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SCIENCE IN THE ENVIRONMENT OF RAPID CHANGES

MANIFESTATION OF THE PHENOMENON OF COAL
ENRICHMENT WITH GERMANIUM OF LOW-POWERED AREAS
OF THE SEAMS OF THE DNIPROVSKA MINE (UKRAINE)
AND THE «ZYLBERMINTS LAW»

Abstract. The study of the germanium distribution over the area and in the cross-section of coal
seams cs", cs®, c10® of the "Dniprovska” mine made it possible to establish the presence of a very
high inverse correlation between the thickness of the seams and their germanium content; the
presence of zones of Ge enrichment with a thickness of 10-30 cm at the contacts of the layers. This
made it possible to explain in geochemical terms the joint manifestation of the phenomenon of
germanium enrichment in low-powered areas and the "Zilberminets law" in the seams of the
Dniprovska mine.

Keywords: germanium, cross-section, coal seams, enrichment zones.

Introduction. The relevance of studying the germanium content in coal seams
Is due to the possibility of its industrial extraction and use as a valuable
accompanying component. For an objective geological and economic assessment of
the possibility of simultaneous extraction of Ge from coal, waste and products of its
processing and planning of the most effective organizational and technical measures
in this regard, it is first of all necessary to have information about the nature of the
distribution and the level of concentration of this element in coal. In order to obtain
such information, the authors carried out detailed studies of the germanium
distribution over the area and in the section of coal seams cs", cg® cio® Of the
Dniprovska mine.

Recent achievements. Previously, the peculiarities of the distribution of "small
elements™ that belong to the group of “toxic and potentially toxic elements" in the
coal seams of some mines and geological-industrial areas of Donbas were
investigated, it was established that there is a close inverse correlation between the
thickness of the seam and the contents of Ge and some other impurity elements [1-
48]. At the same time, the establishment of a relationship between the content of
germanium and the thickness of the coal seams of the Dniprovska mine and its

analysis had not been carried out before.
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Purpose: establishment of a relationship between the content of germanium
and the thickness of the coal seams of the Dniprovska mine.

Materials and Methods. The factual basis of the work was the results of 370
Ge analyzes performed after 1981 in the central certified laboratories of production
geological exploration organizations of Ukraine from the material of reservoir
samples obtained by production and scientific research enterprises and organizations
and measurements of reservoir capacity. Germanium content was determined by
quantitative emission spectral analysis. The quality of the results of the analyzes was
evaluated as the significance of the average systematic error, which is tested using
the Student criterion, and the significance of the average random error, which is
tested using the Fisher criterion. Since the above-mentioned errors at the
significance level of 0.95 are not significant, the quality of the analyzes is recognized
as satisfactory.

Findings and Discussion. The relationship between the germanium content
and the thickness of the coal seam cs", cs®, c10® according to the results of the analyzes
of the general sample according to the Chedok scale, taking into account the data of
the correlation analysis for all seams, is inverse and very high, with a confidence
interval of 0.99 it is statistically significant. The calculated corresponding
correlation coefficients are —0.94, —0.91 and —0.96. Analysis of the results of
sectional testing of the formations showed the presence of Ge enrichment zones with
a thickness of up to 0.30 m, located in the roof and soil.

For the first time, such zonality of Ge distribution in the section of coal seams
was described as early as 1936 in the work of V. A. Zilberminets and his colleagues
on the coals of the Donets Basin [49]. Later, in 1966 A.V. Pavlov proposed to call
this empirical regularity "Zilbermints law" [50]. During the research of the South
Yakutsk coal basin [51] variants of Ge distribution in the section of the coal seam
were noted: a) enrichment near the soil and roof (seams of a simple structure); b) at
the roof, soil and interlayers (seams of complex structure); c) only at the roof; d)
only near the soil; ) uniform distribution over the seam, with a general increased
content (usually these are seams with a thickness of less than 0.5 m).

According to the results of sectional testing of 12 coal deposits in Japan, it
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became obvious that Ge is concentrated in the contact zones, although such
enrichment is always asymmetric. For example, at the Hiraga deposit, mainly near-
soil sections are enriched, while at the Mino deposit, near-top sections are enriched.
This situation is interpreted by Japanese geologists as evidence of the diagenetic
migration of Ge from outside [52].

The low-ash and low-sulfur seam Blue Gem in southeastern Kentucky, 0.7 m
thickness, was sampled in five sections. Published analyzes [53] shows that the Ge
content in ash and coal does not correlate with the ash content, but abrupt enrichment
of edge sections with germanium is observed.

Almost simultaneously with the discovery of contact enrichment, another
empirical pattern was established: the inverse relationship between the germanium
content of coals and the thickness of coal seams. For example, as noted by V.R. Kler
[54], in the Donbas, within one coal seam of variable thickness, "the Ge content
behind the operating thickness contour is usually 2 times or more higher than within
the industrial contour.”

In the vast majority of cases, all other things being equal (in particular, within
the same coal-bearing basin or deposit), the thicker the coal seam, the lower the
average content of Ge in it. Thin non-industrial coal seams and interlayers are almost
always germanium-bearing, while thick industrial seams contain 10-100 times less
Ge. Various researchers at different times attempted to explain this phenomenon in
terms of the facies of coal-forming peatlands or in terms of the rate of peat
accumulation.

For example, Zodrow, who studied the coals of the Sydney Basin (Canada),
noted that some elements, in particular V and Ni, enrich thin seams. He associated
this with slower peat accumulation during their formation [55].

In our opinion, "syngenetic" interpretations of the phenomenon of enrichment of
thin seams with germanium seem untenable. The fact is that the thickness of the zones
of contact enrichment of seams with Ge and other impurity elements does not depend
on the thickness of the seams; it is approximately the same everywhere and varies
within narrow limits from 10 to 30 cm. Therefore, a thin coal seam geochemically

differs from a thick seam only in the increased contribution of contact zones.

228



SCIENTIFIC COLLECTION «INTERCONF» | Ne 123

For example, if in a seam 2 m thick the share of two contact zones 10 cm thick
is only 10% by volume, then with the same thickness of contact zones in a thin seam
0.4 m thick, they will already amount to 50%. If we have a thin coal interlayer with
a thickness of only 10 cm, then it can be considered as two merged (superimposed)
contact zones - upper and lower. Such seam should be richer in germanium than
each of the contact zones of a thick seam separately.

Thus, in our opinion, the inverse dependence of Ge content in coal seams on
their thickness can be easily interpreted.

The similarity of thin seams with contact zones is also manifested in the fact
that, probably, the composition of host rocks is far from being indifferent to the
enrichment of thin layers. If the sample of coal seams under study is dominated by
thin seams, the host rock factor can have a significant impact.

Conclusions:

The study of the distribution of Ge over the area and in the cross-section of coal
seams csg", cg®, c10® Of the "Dniprovska" mine made it possible to establish: 1) the
presence of a very high inverse correlation between the thickness of the seams and
their Ge content; 2) the presence of zones of Ge enrichment with a thickness of 10—
30 cm at the contacts of the seams. This made it possible to explain in geochemical
terms the joint manifestation of the phenomenon of germanium enrichment in low-

power areas and the "Zilbermints law" in the seams of the Dniprovska mine.
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Kpynko I'anuna JImurpiBHa
KaHJUAAT CLILCHhKOTOCTIONAPCHKUX HAYK, TOJIOBHUH 1HXKEHEP-TPYHTO3HABEIb

PiBHeHcbKa (inist 1ep:kaBHOT yCTaHOBH «[HCTUTYT OXOpPOHU IPYHTIB YKpaiHu», YKpaiHa
JJUHAMIKA KUCJOTHOCTI IPYHTIB PIBHEHCBKOI OBJIACTI

IpynroBuii mokpus PiBHEHCHKOI 007acTi HEOAHOPITHHMN 1 Big3HAYAETHCS
3HAYHOIO PI3HOMAHITHICTIO TPYHTIB 1 32 T€HE3UCOM, TPAHYJIOMETPUYHUM CKIIAJ0M,
BOJIHO-(13UYHUMHU BJIACTUBOCTSIMH, 1 332 POJIFOYICTIO.

Peakiiss rpyHTOBOrO pO3YMHY BiJIrpa€ Ba)KJIUBY POJIb Y PO3BUTKY POCIHH 1
I'PYHTOBHUX MIKpOOPTraHi3MiB, BIUIMBAE Ha MBUIKICTh 1 HAIPSAMOK Iepediry B HhOMY
XIMIYHUX 1 010XIMIYHUX TPOLECIB. 3ACBOEHHS POCIUHAMHU €JIEMEHTIB YKUBIICHHS,
IHTEHCUBHICTh MIKPOOIOJIOTIYHOT JKUTTEMISUTBHOCTI, MiHEpai3allis OpraHiyHOi
PEUYOBHMHM, PO3KJIAJACHHS TIPYHTOBUX MIHEpANiB 1 PO3YMHEHHS PI3HOMAHITHUX
BAKKOPO3UMHHUX CIIOIYK, KOAryJislis 1 menTu3auis KoJOoiAiB Ta iHIN (i3HUKO-
XIMiYHI ITPOIIECH BEJIMKOIO MipOI0 BU3HAYAIOTh peakiiito rpyHry [1-8].

Kucna peakiiist TpyHTY BiJHOCHUTBCS JIO YMCIIa HECTIPUSTIMBHUX E€KOJOTIYHHX
dakTopiB, 1O  CTPUMYIOTH  PICT 1  PO3BUTOK  OITBIIOCTI  BHUAIB
CUTBCHKOTOCTIOAAPCHKUX KyNbTYp. Krcia peakiiisi BlIacTuBa JIEpHOBO-IT1I30JIMCTUM
1 OOJIOTHUM TpyHTaM, HeEWTpajdbHa — 4YOpHO3eMaM. Bci CUIbCHKOrOCIOAAPCHKI
KyJbTYPH IO PI3HOMY BIIHOCSITHCS IO CTYyMHEHsI KUCIOTHOCTI IPYyHTY, TOMY II€BHa
KyJbTypa Mae CcBii iHTepBaji pH, mpu sikomy BoHa 100pe pocTe 1 pO3BUBAETHCS.

ATrpoxiMIYHY TacCHOPTHU3ALII0 3€MENb CLIILCHKOIOCIOJaPChKOTO MPU3HAUYECHHS
MPOBOJIWIIN 3T1IHO KEPiBHOrO HOpMaTHBHOTrO nokymenTa [9, 10]. Busnauenus pH
nposoawiocs 3rigno  JCTY ISO  10390:2007 ioHOMETpUYHUM METOAOM
BU3HaYeHHS pH cOMbOBOT BUTSKKH B IPYHTaX.

PesynpTaTamMu OCTIHKEHb BCTAHOBJIEHO, IO 32 KHUCIOTHICTIO 3TIJTHO JIAHUX

XI typy (20152020 poxu) 0OCTEKEHHS IPYHTH 00JIaCTI PO3MOAUIMIMCA HA TakKl
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