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Calculation of mineral resources and their proper assessment is relevant, since the stock of resour-
ces determines the economic independence of the state. The present work discusses gravel and sand
deposits of different genetic type (kames, eskers, marginal glaciofluvial ridges, sandurs, glaciofluvial
deltas and redrifted glaciofluvial aeolian formations). Their geological structure and formation condi-
tions have been assessed; quality characteristics of mineral resources have been analysed; calculation
of resources has been performed by applying old methods used in Lithuania up to now, such as those of
geological blocks, profiles and isolines, as well as the up-to-date GRID method created on the basis of
the triangle method in GIS environment. Comparison of resources assessed by different methods has
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INTRODUCTION

The knowledge of land subsurface as an exclusive national pro-
perty, and assessment of resources lying in it is always a very
important thing because it determines the economic independ-
ence of a state. At present, when local raw materials get grow-
ing significance in economic development, a forecast should be
made how the potential of land subsurface could be maximally
used. One of key factors for rational use of resources is a cor-
rect inventory of resources, which was started at the time when
the mankind has understood that the resources are not infinite.
Presently, there are about twenty methods of calculation used to
assess the resources, but only few are used for practical purposes.
The methods of profiles, geological blocks, exploitation blocks,
polygons, triangles and isolines are most popular and often used
(ABpoHyH u Ap., 2007; Axxrupeit u pp., 1954; bopsyHos, 1969,
1982; Kaxxpan, 1984).

In Lithuania, the method of geological blocks is most often
used, whereas methods of profiles and isolines are rarer applied.
With computer technologies, new opportunities appear to im-
prove resources inventory by modern computer techniques
(Bell, 2007); nevertheless, in Lithuania, simpler calculation
methods are used, resulting, however in, a deficit or surplus of
resources and thus raising new problems: it is unclear whether
a calculation error occurred the or initial data were unreliable,
then, all the hypotheses should be checked out, additional time

and investments being consumed. Therefore, with the evolution
of the national economy as well as new opportunities appearing,
it is expedient to adjust and improve the employed methods as
well as the normative documents regulating them.

The present work deals with several selected gravel and sand
deposits of different origin, their geological structure and forma-
tion conditions have been evaluated; quality characteristics of
mineral resources have been analysed; calculation of resources
has been performed by different methods.

METHODS

Gravel and sand deposits of different genetic type (kames,
eskers, marginal glaciofluvial ridges, sandurs; glaciofluvial
deltas and drifted glaciofluvial aeolian formations) (Table 1)
situated in Lithuania’s area (Fig. 1) have been selected for our
investigation.

Databases of the Lithuanian Geological Survey and
G. Juozapavi¢ius PE “Magma” enabled to highlight contours
for calculation of resources in the selected deposits, and on
profile structure and composition obtained during prospect-
ing drillings in these deposits were accumulated. After all the
material had been collected, calculations were made first of all
to determine the thickness of mineral beds in a deposit and
the altitudes of the top and bottom of the beds. All these data
were necessary to form the geological / lithological profiles,
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Table 1. General data on mineral deposits studies (Sinkiinas, Jurgaitis, 1998)
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Fig. 1. Location of mineral deposits:

1 - site of deposits

1 pav. Tirty telkiniy situacijos schema:
1 — tirty telkiniy vieta

mineral bed thickness values, top and bottom surfaces to be
used for calculation of resources performed by applying old
methods used in Lithuania up to now - those of geological
blocks, profiles, isolines — as well as the up-to-date GRID me-
thod elaborated on the basis of the triangle method in GIS en-
vironment.

Method of geological blocks. This method is the simplest
one and requires least labour expenditures. The calculation of
resources in this case is based on dividing a geological mine-
ral body into separate figures or blocks, their height being the
mean thickness of a mineral bed in each block. In dividing
the body into blocks, such things as quality characteristics,
bed thickness, occurrence conditions, hydrotechnical and hy-
drogeological conditions are taken into account. The volume
of a mineral bed in each block is calculated according to the
formula (Deltuva et al., 2006; ABgonuH 1 1p., 2007; bopsyHoB,
1982):

V=Sxh,, 1)
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where S is the area of the block,and &, is the mean thickness of
the mineral bed in a block.

The total volume of the mineral bed is a sum of mineral bed
volumes in all blocks.

In the simplest case of using this method, a geological body
is treated as one block without dividing it. In practice, it is called
the mean arithmetical method.

Method of profiles. This method may be used for depo-
sits prospected by drilling along straight lines suitable to make
geological profiles. These profiles divide a geological body into
separate parts, i. e. blocks. To calculate the resources, first of all
the area of a mineral bed in each profile is measured. Then the
distance between the two adjacent profiles is measured. This dis-
tance is divided by half. The product of the mineral bed area in
a corresponding profile and the sum of inter-profile distances is
the volume of a mineral bed in a block:

V=1_5,%@+a), )

where S is mineral bed area in a profile, and a , a, - distances
between adjacent profiles.

Summation of the volumes of separate blocks gives the total
volume of a mineral bed in a deposit.

Such calculation technique is applied in the cases of paral-
lel profiles. In practice, however, often non-parallel profiles occur.
In this case, A. Zolotarev’s formulas can be used (ABgouuH u fip.,
2007; BopsyHos, 1982; KaxxgaH u zip., 1990; Knopusr u mp., 1989):

- when the angle between the profiles in the plan is less
than 10°:

p o[ e | (At i) 3
2 2

where Sy S, are mineral bed area in the profiles,and H , H, are
thelengths of perpendiculars falling from the profile area centre
projections upon the opposite prospecting line;

- when the angle between the profiles in the plan is more
than 10°:

V=( o jx Yo * S | (Hy 4 Hy (4)
sino 2 2 ’

where o is the angle between the profiles, in radians; other signs
as in formula 3.

The main difficulty in using A. Zolotarev’s formula is deter-
mination of the weight centre (bopsyros, 1982). To calculate
resources between non-parallel profiles, a simplified method by
A. Prokofyev is also used. This method, however, gives higher er-
rors if the geological body is oblique in space.

J. Kolmogorov, as well as E. Pogrebicki and V. Ternov pro-
posed a method that gives lower errors and stands good even if
the geological body is oblique (bop3yHos, 1982).Its point is that
a whole block between two non-parallel profiles is divided into
two sub-blocks: one of the profiles is projected so that the pro-
jection is parallel to one of the profiles. The volume of the first
sub-block is calculated according to the formula:

S +5
v =[%}A, 5)

where A is a distance between the profile and the other profile’s
projection onto a plane parallel to the first profile, S}'WZ is the area

of a mineral bed in the profile projection, calculated according
to the formula:
, I
SprZ = Spr2 XZ_Z’ (6)
2
where [ is the profile length and [’ is the length of profile projec-
tion (parallel to another profile).
The volume of the second sub-block is calculated according
to this formula:
xh
V, =———, 7)

where h is a perpendicular falling from a profile projected of a
marginal point onto a projection line.

Method of isolines. This method was described many
years ago (Axxrupeit u fip., 1954), but it was not outspread in
Lithuania. Using it, first of all, a map of mineral bed thickness
isolines should be compiled. When the calculation of resources
used to be performed manually, without a computer, the draw-
ing of isolines was a rather complicated process. This was one of
the reasons why this method was not widely used.

On compiling the map of mineral bed thickness isolines, the
resources are calculated in the following way: from the plan of
bed thickness calculations, the area limited by each isoline is
measured, and after the frustum principle the volume of each
segment is calculated using the formula:

V=(S,,xh)+(S, S

virs virs’

)xh, (8)

where S is the area limited by the top isoline, S is the area
limited by the bottom isoline, & is the mineral bed thickness in
the overlain zone and / is the mineral bed thickness in the non-
overlain zone, in m.

The sum of all segment volumes gives the total volume of a
mineral bed in the deposit.

GRID method. This method is based on the triangle me-
thod in GIS environment. In order to calculate the resources
by this method, Geomap, Civil, MapInfo and ArcGIS or other
types of GIS software are needed. The Geomap 2008 was used
in the present work to calculate the resources. The GRID me-
thod uses approximations which depend on grid density. The
denser the grid step the more precise is the volume calculated
between the two active surfaces. The bottom and top surfaces
of mineral bed are usually taken for calculations. The volume
between them makes the volume of the mineral bed to be cal-
culated. Using this method to calculate the volumes, both sur-
faces of an active surface group (i. e. the top and the bottom
of a mineral bed) are covered by a grid. The programme uses
prismoidal (a volume under 3D triangle) volumes of all grid
cells and sums them up. The advantage of this method is that
the surfaces remain active all the time; therefore, if the values
in one of them change, the changed volume is also recalculated
automatically. This is important after starting a mineral de-
posit utilisation, since it provides the possibility to monitor the
changes of resources (calculate utilised volumes of resources
and the remainder according to the same principles). Thus, this
plan of calculation of resources becomes a dynamical model of
resource calculation.
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RESULTS AND DISCUSSION

On selecting the mineral deposits of different genetic types and
generalised information about them, first of all the mineral bed
thickness values, top and bottom surfaces as well as geological-
lithological profiles have been built. In order to do this, Geomap
2008 and Mapinfo 9.0 Vertical Mapper software was used. Later,
the calculation of resources was performed by the methods de-
scribed above. To compare the different methods, the difference
in resources from those obtained by the GRID method was ex-
pressed in percentage.

The results of resource calculation by the block method for
several mineral deposits of different genetic types show that ra-
ther reliable data are obtained for even bottom deposits occurring
under unchanging relief and dense borehole network conditions.
The difference from GRID method results does not exceed 3%.
When the relief’s surface is irregular, the reliability of results is
lower. This is shown by the calculation done for the Sandrupys
aeolian sand deposit notable for a greatly dissected relief. Abutted
dune massifs prevail in the environs of this deposit. Dune ridges
are extending from north to south or southeast. Relative eleva-
tions range from 3-5 m to 15-20 m, and dune slopes are rather
steep, reaching 15-20°. Absolute heights of the aeolian surface
range here from 135.1 to 150.4 m. The mineral bed is formed here
of Late Glacial and Holocene aeolian deposits which occur below
the dune bottom on the glaciofluvial deposits of valley streams.
Changes in the sand bed are caused by a greatly dissected relief
of continental dunes. The thickness of this bed is the least in
the interhill areas and the highest at dune tops. So, the mineral
bed thickness ranges from 3.6 to 23.9 m, or 13.9 m on average.
To assess such a great variation of mineral deposit by the block
method is very difficult, since the calculation of resources by this
method uses only data of boreholes, dug holes and interpolation
points and the dissected relief is not taken into account, although
this factor in the deposits of this genetic type affects the result of
bed thickness determination. Unreliable results are obtained also
in the case when the borehole network is not dense. This prob-
lem appeared when the block method was applied for calcula-
ting resources in the Selmoniskiai glaciofluvial deltaic gravel de-
posit. The difference form the GRID method results reached here
even 11%. The structure of this deposit is not intricate, but in its
axial part there is an ice-marginal valley with the highest thick-
ness of the mineral bed. The network of drilled boreholes is insuf-
ficient to assess an increase in thickness of a mineral bed in such a
valley. Moreover, applying the method of blocks becomes difficult
after starting the exploitation of such a deposit because of slopes
caused by excavation. When the deposit development takes place
in several sites and the front of excavation is uneven, many levels
of development are formed in different sites. One level is sepa-
rated from another by excavation slopes. To make the calculation
of the dug mineral and its remainder most precise, the blocks of
resources are divided into sub-blocks and the resources are calcu-
lated separately for the development slope, its top and the bottom.
Thus, in the case of many slopes formed in different sites during
a deposit development, the resource calculation by the method of
blocks becomes more complicated due to higher expenses. This is
well illustrated in the plan of resource calculation performed for
the Kuslénai esker gravel and sand deposit (Fig. 2, Tables 2 and 3).

Table 2. Kuslénai esker gravel and sand deposit resources in block Il calcula-
ted by the method of blocks

2 lentelé. Kuslény ozo Zvyro ir smélio telkinio istekliy Il bloke apskaiciavimas

bloky metodu

Average
Sub-block No. Area, m? thickness, m Volume, m?
a 475 4.2 1996
b 925 6.0 5549
c 1194 7.0 8297
d 10791 10.6 114 379
Total 13384 130 220

Table 3. Kuslénai esker gravel and sand deposit resources calculated by the

method of blocks
3 lentelé. Kuslény ozo Zvyro ir smélio telkinio istekliy apskaiciavimas bloky
metodu
) Average 5
Block No. Area, m thickness, m Volume, m
| 196 645 12.8 2513126
Il 13384 9.7 130220
11 25947 7.8 203 332
\% 1945 14.9 29019
Vv 100 271 8.7 868 188
Total 3743 886

A disadvantage in the application of the method of profiles
is that it is necessary to place the prospecting drilling points on
a straight line. However, this is difficult to achieve in practice, es-
pecially for deposits of complicated structure and under dissect-
ed relief conditions. Another disadvantage is that the data avail-
able are insufficient for compiling reliable profiles. The reliability
of the compiled profiles often depends on the competence and
intuition of a geologist. Moreover, errors can appear when the
inclination of a mineral deposit bed is not taken into account.
As the results of the present work have confirmed, precise cal-
culation results are obtained only in the case when the profile
lines are perpendicular to the occurrence of the mineral bed. To
perform calculation of resources by the method of profiles, ver-
tical geological-lithological sections were built and placed in a
nearly parallel way at a similar distance from each other (Fig. 3).
The investigations showed that with enough data and a straight-
line position of boreholes, the reliability of results is similar for
deposits of different genetic type. This method cannot be recom-
mended, if there is an insufficient number of boreholes, if they
are situated not on a straight line; in this case, to compile the
profiles, an artificial projection of data should be performed.
This is especially important in when a deposit is of a compli-
cated structure. It is well illustrated by the examples of resource
calculations made by the method of profiles for the Sandrupys
aeolian deposit and Plot 2 of the Bogusiskiai I kame gravel de-
posit (Figs. 3 and 4, Tables 4 and 5). The complicated Sandrupys
deposit structure and the related difficulties in resource calcu-
lation are described above. The surface of the Bogusiskiai de-
posit Plot 2 is a large undulating elevation of a positive macro-
form, which is lowering south-eastwards. At the southernmost
margin, a large isometric hill is notable (Basalykas, 1965).
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Fig. 3. Bogusiskiai Il kame gravel deposit Plot 2 resource calculation by the method of profiles.
Lithology signs: 7 — soil; 2 — loam; 3 — sandy loam; 4 — gravel with fraction coarser than 5 mm exceeding 20%; 5 — gravel with fraction coarser than 5 mm ranging in 10-20%; 6 — sand with gravel;

7 —fine sand. Resources calculation area in horizontal projection: 8 — area between profiles | and II; 9 — area between profiles Il and I1l; 70 — area between profiles Il and IV; 77 — area between
profiles IV and V. 72 — homestead area; 73 — resources calculation in the homestead site block 1; 74 — resources calculation in the homestead site block 2; 75 — resources calculation contour;

16 — geological-lithological profile line; 77 — resources calculation area in vertical projection. Stratigraphical-genetical signs: 78 — Upper Pleistocene Baltic Subformation marginal glacial deposits;

19— Upper Pleistocene Baltic Subformation marginal glaciofluvial deposits; 20 — borehole; its number top right, surface altitude (mNN) at bottom right, mineral bed thickness (m) left

3 pav. Bogusiskiy Il keimy Zvyro telkinio antro sklypo istekliy apskaiciavimas pjaviy metodu.
Litologiniai Zenklai: 7 — dirvozemis; 2 — priemolis; 3 — priesmélis; 4 — Zvyras (daugiau kaip 20% frakcijos, rupesnés uz 5 mm); 5 — Zvyras (10-20% frakcijos, rupesnés uz 5 mm); 6 — Zvirgzdingas

smélis; 7 — smulkus smélis. I3tekliy apskaiciavimo plotai horizontalioje projekcijoje: 8 — plotas tarp I ir Il pjivio; 9 — plotas tarp Il ir lll pjavio; 70— plotas tarp Il ir IV pjavio; 77 — plotas tarp IV ir
V pjavio. 72 — sodybos uzimamas plotas; 73 — iStekliy apskaiciavimo sodybos uzimame plote 1 blokas; 74 — iStekliy apskaiciavimo sodybos uzimame plote 2 blokas; 75 — istekliy apskaiciavimo
kontras; 76 — geologinio-litologinio pjivio linija; 77 — istekliy apskaiciavimo plotas vertikalioje projekcijoje. Stratigrafiniai-genetiniai Zenklai: 78 — virdutinio pleistoceno Baltijos posvités
krastiniy dariniy glacigeninés nuogulos; 79 — virSutinio pleistoceno Baltijos posvités krastiniy dariniy fliuvioglacialinés nuogulos. 20 — grezinys, desinéje virSuje — grezinio numeris, desinéje

apacioje — pavirsiaus altitudé (mNN), kairéje — naudingo klodo storis (m)
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Fig. 4. Sandrupys aeolian sand deposit resource calculation by the method of profiles.
71— resources calculation contour. Lithological signs: 2 — soil; 3 — coarse gravel; 4 — fine gravel; 5 — coarse sand; 6 — various-grained sand; 7 — moderately gravely sand; 8 — moderate-grain sand;
9—fine sand; 70 — very fine sand; 77 — fine sand with gravel; 72 — loam; 73 — aleurite. Stratigraphical-genetical signs: 74 — Late Glacial and Post-Glacial aeolian deposits; 75 — Upper Pleistocene
Baltic Subformation marginal glaciofluvial deposits; 76 — Upper Pleistocene Grida Subformation glacial deposits

4 pav. Sandrupio eolinio smélio telkinio iStekliy apskaiciavimas pjiiviy metodu.
71— iStekliy apskaiciavimo kontras. Litologiniai Zenklai: 2 — dirvoZemis; 3 — stambus Zvyras; 4 — smulkus Zvyras; 5 — stambus smélis; 6 — jvairiagrdis smélis; 7 — vidutiniskai Zvirgzdingas smélis;
8 — vidutinis smeélis; 9 — smulkus smélis; 70 — itin smulkus smélis; 77 — smulkus zvirgzdingas smélis; 72 — priemolis; 73 — aleuritas. Stratigrafiniai-genetiniai Zenklai: 74 — vélyvojo ledynmecio ir

poledynmecio eolinés nuogulos; 75 — virSutinio pleistoceno Baltijos posvités fliuvioglacialinés nuogulos; 76 — virSutinio pleistoceno Gridos posvités glacigeninés nuogulos

Table 4. Calculation of average resultant distance between profiles in Bogusiskiai Il kame gravel deposit Plot 2
4 lentelé. Vidutinio tolygaus atstumo tarp Bogusiskiy Il keimy Zvyro telkinio antro sklypo pjivy apskaiciavimas

Block | Profile No. | Area, m? | Profile No. | Profile length, m Average distance, m

11 233

1 -1, -1 26307 101.1
1=l 287
1= 287

2 1=, =11 32090 101.1
- 348
- 348

3 =11, IV=IvV 37454 100.2
V-1V 400
V-1V 400

4 V=1V, V-V 44325 104.6

V-V 448
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Table 5. Bogusiskiai Il kame gravel deposit Plot 2 resources calculated by profile method
5 lentelé. Bogusiskiy Il keimy Zvyro telkinio antro sklypo iStekliy apskaiciavimas pjaviy metodu

Block | Profile No. | Spr,, m? | Sm, m? | Average distance, m Volume, m?
In all resources calculation contour
1 11, 1111 3866 4774 101.1 436824
2 1=11, =11 4774 6097 101.1 549402
3 =111, V=1V 6097 5376 100.2 574830
4 V-1V, V-V 5376 5819 104.6 281167
Total, m3 1842222
In homestead and protection zone occupied area
1 =1 1985 1324 262931
2 =1 1451 30.1 43623
Total, m3 306554
Total volume less resources under homestead, m? 1535668

Relative elevations here reach 8-10 m and the absolute heights
range within 144.95-156.63 m NN. The calculation of resources
in this deposit was complicated by the presence of a homestead
in the central part of Plot 2. The homestead was planned to re-
main here, therefore the resources in the area of the homestead
and its protective zone had to be calculated separately in order
to subtract them from the total resources and to categorise them
as potentially valuable resources. For this purpose, an additional
profile III-I1T" was compiled in such a way that it was, as much
as possible, parallel to the area of the homestead and its protec-
tive zone. Unfortunately, the homestead area is not an exact geo-
metric figure; hence, the calculation of resources by the method
of profiles gives large errors.

Applying the method of isolines for calculation of resources,
the difference obtained for deposits of different genetic type
from the GRID method results is the lowest among the results
obtained by other calculation methods and does not exceed
3% on the average. To use this method, the map of mineral bed
thickness isolines should be compiled, followed by measure-
ment of the area limited by each isoline (Fig. 5, Tables 6 and 7).
In the case of undulating surface, depressions and elevations are
distinguished in order to calculate them separately. When the
calculation of resources was performed without using computer
techniques, drawing of isolines and measuring their areas was
a rather complicated process. Therefore, this method was not
widely used. With the development of computer technologies,
the possibility appeared to draw isolines on a computer and to
measure an area limited by isolines by using a certain software.
The Geomap software based on Autodesk was pioneering in the
Lithuanian market in this field. The calculation of resources
for production is often performed as deep as a certain horizon
which is often limited by an average groundwater table. In such
a case, the bottom of a mineral deposit is rather even. Moreover,
compiling the map of mineral bed thickness isolines on the
topographic basis, changes in the relief are taken into account;
therefore, the calculation results are rather reliable. The disad-
vantage of this method is that the measurement of an area lim-
ited by each isoline is a process consuming much labour. If an
error is made during the calculation, the entire process should
be repeated from the very beginning. One more disadvantage is
a complicated resource record control, since during the check-
up the area limited by each isoline should be measured anew.

The last method applied in the present work to calculate the
resources was the GRID method worked out on the basis of a
triangle method in GIS environment. Applying the long known
triangle method (Axxrupeit u ap., 1954), a whole deposit is di-
vided into bevel cut prisms so that their top and bottom surfac-
es are triangles, the boreholes being their apexes. Side edges of
the prisms coincide with the thickness of a mineral deposit in a
borehole. The volume of resources is calculated for each prism
separately according to geometric formulas. A sum of the prism
volumes gives the total volume of a deposit. Although this me-
thod is long known, it had not been used, first of all, because
the triangles should be plotted manually following certain re-
quirements, and, secondly, the data of every borehole should be
used at least three times, thus creating difficulties for calcula-
tions and consuming more labour. Moreover, the reliability of
results obtained by this method was not very high, since ap-
plying this method for resource calculation by a non-computer
method, only borehole data were used, without taking into ac-
count changes in the relief. With developing computer techno-
logies, this method was moved into the GIS environment and
referred to as the GRID method. Its use in GIS environment has
been improved, since not only borehole data, but also the top-
ographic basis are used and, hence, the relief complexit is ac-
counted for. Applying this method for volume calculations, the
surfaces of a mineral bed top and bottom are built (Fig. 6). The
volume between these two surfaces is the volume of a mine-
ral bed. To calculate the volume, both surfaces are covered by
a grid formed of cells set in rows and columns according to
freely given parameters (x and y sizes of cells). The thickness
of a mineral bed is automatically calculated for every grid cell
(in the cell angles) according to the data of the surfaces formed.
The surface of each cell is divided into two triangle prisms.
The volume is automatically calculated separately for each tri-
angle cell and summed up. The most precise data of resources
are obtained when the grid density is lower than the mean
distribution of surface data. This method, however, has also a
flaw: if at least one prism angle is lost from the surface limits,
the whole prism is removed from the calculation. But, having
in mind that the smallest cell size is usually chosen, this flaw
does not trigger big errors. The advantage of this method is that
the surfaces remain active all the time; therefore, if one of them
changes, the volume changes are calculated anew automatically.
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Fig. 5. Sklériai sandur gravel and sand deposit resource calculation by the method of isolines.

71— resources calculation contour; 2 — borehole; its number on the right top, mineral bed thickness on the left (m); 3 — number of positive landform top for mineral bed calculation massifs;

4 —number of concave landform top for mineral bed calculation massifs

5 pav. Sklériy zandro Zvyro ir smélio telkinio iStekliy apskaiciavimas izolinijy metodu.

71— istekliy apskaiciavimo kontiras; 2 — greZinys, desinéje — grezinio numeris, kairéje — naudingo klodo storis (m); 3 — esamo naudingo klodo apskaiciuojamy masyvy teigiamy formy vir3iiniy

numeriai; 4 — esamo naudingo klodo apskaiciuojamy masyvy neigiamy formy virsaniy numeriai

Table 6. Calculation of area limited by thickness isolines in Sklériai sandur gravel and sand deposit
6 lentelé. Sklériy zandro zvyro ir smélio telkinio vienodo storio izolinijy apriboty ploty apskaiciavimo schema

) Thickness isoline area, m?
Thickness, m

Thickness elevations and No. of their apexes Thickness sinkings and No. of their apexes
1
18 430
17 3682
16 8441
15 13944 3,4
14 23784 2 4779
13 32341 970 15161 5,6
12 46050 31741 1633 8,9 10 1
1 133566 7 2390 1194 11 150 5 6
10 208830 360 15568 3271 636 2,3 4 10747 3022 7
9 302111 6255 2420 3894 109 8
8 332044 273 5373
7 347273 1085 9
6-0 360646 3758
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Table 7. Sklériai sandur gravel and sand deposit resources calculated by
thickness isoline method

7 lentelé. Sklériy zandro zyro ir smélio telkinio iStekliy apskaiciavimas vieno-
do storio izolinijy metodu

Area, m?
Apex . . Volume,
No. Limited by Limited by Uncovered .
top isoline | bottom isoline part
Thickness isoline elevations
1 430 430 215
430 3682 3253 2056
3682 8441 4759 3062
8441 13944 5503 11193
13 944 23784 9840 18 864
23784 32341 8556 28 063
2-11 3807 945
Total 3874397
Thickness isoline sinkings
1 150 150 75
2 273 273 137
273 6255 5982 3264
4 2420 2420 1210
5 3894 3894 1947
3894 10747 6853 7320
3022 3022 1511
109 109 55
1085 1085 543
1085 5373 4287 3229
9 3758 3758 1879
Total 21169
Total in deposit 3853228

Note. Thickness in uncovered zone 0.5 m, covered 1 m; from 2 to 11 thickness elevation tops of
given volume.

This is important when a mineral’s exploitation is started, since
it provides an opportunity to monitor changes in the resources
(i. e. to calculate production rate and the remainder by the same
principles) (Fig. 7). Thus, a scheme for estimating deposit re-
sources turns into a dynamical model of resource calculation.
The generalised results of the present work for selected de-
posits of different genetic types are given in Table 8. To com-
pare different methods, as mentioned above, the difference
from the GRID method results in percentage was determined.
Nevertheless, this method should not be treated as the most per-
fect one; used in computer software, it just facilitates the estima-
tion of resources. If this method is used to model the thickness of
resources, finally it becomes not only a 3D but also a 4D model.

CONCLUSIONS

Each of the methods of resource calculation used in the present
work has its advantages and disadvantages. The method of geo-
logical blocks is the least labour-consuming one. As the results
of estimation of deposits of different genetic type have shown,
the block method is reliable under the conditions of a simple
structure of a deposit, an even relief and a dense borehole net-
work. This method is not recommended for deposits of a com-
plicated structure. Moreover, after the exploitation of resources

Table 8. Results of resource calculation in deposits of different genetic types
8 lentelé. IStekliy skaiciavimo rezultatai skirtingy genetiniy tipy telkiniuose

Calculation s . o ,
method Volume, m Difference, % Area, m
Kuslénai gravel and sand deposit (esker)

GRID 3710993 0
Isolines 3819000 3
237920
Profiles 3845354 4
Blocks 3743 886 1
Bogusiskiai Il gravel deposit plot | (kames)
GRID 475 692 0
Isolines 486 110 2
34878
Profiles 516 243 9
Blocks 489 586 3
Bogusiskiai Il gravel deposit plot Il (kames)
GRID 1711310 0
Isolines 1740017 2
120638
Profiles 1535668 -10
Blocks 1756293 3
Bogusiskiai Il gravel deposit plot Ill (kames)
GRID 367 000 0
Isolines 372153 1
25783
Profiles 380533 4
Blocks 366817 -0.05
Sandrupys sand deposit (eolian)
GRID 17 047 220 0
Isolines 17 291 870 1
952923
Profiles 13901 375 -18
Blocks 18345216 8
Sklériai gravel and sand deposit (sandur)
GRID 3823000 0
Isolines 3853228 1
360 646
Profiles 4025998 5
Blocks 3858911 1
Sniegiai gravel deposit (marginal glaciofluvial ridges)
GRID 4969 000 0
Isolines 4975782 0.1
318687
Profiles 4795627 -3
Blocks 4 867 091 -2
Selmoniskiai gravel deposit (glaciofluvial delta)
GRID 786 000 0
Isolines 761916 -3
Profiles 770945 -2
Blocks 697 080 -11 94036

has started, the advantages of this method, if compared to other
ones with regard to labour consumption, disappear since in or-
der to get the most precise volume of a mineral dug out and that
of the remainder, the blocks of resources are divided into sub-
blocks, and the volumes are assessed separately for the excava-
tion slope, the top and the bottom.

The method of profiles can be applied for deposits of a compli-
cated structure. If data are sufficient and boreholes lie in a straight
line, the reliability of results is similar for deposits of different
genetic type (Table 8). However, in practice, it is often difficult to
build the borehole network in straightlines, especially under con-
ditions of a complicated deposit structure and a dissected relief.
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Another disadvantage of this method is related to insufficient
data necessary to form reliable profiles. Errors also appear
when the inclination of a mineral bed is not taken into account.
Precise results are obtained only when the profile lines are per-
pendicular to the occurrence of a mineral bed. This method is
not recommended when the number of boreholes is insufficient,
when the boreholes lie not in straight lines, and artificial projec-
tions should be made in order to get the profiles. After the de-
velopment of a deposit has started it is not expedient to use this
method, since the production area can be only within the area
located between two profiles.

Applying the method of isolines for the calculation of resour-
ces, the average difference in results obtained for selected depos-
its of different type, if compared to those obtained by the GRID
method, is the lowest among the other methods applied and does
not exceed 3%. To calculate the resources by the isoline method,
a map is compiled with isolines of a mineral bed thickness, using
the topographic basis that enables assessment of relief variations.
Therefore, this method is good even for deposits of a complicated
structure. A disadvantage of this method is, however, that measur-
ing the area for each isoline is a process consuming much labour
and the control of resource estimation is complicated.

Development of computer technologies enables improv-
ing resource estimation. The GRID method is one of the most
up-to-date methods of resources calculation, although its basis
is a long known triangle method which was not widely used
because of large labour expenses and not very reliable results,
since all the calculations are performed using only borehole
data. The GRID method in GIS environment uses not only
borehole data, but also the topographic basis enabling to take
into account the complexity of the relief, which is very impor-
tant when deposits are of a complicated structure. Although
this method has some flaws, it seems to be improved in the fu-
ture by cooperation with software experts. It is important that
using this method a dynamical model of a mineral deposit is
obtained, and it can be applied after the development of a de-
posit has started. Thus, with the national economy developing
and new opportunities appearing, it is expedient to adjust and
improve the resource estimation methods and the normative
documents regulating them.
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IVAIRIU GENETINIU TIPU TELKINIU ZVYRO IR
SMELIO ISTEKLIY APSKAICIAVIMO METODUY
PALYGINIMAS

Santrauka

Zemés gelmiy, kaip iSimtinés valstybés nuosavybés, pazinimas ir jose
esan¢iy iStekliy jvertinimas yra visada aktualus, nes susijes su Salies
ekonominiu savarankiskumu. Vienas pagrindiniy veiksniy, lemianciy
racionaly i$tekliy naudojimg, yra teisinga iStekliy apskaita.

Siame darbe buvo atrinkti jvairiy genetiniy tipy (keimy, ozy, kras-
tiniy fliuvioglacialiniy gabriy, zandry, fliuvioglacialiniy delty ir eoliniy
dariniy) Zvyro ir smélio telkiniai, jvertinta jy geologiné sandara, susida-
rymo salygos, i$analizuotos naudingyjy iskaseny kokybinés charakte-
ristikos, seniai Zinomais ir iki $iol Lietuvoje taikomais metodais — geo-
loginiy bloky, pjaviy, izolinijy ir naujausiu GRID metodu, sukurtu
trikampiy metodo pagrindu GIS aplinkoje, — apskaiciuoti istekliai; buvo
nustatyti panaudoty metody privalumai ir tritkumai.

Maziausiai darbo sagnaudy reikia geologiniy bloky metodui. Istekliy
apskaitos skirtingy genetiniy tipy telkiniuose duomenimis, $is metodas
gali bati patikimai taikomas esant nesudétingai telkinio sandarai, ly-
giam reljefui, tankiam greziniy tinklui. Nerekomenduojama $io metodo
naudoti sudétingos sandaros telkiniuose. Be to, darbo imlumo pozitriu
jis néra pranasesnis uz kitus metodus, kadangi, norint kuo tiksliau ap-
skaiciuoti iskastg naudingyjy iskaseny kiekj ir istekliy likutj, iStekliy
blokai dalijami j subblokus ir tik tuomet atskirai jvertinamas istekliy
kiekis gavybos $laite, jo vir§uje ir apacioje.

Pjaviy metodas gali bati taikomas ir sudétingos sandaros telkiniuo-
se. Gauti rezultatai rodo, kad, esant pakankamam duomeny kiekiui ir
greziniy issidéstymui tiesiose linijose, rezultaty patikimumas jvairiuo-
se genetiniy tipy telkiniuose yra panasus (8 lentel¢). Taciau iSdéstyti
greziniy tinklg tiesiomis linijomis, ypa¢ sudétingos sandaros ir raizyto
reljefo telkiniuose, ne visada pavyksta. Kitas $io metodo triakumas - tai
nepakankamas duomeny, batiny patikimy pjaviy sudarymui, kiekis.
Tikslas rezultatai gaunami tik tuo atveju, jeigu pjaviy linijos yra stat-
menos naudingyjy iskaseny sligsojimui. Sis metodas nerekomenduo-
jamas, kai greziniy nepakanka, jie i§sidéste ne tiesiose linijose ir norint
sudaryti pjavius tenka dirbtinai projektuoti duomentis.

Izolinijy metodas gerai tinka net sudétingos sandaros telkiniams,
kadangi sudarant naudingo klodo storio izolinijy Zemélapj naudojamas
topografinis pagrindas, kuris leidZia jvertinti reljefo kaita, o tai labai
svarbu tokios sandaros telkiniams. Sio metodo trikumas tas, kad kie-
kvienos izolinijos ploto i¥matavimas gerokai uZtrunka, o iStekliy aps-
kaitos kontrolé yra sudétinga.
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GRID (tinklelio) metodas yra vienas naujausiy istekliy apskaicia-
vimo metody, nors jo pagrindas yra seniai Zinomas trikampiy me-
todas, kuris nebuvo pladiai naudojamas daugiausia dél dideliy darbo
sanaudy. GRID metodas, lyginant su trikampiy, yra geresnis ne tik tuo,
kad istekliai apskai¢iuojami automatiskai, bet ir tuo, kad jy apskaitai
naudojamas topografinis pagrindas. Tokiu badu yra jvertinamas reljefo
sudétingumas, ypa¢ svarbus sudétingos sandaros telkiniuose. Nors $is
metodas irgi turi tam tikry trakumy, ta¢iau kartu su programinés jran-
gos karéjais ateityje ji galima dar labiau patobulinti. Svarbu tai, kad iuo
metodu sukurtas naudingyjy iskaseny iStekliy modelis yra kaitus ir gali
bati taikomas pradéjus telkinio eksploatacija.

GRID metodas néra tobuliausias, tiesiog jis yra naudojamas kom-
piuteriniy programiniy jrangy, labai palengvina i$tekliy apskaita, o su-
darant juo i$tekliy storio modelius, $ie ilgainiui tampa ne tik 3D, bet ir
4D modeliais. Plétojantis $alies tkiui, atsiveriant naujoms galimybéms,
verta tikslinti ir tobulinti §iuo metu naudojamus istekliy apskaitos me-
todus bei juos reglamentuojancius norminius dokumentus.

Tarpsana ITaramosa, Anpruppac FOpraiituc

CPABHEHVE METOOB ITOJCUETA 3AITACOB
MECTOPOXXIEHWYI IIECYAHO-TPABVMEBBIX
OT/IOKEHWII VI TIECKA PA3HBIX TEHETMYECKIX
TUIIOB

Peswme

Visy4eHne Hefp 3eM/IM U OLIEHKA TOIe3HBIX MICKONAEMBIX B HUX aKTYy-
aJIbHBI, TIOCKOIbKY Ha/lI4ye TOCTefHEr0 00yCIOBIMBAET IKOHOMIYE-
CKYI0 CaMOCTOATENbHOCTD CTpaHbl. OfHUM 13 (HAKTOPOB, BIMAIOIINK
Ha PAIMOHATBHOE VICIIONb30BAHME IIO/IE3HBIX MCKONAEMBbIX, SIB/IETCS
IIPaBWIbHBI TOACYET MX 3aMAcoB. [l OLEHKM METOfi0B HOACYETa
IO/IE3HBIX VICKOTIAeMBIX ObIIM BBIOPAHbI MECTOPOXK[EHNs IeCYAHO-
IPaBleB OT/IOKEHNI 11 TIeCKa Pa3HbIX TeHETHIeCKIX TUIIOB: KaMbl, 03,
KpaeBble (IIOBHOI/ISIMATIBHBIE TPAbL, 3aHAD, (IIOBMOI/IAIMATbHAS
Jie/IbTA 11 H07IOBbIE OT/IOXKEHS. Bl 0TOOpaHbI MECTOPOXK/IEHNS Pas-
HBIX TeHETUYeCKUX THUIIOB, OLleHEHBI YCTIOBMSA X 00pa3oBaHNs, Teo-
JIOTMYECKOe CTPOeHMe, KadeCTBeHHAs XapaKTePUCTHUKA [OMe3HBIX UC-
KOTIaeMBIX, IIOfICYNTAHBI IX 3aIaChl JABHO M3BECTHBIMIU 11 10 CUX IIOP
IpuMeHsieMbIMH B JIUTBE METOAAMI — TeO/OrnYeckux 67I0K0B, paspe-
30B, M30/MMHMIT 1 HOBBIM MeTooM GRID (ceTka), CO3[JaHHBIM Ha OCHO-
Be MeTofa TpeyronbHuKoB B cpesie IVIC (reorpadpmueckux undopma-
IMOHHBIX cucTeM). [Tocre mojcuéra 3amacoB MOME3HBIX MCKOMAEMBIX
B MECTOPOXEHIAX PasHBIX TeHETUYECKNUX THUIIOB, OCYIeCTBIEHHOTO
BBIIICHA3BAHHBIMU METOJJAMI, YCTAHOB/IEHBI IPEUMYILeCTBA 1 Hef0-
CTATKI KQK/O0T0 13 MOCTIEHIX.

CaMbIM IIPOCTHIM U HayMMeHee TPYLOEMKIM SABTIAETCS METOJ| Te0-
norunyecknx 610koB. Kax rmokasamu pesy/ibTaThl HOCYETA 3aI1ACOB Me-
CTOPOXKJIEHMUIT MO/IE3HBIX MCKOIIAEMBIX Pa3HbIX FeHETHYeCKUX TUIIOB,
3TOT MeTOJ HaIéXKeH B TeX CTydasx, Koraa popma U CTpoeHIUe MecTo-
POXJIEHNs ABJIAIOTCA HECTIOKHBIMU, penbed) paBHUHHBIM, MMeeTCs
rycTas ceTb pasBefOYHBIX CKBAXMH. He peKOMeH[yeTcs MpUMeHATh
3TOT METOJ /A1 IOfICYETA 3aI1aCOB MECTOPOXK/ICHMIT CIOKHOTO CTPOe-
Hus (HampuMep, KpaeBbIX (UIIOBMOIILALMAIbHBIX Ipsf). Kpome Toro,
eC/u HauMHAeTCs J00ObIYa MO/Ie3HOT0 MICKOIIAeMOT0, YKa3aHHBII METOJ
TepseT CBOM NPEMMYIeCTBa Hepef [PYTUMM, TOCKOIbKY IIpH >Kefa-

HIM 6oJIee TOYHO MOACYNTATH 3aITAChl, HEOOXOMMMO Ie/IUTh OTOKY Ha
Cy66/0KM, OIIpefierATh KOIMYECTBO 3aMacoB A/ KaXK[0TO OTeNBHOTO
ycTyma.

Meto pa3pe3oB MOXHO YCIENUIHO HPUMEHATh I IMOJCYETA
3aI1aCOB  MECTOPOXKAEHWIT CIIOKHOTO TeOIOTMYEeCKOT0 CTPOEHMA.
IonyyeHHbIe pe3y/IbTAThl IIOKA3a/IM, YTO IPY HATUYUU JOCTATOYHOTO
KONMYeCTBA Pa3BeOYHBIX CKBOXUH U IIPU UX PACIOTIOKEHUU II0
6Gortee yIy MeHee Iapajiie/IbHBIM TMHUAM TOYHOCTD TOCYETA 3a11aCOB
MeCTOPOXK/IeH!IT TO/Ie3HBIX MICKOTIAEMBIX Pa3HBIX TeHeTUYECKIX TUIIOB
cxoxa (a6 8). OnHaKo pasMelieHe pa3BeOYHbIX CKBXIH 110 Horiee
WM MeHee Tapajule/IbHBIM JIMHUAM, 0COOEHHO B MeCTOPOXKAEHMSX
CTIO>KHOTO T€0/IOTMYECKOTO CTPOEHUS U penbeda, He BCeria BO3MOXKHO.
JlocToBepHbIe pe3y/lIbTaThl IOMYYAIOTCA JIMIIb B TOM CTydae, KOIZia
JIMHUY  Pa3pe3oB  PACIONIOKEHBI IIePHeHAVKYIAPHO —3ajIeraHuio
TI0/IE3HOTO MICKOIIAeMOT0. ITOT METOJ| He PeKOMEH/YeTCs, eCTIN MeeTCs
HEJ0CTaTOYHOEe KOMMYECTBO CKBAXIH, €CTIM OHYM PACIONOKEHBI He
MapaIIeNIbHO U TPV OCTPOEHNY paspe3oB TpebyeTcs NCKYCCTBEHHOe
HPOEKTUPOBAHIE JaHHbIX.

MeTop M30MMHWIT IPUMEHNM [/ MECTOPOXKIEHMII BCEX THIIOB.
Ero mpemmymecTBo COCTOMT B TOM, YTO IIPM IIOCTPOEHUM KapT
MOIITHOCTY TIOZIE3HOTO VICKOTIAeMOT0 UCTIONb3YeTCs Tororpaduieckas
MOBEPXHOCTb MECTOPOXJIEHMS, YTO IO3BOJAET y4eCTb CIOKHOCTD
dopm pernbeda, a 3TO B CBOI0O 0Yepenb NMeeT GOTIbIIoe 3HAYEHe s
MeCTOPOXKIEHII CIOXKHOT0 cTpoeH s HeocTaTkoM MeTozia M30/MHMIt
SIBISIETCSL CTIOXKHOCTh TpadUuecKuX I[OCTPOEHMIT ¥ BBIYMCIIEHMUIL,
TaK KaK M3MepeHue IUIOMaiN KXol USONMHIY — 3TO TPYAOEMKMIT
npouecc. Bropoit HemOCTaTOK — CIOKHOCTH IIPOBEPKM MOACYETA
3aI1acoB, [/ KOTOPOil TpeOyeTcs MpOM3BECTH IOMHbIN Mepepacyér
3aIacoB.

Metop GRID (ceTka) AB/IS€TCA OFHUM U3 HOBEIIIMX, XOTs CO3/IaH
OH Ha OCHOBE MeTOJIa TPEYTOMbHIKOB, IABHO M3BECTHOM, HO He TIONTY-
YyBIIEM IIMPOKOTO IIPUMEHEHN B OCHOBHOM 13-3a CTIOXKHOCTY IIPYIMe-
HsieMbIX Bbravciennit. Meto GRID (cetka) 1o cpaBHEHMIO ¢ METOTOM
TPEYTONBHUKOB YCOBEPIIEHCTBOBAH, TAK KaK TOJCYET 3aIacoB TIO7Ie3-
HBIX JICKOIIAeMBIX IIPOM3BORNUTCS aBTOMATITYECKI, KPOME TOTO, MICIIO/Nb-
3yercs Tonorpaduyeckas 0CHOBA. TakyuM 00pasoM YYUTBIBAETCS CTIOX-
HOCTb OpPM penbeda, YTo, KaK ObIIO YIIOMAHYTO BbILIE, MMeET O0MbIIIoe
3Ha4eHIIe JI/I1 MECTOPOXKIEHNIT CTIOXKHOTO CTPOEHIIA. ITOT METOJ] TAKKE
He WjieasieH, HO B JIA/IbHENIeM B COTPYJHIYECTBE C IIPOrPaMMUCTAMM
€r0 MOXXHO COBEPILIEHCTBOBATh. BaXKHO TO, 4TO NPV €ro IPUMEHEHUN
MOJIe/Tb 3aITacOB IOJIE3HBIX MCKOIAEMbIX CTAHOBUTCS [MHAMIYIECKON,
VICIIOTIb3YEMOIt 1 TI0CTIEe Havayia SKCIUTyaTalMOHHBIX PaboT.

[lns1 cpaBHEHMA Pa3HBIX METOZOB ITOACYETA 3a1IaCOB ITO/IE3HBIX JIC-
KOTTaeMbIX ObITa BBIYVCIIEHA Pa3HNIA (B IPOLIEHTAX) [0 OTHOIIEHNIO K
meropy GRID (cetka). OnHako 9T0 He 03HavaeT, 4T0 MeTof GRID (cet-
Ka) UjieajieH, IPOCTO MMEHHO OH MCIIONb3YeTCA B KOMITBIOTEPHBIX TIPO-
rpaMMax, KOTOpbIe B CBOIO OYepeflb 3HAYNTEIBHO 00/1erdaroT MOfCIET
3aI1aCOB IIO/IE3HBIX MICKOTaeMbIX. KpoMe TOro, 3TIM MeTOoM HOCTpo-
€HHas MOJe/Ib MOILITHOCTI ITO/IE3HOTO MICKOIIAeMOTO CO BpeMeHeM MO-
XeT ObITb He TONbKO 3D-, Ho 1 4D- Mopenbio. [ToaToMy npu pasBuTum
TEXHOMOTUI ¥ OTKPBITUI HOBBIX BO3MOKHOCTEJ ClIeyeT yTOYHATD 1
COBEpIIEHCTBOBATD IPUMEHAEMble B HACTOAIEe BPeMA METORbI IOJ-
CY€Ta 3a11acoB MOJIE3HBIX JICKOIAEMBIX U PeITaMEeHTHPYIOLIe TI Me-
TOJBI HOPMATHBHbIE JJOKYMEHTHL.



