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Abstract

Object of study. The Moatize coal basin is an assemblage of coal deposits located in the central region of Mozambique,
in the province of Tete. These coals are related to the Gondwana coal group but differ in micro component content.
This large coal basin makes Mozambique one of the African coal-producing countries in the southern hemisphere of
the African continent.

Methodology. The article presents a bibliographic review analysis of the works of predecessors available in libraries
and electronic sources. The following aspects were studied: brief geological characteristics of the Moatize coal hori-
zon; history of discovery and exploration of coal deposits; geographical boundaries of the basin; coal reserves and
bedding patterns; main types and varieties of coal seams in the area. Particular attention is paid to a detailed study
of the characteristics of the coal seams and host rocks, which allows a better understanding of the characteristics of
this coal basin. A brief characterization of the elemental content of C, H, O and S is also given. Not less importantly,
a brief petrographic description of the content of micro components of coal - macerals and mineral composition of
coals and overburden is given.

Results of the study. Data analysis revealed differences in the content of micro-components of coal from the Moatize
basin compared to coal from the Gondwana group. Based on the carbon content, the studied samples were classified
as brown coals. Based on their age characteristics, these samples belong to the Permian Period. Based on element
composition and thickness of the coal seams, they are divided into 6 main groups, only 3 of which are of economic
importance. It was also found that coal seams have a complex structure, consisting of alternating coal layers and in-
terburden rock layers.

Keywords: coal, coal basin, Chipanga seam, Moatize, coal deposits of Mozambique, Karoo, Tete, Zambezi super-
groups, vitrinite, macerals, Gondwana coals.

Introduction

The world’s proven coal reserves are estimated at 1074
billion tons and are characterized by a high territorial con-
centration. About 76% of the world’s reserves are located in
5 countries: the USA, Russia, Australia, China and India. Russia,
with reserves of 162 billion tons, ranks second in the world [1].

Fossil coal is a solid combustible mineral of sedimenta-
ry origin. It consists of: transformed organic matter, miner-
al components (conditionally no more than 50% of the dry
mass) and moisture. Mozambique is one of the African coals
producing countries in the southern hemisphere of the con-
tinent. The source of coal production in the country is the
Moatize coal basin, which is located in the central region of
the country, in the province of Tete. The Moatize coal basin is
a collection of coal deposits located in the Moatize-Tete re-

gion. Mozambique has several coal deposits, the most famous
of which is Moatize (Moatize coal basin - MCB) in the prov-
ince of Tete, considered one of the largest coal deposits in
the world, according to stock reports, coal reserves are more
than 2.5 billion tons [2]. The relief of the deposit is a type of
hilly plain, weakly broken by temporary watercourses with
grassed slopes. The level of absolute marks from 210 to 240 m
for undisturbed relief.

Among non-renewable energy resources, coal is the most
common. In the long term, coal is the most important energy
reserve in the world, followed by oil and natural gas. Given the
enormous global energy demand both now and in the future,
it is difficult to abandon coal mining. From an environmental
point of view, coal is the most aggressive non-renewable fuel,
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since its combustion releases large amounts of pollutants into
the atmosphere.

The Moatize Coal Basin region is composed of Precam-
brian, Paleozoic, Mesozoic and Cenozoic rocks. The Precam-
brian formation is characterized by the presence of igneous
mafic rocks limited by sedimentary rocks of the Karoo system
(Paleozoic) [3-5]. The coals of the Moatize Basin are Permian
in age and were deposited before the breakup of Gondwana
[5-10]. The petrographic composition of the coal is character-
ized by a high percentage of vitrinite (55-95%), although this
is contrary to the general trend of Gondwana coals, which is
a greater enrichment in macerals of the inertinite group. The
Vale/Vulcan Coal Company has been producing coal for sev-
eral years, and the average annual production is expected to
be 11 million tons of coal products (metallurgical and thermal
coal), which are exported to markets such as Brazil, Asia, the
Middle East and Europe. Coal reserves in Moatize are estimat-
ed at 2.5 billion tons. Annual production is about 11 million
tons per year, of which 8.5 million tons are for the metallur-
gical industry and 2.5 million tons for electricity generation
[6]. There are 3 companies involved in coal mining in the re-
gion: Vulcan International (VALE), Black Gold River (BGR)
and International Coal Venture Limited (ICVL), each compa-
ny has its own enrichment plant. The Asian continent is the
main market for coal, where it is used in metallurgy and in the
energy industries. While China is the largest consumer of coal
(more than 50% of the world’s total), in 2023 India exceeded
the combined coal consumption of Europe and North America
for the first time [7]. Coal is transported by rail from the city of
Moatize to the cities of Nacala and Beira, where there are ports,
and from there it is exported.

History of the exploration of the coal basin. Mozam-
bique is located on the south-eastern coast of the African con-
tinent, bordered to the east by the Indian Ocean, to the north
by Tanzania, Malawi and Zambia, to the west by Zimbabwe
and South Africa and to the south by Swaziland. The Moatize
coal basin is located in the province of Tete, approximately
20 km north-east of the provincial capital and only 6 km from
Chingodzi Airport. The administrative centre of the Moatize
district is located in the coal basin, on the road connecting Tete
with Malawi through the border town of Zobue (about 90 km).
The road leading to Zambia through the border of Kassakati-
za also passes near Moatize. In orographic terms, the Moatize
basin has a flat, somewhat undulating relief, bounded from the
northeast, northwest and southwest by mountain ranges be-
longing to Precambrian formations [8].

Over the years, the Moatize coal basin has been the sub-
ject of various types of research: cartographic, prospecting,
geological exploration and exploitation. The study of the coal
basin can be divided into three main stages: from the 19th cen-
tury until the formation of the CCM (Coal Company of Mo-
zambique) companies in 1948; from 1948 until the National
Independence of Mozambique, 1975; and the period after the
National Independence of Mozambique [8].

In 1859, coal occurrences were first mentioned by Borda-
lo, who referred to coal deposits in his work on the statistics of
Mozambique, and Thornton in the same year described coal
discovered by Livingstone a few years earlier at Tete. Howev-
er, it is assumed that coal deposits in this area were already
known to the Portuguese in the 16th century. In 1883, Lapierre
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presented a relatively extensive work on the Tete coal basin, in
which he presented the results of his expedition to the region
in 1881 with Kuss. Gotan in 1912 made the first description
of the fossil flora associated with the coal formations in the
Moatize (Tete) basin, and later published a new work on this
subject in 1914 [8].

In the 1920s, the Société Minereet Géologique du Zam-
beze (SMGZ) was producing about 20,000 tonnes/year and
commissioned exploration and general survey work in the
Moatize, Revuboe and Murongodzi basins, which resulted in
a1:500,000 scale geological map. Other geologists studied the
geology of the region and the characteristics of the coal. This
work resulted in the publication of a 1 : 100,000 scale geolog-
ical map of the regions north-east of the Zambezi River [8].
Also, during the decade, Antoine and Dubois prepared a report
with a 1 : 10,000 scale map of the region. Between 1933 and
1937, Borges carried out field work during which he indicated
the existence of sedimentary formations in the Karoo system;
the results of this work were later published. In 1935, he pre-
sented data on the discovery of new coal seams in the region at
the 7th International Congress of Applied Mineralogy, Metal-
lurgy and Geology. In the 1930s, Freitas and Galvao published
several articles on the mining industry in Mozambique, which
mentioned coal deposits [8].

In the early 1940s Martins prepared a field report de-
scribing the coal outcrop at Moatize. The Portuguese Fuel In-
stitute presented a report on “Portuguese Coals”, in which it
referred to some chemical and technological analyses of the
Moatize coals. In 148 The Moatize coals are briefly mentioned
in Hall’s paper on the geology and mineral deposits of the
Province of Zambezia and Niassa. Also, worth mentioning are
several studies of the fossil flora of Tete by Teixeira, between
1943 and 1952. Between 1954 and 1957 the Coal Company of
Mozambique (CCM) carried out detailed explorations along
the Moatize and Revuboe rivers under the direction of Taylor
and Antoine. In 1958 in his work on the classification of fos-
sil coals, Almeida mentions Moatize coals. In 1973, CRIBLA,
S. A. (Belgian Society for Industrial Research, Development
and Sales) carried out a study on the valorization of CCM coals
with detailed granulometry and washability tests (Study on
the valorization possibilities of CCM coals 1973). In the same
year, Gonze carried out a study on the washing possibilities of
Moatize coal, the tests of which were carried out in France [8].

In 1978, the State created the company CARBOMOC,
which at that time worked together with other companies
of the USSR and the German Democratic Republic. In the
1980s, geological work was carried out and reports were com-
piled on the different blocks of the Moatize coal basin. These
works were carried out by companies of the USSR and the
German Democratic Republic. Between the years of 1988 and
1989 Vasconcelos and Santos carried out mineralogical,
petrographic and geological studies of the Moatize coals;
in 1989 Godinho gives a geostructural and economic character-
ization of the Moatize-Minjova coal basin. Some studies were
carried out on the content of rare elements in coal seams [8].

Geological features. The Moatize coal basin is located in
a graben that lies in Precambrian rocks of the Mozambique
cycle. The Moatize coal basin area contains rocks of different
types: igneous, sedimentary and metamorphic. These rocks
have different ages, ranging from the Precambrian to the Qua-
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Figure 1. Geographical location of Moatize [9]
PucyHok 1. Meorpachmueckoe pacnonoxeHue Moartuse [9]

ternary. From a lithostratigraphic point of view, the Tete prov-
ince consists of three large groups of different formations: the
Precambrian, the Karoo Supergroup (Upper Carboniferous -
Lower Jurassic) and, finally, the post-Karoo formations, whose
age varies from Jurassic to modern. The Precambrian forma-
tions are Neoproterozoic in age, and some igneous formations
are Cambrian-Ordovician. The Karoo and Post - Karoo for-
mations represent the Phanerozoic eon of the region [10].

The Precambrian basement rocks are mainly of the Tete
and Angonia igneous series (B©'), one of the two major gab-
bro-anorthosite series of the southern Precambrian of Mozam-
bique. The other series is the Chipera massif. Stratigraphically,
the Oepe complex overlies the Chidue formation (BIL.c) and
is possibly overlain by rocks of the Matambo group (BX, ) [10].

The Tete and Angonia igneous series mainly consists of
leucocratic gabbros and norites, as well as anorthosites (hence
the old name of this complex - Tete gabbro-anorthosite com-
plex), pyroxenites and rocks rich in titanomagnetite. Accord-
ing to Hunting, the complex is represented by a lopolith in-
truding into the rocks of the Chidue formation. The Chidue
complex consists of a variety of gneisses, marbles, amphibo-
lites, layers of ferruginous quartzites, mica schists with biotite,
etc. These rocks, belonging to the amphibolite facies, contain
hornblende, epidote, and sometimes graphite. The Chidue for-
mation is located approximately 5 km northeast of the city of
Moatize and is bounded by a fault [10].

The Matambo Group (BX,) consists of gneisses of various
compositions and occasionally migmatite gneisses. This group

is represented on the right bank of the Zambezi River and is
bounded by tectonic faults by the Karoo Supergroup and the
Changara Group.

The Changara Group (BX,) lithologically consists of
gneisses with a high degree of metamorphism with typical as-
sociations of garnet and pyroxenes.

Phanerozoic formations are represented by the Karoo Su-
pergroup (from the upper Carboniferous to the lower Jurassic
periods), Cretaceous and Quaternary deposits.

The rocks of the Karoo Supergroup in the Zambezi River
valley are mainly unconformable with Precambrian formations
and are bounded by faults. They are clastic sedimentary rocks,
many of which cross faults that limit the graben. In general,
the Karoo Supergroup deposits are represented by sandstones
of varying grain sizes, conglomerates, siltstones, mudstones
and shales. Coal seams are found throughout the Karoo Su-
pergroup. The age of the Karoo Supergroup rocks varies from
Upper Carboniferous to Lower Jurassic [11].

Lower Karoo (Upper Carboniferous — Permian). The pro-
cess of its formation began with the Dwyka glaciation in the
Upper Carboniferous and ended with the deposition of mixed
fine- and coarse-grained clastic rocks in the Permian [11].

The Moatize Formation (PeM) is 240 to 470 m thick and
consists mainly of carbonaceous sandstones and six distinct
coal beds that make up the productive strata. White and grey
arkosic sandstones, occasional conglomeratic sandstones, mi-
caceous sandstones with fossil flora and black mudstones with
coal beds are also found here [11]. The coal beds of the Moatize
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Figure 2. Fragment of the geological map of the Moatize Coal Basin, 1 : 250,000 [11]
PucyHok 2. ®parmMeHT reonornyeckon kapTthbl yronbHoro 6acceiiHa Moatuse, 1 : 250 000 [11]
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Figure 3. Stratigraphy of the Karoo supergroup in the Moatize coal Basin, Mozambique [13]
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vary in thickness from very thin (0-70 cm) to thick (over 3.5 m)
and generally dip at an angle of 20° to 35°. The coal beds of the
Moatize are complex in structure, with coal beds interspersed
with host rock. The coal basin has six coal beds of varying
thickness, fig. 4.

1. Andre’s layer - from 0.6 to 8.35 m thick and on average
one meter, it is quite homogeneous. Despite this homogeneity,
it is of no economic interest due to its low thickness associated
with the presence of sandstone lens layers.

2. Grande Falesia Layer — separated from the Middle Layer
by a sandstone layer at the base. Found throughout the basin;
there is a noticeable alternation of siltstones and coal, quite rich
in vitrinite at the base. Due to the high ash content characteris-
tic of this layer, its exploration is also considered unprofitable.

3. Middle Layer - very heterogeneous and consists of two
sublayers separated by black shale. Its thickness varies from
1.25 to 21 m, and its composition is very uneven, which makes
its development unprofitable.

4. Bananeiras Layer with a thickness of 10 to 20 m is located
25-75 m above the Chipanga Layer. The lower part of this layer
has technological characteristics similar to those of the Chipanga
Layer. It is divided into three main parts: a lower part, which is ho-
mogeneous and fairly rich in coal, one meter thick; a middle part,
which is mainly composed of siltstone and half a meter thick; and
an upper part, which is not present in all sections [11].

EARTH SCIENCES

5. The Chipanga Bed is the largest bed in the MCB (Moatize
Coal Basin) with a thickness ranging from 24 to 65 m. It also has
a greater uniformity of distribution within the MCB. Similar to
the Sousa Pinto Bed, this bed is composed of coal horizons in-
terbedded with siltstones, but in relatively lower concentrations.
Due to the differences in geological character observed within
this bed, it has been divided into three major units, the names of
which indicate the vertical position to which each unit belongs:
the Lower Chipanga (LC), the Middle Chipanga (MC) and the
Upper Chipanga, with the LC unit being the most important
and richest horizon of the entire MCB due to its low ash content
associated with its highest productivity [12].

6. The Sousa Pinto Bed is a stratigraphic unit located at
the lowest level of the Moatize Formation. Its average thick-
ness is 15 m overall, and in block 2A it ranges from 5 to 45 m.
The upper part is represented by numerous thin layers of waste
rock [12]. This layer has a gentle slope and is quite strongly
tectonic affected, which is confirmed by the presence of faults
and cracks of various orientations.

The Matinde Formation (PeT, PeTc) overlies the Moatize
Formation and is a thick sequence of medium- to coarse-
grained arkosic sandstones and conglomerates. The sandstones
contain several thin layers of coal [11-12].

According to [11], the Matinde Formation is essentially
fluvial and has typical floodplain characteristics. The Matinde
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Figure 4. The section of the productive series in the Moatize Coal Basin [14]
PucyHok 4. Pa3pe3 npoayKTUBHOW cepum B yroribHoM 6acceiiHe MoaTu3se [14]
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Figure 5. Field photographs from Moatize Coal mine: / — alternation of Coal Layers with Siltstones; /I — Intersection of Dolerite Dike and Pro-

ductive Layer

PucyHok 5. MNonesble doTtorpachum ¢ yronbHoro mectopoxaeHus Moatuse: /| — yepegoBaHMe YrofbHbIX CMOEB C anesBponutamu;
Il — nepeceyeHne 4anKkoBOro Tena 4oNepuToB C NPOAYKTUBHBIM NacTom

Table 1. Chemical elemental analysis of the Chipanga coal seam [15]
Ta6nuua 1. XMMU4ecKuit anemMeHTHbIN aHanu3 yronbHoro nnacra Yunaxra [15]

Unit Product C, % N, % H, % S, % 0, %
ueT Metallurgical coal 78,1 1,84 4,66 1,2 3,90
Power coal 67,2 1,55 3,99 1,1 0,00
Metallurgical coal 78,1 1,7 4,56 1,1 3,94
ucB
Power coal 64,3 0,92 3,65 0,9 2,73
Metallurgical coal 77,2 1,77 4,40 0,9 3,83
MLCU
Power coal 64,5 1,48 3,87 0,9 0,00
Metallurgical coal 77,3 2,00 4,48 0,9 4,62
LC456
Power coal 64,5 1,56 3,77 0,8 447

Formation is thought to be of Lower to Middle Permian age,
equivalent to the Middle to Upper Permian Ecca Period in the
main Karoo Basin of South Africa [11-12].

The Middle Karoo (Kaji Formation - PeC) is between the
Upper Permian and Lower Triassic. In the Moatize area, this
formation overlies the Matinde Formation and is mainly com-
posed of arkosic sandstones and limestones [11-12].

The Upper Karoo is made up of dolerite sills and dykes
which have caused natural coking of some of the coal seams.
In the Moatiza Coal Basin (MCB), the Upper Karoo is made
up of igneous intrusions which have filled pre-existing faults.

The Cretaceous sediments overlie the Karoo Supergroup
formations and, in some regions, the crystalline basement.
These sediments form, from bottom to top, the Sena Forma-
tion (CrS), Magoe Formation (CrM), Grudia Formation (CrG)
and Inkomanini Formation (CrI) [11-12].

In this region, the Cretaceous is also characterised by car-
bonatites and associated alkaline rocks, mainly located south
of the Tete Formation. The most notable carbonatites are Mon-
te Muambe, Monte Fema, Monte Chandava, Monte Salambid-
ua and Monte Buzimuana. They generally have a ring structure
and their location is associated with the opening of the Urema
and Chire grabens, as well as the margins of the Lupata group.
The Quaternary deposits are mainly fluvial terraces, conglom-

erates, sandstones, colluvial deposits and alluvium formed
along the main river channels [10-12]

Coal characteristics. The ash content of coals varies from
low-ash to medium-ash (10-30%). Coals are easy to clean.
The calorific value is 24,916-31,782 J/g [15].

Elemental analysis determines the content of carbon (C),
hydrogen (H), nitrogen (N) and sulfur (S) present in the organ-
ic matter of coal (Table 1). The elemental composition of coals
is determined according to GOST 2408.1-95 and 2408.3-95.
The content of carbon, hydrogen and nitrogen is determined
experimentally. Oxygen is calculated by the difference: O%f =
100% — (Cf + Foof + Néaf),

The results of elemental analysis are used for the general
characteristics and classification of coals and allow us to judge:
by the hydrogen content - the natural type of coal (humus,
sapropel), by the ratio of carbon, oxygen and hydrogen - the
degree of metamorphism. Carbon content is one of the main
parameters in the classification of coals in all countries, and it
varies from 60% to 96%.

The hydrogen content (1.3-10%) varies in the metamor-
phic series. The hydrogen content is significantly affected by
the petrographic composition: a decrease in the hydrogen con-
tent is noted with an increase in the content of macerals of the
inertite group and an increase in it - with an increase in mac-
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Figure 6. Microphotographs in reflected light illustrating some unchanged macerals and others with incipient signs of alteration:
A — sample P,C, showing a thick band of collothelinite (Ct) flanked by a semifusinite (Sf), without any sign of alteration; the presence of some
clays (Ar) filling fractures and others syngeneic is notorious; B — sample P,C, with a semifusinite (Sf) separated in the upper part of a collothelinite
(Ct) and in the lower part of a collodetrinite (Cd) that serves as a matrix for inertodetrinites and different syngeneic minerals, essentially clays (Ar);
C —sample F,C, with Quartz (Qz) in the central part, separated on the left by a mixture of inertodetrinites (Id) with MM and on the right semifusin-
ites mm; inside the Quartz there are inclusions of rutile (Rt); D — sample P,C, with very fine granular mosaic (Mgf), with fractures (Ft) in its central
part; note the presence of some minerals with high reflectivity in some pores; E — sample P, C, with telinite (Tl) probably deformed by confining
pressure exerted by the threshold. Telinite has its lumens filled with clays (Ar); F — sample F,C, — collothelinite (Ct) with several sulfide-filled
(epigenetic) fractures (Su); collothelinite also has some micropores (Mp) that are filled with clays; G — sample F,C, — different semifusinites (Sf)
with carbonates (Cb) filling their spaces; H — sample F,C, — collothelinite (Ct) with microporosity (Mp), mainly in the central-upper part; note
that the pores (P) of the upper part are filled with MM; the white bar scale in the lower left corner of the microphotographs represents a distance
of 20 uym [17]

PucyHok 6. Mukpodororpacdum B oTpakeHHOM CBeTe, UNJICTPUPYHOLLME HEKOTOPbIE HEM3MEHEHHbIE MaLieparbl U Apyrue ¢ Havyanb-
HbIMU NpU3HaKaMn nameHeHumn: A —o6pasey P,C,, nokasblBaroLnii ToNCTyto nosiocy konnotenuHuTta (Ct), okpyskeHHyto cemudrosmHmtom (Sf),
6e3 kaknx-nmbo NpnsHaKkoB M3MEHEHWIN; 3aMEeTHO NMPUCYTCTBUE HEKOTOPbIX MUH (Ar), 3anNONMHSIOLWMX TPELLMHDBI, N APYTUX CUHFEHETUYECKUX MTNH;
B — o6paseu P,C, ¢ cemncproanHutom (Sf), oTaeneHHbIM B BepXHen YacTu oT konsoTenHuTa (Ct), a B HWKHen Yactu oT kosinoaeTpuHuTta (Cd),
KOTOPBIN CIYXWUT MaTpuuei Ans UHEPTOAETPUHUTOB W PasiNYHbLIX CUHIEHETUYECKUX MUHEPasioB, B OCHOBHOM rmuH (Ar), C — obpasey F.C, ¢
kBapuem (Qz) B LeHTpanbHOWM YacTu, pasaeneHHbln cnesa cmecbto nHeptogeTpuHmntoB (Id) ¢ MM, a cnpasa — cemudtosnHutamm MM; B kBapLe
NPUCYTCTBYIOT BKNodeHus pyTuna (Rt); D — o6pasen P,C, ¢ oueHb TOHKOM 3epHUcTON Mosaunkon (Mgf), ¢ TpewmHamm (Ft) B LeHTpanbHoM YacTu;
E — obpazey P.C, ¢ TenuHutom (TI), AepopMUPOBaHHBIM, BEPOATHO, NOA AEACTBUEM AABMEHWs, OKasbiBAEMOro CUIJIOM; MOMOCTM TeHuTa
3anonHeHs! rHamu (Ar); F — obpasey F,C, — konnotennunt (Ct) ¢ HECKOMbKMMM TPeLMHaMU, 3anOSTHEHHBLIMU SMUIEHETUYECKUMU Cynbduaamm
(Su); KONNOTENMHNT TaKKe UMEET HECKOmNbKO MUKkpornop (Mp), 3anosiHeHHbIX rmuHamm; G — obpasel F,C, — pasnuuHble cemndrosnHuTel (Sf) ¢
kap6oHatamu (Cb), sanonHsiowmmMy ux npocTpaHcTea; H — obpasey F,C, — konnotenuHut (Ct) ¢ MyukponopuctocTbio (Mp), NpenmyLLecTBEHHO B
BEpXHeN LieHTpanbHon Yyactu; obpatnte BHUMaHue, 4to nopbl (P) B BepxHel yactu 3anonHeHbl MM; wkana HabnogeHns 20 pm [17]

erals of the lipnite group. The hydrogen content in coals of one
genetic series fluctuates within narrow limits and is regularly
associated with the degree of metamorphism and the yield
of volatiles. Hydrogen in an oxygen-free form in the humus
coal range is contained within 0.8-6.5%, in sapropelic coals
7-11%. Oxygen in the humolite series varies from 29-40%,
in peat to 0.2-1.5%, in anthracite. In sapropelites, its content
is usually higher than 9%. Nitrogen is part of the organic part
of coal in the form of a compound of plants - coal formers.
The nitrogen content in humus coals varies from 0.4% to
4.2%, in some sapropelites it reaches 5.7%. Sulfur in coals is
divided by the type of compounds into pyrite, sulfide and or-
ganic. The main role in the sulfur balance is played by sulfide
sulfur and organic varieties. The total sulfur content is one
of the main quality indicators of both industrial and pow-
er-generating coals. The following industrial groups of coals
are distinguished by sulfur content: 1 - group (low-sulfur
from 0.5% to 1.5%); 2 — group (medium-sulfur from 1.6%
to 2.5%); 3 - group (sulfur from 2.6% to 4%) and 4 - group
(high-sulfur - more than 4%) [15].

The organic and mineral parts of coals may contain com-
pounds of non-ferrous, rare and trace elements, including no-
ble metals. The total concentration of these so-called minor
elements usually does not exceed 1% of the dry mass of coals.
In coal petrography, the main concept is microcomponent or
maceral. Macerals are microcomponents of coals, distinguish-
able under a microscope, elementary organic components
of coal, chemogenic in substance, with characteristic optical
properties (color, relief, reflectivity, refractive index, etc.) [16].
The main groups of macerals are vitrinite (Vt), inertite (I),
lipnite (L) (GOST 9414-74). The coals of the Moatize Basin
are Permian in age and were deposited before the breakup of
Gondwana. The petrographic composition of Moatize coal is
characterized by a high percentage of vitrinite (55-95%), al-
though this contradicts the general trend of Gondwana coals,
which consists of greater enrichment in macerals from the in-
ertinite group (> 50%) [17].

As regards the intergrowth of mineral matter with organ-
ic matter, the coals of the Moatize Coal Basin correspond to
the characteristics of Gondwana coals. As regards the other
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macerals of the group, their occurrence is not very significant
quantitatively. The inertinite group includes several macerals
that occur in the coals of the Moatize Coal Basin. Petrographic
analyses show a predominant content of fusinite. As regards
the composition of the mineral matter of the coal, it is main-
ly characterized by syngenetic materials; however, epigenetic
minerals are also observed. Clay minerals are the most abun-
dant in the Moatize Coal Basin, and quartz is the second most
abundant. The epigenetic minerals occurring in the Moatize
coals are mainly carbonates, sulfides are rare [17].
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Conclusions

The area is covered by sediments ranging from Proterozo-
ic to Neogene-Quaternary formations; the geological struc-
ture of the area involves rocks of the Karoo Supergroup, to
which the coals of the Moatize basin belong; these coals are
of Permian age and are divided into 6 main beds; the coals
are represented by vitrinite in the range of 55-95%, contrary
to the general trend of Gondwana coals, where inertinite
(> 50%) predominates; the coals are also low sulfur and hu-
mus; clay minerals are the most abundant compared to car-
bonates and sulphides.
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OcobEHHOCTU FEOAOTMUYECKOro CTPOEHMsI YTOALHOTO bacceliHa Moatuse
(Mo3ambuK)

3akapuaw AHcuy TAMUTIBTOH"
Cuccoko bunnn HAHKYMAH*

Poccuickun yHuBepcuteT apyx6bl Hapogos um. MNatpuca Nlymym6sl, Mocksa, Poccusi

AHHOTaUwMs
Ob6wexm uccnedosanus. YronbHblil 6acceitH MoaTnse ImpefcTaBiAeT cO60I COBOKYITHOCTD YTOTbHBIX MECTOPOXK/ie-
HIIT, PAaCIIONIOKEHHBIX B IIEHTPAa/IbHOM perrone MosaMm6Ouka, B mpoByHIVM TeTe. DTU YI/IM OTHOCATCA K IpYIIIe
yreit JoHABaHbI, HO OTIMYAIOTCA IO COfIEP>KAaHNMI0 MUKPOKOMIIOHEHTOB. baroyjapsi 3ToMy KpYIIHOMY YTOTIbHOMY
6accertny, M03aMOVK BXOAUT B YMC/IO AP PUKAHCKMX CTPAH-IIPOM3BOAMTEIEN YITIS B I0>KHOM MOJTYIIapuy appuKaH-
CKOTO KOHTVHEHTA.
Memodonozus. B cratbe npencTaBieH 0030pHBI aHaNMN3 pabOT Ipe/lIeCTBeHHNKOB, JOCTYIIHBIX B 61O/IMOTeKaxX
U 9/IeKTPOHHBIX MUCTOYHMKAX. B Xofe mccenoBanys ObUIM M3y4YeHBI CIeAYIOLe acIIeKThl: KpaTKas reolorndeckas
XapaKTepPUCTUKA YTOTbHOTO TOpM30HTa MoaTn3e; MICTOPUA OTKPBITYA U Pa3sBelKM YTOIbHBIX MECTOPOKIAEHMIA; Teo-
rpa¢uyecKye rpaHNIbI 6acceliHa; 3aMackl YITIA U XapaKTep 3ajleTaHus IVIACTOB; OCHOBHbIE THUIIBI Y PA3HOBUIHOCTH
YTOJIbHBIX IUTACTOB paitoHa. Ocoboe BHUMaHe YIelIeHO IeTaTbHOMY MI3Y4eHUIO XapaKTePUCTHUK YTONTbHBIX IIACTOB
¥ BMELIAIOIINX IIOPOJI, YTO MO3BOJIAET JIy4Ille IOHATh 0COOEHHOCTU STOTO YrolbHOro OacceitHa. Taxoke faHa KpaT-
Kas XapaKTepyCTHKa 1o ameMeHTHOMY copepxanuio C, H, O u S. B pabote fmaeTcs KpaTkoe merporpadudeckoe
OIVICaHMe COJePXKAHNUA MUKPOKOMIIOHEHTOB I (MallepaoB) X MUHEPaJIbHOTO COCTaBa YIJIeN U ITYCTBIX IOPO,.
Pesynomamot uccnedoéanus. AHamI3 JaHHBIX IO3BOIVI BBIABUTD PA3IN4MsA B COflep>)KaHNM MUKPOKOMIIOHEHTOB
yrs 6acceitHa MoaTuse B cpaBHeHnu ¢ yrneM rpymibl [onasanbl. 1o cogepkaHuio yriaepopa ucciaefyemble obpas-
1Bl K/IaCCUPUIMPYIOTCA KaK Oypble yrym. I1o Bo3pacTHBIM XapaKTepUCTIKAM OHM OTHOCATCS K IIEPMCKOMY HIEPUOY.
Ha ocHOBaHMM 9/1eMEHTHOTO COCTaBa Y MOLTHOCTY YTO/IbHBIE IIIACTBI ITOAPA3/e/AI0TCA Ha eCTh OCHOBHBIX IPYIII,
13 KOTOPBIX TO/IbKO TP IIPE/ICTABIIAIT SKOHOMIUYECKNII MHTepec. TakKe ObI/IO YCTAaHOBJIEHO, YTO CTPYKTYpPa yroJIb-
HBIX IUIACTOB ABJIACTCA CII0XKHOI, IOCKOJIBKY OHYU COCTOSAT U3 YePeYIOLIXCs MadeK YITIA U MIPOCI0eB BMEIAIoLINX
HOpO,.

Knioueevte cnosa: yronb, yronpHbiil 6acceiis, mwiact Unnanra, Moaruse, yronbHble MecTOpoXKaeHnsa Mosam6buka,
cyneprpymnns! Kapy, Tete, 3am6e3u, BUTPUHUT, MaLiepabl, yriu [oHIBaHbL.
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