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ABSTRACT 

Today, the issues of developing new and improving the known criteria for predicting latent 

endogenous mineralization are of great importance. The search for hidden deposits is based both on 

the study of the zoning of ore bodies, and on the study of regional zoning (ore regions, fields, 

deposits). The factual material obtained in recent years makes it possible to interpret in a new way the 

patterns of localization of hard-to-detect hidden mineralization, the prediction of which is based on the 

development of a set of characteristic features (criteria) by combining various geological methods with 

the creation of geological-structural, mineralogical, petrogeochemical, geophysical and other models.  
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INTRODUCTION 

The developed gold deposits of the Angren-Almalyk ore region are epithermal and are large, weakly 

eroded ore-magmatic systems, recorded from the surface by unique geochemical and geophysical 

anomalies. As a result of half a century of exploitation, the depth of development of deposits is 

hundreds of meters, the content of the main useful component decreases with depth, and rich ores are 

depleted. The identification of such objects is an urgent task, since they contain rich ores and a large-

volume potential resource of poor metasomatic ores, acting as the main source of reserves growth in 

mining areas, i.e. are of great metallogenic significance, but the solution of this problem, given the 

current degree of study of the area, is sharply complicated. 

 

MATERIALS AND METHODS 

The methods of field observations were used: (endolithochemical survey at a scale of 1: 10,000, meas-

urements of the concentration of mercury vapors in the soil air using the RA-915 + analyzer, survey of 

anomalies, drawing up points of detailed geological observations); laboratory studies (spectral, 

goldmetric, X-ray spectral-local, ICP-mass spectrometric and other types of analyzes), office studies: 

computer modeling taking into account quantitative data. 

The author has compiled the following graphic materials: 

-for the first time, for the purposes of local forecasting of hidden mineralization, a diagram of a unified 

endolitochemical field of gold was drawn up and its interpretation was carried out; 

-a volumetric geological model of the Mesopotamia area and a forecast scheme of the right bank of the 

Angren for hidden gold mineralization by a set of criteria; 

-with the help of modern computer technologies on the basis of statistical analysis, the nature of the 

distribution of chemical elements in the supra-ore space has been studied; 

-on the basis of multiple regression, a statistical model has been calculated to determine the localiza-

tion of the upper edge of hidden mineralization at depth. 
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RESULTS AND DISCUSSION 

After 20-30 years of their intensive development, drilling revealed new gold bodies that are hidden 

under a layer of volcanic rocks, completely non-eroded, related to the degree of detection to difficult 

to detect, based on the differentiation of gold objects of the Angren-Almalyk ore region by the degree 

of detection (detection). Despite the difficulties in identifying and assessing them, special attention is 

paid to these objects, primarily based on the partial depletion of rich ore reserves of the developed 

deposits and the presence of a developed infrastructure of the region. 

 

Table 1: Differentiation of gold ore objects of Angren-Almalyk ore region by the degree of 

detection (detection) 

Power 

detectability 

Gold cut levels 

objects 

Depth from 

surface 

Expected scope 

mineralization 

A. Easy-to-find 
I. Eroded - upper ore from the surface Small deposits with 

poor and rich ores II. Hidden - near-ore 50-100m 

B. Difficult to 

detect 

III. Hidden - medium-distant 100-300m Small, medium, large 

deposits with poor and 

rich ores IV. Hidden - remotely supra-ore 
300-500m and 

more 

 

Hidden (blind) deposits include objects whose industrial ore bodies are localized at a certain depth 

from the day surface and are not exposed by the modern erosional cut. The history of the study of the 

problem in the area under consideration is divided into two stages. At an early stage, approaches to the 

study were developed with the improvement of scientific and general theoretical foundations. Later, at 

weakly eroded deposits (Kauldy, Kyzylalma, Kochbulak, Revashte, Kairagach, Pirmirab), the criteria 

were worked out and methods for predicting hidden mineralization were developed. As a result, the 

developed forecasting criteria characterize to a greater extent the upper-ore and near-ore levels of the 

erosional cut, which corresponds to the area of development of the primary halo, and the forecast itself 

is adequate to a depth of  n*10
1
m. Based on the degree of exploration of the ore region, areas where 

bedrock ore mineralization is manifested at the upper and near-ore level of the erosional section, fixed 

by concentrated mineralization, is certified by mining and drilling. As a result, promising positions 

have been identified that require further appraisal work, while the rest have undefined prospects. Ac-

cording to the degree of detection, these objects are classified as easily detectable (Table 1). 

Gradually, the time comes to develop criteria for detecting hidden mineralization localized at depths of  

n*10
2
m, from the day surface, which belong to difficult-to-detect objects, the reliability of identifying 

which is low, with high risks of obtaining a negative result. Despite this, this direction opens up new 

horizons for the study of promising areas of the ore region. In order to detect them, remote research 

methods (geochemistry, geophysics, cosmogeology, mineralogical and petrographic research) are 

widely used, modern digital equipment, highly sensitive laboratory research methods, etc. are being 

introduced. Over the past decades, new data have been obtained for known deposits, their flanks and 

promising areas, indicating significant prospects of the Angren-Almalyk ore region for the discovery 

of medium and large-scale deposits of this type, localized at a certain depth from the day surface, i.e. 

located, in fact, in a blind bed.  

The hidden gold deposits of the region revealed by drilling are far from being isolated. These include 

separate areas of the Kyzylalmasaysky, Kairagachsky, Chadaksky deposits. Along with hidden depos-

its and their areas, as well as smaller ore occurrences (Mezhdurechye, Chumauk-I, the Diabazovaya 

zone of the Kairagach, Shenibek, Abjaz, etc.) deposits, there are whole hidden ore fields 

(Kauldinskoye ore field). Here, almost all gold ore objects have a hidden nature of occurrence 

(Tsentralniy Kauldy, Promezhutochny, Yuzhny I-III, Nizhniykenzhasay, Sadovy area, etc.), and ore 

bodies are localized at depths from 10-30 to 400-500 meters from the day surface. Some of the listed 

objects are currently being developed, and some are being prepared for development. Their identifica-

tion was of a random nature, and was associated with a large volume of expensive drilling operations, 
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since these objects, from the surface as deposits, do not appear, but are distinguished only by weak 

geological, geochemical, geophysical anomalies, identified with zones of diffuse ore mineralization. 

Taking into account the average depth of drilled wells and the relatively high degree of drilling 

knowledge of individual ore occurrences in the Angren-Almalyk region, it can be stated with confi-

dence that, to one degree or another, the positions with the near-surface occurrence of ore objects have 

been characterized in detail. When searching for hidden mineralization (medium and deep), compara-

ble to the known manifestations of the area, the average depth of wells should be 500-600 meters or 

more. 

The area of this type of deposits is developed much wider and goes beyond the area of known ore 

fields. This is confirmed by areas with hidden mineralization of poorly studied ore occurrences, where 

ore intersections with increased gold concentrations are noted at depths from tens to hundreds of me-

ters from the surface. Along the way, individual ore bodies or their accumulations can be identified in 

areas that were previously considered not promising for eroded mineralization. The second important 

feature of deposits of this type is their significant predictive potential, since these objects were not 

opened by erosion processes and remained unerodized. The future of the entire gold mining industry 

of the republic is connected with such non-eroded objects. 

Along with gold ore deposits, hidden copper-porphyry deposits have been identified in Eastern Uzbek-

istan (Eshlik I, II - with industrial ores localized at depths from the surface of 100 m and 400 m, re-

spectively), the Nizhnekauldinskoye ore deposit - opened by the AO-1 well more than 500 meters 

deep from the surface, polymetallic (Kulchulak - 500m), fluorite (Naugisken - more than 400m) and 

others. Similar objects, due to their economic and geographical location, as well as the high complexi-

ty of the composition of ores, taken into account when determining the total conditional value, have 

great investment attractiveness among foreign exploration companies. 

The development of hidden industrial facilities in the territory of Eastern Uzbekistan is primarily due 

to the fact that a single ore column in this area has an insignificant erosional cut, and above the hidden 

objects, dispersed ore mineralization with low- and medium-temperature mineralogical and geochemi-

cal associations is developed. Second, the hidden gold bodies of the area are spatially associated with a 

certain stratigraphic-hypsometric level, represented by volcanogenic rocks of the C2-P1 age. Thirdly, 

shielding surfaces play an important role in the formation of hidden objects. Fourthly, the known hid-

den deposits are confined to the conjugation of northeastern, submeridional and sublatitudinal faults of 

late formation and are practically not localized in the northwestern structures, which have an earlier 

occurrence, manifested mainly in the so-called. the basement of ancient stratum (O-D) and plutogenic 

intrusive formations. 

Hidden deposits in the Angren-Almalyk ore region, according to the localization conditions, are mani-

fested in different ways on the surface, and therefore, some of them were discovered by ground pro-

specting in combination with traditional geological research. Others, at the early stages of the study, 

were considered unpromising and more than once received a negative assessment due to the absence 

of signs of the development of concentrated gold mineralization from the surface, and were discovered 

after repeated prospecting work, carried out by drilling a large number of wells in a fairly dense net-

work. 

Taking into account the need to expand the prospects of the ore region, of particular interest is the de-

velopment of criteria for predicting hidden ore objects of the supra-ore level (mid-remote zone), i.e. 

localized at economically accessible depths for development. The complexity of their identification is 

reduced to the fact that these objects, from the surface as deposits, do not appear, but stand out only by 

weak anomalies, identified with zones of dispersed ore mineralization. Despite this, the criteria for 

their prediction are clearer than the objects of deeper occurrence (remote supra-ore zone), where post-

ore tectonic-magmatic processes come to the fore, which significantly hinder their detection. 

The criteria for hard-to-find mineralization are as follows: 

- wide distribution of the screening, supra-ore stratum of volcanogenic rocks of trachyandesite-dacite, 

dacite-andesite and dacite composition with low porosity and permeability; 

- the level of the erosional slice of the hidden deposit depends on the thickness of the screening strata, 

i.e. the less the thickness of the screening rocks, the deeper the erosional cut of the object; 
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- hidden gold deposits are confined to local troughs within volcano-tectonic structures (grabens, de-

pressions); 

- Latent mineralization tends to wide (hundreds of meters) and extended (first kilometers) systems of 

zones of deeply penetrating, long-lived, regional, ore-controlling magma and ore-bearing faults of 

oblique occurrence (20-60
0
), northeastern, submeridional and latitudinal strike; 

- areas of convergence and junction of systems of zones of deeply penetrating, long-lived, ore-

controlling magma- and ore-carrying faults with arc cracks of paleovolcanoes of the central type (ring 

structures) and the edge parts of dome rises in the position of gravitational sliding of volcanic flakes or 

blocks of the granitoid previous active base volcanic activity; 

- development of veinlet quartz, quartz-

barite, quartz-carbonate-barite mineraliza-

tion against the background of elongated 

isometric supra-ore (frontal), polymineral 

zones of metasomatites (Fig. 1-3), devel-

oped after volcanogenic-sedimentary rocks 

of trachyandesite-dacite, dacite andesite and 

dacite composition with a weak to medium 

degree of hydrothermal transformations 

(60-80%), quartz-sericite-carbonate-chlorite 

composition, hundreds of meters thick and 

rare elevated gold contents (1 g / t and 

more); 

- the area of supra-ore metasomatites from 

the surface is mapped by a zone of thick-

ness (first hundreds of meters) and length 

(first kilometers) and their feathering; 

- weakening of the intensity of metasomatic 

processes in the direction from close to the 

distant supra-ore zone and almost complete 

loss in this direction of the rear 

(monomineral) and core zones (Fig. 4) with 

replacement by frontal (polymineral); 

- alternation of weakly, moderately and intensely 

transformed varieties with areas of the relict 

structure of the original rock with preserved rock-

forming minerals (quartz, feldspars, etc.); 

 - the ratio of the powers of the rear and frontal 

zones at the supra-ore level 1:30, 1:50; 

- the thickness of the frontal zone exceeds the 

core zones by 20-50 times; 

- rare low-power rear zones at supra-ore levels 

record the concentrates of hydrothermal activity; 

- the decrease in the thickness of supra-ore 

metasomatites towards the ore levels has a close-

to-linear dependence (Fig. 5); 

- prevalence of evenly dispersed dissemination of 

pyrite (1-3%), cubic form, oxidized from the sur-

face, in the metasomatites of the supra-ore level; 

- gold from the supra-ore levels has metasomatic 

and vein-veinlet morphogenetic types; 

 

 

  
Figure: 1 Supra-ore 

metasomatites (expo-

sure) 

Figure: 2 Rocks of the 

frontal zones of 

metasomatic rocks 

  
Figure: 3 Micrograph of 

thin section altered 

dacite porphyry 

Figure: 4 Rocks of the 

rear zones of the 

metasomatites 

 

Figure: 5 Graph of changes in the thickness of 

metasomatites at supra-ore levels for hidden 

gold-ore deposits and ore occurrences 

Angren-Almalyk ore region 
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- at a distance from the 

centers of hydrother-

mal activity (supra-ore 

level), gold is devel-

oped associated with 

hydrothermally altered 

rocks, dust-like (0.01-

0.05 mm) and very 

small (0.05-0.1 mm) 

size class with simple 

forms, aggregate tex-

ture of gold grains and 

uniform-grained structure, close to round, with a crystalline-grained surface (Fig. 6); 

- by approaching the center of hydrothermal activity (near-ore level), along with the metasomatic one, 

there is a vein and small vein type of dust-like gold (0.01-0.05 mm), very fine (0.05-0.1 mm) and fine 

(0, 1-0.5mm) grades of gold grain size; 

- gold is in free form in metasomatites or in intergrowth with pyrite, electrum with a fineness of 500-

750 ‰ predominates in fineness, and kyustelite with fineness less than 500 ‰ is rarely noted, and py-

rite, barite, and iron hydroxides are associated with it. 

- extensive growth with depth of gold content; 

- decrease with depth of concentrations of Ba, 

As, Se (results of factor analysis); 

- dominance at supra-ore levels of gold concen-

trations n * 10
-2

g / t (mid-remote zone), less 

often n * 10
-1 

g/ t; 

- the indicator of the type - (As * Se * Ba) / (Au 

* Te), calculated on the basis of the differentia-

tion of the contents of chemical elements by the 

supra-ore (due to the unimodal accumulation 

graph), upper and middle ore levels of the ero-

sional section, varying from the remote supra-

ore to the ore level in the range from n * 10
1
 to 

n * 10
-5

 (Fig. 7); 

- the distribution curve of average gold con-

tents in supra-ore metasomites has two seg-

ments: the first one characterizes the remote-

supra-ore and mid-remote zones, where the 

gold contents increase monotonously with 

depth, the second characterizes the near-ore 

zone, where the gold contents grow vigorous-

ly, whence identification of hidden objects of 

Ts.Kauldy, Shenibek, Ts.Kairagch is possible 

by primary halos, and objects similar to Mes-

opotamia in zones of weakly concentrated ore 

mineralization against the background of a 

positive anomalous geochemical field, identi-

fied with diffuse mineralization (Fig. 8). 

- low values of electrical resistance (up to the 

first hundreds of Ohm * m), polarizability up 

to 2-3%, relatively quiet - positive magnetic 

field, in intensity not exceeding 100-200 nT, 

and areas of sub-background oscillations Th, 

U, K, identified with weakly manifested pro-

  
Figure: 6 Raster pictures of gold at supra-ore (left) and near-ore (right) 

levels of the erosional section (fineness 879-867 ‰) 

 

Figure: 7 Plots of distributions of zoning  

indicators 

 
Figure: 8 Graph of changes in average gold con-

tents at supra-ore levels for hidden gold deposits 

and ore occurrences of the Angren-Almalyk ore 

region 
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cesses of silicification and sulfide mineralization of the middle-remote zone. 

 

Based on the data presented, a graphic model of the hidden gold mineralization of the ore region was 

developed. 

Figure: 9 Model of hidden gold (epithermal) mineralization of the area 

 

Negative features for the latent epithermal mineralization of the mid-remote zone in the studied ore 

region are: 

- insignificant thickness of rocks screening mineralization; 

- intrusive formations as a supra-ore complex of rocks in the form of stocks, wide development of dike 

bodies, etc.; 

- northwestern direction of ore-concentrating structures and their steep bedding; 

- an insignificant thickness and length of the frontal zones of metasomatites and the rear and core 

(monomineral) zones developed against their background; 

- widely developed areas of the background and zones of negative anomalous geochemical field of 

gold; 

- zones of positive anomalous geochemical field of copper, lead and zinc of average-maximum con-

trast; 

- the absence of an extensive increase in the contents of the main useful component with depth, against 

the background of a decrease in the concentrations of distant scattering elements (As, Se, Ba, etc.); 

- the presence of stable positive or negative correlations of chemical elements with gold due to the ab-

sence of paragenetic geochemical associations of ore genesis products at the supra-ore level; 

- high values of resistance and polarizability anomalies; 

- absence of atmochemical anomalies of mercury. 
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CONCLUSION 

The studies carried out show fundamental differences in some of the criteria and features for hidden 

and eroded mineralization in the studied ore region, which must be taken into account when conduct-

ing prospecting work. The supra-ore levels have a weakly pronounced zonal structure, and the supra-

ore zone, which is medium-distant from the hidden mineralization, requires a comprehensive and de-

tailed study, and its detection requires a comprehensive study of the territories. The developed criteria 

and features must be further improved for the territories covered by modern loose sediments. 
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