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ABSTRACT  

The article presents the chemical composition of the granodiorite rocks of the Almalyk ore field (Shaugaz-

Kandir stream) and the general statistical parameters of the distribution of chemical elements in the ore 

zones and overlying rocks. Correlation relationships of elements in the study area were calculated. 
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INTRODUCTION 

The Almalyk ore region is one of Central Asia's largest mining and industrial regions. The presence here 

of large exploited deposits of copper, lead, and gold, which are in favorable economic conditions, was the 

reason for conducting a significant amount of prospecting and exploration work in the area, aimed at its 

detailed study and identification of new industrial facilities. Geographically, the Almalyk ore region 

belongs to the western part of the Kuraminsky range's northern slope and occupies the Akhangaran River's 

left side. The region's eastern part is cut by the Saukbulak, Urgaz, Shaugaz, Abjaz, and Kandir rivers.  

 
Figure 1. Geological map of Almalyk mining area (Chinixin S.G., 2008 y. Scale 1:50 000) 

 

The area has been considered a promising target for discovering porphyry copper, polymetallic, and gold-

silver mineralization for many years. In the eastern part of it, gold-copper-porphyry deposits and ore 

occurrences have been established [7]. The Almalyk ore field is located in the eastern part of the Beltau-
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Kuraminsky volcano-plutonic belt, in the Tashkent region, on the northern slope of the Kuraminsky ridge. 

The area borders the Republic of Tajikistan in the west, bounded by the Akhangaran River in the north, the 

Kandyr and Gushsay Rivers in the east, and the Kurama Ridge in the south (Fig. 1). Sedimentary, 

volcanogenic, and intrusive formations are widely developed in the region. 

Study Area 

A systematic study of the northern slopes of the Kuraminsky Range began in 1925-26 when S.F. 

Mashkovtsev carried out a geological survey at a scale of 1:420000. Mashkovtsev published the first data 

on the results of the work. In 1935 he completed a report on a ten verst shooting, which by that time had 

covered the entire area of the eastern part of the Tashkent sheet. Geological and prospecting works on a 

scale of 1:200000, carried out in 1927-29, B.N. Nasledov clarified the details of the geological structure 

and ore content of the northern Karamazar [6].  

From 1964 to 1970, within the limits of the Almalyk ore region, under the direction of I.F. Gaidamak and 

Yu.S. Shmanko, gravimetric surveys were carried out at scales of 1:50000 and 1:100000. In 1975, A.A. 

Kulakov and V.V. Neverov carried out generalizations on the study of geology, structure, and conditions 

for the placement of minerals in the Almalyk region. Promising areas for copper, polymetals, and gold have 

been identified [2]. In 1975, E.D. Molchanov carried out prospecting and exploration work with an 

assessment of the prospects for the Kyrkkyz, Yangokly ore occurrences. 11 wells were drilled, and one adit 

was passed. The predicted resources at the Kyrkkyz ore occurrence have been calculated [2].  

In the Almalyk region, the processes of post-magmatic alteration of rocks manifested themselves with 

exceptional intensity and diversity. The complete material on their study was collected by Musin R.A., 

Zakirov T.Z., Viktorov V.F. on the Almalyk and Saukbulak ore fields; Moiseeva M.I. - on the Shenibek 

ore field and in the eastern part of the region, Zavyalov G.E. - in the interfluve Urgaz-Kandyr. As a result 

of performing special work in compiling a predictive map of the Almalyk region for copper and lead at a 

scale of 1:25000 (1963), the first summary map of hydrothermally altered rocks in the Almalyk region 

(Kulakov A.A.) was compiled, which, together with other maps, served as the basis for compiling a 

metallogenic map.  

 

MATERIALS AND METHODS 

In the implementation of scientific work, using traditional geochemical methods, determining the material 

composition of samples by various analytical methods (spectral analysis, mass spectrometer ICP-MS), 

using the results of field and laboratory work, geological maps were created using ArcGIS software. 

 

RESULTS AND DISCUSSION 

The distribution of copper in the sedimentary rocks of the Chatkal-Kurama mountains is discussed in the 

works of V.I. Rekharsky (1965), D.M. Surgutanova, M.D. Troyanov (1966), L.M. and others [2]. Ores of 

Kalmakyr, Dalnee (Yoshlik), Karabulak, Northwestern Balikty deposits of disseminated, vein-disseminated 

and vein type contain Cu (0.4%), Mo (0.005%), Au (0.59 g/t), Ag (2.6 g/t), which are concentrated in 

chalcopyrite, molybdenite, pyrite. In terms of reserves, the Almalyk deposits are super-giant and unique. 

Of particular industrial importance are rhenium (3016 g/t), osmium – 187 (4.6 g/t), and selenium (2016 g/t) 

in molybdenites. Researchers of porphyry copper deposits of the Almalyk mining region seem to have a 

commonality in their geological structure, tectonics, magmatism, material composition, and genesis of 

industrial mineralization.  

Attention is drawn to the elevated contents of nickel (180 ppm) and cobalt (565 ppm) in pyrites, as well as 

the presence of platinum and palladium in sulfide minerals [1]. With a decrease in the thickness of the 

granite layer of the Chatkal-Kurama block from north to south, in the same direction, the lithophilic 

metallogenic specialization of the Chatkal subzone (Li, Be, W, U, Bi, Sn, TR) changes to chalcophile in 

the Kurama subzone (Сu, Pb, Zn, Au, Ag, Tl).  

The main ore objects are located in the Kurama subzone. They are represented by porphyry copper and 

lead-zinc deposits of the Almalyk group and near surface gold-silver deposits in volcanic rocks [4].  
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Their spatial combination forms complex clarkes ominous plutonogenic (intrusive) ore magmatic systems 

of various facies (depths).  

 
Figure 2. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range 

 

Correlation of copper element in granodiorite. When calculating the correlation of the elements in the 

granodiorite rock in the Shaugaz-Kandir range, it was found that the copper element has a good correlation 

with >3 Cu-Ag-As-Co-Be; >2 Weak correlation with Cu-Bi-W-Ni-Pb-Zn elements was found; A negative 

correlation with Cu-V-Ga-Sn-Ti-Cr elements was found (Figure 3). 

 

 
Figure 3. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range. 

 

Correlation of molybdenum element in granodiorite. When calculating the correlation of elements in the 

granodiorite rock in the Shaugaz-Kandir range, it was found that the molybdenum element has a good 

correlation with >4 Mo-Co; molybdenum element >2 was found to be weakly correlated with Mo-Li-Ba-

Sn-W elements; A negative correlation with Mo-Cr-Nb-Sb-Ag-Ge elements was found (Figure 4). 
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Figure 4. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range. 

 

Correlation of zinc element in granodiorite. When calculating the correlation of the elements in the 

granodiorite rock in the Shaugaz-Kandir range, it was found that the zinc element has a good correlation 

with >4 Zn-Be-Ni-W-Ge; zinc element >2 weak correlation with Zn-Co-Pb-V-Li-Ga-Cu elements was 

found; It was found that the zinc element has a negative correlation with the Zn-Ba-Au elements (Figure 

5). 

 

 
Figure 5. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range. 

 

Correlation of tungsten element in granodiorite. When the correlation of elements in the granodiorite rock 

in the Shaugaz-Kandir range was calculated, it was found that tungsten element is well correlated with >4 

W-Be-Ni-Co-Zn; It was found that tungsten element >2 has a weak correlation with W-Cu-Li-Sn-Mo 

elements; It was found that tungsten element has a negative correlation with W-Ba-Cr elements (Figure 6). 
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Figure 6. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range. 

Correlation of cobalt element in granodiorite. When calculating the correlation of the elements in the 

granodiorite rock in the Shaugaz-Kandir range, it was found that the cobalt element has a good correlation 

with >4 Co-W-Cu-Mo; cobalt element weak correlation with >2 Co-Be-Zn-Ni-Ti-As-Ag-Li elements was 

found; A negative correlation was found with Co-Nb-Pb-Au-Ba elements (Figure 7). 

 

 
Figure 7. Correlation of elements in the granodiorite rock in the Shaugaz-Kandir range. 

 

Conclusion  

The correlation of elements in the granodiorite rock in the Shaugaz-Kandir range was calculated. It was 

found that Cu, Zn, W, Co, Mo have a good correlation with the main elements. It indicates the presence of 

chalcopyrite, sphalerite, molybdenite minerals in the area. 
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