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1. Introduction

ABSTRACT

The Gano bauxite deposit is located 90 km northeast of Semnan city in the eastern Alborz Mountains,
northern Iran. The bauxite ores occur as stratiform discrete lenses with a length of 6 km and thickness
of 2-20 m along the contact between carbonates of the Elika Formation and shale, sandstone, siltstone,
and coal of the Shemshak Formation. Mineralogical analyses revealed that the bauxite ores consist of
diaspore, hematite, kaolinite, chlorite, anatase, illite, zunyite, goethite, quartz, and dolomite minerals.
Fluctuations of the groundwater table level, acidic atmospheric waters, and an increase in pH of the
weathering solutions close to carbonate bedrocks played an important role in the concentration of Fe-
poor ores in the upper parts and Fe-rich ores in the lower parts of the studied profile. An increase in
oxidation, the possible presentence of secondary phosphate minerals, fluctuations of the groundwater
table level, and the role of carbonate bedrock as an active buffer played an important role in the extent
of Ce anomaly in the ores (0.79-12.25). The pH variations of weathering solutions, fluctuations of
the groundwater table level, the role of carbonate bedrock as a geochemical barrier, and simultaneous

precipitation of Fe-bearing minerals and preferential scavenging of LREE by hematite played

(La—Eu)
an important role in the distribution and fractionation of rare earth elements in the bauxite ores.
According to geochemical considerations (Eu/Eu* vs. TiO,/Al,O, and Sm/Nd bivariate diagrams),

the Gano bauxite deposit probably derived from the weathering of intermediate igneous rocks.

Bauxite as residual products is derived from weathering of parent
rocks rich in aluminosilicate under tropical to subtropical climatic
conditions(Bardossy, 1982). Inrecentyears, several studieshavebeen
carried out on geological features, parental affinity, mineralogy and
petrography, genetic characteristics and weathering mechanisms, and
mineralogical and geochemical controls the distribution of elements,

especially rare earth elements, of the Iranian bauxite deposits

(among others: Esmaeily et al., 2010; Zarasvandi et al., 2010, 2012;
Calagari et al, 2015; Ahmadnejad et al, 2017;
Salamab-Ellahi et al., 2019; Kiaeshkevarian et al., 2020;
Abedini et al., 2021, 2022; Ahmadnejad and Mongelli, 2022).
However, no comprehensive studies have not been carried out
on the Gano bauxite deposit, 90 km northeast of Semnan city in

the eastern Alborz Mountains. The main goals of this study were
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to 1) clarify factors controlling mobilization, distribution, and
concentration of REE along the selected profile, 2) determine the
role of carbonate bedrocks in the development of the deposit, and
3) determine parental affinity of the deposit.

2. Research methodology

Major oxide and rare earth element contents of 20 samples from the
Gano bauxite deposit were measured at the ALS Chemex Laboratory
(Guangzhou, China) by Shimadzu 1800x X-ray fluorescence
(XRF) and inductively coupled plasma-mass spectrometry
(ICP-MYS), respectively. Mineralogical compositions of 20 samples
from the Gano bauxite deposit were determined by X’Pert PRO
DY2198 diffractometer at the Geological and Environmental
Institute of CUG (Wuhan) under the following conditions: an
accelerating voltage of 40 kV, 40 mA-beam current with Ni-filtered
Cu-Ka radiation, 3° to 45° 20 at a scan rate of 4° per minute, and
a step size of 0.02° 20. Results of geochemical analyses of major
oxides and REE of the Gano bauxite ores, eastern Alborz Mountains

are presented in Table 1.

3. Geological setting of the deposit

The Gano bauxite deposit is located 90 km northeast of Semnan
city in the eastern Alborz Mountains, northern Iran (Fig. 1). The
bauxite ores occur as stratiform discrete lenses along the contact
between carbonates of the Elika Formation (middle-late Triassic)
and shale, sandstone, siltstone, and coal of the Shemshak Formation
(late Triassic—early Jurassic) (Fig. 2). They have an overall
NE-SW trend, a length of 6 km, and an overall thickness of 2-20 m.
The major Cambrian rock units in the Gano area are sandstone of
the Lalun Formation and sandstone, dolomite, and limestone of the
Mila Formation (Fig. 2). These rock units are overlain by calcareous
dolomite, dolomite, and sandstone of the Jeyrud Formation. The
Mesozoic section in the Gano area is dominated by a thick sequence
of sedimentary rocks. They include Triassic carbonates of the Elika
Formation, late Triassic—early Jurassic shale, sandstone, siltstone,
and coal of the Shemshak Formation, and carbonates of the Dalichai
and Lar Formations. The youngest rock units are Neogene marl and
marly limestone and recent alluvium and gravel fans. According to
field observations and physical features, such as color and texture,
within the studied profile, from base to top the profile, the ores are:
(1) red to brownish red bauxite ores with fine-grained and massive
texture, and (2) pea-colored bauxite ores with spheroidal shapes

and banding and rhythmic texture (Fig. 3a).

4. Results and discussion

4.1. Mineralogy

Results of semi-quantitative mineralogical composition of 20
bauxite samples from the Gano deposit are presented in Table
2 and variations of mineralogy along the studied profile are
shown in Fig. 3b. The Gano bauxite samples consist of a mineral
assemblage of diaspore and hematite, with lesser amounts of
anatase, illite, kaolinite, chlorite, goethite, quartz, zunyite, and
dolomite (Figs. 3b and 4). In general, there is an increasing
diaspore abundance from the lower parts to the upper parts of
the studied profile, which is in contrast with hematite abundance
along the profile (Fig. 3b). The inverse relationship between

diaspore and hematite abundances in the Gano bauxite ores
gives the fact that hematite forms during wetter conditions
than those promoting the accumulation of Al-oxy-hydroxides
(Mongelli et al., 2014), related to climatic conditions. Moreover,
the inverse relationship between diaspore abundance and hematite
abundance along the profile indicates that Fe leaching played an
important role in the development and evolution of the bauxite Gano
deposit. Hematite is the main Fe oxide mineral in all the bauxite
ores, whereas anatase occurs as a minor mineral phase in the
studied bauxite ores. Hematite is generated as a result of the
decomposition of primary Fe-bearing constituents of parent
rock, and then concentrated under suitable Eh—pH conditions,
and/or of the dehydration of goethite under tropical climates
(Bardossy and Aleva, 1990). The increasing—decreasing alternating
trends of hematite abundance along the studied profile (Fig. 3b) are
related to climate changes and fluctuations of the groundwater table
level during the development and evolution of the Gano bauxite
deposit. The presence of hematite in bauxite deposits indicates
climate changes and fluctuations of the groundwater table level
during the development and evolution of the deposit (Solar and
Lasaga, 2000). The lack of high amounts of silicate minerals in the
studied bauxite ores (Fig. 3b) indicates that the bauxite ores are
mature, and have undergone a good drainage during the evolution
and formation of bauxitization. Plot of the Gano bauxite ores in
the clays, Fe minerals, and Al + Ti minerals ternary diagram of
Bardossy (1982) and clays, Fe minerals, and Al minerals ternary
diagram of Bardossy and Aleva (1990) is shown in Fig. 5. The
presence of low Fe mineral types (bauxite, clayey bauxite, and
low-iron bauxite) in the upper parts of the studied profile indicates
the role of acidic atmospheric waters. In contrast, the presence of
bauxitic iron ore, bauxitic clayey iron ore, iron-rich bauxite or their
equivalents, aluminous ferrite, ferritic laterite, bauxitic laterite, and
ferriferous bauxite in the lower parts of the studied profile indicates
an increase in pH of the weathering solutions close to carbonate
bedrocks.

4.2. Ce anomaly in the bauxite ores

In this study, Ce anomaly is calculated by the following formula:
Ce/Ce* = (2 x Ce)/ (Lay + Pr) (Wang et al., 2010). The subscript
“N” refers to normalized values to the chondrite of Sun and
McDonough (1989). The Ce anomaly in the Gano bauxite ores is
in the range of 0.79 to 12.25. A succession of varying periods of
weathering intensity and redox conditions of the soil environment
led to fluctuations of Ce anomaly, corresponding to climate
changes (Braun et al., 1998). Strong positive Ce anomalies of
the Gano bauxite ores indicate highly oxidizing conditions of the
formation environment, the oxidation of Ce** into the less mobile
Ce*, and, probably, fluctuations of the groundwater table level
(Meyer et al., 2002; Ma et al., 2007). Moreover, positive Ce
anomalies of the Gano bauxite ores can be attributed to an increase
in pH of the weathering environment and the role of carbonate
bedrocks as a geochemical barrier. Variation trend of Ce/Ce*, AL O,,
Fe,0,, P,O,, and TiO, along the studied profile is shown in Fig. 6.
Sample G6 is characterized by both the largest positive Ce anomaly
(Ce/Ce* = 12.25) and the highest P,O, contents, probably indicating
the role of secondary phosphate minerals in strong positive Ce
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anomaly in the bauxite ores. On the other hand, no relationship of
anatase, hematite, goethite, kaolinite, illite, and chlorite abundance
distribution (Fig. 3b) and Ce anomaly along the profile (Fig. 6a)
indicates that clay minerals, Fe-oxy-hydroxides, and Ti oxides
did not play an important role in concentration of Ce and positive
Ce anomaly in the studied samples. As whole, strong positive Ce
anomalies of the studied samples probably indicate the possible
presence of Ce fixation minerals, such as secondary phosphate
minerals, and an increase in oxidation during the evolution of the
bauxite ores, or even fluctuations of the groundwater table level and
the role of carbonate bedrocks as a geochemical barrier.

4.3. Factors controlling distribution of REE

Patterns and contents of LREE .. HREE_ . REE .
(La/Yb),, (LREE/HREE)_, and La/Y in the Gano bauxite ores
are given in Fig. 7 and Table 3. The LREE . HREE . and
REE ,, in the studied samples are in the range of 10.64-673.45
ppm, 9.67-93.67 ppm, and 23.44-767.12 ppm, respectively.
The (La/Yb),, (LREE/HREE) , and La/Y ratios in the Gano
bauxite ores are in the range of 0.48-13.72, 0.29-13.72, and
0.05-2.19, respectively. Values of the mentioned parameters
along the studied profile unevenly show upward or downward
trends (Fig. 7). Such erratic trends of REE elemental ratios in
bauxite deposits are generally attributed to fluctuations of the
groundwater table during the development and generation of
the bauxite ores, causing leaching and contraction of REE along
the studied bauxite profile (Abedini et al., 2018). This point can
be confirmed by a positive correlation between La/Y ratio and
(La/Yb), (r = 0.92) in the Gano bauxite ores (Fig. 8), which is
indicative of pH fluctuations of soil solution in the distribution
and fractionation of REE in the Gano bauxite ores. The Fe-bearing
bauxite ores in the lower parts of the profile have higher
(La/Yb),, (LREE/HREE),, and La/Y ratios than low-Fe bauxite
ores in the upper parts of the profile, suggesting a more fractionation
of LREE from HREE

(La—Eu) (Gd-Lu)
Elika Formation. Therefore, it suggests that carbonate bedrock

close to carbonate bedrocks of the

as a geochemical barrier, distribution of Fe, and concentration
of Fe-bearing minerals, such as hematite, played an important

role in distribution and fractionation of LREE ., relative to

HREE in the lower parts of the profile from the Gano bauxite

(Gd-Lu)
deposit. As a whole, enrichment and fractionation of LREE

relative to HREE

(Gd-Lu)
fluctuations of environment, fluctuations of the groundwater table

(La~Eu)
in the Gano bauxite ores is related to pH

level, the role of carbonate bedrocks as a geochemical barrier,
deposition of Fe-bearing minerals, and preferential adsorption of
LREE ., by hematite.

4.4. Distribution pattern of REE in the bauxite ores

In the chondrite-normalized REE distribution diagram, the Gano
bauxite ores are characterized by enrichment of LREE
to HREE, .
negative Eu anomalies (Fig. 9). Chondrite-normalized REE irregular

LaEw) compared

together with strong positive Ce anomalies and
patterns for the Gano bauxite ores can be attributed to differences

in the stability of REE-bearing minerals, pH fluctuations of soil
solution from weak acidic to alkaline conditions, and/or degree of
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bauxitization (Beyala et al., 2009). Regular enrichment patterns of
LREE . in the bauxite ores close to carbonate bedrocks of the Elika
Formation represent the role of carbonate bedrock as a geochemical
barrier in fractionation and distribution of REE in the basal parts of the

weathered profile.

4.5. Parental affinity of the Gano bauxite deposit

On the Ew/Eu’ vs. TiO,/Al,O, bivariate diagram, the bauxite ores
are far from basalt and granite rocks, and close to the average
upper continental crust composition (Fig. 10a). On the Eu/Eu* vs.
Sm/Nd bivariate diagram, they are far from cratonic sandstone, but
close to andesite rocks (Fig. 10b). As a result, it suggests that the
Gano bauxite deposit derived from the weathering of intermediate
igneous rocks. This assumption is consistent with the sporadic
occurrence of intermediate—mafic igneous rocks as small intrusive
masses and/or sills and dikes with different thicknesses at the base
of siliciclastic sediments of the Shemshak Formation in different
parts of the Alborz Mountains, including south Azadshahr, Talu,
Tazareh, Astaneh, Kalateh, Fulad Mahaleh, Kamarbon, north
Qazvin, and Sangrood (Shahabi, 2021). Moreover, a comparison
of the studied bauxite ores and some bauxite deposits in the Alborz
structural zone indicates this point that the Gano bauxite ores are
similar to the Siahrudbar bauxite ores (Fig. 10a and b).

5. Conclusions

The most important results of mineralogical and REE geochemical
studies for the Gano bauxite deposit are the followings:

1- Based on X-ray diffraction (XRD) analysis, the Gano bauxite
ores are composed of diaspore and hematite, along with accessory
mineral phases of kaolinite, chlorite, anatase, illite, zunyite,
goethite, quartz, and dolomite.

2- Fluctuations of the groundwater table level, acidic atmospheric
waters, an increase in pH of the weathering solutions close
to carbonate bedrocks, and consequently Fe leaching and its
concentration as Fe minerals, such as hematite, played an important
role in the formation of low Fe ores in the basal parts and Fe-rich
ores in the upper parts of the profile.

3- Positive Ce anomalies of the bauxite ores (0.79-12.25) indicate
an increase in oxidation during the development of the bauxite ores,
the possible scavenging of Ce by secondary phosphate minerals,
or even fluctuations of the groundwater table level, and buffering
carbonate bedrocks.

4- Erratic variation of (La/Yb),, (LREE/HREE)_, and La/Y
ratios in the bauxite ores represents the role of fluctuations of
the groundwater table and pH fluctuations of soil solution during
the development and generation of the bauxite ores. The role of
carbonate bedrocks as a geochemical barrier and simultaneous
deposition of Fe-bearing minerals and preferential adsorption of
LREE . by hematite played an important role in the distribution
and fractionation of REE in the Gano bauxite ores.

5- Intermediate igneous rocks are the possible precursor rocks of
the Gano bauxite ores, consistent with the sporadic occurrence
of intermediate-mafic igneous rocks at the base of siliciclastic
sediments of the Shemshak Formation in different parts of the

Alborz Mountains.
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Table 1. Results of XRF and ICP-MS geochemical analysis of the bauxite ores in the Gano area. Contents of major oxides and rare earth elements are presented

as weight percent (wt%) and gram per tonne (ppm), respectively.

Sample no. Gl G2 G3 G4 G5 G6 G7 GS8 G9 G10
Si0, (Wt%) 3.06 8.24 4.66 4.64 571 3.65 3.52 6.86 8.80 4.09
ALO, 24.60 25.62 33.58 34.13 33.29 48.52 47.63 49.50 47.86 57.18
TiO, 1.60 2.31 2.30 227 2.57 2.63 2.78 271 3.23 3.13
Ca0 0.10 0.17 0.14 0.08 0.10 0.17 0.07 0.07 0.19 0.08
Fe,0, 59.46 52.16 47.90 44.20 45.44 30.84 32.42 25.90 26.38 22.44
K,0 0.40 0.04 0.68 0.46 0.57 0.42 0.55 0.86 1.24 0.56
MgO 0.13 0.76 0.25 0.20 0.22 0.16 0.17 0.15 0.27 0.11
MnO 0.25 0.12 0.25 0.14 0.31 0.11 0.17 0.06 0.18 0.09
Na,0 0.02 <0.01 0.01 <0.01 0.02 <0.01 <0.01 <0.01 0.03 <0.01
P,0, 0.12 0.08 0.06 0.13 0.05 0.81 0.05 0.18 0.17 0.03
LOI 9.69 9.45 9.96 13.31 11.17 11.99 12.23 13.30 11.36 11.79
Sum 99.43 98.95 99.79 99.56 99.45 99.30 99.59 99.59 99.71 99.50
La (ppm) 233 27.6 275 17.4 39.1 75 23.4 13.6 42.7 2.1
Ce 187.0 257.0 220.0 171.5 177.0 199.5 147.0 144.0 345.0 20.8
Pr 3.78 9.05 4.87 2.79 6.61 2.05 433 3.76 8.40 0.32
Nd 11.8 36.6 14.6 10.6 21.0 7.6 12.9 15.9 28.6 1.2
Sm 2.47 6.75 2.90 3.53 3.94 2.8 2.59 4.63 572 0.60
Eu 0.60 1.55 0.73 0.88 0.93 0.50 0.66 0.90 127 0.29
Gd 2.57 6.19 3.21 3.74 430 2.10 3.31 3.68 5.57 1.94
Tb 0.41 1.09 0.61 0.62 0.83 0.33 0.63 0.56 1.01 0.38
Dy 2.49 6.25 3.88 3.86 5.60 2.42 4.15 3.72 6.04 2.78
Ho 0.50 1.08 0.78 0.76 1.16 0.56 0.86 0.78 121 0.66
Er 1.56 2.81 2.40 222 3.58 1.78 2.65 247 3.55 2.14
Tm 0.25 0.39 0.36 0.33 0.55 0.29 0.41 0.37 0.53 0.34
Yb 1.63 2.53 2.35 2.19 3.51 2.01 2.60 2.49 3.33 2.35
Lu 0.26 0.37 0.37 0.33 0.55 0.32 0.42 0.39 0.53 0.39
Y 15.1 25.0 21.9 254 33.7 16.6 24.6 243 373 20.0
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Table 1. Continued

Sample no. G11 G12 G13 Gl14 G15 G16 G17 G18 G19 G20
SiO, (wt%) 2.02 3.94 9.58 13.79 25.41 19.25 1.62 3.84 9.85 18.27
ALO, 59.20 56.58 47.41 49.60 46.48 50.20 64.26 64.00 64.03 57.88
TiO, 3.41 3.60 3.72 3.70 3.33 2.88 3.50 4.29 3.93 3.62
CaO 0.06 0.06 0.13 0.07 0.14 0.10 0.05 0.09 0.06 0.09
Fe, O, 20.97 22.52 26.88 20.54 11.06 13.06 16.28 13.31 8.38 4.58
K,0 0.30 0.65 0.10 0.99 0.78 1.59 0.22 0.62 1.81 1.36
MgO 0.10 0.14 0.20 0.19 0.28 0.14 0.10 0.14 0.15 0.29
MnO 0.07 0.08 0.05 0.01 0.01 0.02 0.04 0.05 0.02 0.01
Na,O <0.01 <0.01 <0.01 0.02 0.01 <0.01 <0.01 <0.01 <0.01 0.01
P,0, 0.14 0.09 0.08 0.13 0.09 0.24 0.09 0.26 0.02 0.08
LOI 13.79 12.00 11.85 11.08 12.68 11.98 13.41 13.14 12.19 13.47
Sum 100.06 99.66 100.00 100.12 100.27 99.46 99.57 99.74 100.44 99.66

La (ppm) 35.6 2.5 26.8 156.5 113.0 4.1 61.6 28.9 1.2 9.1
Ce 264.0 58.2 174.0 269.0 264.0 80.7 176.5 201.0 7.6 63.2

Pr 7.71 0.56 5.74 43.60 19.70 1.12 15.10 5.10 0.22 2.00

Nd 26.2 2.3 21.2 165.0 64.8 4.7 46.5 19.4 0.9 7.3
Sm 4.95 1.71 4.35 32.30 11.75 1.47 6.62 6.96 0.49 1.95

Eu 1.01 0.69 1.09 7.05 2.53 0.41 1.33 1.76 0.23 0.56

Gd 4.38 3.97 4.72 24.90 9.63 1.93 5.34 7.02 1.76 3.11

Th 0.76 0.69 0.84 4.17 1.70 0.37 0.91 1.29 0.41 0.58

Dy 4.68 4.22 5.57 25.70 11.25 2.84 5.48 8.48 333 4.08

Ho 0.97 0.87 1.13 5.04 2.35 0.67 1.08 1.71 0.80 0.90

Er 2.95 2.58 3.36 14.90 7.23 2.12 3.27 5.03 2.62 2.85
Tm 0.47 0.40 0.50 2.26 1.13 0.35 0.50 0.75 0.42 0.45

Yb 3.14 2.70 3.35 14.45 7.24 2.37 3.22 5.03 3.00 291

Lu 0.51 0.42 0.52 2.25 1.12 0.38 0.52 0.75 0.46 0.46

Y 28.7 27.8 32.6 103 51.6 20.3 345 50.9 233 26.1
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Figure 1. Simplified tectonic map of Iran (Stocklin, 1968) showing the location of the

Gano bauxite deposit, Semnan province, eastern Alborz Mountains, northern Iran.
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Figure 2. Simplified geological map for the Gano bauxite deposit, Semnan province, eastern Alborz Mountains, northern Iran

(Saidi and Akbarpour, 1992).
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Figure 3. a) Stratigraphic column of the Gano bauxite deposit, Semnan province, eastern Alborz Mountains,

northern Iran. The position of representative bauxite samples is marked by the filled circles; b) Variations of

mineralogy along the studied profile of the Gano bauxite deposit.
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Figure 4. PXRD patterns of representative ores of the Gano bauxite deposit. A = anatase, C = chlorite, D = diaspore, H = hematite, K = kaolinite.

GUUT = Ant sollast g6 aikie 5> aallas 3500 & o S (S g SKdlS Sladisnd 51z (G35 hs3) (o5 g (b3S 4 gl -Y Sy
jl@tfabl.gs\sgg;j:lun‘;)\;:Qz“;:;_J}:K:Kln“;__.L_lzllt“;::wzHem“;::,f:GthUx.ﬂh_::Dsp4\;:»}5}::D014¢,4_)§:Ch1

(Whitney and Evans, 2010) 3isl5 o2

Table 2. Results of semi-quantitative mineralogical analysis (weight percent, wt%) for the bauxite ore samples of the studied profile in
the Gano area. Abbreviations: Ant = anatase, Chl = chlorite, Dol = dolomite, Dsp = diaspore, Gth = goethite, Hem = hematite, IIt = illite,

Kln = kaolinite, Qz = quartz, Zun = zunyite; mineral abbreviations from Whitney and Evans (2010).

Sample no. Dsp Hem Ant Gth Kin 11t Chl Zun Qz Dol
G1 48 37 - 15 - - - — _ _
G2 33 37 - - — - 30 — _ _
G3 63 21 1 8 - 7 - - _ _
G4 60 10 2 28 - - - — _ _
G5 33 33 1 - 9 8 — - 16 _
G6 75 14 2 5 - - — - - 4
G7 77 11 2 10 - - - _ _ _
G8 77 - 2 17 4 - - — _ _
G9 78 8 2 - - 12 - — _ _

G10 87 11 2 - - - - — _ _
G11 92 - 1 7 - - - _ _ _
G12 85 10 2 - - - - 3 _ _
G13 75 12 3 - 10 - - _ — _
G14 66 22 2 - 10 - - _ _ _
G15 57 10 3 - 30 - - - — _
Gl16 63 7 2 - 21 7 - - — _
G17 91 5 1 3 - — - _ _ _
G18 93 5 2 - - - - — _ _
G19 79 4 2 - - 15 - — _ _
G20 84 - 3 - 13 - - — _ _
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Figure 5. Position of the Gano bauxite ores in the a) clays, Fe minerals, and Al + Ti minerals trivariate diagram (Bérdossy, 1982), and b) clays, Fe minerals,

and Al minerals trivariate diagram (Bardossy and Aleva, 1990).
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Table 3. The calculated geochemical parameters of the bauxite ores in the Gano area.

Sample no. G1 G2 G3 G4 G5 G6 G7 G8 G9 G10
LREE 228.95 338.55 270.60 206.70 24858 | 21943 | 190.88 | 182.79 431.69 2531
HREE 9.67 20.71 13.96 14.05 20.08 9.81 15.03 14.46 21.77 10.98
REE 238.62 359.26 284.56 220.75 268.66 | 22924 | 205.91 197.25 453.46 36.29
(LREE/HREE) 13.72 9.47 11.23 8.53 7.17 12.96 7.36 7.33 11.49 1.34
(La’Yb), 10.25 7.83 8.39 5.70 7.99 2.68 6.46 3.92 9.20 0.64
Eu/Eu* 0.72 0.72 0.73 0.74 0.69 0.69 0.69 0.64 0.68 0.75
Ce/Ce* 443 3.97 430 5.45 247 12.25 3.33 4.85 420 5.56
Sm/Nd 0.21 0.18 0.20 0.33 0.19 0.30 0.20 0.29 0.20 0.50
AL,0,/TiO, 0.07 0.09 0.07 0.07 0.08 0.05 0.06 0.05 0.07 0.05
Sample no. G11 G12 G13 Gl14 G15 G16 G17 G18 G19 G20
LREE 339.47 65.96 233.18 673.45 475.78 92.50 307.65 | 263.12 10.64 84.11
HREE 17.86 15.85 19.99 93.67 41.65 11.03 20.32 30.06 12.80 15.34
REE 357.33 81.81 253.17 767.12 517.43 103.53 | 32797 | 293.18 23.44 99.45
(LREE/HREE), 11.01 241 6.76 4.17 6.62 4.86 8.77 5.07 0.48 3.18
(La’Yb), 8.13 0.66 5.74 7.7 11.20 1.24 13.72 4.12 0.29 224
Eu/Eu* 0.65 0.78 0.73 0.73 0.71 0.74 0.66 0.76 0.67 0.69
Ce/Ce* 3.73 11.57 3.28 0.79 1.26 9.07 1.38 3.74 337 3.47
Sm/Nd 0.19 0.74 021 0.20 0.18 031 0.14 0.36 0.54 0.27
AL0,/TiO, 0.06 0.06 0.08 0.07 0.07 0.06 0.05 0.07 0.06 0.06
101 10
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Figure 6. Variation trend of a) Ce/Ce*; b) ALO,, Fe,O;; ¢) P,O,, and TiO, for the Gano bauxite ores.
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Figure 10. Position of the Gano bauxite ores in the a) Ew/Eu* vs. TiO,/Al O, bivariate diagram (Mameli et al., 2007) and b) Ew/Eu* vs. Sm/Nd
bivariate diagram and its comparison with some bauxite deposits in the Alborz structural zone. The average composition of upper continental crust
(UCC), basalt, and granite are from Mameli et al. (2007), the cratonic sandstone from Condie (1993), the andesite and Australian Post-Archean
Shale (PAAS) from Taylor and McLennan (1985), and the basalt from Taylor (1964). Data of the Jajarm bauxite deposit are from Esmaeily
et al. (2010), the Shahbolaghi deposit from Kangarani Farahani et al. (2014a), the Derazkuh deposit from Kangarani Farahani et al. (2014b), the
Kambelu deposit from Kangarani Farahani et al. (2015), the Zan deposit from Calagari et al. (2015), the Zaraj-Sou deposit from
Ghasemi et al. (2019), and the Siahrudbar and Separdeh deposits from Kiaeshkevarian et al. (2020).
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