
 Geoinformatics 2020 
11-14 May 2020, Kyiv, Ukraine 

18137  

3-D geochemical modelling of molybdenum mineralization at 
the East flank of Serhiivka complex Au-Mo deposit 

V. Sukach (Institute of geochemistry, mineralogy and ore formation, NAS of Ukraine), 
*O. Hrinchenko (Institute of Geology, Taras Shevchenko national university of Kyiv, Ukraine),
I. Antykhovych (Halliburton, Houston, TX, USA), L. Riazantseva (State Enterprise 
«Pivdenukrgeology», Dnipro, Ukraine) 

SUMMARY 

Serhiivka is a complex Au-Mo deposit of Middle Dnipro granite-greenstone province of Ukrainian 
Shield, that is situated in the southern part of Sura greenstone belt. The Serhiivka deposit сan be 
subdivided into two ore sites – Central Serhiivka with predominant gold mineralization and East 
Serhiivka that is characterized by predominant distribution of molybdenum mineralization. This paper 
discusses 3-D model created on the base of chemical and geochemical data available for the East flank 
of Serhiivka deposit. Dataset includes 137 boreholes, 12026 samples and 109314 analyses. 

Mineralization patterns and distribution features of Mo, Au, Cu and Ag are studied with application of 
following software programs – Isatis (three-dimensional variogram analysis, three-dimensional 
geostatistics), ArcGis (mapping of two-dimensional data array, two-dimensional constructions) and 
EMS-I GMS (mapping of three-dimensional data array, three-dimensional geostatistics). In future, 3-D 
model created might be used for optimal location of exploration borehole grid and mine workings at 
subsequent stages of exploration and possible exploitation of Serhiivka complex Au-Mo deposit. 
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Introduction 

Serhiivka is a complex gold-molybdenum deposit in the Middle Dnipro granite-greenstone province 
of the Ukrainian Shield (Sukach, 2018). The deposit is situated in the southern part of Sura greenstone 
belt (greenstone structure) within limits of Solone ore field (Fig. 1). It is formed by two Mesoarchean 
volcano-plutonic associations (VPA). Early VPA that comprises basalts, gabbro-dolerites, dolerites is 
cut by late VPA that includes rhyodacites, dacites, tonalite-porphyries and porphyry-like tonalites. 
Distribution patterns and spatial relations between ore-controlling structures of the central part of 
Serhiivka deposit, which is characterized by predominant distribution of gold mineralization, are 
reviewed in early publications (Bobrov et al., 2006; Sukach et al., 2018, 2019). This paper discusses 
results of 3-D geochemical modelling carried out within eastern flank of the deposit – East Serhiivka 
ore site which is characterized by predominant distribution of molybdenum mineralization. 

Figure 1. Geological map of Middle Dnipro granite-greenstone province. 1 – Serhiivka Au-Mo 
deposit; 2 – Sura greenstone belt; 3 – Auly series; 4 – Konka series; Kryvyi Rih series: 5 – New 
Kryvyi Rih suite, 6 – Saksahan suite, 7 – Hleyuvatka suite; ultrametamorphic and intrusive 
complexes: 8 – Dnipropetrovsk, 9 – Slavhorod, 10 – Sura; 11 – Saksahan; 12 – Demuryne, Tokivske 
and Mokra Moskovka; 13 – Mala Tersa; 14a – faults, 14b – geological boundaries; 15 – interblock 
deep-seated faults: (1) Kryvyi Rih-Kremenchuk, (2) Orikhovo-Pavlohrad. 

Geological setting of Serhiivka Au-Mo deposit. 

Molybdenum mineralization occurs as confined to ore knot situated at the area of intersection between 
two systems of tectonic dislocations – submeridional East Serhiivka and sublatitudinal North 
Serhiivka major faults. By results of prospection drilling East Serhiivka ore site can be subdivided 
into two structural-geological parts – western and eastern. The western part that is bordered by 
profiles No 23 and 26 is characterized by simple geological structure. At the same time, the eastern 
part that is situated within the area between profiles No 26 and 27 shows much more complex 
geological structure (Fig 2). In particular, Serhiivka subintrusive body shows splitting in the east 
direction with formation of echelon-like structure that includes separate dyke-like branches «twisted» 
into opposite direction – to the North and to the South. Branches twisted to the North direction 
conjoin with Solone subvolcanic body which composition is similar to that of Serhiivka body. 
Branches twisted to the South conjoin with East Serhiivka massif of tonalite porphyries and porphyry-
like tonalites. Such complex structure that comprises several conjugated subintrusive bodies of felsic 
composition resembles recumbent letter «T» on the plan and, in such a way, defines structural features 
of East Serhiivka molybdenum site. 
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Figure 2. Geological map of Serhiivka Au-Mo deposit. Ore sites of gold-molybdenum 
mineralization: 1 – molybdenum (blue contour), 2 – gold (red contour); Early (Apollonivka–
Serhiivka) VPA: 3 – basalts, 4 – dolerites, gabbro-dolerites; Late VPA: 5 – dacites, rhyodacites, 6 – 
tonalite porphyries, porphyry-like tonalite; 7 – faults (a) and geological boundaries (b); 8 – drilling 
profiles, boreholes and their numbers. Number in circle – major faults: (1) – North Serhiivka, (2) 
– Central Serhiivka, (3) – East Serhiivka. Geological bodies of late VPA: Serhiivka (Ser) and 
Solone (Sol) subvolcanic bodies and East Serhiivka (ESer) massif. 
Serhiivka subvolcanic body has distinct and cutting contacts with host rocks, which are accompanied 
by discontinuous bands of eruptive breccias ranging from tens to first hundred meters in length. 
Molybdenum mineralization is localized within contact zones of felsic subvolcanic bodies of late 
VPA which intrude rocks of early (Apollonivka-Serhiivka) VPA. Ore-bearing formations are 
represented by sheared and metasomatically altered felsic (dacites, rhyodacites, tonalite porphyries) 
and basic varieties of rocks as well as basic xenoliths that are widely abundant as inclusion in above-
mentioned felsic rocks. 

Three-dimensional «geochemical» modelling  

3-D models are created based on chemical and geochemical data available for the East flank of 
Serhiivka deposit where abundant molybdenum mineralization occurs. Initial data used for 
geochemical modeling are compiled as spreadsheets of MS «Excel». Every spreadsheet includes 
following list of fields – borehole number; borehole azimuth; borehole inclination angle; sampling 
interval, from; sampling interval, to; rock title; sample number; analytical results: gold assay test, 
spectrographic aurometric test, chemical and spectral analyses (Mo), spectral analyses (Cu, Bi, W, Pb, 
Zn, Ag, Co, Ni, Cr, V, P, Ti, Mn, Y, Ga, Zr).  

Database includes 137 boreholes, 12026 samples, 109314 analyses. Moreover, coordinates and 
altitudes of crystalline basement level are measured in 29 boreholes. Initial data are preliminary 
treated – analyzed, normalized and entered into database. To calculate 3D Cartesian coordinates of 
samples based on sampling depth and deviation survey (inclinometry) of boreholes the application 
software is developed. This software is used for plotting smoothed curve that can trace boreholes. 

Based on data from boreholes (29 measurements) the basement relief model is developed. This model 
is used as a basis for drawing distribution maps (content maps) of certain chemical elements, that 
represents matrix with cells sized 10 ×10 m. Isolines of standard errors which indicate calculation data 
confidence are displayed (projected) on the surface. Only values on which basis altitude of basement 
level might be determined with probability of 68% are taken as standard error value. 

Distribution patterns of such elements as Mo, Au, Cu and Ag are studied with application of 
following software programs: Isatis (three-dimensional variogram analysis, three-dimensional 
geostatistics); ArcGis (mapping of two-dimensional data arrays, two-dimensional 
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constructions); EMS-I GMS (mapping of three-dimensional data arrays, three-dimensional 
geostatistics). 

As a result of analysis of initial data on molybdenum (5966 samples) several characteristics are 
established. Distribution pattern of molybdenum mineralization is similar to that of logarithmically 
normal one. Normal distribution procedure of initial data has shown the best results at application of 
geostatic methods of interpolation. Therefore, contents of molybdenum are recalculated by taking the 
logarithm with e base. Before taking natural logarithm 0,000000001 value was interpreted to be zero 
of molybdenum content. Based on the results obtained, it was supposed that anisotropy observed in 
distribution pattern of Mo contents is associated with dip and strike features of rocks (average azimuth 
of dip – 30 °, average dip angle – 60°). Table 1 shows characteristics of anisotropy ellipsoid obtained 
as a result of three-dimensional variographic analysis. 

Table 1. Anisotropy ellipsoid of distribution pattern of Mo contents. 

Axes  Azimuth of dip, (°  Dip angle, (°  
D1 65 15 
D2 155 15 
D3 245 75 

Most likely, calculated values do not perfectly match supposed ones that is, probably, resulted from 
strongly irregular distribution of sampling points (irregular sampling grid), with most sampling points 
being located along borehole profiles and their lack in the area between profiles. Variogram models 
used for Kriging method are constructed based on axes of supposed anisotropy ellipsoid which 
position is closely associated with strike and dip directions of rocks. Table 2 includes parameters of 
variogram models used for Kriging method. 

Table 2. Parameters of variogram models used for Kriging method. 

Axes Dip azimuth, (°  Dip angle, (°  Contribution Range, m 

Down Dip  30 60 3.158 195 

Along Strike 120 0 6.162 215 

Across Strike  210 30 5.281 66 

The searching range was defined in accordance with following parameters (number of points): 
minimum – 16, maximum – 128. Points were grouped into octants, with maximum 16 points being 
selected for every octant. Such searching range was taken after carrying out a group of test 
constructions at which the partial average is measured by application of simple Kriging method and 
Jackknifing procedure (validation). As a result, specified set of parameters was interpreted to be 
optimal one. 

At application of this set of parameters quite smoothed resulting field is formed with high level of 
Kriging variation (low level of consistency). At the same time, there are no random local extremums 
occurred as a result of screening of distant significant points by near ones. In such a case, this fact 
might be taken as appropriate for creation of preliminary 3-D distribution model of Mo 
mineralization. 

Three-dimensional array of cells sized 50×50×10 m was formed, where values of molybdenum 
content and standard error being defined for the center of each cell by application of single Kriging 
method. As a result, 3-D model of the East Serhiivka ore site with Mo mineralization is made. 

At application of such method of modelling, and also with taking into account low resolution (cell 
size of 50×50 m) several averaging procedures of values occurs. Local high and low values (local 
extremums) are levelled because reliability of their identification in each point is lower than that of 
averaged values. At application of more detailed three-dimensional grid these values would be 
displayed, but this procedure was recognized to be inexpedient based on planned objectives of 
modeling. 
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The 3-D model created was used, subsequently, for drawing up geological horizon and section maps 
(Fig. 3, 4). Two-dimensional graphic materials (maps, sections) are constructed at the more detailed 
resolution (cell size of 25×25 m) in comparison to more large cell size (50×50 m) used for three-
dimensional graphic materials. 

Figure 3. Geochemical model of molybdenum mineralization with cut-off grade of 0.01% (XY). 

Figure 4. Geochemical model of molybdenum mineralization with cut-off grade of 0.01% (YZ). 

Conclusion 

As a result of investigations carried out 3D geochemical model of the East flank of Serhiivka Au-Mo 
deposit where molybdenum ores predominantly occur is developed. This model might be used for 
optimal location of borehole exploration grid and mine workings at subsequent stages of exploration 
and possible exploitation of Serhiivka complex Au-Mo deposit. 
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