wl

sbasls sy sl sl SIS 5 ead b, REE
Dl il s Dol e )lS s slaugil

RENGCAR o
ogle (n9B Jlob dibaio yo Slu)So Llys

Pl 5 @i b ogad JiS

09 0,95 p b pj SlalaiSl 5l Seeiss

il

OLe 5 LELI Sl 4y wgls 5 (gusl Laoe -
»~Kl>ge  (Karakaya et al., 2012)
ol 3 KL= {(Muchangos, 2006)
(JaRang, > 4 (Jiang et al., 2005)
s HREE 4 ¢ LREE _Sus & 2010)
(Sl S slaaigy o HFSE (S o 53
o SV b oS 2550y 5l il
51 el (PH<A) (g0l s (>Y0+°C) Els
(Karakayaetal., .l,5oo 4 LT g 50
Gspye |, LREE i, Sas e 2012)
» HREE  laoSles i ylab
s oo bl slo Joloee

S EU paie (S o5 1 el oS 5 -
alllae 3550 (Slu 5o sloargy la Sy
eedS ol s a1aF aSilix copdle 4y ansl
Gl 5l adles S g (Sabas 5 mde
S LPSHL oS & s i,
A 408 axg wies sl EU (5ol
(Klinkhammer et al., -,Ke2 ¢ nolSUS
4 AN L e Sk 5,38 b 1994)
SeSis Ab I L Jle s IS5
5 05Vl 5,5 e Oyse EU | REE

::S1y (Alderton et al., 1980) ., Ken


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

s Sl g3 Sl g slacds

Ol 5 L]

9 Sgdml o IS ex slaugl sla S5 Sl

S w5 4 b EU e Jlogl <Y
gl SVl ;0 PP e o] sye
wrys BB LB 5 olel (T>250°C)
bl bls 50 Ce Jlgl glads .ol
S o 0B 1) Sl S s
(b ey Selgd 4y a4zl b asds sl
285 amil g e pliends) 5 (olid S
S 5o 3l (S ) slaSin Gl S a8

az 0 YO« 5l i sbeo) £l ol S i
ol 285 Sgo ol o SLB (o5 sl
FCRURPINIE SES O I N RSP R
5 (NE-SW 3 WNW-ESE (go0ese &g, 50 L)
Syle ol 5l Colss s5lae GlacSSls atws o ga
8095 SO D jglome 4o Gl (o e DYl oS
DTy (50,5 a5l g g 00 1 (Oleiy g3
s Wl o e 255,80 laSiw (le 5o
sols 13 il cou |, SadlS o slackin

References

Agard, P., Omrani, J., Jolivet, L., Whitechurch,
H., Vrielynck, B., Spakman, W., Monié, P.,
Meyer, B., Wortel, R., 2011. Zagros orogeny:
a subduction-dominated process. Geological
Magazine 1-34.
doi:10.1017/S001675681100046X.

Alderton, D.H.M., Pearce, J.A., Potts, P.J., 1980.
Rare element mobility during granite
alteration: evidence from southwest England.
Earth and Planetary Science Letters 49, 149-
165.

Asiabanha, A., Ghasemi, H., Meshkin, M., 2009.
Paleogene continental-arc type volcanism in
North Qazvin, North Iran: facies analysis and

ARy

w35 ped (gadlaie b ool ylw Fo sddlaie
JB (S 095 35 5 (Bl 033 50) laSils
ol pled 50 azg o SISl ngid Jled
ST pad Sl yelxe sblie L adlaie
Pl 5 g adyl S aloord (55l
Oy B9 50 (chemd b Slar) Gl o8
ol ails Sbls 8t Sl o 4
S5 095 i SS — (bt L, -

slaSlT Sas g a5 oyl ol 5l gl
J5is g @liomedew L MO 5 KO SIO;
5Ca0 (pos a5 5 wolsl g Codsh jgeiige
orb bl g b G b Na2O
el g S Lo Lls
b le 5o glodiges ,o REE oSl caalss -
LS (Sabl g g So il plle sladiges
550 o 3l oad LS sladiges o Ll
Ol adl 48,5 Ojse Jddo wiz a4 Wy
DD (509 oS S 4 Jlew Sod 0

@ aind g S5 sl SIREE 59,5 ¢ Slw 8o

geochemistry.  Neues  Jahrbuch  flr
Mineralogie Abhandlungen 186, 201 — 214.

Asiabanha, A., Foden, J., 2012. Post-collisional
transition from an extensional volcano-
sedimentary basin to a continental arc in
the Alborz ranges, N-Iran. Lithos 148, 98-
111

Bau, M., 1991. Rare-earth element mobility
during hydrothermal and metamorphic fluid—
rock interaction and the significance of the
oxidation state of europium. Chemical
Geology 93, 219-230.

Brunet, M.F., Korotaev, M.V., Ershov, A.V.,
Nikishin, A.M., 2003. The South Caspian
Basin: a review of its evolution from


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

s Sl g3 Sl g slacds

Ol 5 L]

subsidence modelling. Sedimentary Geology
156, 119-148.

Coelho, J., 2006. GEOISO—A WindowsTM
program to calculate and plot mass balances
and volume changes occurring in a wide
variety of geologic processes. Computer &
Geosciences 32, 1523-1528.

Darvishzade, A. and Asiabanha, A., 2000. The
role of pyroclastics in preferential
development of hydrothermal alteration in
the Ab-e-Torsh volcanic district.
Geoscicences 37-38, 48-59 (in Persian).

Dedual, E., 1967. Zur Geologie Dest Mittleren
Und Unteren Karaj-Tales, Zentral Elburz
(Iran). Unpublished Ph.D. Thesis, University
of Zurich, Zurich, 125 pp. (in German).

Fernandez, R., Rodriguez, M., Villa, R.V.,
Cuevas, J., 2010. Geochemical constraints on
the stability of zeolites and C—S—H in the high
pH reaction of bentonite. Geochimica et
Cosmochimica Acta 74, 890-906.

Goodman, R.E., 1989. Introduction to rock
mechanics. John Wiley & Sons. 562p.

Grant, J.A., 1986. Isocon analysis: A brief
review of the method and applications.
Physics and chemistry of the Earth 30, 997-
1004.

Grim, R.E., Gilven, N., 1978. Bentonites:
geology, mineralogy, properties and uses.
Development in sedimentology 24. Elsevier
scientific publishing company. Amsterdam-
Oxford-New York.

Hejazi, M. and Ghorbani, M. 1994. Geology of
Iran: Bentonite — Zeolites. Geological Survey
of Iran, Tehran (in Persian).

Honty, M., Clauer, N., Sucha, V., 2008. Rare-
earth elemental systematics of mixed-layered
illite—smectite  from sedimentary and
hydrothermal environments of the Western
Carpathians (Slovakia). Chemical Geology
249, 167-190.

JaRang, G.., YongHee, M., LiBing, L., Zhang, J.,
Hisoo, M., 2010. Mineralogical
characteristics of bentonites occurring in
Ningchengand Jianping area, China. China
Earth Science. 53(4), 541-549.

Jiang, S.Y., Wang, R.C., Xu, X.S., Zhao, K.D.,
2005. Mobility of high field strength
elements (HFSE) in magmatic-,
metamorphic-, and submarine-hydrothermal

VY

systems. Physics and Chemistry of the Earth
30, 1020-1029.

Jiang, S.-Y., 2000. Controls on the mobility of
high field strength elements (HFSE), U, and
Th in an ancient submarine hydrothermal
system of the Proterozoic Sullivan Pb-Zn-Ag
deposit,  British ~ Columbia, Canada.
Geochemistry Journal 34, 341-348.

Karakaya, M.C., Karakaya, N., Kipeli, S,
Yavuz, F., 2012. Mineralogy and
geochemical behavior of trace elements of
hydrothermalalteration  types in  the
volcanogenic massive sulfide deposits, NE
Turkey. Ore Geology Reviews 932, 1-71.

Karakaya, N., 2009. REE and HFS element
behavior in the alteration facies of the Erenler
Dagi  Volcanics (Konya, Turkey) and
kaolinite occurrence. Journal of Geochemical
Exploration 101, 185-208.

Klinkhammer, G.P., Elderfield, H., Edmond,
JM., Mitra, A, 1994. Geochemical
implications of rare earth element patterns in
hydrothermal fluids from midocean ridges.
Geochimica et Cosmochimica Acta 58,
5105-5113.

Lopez-Moro, F.J., 2012. EASYGRESGRANT—
A Microsoft Excel spreadsheet to quantify
volume changes and to perform mass-balance
modeling in  metasomatic  systems.
Computers and Geosciences 39, 191-196.

Muchangos, A.C.D., 2006. The mobility of rare-
earth and other elements in the process of
alteration of rhyolitic rocks to bentonite
(Lebombo Volcanic Mountainous Chain,
Mozambique). Journal of Geochemical
Exploration 88, 300— 303.

Nakamura, N., 1974. Determination of REE, Ba,
Fe, Mg, Na and K in carbonaceous and
ordinary  chondrites.  Geochimica et
Cosmochimica Acta 38, 757—775.

Nemati, B., Asiabanha, A., Nozaem, R., 2019.
Facies relations and emplacement styles of
magmatic bodies in N-Qazvin, western
Alborz. Kharazmi Journal of Earth Sciences
5(1), 99-118 (in Persian).

Nesbitt, R.W., Pascual, E., Fanning, C.M.,
Toscano, M., Saez, R., Almodovar, G.R,,
1999. U-Pb dating of stockwork zircons from
the eastern lberian Pyrite belt. Journal of
Geological Society of London 156, 7-10.


https://gnf.khu.ac.ir/article-1-2660-en.pdf
https://gnf.khu.ac.ir/article-1-2660-en.pdf
https://gnf.khu.ac.ir/article-1-2660-en.pdf
http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html

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

[ DOI: 10.22034/K JES.2023.8.2.101572 ]

s Sl g3 Sl g slacds

Ol 5 L]

Radfar, J. 2002. Geological map of Qazvin
1:100000. Geological Survey of Iran, Tehran.

Sato, T., Watanabe, T., Otsuka, T., 1992. Effects
of layer charge on expansion properties of
dioctahedral smectites. Clays and Clay
Minerals, 40, 103-113.

Srodon, J., Elsass,F., McHardy, W.J., 1992
Chemistry of illite-smectite inferred from
TEM measurement of fundamental particles.
Clay Minerals, 27, 137-158.

Sverjensky, D.A., 1984. Europium redox
equilibria in aqueous solution. Earth and
Planetary Science Letters, 67, 70-78.

Yy

Taylor, S.R., & McLennan, S.M., 1995. The
geochemical evolution of
the continental crust. Reviewsof Geophysics
33, 241-265.

Verdel, C., Wernicke, B.P., Hassanzadeh, J.,
Guest, B. 2011. A Paleogene extensional arc
flare-up in Iran. Tectonics, 30: TC3008. DOI:
10.1029/2010TC002809

Vincent, S.J., Allen, M.B., Ismail-Zadeh, A.D.,
Flecker, R., Foland, K.A., Simmons, M.D.,
2005. Insights from the Talysh of Azerbaijan
into the Paleogene evolution of the
south Caspian region. Geological Society of
America Bulletin 117, 1513-1533.


http://dx.doi.org/10.22034/KJES.2023.8.2.101572
https://gnf.khu.ac.ir/article-1-2866-en.html
http://www.tcpdf.org

