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Abstract 

Purpose. To identify prospective areas within the Northern Katpar deposit based on the interpretation of borehole geophy-

sical survey results and the analysis of spatial geological models. 

Methods. The set of borehole geophysical methods included gamma-ray logging (GR), inclinometry (IN), X-ray radio-

metric logging (XRL), thermometry, caliper logging, and resistivity logging (RES). In addition, spatial modeling methods were 

applied using Micromine software to construct 3D and 2D models of ore bodies. 

Findings. The analysis confirmed previously identified ore bodies and intersections based on the 2018 drilling data, with 

some clarifications. For the first time, a new ore intersection has been discovered within the loose sediments of the weathering 

crust between 42 and 47 profiles, not reflected in earlier geological cross-sections. Additional prospective zones with tungsten 

trioxide (WO3) content ranging from 0.2 to 0.5% were also identified. 

Originality. For the first time, the potential existence of ore bodies in the upper part of the section within the weathering 

crust has been substantiated through the integrated interpretation of geophysical data and block modeling that opens new  

opportunities for forecasting and resource assessment of the deposit. 

Practical implications. The proposed methodology for interpreting borehole geophysical data in combination with 3D 

modeling can be applied in prospecting and resource assessment of other tungsten-bearing deposits. 
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1. Introduction 

In the current high demands for the rational use of mi-

neral resources, particular attention is given to the localiza-

tion of prospective ore-bearing zones, as well as to the 

refinement of their geological and structural parameters. 

The growing demand for strategically essential metals such 

as tungsten necessitates a shift toward more accurate and 

integrative methods of exploration and modeling. Ensuring 

resource security is impossible without applying modern 

approaches to forecasting ore deposits, especially in pre-

viously underexplored regions [1]-[5]. 

Geophysical methods, combined with digital geological 

modeling, allow for a qualitatively new level of solving 

tasks related to forecasting, detailed delineation, and  

evaluation of ore bodies. These approaches are efficient 

under conditions of complex geological structures, intense 

tectonic disruption, and heterogeneous metasomatic altera-

tion of host rocks, which is characteristic of many deposits 

in Central Kazakhstan [6]-[8], where traditional explora-

tion methods do not always provide sufficiently reliable 

interpretations [9], [10]. 

Various ore occurrence forms, complex body morpholo-

gies, and significant variability in mineral composition dis-

tinguish tungsten deposits associated with granitoid intru-

sions [11]. The ore bodies often exhibit stockwork structures 

and are represented by numerous skarn and greisen veins, 

frequently with transitional types of mineralization [12]-[14]. 

In such conditions, it is crucial to identify zones enriched in 

scheelite and molybdenite, as well as to understand the spa-

tial patterns of their distribution relative to structural water 

and lithological factors [15], [16]. 

Therefore, integrating drilling data, geophysical  

logging, measurements, and block modeling of a unified 

information environment becomes especially impor-

tant[17], [18]. This allows for a more precise delineation of 

zones favorable for scheelite and molybdenite mineraliza-

tion, forecasting the volume and geometry of ore bodies, as 

well as optimizing the placement of exploration bore- 

holes and subsequent production activities [19]-[21].  

Similar approaches have been successfully tested at other 

sites in Kazakhstan, such as the Akmaya and Shok-

Karagay deposits [22], [23]. 
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The Northern Katpar deposit is located in the central part 

of the Akmaya-Katpar ore zone, within an area of active 

northeast-trending deep fault structures [24], [25]. The geolo-

gical ore field structure is composed of Devonian and Carbo-

niferous formations intruded by the granite body of the Katpar 

massif (Fig. 1). The host rocks belong to the Uspenskaya For-

mation and include siltstones, sandstones, tuffs, and lavas of 

the Upper Famennian (D3fm2), as well as limestones of the 

Lower Tournaisian (C1t1). The siltstones and sandstones are 

generally overlain by a cover of loose sediments and are inter-

sected by drilling mainly in the southern part of the deposit. 

The central and northern parts of the deposit are com-

posed of variably metamorphosed limestones [26]. These 

rocks are in tectonic contact with the siltstones, and the less 

metamorphosed limestone varieties crop out at the surface to 

the north of the site, forming a separate tectonic block.  

A significant feature of these limestones is their geochemi-

cal specialization in iron (0.05-1.0%) and manganese  

(0.02-0.3%), which allows them to be considered potentially 

ore-bearing [27]. Similar geochemical features in limestones 

have also been observed in other parts of the Akmaya-Katpar 

zone, confirming a regional pattern of ore potential [28].  

 

 

 

Figure 1. Geological map of the Northern Katpar deposit showing the locations of boreholes drilled in 2018. Scale 1:5000 

 

Clay-rich weathering crust formations are developed 

across the deposit area, occurring at depths from 1 to 220 m, 

with an average thickness of 30.4 m. Minimal thicknesses  

(1-5 m) are recorded within the northern tectonic block, 

where the crust overlies siliceous, clayey, and carbonaceous 

limestones. Maximum values (exceeding 30 m) are associa-

ted with zones of fault intersections and junctions, indicating 

controlling role of fault zones in the weathered sequence 

morphology. The skarn-enriched limestones are particularly 

interesting, over which ore-bearing weathering crusts with a 

thickness ranging from 18 to 60 m have developed [29], [30]. 

The industrial mineralization of the Northern Katpar 

deposit is confined to an intrusive-subintrusive zone asso-

ciated with fine-grained porphyritic granites of the second 

phase of the Late Permian Akshatau Complex. These intru-

sions occur at depths of approximately 400-600 m and  

are the source of thermal and hydrothermal fluids responsi-

ble for ore formation [31]. 
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Metasomatic alteration of rocks is widespread within the 

ore field. Similar processes are also observed at other skarn-

greisen-type deposits in Eastern Kazakhstan [32]-[34]. The 

main products of these processes are skarns and greisens. 

Skarns predominantly develop along marbleized limestones, 

and to a lesser extent in sandy-slate formations [35]. Grei-

senization affects both the granites and previously formed 

skarns [36]. Greisens constitute the primary ore-bearing 

substance, concentrating the bulk of industrial mineraliza-

tion, with tungsten as the main ore component [37]. 

Comprehensive studies, including X-ray radiometric log-

ging, have shown that tungsten mineralization is associated 

with skarn veins and veinlets [38], [39]. Statistical analysis 

has revealed a clear correlation: increased skarn thickness is 

accompanied by higher tungsten concentrations. 

Thus, studying the geological-structural framework and 

analyzing the spatial distribution of ore bodies at the Nor-

thern Katpar deposit requires an integrated approach that 

includes the interpretation of drilling data, geophysical 

measurements, and 3D modeling. This makes it possible to 

more accurately delineate prospective areas and improve the 

efficiency of subsequent exploration activities. 

2. Materials and methods 

The primary research approach involved analyzing and 

synthesizing geological, geophysical, and innovative tech-

niques using GIS technologies to identify prospective areas 

within the Northern Katpar deposit. The initial data included 

results from geological core studies and interpretations from 

boreholes SK_009_18 and SK_012_18, drilled along explo-

ration profiles 46a and 47, respectively (Fig. 2a, b). These 

profiles are within the industrial mineralization zone, corre-

sponding to the exploration interval between profiles 45 and 

47. Based on previous studies, seven ore bodies have been 

delineated within profiles 42-49. These bodies are represen-

ted by lens-shaped and vein-disseminated mineralization, 

controlled by lithological and tectonic factors. 

The geological documentation of core samples included 

visual descriptions of lithological features: rock name, 

color, structure, texture, composition of the central mass, 

presence of disseminated and accessory minerals. Special 

attention was given to the degree of fracturing, brecciated 

zones, rock integrity, the quality and thickness of the veins, 

their mineral composition, and spatial orientation. These 

parameters made it possible to refine the structural charac-

teristics of ore zones and establish the genetic relationship 

of the veins to specific lithotypes. 

The geophysical investigations carried out on the above-

mentioned boreholes included gamma-ray logging (GR) 

and resistivity logging (RES), implemented in the form of 

base gradient sounding [40]. GR diagrams were used to 

assess natural rock radioactivity and identify enriched  

intervals associated with metasomatic zones. RES data 

were employed to analyze the electrical properties of the 

section, which is particularly important when studying 

mineralized zones in the context of variable lithology and 

tectonic disturbance [41], [42]. 

Additionally, cartographic materials were used: geologi-

cal cross-sections for profiles 46a and 47 showing lithostrati-

graphic boundaries, fault zones, and mineralization intervals, 

as well as digital block models built using GIS tools and 

specialized software.  

(a) 

 

(b) 

 

Figure 2. Geological cross-sections of the Northern Katpar deposit 

along exploration profiles showing the 2018 boreholes 

(scale 1:200): (М: 1:200): (a) profile 46a; (b) profile 47 

 

These models enabled the visualization of the spatial dis-

tribution of tungsten trioxide (WO3) concentrations and the 

localization of the most promising areas in 3D space. Thus, 

combining conventional and digital methods ensured a mul-

tiparametric interpretation of geological-geophysical data, 

forming the basis for delineating prospective zones [43]. 

Through digitization and subsequent visualization of the 

exploration data from the Northern Katpar deposit using 

Micromine software, two types of 3D geological models 

were constructed: a wireframe model and a block  

model [44]-[46]. The application of the GIS platform  

allowed for the comprehensive integration of geological-

geophysical information, including drilling data, geophysi-

cal logs, and lithostratigraphic observations, into a unified 

spatial coordinate system. 
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The wireframe 3D model of the ore body clearly illus-

trates its morphology and geometric configuration. It was 

established that the ore body at the deposit is a stock, with an 

internal structure representing a stockwork zone. This zone 

comprises a dense network of skarn veins and veinlets that 

have metasomatically altered the host limestones. The prima-

ry valuable components within the stockwork are tungsten, 

molybdenum, bismuth, and copper, with the most intense 

mineralization concentrated in the central part of the stock 

(Fig. 3a). Such polymetallic mineralization is also characte-

ristic of other bodies of similar type, particularly as observed 

in deposits of Eastern Transbaikalia [47], [48]. 

Based on the block model, a 3D visualization of tungsten 

trioxide (WO3) concentrations was performed. Within the ore 

body, WO3 content varies from the cut-off grade (0.04%) up to 

0.5% and higher, demonstrating heterogeneous distribution 

throughout the mineralized volume (Fig. 3b). Elevated WO3 

concentrations are primarily located in the upper-central part 

of the stock and at the intersections of tectonic nodes, confir-

ming the structurally controlled nature of the mineralization. 

An additional advantage of the Micromine platform is the 

ability to generate sections and profiles along arbitrarily 

selected exploration lines. This functionality enables detailed 

analysis of WO3 concentration patterns along the profiles and 

the identification of local anomalies and favorable zones for 

positioning additional boreholes. 

 

(a) 

 

(b) 

 

Figure 3. 3D models of the Northern Katpar deposit: 

(a) wireframe model overlaid on the geological map of 

the deposit; (b) visualization of tungsten trioxide (WO3) 

concentrations within the ore body 

3. Results and discussion 

A step-by-step comparative analysis was conducted using 

the available geological, geophysical, and modeling data to 

identify prospective areas within the Northern Katpar depo-

sit. The first stage involved correlating the geological  

columns, compiled based on core sample descriptions from 

boreholes SK_009_18 and SK_012_18, with gamma-ray 

(GR) and resistivity (RES) logging data obtained from the 

same boreholes. This comparison aimed to identify relation-

ships between the lithological composition of rocks and their 

geophysical characteristics. 

In the second stage, 2D sections of the block model of the 

deposit, developed using Micromine software, were ana-

lyzed. These sections visualize the spatial distribution of the 

primary ore mineral, scheelite (CaWO4). The resulting data 

were compared with geological cross-sections along explora-

tion profiles 46a and 47. Based on this comparison, the 

shapes and positions of the ore bodies within the specified 

profiles were refined. 

The synthesis of these datasets enabled the identification 

of a prospective area within the loose sedimentary cover at 

the Northern Katpar deposit. This area is characterized by a 

combination of geological indicators and modeling results, 

making it a target for further investigation. 

The first object of analysis was borehole SK_009_18, loca-

ted along profile 46a. According to prior geological investiga-

tions, four ore zones were delineated within this section: the 

Main Ore Zone and ore zones 1, 2, and 4. Borehole SK_009_18 

intersects three of these zones, excluding zone 4, which is loca-

ted in the apical part of the granite intrusion (Fig. 2a). 

Within the depth interval of 25.7 to 54.5 m, the weathering 

crust was encountered. It is represented by grey, marbleized 

limestones of massive, medium-grained texture. The rocks 

are moderately fractured throughout the section. Within this 

interval, metasomatic veinlets of apophyllite-garnet-fluorite 

composition containing copper oxides, as well as similar 

veinlets without visible mineralization, were identified. 

The gamma-ray intensity in this interval varies from 4 to 

16 μR/h. It was established that the elevated radioactive 

background is associated with the presence of metasomatic 

veins containing copper-molybdenum-scheelite mineraliza-

tion (Fig. 4). In the mineralized zone, resistivity logging 

shows sharply reduced apparent resistivity values in some 

intervals approaching zero, and within the most intensely 

mineralized intervals, the values range between 600 and 

1200 Ohm·m (Fig. 4). 

The next interval of borehole SK_009_18 (65.8-123.8 m) 

corresponds to ore zone 1. According to drilling results, the 

total thickness of this zone is 58 m. The section comprises 

light grey, marbleized limestones with massive, medium-

grained texture. Throughout the entire interval, numerous 

metasomatic veinlets containing chalcopyrite-molybdenite-

scheelite mineralization were identified. The interval from 

102.8 to 109.05 m is of particular interest, where visual core 

analysis revealed enriched mineralization reaching up to 3% 

of the rock mass, indicating the local development of a vein-

disseminated ore-body type within this segment. 

The results of gamma-ray logging (GR) and resistivity 

logging (RES) for this depth interval are presented in  

Figure 5. The GR curve shows values ranging from back-

ground levels to elevated readings (up to 60-70 μR/h), which 

may be associated with scheelite components in the veins. 
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Figure 4. GR and RES log diagram for the 24-56 m interval of 

borehole SK_009_18 

 

 

Figure 5. GR and RES log diagram for the 64-124 m interval of 

borehole SK_009_18 

 

Within the mineralized interval, resistivity also shows a 

significant decline, with values dropping to 1200-2400 Ohm·m 

in some segments, while adjacent, weakly mineralized intervals 

show values exceeding 6000 Ohm·m. These data confirm the 

presence of an ore-bearing zone and its geophysical expression. 

Within this depth interval, gamma-ray intensity ranges 

from 4 to 20 μR/h. Notably, in the interval from 102.8 to 

109.05 m, which contains the most enriched mineralization, 

the gamma-ray level reaches up to 48 μR/h. The apparent 

resistivity values throughout the ore zone vary between 800 

and 7000 Ohm·m. The lowest resistivity values are observed 

in segments with the most intense metasomatic mineraliza-

tion. This may be due to the increased content of ore compo-

nents and to a higher degree of rock fracturing resulting from 

hydrothermal alteration. 

Geophysical data from borehole SK_009_18, which inter-

sects the Main Ore Zone between 123.8 and 312.9 m, provides 

significant insights into the internal structure of the ore body 

and the degree of mineralization. The thickness of the ore-

bearing interval is 189.1 m. This section comprises light grey, 

marbleized limestones with medium-grained structure and 

massive texture. Throughout the rock mass, metasomatic vein-

lets are observed with weak but persistent low-grade minerali-

zation in the form of disseminations and thin veinlets of chal-

copyrite and molybdenite. The total mineralization within 

these intervals is estimated to reach 1% of the rock mass. 

The most intense mineralization was found in the  

217.8-229.3 m interval, where the concentration of sulfide 

and tungsten minerals (chalcopyrite, molybdenite, and 

schee-lite) reaches 3% of the rock mass. Geophysical indi-

cators in this interval confirm the enrichment of the section: 

gamma-ray values increase to 48 μR/h, while average va-

lues along the borehole vary between 8 and 32 μR/h. Simi-

larly, a consistent decrease in apparent resistivity is ob-

served from a maximum of 6000 Ohm·m in weakly miner-

alized sections down to 1200 Ohm·m in intervals with 

higher concentrations of ore minerals, indicating the pre-

sence of electrically conductive inclusions (Fig. 6). 

 

 

Figure 6. GR and RES log diagram for the 124-232 m interval of 

borehole SK_009_18 
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The integrated interpretation of geological and geophysical 

data for this borehole makes it possible not only to localize the 

interval with the highest ore potential, but also to establish 

criteria for assessing the prospects of similar intervals within 

other profiles intersecting the stockwork zone of the deposit. 

Additional information on the deep structure of the 

stock was obtained from the second ore zone, intersected by 

the same borehole SK_009_18 in the depth interval of 

330.8-412.2 m (Fig. 7). In this section, marbleized lime-

stones are also developed, intersected by metasomatic vein-

lets of complex composition including wollastonite, apophyl-

lite, garnet, and fluorite. These veins are accompanied by 

stable ore mineralization represented by disseminations of 

chalcopyrite and molybdenite. The mineralization is of a 

vein-disseminated type and is associated with zones of hy-

drothermal replacement of limestones. 

 

 

Figure 7. GR and RES log diagram for the 328-412 m interval of 

borehole SK_009_18 

 

Gamma-ray intensity within this interval varies from 4 to 

36 μR/h. Elevated radiation levels correlate with areas en-

riched in the above-described metasomatic veins, indicating 

their active role in ore formation. The electrical properties of 

the rocks show significant variability: apparent resistivity 

values ranging from 600 to 6000 Ohm·m, with an average 

about 3600 Ohm·m. Minimum resistivity values are recorded 

in zones of maximum mineralization, whereas higher values 

correspond to less altered sections of the limestone. 

The next stage of the study involved correlating the geo-

logical cross-section along profile 46a with the correspond-

ing 2D slice from the deposit block model (Fig. 8). This 

analysis aimed to verify the spatial position of ore bodies and 

identify previously unrecognized mineralized zones. 

The comparison results showed that all ore bodies identi-

fied during geological mapping (the Main Ore Body and ore 

zones 1, 2, and 4) are confidently traceable on the block 

model slices. This confirms the reliability of the constructed 

spatial model and its consistency with geological data. At  

the same time, analysis of the 2D slice revealed a new pro-

spective ore zone at a depth of 25.7 to 54.5 m, with tung- 

sten trioxide (WO3) content ranging from 0.06 to 0.2%.  

This mineralized zone is not reflected in the geological sec-

tion, indicating that it may have been underestimated in the 

context of traditional geological interpretation (Fig. 8a, the 

area outlined in red). 

 

(a) 

 

(b) 

 

Figure 8. Correlation of the Northern Katpar deposit profile: (a) 2D 

slice from the block model; (b) geological section 46a 

 

The reliability of the prospective zone is supported by the 

results of geophysical surveys (elevated gamma activity and 

reduced apparent resistivity) and the core logging data, which 

revealed signs of weakly expressed disseminated mineraliza-

tion within the specified intervals. Additionally, according to 

the 2D visualization of the block model, the areas between 

the Main Ore Body and ore zones 1 and 2 also exhibit eleva-

ted concentrations of tungsten trioxide (up to 0.2%). These 

zones can thus be classified as weakly mineralized, but 

promising targets that require further investigation. 

Analysis of geophysical-geological data from borehole 

SK_012_18, located along exploration profile 47, confirmed 
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the presence of a significant ore-bearing interval correspond-

ing to the Main Ore Body. In the 85-246 m depth range, the 

borehole intersects a mineralized zone characterized by  

metasomatic alteration of varying intensity. The upper part of 

the section (37.0-86.3 m) corresponds to the weathering 

crust, hosted by massive, light-grey, medium-grained mar-

bleized limestone with a moderate degree of fracturing. 

Within this interval, metasomatic veinlets of apophyllite-

garnet-fluorite composition with varying degrees of minera-

lization are developed. The ore-bearing veinlets contain 

molybdenite, scheelite, and chalcopyrite, while some veinlets 

appear visually without ore minerals. 

The 39.0-39.7 m interval is interesting, where wollastonite-

apophyllite-garnet veinlets were identified with scheelite inclu-

sions up to 2 mm in size, along with chalcopyrite and molyb-

denite. This zone is marked by a local increase in gamma radia-

tion up to 20 μR/h. In the 72.2-74.5 m interval, similar meta-

somatic veinlets are observed without visible mineralization, 

with background gamma values ranging from 4 to 8 μR/h. 

Apparent resistivity values within the 36-84 m interval 

range from 1600 to 5800 Ohm·m. The lowest resistivity values 

are associated with zones of increased chalcopyrite content, 

confirming the high electrical conductivity of copper minerals 

and indicating the presence of ore-bearing veins (Fig. 9). 

 

 

Figure 9. GR and RES log diagram for the 36-84 m interval of 

borehole SK_012_18 

 

The combination of geophysical indicators, verified by 

lithological observations, allows this section to be interpreted 

as a zone of potential economic mineralization, which con-

tinues at depth within the Main Ore Body. 

The Main Ore Body was also intersected by borehole 

SK_012_18 in a second depth interval from 86.3 to 

205.0 m. According to drilling data, the thickness of the 

ore-bearing zone is 118.7 m. The section comprises mas-

sive, dark-grey, marbleized limestones with a medium-

grained texture. At a 137-140 m depth, metasomatic vein-

lets of apophyllite-garnet-fluorite composition with weak 

ore mineralization were recorded.  

In deeper intervals (170-171, 190-194 and 200-203.3 m), 

metasomatic formations with rich vein-disseminated mineral-

ization are observed, containing nests of chalcopyrite, mo-

lybdenite, and scheelite, with total concentrations reaching 1-

3% of the rock volume [49]. The GR and RES logging 

curves analysis for the 92-160 m interval reveals well-

defined geophysical anomalies corresponding to zones of 

mineral enrichment (Fig. 10). 

 

 

Figure 10. GR and RES log diagram for the 92-164 m interval of 

borehole SK_012_18 

 

Gamma-ray intensity in this interval reaches up to 

80 μR/h, the highest value recorded among all analyzed 

boreholes. This indicates the presence of radioactive minerals 

associated with scheelite. Apparent resistivity values range 

from 1200 to 5800 Ohm·m, with the lowest readings corre-

sponding to intervals saturated with ore mineralization, 

pointing to a high content of electrically conductive sulfides, 

primarily chalcopyrite. Thus, the GR and RES data interpre-

tation for this section makes it possible to delineate a highly 

prospective fragment of the Main Ore Body, characterized by 

geochemical and geophysical anomalies related to scheelite-

molybdenite-chalcopyrite mineralization. 

An additional depth interval of 170-240 m within the 

Main Ore Body in borehole SK_012_18 exhibits clear 

geophysical signs of intense mineralization. In the  

192-194 m interval, rich scheelite-chalcopyrite-molybde-

nite mineralization was recorded, which is reflected in a 

sharp increase in gamma-ray intensity up to 128 μR/h, the 

absolute maximum among all examined boreholes. Ac-

cordingly, the apparent resistivity in this zone drops to 

600 Ohm·m, indicating the presence of highly conductive 

sulfide minerals (Fig. 11). 
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Figure 11. GR and RES log diagram for the 168-240 m interval of 

borehole SK_012_18 

 

The significant amplitude of radiometric and electrical 

anomalies indicates the concentration of ore minerals within 

the rock mass. It can be used as a diagnostic criterion for iden-

tifying industrial-grade intervals within the central zone. Addi-

tionally, in the 210-240 m interval, a series of local resistivity 

decreases was observed, likely associated with continued 

zones of vein-disseminated mineralization. These zones re-

quire detailed core analysis and potentially additional drilling. 

As a result of comparing two cartographic sources, a pro-

spective ore zone was identified with a tungsten trioxide 

(WO3) content ranging from 0.2 to 0.5% within the depth 

interval of 37.0 to 86.3 m (Fig. 12a, b). 

The ore zone partially corresponds to the previously in-

terpreted weathering crust [50]. It reflects mineralized vein-

lets with scheelite, molybdenite, and chalcopyrite, which is 

confirmed by geophysical survey results from borehole 

SK_012_18. Logging data (gamma-ray and resistivity) 

demonstrate anomalously high radiation levels (up to 20 

μR/h) and reduced resistivity values down to 1600 Ohm·m, 

indicating ore mineral presence. 

The prospectivity of this zone is further supported by 

primary core logging results, which revealed metasomatic 

veinlets of apophyllite-garnet-fluorite and wollastonite com-

position, containing scheelite inclusions up to 2 mm in size. 

The combination of cartographic, geophysical, and lithologi-

cal data allows for high confidence in localizing a new pro-

spective fragment of the ore body within profile 47, which 

was previously not reflected in the geological interpretation. 

The results of geophysical surveys conducted on bore-

holes SK_009_18 and SK_012_18, along with the compari-

son of 2D slices from the block model with geological cross-

sections, provide several important conclusions regarding the 

structure of ore bodies and the patterns of tungsten minerali-

zation at the Northern Katpar deposit [51]. 

(a) 

 

(b) 

 
Figure 12. Correlation of the Northern Katpar deposit profile: (a) 2D 

slice from the block model; (b) geological section 47 

 
First, the spatial boundaries of the ore bodies (Main Ore 

Body and ore zones 1 and 2), as revealed from geological 
mapping, are confirmed by geophysical data, although with 
some refinements. Analysis of 2D slices from the block 
model revealed that the space between the central ore bodies 
also shows signs of mineralization, where WO3 content 
reaches 0.2-0.5%. Therefore, the actual configuration of the 
ore-bearing zone is broader than previously assumed based 
solely on geological observations. 

Second, significant variations in the electrical properties 
of rocks have been identified across the deposit: apparent 
resistivity values range from 7000 to 600 Ohm·m. The lowest 
values are consistently associated with zones of sulfide min-
eralization (chalcopyrite, molybdenite), whereas higher values 
correspond to weakly mineralized limestones and marbles. 

Anomalies in the upper parts of borehole sections where 
industrial ore bodies had not previously been identified de-
serve special attention. Geophysical data (GR and RES) re-
vealed new intersections with anomalous radioactivity levels 
(up to 20 μR/h), which are also visualized on the 2D slices of 
the block model and may be interpreted as prospective zones 
requiring additional drilling and geochemical verification. 
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Gamma-ray intensity, in general, demonstrates a stable 

correlation with the degree of ore mineralization, particularly 

with scheelite content. In intervals with high concentrations of 

scheelite and associated minerals, gamma background values 

reach 32-80 μR/h. In zones without visually apparent minerali-

zation, the radiation levels generally do not exceed 8 μR/h. 

An analysis of gamma radiation sources at the Northern 

Katpar deposit reveals two key mineralogical mechanisms. 

The first is the isomorphic substitution of calcium by urani-

um and thorium in the structure of fluorite (CaF₂), which is 

possible under conditions of endogenous mineral formation 

due to the close ionic radii (Ca2+ = 0.106 nm; U4+ = 0.105 nm; 

Th4+ = 0.11 nm). The richest zones of scheelite mineraliza-

tion are associated with fluorite-bearing metasomatites 

(fluorite, quartz-fluorite). 

The second mechanism relates to the crystallochemical 

features of scheelite (CaWO4), in which calcium may be 

substituted by rare-earth elements, predominantly of the 

cerium group. Studies on deposits in Eastern Transbaikalia 

demonstrate a positive correlation (up to 0.88) between U 

and Th concentrations and rare-earth element content in 

scheelite, due to the inclusion of micro-inclusions of urano-

thorite. Therefore, it is likely that calcium in the scheelite 

structure at the Northern Katpar deposit is also isomorphical-

ly substituted by uranium and thorium [52], [53]. 

Thus, the increased gamma-ray intensity observed at the 

Northern Katpar deposit is attributed to the presence of 

fluorite and the crystallochemical features of scheelite. This 

broadens the range of diagnostic indicators for interpreting 

geophysical anomalies and enhances the accuracy of predic-

ting ore-bearing intervals. 

4. Conclusions 

As a result of the integrated analysis of geophysical data 

(gamma-ray and resistivity logging), geological information 

from boreholes SK_009_18 and SK_012_18, and the com-

parison of geological cross-sections with 2D slices from the 

block model of the Northern Katpar deposit, the spatial con-

figuration of the central ore bodies (the Main Ore Body and 

ore zones 1 and 2) has been confirmed. Their boundaries have 

been refined based on geophysical anomalies and the distribu-

tion of tungsten trioxide (WO3) concentrations. It has been 

established that the zones between the central ore bodies are 

also mineralized, with WO3 content ranging from 0.2 to 0.5%. 

The characteristic geophysical parameter ranges for ore-

bearing zones were defined: apparent resistivity within the 

deposit varies from 7000 to 600 Ohm·m, with the lowest 

values consistently correlating with sulfide-enriched zones. 

Gamma-ray intensity ranges from less than 8 μR/h in barren 

sections to 128 μR/h in scheelite-rich zones. 

Previously undocumented prospective ore zones have 

been identified in the upper sections of profiles 46a and 47, 

within the depth intervals of 25.7-54.5 and 37.0-86.3 m, 

respectively. These zones are visualized in 2D slices of the 

block model, confirmed by geophysical and lithological data, 

and are recommended for priority drilling. 

The nature of gamma radiation sources has been substan-

tiated and linked to isomorphic substitution of calcium by 

uranium and thorium in the crystal structures of fluorite and 

scheelite. This explains the elevated radiation levels observed 

in intervals enriched with fluorite-apophyllite-garnet  

metasomatic veins. 

The methodology of integrating geophysical data with 

block modeling results in the Micromine environment has 

demonstrated high effectiveness for spatial interpretation of 

ore bodies and the assessment of prospective zones at the 

prospecting and exploration stages. 

The results obtained can be used to refine ore body 

boundaries, plan drilling campaigns, update the deposit re-

source potential, and guide future exploration strategies. 
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Виявлення перспективних площ на родовищі Північний Катпар за результатами  

геофізичних досліджень свердловин і просторового моделювання 

Л. Іссаєва, Б. Амралінова, Е. Акбаров, З. Аблессенова, Д. Толибаєва, Є. Єркімбек 

Мета. Виявлення перспективних площ у межах родовища Північний Катпар на основі інтерпретації результатів геофізичних 

досліджень свердловин і аналізу просторових геологічних моделей. 

Методика. Комплекс геофізичних досліджень свердловин включав гамма-каротаж (ГК), інклінометрію (ІК), рентгено-

радіометричний каротаж (РРК), термометрію, кавернометрію та метод уявного електричного опору (ЕО). Додатково застосовува-

лися методи просторового моделювання з використанням програмного забезпечення Micromine з побудовою 3D і 2D моделей  

рудних тіл. 

Результати. Проведений аналіз підтвердив раніше виявлені рудні тіла та рудні перетини за даними буріння 2018 року, за виня-

тком окремих уточнень. Вперше було виявлено нове рудне перетинання в межах пухких відкладів кори вивітрювання між профі-

лями 42 і 47, яке раніше не відображалося в геологічних розрізах. Також встановлено додаткові перспективні ділянки із вмістом 

триокису вольфраму від 0.2 до 0.5%. 

Наукова новизна. Вперше обґрунтовано можливість існування рудних тіл у верхній частині розрізу, в межах кори вивітрюван-

ня, на основі комплексної інтерпретації геофізичних даних і блокового моделювання, що відкриває нові перспективи для прогнозу-

вання та оцінки ресурсів родовища. 

Практична значимість. Запропонована методика інтерпретації геофізичних даних свердловин у поєднанні з 3D-

моделюванням може бути застосована під час прогнозної та пошуково-оцінювальної розвідки інших вольфрамових об’єктів. 

Ключові слова: родовище, рудне тіло, вольфрам, 3D-модель, 2D-зріз, гамма-каротаж, метод уявного електричного опору, 

рудна мінералізація 
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