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Shotorsang iron skarn is located in 60 km northwest of Neyshabour
(Khorasan Razavi, Iran) in Quchan-Sabzevar magmatic belt.
Subvolcanic intrusion rocks have intruded into Cretaceous limestones
and created skarnization. These rocks are divided into syenite porphyry
and granodiorite porphyry based on their geochemical characteristics.
They are | type oxidizing, metaluminous, and tectonic. Setting of the
subvolcanic rocks are the subduction zone of the continental margin
(VAG). Comparing the mineralization potential of the subvolcanic rocks
of this area based on the use of the graph of SiO2 against K20, MgO,
Na20+K20, and Ni-V shows that they are fertile in terms of the
formation of Fe and Cu skarn. Syenite porphyry is the origin of this
mineralization, and magnesium in skarn is taken from hydrothermal
fluid. The diagram of Eu/Eu*, Ce/Ce*, (Pr/Yb)n ratios also confirms the
presence of meteoric water in the formation of the skarn zone. The
primary fluid, which has a positive anomaly of Ce/Ce* and Eu/Eu* had
acidic and oxidant conditions and high temperature, and formed
pyroxene skarn. A part of magnetite mineralization is formed in this
zone, and in this condition, the highest amount of REE entered the
pyroxene skarn zone and diluted the fluid in terms of REE. This issue
has led to a sharp decrease in the amount of REE in the mineralization
zone. Negative Ce/Ce* and Eu/Eu* anomalies indicate alkaline
conditions with less concentrated REE content, consistent with chlorite
skarn. The highest amount of Fe mineralization is formed in this zone.
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EXTENDED ABSTRACT

Introduction

Shotorsang iron skarn is located in 60 km northwest
of Neyshabour (Khorasan Razavi, Iran) in Quchan-
Sabzevar magmatic belt. Subvolcanic intrusion rocks
have intruded into Cretaceous limestones and created
skarnization (Amini and Khannazer, 2000). This
study found that at least four subvolcanic intrusion
rocks are present in this region: Granodiorite
porphyry, biotite syenite porphyry, quartz syenite
porphyry, and quartz diorite to monzodiorite
porphyry. These are divided into syenite porphyry
and granodiorite porphyry based on the geochemical
characteristics.

Material and methods

About 90 samples were collected for laboratory
investigations of petrogenesis studies. Moreover, 25
samples were selected to be analyzed using the XRF
and ICP-MS methods. Laboratory studies were
carried out in Ferdowsi University of Mashhad and
samples were analyzed in Acme and Zarazma
laboratories.

Results

Subvolcanic  rocks are I-type  oxidizing,
metaluminous, and tectonic. Setting of the
subvolcanic rocks are the subduction zone of the
continental margin (VAG). Moreover, some samples
have been placed at the border of syn-collision due
to high Rb, which is the result of high potassium.
Enrichment of LILE elements such as K, Cs, Ba, Rb
and incompatible elements that behave similar to
them like Th compared to HFSE elements is
observed in all samples compared to the primitive
mantle. Enrichment of LILE relative to HFSE
indicates magma related to subduction zones. The Sr
element shows opposite behavior compared to the
LILE elements. This issue can be justified by the
high amount of CaO in magnetite ore (from 0.3% to
more than 3.5%), because the two elements are
similar in terms of chemical properties. Comparing
the mineralization potential of the subvolcanic rocks
of this area using the graph of SiO2 against KO,
MgO, Na,O+K;0, and Ni-V shows that they are
fertile in terms of the formation of Fe and Cu skarn
Meinert, 1995). For igneous rocks, it was confirmed
that the amount of Rb increases during the
fractionation and crystallization processes (Meinert,

1995) . Granitoids with potential for iron skarn have
lower Rb (39 ppm). This amount is 103 ppm for
copper skarn and 69 ppm for gold skarn. The amount
of Rb content for all granitoids of Shotorsang area is
80 ppm. Considering the connection of these
granitoids with iron skarn in this area, the high Rb
content can be justified by crustal contamination of
these rocks (Martin-1zard et al., 2000). Moreover, it
can be mixing of a mafic magma with a felsic magma
at a shallow depth. The amounts of V and Ni in iron
skarn deposits are the highest; that is, 152 and 35
ppm, respectively. Ni and V for Shotorsang syenite
porphyry group are 16 and 82, respectively and for
Shotorsang granodiorite porphyry are 20 and 48,
respectively. These values are lower than the global
average of iron skarn. In general, the high amount of
Rb and the low amount of Ni and V confirm the
hypothesis that the magma has been fractionated and
contaminated with crust. If the amount of Rb as well
as the amount of Ni and V increase, the mixing of a
magma derived from the mantle or a mafic magma
with a highly fractionated magma would seem to be
a more acceptable hypothesis (Meinert, 1995).
Therefore, according to what was stated about the
tectonic setting and the cases mentioned above, as
well as the process of changes in the spider diagram
of the rare earth elements of the studied area, it can
be expected that the fluid forming the iron skarn of
this region has undergone magmatic fractionation
and been contaminated with crust. (La/Yb)n,
(La/Sm)n and (Gd/Yb)n ratios were used to evaluate
the separation degree between REEs. (La/Yb)n
determines the degree of separation between LREE
and HREE (Aubert et al., 2001; Yusoff et al., 2013),
while the other two ratios are used to determine the
degree of separation between LREE and MREE, and
between MREE and HREE, respectively (Yusoff et
al., 2013). These ratios vary for (La/Yb)n from 1.12
to 1.69, for (La/Sm)n from 6.7 to 40.72, and for
(Gd/Yb)n from 0.89 to 4.22. As it is known, during
the skarnization process, the highest degree of
separation has occurred between LREE and HREE
(up to about 70 times) and the lowest degree of
separation has also occurred between MREE and
HREE. The highest value of these ratios is in the
mineralization zone, which indicates that the highest
amount of separation of REE elements has taken
place in this zone. Syenite porphyry is the origin of
this mineralization, and magnesium in skarn is taken
from hydrothermal fluid.
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Discussion

The diagram of Eu/Eu*, Ce/Ce*, (Pr/Yb)n ratios
confirms the presence of meteoric water in the
formation of the skarn zone (Kato, 1999). The
primary fluid, which has a positive anomaly of
Ce/Ce* and Eu/Eu*, had acidic and oxidant
conditions and high temperature and formed
pyroxene skarn. A part of magnetite mineralization
is formed in this zone, and in this condition, the
highest amount of REE entered in pyroxene skarn
zone and diluted the fluid in terms of REE. This issue

has led to a sharp decrease in the amount of REE in
the mineralization zone. Negative Ce/Ce* and
Eu/Eu* anomalies indicate alkaline conditions
(Meinert, 1995) with less concentrated REE content,
consistent with chlorite skarn. The highest amount of
Fe mineralization is formed in this zone.
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Fig. 3. Outcrop of intrusive and skarn zone of Shotorsang area, A: outcrop of syenite porphyry and Iron ore and skarn
zone, NW view direction, B: chlorite skarn zone, NW view direction, C: sample of chlorite epidote skarn, D: sample of

pyroxene skarn, and E: magnetite skarn and primary sulfides
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Fig. 4. Magnetite skarn zone and its paragenesis in Shotorsang area, A: Layered sulfide in magnetite, B: oxidizing
magnetite to hematite, goethite and limonite, C: open space filling by pyrite, D: Thin section of disseminated chalcopyrite
and margin covellite, and E: Martitization of hematite in magnetite. Abbreviations after Whitney and Evans (2010) (Py:
Pyrite, Cv: Covellite, Cp: Chalcopyrite, Hm: Hematite, Mt: Magnetite).
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Table 1. Major oxides of Shotorsang area based on wt.%, syenite porphyry (S) and granodiorite porphyry (G)

Sample S S S S S S S
Long 58°26'11" 58°26'01" 58°25'55" 58°25'59" 58°25'50" 58°25'55" 58°25'53"  58°26'00"
Lat 36°35'40"  36°35'35"  36°35'39"  36°35'31" 36°35'45"  36°35'47" 36°35'30" 36°35'45"
SiO2 51.34 52.26 49.41 49.41 52.93 53.11 50.29 51.05
TiO2 1.15 11 1.71 1.53 0.65 1.09 1.28 0.98
Al2Os 15.53 14.95 16.35 14.75 12.32 15.17 15.49 14.27
FeO 5.49 4.4 7.67 7.43 6.8 6.61 6.11 5.79
MnO 0.11 0.17 0.42 0.43 0.14 0.42 0.28 0.19
MgO 3.39 2.53 2.5 2.29 2.9 2.88 3.05 2.2
CaO 6.54 8.31 8.95 8.97 9.62 7.17 8.77 7.12
Na20 2.95 5.36 5.67 3.26 5.43 3.17 4.44 5.06
K20 6.2 3.34 1.76 6.1 2.04 5.14 3.77 2.18
P20s 0.56 0.48 0.91 0.8 0.19 0.55 0.38 0.71
LOlI 4.82 5.43 6.42 7.21 7.11 5.93 5.11 7.17
Total 98.08 98.33 101.7 102.1 100.1 101.2 99.49 97.79
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Table 1 (Continued). Major oxides of Shotorsang area based on wt.%, syenite porphyry (S) and granodiorite porphyry

©)
Sample G G G G
Long 58°25'25"  58°25'51" 58°25'24"  58°26'01"
Lat 36°36'05"  36°36'10"  36°35'57"  36°36'07"
SiO: 67.49 69.8 66.46 66.17
TiO2 0.2 0.17 0.27 0.25
Al203 15.08 14.14 16.27 14.22
FeO 3.01 2.9 3.55 3.23
MnO 0.02 0.04 0.04 0.06
MgO 0.36 0.56 0.34 0.29
CaO 2.67 2.76 1.84 4.07
Na2O 5.77 5.28 5.77 6.06
K20 2.07 1.28 1.94 1.25
P20s 0.1 0.08 0.09 0.08
LOI 2.41 1.83 2.71 3.35
Total 99.18 98.84 99.28 99.03

Gls )5 2023518 5(8) b S ol g (5 e 2 S i ailats 2 i ST s Y Jguer
Table 2. Trace element of Shotorsang area based on ppm, syenite porphyry(S) and granodiorite porphyry (G)

Sample S S S S S S S S
Long 58°26'00" 58°25'55" 58°25'55" 58°25'50" 58°26'01" 58°25'59" 58°26'11" 58°25'53"
Lat 36°35'45"  36°35'47" 36°35'39" 36°3545" 36°35'35" 36°35'31" 36°35'40" 36°35'30"
Ba 1084 1148 1118 1042 1418 1900 1589 1395
Co 2.6 3.5 17 18 10 18 12 5.1
Nb 44,5 45.8 31 20 16 16 22 46.8
Rb 22 20 92 53 92 113 172 72
Sr 209 227 389 568 1189 321 464 372
\% 25 43 106 71 105 126 101 77
Zr 105 69 251 142 430 261 370 390
Y 17.8 14 40 20 36 36 55 22
La 80 45 114 69 108 78 102 66
Ce 152 81 192 108 130 147 143 128
Zn 483 159 127 161 103 175 70 54
Ni 3 5 15 33 22 21 15 6

DOI: 10.22067/ECONG.2023.80972.1067

\F5

Y ooyled VO 095 NFY (gLl u“”ugﬁ")


https://doi.org/10.22067/ECONG.2023.80972.1067

JAT C))lg.w\ Kils @)&ﬂ‘ SW0s) (358 hes g ul:af ole odima 9 538

s albe 5 5 de

(G)dﬁ)ﬁq)ﬁ}y‘f)(s)‘sﬁ)ﬁwtr‘&&Wj&ﬁﬁdbgﬁﬂuﬁij@ur Jj»@'d'
Table 2 (Continued). Trace element of Shotorsang area based on ppm, syenite porphyry(S) and granodiorite porphyry

(G)
Sample G G G G
Long 58°25'25"  58°25'51" 58°25'24"  58°26'01"
Lat 36°36'05"  36°36'10"  36°35'57"  36°36'07"
Ba 1266 1259 1178 1574
Co 9.4 7 10 10
Nb 8.9 29 26 35
Rb 36 97 106 86
Sr 396 311 83 229
\% 65 14 45 40
Zr 35 125 133 140
Y 7.8 50 49 42
La 14 18 21 18
Ce 21 35 33 19
Zn 51 67 45 81
Ni 18 22 27 27
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Fig. 5. Location of granitoid sample in Shotorsang A: TAS diagram (Cox et al., 1979), B: Al saturation index (Shand,

1943), C: plot Y vs Sr/Y and field of adakite and other granitoids (Defant and Drummond, 1993), and D: tectonic setting
location of igneouse units (Pearce et al., 1984)
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Fig. 6. Chart of Alkaline versus silica content and location of intrusive rocks of Shotorsang compared to world skarns for
A: SiO; vs K0, B: SiO; vs MgO, C: SiO; vs Na,O+K,0, and D: Ni vs V. (vertical hatching is Fe skarn and diagonal

hactching is Cu skarn) ( Meinert, 1995)
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Table 3. REE dispersion of intrusive, skarn and ore body of Shotorsang based on ppm

Petrology Qtz syenite Bio syenite Ore Ore Ore Ore
Long 58°26'01' 58°25'58" 58°25'48" 58°25'48" 58°25'49" 58°25'50"
Lat 36°35'44' 36°35'46" 36°35'50" 36°35'52" 36°35'55" 36°36'00"
La 45 80 24.6 8.5 8.2 10.7
Ce 81 152 20.1 9.4 9.8 8.7
Pr 8.67 16.56 1.44 0.9 0.77 0.8
Nd 31.2 60.2 3.7 2.7 2.2 2.6
Sm 3.8 6.8 0.38 0.39 0.26 0.36
Eu 0.75 1.76 0.09 0.1 0.19 0.26
Gd 4.94 7.97 0.39 0.32 0.39 0.32
Tb 0.6 1.1 0.06 0.05 0.06 0.05
Dy 34 4.4 0.29 0.24 0.28 0.27
Ho 0 0 0 0
Er 1.9 2.3 0.19 0.15 0.2 0.16
Tm 0.3 0.4 0.05 0.03 0.03 0.03
Yb 1.29 1.53 0.24 0.22 0.29 0.22
Lu 0.2 0.3 0.04 0.05 0.04 0.04
Y 14 17.8 2.2 1.5 2.2 1.6
LaN 145.1 258.06 79.35 27.42 26.45 34.52
CeN 100.2 188.12 24.88 11.63 12.13 10.77
PrN 71.07 135.74 11.8 7.38 6.31 6.56
NdN 52 100.33 6.17 4.5 3.67 4.33
PmN NA NA NA NA NA NA
SmN 19.49 34.87 1.95 2 1.33 1.85
EuN 10.2 23.95 1.22 1.36 2.59 3.54
GdN 19.07 30.77 1.51 1.24 1.51 1.24
TbN 12.66 23.21 1.27 1.05 1.27 1.05
DyN 10.56 13.66 0.9 0.75 0.87 0.84
HoN NA NA 0.97 0.84 1.11 0.7
ErN 9.05 10.95 0.9 0.71 0.95 0.76
TmN 9.26 12.35 1.54 0.93 0.93 0.93
YbN 6.17 7.32 1.15 1.05 1.39 1.05
LuN 6.21 9.32 1.24 1.55 1.24 1.24
Ce/Ce* 1.032 1.024 1.102 0.96 1.118 1.083
Eu/Eu* 0.53 0.73 0.71 0.87 1.82 2.34
LaN/YbN 23.52 35.25 69.1 26.05 19.06 32.79
LaN/SmN 7.45 7.4 40.72 13.71 19.84 18.7
CeN/YbN 16.24 25.7 21.66 11.05 8.74 10.23
CeN/SmN 5.14 5.39 12.77 5.82 9.1 5.83
GdN/YbN 3.09 4.20 1.31 1.18 1.09 1.18
EuN/YbN 1.65 3.27 1.07 1.29 1.86 3.36
PrN/YbN 11.52 18.54 10.26 7.03 4.54 6.25
La/Y 3.21 4.49 11.18 5.67 3.73 6.69
Sum REE 183.0 335.32 51.64 23.11 22.79 24.56
LREE 165.8 308.76 49.84 215 20.97 22.8
MREE 13.49 22.03 1.21 1.1 1.18 1.26
HREE 3.69 4.53 0.52 0.45 0.56 0.45
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Table 3 (Continued). REE dispersion of intrusive, skarn and ore body of Shotorsang based on ppm

Petrology SkP:m Chl-Epi Skarn  Chl Skarn Qtz Diorite Qtz Diorite
Long 58°25'25" 58°25'28" 58°25'47" 58°25'50" 58°25'30"
Lat 36°35'40" 36°35'47" 36°35'50" 36°36'05" 36°35'57"
La 153 32 49 66 14
Ce 189 44 68 128 21
Pr 20.21 4.77 6.65 12.55 2.46
Nd 75 16.3 22.7 46.6 9.6
Sm 10.9 1.7 2.3 6.2 1.1
Eu 4.31 0.12 0.31 1.83 0.26
Gd 10.72 3.3 3.96 6.63 2.31
Th 1.8 0.4 0.5 1 0.2
Dy 6.9 25 2.8 4.7 1.9
Ho
Er 3.3 1.4 1.5 2.3 1
Tm 0.5 0.3 0.3 0.4 0.2
Yb 2.05 0.87 1.25 1.96 0.78
Lu 0.3 0.2 0.3 0.4 0.2
Y 29.9 10.9 125 22 7.8
LaN 493.55 103.23 158.06 212.9 45.16
CeN 233.91 54.46 84.16 158.42 25.99
PrN 165.66 39.1 54.51 102.87 20.16
NdN 125 27.17 37.83 77.67 16
PmN NA NA NA NA NA
SmN 55.9 8.72 11.79 31.79 5.64
EuN 58.64 1.63 4.22 24.9 3.54
GdN 41.39 12.74 15.29 25.6 8.92
TbN 37.97 8.44 10.55 21.1 4.22
DyN 21.43 7.76 8.7 14.6 5.9
HoN NA NA NA NA NA
ErN 15.71 6.67 7.14 10.95 4.76
TmN 15.43 9.26 9.26 12.35 6.17
YbN 9.81 4.16 5.98 9.38 3.73
LuN 9.32 6.21 9.32 12.42 6.21
Ce/Ce* 1.065 0.967 1.071 1.162 1.023
Eu/Eu* 1.22 0.15 0.31 0.87 0.5
LaN/YbN 50.32 24.8 26.43 22.7 12.1
LaN/SmN 8.83 11.84 13.4 6.7 8.01
CeN/YbN 23.85 13.08 14.07 16.89 6.96
CeN/SmN 4.18 6.25 7.14 4.98 4.61
GdN/YbN 4.22 3.06 2.56 2.73 2.39
EuN/YbN 5.98 0.39 0.71 2.65 0.95
PrN/YbN 16.89 9.40 9.12 10.97 5.40
La/Y 5.12 2.94 3.92 3.00 1.79
Sum REE 477.99 107.86 159.57 278.57 55.01
LREE 437.21 97.07 146.35 253.15 47.06
MREE 34.63 8.02 9.87 20.36 5.77
HREE 6.15 2.77 3.35 5.06 2.18
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