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Abstract. Mankind will always need metallic minerals. Despite of reduction of specific consumption, of increase both vol-
umes of their reuse, and increase in strength qualities and wear resistance, of addition to metal alloys of synthetic materials,
and also of transition to artificial atomic assembly of the necessary chemical elements from natural rocks and their constituent
minerals and synthesis of metals from ocean water, offshore placers and bottom deposits in the future, extraction of ore from
massif of earth crust will be the basic source of supply of demanded minerals. Based on these immutable postulates, we have
made a comprehensive analysis of the existing geochemical patterns, the accumulation of mineral matter suitable for use as
minerals. The origin of the planets of the Solar system with the condensation of the gas-dust cloud, which, in turn, as a result of
adiabatic compression turned into planets of the Earth type and the asteroid belt with meteorites, was the reason for the same
distribution of chemical elements in the Sun, in meteorites and in the Earth crust. We considered the anthropogenic-technical
possibilities of mankind on the maximum depth of development of the continental part of the Earth's crust, the minimum indus-
trial content (which will change over time towards reduction), the amount of minerals according to the clark in that part of the
continental Earth's crust which is possible for industrial use with the objective restrictions, we determined the reserves of the
demanded chemical elements. Calculations show their sufficiency for many years to come, but it will be the reserves in the
deposits of a new type, created by objective geochemical regularities acting in nature, but not considered at present. Particular
attention should be paid to the analytical generalization of mineral content at the micro- and nanoscale, which are currently not
defined, being unaccounted reserves within well above the clark content at the minimum industrial level. The use of clarks and
other geochemical patterns in the Earth's crust will require the creation of new analytical capabilities in exploration, new tech-
nological solutions for the extraction and processing of minerals from deposits of a new type, which are briefly described in the
paper and are the subject of a more detailed and evidence-based description in the development of this article.
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1. Introduction of elements both on the surface, ie laterally extent, and
vertically, creating a pattern of “zoning".

The next important point in the assessment of the chemical
system is the practical application of clarks as benchmarks for
comparing reduced or elevated levels of chemical elements in
mineral deposits, rocks or entire regions for the purpose of
prospecting and industrial evaluation of deposits. On the basis
of this natural conclusion, quantitative indicators of the
concentration of the elements in the process of migration,
which in turn leads to the fixation of a certain dependence on
the clarks of the total content of the elements in the
geochemical systems, total reserves of certain metals and ores
in the Earth's crust, the scale of deposits, the number of
minerals of each element, the behavior of the elements in
geochemical processes.

As is known, the clark of a chemical element as a system
of averaged contents that characterize their distribution in a
large geochemical system (in the crust, lithosphere,
atmosphere, hydrosphere, biosphere, on Earth as a whole or in
space), is called the concept of geochemical regularity,
objectively existing in nature.

In the modern sense, clarks are the average concentrations
of elements in the Earth's crust as the upper layer of the planet
above the Mohorovich boundary, calculated in 1962 by A.P.
Vinogradov, S.R. Taylor in 1964 and in 1967 by K.G. Vedepol
(1, 2, 3). These average concentrations were determined from
spectral analyses of the composition of the Sun, data on the
chemical composition of rock meteorites, which correspond to
crustal clarks, and numerous sample analyses of crustal rocks.

Research A.E. Fersman showed that the geochemical
pattern of constancy of Clark in the system, which allows to
fix any deviation from the norm, which is Clark, caused by Thus, in the primary distribution of the planetary
concentration or dispersion, in turn explained by the migration ~ material, the metals demanded by the developing civilized
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world did not form, like rocks, clusters in the Earth's crust,
but were dispersed in its constituent strata. The formation of
any deposit required a secondary redistribution of metals,
with a transition from dispersion to concentration. This
transition could be carried out in a wide range of endogenous
and exogenous conditions, but it was not infinite, because it
was subject to "the law of direct proportionality for all
metals: the scale of accumulation of any metal in ore deposits
(reserves) is determined by the degree of occurrence (clark)
of each of them in the Earth's crust” (2,3,4).

Academician L.N. Ovchinnikov determined a direct
relationship between clarks, the total reserves of metals and
the minimum industrial content of metals siderophilic-
chalcophilic and lithophilic groups (Figure 1).

lgQ-

Figure 1. Relationship between clarks C and total reserves of
metals in ore deposits Q, between clarks and the minimum com-
mercial grade of metals C in ore deposits of siderophile-
chalcophile (a) and lithophile (b) groups (prices and minimum
commercial grade are given as of 01.01.1988)
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On the basis of distribution of these elements and results
of the full regression analysis, estimates of their
interdependence were obtained (Table 1).

The data obtained in the results of calculations by the
empirical formula of Academician L.N. Ochinnikov, which
were published in 1988, maintaining a directly proportional
relationship between clarks and reserves according to the
minimum industrial grades on the planet as a whole or for its
individual regions and states, will vary. This is facilitated by
factors that depend on the technical feasibility of extraction
and processing in different mining and geological and min-
ing conditions, economic efficiency, and safety. But the
pattern remains and allows us to make predictive
calculations.

Table 1. Dependence of accumulation of chemical elements in
ore deposits on their clark. According to A.P. Vinogradov

Total Mini- Price on

. world mum Concen- the

Chemical Clark . .| tration
No. reserves |industrial . world
element C,% s coeffi-
Q, million| content cient CC market
tons C,% P, $/kg
Siderophilic-Halcophilic group
1 |Iron (Fe) 4,65 | 3,75:10°| 22,0 473 [9,1-10°
2 |Titanium (Ti) 0,45 | 4,86-10? 7,0 16 6,3-:102
3 |Manganese (Mn)| 0,10 | 7,52-:10° | 5,0 50 5,7-10?
4 |Barium (Ba) [6,5-10%| 1,1-10% 9,0 138 0,16
5 |Sulfur (S) 3,7-102| 2,1-10° 7,0 189 |3,9-1072
6 |Vanadium (V) [9,1-10% 22,0 0,7 77 4,2
7 |Chromium (Cr) [8,3-:10%|1,369-10%| 7,0 843 |6,9:10?
8 |Zinc (Zn) 8,3-:10%| 2,01-10? 0,7 84 0,356
9 |Nickel (Ni) 58103 544 0:1 17 2,4
10 |Copper (Cu)  [4,7-10%| 3,42-10° | 0,2 43 1,34
11 |Cobalt (Co) 1,8-10% 324 [2,0-10? 11 4.8
12 |Lead (Pb) 1,6-10%| 1,07-102 0,3 188 0,36
13 [Tin (Sn) 2,5:10% 17,0 0,1 400 3,67
14 |Molybden (Mo) [1,1-10*| 5,46 |[5,0-10° 46 4,87
15 |Antimony (Sb) |5,0:10°% 2,1 0,2 4000 3,12
16 |Bismuth (Vi) [9,0-10%| 2,5-10® | 1,0-10° | 111 9,9
17 |Mercury (Hg) [8,3-10%| 0,8 5,0-10° | 6024 11,8
18 |[Silver (Ag) 7,0:10%| 0,46 1,6:10° | 228 57,0
19 |Palladium (Pd) |1,3-10%| 8,0- 10* | 2,0-10* | 194 3,9:10°
20 |Platinum (Pi) |7,0-107| 8,0- 10* | 2,0-10*| 585 4,3-10°
21 |Gold (Au) 4,3-107| 0,14 1,010 | 233 1,125
22 |Rhenium (Re) |7,0-10®| 4,0-10° | 5,0-10° | 714 |1,87-10°
Lithophilic group

23 |Aluminum (Al)| 8,05 | 8,14-10° 17,0 2 3,4-107
24 |Potassium (K) 2,5 5,5-10* 2,5 1 2,7-102
25 |Phosphorus (P) |9,3-10%| 6,7-10° 1,3 14,0 |4,0-102
26 |Fluorine (F) 6,6:1021,126-10%| 6,9 105 |5,3:10?
27 |Zircon (Zr) 1,7-102| 32,0 2,0 118 11,0
28 |Lithium (Li) |3,2-10°| 8,25 0,33 103 1,29
29 [Niobium (Nb) |2,0-10%| 19,82 0,14 70 2,58
30 [Thorium (Th) |1,3-10°| 1,12 0,09 69 0,45
31 [Boron (B) 1,2:10%| 54,0 0,16 133 0,43
32 |Beryllium (Be) |3,8-10%| 0,243 | 7,0-10° 18 91,6
33 |Cesium (Cs) |3,8-10“| 0,230 0,1 270 99,0
34 |Tantalum (Ta) |2,5-10*| 0,52 6,5-10° 32 48,5
35 |Uranium (U) |2,5-10%| 2,65 2,0:10? 80 38,6
36 |Germanium (Ge)|1,4-10* 0,1 1,0-10° 7 293,0
37 |Tungsten (W) [1,3-10*| 1,36 6,0-102 44 16,6
38 |Hafnium (Hf) |1,0-10%| 0,318 | 3,0-10%| 300 47,0
39 [Indium (In) 2,5-10°| 1,4-102 | 1,0-10° 40 88,0
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Based on the definition of the mentioned ratios in ore de-
posits for 35 metals and for B, S, P and F by Ovchinnikov
L.N. >Q=KA, where K is average content of elements in the
Earth's crust, or “clark” by Vinogradov A.P., %; A is average
proportionality factor, equal to 2.8x10%° at the accuracy of
0.58 and standard deviation 3.18. Then the total world re-
serves in the fields are expressed by the formula.

Y Q=K[(2.8+0.6)+6.4] -10% tons

The emerging negative situation with the availability of
mineral raw materials for civilization, the destruction of the
natural balance in the stability of the massif of subsoil, which
composes the earth's surface, and the impossibility of human
society existence without mining and processing mineral raw
materials were the reason for the emergence of the task of
finding sources of conservation and expanded reproduction
based on the use of all rocks as minerals.

The term of such decisions should not exceed the term of
change of one generation, given the need for a huge complex
of research and practical work to create a mineral resource
base in the new interpretation and the complete depletion of
traditional mineral reserves by the end of the XXI century.

Deposits of minerals in the traditional interpretation are
formed over time, the duration of which is commensurate
with the geological time of formation of various complexes
of rocks.

The theoretical basis, which determined the focus of our
search and formulation of the basics of reproduction of min-
eral resources in the new interpretation, sounds as follows:
"The measure of scientific content for mining production
should also become the degree of implementation of a varie-
ty of resource-producing technologies that affect the mineral
environment. It is they are now called to provide "reclama-
tion" of the subsoil within the spatial boundaries of the trans-
formed area of the lithosphere, considering its properties,
requirements and environmental standards. In these technol-
ogies should be used new knowledge about the properties of
natural and man-made geosystems" [1].

As the Academician of the Russian Academy of Sciences
N.P. Laverov says in the Preface to the above-mentioned
work: " Particular in the mining sciences is expressed in the
fact that the transformation of the bowels is carried out in the
historical, but not in the geological time scale". We interpret
this concept as the need to create a practical technological
possibility of transformation during one generation, i.e. on a
historical scale, georesources in any of its contents into use-
ful commodity products.

On the basis of the task and having studied empirical
formula of Academician Ovchinnikov L.N., we believe that:

1) total world stocks do not depend only on the correla-
tion coefficient. On the contrary, the correlation coefficient is
a derivative of the value of minimum industrial content,
which, in its turn, depends on the level of development of
mineralogy in all its technological diversity and on the needs
of the market, which dictate prices. In this case the market
will be able to dictate the prices from a certain historical time
depending on the mining-geological and mining-technical
conditions of extraction and processing and on the need in
each produced chemical element;

2) Moreover, the formula itself cannot be considered reli-
able at the present time, since the actual reserves of almost
all chemical elements given in Table 1 are much higher than
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the calculated ones. Such a difference can be explained by
two reasons:

- The clarks were not determined accurately enough and
need to be recalculated;

- L.N. Ovchinnikov's formula needs reassessment;

3) the dependence of the value of total world reserves on
clark, preserving its paramount and correct value for the
assessment of metal reserves in the Earth's crust, should be
subject to correlation with these conditions;

4) taking the maximum depth of operations to extract
chemical elements from massive rocks (traditional mining or
other methods), depending on the anthropogenic and
technical capabilities, 5 km, we can calculate the projected
reserves of them in the continental part of the crust in the
range from the surface to this depth;

5) The established regularity between reserves of metal in
deposits and its average content in the Earth's crust can be
used for the prediction of reserves not only of the Earth's
crust as a whole, but also its separate representative areas on
a separate state, ore provinces and separate ore formations,
and also taking into account genetic relationships on
differentiation of chemical elements depending on
differentiators;

6) the rate of chemical reactions contributing to and
creating the ore-forming process is extremely small and
comparable with the duration of the leading geological process
and its individual stages and phases. Hence, it follows that on a
historical scale, waiting for the collection and mobilization of
metals for the transport of ore matter in the area of ore
deposition in the historical time interval is useless, i.e. we
cannot talk about replenishment of reserves as a result of
natural ore-forming process in the traditional deposits;

7) comparison of the data on total world reserves and
prices in the world market, given in the reviewed literature
[12,13] with transformation for 2018-2020 and the value of
clarks from various sources shows changes in some cases of
clarks and in all cases of data on reserves and world prices.
These facts indicate, first, the considerable scientific work to
continually refine the value of clarks; second, the intensive
exploration carried out around the world using new
technologies; third, the market impact on metal prices due to
growth and changes in demand for metals and depending on
inflation; fourth, the need to verify and continually refine the
average proportionality ratio, accuracy and standard deviation.

On the basis of this comparative analysis, we may
conclude that the empirical formula of Ovchinnikov L.N.
determines the existence of this dependence accurately, but it
is applied in 1987-1988, and gives erroneous results in 2020-
2021, while maintaining its logic. This tendency will
apparently continue until the possible practical limits on
reserves and on the minimum industrial content are reached.

3. Results and discussion

In order to study and use in the practical activities of the
mining industry pattern of dependence of metal accumulation
in deposits on their clarks, which makes it possible to find
and create new sources of minerals, the authors conducted
calculations for the formation of the mineral resource base on
the background of the depletion of traditional reserves of
minerals.

Input data for the calculations: [9]

- Average radius of the Earth R=6371.032 km;
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- Volume of the Earth's globe on the surface
V1=4/3R34/3n-6371.032%= 1.083-10%km?

- the depth of spreading of the Earth's crust in the conti-
nental part is on average 33 km;

- volume of the part of the Earth's ball with radius re-
duced by 33 km, V,=4/3n(6371.032-33)3= 1.0666-10'?km3

- volume of the globular layer between the Earth's surface
and the lower surface of the continental crust V3=1.083-10%-
1.0666-10%?=16.3838-10°%km?®

- continental crust C_c of the total surface area of the
globe is 148.1/509.1=0.2909, and the volume of continental
crust in the 33 km high globe layer will then be V,=Cc-
V3=4.766-10°%km?

- coefficient of human civilization's use of the continental
crust Cicc=5/33=0.15 (15), where 5 km is the height of the
continental crust from the surface, which is determined by
the anthropogenic-technical possibility of developing the
subsurface;

- volume of the continental crust, which is possible to use
as a target for exploration and production of mineral re-
sources V=4.766-10°0.15(15)=0.722-10°%km?

- volume weight y of the Earth's crust rocks in the conti-
nental part is on average 2.7-10%t/km?;

-is the mass of the rock of the continental part of the
Earth's crust, which theoretically can be extracted in order to
obtain mineral raw materials from it (or in which the average
clark of a chemical element can be determined through its
content in that part of the Earth's crust, which according to
the anthropogenic-technical possibility can be used as a min-

eral raw material): Q=y-V=2.7-10°-0.722-10°=1.95-10° hil-
lion tons.

The next step in our work is to calculate the number of
chemical elements depending on the clarks of the continental
part of the Earth to a depth of 5 km from the surface, which
is determined by the anthropogenic and technical capabilities
of humans Hars. It should be noted that we make calculations
based on the currently accepted limiting conditions, which
consist of two requirements - the clark of the chemical ele-
ment and ensuring a safe depth of mining, at which it is tech-
nically possible to extract minerals with their lifting and
transfer for processing. Economic efficiency will be deter-
mined by the technology used and market demand.

Following the above and using the dependences of ac-
cumulation of chemical elements in ore deposits, we deter-
mine the expected amounts of chemical elements in the
continental crust in the layer from the surface to a depth of 5
km (Table 2).

Using the values of the minimum industrial concentra-
tions of 39 chemical elements, adopted by Academician L.N.
Ovchinnikov in his work "Formation of ore deposits”, pub-
lished in 1988. [2], it is possible to compare total world
stocks of the same chemical elements determined by
L.N.Ovchinnikov's empirical formula with the confirmed
world stocks given in the official statistics in the second
decade of the XXI century (in different years for different
elements). Such a comparison and the number of accumulat-
ed elements in the continental crust at a depth of H_ATB will
allow us to make sufficiently correct conclusions about the
state of the mineral resource base of minerals (Table 3).

Table 2. Accumulation of chemical elements depending on their clarks (by A.P. Vinogradov), comparing it with statistically
confirmed reserves and with the amount by clark in the continental part of the Earth's crust

Total world reserves of

The total amount of chemical
elements in the continental
part of the Earth's crust,

Clark C, % chemical elements,
O . calculated by the authors,
million tons Minimum AN
industrial billion tons, at a depth of
Hate=5 km
content C, Concentra 30% of the
Item = Chemical element Accordi % (by tion factor uoantit
Accordi | ng to the Q1 L.N. CF=C/C1 guantity
Q1 by the ; - according to
ng to average confirmed = Ovchinnik o
clarks of Full amount | the minimum
AP. values by 2018- ov) ; .
. AP. by clark industrial
Vinogra = of other . 2020
Vinogradov - content by
dov, C1 | authors, statistics LG
c2 Ovchinnikov
1 2 3 4 5 6 7 8 9 10
Siderophilic-Halcophilic group
1 Iron (Ft) 4,65 5,33 3,75-10° 0,84-10° 22,0 4,73 90,675-108 5,75-106
2 Titanium (Ti) 0,45 0,53 4,86-102 9,40-102 7,0 16 8,775-106 164,5-103
3 Manganese (Mn) 0,10 0,09 7,52-10° 5,2-102 5,0 50 1,950-108 11,7-10°
4 Barium (Ba) 6,5-102  4,7-1072 1,1-102 3,00-102 9,0 138 1,267-10° 2,755-10°
5 Sulfur (S) 3,7-102  3,3-1072 2,1-108 - 7,0 189 721,5-10° 1,145-103
6 Vanadium (V) 9,1-10°3 1,2-10°3 22,0 - 0,7 77 177,45-103 0,69-103
7 Chrome (Cr) 8,3:10° | 9,3-10° 1,369-103 1,6-10° 7,0 843 161,85-103 57,6
8 Zinc (Zn) 8,3-10° 6,8-10°3 2,01-102 2,62-102 0,7 84 161,85-10° 578
9 Nickel (Ni) 5,8-10°  7,0-10°3 54,4 75,9 0:1 17 114,1-103 1,996-103
10 | Copper (Cu) 4,7-10°  5,3-10°% 3,42-102 8,3-102 0,2 43 91,65-103 0,639-10°
11 | Cobalt (Co) 1,8-10°%  2,3-10°% 3,24 7,5 2,0-102 11 35-10° 0,95-10°
12 Lead (Pb) 1,6-10° @ 1,3-10° 1,07-10? 1,17-10? 0,3 188 31,2-108 0,05-10°
13 Tin(Sn) 2,5-10%  2,3-10* 17,0 55 0,1 400 4,875-103 3,656
14 | Molybdenum (Mo) = 1,1-10* = 1,2-10* 5,46 15,0 5,0-1073 46 2,145-10° 13,99
15 | Antimony (Sh) 5,0-10°  3,0-10° 2,1 15 0,2 4000 975 0,073
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Minimum The total amount of chemical
Total world reserves of industrial Concentra elements in the continental
. . content C, - part of the Earth's crust,
Item = Chemical element Clark C, % chemical elements, % (b tion factor lculated by th h
million tons 6 (by CF=C/C1 catculated by the authors,
L.N. billion tons, at a depth of
Ovchinnik Hate=5 km
16 | Bismuth (Bi) 9,0-.10¢  1,9-10° 2,5-102 - 1,0-10°% 111 175,5 0,474
17  Mercury (Hg) 8,3-10¢  7,2-10°6 0,8 - 5,0-102 6024 161,85 0,008
18  Silver (Ag) 7,0-10¢  7,3-10° 0,46 0,84 1,6-103 228 136,5 0,179
19  Palladium (Pd) 1,3-10% = 9,0-107 8,0-10* 0.76 2,0-10* 194 25,39 0,0495
20 | Platinum (Pt) 7,0-107  5,7-107 8,0-10* ' 2,0-10* 585 13,69 0,0144
21 | Gold (Au) 4,3-107  3,5-107 0,14 0,058 1,0-10 233 8,385 0,0108
22 | Rhenium (Re) 7,0-10%  8,0-10°8 4,0-10° - 5,0-10° 714 1,365 0,00057
Lithophilic group
23 Aluminum (Al) 8,05 8,07 8,14-10° 14,7-103 17,0 2 15,697-107 2,35-107
24 Potassium (K) 2,5 2,13 5,5-10* 6,56-10* 2,5 1 4,875-107 1,46-107
25 | Phosphorus (P) 9,3-102 0,1 6,7-10° 11,13-10° 1,3 14,0 18,135-10° 38,86-10°
26 | Fluorine (F) 6,6-102  6,4-1072 1,126-10? 1,09-102 6,9 105 259,65-10° 0,742-10°
27 | Zircon (Zr) 1,7-102 = 1,6-102 32,0 - 2,0 118 33,15-10° 84,2
28  Lithium (Li) 3,2:10° | 25-10° 8,25 18,79 0,33 103 62,4-10° 0,182-10°
29 | Niobium (Nb) 2,0-10° | 2,1-10° 19,82 4,3 0,14 70 39,0-108 0,167-10°
30 | Thorium (Th) 1,3-10° | 1,0-10° 1,12 - 0,09 69 25,3-108 0,110-10°
31 | Boron (B) 1,2:10° @ 9,0-10* 54,0 - 0,16 133 23,4-10° 0,053-10°
32 | Beryllium (Be) 3,8:10*4 | 2,0-10* 0,243 - 7,0-103 18 7,41-108 0,1235-10°
33 | Cesium (Cs) 3,8:10* | 4,3-10* 0,230 - 0,1 270 7,41-103 8,23
34 | Tantalum (Ta) 2,5-10* | 2,2:10* 0,52 1,5-102 6,5-103 32 4,875-10° 45,7
35 | Uranium (U) 2,5-10%  2,6-10* 2,65 7,33 2,0-102 80 4,875-10° 18,28
36 | Germanium (Ge) 1,4-10% = 1,4-10* 0,1 - 1,0-10 7 2,73-108 95,5
37 | Tungsten (W) 1,3:10%  1,4-10* 1,36 3,3 6,0-102 444 2,535-10° 1,713
38 | Hafnium (Hf) 1,0-10*  2,4-10* 0,318 - 3,0:102 300 1,95-10° 1,95
39 | Indium (In) 2,5-10°  4,7-10°3 1,4-102 - 1,0-10° 40 487,5 3,656

Note: The data in paragraph 10 of Table 2 need further recalculation, since the dependence of the amount of metals calculated by the minimum industrial
content, in fact, is not directly proportional to the calculated clark and is fit to the exponential function.

4, Conclusions

The practical use of the essence of our Discovery depends
on the following objective provisions. The content of the
continental part of the Earth's crust in the layer H_ATB,
calculated by the clark, shows gigantic numbers.

But for a realistic estimate of the amount of these ele-
ments, the following limitations must be considered. Not all
of the territory of the Earth's continental part can be used as
an object of extraction of minerals, even if their quantity and
quality will allow them economically justified extraction and
processing:

- Territory covered by highlands and other relief bounda-
ries will be excluded from subsoil use;

- Territories along the national and international infra-
structure, settlements, natural boundaries (rivers, lakes,
coasts of seas and oceans, etc.) will be withdrawn from sub-
soil use for a historically long period;

- As mentioned above, the amount of chemical element(s)
accounted for in the balance as a mineral resource will de-
pend on the adopted cost-effective level of minimum indus-
trial content. It will depend on creation of workable new
technologies of extraction (we can say in the future “extrac-
tion in solution without disturbing the integrity of the mas-
sif") and processing, as well as the use as a useful raw mate-
rial of the whole extracted mass with its separation into com-
ponents, which will reduce sharply the cost of production
due to complete gross extraction and complete wasteless
processing. This fact will limit the use of reserves of the
continental crust and set the order of commissioning depend-
ing on the technical and economic opportunities (Table 4).
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- Based on this condition, the object of subsoil use will be
the areas of primary and secondary halos on the forms of
migration and deposition of chemical elements in the lateral
(subhorizantal) zoning, in the zoning of near-ore rock chang-
es in hydrothermal systems, in the latitudinal geochemical
zone on the earth's surface and in the vertical zoning associ-
ated with changes in chemical composition and properties in
subvertical direction, typical of ore veins, weathering crust.

- Separately, the concepts of technogenic geochemical
anomalies, technogenic dispersion halos, technogenic barri-
ers, as well as the model of technogenic migration associated
with technogenic landscapes and geochemistry of cities
should be considered and used.

Thus, the reserves of mineral resources of a new type,
which mankind creates in connection with the full depletion
of reserves in mineral deposits, explored and transferred to
exploitation in accordance with the currently accepted inter-
pretation, will be composed of the determination of objects
of subsoil use from the practical use of the pattern of de-
pendence of chemical elements of natural and anthropogenic
nature accumulation.

Thus, the limit of the contents of chemical elements in
the rock mass of mineral raw materials, accounted as stocks
of new type, will be defined by technical and economic cal-
culations of final cumulative expenses efficiency.

Table 4 shows that, using the pattern of distribution of
metals in direct proportion, which is determined by the de-
gree of prevalence (clark) of each of them in the Earth's
crust, we can define a new trend of development of the min-
ing and metallurgical industry.
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Table 3. Suggested maximum and minimum total world
reserves of chemical elements in ore deposits (according to the
empirical formula of Academician L.N. Ovchinnikov)

ing by 30%, considering the actual limitations of natural and
man-made nature;
4) calculation of the estimated quantity of chemical ele-

i Maximum ments in this, considered as useful, part of the Earth's crust
t':)";f'\/?;ﬂ total world on the _basis of clarks by A.P. \(inggradov and the minimum
Item | Chemical element | Clark C,% | reserves inore | '>¢/VeS IN industrial content by L.N. Ovchinnikov;
deposits Qmax, | O ¢ dep‘?lsl'.ts 5) calculation of the availability of the estimated number
million tons Q"‘“tb?s' on of chemical elements to mankind on the basis of their extrac-
1 2 3 Z 5 tion, projected for 2050.
1 |Iron(Ft) 4,65 455,7-10%+ 195,3-103
2 |Titanium(Ti) 0,45 4,41-10°%- 18,9-10° Table 4. Ava_ilability pf the most important minerals
3 | Manganese(Mn) 0.10 9.8-10°+ 2.210° demanded by mankind (as estimated by the authors)
4 | Barium(Ba) 6,5-10 6,37-10%+ 2,73-10° Assumed Projected | Availability
5 | Sulfur(S) 3,7-102 3,626-10%+ 1,554-10° amount of | production | of the esti-
6 | Vanadium(V) 9,1-10% | 0,8918-10% | 0,3822:103 chemical for 2050 mated
7 | Chrome(Cr) 83-10° | 0,8134-10 | 0,3486-10° elementsin | fromthe | amount of
o fzneen | 09107 | 051410 | 010 e | s | et
9 | Nickel(Ni) 58-10° | 0,5684-10%+ | 0,2436-10° Item | Chemical element Earth's crust | types of | the continen-
10 | Copper(Cu) 4,7-10° | 0,4606-10%+ | 0,1974-10° at a depth of | losses to the | tal part of the
11 |Cobalt(Co) 1,8-10% | 0,1764-10% | 0,0756-103 Hars=5 km, | finished | Earth's crust,
12 |Lead(Pb) 1,6-10° | 0,1568-10%= | 0,0672-10% bin. tons™ | commercial years
13 [ Tin(Sn) 25102 24,5+ 10,5 product,
14 |[Molybdenum(Mo) | 1,1-10° 10,78+ 4,62 - - - m'”"’: tons -
i 105 +
It Tommune) | 50107 | osm | oa1s L fione) | 570 | 1015 | 57500
J d d 2 | Titanium(Ti) 164,5-10° 20 8,225-10°
17| Mercury(Hg) 8,3:10° 0,8134= 0,3486 3 |Manganese(Mn) 11,7-103 40 292500
18 Sllver(Ag) 7,0'10'6 0,686+ 0,294 4 Barium(Ba) 2]755103 _ _
19 | Palladium(Pd) 1,3-10% 0,1274+ 0,0546 5 | Sulfur(S) 1,145-10° - -
20 |Platinum(Pt) 7,0-107 0,0686+ 0,0294 6 |Vanadium(V) 0,69-10° - -
21 | Gold(Au) 4,3-107 0,04214- 0,01806 7 | Chrome(Cr) 57,6 70 823
22 | Rhenium(Re) 7,0-10® 0,00686+ 0,00294 8 |Zinc(Zn) 578 40 14450
23 [ Aluminum(Al) 8,05 788,9-10% | 338,1-10° 9 | Nickel(Ni) 1,996:10° 10 499600
24 | Potassium(K) 25 245-10%+ 105-10° 10| Copper(Cu) 0,639-10° 90 7100
25 | Phosphorus(P) 93107 | 911410°% | 3.90610° E Eg;’g('gbc)o) 882182 35’ 1f1'61$6
26 FI_uorme(F) 6,6"212 6,468-10%+ 2,772-10° 13 [Tin(Sn) 5,656 > 1828
27_|Zircon(Zr) 1,7-10° 1,666-103+ | 0,714-103 14 [Molybdenum(Mo) 13.99 0.6 23317
28 LIthIUm(LI) 3,2'10'3 0,3136‘103+ 0,1344‘103 15 Antlmony(Sb) 0,073 0,4 1825
29 | Niobium(Nb) 2,0110° | 0,196-10% | 0,084-103 16 | Bismuth(Bi) 0,474 - -
30 | Thorium(Th) 1,310° 01274+ | 0,0546-10° 17 | Mercury(Hg) 0,008 - -
31 |Boron(B) 1210° | 01176+ | 0,0504-10° 18 _|Silver(Ag) 0,179 0,06 2983
2 [Barylliom(@9) 38107 57201 1566 19 _|[Palladium(Pd) 0,0495 0,00045 110000
2 " 20 | Platinum(Pt) 0,0144 0,0006 24000
33 | Cesium(Cs) 3,810 37,24+ 15,96 21 | Gold(Au) 00108 0,006 1800
34 | Tantalum(Ta) 2,5-10% 24,5+ 105 22 |Rhenium(Re) 0,00057 0,01 94
35 | Uranium(U) 2,5-10% 24,5+ 10,5 23 | Aluminum(Al) 2,35-107 0,250 14,6
36 | Germanium(Ge) 1,4-10* 13,72+ 5,88 24 | Potassium(K) 1,46-107 1 129000
37 |Tungsten(W) 1,3-10* 12,74+ 4.2 25 | Phosphorus(P) 38,86-10° 0,3 37100
38 |Hafnium(Hf) 1,0-10% 9,8+ 1,05 26 | Fluorine(F) 0,742-10° 0,02 -
39 | Indium(in) 2,5-10% 2,45+ 1,05 27 | Zircon(Zr) 84,2:10° - 1,82
28 | Lithium(Li) 0,182-10° 0,1 -
Transferring our researches from this regularity to the 29 | Niobium(Nb) 0|167'10: - -
plane of practical application, we have defined, anticipating 22 g(‘)‘r’g'r:’(rggTh) 00615>1§-11003 - -
full exhaustion of stocks of metals in traditional ore deposits, > : 3
X . R 32 | Beryllium(Be) 0,1235-10 - -
the following _fo_rmat of actions of mankind: _ 33 | Cesium(Cs) 8.23 - -
1) determining the volume and mass of the continental 34 |Tantalum(Ta) 45,7 - -
part of the Earth's crust; 35 |Uranium(U) 18,28 0,1 182800
2) calculation out of these figures of volume and mass of 36 | Germanium(Ge) 95,5 - -
that part located from the surface to a depth of 5 km, which we 37 | Tungsten(W) 1,713 05 3426
have called the depth of anthropogenic-technical possibilities 38 | Hafnium(Hf) 1,95 - -
Hare. Up to reach this depth man can at the stage of develop- 39 _|Indium(In) 3,656 - -

ment of science and technology in the next decade to work
safely, using traditional and innovative technologies of mining;

3) assumption that the calculated, based on Hars = 5 km,
the continental part of the Earth's crust can be used for min-

"30% of the amount according to the minimum industrial content, adopted
by Academician L.N. Ovchinnikov

Results of calculation show that practically all most de-
manded chemical elements to mankind at definition of their
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quantity by a pattern of prevalence (clark) of each of them in
terrestrial crust will be enough for many years ahead.

Besides, one more positive condition of sufficiency of
time before full exhaustion of reserves is the fact that con-
firmed on statistics of geological prospecting works stocks of
chemical elements on the majority of metals frequently con-
siderably exceed the total stocks calculated according to the
minimal industrial content on clarks. This fact is reflected in
Table 2.

Thus, we have confirmed that:

1) reserves of minerals demanded by mankind in tradi-
tional ore deposits are running out and in 25-100 years there
will come a moment when they will not exist;

2) the regularity of the accumulation of chemical ele-
ments in accordance with their prevalence in the Earth's crust
(clarks) and their recalculation in accordance with the mini-
mum industrial content adopted by Academician L.N.
Ovchinnikov, shows the availability and possibility of
providing mankind with them for the historical perspective;

3) the revealed pattern of dependence of total reserves of
metals and their minimum industrial contents in ore deposits
on clarks, described by the log-normal law (logarithmic func-
tion with inverse proportionality), can be used further for
calculation of reserves in the Earth's crust depending on the
minimum industrial contents;

4) all the geochemical laws stated by us in the aggregate
determine the situation of civilization development in ac-
cordance with its needs in all demanded chemical elements
for an indefinite historical period without economic shocks
and catastrophic crisis situations;

4) the human society is obliged to perceive the develop-
ing inevitable situation of depletion of stocks in bowels as a
signal to timely decision of all technological and organiza-
tional issues of satisfaction of requirements in a course of use
of essence of the created solution;

5) It should be particularly noted that in recent years, Ka-
zakh geologists have revealed and proved another practical
proof of the increase in reserves of both traditional and pro-
posed by us deposits of a new type, taking into account the
micro-and nano-levels of chemical elements in traditional
deposits, which had not previously been determined and not
considered [11]. This work needs to be continued in order to
specify the missed opportunities in the calculation of reserves
(naturally, within the clarks and minimum industrial con-
tent);

6) the essence of the stated solution is an organic compo-
nent of the complex of future sciences called "geo-
engineering" developed and offered as a basis of technocratic
civilization by the founder and the Chairman of the Davos
Economic Forum Klaus Schwab.

This dependence in mathematical connection with the
logarithmic dependence mentioned above will take the form
of an exponential degree dependence with inverse propor-
tionality, which shows that the greater their number exponen-
tially. Thus, for each chemical element demanded by man-
kind on the basis of data on clark and on total reserves in the
Earth's crust we are able to calculate its quantity depending
on the quality (content) we have established. In the concrete
case we are talking about minimum industrial content which
will change towards decrease in connection, firstly, with
improvement of technologies of exploration, extraction and
processing and with decrease of prime cost; secondly, de-
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pending on demand in the market and required quantity of
each element in a definite period of time.

On the basis of the calculated quantity we have defined
provision with quantity of chemical elements depending on
production, oriented on 2050 forecasts, convincingly show-
ing on absolute solvability of problem of full exhaustion of
stocks of traditional deposits by attraction to production of
accumulations of chemical elements of new type.
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Munepaaasl pecypeTapabl TRKIPUOETiK TYPFbIAaH KEHEHTIIl :Kacay1arbl
XHMHSJIBIK 3JIEMEHTTEP KIAPKTAPbIHBIH POJIi MEH MIHi
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AHpaTna. Anamsar 9pKalllaH MEeTaul MHHEpaIIapblHa MYKTaX Oosiazbl. MEHINIKTI IIBIFBIHHBIH TOMEHCYIHE KapaMacTaH,
onmappl KaliTarama Kell peT Maliaanany KeJeMiH YIFaiTyFa, COHai-aK OCpiKTIK camackl MEH TO3yFa TO3IMIIIITiH apTThIpyFa,
METaJUT KOpBITIANApblHA CHHTETHKAIBIK MaTepHAIAapIbsl KOCYFa, COHAal-ak OonamakTa aToM ACHTeHiHIe TaOuru Tay
JKBIHBICTAphl MEH OJIApJBIH KYpaMJac MUHEpaIJapblHAH KaXXETTI XUMHSJIBIK AJIEMEHTTEPIl KacaHIbl KYpacThIpyFa Keuryre
oHe MYXHT CybIHaH METajjiap ajiyFa jkKep KbIPTHICBIHBIH MacCHBIHEH K€H OHIIpPY CYpaHbICKa M€ OHIMJI KETKIi3yiH Heri3ri
ke31 Oonaapl. Ochl LIENIIIMEreH IOCTyIaTTapFa CyleHe OTBIPBIIN, 013 KOJIIaHbICTaFbl TeOXHUMUSUIBIK 3aHIBUIBIKTApFa, Taii1aibl
Kaz0ajap peTiHAe NaijanaHyra jkapamIbl MHHEpaNIbl 3aTTap/blH >KMHAKTAJIyblHA JKaH-)KaKThl Tainjay jkacaiblK. [ a3
OYJITHIHBIH ra3 NIaHbIHA KOHAeHcanuschl 6ap KyH jkyiieciHiH IiaHeTadaphIHbIH Maiifa 001ysl, Oy 63 Ke3eTiHae annadaTaibiK
CBHIFBUIY HOTIIKECIHJE KepJeri TUITErl IUIaHeTallapFa )KOHEe MaTeopUTTepi 0ap acTepOHATHIK Oejieyre ailHabl, XMMHUSIIBIK
JNIEMEHTTEPiH KYHJE, METEOpUTTepAe >KoHE >Kep KBIPThICHIHAA Oipiei TapamyblHa cebem Oosabl. bi3 amam3arTbiH Kep
KBIPTHICBIHBIH KOHTHHEHTTIK OOJITiH UTepyAiH MaKCUMAIABl TePeHIIr, MUHAMAIIB OHEPKACINTIK KypaMbl (YaKbIT ©Te Keje
azalora Kapai e3repeTiH), OOBbEeKTHBTI MIEKTEYNep/i eCKepe OTBIPHIN, OHEPKICINTIK MaiifanaHy YIIiH MYMKiH OOJATHIH XKep
KBIPTBICBIHBIH Oip OeIriHIeri KiapKKa Colkec maimansl Kaz0aap MeIIIEpPiH eCKepe OTHIPHIN, aHBIKTAIbIK CYPaHBICKA HE
XUMUSIIBIK  JIEMEHTTEPAiH Kopiapbl. Ecenteynmep omapAblH anmarbl JKbUIApFa KETKUTIKTUTCH KepceTeni, Oipak Oy
TabWFraTTa XYMBIC ICTCHTIH OOBEKTHBTI I€OXMMUSIIBIK 3aHIBUIBIKTAPMEH KYpBUIFaH, Oipak Kasipri yakKbITTa SCKEpiIMETeH
JKaHa THITETl KeH OpbIHIapbIHIArel Kopiap Oonanel. [laiinansl kaz0aigaplblH KypamblH MHKPO JKOHE HaHO-IEHreieri
TanmamaiplK Kajimblayra epekile Hazap aynapy Kepek, OJl Kasipri yakblTTa aHbIKTaJIMaiIbl, MHHUMAJIbl ©HEPKCIITIK
neHreiine Kinapk KypambIHaH onjieKaiiia xKoraphl MIEKTep/ie ecenke albiHOaraH Kopiap 0oJbin Tadbuiaapl. JKep KbIpTHICHIHIA
KJIapKTap/ibl XKoHEe 0acka Jla TeOXMMUSUIBIK 3aHIbUIBIKTAp/IbI MalijajaHy Te0JIOTHSUIBIK Oapiiay KYMBICTApbIH XKYPri3y Ke3iHe
JKaHa aHATMTUKAIIBIK MYMKIHJIKTEp, MaKajiala KbICKallla CHUMATTaFaH JKOHE OChl MaKaJaHbIH JlaMyblHa HEFYpPIbIM eIriKei-
TErKEeMIIi JKoHe JToelil OastHaayIbIH MHI OOJIBIN TaOBUIATHIH JKaHa THITET1 KeH OpbIHAAPbIHAH Taianbl Ka30anapabl eHaipy
JKOHE OHJICY Ke3iHIe ’KaHa TeXHOJIOTHSIIBIK IIETIiM/ep JKacay bl Tajuam eTei.

Hezizei ce3oep: knapx, Kywn oicyiieci, niamemanap Mmen Memeopummep, 2eOXUMUAIbIK 3aHObLILIKMAD, MUHEPALObl
pecypcmap, Kopaapobiy, MOAbLK CAPKbILYbL, WUKIZam 0a3acbiHbly KeOelol, dcana munmezi Ken OpbiHOapbl.

PoJsib 1 3HAYEHHE KJIAPKOB XUMHYECKHUX 3JIEMEHTOB B NPAKTHY€CKOM
paclIipeHHOM BOCIIPOM3BOACTBE MUHEPAJIbHBIX PECYpPCOB
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AnHoTanus. YeraoBeuecTBO Beera OyJeT HYy)KIaThCs B METAUTMUECKUX MOJIC3HBIX UCKOMaeMbIX. HeCMOTpst Ha CHIDKCHHE
YAETBHOTO pacxoja, Ha yBEIHMYCHHE KaKk OOBEMOB BTOPHYHOI'O MHOTOKPATHOTO WX HWCIIOJB30BAHWS, TaK W MOBBIIICHHE
MIPOYHOCTHBIX Ka4eCTB M H3HOCOCTOWKOCTH, Ha TOOABICHHE K METAJUIMIECKUM CIUIaBaM CHHTETHYECKHX MAaTEPHAJIOB, a TAKKE
B OyaymeMm Ha mepexo]] K MCKYCCTBEHHOW COOpKEe Ha aTOMHOM YpPOBHE HYXHBIX XMMHUYECKHX 3JIEMEHTOB W3 MPHUPOIHBIX
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TOPHBIX ITOPOJT M COCTABIAIONIMX X MHUHEPAJIOB U IIOJyYEHHE METAIJIOB W3 OKEaHHMYECKOW BOJBI, MIETH(POBBIX POCCHIICH H
JIOHHBIX OTJIOKEHHH, AOOBIYa pPyIbl U3 MacchBa 3eMHOW KOpPBI OyIeT OCHOBHBIM HCTOYHHKOM IIOCTaBKH BOCTPEOOBaHHOI
npoayKiuu. Mcxons M3 3THX HENpeNoKeHHBIX IOCTYNaTOB, HAMU IPOU3BEJACH BCECTOPOHHUMN aHalIM3 CYIIECTBYIOIIUX
T€OXMMUYECKUX 3aKOHOMEPHOCTEH, HAKOIUIEHHUS MHHEPAIbHOTO BEINECTBa, NMPUIOJHOIO JUIS MCHOJb30BAHUS B KadecTBE
nose3Horo uckomnaemoro. [Ipoucxoxxnenue maner CONHEYHON CHCTEMBI C KOHJIGHCAIMEl ra3oBoro obJjiaka B ra3olbUIeBOE,
KOTOpOE, B CBOIO OuYepe/ib, B pe3yjibTaTe aJuadaTHUeCcKOro C)KaTHs IPEBPaTUIIOCh B IUIAHETHI 3¢MHOI'O THUIA M ACTEPOHIHBIH
MOAC C MaTeopUTaMH, MOCIYXWJIO NPUYMHOM OJMHAKOBON paclpOCTpPaHEHHOCTH XHUMHUUYECKUX 3ieMeHToB Ha CoiHIe, B
MeTeopuTax U 3eMHOH kope. Hamu ¢ ydeToM aHTpPONOI€HHO - TEXHUYECKUX BO3MOXKHOCTEH 4elIoBeYeCcTBa MO0 MaKCHUMalIbHOM
riryOWHE OCBOEHHSI KOHTHHEHTAJIHHON 9acTH 3eMHOH KOPBI, MUHIMAIIBHOTO MPOMBIIIICHHOTO COIepKaHus (KOTOpOe CO Bpe-
MeHEeM OyIeT MCHATHCS B CTOPOHY YMEHBIICHHS ), KOJIMIECTBA TIOJIE3HBIX MCKOMIAeMBIX B COOTBETCTBHH C KIIAPKOM B TOH YacCTH
KOHTHHEHTAJIbHOI 3eMHOW KOPBI, KOTOPast BO3MOXKHA ISl IPOMBIIIJICHHOTO MCIIOJIB30BAaHMA C YI€TOM OOBEKTHBHBIX OTPaHHU-
YeHHH, ONpeAeTICHBI 3a1ackl BOCTPEOOBAHHBIX XUMHYECKUX 3JIEMEHTOB. PacdeThl MOKa3bIBAIOT UX TOCTATOYHOCTH HA JTOJTHE
TOJBI BIIEpEA, HO 3TO OyJeT 3armackl B MECTOPOKICHUIX HOBOTO THIIA, CO3aBaEMBIX IEHCTBYIOIIMMH B IPUPOAE OOBEKTHBHEI-
MH T€OXMMHYECKHMH 3aKOHOMEPHOCTSIMU, HO HE YYUTBHIBAEMbIX B Hactosuiee BpeMs. Ocoboe BHUMaHKE JOJKHO OBITH 00pa-
IIEHO HAa aHAJUTHYECKoe 000O0IIeHNEe COoep)KaHUI MOJIE3HBIX HCKOMAeMBIX Ha MHKpPO- M HAHOYPOBHE, KOTOPOE B HACTOSIIEE
BpeMs HE OMpEENAIOTCs, ABIASACh HEYUTCHHBIMU 3allacaMy B MpefesiaX ropas/io BhIIE KJIApKOBOTO COJEpXKaHUSA Ha YpPOBHE
MUHHMMAaJIbHO MPOMBINUIEHHOT0. VIcronb30BaHle KJIApPKOB U JPYTUX F€OXUMUYECKUX 3aKOHOMEPHOCTEH B 3eMHOM KOpe MmoTpe-
OyeT co3maHMsg HOBBIX aHAJIUTUYECKUX BO3MOXHOCTEH NPH IMPOBEACHUU I'e0J0ropa3BeJOYHBIX paboT, HOBBIX TEXHOJIOTHYE-
CKUX pELICHUH NpH J00bIYe U nepepadoTKe MOJIE3HBIX HCKOMAEMbIX U3 MECTOPOXKICHUH HOBOTO THIA, KOTOPbIE KPATKO OIH-
CaHbI B CTaThe U SIBILTIOTCS MPEIMETOM OoJiee NeTadbHOTO U JOKA3aTeIFHOTO M3JI0KEHUS B Pa3BUTHE TaHHON CTATBH.

Knroueewie cnosa: knapx, Conneynas cucmema, niaHemvl U Memeopumsl, 2e0XUMu4ecKue 3aKOHOMEPHOCIU, MUHEPATIbHbIE
DPecypcsl, NOIHOe UCMOUjeHUe 3andcos, 80CNPOU3B00CHIBO CbIPbEBOL DA3bl, MECIOPONHCOCHUS HOB020 MUNA.
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