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CHANGES IN THE COMPOSITION AND PROPERTIES
OF THE HOST ROCKS OF COAL DEPOSITS IN YAKUTIA
UNDER THE INFLUENCE OF CRYOGENESIS

Abstract. The results of laboratory tests carried out on rock samples of the Kharbalakhskoye coalfield located
in Central Yakutia revealed significant secondary changes having taken place in the host rocks containing the coal.
Evidently, under transformation processes, it is not only the composition of the rocks that had changed, but also the
nature of structural bonds that have a great influence on their physical and mechanical properties. Thus, the ultimate
strength values of coal-containing sandstone and siltstone samples under uniaxial compression vary from 20 to
30 MPa, while under uniaxial tension, the ultimate strength values range from 6 to 10 MPa. These relatively low
numerical values pertaining to the physicomechanical properties of rocks, which are generally atypical for long-
flame coal deposits, are almost 50% lower than those of analogous rocks hosting other coal deposits in Russia. It is
considered that the mechanical strength properties of the rocks of the Kharbalakhskoye field are due to significant
cryogenic processes. A comparative analysis of the properties of core samples obtained from boreholes drilled in
2019 with samples from a quarry obtained several decades ago reveals signs of transformation of rocks in the
Kharbalakhskoye field due to phase transitions of freezing and thawing water.

Key words: coal, Yakutia, cryogenesis, physical and mechanical propertics, Harbalakhskoye deposit, host
rocks, material composition.

Introduction. In the mining industry, ensuring the stability of pit walls is a very important issue. In
turn, the stability of inclined technogenic landforms largely depends on the cryogenic predisposition of
constituent rock strata [1] (in this work, cryogenesis is understood as a set of processes associated with
phase transitions of water resulting from freezing and thawing [2]). Insufficient attention paid to factors
determining the nature and intensity of cryogenesis in the design of mining facilities leads to the develop-
ment of undesirable processes that complicate mining operations and reduce their safety level [3-8].

In order to obtain quantitative characteristics of the influence of cryogenesis on the technological
clements of the open pit mine, taking the timing of its impact into account, studies were carried out on the
physicomechanical properties (PMS) of carbon-bearing rocks of the Lensky coal basin. The object of the
study was the pit wall of the Kharbalakhsky open pit mine, which has played a significant role in the
mining activities of Central Yakutia in its more than 55 years of operation since the discover of the deposit
in 1962,

The Kharbalakhskoye coal deposit is located in the central part of the Lower Aldan coal-bearing
region of the Lena basin in the Sakha Republic (Yakutia) (figures 1, 2, 3). In orographic terms, the deposit
area is confined to the flat plain of the Lena-Amginsky interfluve and characterised by a weak dissection
of the relief.
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The geological structure of the region is characterised by terrigenous Jurassic deposits, which are
represented by the alternation of sandstones, siltstones (aleurolites) and mudstones (argillites) (see figure 3).
The total thickness of the deposits is 225-270 m. The deposits are overlain by loose Quaternary
formations. One coal seam, extending to 10.4 m, was identified in the sediments of the Upper Jurassic
upper sub-formation within the Kharbalakhskoye deposit. This coal seam is divided into two bands, with
the thickness of the upper band varying between 1.45 m and 5.40 m, while the lower band has a thickness
of between 1.66 m and 5.56 m. The rocky intercalation separating the seam into bands is typically
composed of sandstone or, less frequently, coarse siltstone. The depth of the intercalation varies from
0.15-0.20 to 3.5-5.21 m. The top of the seam is overlain by medium- and fine-grained sandstones. This
soil is composed of fine-grained sandstones and coarse siltstone. Fault tectonics in the area of work are
represented by infrequent nonsinusoidal in-situ shear zones. In general, the deposit is characterised by a
fairly uncomplicated geological structure [9].

Research methods. In 2019, in order to clarify the PMS and the material composition of the host
rocks, as well as to study the main mining-geological and engineering-geological conditions, boreholes up
to 62.0 m deep were drilled at the Kharbalakhskoye coal deposit (see Figure 3). In the process of carrying
out work on the boreholes, carbon-bearing rocks represented by Jurassic deposits comprising
heterogeneous sandstones and siltstones were tested.

Laboratory tests were performed on a recently-obtained rock core in order to determine the following
characteristics: density; porosity; humidity; tensile strength under uniaxial compression and uniaxial
tension; acoustic properties (propagation velocity of longitudinal and transverse waves in a rock sample);
Poisson's ratio; and Young's modulus of elasticity. The determination of these rock indicators was carried
out in accordance with the requirements established by state standards of the Russian Federation (GOSTs:
12071-2014; 21153.7-75; 21153.2-84; 21153.3-85; 24941-81; 5180-2015; 1248-2010, etc.).

When examining the specificity of material transformations of rocks during cryogenesis, chemical-
analytical studies are typically carried out [10-13]. However, the analysis of changes in the chemical
composition of rocks does not fully characterise the conversion of their mineral composition and fails to
completely take into account the effect of structural transforming processes, which are of great importance
for sedimentary rocks [14]. A satisfactory understanding of the relationship between changes in the
composition and PMS of rocks informs their mineralogical and petrographic study. According to the
authors, this approach gives the most accurate results by identifying the most complete range of possible
reasons for their change as well as providing a forecast of further possible changes in the rocks. Thus, in
addition to defining the PMS, laboratory work included mineralogical and petrographic studies.

The effect of cryogenesis on rocks was estimated from sandstone samples taken from borchole
No. 310, which was drilled in 2019, as well as from the pit wall (opening date 1962), located 750 m from
the borehole. Samples from the borehole were correlated with the corresponding section of the pit wall.

Results. The main results for determining the PMS of rocks from the borehole core and the pit wall
of the Kharbalakhskoye field are shown in table.

The density of rocks from borehole cores at natural humidity is in the range from 1.99 to 2.37 g/cm’;
the tensile strength of siltstone under uniaxial compression is about 20 MPa, while for sandstone it varies
from 21.2 MPa to 31.4 MPa. The uniaxial tensile strength of the host rocks of the considered ficld
typically does not exceed 10 MPa. At the same time, sandstone samples taken from the quarry showed a
20-27% decrease in uniaxial compression strength, a 16% decrease in density and an increase in porosity
coefficient of 25-32% as compared to fresh samples from borehole 310.

The results of mineralogical and petrographic studies of sandstones from the bore hole and pit wall
allowed the following main transformational mechanisms to be identified (figure 4):

1) hydromicasation, which is caused by the decomposition of feldspars, fragments of aluminosilicate
rocks and clay cement, and is accompanied by a general softening of the rock mass;

2) carbonation, accompanied by the formation of ankerite with grain sizes <0.01 mm and calcite;

3) ironisation due to surface oxidation of carbonates containing iron (ankerite and siderite) and
layered silicates (chlorite and biotites).
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The influence of cryogenesis on sandstones in the natural mass revealed by the borehole is broadly
similar to the effects observed in the same rocks that make up the pit walls.

Common signs are the staged nature of weathering and uneven nature of its manifestation, as well as
the mineralogical identity of the neoplasms, including the formation of hydromica with an admixture of
ancherite, kaolinite, calcite and iron hydroxides. The main difference between the transformations of
sandstones from the quarry consists in their greater intensity, especially in terms of carbonation, as well as
the completeness of the manifested processes of the selected mechanisms.

We note that similar mechanisms for the transformation of host rocks subjected to cryogenesis have
been established for other coal deposits in Yakutia. In particular, studies of the mineralogical and
petrographic composition of the Jurassic sandstones of the Neryungri coal deposit in South Yakutia led to
the conclusion that the transformation of the mineral part of sandstones during cryogenesis is expressed in
a change in the PMS of the rocks composing the massif, whose nature depends on the leading role of one
of the above mechanisms [14].

Conclusions. The high intensity of changes in the initial properties of sandstones in the studied
region over a relatively short period of time appears to be due to processes of cryogenesis. Moreover, the
degree of change in the propertics of coal-bearing rocks is determined by the duration of cryogenic
impact. Thus, no forecast of the stability of manmade gradients, cut slopes and pit walls can be sufficiently
substantiated without a detailed study of cryogenesis processes. To date, there is still a significant lag in
the study of the theory of weathering processes on which basis methods for their assessment can be
developed. Although the processes of cryogenesis in temperate climates have been studied for several
decades, methods and approaches for areas of permafrost distribution are under development. Hardly any
work has been carried out to describe the mechanisms (mineralogical, structural, including the nature of
water migration and ice formation) and material transformations that occur during phase transitions of
water, i.¢. freezing and thawing.

According to the authors, the establishment of features of regional cryogenesis is universal in nature
and can be applicable to solving a wide range of tasks in assessing and predicting the degree of cryogenic
transformation of rocks having various structural components.

The reported study was funded by RFBR and NSFC according to the research project
No. 20-55-53006 and No. 4191101321.
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U3MEHEHUE COCTABA Y CBOMCTB BMEILAIOIIUX IIOPOJ
YTOJILHBIX MECTOPOK IEHHI IKY THH! IO/ BO3AEMCTBUEM KPMOTEHE3A

Annoramust. [To pesynmprataMm abOpPaTOPHBIX HMCHBITAHHH NPOO TOPHBIX MOPOA MECTOPOKACHHA YTILI
«Xapbamaxckoe», pacmoiIoKEHHOTO B LIeHTpanbHON SIKyTHH, YCTAaHOBICHO, YTO BTOPHYHBIC M3MCHEHHS B TOPHBIX
MOPOAAaxX, BMCIAOIIMX YTJH, SBJLTIOTCS BEChbMA CYIIECTBEHHBIMH. B mporiecce mpeoOpasoBaHMSI H3MEHHICS HE
TOIIBKO COCTaB MOPOJ, HO M XapaKTep CTPYKTYPHBIX CBA3CH, OKA3aBIIMX OOJIBINOC BIMAHHE HA HX (DPH3MKO-MCXaHH-

—— 138§ ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

YyecKHe CBOMCTBA. Tak, 3HAUCHHUS MPEAeIa MPOIHOCTH MPH OJHOOCHOM C/KaTHH 00pa3LOB IECUAHNKA M AJICBPOJIHTA,
BMEIIAOINX I, H3MEHMoTCa oT 20 mo 30 Mlla, mpu ogHOOCHOM pacTsokeHHH — OT 6 g0 10 MITa. JanHbIC
YHCIIOBBIC 3HAYCHUS (DHM3MKO-MEXAHMUYCCKUX CBOWCTB IIOPOJ OTHOCHTEIHHO HH3KH W, B IICJIOM, HE THIIHMYHBI I
MECTOPOKICHUHN ATMHHOIUIAMEHHBIX YIJeH. [[poYHOCTHBIE CBOWCTBA BMEILAKOIINX MOPO] MOYTH HANOJOBUHY HUKE
IO CPABHCHHUIO C AHAJOTHYHBIMHU MOPOJAMH APYTHX MECTOPOKACHHHU yriit B Poccuu. BeposTHO, HA MPOYHOCTHBIE
CBOWCTBA TOPOx XapOamaxCKOTO MECTOPOXKIACHUS CYIICCTBCHHOC BIMSHHE OKA3ald IIPOLECCHI KPHOTCHE3a.
[TpoBeacHHBINH CPABHATCIIFHBIN AHATIN3 CBOHCTB KCPHA U3 CKBAKUH, poOypeHHBIX B 2019 1., ¢ mpodaMu U3 Kapbepa,
BCKPBITOTO HCCKOJIBKO JCCATHICTHH HAasad, OOHAPYKHBACT NPH3HAKH MPEOOPa30BaHHA MOPOJ XapOanaxCKoro
MECTOPOXKICHHUS, 00YCIIOBJICHHOTO (pa30BBIMH IIEPEXOAAMH BOIBL, POMEP3AHAEM U OTTAHBAHUEM.

[NeTporpado-MUHEPATOTHIECCKUE HCCICTOBAHUS IO3BOJIIIM BBIICINTH CICAYIOIIHE OCHOBHBIC MEXAHH3MBbI
H3MEHEHHS OPOZ: 1) rHApOCTIOTHRAIKS, KOTOPasi 00YCIOBICHA PA3II0KEHHEM IIOJICBBIX IITATOB, OOJIOMKOB AJTHOMO-
CHUIMKATHBIX TOPOX M TJIMHHUCTOTO LIEMEHTA, TAHHBIH MEXAHH3M COIPOBOXKIACTCS OOIIMM Pa3yHpPOUHEHUEM CKAaJlb-
HOTO MAcCHBA; 2) KapOOHATH3AMHUA, CONMPOBOKIAOINAACH 00OPA30BAHHCM AHKCPHTA W KANBIHUTA; 3) OKCIC3HCHHC,
00YCJIOBJICHHOE TIOBEPXHOCTHBIM OKHCJICHHEM KapOOHATOB COACPKAIIMX >Kele30 (AaHKEPUTA U CHACPHUTA) U CIIOHC-
THIX CHJIMKATOB (XJIOPHTA M OHOTHTOB). AHAJOTUYHBIC MEXAHHU3MBI IPEOOPA30BAHIS BMEIIAIONINX TTOPOJ, TOJBEPT-
IIUXCSI KPHOTCHE3Y, YCTAHOBJICHBI | IS APYTHX YTOIBHBIX MECTOPOKACHUH SKyTHH, B yacTHOCTH, FOkHOM SKyTHH.

[Mpu MuHCpaATOTO-METPOTPAPUICCKOM HUCCICTOBAHHA 00PA3II0B TOPHBIX MOPOA, OTOOPAHHEBIX ¢ OOpPTa Kapbepa,
HACHTH()HIHPOBATHCH AC(OPMALHH OTACTBHBIX 00IOMKOB 3¢PCH KBAPLA M MOJICBBIX MMATOB (IpOOICHHE, TPCIIIHH-
HOBATOCTD), 4 TAKXKC NMPH3HAKH OOJIOMOYHOH AC(PCKTHOCTH W MCPCKPHCTALIH3AIHH 3CPCH KapOoHatoB. Bee atm
Je(pOpMAMOHHBIC «HCKAKCHILD», MO-BHIMMOMY, SIBJUTFOTCS PE3YJIbTATOM JIMTOCTATHYICCKOTO JABJICHHS, TEMIICpa-
TYPHOTO W THIPATHOTO MCXAHH3MOB BBIBCTPHBAHUA, 4 TAKKE 00YCIIOBICHBI KPHOTHAPATHOH MPHPOAOH B MPOLECCCS
(ha30BOTO TIEPEX0/1a BOABI B JICA HA CTAANH CE30HHOTO TIPOMEP3AHUS TIOPO/T.

Bo BimsgHNHM KpHOTEHE3a HA TIECCYAHWKH B CCTECCTBCHHOM MACCHBE, BCKPBITOTO CKBRKHHOH, M TAKHX JKE
TOPOAAX, CIATAOIINX CTEHKH KAPhEPHOTO YCTYIA, OOHAPY KAIOCH MHOTO CXOJHOTO. OOIIMMHY MPHU3HAKAMH SIBILIFOT-
CSl CTQIMHHBIA XapaKTep BBHIBCTPHBAHI, HEPABHOMCPHBI XapaKTEpP €TO IMPOSABICHUS, MHHEPATOTHICCKAS HHIWBH-
IyaTbHOCTh HOBOOOpasoBanmi. Otmmune mpeoOpa30BaHMI NMECYAHHKOB M3 Kaphepa BHIPAXKACTCH B OOIBINCH HX
HHTEHCHBHOCTH, 0COOCHHO KapOOHATH3ALMH, U II0JTHOTE MPOSBICHUH BBIICICHHBIX MEXaHU3MOB.

Takum 00pa30M, BHICOKAsI HHTCHCHBHOCTD H3MEHCHUS NMCPBOHAYAIBHBIX CBOWCTB MECUAHHKOB B HCCIICAYCMOM
PETHOHE 332 OTHOCHTEIBHO KOPOTKHH IEPHOJ BPEMEHH OOYCIOBJICHA IPOIIECCAMH KpHOTeHe3a. [IpmieM creneHb
HM3MECHEHHS CBOWCTB YIJICBMCINAIOIINX IOPOJ OIPEACIICTCS CPOKOM €ro BO3ACHCTBHS. B CBsI3M C ueM, IPOTHO3
VCTOIYMBOCTH HUCKYCCTBEHHBIX CKIIOHOB, OTKOCOB BBIEMOK H OOPTOB KapPbEPOB HE MOXKET OBITH JOCTATOYHO OOOCHO-
BaH 0€3 ACTAIBHOTO M3YUCHHS MPOLECCOB KpHOTCHE3a. Ha ceroaHAmHWI ACHB BCE €INE MMEETCS CYIIECTBEHHOC
OTCTABAaHHUC B W3YUCHHH TCOPHH IMPOLECCOB BBHIBETPHBAHMSA U B Pa3pabdOTKE METONMK HX OIEHKH. Ecimm mpoueccsl
KPHOTCHE3a B YCIOBHIX YMEPEHHOTO KIMMATA HM3YYArOTCSl HECKOIBKO ACCATHICTHH, TO AMI pPAaliOHOB pacmpocTpa-
HEHMSI MHOTOJICTHEH MEP3JTOTHI METOABI M MOAXOABI HAXOAATCS B CTamWH pa3paboTku. IIpakTuyueckwm HHKOTAA HE
MPOBOAATCS PAbOTHI IO ONHCAHHIO MEXAHW3MOB (MHHEPANOTHUYCCKUX, CTPYKTYPHBIX, B TOM 4YHCJIC XapakTep
MHUTPAlMH BOJBI U I1000PA30BAHMS) M BEIICCTBCHHBIX MPEOOPA30BAHMN, BOZHUKAIOMNX HPH (PA30BBIX IEpexomax
BOJBIL, IPOMEP3AaHMHM M OTTAaMBaHHUECM. [l0 MHEHHIO aBTOPOB, YCTAHOBJIICHHE OCOOCHHOCTCH PETHOHAIBHOTO
KPHOTCHE3a HMEET YHHBEPCANBHBIM XapAKTEP W MOXKET OBITh MPUMEHHUMO JJII PEIICHHUS IMHPOKOTO CHEKTPA 3371a4
TIPH OLICHKE M IIPOTHO3E CTETICHH KPHOTCHHOM TpaHC(HOpMAINH MOPO C PA3THIHBIME CTPYKTY PHBIMH CBSI3SIMH.

Hcceneoosanue gvinonneno npu ¢unancogoii noooepicke PODH u I'OEH Kumas 8 pamMxax HaydHblX NPoeKmos
No 20-55-53006 u No 4191101321.
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