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Abstract. The article presents an innovative approach to the geometrization of ore bodies during exploration work based on
geophysical and/or core studies in wells for the purpose of areal and thickness delineation of hydrogenetic ore mineralization.
The method makes it possible to obtain more accurate contours of ore bodies with a minimal increase in the number of wells
constructed for this purpose. The method can be used in planning and conducting exploration work on hydrogenetic deposits.
On the example of reservoir-infiltration uranium deposits of the Shu-Sarysu uranium ore province located in South Kazakh-
stan, shortcomings in the geometrization of ore bodies using the traditional method of placing of geological exploration wells
are demonstrated, as well as the shortcomings of the proposed in literature methods of ore geometrization and the main ad-
vantages of the proposed innovative approach. The developed method solves a number of significant problems in the subse-
quent planning and implementation of mining and preparatory work at hydrogenetic deposits, contributes to a significant in-
crease in the accuracy of the geometrization of ore bodies and calculation of reserves, and increases the reliability and invest-
ment attractiveness of explored hydrogenetic deposits. This method can also be used to save money by reducing the number of
wells being constructed, if used for an inverse problem in order to discharge placement of exploration wells in middle part of
ores bodies in hydrogenetic fields with a dense drilling grid.

Keywords: geometrization of ores, geological exploration, ore bodies delineation, well placement, hydrogenetic deposits,
orthogonal geometrization.

1. Introduction holes with 50 m distance between holes across the movement
of ore water and with 200 m distance between cross-sections

On the one hand, increasing the level of exploration of (Figure 1) [5].

ore mineralization serves as the main factor in reducing the
risks of possible non-confirmation of the obtained results and
non-rational approach to nature management, as well as the
primary way to create a more valuable and reliable asset in
the subsurface. But, on the other hand, as costs increase,
there is a risk of unjustified unnecessary exploration costs, as
well as a reduction in the total number of studied ore objects
due to the limited total amount of funds for exploration.
Achieving an optimal balance between funds spent and time
on the resulting detail and reliability of exploration work
refers to the best solution when creating a mineral resource
base and avoids subsequent unjustified expectations, as well
as unforeseen and unnecessary costs for the preparation of its
development.

Due to the fact that hydrogenous ore formation has a zon-
al nature of ore mineralization [1,2], its geometrization dur-
ing exploration works is well amenable to systematization
with little chance. For this reason, as an example, on hydrog-
enous uranium deposits in Kazakhstan at geometrization of
ore bodies at the stage of detailed exploration to the category
of C1 reserves, a geological exploration network of
200x50 m is used [3]. Small in power (from the first meters
to the first tens of meters) and narrow in width (in average
200-1000 m), as well as long (from several to tens of km) ore
bodies [4] are penetrated by a network of vertically drilled

Figure 1. Example of a 200x50 m exploration network at a
uranium deposit in the Shu-Sarysu uranium province

To perform geometrization of ores with this approach,
boreholes are drilled along the ore profiles up to the exit
from the ore bodies, and ore profiles are drilled as the zones
advance up to the exit from the ore bodies by the width of the

adjacent ore profiles (Figure 1).
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Unfortunately, this approach does not allow to obtain the
most accurate contours of ore bodies between profiles, the
distance between which is 4 times or more than the distance
between the wells. As a result, a part of profitable for mining
ores turns out not to be covered by geological blocks and not
considered on the balance sheet. Besides, during the mine-
preparation planning and opening of ore bodies some part of
technological holes appears out of the ore mineralization
zone and some other part of delineating ore bodies occupy
not advantageous position relatively to the edges of ore bod-
ies. In literature [6] the most advantageous solution for a
more accurate geometrization of ores is an orthogonal sys-
tem, in which in addition to the transverse exploration pro-
files, longitudinal profiles are carried out perpendicularly to
the same network. But this approach does not consider the
true width of ore bodies and leads to unnecessary costs for
geometrization in wide ore bands, and also does not justify
itself in cases when the contour of ore bodies passes between
longitudinal profiles.

The traditionally used 200x50 m exploration network ig-
nores the literature recommendation based on mathematical
modeling and turns the savings of exploration funds into a
decrease in the quality of reserves calculation, the plan of
mining operations and into an increase in the cost of mining
preparation processes with a decrease in their quality. In
order to improve the quality of geometrization of ore bodies
without unjustified costs of their implementation, this paper
proposes an innovative orthogonal-delineation approach for
delineation ore bodies in plan. The orthogonal- delineation
method will allow to obtain even more accurate results of
geometrization of hydrogenous ore bodies than the literature
recommended orthogonal, while using a smaller number of
wells constructed for this purpose.

2. Materials and methods

To implement the orthogonal- delineation geometrization
of ore bodies when drilling holes on the ore profile, the exit
from the ore body from the last ore hole is also carried out in
perpendicular directions (Figure 2). l.e. if an ore well is adja-
cent to a non-ore or an off-balance well on the geological
exploration profile, then near such an ore well perpendicular-
ly to the adjacent well at the same distance delineation wells
are constructed. And then the delineation continues along the
network of inter-well spacing according to the same rule
until the complete delineation is completed.

Eventually 2 more perpendicularly neighboring wells are
drilled near each well adjacent to a non-ore or off-balance
well, and each well adjacent to two or three non-ore wells is
always surrounded by neighboring wells on all four sides.
l.e., when the orthogonal delineation geometrization of ore
bodies with 200x50 m net drilling (distance between the
exploration profiles of 200 m, and 50 wells in a row) at the
boundary of ore bodies (at the exit of the ore body) is used a
network 50x50m. Similarly, with a network of 400x50 m,
800x50 m, etc. Thus, to delineate the boundaries of the bal-
ance ore bodies, the minimum distance between the wells in
the adopted exploration network along the entire boundary of
the ore body in all four directions of the exploration network
along and across the strike of the ore bodies is applied. In
this case, the exit from the off-balance ore to the "waste"
rocks is carried out in the usual way (along the profiles of the
exploration network).
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To visualize the result on the conditional ore body, simi-
lar to the real one, the construction of exploration wells by
the conventional network of 200x50 m and orthogonal- de-
lineation holes was simulated (Figure 2.), after that the ge-
ometrization of geological blocks was carried out by the
traditionally accepted methodology (Figure 3). In geological
blocking, the block boundary between ore and non-ore wells
is drawn for a quarter of the network, as the average off-
balance areas will be in the middle of the network, and the
balance areas in this case will be on average limited to a
quarter of the network. The areas of the simulated geological
blocks are then compared with the contours of the conven-
tional true ore bodies and the discrepancies are analyzed to
compare the delineation methods.
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Figure 2. Example of orthogonal delineation geometrization

3. Results and discussion

The results of blocking are shown in Figure 3 and are
clearly visible at a glance. With the traditional method of
geometrization using a 200x50 m grid, a conditional balance
ore body of 365.369 square meters was penetrated by 39 ore
holes, delineated by 17 off-balance and 23 "empty" holes.
The area of the geological block was 316.250 square meters.
At the same time 64.137 square meters of the ore body (18%)
were not covered by the geological block, and 15.018 square
meters of the block (4.7%) were outside the ore body. Thus,
the geometrization error was 79.155 square meters (21.7%).
In the orthogonal delineation geometry, the same ore body
was penetrated by 110 ore holes, delineated by 44 off-
balance holes and 49 "empty" holes. The area of the geologi-
cal block was 335.781 square meters. However, 40.397
square meters of the ore body (11%) were not covered by the
geological block and 10.809 square meters of the block
(3.4%) were outside the block.
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Figure 3. Geological blocking of the conventional ore body
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Thus, the geometry error was 51.206 sg. m. (14%), which
is 27.949 sq. m. (7.6% of the ore body) less than the tradi-
tional method. Thus, the geometry error was 51.206 sg. m.
(14%), which is 27.949 sq. m. (7.6% of the ore body) less
than the traditional method.In addition to refining the balance
mineralization, the amount of data on off-balance grades has
increased significantly, which will allow for more accurate
blocking of off-balance blocks and facilitate mining plan-
ning. Moreover, additional data will necessarily clarify the
geological structure of productive horizons, their lithologic-
filtration and facies structure, and the morphology of ore
bodies, increasing the reliability of the results and reducing
the risks of incorrect correlation of bodies and horizons. Of
the disadvantages, it should be noted the need to use exclu-
sively independent of the uniformity of the network ways of
calculating reserves (for example, by the method of Voronoi
polygons [7] or three-dimensional block modeling, etc.), or
to combine a large number of wells to create a uniformity of
the network.

4. Findings

Despite the fact that to reduce the error from 79.155 sq.
m. to 51.206 sg. m. (by 27.949 sg. m., which is 35.3% of the
unconfirmed sum) it was necessary to drill 128 more wells
(203 with the orthogonal delineation method vs. 79 with the
traditional method), it is important to note a number of nu-
ances in this situation. Firstly, it is impossible to obtain the
same geometrization refinement by any other method with
fewer wells. Secondly, the form of blocks itself has taken
much more true form and significantly increased the under-
standing of profitability of individual sections, due to which
the narrow parts can be transferred to the technological off-
balance relative to the profitable network of geotechnological
cells. Thirdly, expansion of technologically profitable zones
and preparation of technologically profitable ores not consid-
ered earlier was carried out, which should instantly recoup
the costs generated in the subsurface assets.

Fourthly, practically the whole part of orthogonal-
delineation drilling is always carried out in problematic,
narrow and not large in area ore parts, most of which would
have been planned for mining works and penetrated by tech-
nological wells with approximately the same inter-well spac-
ing, and then would have led to big problems. Fifth, this
approach allowed a large number of wells with off-balance
grades to be mapped with high accuracy (44 vs. 17), which
will greatly improve the quality of further planning of mining
operations and ore opening. Sixth, as an example of geologi-
cal exploration of formation-infiltration uranium deposits, in
contrast to prospecting and preliminary exploration, at the
stage of detail is much cheaper, non-core drilling (delineation
by geophysical survey data) and, therefore, without the im-
plementation of core documentation, without sampling and
without chemical-analytical studies.

If we consider that only a part of the deposit belongs to
the demonstrated narrow ore bodies, orthogonal-delineation
geometrization will not affect the total cost of exploration
works so much, will increase the total cost of exploration
works approximately by 5-10%, but will solve about 35% of
problematic cases and give the above-described improve-
ments and some other improvements.
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5. Conclusions

Innovative approach of geometrization of ore bodies al-
lowed on conditional ore body by means of conditionally
drilled additional 128 orthogonal delineation holes to account
for additional 23.740 sq.m. of ore body. For example, if
average cost of a hole was 1.5 million tenge, additional 192
million tenge would have been required to construct them,
but with average ore thickness of 6 m and average uranium
content of 0.03%, increment of profitable ores would have
been about 68.37 tons of uranium, total cost about 3.424
million tenge. Also, this approach prevented mining planning
and uncovering of non-existing ores in an area of 4209 km.
m (11 injection wells, thereby preventing errors in several
planned technological cells) and brought a number of other
improvements.

As a result, this method showed a number of advantages
over the traditional and system of geometrization of ores
proposed in literature. The cost of work on the example of
layer-infiltration uranium deposits is projected at an accepta-
ble and justifiable level. The increase in the number of in-
volved market production facilities, funds and time is com-
pensated by the reduction of involved facilities, funds and
time for mining works. Under similar conditions the method
is recommended for application.
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Amnnarna. Makana MaTepuaibl THAPOTEHII MUHEPAIIBI KapalbIMIap/ bl aTaHIBbIK KOHE KaJbIHIBIK OOWBIHIIA KOHTYpJAY
MaKcaThIH/la YHFbIMallapAarbl Teo(U3MKAJIbIK JKOHE/HEMece KEepHIIK 3epTTeyJiepre Heri3/ieNreH TeoJIoTHsUIbIK  Oapiay
JKYMBICTaphl Ke31H/e KeH JICHEeNEpiH TeOMeTpH3alysIayAblH MHHOBAIMAJIBIK TOCUIIH cuIaTTayiad Typaisl. by anic ocsl yiuiH
CaJIbIHFaH YHFbIMaJIap CaHBbIHBIH MUHHMAJbl ©6CYIMEH KEH JICHEJIepiHiH JaIipeKk KOHTYpJIaphlH ajyFa MyMKIHZIIK Oepeni. by
OMiCTi THAPOTEH/I KCHOPBIHIAPBIHIA TCOJOTHSJIBIK Oapiay >KYMBICTApPbIH KOCIApiiay JKOHE JKYPrizy Ke3iHJe KoJaaHyra
6onanel. OHTycTiK Kazakcranna opuanackan [ly-Capbicy ypaH KeH/i MPOBHHIMACHIHBIH KaOATTHIK-HHPIIbTPALMSIIBIK YpaH
KEHOPBIHAAPhI MBICANBIH/A T€ONIOTHSIBIK Oapiay TOpaOblH OPHANACTHIPYABIH JICTYPIi 9iCTeMECiH maiianaHy Ke3iHae KeH
JICHeTIepiHIH TeOMEeTPH3alMsUIaHybIHIAFEl  KEMINUTKTep KOpPCeTiNmi, CcoHmaii-aK KeHAEpAI TeoMeTpH3aIlsuIayIbIH
omeOmeTTep e YCHHBUIFAH TOCUIAEPiHIH KEMIIUTIKTEPi )KOHE YCHIHBIIATEIH HHHOBAIUIIBIK TOCUIAIH 0acThl apTHIKIIBUIBIKTAPHI
TYCIHIIpLIMi. O3ipIeHTeH 9Mic THAPOTCHII KCHOPBIHIAPHIHAA Tay-KeH NaHBIHABIK JKYMBICTAPBIH KE3€KTi JKocmapiay MeH
JKY3ere achlpyAblH OipKaTap MaHbI3Ibl MACENENEpiH MIeHe/li, KeH ICHENEPiHiH reOMeTPU3AIMACHl MEH KOpJap/Abl ecenTey
JOIIITIHIH eIoyip apTyblHA BIKMAX CTedi, OapjaHfaH THIPOTCHJI KCHOPBIHAAPBIHBIH CEHIMIUIINT MEH WHBECTHIIMSIIBIK
TapTBHIMIIBUIBIFBIH apTThIpaabl. byl omicTi, erep ci3 OHbI OYpFbUIAY/IBIH THIFBI3 TOPAObl Oap TUIPOreH/i KEHOPBIHIAPbIHAAFbI
Oapnay yHFBIMaJapbIHBIH 1IIKI KOHTYPJBIK TOpaOBbIH CHpEripek »acay YIIiH Kepi TarnchlpMa YIIiH KOJIIaHCaHBI3, CalbIHATHIH
YHFBIMaJIap/IbIH CaHbIH a3aiTy apKbUIbI IIBIFBIHIAPABI YHEMJICY YILIH JIe KOJIAaHyFa 00Jabl.

Hezizzi co30ep: kenoepoi ceomempuszayusaiay, 2eolocusivlk 0apiay, KeH OeHenepiH aHbIKmay, YHEbIMALapobl
OPHANACMBIPY, 2UOPO2EHOI KEHOPBIHOAD, OPMO2OHANLObL 2COMEMPUIAYUSL.
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AHHOTanusi. Marepuan craTbu HpEACTaBIsIET CO00M WHHOBAIMOHHBIM IOJIXOJ K T'€OMETPU3alMU PYIHBIX Tl MpH
Te0JIOTOPa3BEA0YHBIX padoTax OCHOBAHHBIX Ha T€O(M3MUECKHX /MM KEPHOBBIX HCCIIEIOBAHHMAX B CKBAKHHAX C IEJBIO
TUIOIIAIHOTO ¥ MOIIHOCTHOTO OKOHTYPHBAHUS THAPOT€HHBIX MUHEPAJILHBIX 00pa3oBaHui. MeTo | Mo3BOJISET I0TydaTh Oosee
TOUYHBIE KOHTYPBI PYAHBIX TEJl IPX MUHUMAIBHOM YBEJIIMYEHUU KOIHMUYECTBA COOPYXKAEMBIX JJIsl 3TOTO CKBaXXHH. MeTox MokeT
OBITH MCIIONIB30BAH NPH IUIAHUPOBAHUM W IPOBEAECHHH TI'€0JIOTOPa3BEAOYHBIX PadOT Ha TMAPOTEHHBIX MECTOpPOXKICHUsIX. Ha
npruMepe IUIaCTOBO-WHOMIBTPAIMOHHBIX ypaHOBBIX MecTopoxaeHui Illy-Capsicyiickoi ypaHOBOPYIHOWH IPOBHHIINH,
pacrionoxkerHoii B IOxkHOM KasaxcTane, mHpOJEMOHCTPHUPOBAHBI HEAOCTaTKH B TEOMETPH3ALMU DPYAHBIX TN TPH
WCIIOJIb30BAaHUM TPAAWIHMOHHOW METOJMKH pa3MEIIeHUs] TeO00OTOPa3BEeOYHON CeTH, a Takke OOBSICHEHBI HEIOCTAaTKU
JUTEPATypHO MPEUIOKEHHBIX CHOCOO0OB IeOMETPU3AIlH Py W TJIABHBIE MPEHUMYIIECTBA IpEAaraeMoro MHHOBAIIMOHHOTO
noaxona. PazpaGoTaHHBIN MeTOA permmaeT ps 3HAYUTENBHBIX MPOOJIEM IOCIEAYIOMIEro IUIAHUPOBAHHUS M OCYIIECTBICHHUS
TOPHO-TIOATOTOBUTENBHBIX Pa0dOT Ha TMJPOTEHHBIX MECTOPOXKIECHUSIX, CHOCOOCTBYET 3HAUNTEIHHOMY MOBBIIIEHUIO TOYHOCTH
reoMeTpU3aluy PYyIHBIX T€l M IIOJCYETa 3aIlacoB, IIOBBIIAET JOCTOBEPHOCTh M HHBECTULUHUOHHYIO IIPUBJIEKATCIBHOCTb
pa3BellaHHBIX THPOTEHHBIX MECTOPOXKICHUH. JJaHHBIN METO| TaK)ke MOXKET OBITh NCIIOJIB30BAH JUISl SKOHOMHHU CPEJICTB ITyTeM
YMEHBIICHUSI KOJMYECTBA COOPY)KAEMbIX CKBa)XKMH, €CJIM HCIIOJBb30BaTh €ro Juisl OOpaTHOW 3alaud C HENbI0 pa3psHKeHUs
BHYTPUKOHTYPHOH CETH Pa3BeJ0YHBIX CKBAXXMH Ha THIPOTEHHBIX MECTOPOXKIICHUSIX C I'YCTOH CEThIO OypeHHUs..

Knrwouesvle cnosa: ceomempusayusi pyo, 2eonocopaseedkd, OKOHmMypusaue pyo, 2e01020pa3eedoutds cembv, UOPO2eHHble
MeCmopOodACOeHUs, OPMOLOHANbHASA 2COMEMPUIAYUL.
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