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PYRITIZATION OF THE MIDDLE
CARBONIFEROUS SANDSTONES OF THE DONBAS

Coal mining is linked with such phenomena as sudden gas outburst, explosions, and ignition of coal seams. Among the preconditions

for explosions, emissions and possible inflammations, the process of pyritization of rocks of the geological cross-sections of the
Donbas basin is poorly known, and the transformation of accessory pyrite minerals has not been studied. The purpose of the work
is research of the pyritization of Carboniferous sandstones of coal-bearing sediments of this basin. Diagenetic and catagenetic
pyrite can be distinguished. The investigation of secondary (catagenetic) mineral transformation of terrigenous coal deposits shows
the interaction of geochemical and tectonic processes. Pyritization is part of a geochemical process, they occur discretely in coal-
bearing strata. Catagenesis is accompanied by the phenomenon of heating and burning. Pyrite activates these phenomena, and
promotes the burning of coal seams and gases. The authors demonstrate a highly variable distribution of ferrous compounds in a
sandstone layer either along-strike or across layer thickness. Variations in the content of FeS, can be related to the transformation
of marcasite to pyrite. The results can be the basis for the development of criteria for assessing the tendency of coal deposits to
spontaneous combustion.

Keywords: pyrite, sandstones, pyritization, spontaneous combustion of coal seams, explosions, emissions, geological cros-
section, Donbas.

Introduction. Geological exploration of rocks of
coal deposits pursue the aim to understand and
determine the nature of the generation of mineral
deposits, to provide their safe extraction.
Long-term coal mining is linked with such
phenomena as: sudden coal-and-gas outburst, ex-
plosions and coal fires. The works of V.E. Zabi-
hailo [6—8], V.I. Nikolin [7], V.I. Saranchuk [19],
M.P. Zborshchyk [9], A. Mirek [21] and others

were devoted to their research. There were con-
tinued work on the determination of emission
factors not only in coal, but also in sandstones of
different genetic types [1, 8, 12, 20]. A qualitati-
ve and quantitative variance in the properties of
rocks and minerals has been established [6, 13,
14]. Criteria have been determined for separa-
tion in to catagenesis substages [3, 12, 13, 20]. But
in characterization of the geological conditions
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of catagenesis and formation of preconditions for
explosions, bursting and possible spontaneous com-
bustion, the processes of pyritization of rocks of all
geological cross-section have been poorly known,
and the transformations of pyrite satellite minerals
have not been studied.

The purpose of this article is to research the py-
ritization of sandstones of coal-bearing sediments
of Donets basin.

The object of research is the process of catage-
netic transformations in the sandstones of the coal-
bearing suites (C23—C27) of the Middle Carboni-
ferous of Donbas.

A complex study of the lithology of coal-bearing
sediments made it possible to establish stadial min-
eralogical and geochemical changes in rocks [1, 3,
5, 12, 15, 16], to compare the transformations of
coal matter and minerals in the composition of
rocks [5, 10, 16, 17], to determine the factors cre-
ating critical situations: explosions, fires, etc. Re-
search of coal deposits of different depths and dif-
ferent degrees of transformations revealed among
them mineral formations, which include chemical
elements of variable valence (Fe, S). In the geo-
logic cross-section of Donbas among siltstones,
mudstones, sandstones and coal seams they are
present in the minerals: pyrite, marcasite (FeS,),
melnikovite (Fe,S,), pyrrhotite (Fe,_,S), siderite
(FeCO,), ferrous sulfates (FeSO,). Pyrite is ob-
served in the form of individual crystals, inclusions,
sometimes lenticular clusters and interlayers in
rocks and coal seams [3, 11—14, 16]. Interlayers
and lenses are located in accordance with the ge-
neral bedding of rock mass. The form of crystals is
cubic, octahedral. Sometimes it is globular forma-

Table 1. Stages of rock transformation

tions with size from 0.5 microns to 10 microns [16].
Together with pyrite in sandy-argillaceous sedi-
ments also marcasite is found, often in nodules. Its
chemical compound is similar to pyrite. The main
difference in the structure: rhombic syngony —
marcasite and pyrite — cubic. The grain shape of
marcasite is notched, in nodules it is radiant, and
it also forms "scallops" of accretion. At a tempe-
rature of 350 °C marcasite gradually turns into py-
rite. The primary genesis of marcasite is noted in
the works of N.V. Lohvynenko [15], P. Ramdor
[18] and others. In comparison with pyrite and
marcasite, melnikovite meet rare — mainly in coal
seams. pyrrhotite was incorrectly called as mag-
netic pyrite. It belongs to the hexagonal system and
differ of higher iron content (up to 63.5%). lIts
magnetic properties are lost at 348 °C [14, 18], it
rarely forms crystals, it is unstable. With pyrite and
marcasite, pyrrhotite is associated with a mutual
transition — during heating and low sulfur vapor
pressure.

Petrographic research of sandstones of coal-
bearing sediments in 7 areas of Donbas have shown
that there is pyrite of two generations: diagenetic
and catagenetic [3, 13, 16]. The first generation is
in the form of an accessory mineral between frag-
ments in sandstone cement. The second generation
was formed in the process of postsedimentary (cat-
agenetic) transformations with rocks [16].

Active participation in the process takes dis-
persed organic matter. Catagenesis is a complex,
multifaceted process of interaction between sedi-
mentary rocks, stratal waters, dispersed organic
matter, and various gases. It occurs under condi-
tions of increasing temperature and pressure. Many

Stage

According to [1, 3, 5,6, 8, 10, 12, 15, 16]

Thermodynamic conditions
According to [20]

Diagenesis

Temperature nearly to surface,

Early catagenesis (coal of rank: D, G)*

Late catagenesis (coal of rank: OS, T, A)*

Middle catagenesis (coal of rank: G, Zh, K, 0S)* MC, — MC;,

Diagenesis Pressure to 1—3 MPa
Protocatagenesis (PC) 50—70°C
Mesocatagenesis (MC) 90—150°C

Apocatagenesis (AC) 170—220°C; 100 MPa
Early metagenesis (A)"[5, 12] Metagenesis 270°C
Late metagenesis (A)"[5] 200—350 °C;
>200 MPa [3]
Regional metamorphism 400—450 °C

Note. *— (1997) DSTU 3472-96. Brown coals, hard coals and anthracite. Classification, Derzhstandart Ukrainy, Kyiv, UA

[in Ukrainian].
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Fig. 1. Pyrite (Py) and microspherulites of carbonates
(Carb) between quartz grains (Q), MC,. Crossednicols,
677 x 506 mkm

Fig. 2. Pyrite (Py) in microdeformations of quartz grain (Q)
of Almazna suit sandstone (C26), MC;. Crossednicols,
677 x 506 mkm

Table 2. Thermal conditions of catagenetic changes in rocks of Middle Carbon, °C

Stage V.A. Baranov, 1989 [1] E.I. Derevska, 2002 [5] V.A. Pryvalov, 2005 [17]
Protocatagenesis — 110 —
Early Catagenesis MC, (Coal of rank D) 120 60—80
Middle Catagenesis

MC, 100—130 (coal of rank G) 140 80—130

MC, 120—140 (coal of rank Zh) (coal of rank: Zh, K, OS)

MC, 140—160 (coal of rank K)

MC; 160—180 (coal of rank OS)
Late Catagenesis AC,—AC, 180—220 (coal of rank T) 155 130—170
Early Metagenesis — 190 170—200
Late Metagenesis — 270 200—250
Table 3. Mineral composition and content of iron compounds in sandstone [4]

. _ S, total Water sulphates Siderite .
Place Total compression | E-modulus (10~%) content (FeSO,-nH,0) (FeCO,) Pyrite (FeS,)
of sampling
MPa %

Pc 26.1 68.2 1.27 6.27 41.02 53.37 5.6
Pc 26.2 71.4 0.93 10.34 22.11 74.92 2.96
Pc15+8 74.9 1.3 6.02 14.96 80.54 4.51

N o te. Pc — Picket number in mine.

researchers recognizing the process of cyclicity,
distinguish in different ways the stages and substa-
ges of changes (Table 1).

By way of observations and experiments [3, 9,
12, 13, 15, 18] it has been established: for the
formation of pyrite, a sharply regenerative condi-
tion is needed in which hydrogen sulfide and its
compounds appear. Siderite occurs during the
partial oxidation of organic substances and deter-
mines the transition phase from a strictly anaero-
bic environment to conditions with a weak access
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of oxygen. Precisely these reactions characterize
the beginning of middle substage of catagenesis
(MC,) (Table 2).

Over our observations at the beginning of the
middle substage (MC,) at the same time pyrite and
spherulites of carbonate formed (Fig. 1).

Geochemical variation in the composition of
pore solutions and an increase pressure at the end
of this substage, MC;, caused the formation of py-
rite only. With a change of geodynamic regime,
take place a rock deformation and their minerals,
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fractures appear with pyrite and new quartz gene-
ration (Fig. 2).

Activation of tectonic movements have an im-
pact on the intensity of catagenesis, promotes the
migration of solutions, on the emergence of new
minerals (calcite, pyrite of second-generation, sul-
fates, etc.), on the oxidation of diagenetic pyrite
and marcasite (up to limonite) and various mineral
transformations of rocks. In this case, a lot of sul-
furic acid is released and all the iron in the form of
ferrous sulfates is removed. The final product of the
hydrolytic splitting of sulfates is limonite. By che-
mical analysis recorded the presence of water sul-
phates: pickeringite, halotrichite and other iron
compounds in sandstones of coal-bearing strata,
for example, in Almazna suite (C26) (Table 3).

Methods. The main methods of knowledge of
geological processes in rocks are petrographic,
mineralogical research supplemented by defini-
tions of chemical and physical properties of rocks.
The petrographic description of thin rock sections
(in the quantity of 435) was carried out using a PO-
LAM R-111 polarizing microscope. The mineral-
ogical composition was determined by the method
of Mdssbauer spectroscopy. Illustrative photo were
made by the DSM-200 camera.

Results and Discussion. Our research has estab-
lished: a) close indicators of sulfur (S, total con-
tent) and a significant difference in the content of
siderite — 1 and 3 samples — indicate the carbon-
ate composition of the migrating solutions; ¢) con-
trasting fall in the content of water sulphates, it is
our opinion that, it is connected with a decrease of
total moisture, stimulating hydrolytic reactions and
different sampling depth. Variations in the content
of FeS, can be related with the transformation of
the minerals structure— the transition of marcasite
to pyrite. The ability to oxidize is remained. Side-
rite is present in the form of nodules and spheru-
lites, it is easily hydrolyzed at all levels of the mid-
dle substage of catagenesis. Therefore, the ratio
of pyrite iron — FeS, — to siderite iron FeCO, —
can be an indicator of the degree of regenerative
of the conditions [4, 16]. In areas of sudden coal
squeeze was noted reduction of total iron content
in layer and increase in roof rocks (sandstone,
mudstone) [4]. According to the results of our ob-
servations, sandstones of the Middle Carboni-
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ferous are characterized by an uneven distribution
of iron compounds along the strike and thickness
of the layer. According to the results of our obser-
vations, sandstones of the Middle Carboniferous
are characterized by irregular distribution of iron
compounds along the spread and thickness of the
layer. Such irregularity can dramatically change the
physical and mechanical characteristics of the rock
mass and lead to dislocating of its stability.

Except variations in chemical composition cata-
genesis also affects on thermo-electrical properties
of pyrite [13, 14]. During temperature of 120 °C,
the modal definitions of thermo-electromotive
force (thermo-emf.) are equal to —100 and +100
mkV/deg. The following changes [12] in terrige-
nous sediments and coal led to the recrystallization
of pyrite and took place during thermo-emf. —
300—350 mkV/deg and temperature indicator
180—220 °C.

Rocks of geologic cross-section of coal deposits
from the action of catagenesis factors (changes in
temperature, pressure, etc.) undergo destruction with
the release of heat and combustible substances. The
most widespread example can be called as process
of rocks self-heating. One of the reason is the oxida-
tion of pyrite with the following release of sulfuric
acid and iron sulfate. It is this chemical reaction
that often causes spontaneous combustion of coal
seams [9, 15, 19]. Pyrites originated from pyrrhotite
are capable of igniting, especially in wet coals.
According to V.A. Baranov [2] "The ignition of coal
can also occur as a result of emissions and explo-
sions, rock movement during shrinkage, when a spark
tracking occurs in quartz during triboelectric charging
or piezoelectric effect; the presence of pyrite in coal
or in the rock leads to a pyroelectric effect” [2].

Conclusions. To improve the safety of work at
coal enterprises, it is necessary to continue research
of oxidation of sulfides in rocks and coal seams
through the stages of coal maturation linked with
catagenesis and metagenesis. The different consti-
tution of crystal structure of minerals impact on the
nature of the transformation of rocks, physical
properties of the rock mass. The results can be the
basis for the development of criteria for assessing
the tendency of coal deposits to spontaneous com-
bustion during displaying various gas-dynamic
phenomena.
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MIPUTU3ALIA MTICKOBUKIB CEPEAHBOT'O KAPBOHY JOHBACY

Baratopiunnii BumoOyTOK BYTiLUISI TIOB’SI3aHUIN i3 TAaKUMU SIBUIIAMM SIK PANTOBi BUKWIW Ta3y, BUOYXU i 3arOpSTHHS
BYTUIbHUX T1ACTiB. [1poriecu mipuTr3aliii mopia ychboro reojiorivHoro po3pisy, (hopMyBaHHS NEPEAyMOB, 1110 BilOyBalOTh-
Cs1 Ti yac BUOYXiB, BUKUIIB i MOXKJIMBUX 3arOpsiHb BUBUEHI Majlo, He TOCIIIKEeHi i epeTBOPEHHSI MiHepasliB-CylmyTHUKIB
niputy. Meta poOOTH — AOCHIAUTU TTiPUTU3ALLIIO0 TTICKOBUKIB BYIJIEHOCHUX BiIKJIAiB cepeaHbOTO KapOOHY JloHEe1bKOTo
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OaceiiHy. Ha mincraBi pe3yibTaTiB 1OCHIXKEHHS BTOPUHHUX (KaTareHETUYHUX) MePETBOPEHb MiHEpaliB TEPUTEHHOT TOB-
i BYTiJIbHUX POMOBUILL YCTAHOBJIEHO B3a€EMOJIiI0 F€OXiMiYHMX i TeKTOHiuHMX npoueciB. [lipuTuzailiss — e yactuHa
reoXiMiYHMX TMPOLECiB, BOHU BiIOYBalOTbCS JUCKPETHO i 3a YMOBaMM YTBOPEHHSI BUAUISIOTbCS JiareHETUYHUI i
KaTareHeTUYHUH nipuT. Ha BiAMiHHICTh Mi>X HUMU BILIMBAJIU TApaMeTpU KaTareHe3y (TeMreparypa, TUCK, CKJIaJ PO3YUHIB
Ta iH.), ix cTagifiHi konuBaHHs. KarareHeTU4Hi pi3HOBUAM HaA TMOYATKY CEPeIHbOI MilCTalii CroCcTepirajiich pa3oM 3
MikpocdepostitaMu KapOOHaTiB MiX 3epHaMU, pijllle — MO0 KOHTYPY YJaMKOBUX 3epeH. 30iJblIeHHS MapaMeTpiB KaTta-
reHe3y 10 KiHl i€l mijcTaiil ClpUuuMHSIN YTBOPEHHS TiIbkU TipuTy. B nedopmaltiiiHux cMmyxxkax KBapity, OJbOBUX
LIMATiB TAKOX MPUCYTHi MipuT. KartareHe3 CynpoBOIKYEThCS SIBULIAMU HarpiBaHHS i 3aropsiHHs. [lipuT akTuBizye i
SIBUILIA, CIIPUSIE 3aliMaHHIO BYTiUIbHMX IUIACTIB i Ta3iB. YCTAHOBJEHO HEPIBHOMIpHUI pO3MOAL CHOJYK 3aiiza 3a
MPOCTATAHHAM i MOTYXXHICTIO MiCKOBUKIB i HA KOHTAKTi 3 BYriIbHUMM Tiiactamu. Bapianii Bmicty FeS, mos’azani 3
MEePETBOPEHHSM CTPYKTYPU MiHEpaJliB — MEPEXo0M MapKa3uTy B MipUT, MipOTUHY B MipuUT. Pi3Ha OynoBa KpUCTATiYHOT
IPATKU MiHEpaJliB, 1X KaTareHeTUYHi MepeTBOPEHHS BILUIUBAIOTh HA (i3WYHI BJACTUBOCTI ripcbKoro MacuBy. OTpumMaHi
pe3yJabTaT MOXYTh OYTH OCHOBOIO JIJISI PO3POOKKM KPUTEPIiB OLIIHIOBAHHSI BipOTiAHOCTI camMo3aiiMaHHSsI MOPiJl BYTiJIbHUX
POIIOBMUIIL, CTUMYJIbOBAHOTO KATareHEe30M i ra30MHAMiYHUMU SIBUILIAMU.

Karouosi croea: mipuT, MiCKOBUKM, MipUTH3allisl, 3aiMaHHsI BYTUIbHUX TIJIACTiB, BUOYXW, BUKUAM, T€OJOTIYHUN PO3pi3,
JlonoOac.
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