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Abstract

Purpose. Gazipasa region is one of the most important barite mineralization of Turkey. To investigate the main origin
properties of Gazipasa barite deposits, conditions of their genesis and occurrence.

Methods. To investigate the basic geological, geochemical, mineralogical, statistical, sulfur isotopic properties of Gazipasa
barite deposits, conditions of their genesis and occurrence.

Findings. Paragenesis of barites deposits can be presented as barite, galena sphalerite, pyrite, limonite, quartz and calcite.
Also, there are lots of barite-galena ores around Gazipasa. In the wall rocks of vein, while barium occurence is low, limonite
and galenite density is high. According to isotope analysis results, S ranks between 20.3 and 22.4. As indicated in the Rare
Earth Elements (REE) diagram, calculated values show that barites reflect sedimentary environment conditions. Barite for-
mation in these reserves contains approximately 86-99% BaSO, and it was determined to be mostly found in dolomites and
limestones as lode, vein and veinlet.

Originality. According to geological and mineralogical studies, barite formation in dolomite-limestone units occurred in

sin-sedimentary stage conditions.

Practical implications. Barites in the region are used because of their high tenor and closeness to the harbor.
Keywords: barite, isotopic composition, sedimentary characteristics, 3S, genesis

1. Introduction

The generation of barite deposits has been the center of
attraction of geological, mineralogical, geochemical, genesis
and isotope studies for many years [1]-[12].

There are many large and small dimensions of barite and
galenite in a large area of the study region. In the Ziegler’s
research [13], he made geological observations, however he
didn’t mention about genesis of mines in the study area.
Later, researchers like Striebel [14], Copuroglu [15], Gokce
and Bozkaya [16], Sadiklar [17], Ayhan [18] and Bozkaya
and Gokce [19] made investigations about barite in the same
region and mentioned about geological, geochemical, petro-
graphic and mineralogical features of research area. In the
Barutoglu’s research [20], it was explained that barites are
hydrothermal-vein ore; however, Striebel [14] explained that,
the sediment is form of barite deposit and upper Permian. In
the Gokce and Bozkaya’s researches [21], it was explained
that barites came about first term of mineralization and it was
coupling agent before galenite. It was stated that Galena and
other minerals are observed together across the porous zones
between the brecciated barite crystals and galenite are
formed later (epigenetic) than barites and especially abun-
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dant in mylonitized regions. According to Gokce and
Bozkaya [16], in X-ray diffraction (XRD) and microscopical
investigations, it was stated that mines contain barite
(80-85%), galenite (10-15%) and in small quantities of py-
rite, sphalerite, quartz, limonite and calcite There are also
Ba-Pb ores in the Lower Permian-Triassic aged partially do-
lomitized limestones [22]. Briefly, there are different genesis
comments about studies conducted in the region. Generally,
in the issue of mineralization genesis, there is not proper
association. So, for making genesis interpretation, there is a
need to make isotope analysis and genesis interpretation of
barites in the samples taken from barites in the region.

Aim of the study is the formation of the barites found in the
Karalar district is in the form of factors affecting this formation.
In this context, in the investigation area, it was made geological,
geochemical and isotope studies with genesis interpretations.

2. Materials and methods

Study area takes in “Boyalik Mine” barite mine and
“Buyuk Ocak” barite mine that take place Karalar district in
Gazipasa subprovinve in Antalya province. Study area site
location map is seen in the Figure 1.
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Figure 1. Location map of the study area

2.1. Geology of study area

Barite and galena deposits of Karalar distrinct are typical
examples of barite-galena deposits that are common in Toros
Mountain and contain carbonate [23]. In recent years, mining
activities has concentrated on the area where “Buyuk Mine”
and “Boyalik Mine” are located. Searches are generally about
these mines and their environments. Toros mountains precipi-
tated in the Cambrian-Tertiary time aged and it was stated that
there were union reflecting different watershed characteris-
tic [24]. These are named as Bolkar Mountain, Aladag, Geyik
Mountain, Alanya, Bozkir and Antalya union [25]. Area of
investigation takes place in Antalya union.

Antalya union also consists of different formations. These
formations are named as Cakmak, Bickici and Camlica [26].
The Cakmak formation represents the oldest union and its
base hasn’t still formed. It wasn’t certainly determined con-
nections of Cile formation and Cakmak formation. It was just
covered by Bickici formation that was given upper Permian
age incompatibly. Limestone in the basement layer of
Cakmak formation begins with shale alternation and contin-
ues to lift with micaceous shale (Fig. 2).
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Corals like Bryozoa, Favosltos, Thamnapora fossil and
trace elements like Cruziana Fucoides fossil were monitored
within units. It was stated that these were Ordovician-Lower
Devonian aged [27]. Mineralization is observed along the
upper surface of the limestone blocks within the Bickici for-
mation, in the form of lode in the ore-filled breccias and fault
zones. This lode contains barite (80-85%), galena (10-15%), in
small quantities of pyrite, sphalerite, quartz, limonit and calcite
as major or minor) mineral. Macroscopic and microscopic
features of sedimentaries show that barite evolved in the early
mineralization period and it became mylonite before galenite
crystallization [27]. Bickici formation begins with alternating
of shale-crystalline limestone, micaceous siltstone, and sandy
limestone time to time and goes on towards the upper layers to
medium or thick bedded, calcite veins, gray colored and abun-
dant fossiliferous limestones. Upper layer consists of stromato-
lite and oolitic sandy limestone. It is angularly incompatible
with the Cile and Cakmak formations beneath the Bickici
formation. Formation is determined as upper Permian [26].

Camlica formation begins with alternating of yellow ar-
gillaceous limestone and marl, goes on alternation of argil-
lite, sandstone, sandstone with carbonate, siltstone towards
the upper layers. At the top is the limestone containing Ha-
lobia, Daonella and radiolarite and in the flysch facies, there
is sandstone, transitional to shale alternation. Formation is
determined as middle-upper Triassic [26]. Camlica for-
mation, turbiditic clastic (shale, mudstone and sandstone)
and carbonate rocks (limestone, dolomite) were affected
from shallow or pelagic in marine environments and late
diagenetic [27]. Block of Cakmak and Bickici formations
settled in Camlica formation in the Triassic period [24], [28],
[29]. These formations are shown in Figure 2.

2.2. Field studies and sampling

Field studying concentrated on areas of barite mine and sur-
rounding areas. The samples between BT1/BT17 was taken
from “Boyalik Mine” and BT18/BT30 were taken from
“Buyuk Ocak” barite gallery and its surroundings (Fig. 3).

In some parts of the “Buyuk Ocak” gallery, water spills
and karst were observed on the roof, and barite, limonite,
galena, calcite and azurite were observed in the heel.

Also, the main rocks of barite mineralization in the region
were determined as dolomite and limestone. There are dark
and light limestones and various levels of dolomitic lime-
stones with barite in the area. Galenites were found in the
fractures and cracks within the barites where the barite was
milonitized by tectonic movements.

Samples taken from the land were sent to chemical analy-
sis after necessary processing. At the end of the analysis, the
values were transferred to the table in ppm or %. X-ray dif-
fractograms were used and Bruker’s PDF-4 and Search-
Match software were used for XRD analyzes. X-ray powder
diffraction data of the samples were refined with the Rietveld
program Topaz 4.2 (Bruker AXS).

Off-line results in **S isotope analysis were provided by
20% standard analysis. This assurance and control program
allows the routine monitoring of both the measurements and
the quality of the devices. All results are given in calibrated
by certified reference materials (VCTD) reported in standard
per mile (%o) and in accordance with international standards.
Accuracy is based on repeated sample analysis in per mile
(%o). Based on primary or secondary standard analyzes, the
results in the per-mile (%o) were transferred to the table.
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Figure 3. The barite in the “Boyalik Mine” gallery

Samples for sulfur were placed into tin capsules by scaling
and the sulfur isotopic composition was measured using the
MAT 253 Stable Isotope Ratio Mass Spectrometer attached to
the Costech ECS 4010 Elemental Analyzer. S values, 3S/%%S
ratios in the sample, calculated by normalizing according to
international standard of Vienna Canyon Diablo Troilite
(VCDT) and values, delta (0) representations in per mil (%o)
units are reported using repeatable per mile (%o) up to 0.2.

3. Results

3.1. X-ray diffraction (XRD)

X-Ray diffraction of BT1/BT2/BT22/BT23/BT24 num-
bered samples was shown in Table 1 with detailed.

Table 1. XRD diffraction results

Mineral Chemical BT1, BT2, BT22, BT23, BT24,

formula % % % % %

Barite BaSO4 98.7 4.0 100 98.1 98.9

Calcite CaCOs 1.3 947 - - -
. CaMg (COz3)2/

plomte. Cafens, 08 - -
Mn) (CO3)2

Quartz SiO2 - 0.7 - 10 11

Galena PbS - - - 0.9 -

Total 100 100 100 100 100

According to results, the purest sample is BT22 sample
taken from “Buyuk Ocak” gallery and it was determined that
this sample is barite 100%. BT22 was taken from side rocks in
other examples and contains calcite 94%. Samples of BT22,
BT23 and BT24 contain BaSO4 over 98% (Figs. 4-7).

Sample BT2 was taken from side rock and it is referred to
as calcite. Barites as side rock was found with rocks like
galenite, dolomite, and calcite.
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Figure 4. The view on the XRD diagram of the BT1 example
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Figure 5. The view on the XRD diagram of the BT2 example
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Figure 6. The view on the XRD diagram of the BT23 example

BT-24 XRD
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Figure 7. The view on the XRD diagram of the BT24 example

Calcite 94%, barites 4%, quartz 0.67% and dolomite
0.57% were found inside of BT2. Also, 98-100% barites
were observed in other examples.
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3.2. Geochemical analysis

The table of XRF analysis results takes part in Tables 2
and 3. The REE and trace element contents tables (Tables 4
and 5) of the investigated area barite samples. Rare metal
deposits, without any tectonic, magmatic and hydrothermal
functions, indicate bearing types according to their relations
with the rocks in which they are deposited. Since the rare earth
element values of barite and wall samples are close to each
other, other mean values are calculated and diagrams are
drawn. Also, Th, Gd, Dy, Er, Yb, La, Y, Ce were identified as
heavy rare earth elements of Yitrium group in the samples.

Trace elements are usually less than 0.01% in rocks. It
may also occur in concentrations other than normal. Some-
times these concentrations represent a mineral deposit and
for example Co, Ph, Cu, Zn, etc. These elements can be iden-
tified and interpreted by adding them to the rock structure. In
this context, XRF values have been examined and trace ele-
ment table has been formed. Trace elements such as Se
As —Zn — Cu — Mo — Ni were found in the samples.

Rare earth rates in barites have low Ce/Yb values. High
Ce/Yb values show enrichment of light rare element in the

samples, on the other hand low Ce/Yb values show enrich-
ment of high rare element. In the normalized rare earth ele-
ment diagram (Fig. 8), these values showed positive zigzag
anomalies for the relatively low remaining elements as posi-
tive peaks in La, Dy and Tm. Also, limestone and dolomite
limestone in diagram exhibit positive Eu and negative Ce
anomalies alike barites. These values are ranked at the
maximum value range.
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Figure 8. Diagram of REE

Table 2. Whole rock geochemistry

Analyte SloZ A|203 Fe,0; CaO Na,O MnO Ba LOI SO; Sr

TOT/C TOT/S Ba Ga Hf Sr Ta V Zr Y La

Unit % % % % % % % % % %

% % _PPM__PPM PPM PPM PPM PPM PPM PPM PPM

MDL 0.01 001 001 0.01 0.01 001 001 -511 0.002 0.002

0.02 0.02 1 05 01 05 01 8 01 01 01

BT5 05 <0.01 0.07 0.02 0.02 0.04 57.80 -0.15 >10.0 0.78
BT6 30,70 111 399 6.32 <0.01 0.09 29.12 561 >10.0 0.40
BT7 0.65 <001 <0.01 037 0.03 0.04 58.06 0.15 >10.0 0.63
BT8 1.00 <0.01 <0.01 123 0.02 0.04 56.72 0.68 >10.0 0.63
BT9 398 005 104 0.02 <0.01 <0.01 0374 7.02 >10.0 0.02
BT10 092 <0.01 <0.01 267 003 0.04 5520 146 >10.0 0.65
BT11 134 006 042 225 <0.01 0.06 57.44 129 >10.0 0.68
BT12 <0.01 <0.01 <0.01 032 0.03 0.04 58.60 0.15 >10.0 0.64
BT13 <0.01 <0.01 <0.01 0.22 0.03 0.04 58.60 0.04 >10.0 0.64
BT14 008 <0.01 <0.01 0.69 003 0.04 57.71 041 >100 0.63
BT15 <0.01 <0.01 0.10 51.00 <0.01 0.12 4.61 40.19 265 0.06
BT16 <0.01 <0.01 <0.01 0.18 0.03 0.04 58.78 0.07 >10.0 0.61
BT17 0.05 <0.01 <0.01 0.20 0.02 0.04 57.89 0.15 >10.0 0.61
BT18 159 <0.01 <001 0.21 0.02 0.04 57.62 0.17 >10.0 0.71
BT19 163 <0.01 0.09 0.98 0.02 0.05 56.72 0.80 >10.0 0.61
BT20 064 <0.01 <001 0.10 0.03 0.04 5842 0.07 >10.0 0.63
BT21 041 <0.01 <001 0.08 0.03 0.04 5815 0.06 >10.0 0.64
BT28 883 0.17 050 6.47 004 0.09 4848 491 >10.0 0.54
BT29 154 <0.01 0.04 045 004 0.04 57.17 0.35 >10.0 0.60
BT30 090 002 005 001 001 0.04 58.06 0.43 >10.0 0.58

<0.02 13.75 >50000 <0.5 1.9 58085 6.8 21.0 03 14 34
140 750 >50000 <0.5 2.9 32148 36 230 03 31 132
0.08 14.00 >50000 1.4 1.8 47746 6.2 11.0 682 11 27
0.24 1348 >50000 15 2.2 47399 44 140 07 14 31
0.26 1140 >50000 1.7 <01 1026 01 <8 04 04 10
056 13.66 >50000 1.1 1.7 48753 6.0 <8 11 18 33
0.45 1330 >50000 1.2 1.8 48886 42 <8 03 15 37
0.08 13.67 >50000 09 1.7 46712 47 <8 13 10 23
0.05 1413 >50000 09 1.7 47865 40 <8 02 12 22
0.14 1353 >50000 09 21 48104 52 <8 01 13 21
1118 124 48312.00 1.0 04 8492 09 <8 02 36 28
0.04 13.96 >50000 1.1 25 45775 60 <8 03 11 22
0.04 13.96 >50000 0.9 1.8 46523 47 <8 02 13 21
0.04 1358 >50000 0.9 21 53745 55 <8 <0.1 13 20
0.19 1352 >50000 1.0 2.0 45111 47 <8 06 12 24

<0.02 14.07 >50000 1.0 1.7 46745 55 <8 02 09 138
0.02 13.97 >50000 0.7 1.8 46915 34 <8 01 10 18
142 1125 >50000 13 1.7 39771 28 <8 3.0 19 31
0.09 1353 >50000 0.8 1.7 45114 49 <8 03 12 19
0.10 13.87 >50000 0.7 2.0 41919 41 <8 05 1.0 20

Table 3. The continuation of Table 2

Analyte Ce Pr Nd Sm Eu Gd Th Dy Er Yb Cu Pb Zn Ni As Cd Sbh Ag Au Hg
Unit PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM  PPM PPM PPM PPM PPM PPM PPM PPM
MDL 01 0.02 0.3 0.05 0.02 005 0.01 005 003 0.5 0.1 0.1 1.0 01 05 01 01 01 05 0.01

BTS 10 005 <03 056 * 327 005 140 <0.03 0.24
BT6 189 1.90 6.7 107 * 244 010 093 031 0.36
BT7 12 012 05 034 * 282 004 128 <0.03 0.2

BT8 15 013 05 036 * 318 0.06 148 <0.03 021
BT9 23 027 1.2 025 0.11 0.18 0.02 0.07 <0.03 <0.05
BT10 28 031 13 053 * 286 0.08 143 0.07 0.16
BT11 22 020 09 043 * 303 0.06 1321 <0.03 0.14
BT12 0.7 <002 <03 0.39 294 0.05 143 <0.03 0.16
BT13 04 <002 <03 045 3.16 0.04 160 <0.03 0.12
BT14 08 006 <03 041 282 0.05 144 <0.03 0.13
BT15 82 124 6.7 136 1.16 162 0.12 066 018 0.13
BT16 <0.1 <0.02 <03 0.34 3.87 0.04 128 <0.03 0.13
BT17 02 <002 <03 047 321 005 139 <0.03 0.11
BT18 02 <002 <03 0.35 322 0.04 155 <0.03 0.15
BT19 05 0.12 05 034 262 005 1.12 <0.03 0.11
BT20 0.3 <002 <03 028 2.63 0.04 1.09 <0.03 0.09
BT21 <0.1 <0.02 <03 0.33 272 0.04 125 <0.03 0.07
BT28 32 037 16 0.69 26 0.06 1.09 0.09 0.19
BT29 04 <002 <03 0.35 279 0.04 123 <0.03 0.09
BT30 05 <0.02 <03 0.34 295 005 121 <0.03 0.1

* Ok ok ok % ok kX ok = ok X F

55.2 >100000 140 <01 99 05 127 42 24 169
555.8 4553.1 1850 55 3084 05 482 04 1.7 3.98
94.6 94.8 1050 04 16 07 19 02 46 166
67.1  209.3 39.0 02 17 07 16 01 08 178
498.6 >100000 1673.0 26 106.1 16.9 2469 222 <05 17.1
472 2928.9 4.0 <01 09 <01 11 06 <05 0.72
124.7 >100000 650 <01 71 05 80 19 <05 4.03
10.2 53.2 8.0 <01 <05 04 05 <01 24 0.23
11.8 255 5.0 <01 <05 02 03 <01 20 024
8.7 337.9 5.0 <0.1 07 <01 09 <01 <05 0.26
43 35.3 3.0 17 <05 <01 02 <01 30 01
29.4 39.3 19.0 01 07 01 29 <01 <05 031
25.8 32.2 16.0 01 06 <01 20 <01 06 03
48.1 35.8 4.0 <01 15 <01 02 <01 08 021
551 121.2 14.0 04 128 02 07 <01 <05 249

33.8 20.3 3.0 <01 12 <01 <01 <01 <05 0.65
32.2 24.2 3.0 <01 12 <01 01 <01 <05 047
801.8 229.3 296.0 13 2233 40 52 050 08 933
43.0 62.0 9.0 04 84 01 06 <01 <05 1.82

59.7 71.3 15.0 04 86 <01 04 <01 <05 2.68

65
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Table 4. Trace element contents of barites

Analyte Dy Ho Er ™™ Yb Lu Mo Cu Pb Zn Ni As Cd Sh Bi Ag Au Hg Ti Se
Unit PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM
MDL 0.1 0.02 0.03 0.01 0.05 0.01 01 01 0.1 1.0 01 05 01 0.1 0.1 01 05 001 01 0.5

BT5 140 <0.02 <0.03 <001 024 002 <01 552 >10000 14.0 <0.1 99 05 127 <01 42 24 169 02 <05

BT6 093 008 031 005 036 005 15 5558 4553.1 1850 55 3084 05 482 <01 04 1.7 398 210 <05

BT7 1.28 <0.02 <0.03 0.01 02 002 06 946 948 1050 04 16 07 19 <01 02 46 166 <01 <05

BT8 148 <0.02 <0.03 0.02 021 002 02 671 2093 390 02 17 07 16 <01 01 08 178 01 <05

BT9 0.07 <0.02 <0.03 <0.01 <0.05 <0.01 2.0 498.6 >10000 1673.0 2.6 106.1 16.9 2469 05 222 <05 17.1 59 0.70

BT10 143 0.02 007 001 016 0.01 <01 472 29289 40 <01 09 <01 11 <01 06 <05072 01 <05

BT11 1.31 <0.02 <0.03 0.02 0.14 0.01 0.2 1247 >10000 650 <01 7.1 05 80 <01 19 <05403 18 <05

BT12 143 <0.02 <0.03 0.01 0.16 001 <01 102 532 8.0 <01 <05 04 05 <01 <01 24 023 <0.1 <05

BT13 160 <0.02 <0.03 <001 012 <001 <01 118 252 5.0 <0.1 <05 0.2 03 <01 <01 20 024 <01 <05

BT14 144 <0.02 <0.03 0.01 0.13 002 <01 87 3379 5.0 <01 07 <01 09 <01 <01 <05 026 <0.1 <05

BT15 0.66 0.09 0.18 0.02 0.13 <001 <01 43 353 3.0 17 <05 <01 02 <01 <01 30 01 <01 <05

BT16 128 <0.02 <0.03 <001 013 <002 <01 294 393 19.0 01 07 01 29 <01 <01 <05 021 <01 <05

BT17 139 <0.02 <0.03 <001 011 <001 <01 258 322 16.0 01 06 <01 20 <01 <01 06 03 <01 <05

BT18 155 <0.02 <0.03 <001 015 <001 <01 481 358 4.0 <01 15 <01 02 <01 <01 0.8 021 <0.1 <05

BT19 112 <0.02 <0.03 <001 011 <0.01 01 551 1212 14.0 04 128 0.2 0.7 <01 <01 <05 249 02 <05

BT20 1.09 <0.02 <003 <0.01 0.09 <001 <01 338 20.3 30 <01 12 <01 <01 <01 <01 <05 065 <0.1 <05

BT21 125 <0.02 <0.03 <0.01 0.07 <0.01 <01 322 242 3.0 <01 12 <01 01 <01 <01 <05 047 <0.1 <05

BT28 109 0.02 009 002 019 0.01 0.2 801.8 2293 296.0 13 2233 40 52 <0.1 050 08 933 03 <05

BT29 123 <0.02 <0.03 <001 0.09 <0.01 0.1 430 620 9.0 04 84 0.1 06 <01 <01 <05 182 <01 <05

BT30 121 <0.02 <0.03 <001 01 <0.01 <01 59.7 713 15.0 04 86 <01 04 <01 <01 <05 268 <0.1 <05

Table 5. REE contents of barites
Analyte La Ce Pr Nd Sm Eu Gd Th Dy Yb Y CelYb
Unit PPM PPM PPM PPM PPM PPM PPM_ PPM PPM PPM PPM PPM

BT5 3.4 1.0 0.05 <0.3 0.56 * 3.27 0.05 1.40 0.48 14 2.08

BT6 13.2 18.9 1.90 6.7 1.07 * 2.44 0.1 0.93 0.72 3.1 26.25

BT7 2.7 1.2 0.12 0.5 0.34 * 2.82 0.04 1.28 0.4 11 3.0

BT8 3.1 15 0.13 0.5 0.36 * 3.18 0.06 1.48 0.42 14 3.57

BT9 1.0 2.3 0.27 1.2 0.25 0.11 0.18 0.02 0.07 <0.1 0.4 23

BT10 3.3 2.8 0.31 1.3 0.53 * 2.86 0.08 143 0.32 18 8.75

BT11 3.7 2.2 0.2 0.9 0.43 * 3.03 0.06 131 0.28 15 7.86

BT12 2.3 0.7 <0.02 <0.3 0.39 * 2.94 0.05 143 0.32 1.0 2.18

BT13 2.2 0. <0.02 <0.3 0.45 * 3.16+ 0.04 1.6 0.24 12 1.67

BT14 2.1 0.8 0.06 <0.3 0.41 * 2.82 0.05 1.44 0.26 1.3 3.08

BT15 2.8 8.2 1.24 6.7 1.36 1.16 1.62 0.12 0.66 0.26 3.6 31.54

BT16 2.2 <0.1 <0.02 <0.3 0.34 * 3.87 0.04 1.28 0.26 1.1 0.38

BT17 2.1 0.2 <0.02 <0.3 0.47 * 3.21 0.05 1.39 0.22 1.3 0.91

BT18 2.0 0.2 <0.02 <0.3 0.35 * 3.22 0.04 1.55 0.3 1.3 0.67

BT19 2.4 0.5 0.12 05 0.34 * 2.62 0.05 1.12 0.22 1.2 2.27

BT20 1.8 0.3 <0.02 <0.3 0.28 * 2.63 0.04 1.09 0.18 0.9 1.67

BT21 1.8 <0.1 <0.02 <0.3 0.33 * 2.72 0.04 1.25 0.14 1.0 0.71

BT28 31 3.2 0.37 1.6 0.69 * 2.6 0.06 1.09 0.38 1.9 0.84

BT29 1.9 0.4 <0.02 <0.3 0.35 * 2.79 0.04 1.23 0.18 1.2 222

BT30 2.0 0.5 <0.02 <0.3 0.34 * 2.95 0.05 1.21 0.2 2.0 2.5

According to data obtained from XRF analysis, diagrams of
Cen/Ybn — Yby — Cen/Smy — Cen/Y by Were prepared (Table 6).

Table 6. Cen/Ybn — Ybn — Cen/Smn — Cen/Ybn values

Sample Ce/Yb Yb Sm Ce/Sm Ce/Yb
BT5 2.08 0.5 11 1.78 2.08
BT6 26.25 0.7 2.1 17.67 26.25
BT7 3.0 0.4 0.7 3.52 3.0

BT8 3.57 0.4 0.7 4.17 3.57
BT9 23 <0.1 0.5 9.2 23

BT10 8.75 0.3 11 5.28 8.75
BT11 7.86 0.3 0.9 5.12 7.86
BT12 2.18 0.3 0.8 1.79 2.18
BT13 1.67 0.2 0.9 0.89 1.67
BT14 3.08 0.3 0.8 1.95 3.08
BT15 31.54 0.3 2.7 6.03 31.54
BT16 0.38 0.3 0.7 0.28 0.38
BT17 0.91 0.2 0.9 0.42 0.91
BT18 0.67 0.3 0.7 0.57 0.67
BT19 2.27 0.2 0.7 147 2.27
BT20 1.67 0.2 0.6 1.07 1.67
BT21 0.71 0.1 0.7 0.3 0.71
BT28 0.84 0.4 14 4.64 0.84
BT29 2.22 0.2 0.7 1.14 2.22
BT30 2.5 0.2 2.4 1.47 2.5

When these data were converted into chart, results are the
most important datum showing that the barites in the study
area come from the sediment. Diagrams of Cen/Ybn — Yby —
Cen/Smy — Cen/Yhy values are taking place Figures 9 and 10.
The datum obtained, generated diagrams and barite values of
graphics reflect ambient conditions. In this context, it was
clearly observed that hydrothermal formation did not occur in
the environment. As indicated in the diagram, calculated val-
ues show that barites reflect sedimentary environment condi-
tions. According to XRF analysis results, when Ba/Sr rates
were calculated, values range from 350 to 500 and differ in
2 samples. These samples are determined as BT9 galenite and
BT15 limonite and this can be shown in Table 7.

Factor analysis values of barite samples are as shown in
Table 8. According to SPSS-Statistical Program, the first fac-
tor explains the high “Eigenvalues” of 19.917 and 35.567% of
the total variance. The second factor represents eigenvalues of
14.628 and 26.121% of the total variance. The third factor
represents eigenvalues of 8.835 and 15.777% of the total vari-
ance. The fourth factor represents eigenvalues of 4.020 and
7.179% of the total variance. The fifth factor represents eigen-
values of 2.569 and 4.587% of the total variance.
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Figure 9. Normalized Cen/Ybn— Ybn diagram for barite samples
taken from the study area
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Figure 10. Normalized Cen/Smn — Cen/Ybn diagram for barite
samples taken from the study area

Table 7. According to XRF analysis results, Ba/Sr rates

XF700  XF700  XF700  XF700  XF700
Ba Sr
Sample % Ba (gr) % ssen 2 Eggl
0.01 0.002 g

BT5 57.80 058 078 000156 37004
BT6 20.12 0.29 040 000080 36583
BT7 58.06 0.58 063 000127 45861
BTS 56.72 0.57 063 000125 45304
BT9 0.74 0.01 023 000046  16.09
BT10 55.20 0.55 0.65 00013 42593
BT11 57.44 0.57 068 000135 42485
BT12 58.60 0.59 064 000128 45781
BT13 58.60 0.59 064 000128 45925
BT14 57.71 0.58 063 000126 45874
BT15 461 0.05 062 000124  37.18
BT16 58.78 0.59 061 000123 47866
BT17 57.89 0.58 061 000121 47843
BT18 57.62 0.58 071 000141 40865
BT19 56.72 0.57 061 000122  464.92
BT20 58.42 0.58 063 000126 46218
BT21 58.15 0.58 064 000127 45644
BT28 48.48 0.48 054 000108  448.89
BT29 57.17 0.57 060 000119  479.61
BT30 58.06 0.58 058 000115  503.99

Table 8. Factor analysis values of barite samples

Total variance explanation rate
Subtraction sum
of square estimates

Variance

Initial eigenvalues

Factor Variance

Total explanation Cum;latlve Total explanation C”m}j lative
%) (%) %) (%)
1 19917 35567 35,567 19.917  35.567 35.567
2 14628 26.121 61.688 14.628  26.121 61.688
3 8835 15.777 77465 8.835 15.777 77.465
4 4020 7.179 84.644  4.020 7.179 84.644
5 2.569 4.587 89.231 2.569 4.587 89.231

25
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All elements are represented with 5 components across
Karalar district. Taking into account the PCA analysis used
five factors in Table 9, factor F1 contains SiO,, MgO, Na.0,
TiO,, Ba, Sr, TOTS, Cs, Rb, Th, Zr, Ce, Dy, Ni, As, TI;
factor F2 contains MnO, Ba, Yb, Cd, Sb, Bi, Ag, Se; factor
F3 contains LOI, SO3;, TOTC, Ga; factor F4 contains K30,
Pr, Nd, Tm, Mo, Cu; factor F5 contains P,Os, Tm, Lu, Pb.

Table 9. Correlation of component values of chemical elements

Component
1 2 3 4 5
SiO; 0.787
Al,O3 0.549
Fe,04 0.577
MgO -0.74
Na,O 0.809
K,0 0.627
MnO 0.506 -0.83
TiO, -0.72  -0.56
P,0s 0.564
Sb 056  -0.73
Bi 0.846
Cr,03 0.581 -0.63
Ba -0.85
LOI 0.563 -0.81
SO; 0.9
Sr -0.78
TOTC -0.85
TOTS -0.77 0.609
Ba LF100 0.848
Co 0.694
Cs 0.72  0.557
Ga 0.526
Hf 0.607 0.7
Nb 0.545
Rb 0.741 053
SrLF100 -0.76 0.526
Ta -0.67  0.497
Th -0.72  -0.56
] 0.696
Zr 0.731 0.548
Y 0.627 0.538 -0.53
La 0.677 0.651
Ce 0.879
Pr 0.652
Nd 0.534 0.523
Sm 0.699 -0.56
Gd -0.67  0.655
Tb 056 0525 -0.56
Se 0.846
Dy -0.73  0.59
Ho -0.65
Er -0.64
m 052 -0.57
Yb -0.82
Lu -0.51
Mo 0.58
Component
1 2 3 4 5
Cu 0.673 -0.53
Pb 0.599
Ni 0.906
As 0.792
Cd -0.84
Ag -0.85
Tl 0.806

BT16, 17, 8, 13, 3, 9, 15, 19, 12, 4, 10, 20, 14, 18, 2, 6
and 11 in the dendogram analysis of the Hierarchical Cluster
Analysis which is based on the XRF results of 20 barite sam-
ples, among themselves; BT1 and 7 in between present simi-
larities. BT1, 7, and 5 do not resemble the others of the pre-
vious examples. BT1, 5 and 7 are similar, but it was stated
that BT5 is less similar among them.
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Similar groups in barite samples represent similarities
among themselves of elements in Figure 11. However, sam-
ples of non-similarities have their own unique situation.
According to the hierarchical group analysis dendogram
made according to the barite specimens, it was observed that
the diversity of the Q type clump was generally in 2 (two)
groups at the level of 50% similarity.

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

0 5 20 25
1 1 1 L 1

w
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oo w
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Figure 11. Hierarchical cluster analysis dendogram of barites

XRF results were calculated in Table 10, according to
Summary and Anova. In calculation, datum of regression
was looked at, according to Ba. Explanatories percentage of
regression equation is R? = 100% and there is no error mar-
gin. Analysis results give a very significant level of accuracy.

19 explanatory variables (Se, Ce, Pr, Au, SOs, Al:Os,
P,0s, Ga, Lu, Mo, Er, Nb, Tm, K;O, Hf, Cu, Pb, Ni, TOTC)
explain transformation of Ba element at a high level.

Table 10. According to model summary and anova of XRF data’s

Model summary
Adjusted R
square

R
square
1 1.000? 1 .
Predictors: (constant), Se, Ce, Pr, Au, SO, Al,O3, P,0s, Ga, Lu, Mo, Er,
Nb, Tm, K,O, Hf, Cu, Pb, Ni, TOTC

Std. error of the

Model estimate

R

Anova?
Model sumof g4 Mean o g
squares square
Regression 5880.32 19  309.49 . b
1 Residual 0 0
Total 5880.32 19

2Dependent variable: Ba
®Predictors: (Constant), Se, Ce, Pr, Au, SOs, Al,Os, P,Os, Ga, Lu, Mo, Er,
Nb, Tm, K;0, Hf, Cu, Pb, Ni, TOTC

3.3. Isotope analysis

The results obtained for isotope analysis are as follows.
QFIR protocols required for isotope analysis were made 10%
coefficient of analysis for each of the following and the re-
sults aware shown in the range of QA and QC.

The value of 32S/3*S in meteorites is 22.2 (Table 11), the
value of 325/%S in sulfur with sedimentary genesis is 22.44;
if the 325/34S value is 23, the sulfuric mineral deposits are
biogenic and if the 32S/**S ratio is around 22.2 it can be
interpreted that it is of Ultrabasic and volcanic origin [30].
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It shows that the origin of isotopic compositional sulfur
content is magmatic, giving %S values very close to each
other and zeros [25].

Table 11. %S isotope values measured from samples taken from
barite mines of Karalar/Gazipasa

Example No. 343 %o ve VCDT
BT27 22.4
BT4 20.3
BT3 Inadequate S, %
BT25 3.2
BT26 9.0

Being positive valence for marine origin and sulfur of nega-
tive value for bacterial and/or biological origin is thought [11].
In the studies at the Franklin Seamount in Western Woodlark
Basin, the isotope analysis of silica flasks and barites in their
contents were examined. Isotope analysis results of barites
(6*SV-CDT) vary from 19.48 to 20.58. It was stated that these
values are clearer than typical diagenetic or cold leaking barites
that frequently precipitate from Ba rich sediments in the sedi-
mentary, but within the limits for typical hydrothermal barites.
Based on the environmental conditions and the results of the
analysis, it was determined that the barites found in the silica
chimneys in the Franklin Seamount region of the West Wood-
lark Basin were of hydrothermal origin [11]. But no similarity
was observed with the study area.

According to analyzes performed, the samples between
BT1 and BT17 were taken from “Boyalik Mine” barite de-
posit and the genesis of the barites taken from here was eval-
uated on the basis of BT4. BT3 sample was taken from side
rock and sufficient amount of sulfur was not detected. In the
BT4 sample, §%S value was obtained as 20.3. Based on anal-
ysis results and ambient conditions, it was thought to be the
genesis of the barite deposit with sin-sedimentary genesis.
Samples from BT18 and BT30 compiled from the study area
represent Buyuk Ocak barite mine and BT27 sample was
taken into consideration for making the origin interpretation
from the samples sent to the isotope analyzes. 5**S values in
the BT25 and BT26 samples were determined as 3.2 and 9
and sulfur values were close to zero and BT25 and BT26
samples were found to contain side rocks that reduced the
sulfur content with barite. In the BT27 sample, 6%S value was
22.4 and it was determined to be of sin-sedimentary origin.

4. Discussion

For the formation of barite and galenite deposits
(“Boyalik Mine” and “Buyuk Mine”) which are observed
intensively in the Central Anatolian Region especially in the
Karalar distrinct [23] stated that within the limestones repre-
senting the Bickici Formation of the Permian age, there are
vein type ores depending on fracture lines incompatible with
layer planes [24]. Previous studies have shown that a large
part of the galena- barites in the Gazipasa region have settled
under Permian in sedimentary environment conditions. In
addition, barites have always settled as a form of lenses that
is compatible with the side rocks in certain stratigraphic
levels, such as dolomitic, barite limestones and barite schists.
Barites show structures like submarine slides [31]. The ¢S
isotope analyzes of Adana-Feke barite samples, was deter-
mined %S values between 32.2 and 36.3%. [32]. It was
determined by researchers that the barites present here are
hydrothermal barite deposits. It is alternated with chart and
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carbonated rocks. Geochemical analyzes have also shown
that there are no distinctive features of the hydrothermal
universe in the basement and ceiling rocks [31]. In the depos-
its of study area, the lack of fragmental texture showing
formation argued that the mineralization are of epigenetic
genesis after the formation of limestones [31], [33], [34].

According to the study, it was not exactly determined that
settling of BaSO4 in terms of chemical properties, in the first
sedimentary rocks that have undergone late metamorphism in
the sedimentary environment, initially only sedimentary
formations or exhalative-sedimentary bed formations had
occurred. In the studies conducted in Adana-Feke, in the
diagrams prepared to values of SrO, % while the Feke re-
gional barites reflect hydrothermal barites, it is observed that
the barrels of the Karalar region, representing our study area,
are located at the sedimentary genesis.

According to [35], isotopic analysis of the barites between
Sarkikaraagac/Isparta and Huyuk/Konya revealed the 'S
values as 5*S 30.15% in their studies. When the isotope re-
sults are interpreted, the study area is compared with the sulfur
isotope ratios of many barite deposits in the world and Barite
mineralization in the region have been found to be similar to
Mississippi valley type deposits [36]. It is believed that the
barites in the study area represent hydrothermal barite deposits
in the origin interpretation. When the isotope analysis studies
performed in Karalar/Gazipasa region were compared with the
results of the analysis in this region, it is thought that the iso-
tope analysis values of the Karalar/Gazipasa region reflect sin-
sedimentary ambient conditions (Fig. 12).
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Figure 12. Barite types according to strontium oxide amount
(taken from [14], [31], [32], [35])

Also, according to Cengiz and Kuscu’s studies [35], they
determined the Ba—Pb—Zn mineralization in the Permian
aged crystallized limestone and dolomites in the Alanya mas-
sive in Karalar/Gazipasa region. The ¢%S isotope value
measured in the galena and sphalerites in the Pb — Zn deposits
and occurrences of the Toros Mountains was measured and
the isotope analysis value taken from the Karalar/Gazipasa
region was determined as galence +4.6 and sphalerite +9.8.

The Pb — Zn deposits in the Central Toros Mountain were
completely oxidized and the sulphates formed as a result of
the decomposition were formed by reacting with the active
side rock limestones and dolomites and forming carbona-
ceous ores and settling into the spaces formed as a result of
carstification. It is determined that barites are found in depos-
its consisting mainly of sphalerite, galena, pyrite, marcasite,
calcite, dolomite and quartz minerals [35].
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According to Kuscu and Abdullah [37], isotopic analysis
was performed in arsenic mineralization in Golbasi (Isparta)
region, and the barite samples of the mineralization were
determined as having an 6*S value of 0 30.32%, ranging
from 29.74 and 30.72%.

In the area between Alanya and Gazipasa (Antalya) and
Anamur (Mersin), it was determined that the barite was rich in
sulphide barite and Pb—Zn mineralization, galena— barite,
galena — sphalerite — pyrite and barite — chalcopyrite in stu-
dies conducted by Cengiz and Ucurum [36]. Ba content of
trace element contents of mineralizations; it was found to be
at the lowest level of 29.15% and the highest at 50% in the
barite mineralization. In this context, the relationship of
mineralization with the side rocks, bearing shapes, mineral
content, the order of formation of minerals and trace element
content are thought to be the origin of mineralization consist-
ing of epigenetic, medium-low temperature, side-rock inter-
active sea water and meteoric water mixing liquids [36].

In the previous studies, some researchers have defended
that the genesis of these deposits are hydrothermal and meta-
somatic, while the other part, on the contrary, defended the
formation of volcano sediments. Barutoglu’s [20] report on the
Karalar ore found in Gazipasa was published. According to
Striebel [14], the ore revealed by the researcher as hydrother-
mal phylonian bed was interpreted as a sedimentary barite bed
and formed in the Upper Permian. The geological observations
of Ziegler [13] in his research do not contain any information
on ores in the study area and its vicinity. In other researches,
the textural structural features determined in the site where the
ore mineralization was located suggested that barites did not
coincide with galenites. Sadiklar and Amstutz [38], in pseu-
domatic folds, mentioned the occurrence of a migmatite at the
beginning stage, but the similarity of quartz fillings with
quartz veins and fracture fillings in other parts of the rock were
found to be more effective in the presence of simple mobiliza-
tions during metamorphism. In this context, it was determined
that firstly barites occurred and mylonitized with tectonic
movements before formation of galenites [21]. In the clearanc-
es between barites, it was determined that fractures and cracks
within the barites contain galenites and occur after barite my-
lonitization, is more frequent in parts where mylonitization is
dense. In this context, research has revealed different opinions
during previous studies in the field of study. In addition to
these views, according to analyzes made in the barites taken
from the study area, it is defended that area reflects sin-
sediment ambient conditions. The barites in the area were
interpreted as genesis with the study and it was determined
that there are not hydrothermal genesis.

5. Conclusions

As a result of XRD and XRF analyzes applied to the sam-
ples, the dominant mineral barite was determined as calcite,
dolomite, galena, quartz. The contents of the main element of
the samples taken from the study area are barium. With ana-
lyzing the geochemical samples taken from the barite and side
stones in the region, variations and distributions of Sr and Ba
values of the ore minerals were analyzed to determine the
source and genesis of deposits. It has been stated that the
amount of barite in the economic value limit is between 90.30
and 98.88% and the amount of the percentages decreases in
inverse proportion to the increase in the amount of SiO.. Ba
and Sr values of calcite and dolomites forming the side rocks
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of the deposits in the study area have not especially shown
values reflecting a hydrothermal formation.

Limestones in the study area consist of KB-GD-trending,
alternately ordered peaks. According to studies carried out in
the field, various levels of limestone, in thin and dark gray
thick layer and dolomitic limestones with barite were ob-
served in the region. These differences are thought to be due
to differences in age between rocks or differences in meta-
morphism processes. In the XRD diagrams of analyzes, it has
been stated that 98/100% barite and calcite inside rocks (ap-
proximately 93%) are main mineral. Also, minerals such as
limonite, quartz, calcite, pyrite, galenite were found to join
together at low levels.

In the previous studies in the study area, some of studies
defended that deposits related to hydrothermal events are the
genesis of such deposits while the others defended volcano-
sedimentary deposits. The 34S isotope ratios, deposit shapes,
trace and mineral element contents of barites in the region
are important factors for determining genesis of barites. In
this context, according to isotope analyzes results, S value
is between 20.3 and 22.4. It is thought that the genesis of the
barites is sin-sedimentary in the results of the studies, obser-
vations and datum obtained.

In previous studies in the field, a part of the researchers
have argued that the origin of such deposits is formed as
hydrothermal metasomatic, while the other part is formed as
volcano sedimentary. In other studies, the textural structural
features determined at the site of mineralization in the area
suggested that the barites did not occur simultaneously with
the galenites. In this direction, it was found that the barites
first formed and milonitized by tectonic movement before the
formation of the galenites. It was determined that there were
galenites in the fractures and cracks of barites and they were
formed after the barite milonitization and they were found to
be mostly in the parts where the mylonites were dense. In
this context, the previous studies conducted in the field of
study revealed different opinions. In addition to these views,
it has been argued that the area reflects the sin-sedimentary
environment conditions according to analyzes made in the
barite taken from the study area. Barites in the field of study
were interpreted originally and it was determined that they
were not hydrothermal origin.
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IMoxoakeHHst 6apUTOBUX MOKJIAAIB Y 10JIOMITO-BANIHAKOBUX POAOBHILAX
(Tasinama, Cxigna AHTAJIN): re0JI0ris, reoXiMisi, CTATHCTHKA TA 30 TOMHUI CKJIAT CIpKH

I'.b. Kypcyn, M.I". SAnuin

Merta. BuBueHHS! OCHOBHHX T'€OJIOTIYHUX, T€OXIMIYHHX, MIHEPAJIOTIYHHUX, CTATUCTUYHUX, 1 CIpPYaHO-130TOMHHUX BIACTHBOCTEH OapUTOBUX
pornosuin ["azinama (TypedurnHa) 3 TOYKH 30py iX HOXOMKEHHS Ta YMOB (Y OpMYBaHHS.

Metonuka. [Tob0Bi JOCHTIIKEHHS TPOBOIMINCS B paiioHax OapuToBux noknanip ['asimama. 3pasku Mk BT1-BT17 Gynu BifiOpaHi 3 maxTu
“Boyalik Mine”, a BT18-BT30 — 3i mrrossHi “Buyuk Ocak”. BUKopHCTOBYBaIM PEHTICHIBChKI TU(PAKTOrpaMH, a Ul aHal3y JuQpakiiii peHTre-
HIBCHKUX TPOMEHIB — mporpamue 3ade3neyeHns Bruker PDF-4 i Search-Match. Jlani mopomkoBoi peHTreHorpadii 3pa3kiB OyJii yTOYHEHi 32 JI0M0-
Mororo niporpamu Putsenbna Topaz 4.2 (Bruker AXS). AroHomHi pesynbraty B S i30TomHOMy aHami3i orpumMani 3a gonomororo 20% cTanmapT-
HOTO aHAII3y. 3pa3Ku s CipKU MOMILIAIN B OJIOB’sHI KaICyiM OULTXOM MacITaOyBaHHS, 130TOMHUI CKIIA]l CipKH BUMIPIOBAIN 13 BUKOPHCTAHHIM
Mac-CrieKTpoMeTpa 3i CTabiIbHUM i30TomHMM criBBiqHOIIeHHAM MAT 253, npukpimieHoro 1o enementHoro anaiizaropy Costech ECS 4010.

PesyabTaTtu. BussieHo, mo napareHe3ic 0apUTOBUX POJIOBHUIN NPEICTABICHUH y BUTIAAI OapUTy, TaleHOBOTO chalepury, MipHUTy, Ji-
MOHITy, KBapuy i kajpiuty. [IprdoMy B paiioni ["a3inmama 3ansrae Takoxx 6arato 6apuTo-rajeHoBHX pyA. BeranosneHo, mo y 6i9HHX HOpo-
JIax MOKJIaJy CIIOCTEPIraeThesi HU3BKUN BMICT 0apiro, B TOH Yac sK LIUIBHICTB JIIMOHITY W TaJleHiTy BeJIbMH BHCOKA. [30TONMHMIT aHai3 moka-
3aB, 10 BMICT i30ToMy cipku 3*S xomuBaeThes Mik 20.3 i 22.4. AHali3 AiarpaMu piko3eMeNbHUX MiHEpaliB MOKa3ye, o GapuTH BinoOpa-
JKalOTh EKOJIOTIUHI YMOBH X BinknaaeHHs. YacTka GapHTIB y IMX POJOBHIIAX CTAHOBHUTH OiM3bK0 86-99% y Burisani BaSOs, siki B ocHOBHO-
MYy 3HaXOJATHCS B JIOJIOMITaxX 1 BAaITHAKAX Y BUTIISII PYIHUX TiJ, )KAM 1 IPOKHIIKIB.

HaykoBa HoBHM3HA. [0BEICHO T€OIOTIYHAMHE 1 MiHEPAIOTIYHUMH JOCIIDKCHHSIMH, IO YTBOPEHHS OapUTIB Y TOJIOMITO-BAITHIKOBHX I10-
KJIaZiax BIAHOCSTHCS A0 OCAJOBUX MOPIJI.

IMpakTnuna 3HaunMicTsh. [IpoBeseHi reoxiMiuHi Ta MiHEpaJOTiYHi JOCIIKEHHS MiATBEP/UKYIOTh BUCOKHI BMICT pyan y GapuTOBOMY
pomoBuii ["a3inama. 3aBAsKy IBOMY, a TaKOXX OJM3BKOCTI PO3TallyBaHHS 0 MOPCHKOTO TOPTY, Py € KOHKYPEHTHHMH i IIMPOKO BHKOPH-
CTOBYIOTBCS B Pi3HHX TAIIy3SX €KOHOMIKH HA BHYTPIIIHOMY Ta 30BHIITHEOMY PHHKAX.

Knrwwuosi cnosa: bapum, izomonnuii cknao, 0cadosi Xapaxmepucmuku, i30mon 348 cenesuc

IIpoucxosxxaenue 0ApUTOBBIX 3aJ1e5Kel B 10JIOMHUTO-U3BECTHAKOBBIX MECTOPOXKICHUSAX
(Tasunauia, BocrouHast AHTAIMS): T€0JI0THSI, T€OXHMUS, CTATHCTHKA W H30TOMHbII COCTAB Cepbl

I'.b. Kypcyn, M.I'. Slnun

Heas. M3yueHne 0CHOBHBIX re0JIOTHYECKHX, TEOXUMHYECKUX, MUHEPAIOTHYECKHUX, CTATHCTUYECKUX M CEpPHO-U30TOIHBIX CBOWCTB Oapu-
TOBBIX MecTopoxaeHui ["asunanm (Typuus) ¢ TOUKH 3peHHs UX MPOUCXOKACHHS U YCIOBUH (POPMHUPOBAHMUS.

Mertomuka. [ToneBbie HccnenoBanus MPOBOAWINCEH B palioHax OapuToBbIX 3aiexei ['asumnanm. Oopasip BT1-BT17 Obuti 0TOOpaHbI M3 MIAXTHI
“Boyalik Mine”, a BT18-BT30 — u3 wrronsru “Buyuk Ocak”. Hcrons30Baii peHTTeHOBCKHE U(PAKTOrpaMMBl, a UTS aHai3a JU(PPAKIIN PEHTTEHOB-
CKHX JIydeii — mporpammuoe obecriedenrie Bruker PDF-4 u Search-Match. Tarrbie moporkoBoii peHtreHorpadun 06pasioB ObUIH YTOYHEHBI C TOMO-
B0 nporpamMMel Puteenbia Topaz 4.2 (Bruker AXS). ABTOHOMHBIE Pe3yIBTaThl B *4S M30TOMHOM aHATM3€ MOTydYEHBI ¢ TOMONTBI0 20% CTAHIApTHOTO
axanmza. OOpasipl Ui Cephbl MOMEIIATH B OJOBSHHbIC KaICyJbl MyTeM MacITabUpOBaHKs, M30TOMHBIH COCTaB Cepbl M3MEPSUTH C HMCTIONB30BAHHEM
Macc-CIIeKTpoMeTpa o CTabMIIBHBIM M30TONHBIM cooTHOIeHneM MAT 253, npukperuieHHoro k anemenTHoMy aHanmzaropy Costech ECS 4010.

PesyabTathl. BrisiBneHo, 4To mapareHe3uc 6apuTOBBIX MECTOPOXKICHHH MPEICTaBICH B BHJe OapuTa, TaleHoBoro chaiepura, MUpuTa,
JIMMOHHWTA, KBapla U KaJlbLuTa, IpUicM B paﬁOHe ["a3umamm 3ajeract Takke MHOTO GapI/ITO-Fa_HeHOBle pyAa. yCTaHOBHeHO, YTO B OOKOBBIX
TOpO/Iax 3aJIeKH HaOMIOMaeTCst HU3KOe coziep kaHne Oapus, B TO BpeMs KaK INIOTHOCTh JIMMOHHUTA U TaJleHUTa BeChMa BBICOKAsl. 30TOMHBIH
aHanM3 TOKA3all, uTO CoJepXaHue m3orona cephl S konebnercs mexay 20.3 u 22.4. AHanu3 JuarpaMMbl PeIKO3EMENBHBIX MHUHEPATIOB
TIOKA3bIBAET, YTO OAPHUTHI OTPAXKAIOT IKOJOTUUECKUE YCIOBHSA MX OTIOXKeHHs. Jloms GapuTOB B 3TUX MECTOPOXKICHUIX COCTABISIET OKOJIO
86-99% B Bune BaSO4, koTOpBIE B OCHOBHOM HaXOZATCS B JOJIOMUTAX M U3BECTHSAKAX B BUJIE PYAHBIX TEJI, KU M IPOKUIIOK.

Hayunasi HoBH3HA. [[0Ka3aHO T'COJIOTMYECKMMH M MHHEPAJOTHUECKUMH HCCIIEIOBaHHUSAMH, YTO 00pa3oBaHHs OapUTOB B JOJOMHTO-
M3BECTHSKOBBIX 3aJIe)KaxX OTHOCSTCS K OCAIOYHBIM MTOPOJIaM.

IIpakTHYecKasi 3HAYMMOCTB. [IpOBeICHHBIE TEOXMMHUUECKUE U MUHEPAIOTMYECKHE HCCIICIOBAHUS MOATBEP)KAAIOT BBICOKOE COJepIKa-
HUE pyasl, B 0apuTOBOM MecTopoxkaeHuH ['a3unamm. briaroxapst a3ToMy u G1HM30CTH K MOPCKOMY TIOPTY, PY/IBI SIBISTFOTCSI KOHKYPEHTHBIMH 1
IIMPOKO HCIOJIB3YIOTCS B PA3INIHBIX OTPACIAX SKOHOMUKH Ha BHYTPEHHEM U BHEIITHEM PHIHKAX.

Kniouesnie cnosa: bapum, usomonnuwlii cocnas, ocadouvie xapaxmepucmuxy, usomon 348, zenesuc
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