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Keywords Abstract

Karadut Complex Along the Southeast Anatolian Orogenic Belt, units on the Arabian plate and a series of
Radiolarite Ophiolitic Melange overlain by tectonic contact are observed. In the Upper Cretaceous
Pyrolusite thrust belt, the Kogali Complex is situated at the base and the Karadut Complex at the
Manganite top, respectively. Throughout this belt, Mn mineralization is identified in the lithologies
Tasdemir of the Karadut Complex. Around Tasdemir Village (Pazarcik-Kahramanmaras), units
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1. Introduction

existing in the Kogali and Karadut Complex are frequently observed. Haydar and Germav
formations overlie these units with angular unconformity. All units are consequently
covered with Middle-Upper Eocene aged limestones existing to the Midyat Group with
angular unconformity. In this district, Mn mineralizations linked with the radiolarites of
the Karadut Complex are observed. Stratiform-type Mn mineralization is observed
through lenses between the layers. Reddish brown and dark grey forms have been
identified. Pyrolusite and manganite minerals are identified in XRD analysis. Major oxide
and trace element analyses of samples gathered from the ore zone were carried out. As
aresult of the analysis, the MnO range was detected as 7.42-32.76% (average 20.65), and
the SiO2 range was detected as 60.68-83.52% (average72.88). Fe/Mn rate is considerably
lower than 0.1. On average, the MnO/TiOz ratio of Tasdemir Mn mineralization is 483.65,
indicating a pelagic environment. In addition, the Fe203-Al203/(Al203+Fe203) diagram
supports this conclusion. Major and trace elements are evaluated in the diagrams to
highlight the origin of manganese mineralization. These evaluations indicate that the
mineralization is of hydrothermal origin.

In addition to being a strength-enhancing substance in the iron and steel industry, manganese is also widely
used in battery technology concerning green energy growth in recent years. The need for manganese, which
contains significant physical and chemical properties, is increasing daily. For this reason, mineral deposit
exploration is also widespread.

Mn deposits observed in many geological environments correspond to their geological, tectonic, mineralogical,
and geochemical properties. These are; (1) hydrogenous, (2) hydrothermal, and (3) diagenetic deposits,
respectively [1-3]. In these classifications, Fe/Mn contents also offer significant clues about the origin of the
deposit [4]. Since manganese deposits in Turkey are related to the evolution of the Tethys Ocean, the deposits have
been described in different geological environments [5-9]. The belts that stand out from these deposits are the
izmir Ankara Erzincan Suture Belt and the Southeastern Anatolian orogenic belt. These belts contain hydrothermal
and hydrogenetic manganese deposits associated with radiolarian cherts [7, 9]. There are many manganese
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mineralizations in the Southeastern Anatolian Orogenic Belt, where the study area is located, in the literature [10-
11].

Kahramanmaras has attracted the attention of many geoscientists due to its geological features. Important
geological structures are observed in the Kahramanmaras region, an important area where the Taurus Orogenic
Belt and the Arabian Plate are sutured. Because of this complex structure, Giil [12] defined these regions as the
Orogenic belt and the Arabian plate belt and divided the units belonging to these two belts into sub-belts. Tasdemir
(Pazarcik, Kahramanmaras) manganese mineralization is orogenically located in two important tectonic units, the
Southeast Fold Belt and the Eastern Taurus Orogenic Belt (Figure 1a). According to Gil [12], the study area is
located in the margin fold belt at the northern end of the Arabian plate (Figure 1b). Mn mineralization is observed
in the sedimentary rocks outcropping in the Tasdemir (Pazarcik) region. This paper reveals the geological,
mineralogical, and geochemical characteristics of mineralization.
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Figure 1. a. Tectonic location of the Kahramanmaras (modified from Isik [13]), b. Tectonic location of the study
area according to Giil [12].

2. Material and Method

The 1/25,000 scaled geological map of the study area prepared by MTA on the M39d4 sheet was used. The
geological structures in the region were evaluated based on this map. Samples were collected from a 50-meter-
long trench opened in the study area for ore work.

Observational geological investigations were carried out in the ore zone. As a result of the observations,
sampling was made in the ore zone to conduct mineralogical and geochemical studies. These samples' major oxide
and trace element analyses were performed at ITU-JAL using XRF and ICP-MS methods. XRD analyses were also
performed for mineralogical identification.

2.1. Geological Background

Around Tasdemir Village (Pazarcik-Kahramanmaras), units belonging to the Kocali and Karadut Complexes are
commonly observed (Figure 2). Haydar and Germav formations overlie these units with angular unconformity. All
units are covered with Middle-Upper Eocene aged limestones belonging to the Midyat Group with angular
unconformity (Figure 2). The contacts of the melange in the study area are generally tectonic. Dip-slip faults cut
thrust zones in places and strike-slip faults in places. In this region, Mn mineralization associated with the
radiolarites of the Karadut Complex are observed.
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Figure 2. Geological map of the study area [14]
2.2. Ore Geology

The mineralization consists of short and medium-sized lenses conforming with the layers (Figure 3). It is
commonly exposed at different levels of the layers of the succession. This formation continues along a zone of
approximately 250 m. The ore lenses, which can be identified in the field with their blackish colour, have also been
altered in places (Figure 3). The host rock is Cenomanian aged radiolarite, the upper layers of succession.

XRD study was carried out for the mineralogical identification of the samples taken from this ore zone. As a
result of the analysis, pyrolusite and manganite minerals were determined (Figure 4).

Figure 3. General view of radiolarite-hosted manganese mineralization
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Figure 4. XRD analysis of manganese mineralization
3. Geochemistry

Geochemical analyses of the samples collected from the ore zone were carried out (Table 1). According to the
analysis, the amount of SiOz is rather rich. The reason for this is the intense exposure to radiolarites. MnO values
at ore levels are between 7.42-32.76%. There is no substantial anomaly when the other major oxide values are
examined. No alternative metallic enrichment is observed in samples with high manganese.

In the Si-Al discrimination diagram [15], the mineralization is distributed within the hydrothermal field due to
low Al and high Si content (Figure 5). Likewise, in the triangular diagram [16], a different diagram in which trace
elements such as Co, Zn, and Ni are compared relative to each other shows the distribution in the hydrothermal
area (Figure 6).

Table 1. Major oxide concentration (%) of the manganese mineralization

SAMPLE T2 T7 T 15 T17 T 19 T 20 T 23
Si02 67,96 86,18 64,74 65,11 83,52 82,00 60,68
Al203 0,36 0,46 1,28 0,72 2,90 1,47 0,92
Fe203 0,15 0,21 0,73 0,34 1,43 0,63 0,44
MgO 0,01 0,04 0,42 0,15 0,59 0,28 0,19
Ca0 0,22 0,15 0,41 0,19 0,42 0,31 0,22
Naz0 0,01 0,08 0,06 0,04 0,12 0,09 0,05
K20 0,00 0,07 0,17 0,09 0,47 0,21 0,09
TiO2 0,02 0,02 0,10 0,05 0,16 0,06 0,06
P20s 0,14 0,05 0,10 0,00 0,08 0,09 0,10
MnO 27,12 8,88 27,30 29,05 7,42 12,09 32,76
Cr203 0,01 1,57 0,02 0,01 0,00 0,00 0,01
LOI 3,87 2,10 4,46 4,10 2,82 2,67 4,32
TOTAL 99,86 99,83 99,80 99,87 99,94 99,90 99,85
Co 59,79 110,04 40,39 41,79 26,04 37,42 38,42
Ni 58,00 823,69 59,22 30,74 25,07 28,86 39,57
Zn 54,24 20,98 50,59 31,77 21,89 24,00 41,64
MnO/TiOz 1233,82 501,54 272,06 611,29 47,73 206,27 512,85
Fe/Mn 0,00 0,02 0,02 0,01 0,17 0,05 0,01
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Figure 5. Si-Al discrimination diagram [15]

Figure 6. Zn-Ni-Co discrimination diagram [16]
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In manganese formations associated with marine sedimentary rocks, the deposition environment is near the
Spread ridge, pelagic (open ocean), and continental margin [17]. In order to explain the deposition environments
of manganese formations associated with chert, radiolarian chert, and shale, the MnO/TiO: ratio is checked [18-
19]. MnO/TiO2 ratio < 0.5 indicates continental margin sedimentation environment and > 0.5 indicates pelagic
environment. On average, the MnO/TiOz ratio of Tagdemir Mn mineralization is 483.65, indicating a pelagic
environment. In addition, the Fe203-Al203/(Al203+Fe203) diagram (Figure 7) used to reveal the storage
environment still supports the above ratio [20].
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Figure 7. Plots of Fe203-Al203/(Al203+Fe203) diagram [20]

4. Conclusion

One of the basic approaches for identifying manganese deposits is the Fe/Mn ratio of the ore. In studies on
manganese mineralizations of various types [21-22], the Fe/Mn ratio of mineralization (Table 1) is 1 in
hydrogenetic deposits that slowly precipitate from seawater. In the submarine hydrothermal deposits around the
region, <0.1 (manganese-rich) and >10 (rich in iron) were determined. Very low Fe/Mn ratios are explained by
the rapid precipitation of hydrothermal solutions in submarine hydrothermal centers. Fe/Mn ratios in this study
are considerably lower than 0.1 and resemble submarine hydrothermal deposits.

The data obtained in this study determined that Tasdemir Mn mineralization is related to Cenomanian-aged
radiolarites, and pyrolusite and manganite are found as manganese minerals. According to the results of
geochemical analysis, mineralization characterizes a hydrothermal deposit associated with volcanism in the
pelagic environment.

Acknowledgement

This study was supported by Kahramanmaras Siitcii imam University Scientific Research Projects Coordination
Unit. Project No: 2020/6-2 YLS.

This study was partly presented at the 4th Advanced engineering Days [23] on 21 September 2022.
Funding

This research received no external funding.

Author contributions

Cihan Yalgin: Data curation, Methodology, Writing-Original draft preparation, Editing. Mustafa Tekin AKKkiitiik:
Petrography, Geochemistry. Yusuf Uras: Software, Visualization, Investigation.

152



Advanced Engineering Science, 2022, 2, 147-153
Conflicts of interest
The authors declare no conflicts of interest.

References

=

Roy, S. (1992). Environments and processes of manganese deposition. Economic Geology, 87(5), 1218-1236.

2. Hein, ]. R, Koschinsky, A., Halbach, P., Manheim, F. T., Bau, M., Kang, |J. K,, & Lubick, N. (1997). Iron and
manganese oxide mineralization in the Pacific. Geological Society, London, Special Publications, 119(1), 123-
138.

3. Polgari, M., Hein, |. R,, Vigh, T., Szabd-Drubina, M., Férizs, 1., Biro, L., ... & Téth, A. L. (2012). Microbial processes
and the origin of the Urkit manganese deposit, Hungary. Ore Geology Reviews, 47, 87-109.

4. Hein, ]. R, Gibbs, A. E,, Clague, D. A., & Torresan, M. (1996). Hydrothermal mineralization along submarine rift
zones, Hawaii. Marine georesources & geotechnology, 14(2), 177-203.

5. Oygiir, V. (1990). The Views on Geology. Deposition and Genesis of Manganese Deposit in Cayirli (Ankara-
Haymana) Bullettin of MTA, 110, 29-43.

6. Oztiirk, H., & Frakes, L. A. (1995). Sedimentation and diagenesis of an Oligocene manganese deposit in a shallow
subbasin of the Paratethys: Thrace Basin, Turkey. Ore Geology Reviews, 10(2), 117-132.

7. Oztiirk, H. (1993). Manganese mineralizations in Turkey: Processes of formation and types. Istanbul University
Eng. Fac. Geological Engineering Pub, 43, 24.

8. Oztirk, H. (1993). Characteristics and formations of fossil manganese nodules in the Kogali Komplex,
Adiyaman, Turkey. Geol Bull Turk, 36, 159-169.

9. Oztiirk, H.,, Kasapgl, C., & Ozbas, F. (2019). Manganese deposits of Turkey. In Mineral Resources of Turkey (pp.
261-281). Springer, Cham.

10.Altunbey, M. & Sagiroglu, A. (1995). Properties and origins of Kogkale-Elazi manganese
mineralizations. Bulletin of the Mineral Research and Exploration, 117, 139-148.

11.Sasmaz, A., Turkyilmaz, B, Oztiirk, N., Yavuz, F., & Kumral, M. (2014). Geology and geochemistry of Middle
Eocene Maden complex ferromanganese deposits from the Elazig-Malatya region, eastern Turkey. Ore geology
reviews, 56, 352-372.

12.Giil, M.A., (2000). Kahramanmaras yoresinin jeolojisi. Hacettepe Universitesi, Fen Bilimleri Enstitiisii, Doktora
Tezi, 304 s.

13.Is1k, V. (2016). Toroslarin Jeolojisi; Tiirkiye Jeolojisi Ders Notu. Ankara Universitesi, Jeoloji Miihendisligi Boliimii,
Ankara.

14.MTA. 1/25.000 Scaled geology map of the m39d4

15.Peters, T. (1988). Geochemistry of manganese-bearing cherts associated with Alpine ophiolites and the
Hawasina formations in Oman. Marine Geology, 84(3-4), 229-238.

16.Choij, J. H., & Hariya, Y. (1992). Geochemistry and depositional environment of Mn oxide deposits in the Tokoro
Belt, northeastern Hokkaido, Japan. Economic Geology, 87(5), 1265-1274.

17.Murray, R. W,, Buchholtz ten Brink, M. R,, Jones, D. L., Gerlach, D. C., & Russ II], G. P. (1990). Rare earth elements
as indicators of different marine depositional environments in chert and shale. Geology, 18(3), 268-271.

18.Sugisaki, R, Yamamoto, K., & Adachi, M. (1982). Triassic bedded cherts in central Japan are not
pelagic. Nature, 298(5875), 644-647.

19.Kunimaru, T., Shimizu, H., Takahashi, K., & Yabuki, S. (1998). Differences in geochemical features between
Permian and Triassic cherts from the Southern Chichibu terrane, southwest Japan: REE abundances, major
element compositions and Sr isotopic ratios. Sedimentary geology, 119(3-4), 195-217.

20.Murray, R. W. (1994). Chemical criteria to identify the depositional environment of chert: general principles
and applications. Sedimentary Geology, 90(3-4), 213-232.

21.Bonatti, E., Zerbi, M., Kay, R., & Rydell, H.S,, (1976). Metalliferous deposits aphenine ophiolites. Geological
Society of American Bulletin, 87, 83.

22.Crerar, D. A, Namson, ]., Chyi, M. S., Williams, L., & Feigenson, M. D. (1982). Manganiferous cherts of the
Franciscan assemblage; I, General geology, ancient and modern analogues, and implications for hydrothermal
convection at oceanic spreading centers. Economic Geology, 77(3), 519-540.

23.Yalgin, C., Akkiitiik, M. T., & Uras, Y. (2022). Geological and Geochemical characterization of the radiolarite

hosted Mn mineralization in Tasdemir (Pazarcik, Kahramanmaras, Turkey). Advanced Engineering Days

(AED), 4,93-95.

© Author(s) 2022. This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/
BY SA

153


https://creativecommons.org/licenses/by-sa/4.0/

