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Article History Introduction

Received: 26 February 2020 The lenticular Shahneshin barite deposit (N: 35°39'36"and E:
Revised: 07 March 2021 46°36'11") is located 80 km northeast of Marivan, Kurdistan Province;
Accepted: 17 April 2021 north Sanandaj-Sirjan Zone (Stocklin, 1968). The deposit consists of

stratiform ore and stringer zone. The stringer zone has occurred with
alteration sericite- quartz in the footwall dacitic unit (K") and evident
in a series of vein-veinlets under stratiform ore. The stratiform ore has
) been located concurrently on the dacite unit and below the Sanandaj
Shahneshin Shale unit (Hasankhanloo, 2015).

Keywords

gaErliEts The study area mainly consists of Mesozoic succession dominated by
S isotope the dacite tuff, andesitic-basaltic lava and pillow lava (K": the host
Sr isotope rock), black slate and phyllite (Ks*: Sanandaj Shale), dolomitic

limestone with intercalation of sandstone (K'), and black shale and
slate (K% Sanandaj Shale). In this study, samples of the Shahneshin
barite deposit have been analyzed for their &Sr/%Sr and &%S isotopes
and trace elements (plus REE) geochemistry to assess the source of the
deposit.

Materials and methods

Forty samples were collected from the Shahneshin barite deposit and

country rocks. Polished blocks (6 samples) and thin sections (34
*Corresponding author samples) were prepared for SEM images and petrographic examination
at the University of Kurdistan. Trace elements (plus REE) were
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The detection limits for elements are between 0.08-
0.6 ppm. Three whole-rock samples for Sr and S
isotopes were analyzed at the Department of Earth
and Space Sciences of the University of Science and
Technology of China.

Sulfur isotope analyses were measured by the use of
a Delta V Plus Gas Isotope Ratio Mass
Spectrometer. The analysis accuracy was
determined to be +0.2%0 (20) by using Canyon
Diablo  Troilite (CDT) as a standard
(3*S/%2S=0.0450045). The strontium isotopic
composition was completed on a Thermal
lonization Mass Spectrometry instrument by
Phoenix. The measured strontium isotope
normalized to ®Sr/%Sr=0.1194 and its NBS-987
standard was 0.7102477+0.000014 (20).

Results

Strontium isotopes, sulfur isotopes, trace-element
(plus REE) composition, fluid inclusion, and
petrography of barites help to identify sources of
mineral-forming components and environments of
precipitation (Baioumy, 2015). The Shahneshin
barite deposit includes sulfate barium without
valuable Pb and Zn elements. Barite crystals are
mainly coarse (>20 um) with euhedral, tabular, and
bladed morphologies. Fluid inclusion
microthermometry indicates that the barite formed
from low salinity (2.0-8.5 wt.% NaCl eq.) fluids at
low temperatures, between 115 to 215°C
(Hasankhanloo, 2015).

Chondrite-normalized REE patterns for the barite
samples reflect enrichment of the LREE/HREE
ratios, as is shown by the high (Nd/Er)cn> 11 ratios.
They also show Eu/Eu*cy (0.5-7.0), Ce/Ce*sy (0.1-
1.16), La/Lu*cy >1, and ratios of the Ce/lLa
(mostly>1), and Eu/Sm  (0.1-2.83). The
geochemistry of the barite samples represents
variation in the abundance of trace elements and
REEcn patterns. The 8’Sr/%Sr and S-isotopic values
of Shahneshin barite samples are 0.70649-0.70651
and 6*S=19.05-21.53%o, respectively.

Discussion
Barite has very little Rb in its structure, and the
isotopic composition of the original Sr is preserved

in it (Martin et al., 1995). The 8’Sr/®®Sr values of the
barite samples are consistent with
87Sr/8%6Sr=0.70649-0.70651, which itself is higher
than those for host volcanic rocks (0.704-0.705) but
lower than that of the Cretaceous seawater (0.7075),
the time of barites formation. We may conclude that
strontium in the barites is a mixture of
predominantly juvenile hydrothermal fluid of low
Sr isotope and seawater that contains more
radiogenic strontium. §*S (=19.05-21.53%.) of the
samples indicate that much of the sulfur in barite
was derived from seawater (5%S=20-22%o).

Fluid inclusion salinities (Hasankhanloo, 2015),
crystal sizes and morphology, abundance of sulfate
mineral, lack of valuable Pb and Zn, distribution
patterns of trace elements (plus REE) of barite
reveal that mixture of magmatic fluid and seawater,
with different ratios, were the source of the barite-
forming fluid. That is supported by the %S values,
the location of samples on the Th-U diagram
(seawater sources), variations in trace element (plus
REEs), and Au anomaly (magmatic sources) in the
samples. REEs, La enrichment, variations in
abundance of trace elements, as well as §%S and
87Sr/%6Sr  isotope values of the samples are
consistent with the Kuroko massive sulfide-type
(Marumo, 1989)and submarine hydrothermal
volcanic model. In this model, barium has leached
from the bedrocks by circulation of reduced
hydrothermal fluid and transported along the syn-
sedimentary normal faults to the sea-floor. Then,
fluid is mixed with SO4* of seawater and it causes
the barite to precipitate. These barites have been
formed in an open system, on or immediately below
the sea-floor.

The Shahneshin barite deposit was, most probably,
formed within caldera structures on top of the
volcanic complexes in the late-stage of submarine
volcanic  activity  with  andesite-dacite  in
composition. It has occurred at continental margin
tectonic setting between subduction zone and
passive continental margin due to oblique collision
along the Sanandaj-Sirjan Zone in the Late
Cretaceous.
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Fig. 1. A: Map showing the location of the Shahneshin barite deposit (red star), B: Geological map of the study area

based on Bayenjub map, scale 1:100,000 (Shahpasandzadeh and Gurabjairi, 2006), C: Map of Shahneshin mine
showing main structural features, and D: Lithostratigraphic column of the Upper Cretaceous for the study area

DOI: 10.22067/ECONG.2021.51781.85753 Fosled Ao, NFrr (oaladl pulilyn

va¥


https://dx.doi.org/10.22067/ECONG.2021.51781.85753

Ol Olws S Ol el ¢ ol o )b HLdlS Late 5 ST 5S Gl 5530 ¢ ondime

Stratiform barite i

Stratiform barite

gg‘—;

Stringer zone

Ly o1 24 5o ol g LOKS, liten Ladtio S il 5 Olwatr slacs sl 9 KOs (KY (sladaty K8 55 1A ol S )b Odme Y S
o)Lwﬁ-):EjDc‘jfﬁrdu4{}).\13c(C)dgf‘:};}(B)J}AJ‘(KSS)JL‘JKL;Y[{JA{/CMJ:.Jl-\") C)Bc(dﬁ 4 9 %))M;GAOL”N

‘H L(G) auksij 6\.&(‘_,_1)‘.:3 (F) QL.wA_.g ‘51...&;'_,.4_)‘: )" di—;’j ‘_;L.u' G }F céﬁidu 4 9y Lo c(E) dgi’jﬁ (D))}J )" c)i'..!‘,“.w‘

6l s 3ol 5 6T 0As o SOy slacSin 3 KeaSls d caibate sl o8 51 ol il QLIS mly oS tnls SlaassT slacKen
T 55 olT3T Jlaar sl &8 55 (slaanksd b ot o bl (slacSin 51 g ls K 5 Jlw ) se

Fig. 2. Shahneshin barite deposit, A: Figure shows K", K% units, and stringer and stratiform barite deposit. Arrows
indicate the main direction of sampling, view to the east, B and C: Sanandaj shale unit (K%) in the hanging- wall of
deposit from far (B) and close views (C), D and E: Stringer barite from far (D) and close views (E), view to the
northeast, F and G: Close views of stratiform barite (F) and brecciated barite (G), H: Figure shows the footwall dacite, I:
A view of fault in the district &rea, J: Fractures in volcanic rocks, their shear, and creating a path for fluid Flow, and K:
A view of brecciated slate with angular pyroclastic fragments
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Table 1. Results of ICP-MS analysis of the Shahneshin barite samples

Sam. no. 1 2 3 4 5 6 7 8 9
Ba ppm 3381 3135 5238 4315 6395 4057 2179 2826 3423
S >10000 >10000 >10000 8530 >10000 4991 >10000 7192 2293
Ag 0.8 1.9 14 14 35 2.2 10.5 1.6 2.2
As 110 157 206 171 304 124 408 135 172
Cd 0.7 1.1 1.0 2.1 6.7 2.9 12.0 2.1 3.2
Co 13.7 14.4 7.3 5.1 4.4 11 6.6 1.2 4.4
Cr 85.1 90.2 72.6 89.1 6.3 5.1 4.2 5.7 4.9
Hf 8.3 11.6 5.5 3.2 6.1 14 3.6 2.1 2.8
Mn 210.9 256.9 69.2 62.5 474 31548 40.0 13934 6185
Ni 38.9 42.0 21.9 16.8 10.3 5.7 31.2 3.1 9.8
P 496 380 72 138 278 124 285 1246 1372
Pb 53 75 51 222 379 176 626 111 119
Rb 120.1 38.3 115.6 326.9 450.2 648.1 10039 627.0 564.4
Sc 12.1 14.4 5.3 3.1 3.8 0.7 0.7 0.4 0.3
Sr 296 118 291 1014 1372 1950 2914 1878 1708
Th 19.1 26.4 12.8 8.9 12.8 2.6 7.8 4.1 6.4
U 3.9 5.6 2.9 1.3 2.7 15 2.0 1.7 1.5
Y 12 15 4 3 6 2 1 4 5
Zn 94 136 66 130 730 255 1334 108 416
Zr 111 161 45 29 56 3 5 <1 2
La 23.4 31.1 9.6 3.8 1.8 25 1.4 6.6 5.7
Ce 48.0 68.8 175 6.6 3.9 2.8 7.1 11.3 16.4
Pr 35 5.7 2.2 3.1 2.1 2.0 <05 2.8 2.3
Nd 20.8 26.6 6.1 1.3 3.1 <0.6 <0.6 <0.6 0.9
Sm 3.0 3.6 1.6 1.3 15 1.3 0.8 1.7 0.6
Eu 0.6 0.6 0.3 0.3 0.5 0.8 0.3 1.6 1.7
Gd 3.1 3.9 1.6 1.1 1.8 <05 1.0 0.6 1.1
Tb 0.5 0.8 0.3 0.2 0.3 0.1 0.1 <0.1 0.1
Ho 0.2 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dy 1.9 25 0.1 <0.08 0.7 34 <0.08 2.2 0.8
Er 1.2 1.6 <05 <05 <05 <05 <05 <05 <05
Tm 0.2 0.3 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1
Lu 0.2 0.4 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Yb 1.4 2.0 0.6 0.4 0.6 0.4 0.2 0.5 0.5
>REE 104.9 144.3 36 17 14.6 13.3 9.9 26.7 29
La/La*cn 9.5 25 0.8 0.2 0.1 nd nd nd 0.4
La/Lucn 10.1 8.0 5.7 nd nd nd nd nd nd
Eu/Eu*cn 0.7 0.5 0.7 1.0 11 nd 1.1 5.6 7.0
Ce/Ce*sn 11 1.1 1.0 0.4 0.4 0.3 nd 0.6 1.0
Pr/Pr*sn 0.7 0.8 1.3 5.8 3.4 nd nd nd 2.3
Gd/Gd*cn 0.8 0.8 0.8 0.8 0.8 nd 1.2 nd 1.4
Ce/Yben 6.9 7.0 5.6 3.5 1.2 1.3 9.1 5.0 7.2
Ce/Smcn 3.7 45 2.6 1.2 0.6 0.5 2.2 1.6 5.9
Nd/Ercn 18.0 16.2 nd nd nd nd nd nd nd
Y/Ho 52.1 56.0 nd nd nd nd nd nd nd
CelLa 2.1 2.2 2.4 1.7 2.2 1.1 5.1 1.7 2.9
Eu/Sm 0.2 0.17 0.19 0.23 0.33 0.62 0.38 0.94 2.83
U/Th 0.20 0.21 0.23 0.15 0.21 0.58 0.26 0.41 0.23
87Sr/88Sr 0.7065
8%4S%o 21.53
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Table 1 (Continued). Results of ICP-MS analysis of the Shahneshin barite samples

Sam. no. 10 11 12 13 14 15 16 17 18
Ba ppm 3494 5600 3725 4401 2829 1543 3037 3487 3583
S 5262 2917 8503 7730 5935 >10000 >10000 1911 >10000
Ag 1.8 2.1 2.2 6.8 1.6 249 13.1 10.1 7.9
As 114 56 151 290 132 1178 657 384 632
Cd 3.7 2.3 3.0 12.1 1.2 21.1 21.2 5.9 18.9
Co <05 2.6 4.6 2.8 13 7.6 3.3 2.3 35
Cr 5.3 7.9 86.4 3.3 5.6 3.9 47 2.4 3.2
Hf 1.0 <05 2.8 1.8 15 7.0 45 3.7 4.1
Mn 112.7 324 93.3 57.6 731.8 17.4 29.1 62.1 31.3
Ni 5.0 7.2 9.7 22.3 1.7 34.0 20.3 6.3 7.4
P 684 252 82 264 313 1115 41 413 196
Pb 327 568 537 675 121 1364 1531 1157 1223
Rb 555.3 236.3 5665 3114 4457 588.9 335.2 456.7 408.1
Sc 0.4 0.3 2.1 0.4 0.3 0.3 0.4 0.2 0.3
Sr 1647 704 1673 927 1307 1717 974 1330 1186
Th 3.0 1.7 7.7 47 3.8 17.8 12.3 10.7 10.9
U 0.7 <05 1.7 1.0 1.9 3.9 2.3 1.7 2.0
Y 2 1 2 1 1 3 <04 1 1
Zn 422 441 452 1295 120 1684 2126 335 1319
Zr <1 <1 21 <1 <1 2 1 <1 2
La 2.3 1.2 14 1.1 2.3 1.8 1.0 2.8 1.6
Ce 6.2 5.0 4.0 2.2 <0.6 2.2 3.3 3.9 2.2
Pr <05 <05 0.9 <05 46 42 <05 14 1.8
Nd <0.6 <06 <06 <0.6 <0.6 <0.6 0.9 <0.6 0.8
Sm 1.0 0.8 1.0 0.8 0.7 14 0.6 1.0 0.9
Eu 0.6 0.4 0.1 0.3 0.8 0.5 0.1 0.4 0.9
Gd <05 <05 0.9 <05 <05 1.6 0.9 0.9 1.0
Th <0.1 <0.1 0.1 0.1 <0.1 0.3 0.3 0.2 0.2
Ho <0.1 <01 <01 <01 <0.1 <0.1 <0.1 <01 <01
Dy <0.08 <0.08 <0.08 <0.08 0.9 <0.08 <0.08 <0.08 <0.08
Er <05 <05 <05 <05 <05 <05 <05 <05 <05
Tm <01 <01 <01 <01 <01 0.1 <0.1 <01 <0.1
Lu <0.1 <01 <01 <01 <0.1 <01 <01 <01 <01
Yb 0.1 0.1 0.3 0.1 0.2 0.3 0.1 0.1 0.1
>REE 10.2 75 7.8 4.6 9.5 10.8 6.3 9.8 8.5
La/La*cn nd nd nd nd nd nd nd nd 0.1
La/Lucn nd nd nd nd nd nd nd nd nd
Eu/Eu*cn nd nd 0.5 nd nd 1.1 0.6 1.3 3.3
Ce/Ce*sn nd nd 0.8 nd nd 0.1 nd 0.4 0.3
Pr/Pr*sy nd nd nd nd nd nd nd nd 8.0
Gd/Gd*cn nd nd 0.8 nd nd 0.8 0.7 0.7 0.9
Cel/Yben 8.5 8.1 2.7 43 nd 1.7 5.4 5.2 41
Ce/Smen 15 15 0.9 0.7 nd 0.4 1.2 0.9 0.6
Nd/Ercn nd nd nd nd nd nd nd nd nd
Y/Ho nd nd nd nd nd nd nd nd nd
CelLa 2.7 42 2.9 2.0 nd 1.2 3.3 1.4 14
Eu/Sm 0.6 0.5 0.1 0.38 1.14 0.36 0.17 0.4 1
U/Th 0.23 nd 0.22 0.21 0.50 0.22 0.19 0.16 0.18
87Sr/%Sr 0.7065
54S%o 20.62
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Table 1 (Continued). Results of ICP-MS analysis of the Shahneshin barite samples
Sam. no. 19 20 21 22 23 24 25 26 27
Ba ppm 2073 8988 1883 8678 7524 2091 4184 3910 5945
S >10000 4455 2262 950 1700 >10000 1280 1547 9605
Ag 16.3 0.2 <01 0.87 1.03 23.0 23.4 6.3 15
As 842 29 16 151 24.22 628 538 160 150
Cd 14.8 <01 <01 6.02 0.12 77.5 9.2 2.6 0.7
Co 8.0 2.6 4.9 17.56 1.76 10.1 55 3.4 6.7
Cr 6.8 40.9 18.0 35.14  38.13 4.5 3.7 2.8 102.7
Hf 8.6 1.8 8.5 9.56 1.43 8.9 4.3 15 31
Mn 45.0 58.8 264.8 680 110 36.8 3415 437.8 1185
Ni 145 6.0 12 24.17 3.15 15.6 13.1 14.9 18.6
P 1068 209 260 479 169 714 442 905 137
Pb 1053 45 23 76.66 15.58 3907 1109 335 98
Rb 492.4 60.3 9.5 5340 63.07 5073 509.8 4365 2109
Sc 0.6 6.5 11.9 16.47 11.00 0.3 0.5 0.5 2.9
Sr 1429 180 27 158 189 1474 1472 1272 620
Th 22.7 10.5 29.6 28.87 7.50 26.8 14.2 5.4 121
U 4.6 0.9 3.9 4.67 0.58 4.8 2.5 0.9 1.6
Y 3 20 30 16.18  25.11 1 3 2 4
Zn 808 79 118 909 124 3715 532 221 94
Zr 5 179 194 60 171 4 3 1 34
La 2.8 25.5 453 15.10 24.56 24 2.5 2.5 5.6
Ce 9.4 45.4 79.9 33.39  43.29 5.8 2.5 4.2 10.1
Pr 2.7 1.2 5.6 2.24 1.23 3.6 2.7 0.7 1.6
Nd <06 17.3 25.6 17.40 14.10 <0.6 <06 <06 2.0
Sm 12 3.3 5.8 3.03 2.82 11 0.6 0.8 0.8
Eu 0.9 0.6 12 0.84 0.59 0.6 0.7 1.1 0.2
Gd 2.0 2.3 4.2 3.33 2.07 1.8 1.2 05 1.2
Tb 0.5 0.2 0.6 0.59 0.10 0.5 0.2 <01 0.2
Ho <0.1 0.5 05 0.16 0.27 <01 <01 <01 <01
Dy 0.3 3.8 5.6 3.43 4.25 0.3 0.4 0.1 0.4
Er <05 15 2.1 131 1.28 <05 <05 <05 <05
™ 0.2 <01 0.2 0.24 <0.1 0.2 <01 <01 <01
Lu 0.1 0.1 0.2 0.18 <01 0.2 <01 <01 <01
Yb 0.4 1.8 2.7 1.42 2.15 0.2 0.2 0.2 0.4
>REE 18.5 101.2  175.3 79.33 94.64 14.9 9.8 9.6 21.3
La/La*cn nd -2.5 3.7 -5.03 -3.64 nd nd nd 0.6
La/Lucn 2.7 245 19.0 8.16 nd 1.3 nd nd nd
Eu/Eu*cn 19 0.8 0.8 0.91 0.84 1.5 2.6 5.7 0.6
Ce/Ce*sn 0.7 11 1.0 1.16 1.12 0.4 0.2 0.7 0.8
Pr/Pr*sn nd 0.3 0.7 0.54 0.29 nd nd nd 2.0
Gd/Gd*cn 0.8 1.0 0.8 0.86 1.15 0.7 1.0 nd 1.0
Ce/Yben 51 5.0 5.9 4.69 4.02 5.6 2.3 5.4 4.8
Ce/Smcn 19 3.3 3.2 2.57 3.58 1.3 0.9 1.2 2.9
Nd/Ercn nd 11.3 12.1 13.3 11.02 nd nd nd nd
Y/Ho nd 43.7 58.8 101 93 nd nd nd nd
CelLa 34 1.8 1.8 2.2 1.8 2.4 1.0 1.7 1.8
Eu/Sm 0.75 0.18 0.21 0.28 0.21 0.55 1.17 1.38 0.25
U/Th 0.20 0.09 0.13 0.16 0.08 0.18 0.18 0.17 0.13
87Sr/%6Sr 0.7065
3%S %o 19.05

La/La*cn=[La/(3Pr-2Nd)]cn; EU/Eu*sn=[2*Eu/(Sm+Gd)]sn; Ce/Ce*sn=[2Ce/(La+Pr)]sn; Pr/Pr*sn=
[2Pr/(Ce+ Nd)]sn; Gd/Gd*cn=[Gd/(0.32Sm+0.67Tb)]cn; SN=Post Archean Australian Shale-norm-
alized; CN=Chondrite-normalized; Cretaceous seawater with &Sr/%Sr= 0.7075 and 5**S= 20- 22%o.
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Fig. 4. Shahneshin barite samples fall in the marine/pelagic field on the U-Th diagram after Bonatti et al. (1976)
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Fig. 5. A, B and C: Variations in REEscn patterns (Sun and McDonough, 1989) in the Shahneshin barite samples, and

D: The distribution of average REEscn abundances in the studied barite samples compared with REEscn of marine and
low temperature hydrothermal and modern seawater barites (Guichard et al., 1979 and Hein et al., 2007)
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Fig. 6. A: Studied barite samples (blue circles and the star represent each of the samples and their average values,
respectively) compared with marine and low-temperature hydrothermal barites in the Ce/Smcn-Ce/Yben diagram. The
locations of the barite deposits, except Shahneshin, are based on data from Zarasvandi et al. (2014), and B: Samples
from the Shahneshin barite in a binary graph of Ce/Ce*sy vs. Pr/Pr*sy to determine true negative Ce anomalies (Bau
and Dulski, 1996). Field I: no Ce and La anomalies; field Ila: positive La anomaly produces an apparent negative Ce
anomaly; field llb: a negative La anomaly causes an apparent positive Ce anomaly; field Illa: real positive Ce anomaly;
field 111b: real negative Ce anomaly; field 1V: positive La anomaly disguises a positive Ce anomaly. Shahneshin barite
samples fall in the Il1a and 111b fields.
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Table 2. S isotopic values of the Shahneshin barite (A), calculated amounts §%S of the barite-forming fluids SO4*-H,0
(B) and SO4%-H;S (C), and the difference between the isotopic ratio of barite with B (A1) and C (A2) ore- forming

fluids
Sample  3%Svs CDT(%s) SO#-H:0 §%S%e (B)  Al=  SO#2-H2S §%S%, (C) A2
No. 26= +0.02%» (A) 115<T<215°C A-B%o 115<T<215°C A-CY%o
8 21.532 21.259+ 0.096 0.27-0.33 21.200 0.060 0.58-0.92
15 20.616 20.355: 0.092 0.26-0.32 20.298+ 0.057 0.88-0.56
19 19.049 18.807+ 0.085 0.24-0.29 18.755+ 0.053 0.81-0.51

B is calculated based on 10%Inagasos-rz0 = 2.58 (10%/T?) — 4.8 + 0.4 eq. after Kusakabe and Robinson (1977)
C is calculated based on 10%Ina so4? 120 = 6.46 (10%/T2) + 0.57 eq. after Ohmoto and Lasaga (1982)
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Fig. 7. A: Shahneshin barite samples (green circles) on the & Sr/®%Sr isotope ratios vs. **S diagram (Paytan et al., 2002).
The cross of the light blue lines and light blue- red lines designate modern seawater and the Late Cretaceous seawater
isotopic composition of each element, respectively, and B: Data of samples in the 5**Scor vs. Age graphic (Claypool et
al., 1980)
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Fig. 8. Proposed schematic model to explain the generation of Shahneshine barite after Fouquet et al. (2018). A: lava
flows forming the volcanic basement, the magma chamber empties and its summit starts to collapse, B: Formation of
the caldera starts after collapse of the roof magma chamber, C: Refilling and ascent of the magma chamber at depth
promote the uplift of the caldra, and D: Barium-rich hydrothermal fluid mixes with cold, SO4*-rich seawater induces
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rapid precipitation of barite in the sea-floor.
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