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rock-forming minerals, textures, and rare-earth elements are highlighted. Polish researcher Yu.
Morozevich describes mariupolite as an extreme alkaline facies of nepheline syenites, primarily composed of albite, nepheline, and
aegirine. Therefore, it is commonly referred to as aegirine-albitic nepheline syenite. Other minerals that lead to the classification of
mariupolites into different types include zircon, hastingsite, lepidomelane, and beckelite or cerium brytholite. Among the researchers
studying the alkaline massif, A.S. Ginzburg stands out for his detailed examination of the composition and structure of mariupolites.
He describes the components of these rocks and discusses their distribution. He also addresses the genesis of the Mariupol (Zhovt-
nevy) nepheline massif, suggesting that the formation of nepheline syenites results from the assimilation of limestones by magma and
subsequent differentiation. The ideas of Yu. Morozevich were further developed by Liya Falkovna Einberg. Based on field research
conducted by the Polish researcher between 1927 and 1929, Einberg created a detailed topographic map that illustrates the geological
structure, relief elements, and names of streams and their tributaries — many of which have been lost on contemporary maps (Einberg,
1933). Structurally, the massif exhibits zonation: nepheline rocks are situated at the core, surrounded by nepheline syenites, with py-
roxene-amphibole granites occurring on the periphery. Mariupolites are integral to the massif and form distinct zones and bodies of
various shapes and sizes within it. The primary rock-forming minerals in mariupolites include nepheline, albite, aegirine, and lepidome-
lan, while secondary and accessory minerals consist of zircon, apatite, sodalite, amphiboles, calcite, cancrinite, zeolite, pyrochlore,
brytholite, magnetite, and iron sulfides, among others. All rock complexes in the Zhovtnevy massif are largely ferruginous. Zirconium,
rare earth elements, tantalum, and niobium mineralisation are associated with nepheline syenites, mariupolites, and albitites, which
may have industrial significance in certain areas. Sodalite varieties of mariupolite are regarded as promising raw materials for the
stone-working industry. The main decorative minerals found in them are sodalite, albite, and nepheline, occurring in various ratios and
textural combinations. The ability of sodalite mariupolites to be processed, ground, polished, and utilised in producing jewellery, haber-
dashery, and souvenir items has been studied. The results of these tests have been positive, and the demand for products made from this
material has exceeded expectations. The authors recommend that when planning the development of the Zhovtnevy massif deposits,
an integrated approach should be taken, ensuring that the extraction of critically important minerals occurs alongside the harvesting of
sodalite varieties of mariupolite for the stone-working industry.
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IIposiem mapiynoJity 7KoBTHeBOro MacMBY Yy KOHTEKCTI PO3BHTKY Ta KOMILJIEKCHOIO
BHKOPHMCTAHHS MiHepaJbHO-CHPOBUHHOI 0a3u YKpaiHu
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AwnoTtanisi. HaBeneHo nai mpo icTOpuuHi aCHeKTH IeoIOriYHOr0 T0CIIKEHHsI, 0COOIUBOCTI OyI0BHU i MiHEPaIbHOIO CKJIaay TiPChKHX
nopig JKoBrHeBoro syxHoro macuBy IIpuasos’s. [lokazano #oro cTpyKkTypHy i nmerporpadiduHy yHIKaabHICTh, TCHETHYHY MPUPOAY i
LIMPOKE PO3MAITTS Yy CBITI MOPOJOTBIPHUX MiHEpaiB, TEKCTYpH 1 piakicHo3emenbHOl crienndiku. [Tonbebkuit nocmigauk FO. Mopo-
3€BUY OIUCY€E MapiyIoiT K KpaiHio JyKHY (aiito HeeTiHOBUX CIEHITIB, CKIIAICHY TIEPEBAXKHO aJIbOITOM, He(eTiHOM Ta eripUHOM.
Tox 3a3BHYail HOTO PO3IISLAAIOTH SIK €ripHH-aIb0ITOBHI He(eniHOBUI CieHIT. [HIIMMHU MiHepanaMH, 10 3yMOBIIOIOTH PO3MOALT Mapi-
YIOJIITIB HA HU3KY THUIIIB, € IUPKOH, TACTUHICUT, JIeTIiIOMeNaH i OekkeniT abo uepieBuii Opurtosnit. Cepes iHINX TOCTIIHUKIB JTyKHOTO
macuBy ciif 3ragatu A.C. I'in30ypra, sikuii JeTalbHO 3yMHHAETHCS Ha CKIafl | CTPYKTYpi MapiymoIiTiB, Ja€ OMUC CKIAJOBUX LUX [0~
pix Ta Bka3sye ix mormmpenHs. binbi 3a Te, BiH po3niisae nuTaHHs renesucy Mapiynonbscbkoro (JKoBTHeBoro) HeeniHOBOro Macusy i
BBaJXKae, 1110 BUHUKHEHHS He()eJIiHOBHX CiEHITIB € HACIIIKOM aCHMUTALIT MarMoro BarHsIKiB i mogaipuioi ix qudepenuianii. Crpasy 0.
Mopo3esuua npogoxuia Jlis agpkoBHa AiHOEpr i 3a MaTepiaiaMy HOJBOBHUX JOCHIKeHb MapinoibChbKOr0 MacuBy MPOBEICHHX
MOJBCHKHUM JIOCITITHUKOM BIPonoBk 1927 — 1929 pp., Heto Oyna ckiiageHa Mama i3 JeTalbHUMH TormorpadgiyHUMU JaHUMH, 1110 HaJa-
I0Tb YSIBJICHHS SIK IPO OCOOJIMBOCTI I'€0NOTiuHOT OyI0BH TEPUTOPIi, eIeMEHTH pelibedy, Tak i Ipo Ha3BK OAJIOK i IX HPHUTOK, 1110 BTpadeHi
Ha cy4yacHux Mmanax (Ainberh, 1933). B cTpykTypHOMY BifHOIICHHI MAaCHB Ma€ MEBHY 30HANBHICTD — B S/IPi 3HAXOIATHCS HeesiHOBI
nopoaH, ix 3MiHIOIOTh HedenliHOBI cieHiTH, a Ha nepudepil 3aniraTs mipokceH-amdpidonosi rpanitH. Mapiymnosuitu € HeBia eMHOIO
CKJIaIOBOIO MacHBy i OPMYIOTh B HOMY IEBHI 30HH i TiNia pi3Hoi KoHOirypauii i npoTshkHOCTI. [ MapiynoiTiB HOpOA0yTBOPIO-
BaJIbHUMH MiHepaiamu € HedelliH, anb0iT, eripuH, JienioMeNaH, IpyropsAHIMHE 1 aKLIECOPHUMHE — [IUPKOH, allaTuT, coAalit, amdidony,
KaJbLHT, KAHKPUHIT, LEONIT, MipoXxJIop, OpuTomit, MarHeTur, cyiibgiau 3amiza touo. Bei mopoxHi koMruiekcu JKOBTHEBOro MacuBy B
3Ha4HiN Mipi o3anizHeHi. Jlo HedeTiHOBUX CiEHITIB, MapiymnoiTiB, alb0ITUTIB MPUYypOUYeHa UPKOHIH — pigKiCHO3eMeIbHA — TAHTA —
HioOieBa MiHepautizallisi, sKa Ha MEBHHUX USIHKAX Mae mpoMmucioBe 3HadeHHs. ComamiToBi Pi3HOBHAM MapiymojiiTy pO3IISAalOThCs
SK IEPCIeKTHBHA HEOPAMHAPHA CHPOBUHA Ul KaMeHeoOpoOHOI MpoMuciIoBOCTi. [ONOBHUMHU JEKOPYIOUMMH MiHEpajiaMu B HUX €
COZIAIT, aNbOIT 1 He(eJTiH, 1110 3HAXOAATHCS B PI3HHUX CIIBBIAHOIICHHX 1 TEKCTypHUX KoMOiHaisx. ComatiToBi Mapiymnomiti 0yio 10-
CITI/KEHO Ha 1X 3JaTHICTh A0 00poOKH, nuTi(yBaHHs, ONIPyBaHHS | MOXKJIMBOCTI BUPOOHUIITBA IIPUKPAC, IPEIMETIB rajJaHTepeiiHoro
i CyBeHIpHOTO IpH3Ha4YeHHs. Pe3yapTaTi uux BUOPOOYBaHb € MO3UTHBHUMH, a MOIUT HA BUPOOHM 3 L€l mopoay nepedinpIinB Hamr
04iKyBaHHs. ABTOPH IPOIMOHYOThH MIPH [UIAaHYBaHHI POOIT Ha po3poOKy pomoBuill JKOBTHEBOro MacHBy BpaxyBaTH KOMILUIEKCHHUM ITiIXi[
CTOCOBHO BHUKOPHCTAHHS PECYpCiB i mapayiesbHO 3 BUAOOYTKOM KPUTHYHO-BXIIMBUX MiHepasiB BUIOOYBaTH CONANITOBI Pi3HOBUIU
MapiynosiTy Ajst KaMeHeoOpoOHOT rairys3i.

Kniouogi crosa: cooanimosuii mapiynonim, JKosmueguil macus, MinepanbHo-cuposunta 6asa Yxpainu
Introduction experienced significant territorial losses due to the
occupation of the eastern and southern regions of the

One of the rarest and most beautiful stones found Country. Currently, dozens of deposits of decorative,

in the East Azov area is mariupolite, a highly deco-
rative gem that forms alongside nepheline syenites.
This gem has become a symbol of the indomitable
spirit and courage of Ukrainians. Ukraine is rich in
various stone and gem raw materials, but their distri-
bution is uneven across different regions due to their
association with various tectonic structures. With ad-
equate investment in geological prospecting and eval-
uation, it is possible to extract economically viable
amounts of several types of raw materials, including
mariupolite, rhodonite, pyrophyllite, marble onyx,
jasper-like quartzites, jaspilites, and pegmatites. Most
of these can be obtained through the extraction of
ores, building materials, and other minerals. Since
2014, Ukraine’s mineral and raw material base has
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industrial, and facing stones are located in the 20% of
Ukraine’s territories that remain occupied. This work
aims to highlight the sodalite mariupolite of the Azov
region, focusing on its mineralogical and gemological
characteristics within the framework of the integrated
use of Ukraine’s raw material base during the post-
war recovery period. This approach emphasises the
economically beneficial use of primary and associ-
ated minerals found in the Zhovtnevy massif of the
Azov tectonic block.

Research history

In 1898, Polish geologist Jozef Morozewych
made a significant discovery while studying the
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Azov Crystalline Belt in the Kalmius River Valley.
He identified a small isolated outcrop of rocks that
included alkaline granites and syenites, along with
nepheline syenites (also known as foyaites) and
unique rocks, which could be classified as a po-
tassium-free variety of feldspar foyaite. He named
this rock «mariupolite» in honour of the city near-
by — Mariupol (Morozevych, 1902; Einberg, 1933;
Biletskyi and Shpylovyi, 2007). The first accounts
of the rocks forming the Mariupol alkaline massif,
which is also referred to as the Azov, later the Oc-
tober, or Mazur massif, can be traced back to his-
torical works by I. Ivanytskyi (Ivanytskyi, 1833),
M. Klemm (Klemm, 1877), S. Kontkevych (Kont-
kevych, 1881), and P.V. Eremeev (Eremeev, 1897).
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These accounts are primarily general and of histor-
ical significance. Yu. Morozevych’s studies of the
alkaline rocks in the Azov region are regarded as the
first detailed investigations (Morozevych, 1898a,
1898b, 1899, 1901, 1902, 1903, 1904, 1925, 1929,
etc.). According to Morozevich and his followers, all
other alkaline and basic magma intrusions are much
younger than the ancient granite-gneiss complex of
the Mariupol crystalline field.. He provides data on
the gross composition of mariupolites and chemical
analyses of individual components. Morozevich dis-
covered new minerals, including taramite and becke-
lite (cerium britholite) (Fig. 2), and for the first time,
he determined the composition of nepheline, which
is now known as Morozevich nepheline (Fig. 1, 2).

Fig. 2. Minerals: taramite (1) and beckelite or cerium britolite (2) (https://www.mineralpatriot.cz/taramit-al110; https://www.mindat.

org/min-775.html)
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Yu. Morozevych describes mariupolite as an ex-
treme alkaline facies of nepheline syenites, composed
mainly of albite, nepheline and aegirine. Thus, it is
commonly classified as an aegirine-albitic nepheline
syenite. Other minerals, such as zircon, hastingsite,
lepidomelane, and the previously mentioned beckelite
or cerium brytholite, also play a role in distinguish-
ing various types of mariupolite. Later, Morozevych
broadened the definition of «mariupolite» to encom-
pass various structural and mineral varieties. He iden-
tified eight types of mariupolite based on their gene-
sis, which is described in detail in his work «On one
extreme member of the family of nepheline syenites —
mariupolite and related rocks of Mariupol district».
(Morozevych, 1902).

Among other researchers of the alkaline massif,
it is worth mentioning A.S. Ginzburg, who in his
work on the petrography of the Azov region (Hynz-
burh, 1916) dwells in detail on the composition and
structure of mariupolites, describes the components
of these rocks and indicates their distribution. Fur-
thermore, he explores the issue of the genesis of the
Mariupol (October) nepheline massif, arguing that
the formation of nepheline syenites results from the
assimilation of limestones by magma and their subse-
quent differentiation.

Liya Falkovna Einberg continued Yu. Morozev-
ich’s work, utilizing field research materials on the
Mariupol massif, gathered during 1927 — 1929, along
with a thorough analysis of the Polish researcher’s
findings (Einberg, 1933, 1930).

This effort allowed her to compile the collected
materials and provide a comprehensive description of
the entire alkaline complex and the host rocks around
the villages of Srytenky, Apostolske, Dmytrivka and
Arkhangelske on an area of about 100 km?. The map
created by Einberg, which includes detailed topo-
graphic data, illustrates the geological features of the
territory as well as its relief elements, along with the
names of the streams and their tributaries that are not
shown on modern maps (Fig. 3). According to her re-
search, the area of the massif is characterised by the
widespread presence of biotite granites and gneisses,
alkaline pyroxene-hornblende granites with a sub-
ordinate group of diorites, alkaline quartz syenites,
mariupolites, basic gabbro-peridotite rocks, and am-
phibolites.

L. Einberg emphasises the importance of dis-
tinguishing between various structural varieties of
mariupolites (fine-grained melanocratic, dense horn-
blende leucocratic, gneiss, banded, pegmatite) and
mineralogical (hastingsite, aegirine, zircon, micace-
ous and sodalite). She provides clear references to the
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distribution of each of the mentioned structural and
mineral types, their detailed description, optical char-
acteristics of individual minerals and results of chem-
ical analyses (both her own and Yu. Morozevich’s).
In the work «Priazovskyi alkaline massif» L. Einberg
characterizes all crystalline rocks found in the region,
which include biotite granites and gneisses, pyrox-
ene-amphibole granites (alkaline and dialagic), alka-
line quartz syenites, amphibole (hastingsite) syenites,
nepheline syenites (foyaites). The study highlights a
significant variety of vein formations. They are repre-
sented by granite-aplites, granite-pegmatites, nephe-
line syenite-pegmatites and lamprophyres. Rocks of
the lamprophyre series are represented by rather exot-
ic camptonites and selvsbergites (Fig. 4). Camptonites
are primarily composed of plagioclase (usually lab-
rador) and brown amphibole (barkevikite); they also
contain pyroxene (titanium-augite), biotite and oliv-
ine (Einberg, 1933). According to more recent data,
phenocrysts of titanaugite and biotite (30%), barkev-
ikite and kaersutite (around 30%), olivine (9%), tita-
nomagnetite and apatite, are immersed in a holocrys-
talline groundmass. This groundmass is made up of
labrador (up to 50%) and is often covered with crusts
of albite or amphibole, pyroxene, apatite, calcite, ze-
olites, ore minerals, and with feldspars observed in
some instances. Selvsbergite, as a vein analogue of
alkali syenites, is characterized as a fine-grained or
porphyritic igneous rock composed of alkali feldspar
and aegirine or alkali amphibole. It is distinct from
grorudite due to the absence of quartz.

L. Einberg draws attention to the fact that this
rock complex has no contact with sedimentary rocks,
particularly limestones, which would allow one to use
Daly’s theory of melting and assimilation (Daly, 1910)
to explain the genesis of the alkaline massif. The zon-
al-concentric structure of the massif is quite apparent,
featuring nepheline rocks at the core, which are sur-
rounded by a broad field of alkaline syenites. These,
in turn, are encircled by alkaline pyroxene-horn-
blende granites. The latter are bordered to the east by
a strip of biotite granites. This undoubtedly connects
the Azov (Zhovtnevy) alkaline massif with other mas-
sifs of the world. This is also stated by L. Einberg,
relying on the works of Belyankin D.S. (1909, 1910),
Quinsel P. (1913), Ramsey W. (1894) and others. Re-
garding the age of the mariupolites, L. Einberg (1933)
suggests that the often veined and simultaneously
pegmatite character of many varieties of mariupolite,
as well as the heterogeneous texture and high alkali
content, indicate their formation during the late peg-
matite phase of the alkaline complex’s development
(Einberg, 1933).
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In the work of Shpylyov L.V. and Biletsky V.S.
(2008), which focuses on the history of the Mariupol
zircon deposit, the research conducted by L. Einberg
is not mentioned. Instead, the authors acknowledge
the contributions of Yu. Morozevich, 1. Ivanytsky and
others. They suggest that the impetus for the revival
of interest in the Mariupol massif was a detailed note
by the mining engineer A.P. Dorofeev in 1933, which
provides information on the industrial significance of
zirconium occurrences known from literary sources.

At that time, this became the occasion for the
organisation of exploratory geological exploration
works for zirconium along the Mazurova ravine by
the Institute of Geology of the All-Ukrainian Acad-
emy of Sciences. These surveys were conducted by
geologist V.P. Amburher (Amburher, 1934). In 1937,
further exploration of the deposit was undertaken by
the Mariupol geological exploration party, led by P.V.
Bystrov (Shpylyov and Biletsky, 2008). The result
of the party’s work included an assessment of zircon
ore reserves along the Mazurov ravine, which was as-
sessed at 4.5 million tons. The authors of the study
provide a detailed account of subsequent exploration
activities, trial operations, and the establishment and
functioning of the ore mining enterprise, which are
described in detail in the work of Shpylyovy and
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Fig. 3. Geological map of the Mariupol alkaline massif according
to L. Einberg (Einberg, 1933)
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Biletsky (2008). The authors believe the Mariupol de-
posit of solid zirconium ores was developed for the
first time in world practice.

The first monograph, titled «Coloured Stones of
Ukraine», in which experts indicate the possibility of
mining, along with nepheline syenites, mariupolite as
a gemstone raw material, was published in 1974 (Se-
menchenko et al., 1974).

From 1962 to 1978, the nepheline complex of the
Zhovtnevy alkaline massif was studied by a group of
scientists under the leadership of A.A. Denisevich
with the participation of employees of the Priazov
Comprehensive Geological Expedition and the In-
stitute of Mineral Resources (Simferopol). Based on
geological observations and determination of the ab-
solute age of rocks, the following sequence of rock
types from younger to older has been established: al-
bitites and intensively albitized rocks-alkaline pegma-
tites and rocks types from younger to older: albitites
and intensively albitized rocks-alkaline pegmatites,
mariupolites-foyaites and alkaline syenites-quartz
syenites, granosyenites and coarse-grained Kateryniv
granites-basic and ultrabasic rocks (Donskoi, 1982).
In addition to a detailed examination of the petrology
of the massif, the study also addressed its tectonics,
weathering processes, and the geochemistry related to

Fig. 4. Veins composed of camptonite (https://www.alexstrekeis-
en.it/vulc/lamprofiri.php)
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alkali syenites
(phenite type)

nepheline syenites
(foyaites and mariupolites)

Lower Paleozoic

Fig. 5. The Zhovtnevy massif on the «Geological map of the USSR. Donbass series. L-37-11. 1958 (Heolohyia SSSR. Donetskyi bas-

sein, 1944).

the distribution of individual elements, both for the
deposit as a whole and its Northeastern and Southern
section.

A significant contribution to the study of alkaline
massifs, in particular Zhovtnevy, was made by 1.D. Tsa-
rovsky. For over 20 years, he explored issues related to
the geology, petrology, and genesis of these massifs.
Tsarovsky identified two periods of intrusive activity,
the first of which is linked to the formation of alkaline
granites, syenite-pegmatites and albitites, and the sec-
ond one is associated with foyaites, microcline-nephe-
line pegmatites, and mariupolites (Tsarovsky, 1947,
1954). In later works, he emphasised the importance of
the role of metasomatic processes and the single-phase
development of the massif. I.D. Tsarovsky attributed
the diversity of alkaline rocks to metasomatic phenom-
ena such as fenitization and marupolitization, which
occur under the influence of foyaite intrusion (Tsa-
rovsky, 1960, 1964). He classified the alkaline rocks of
the Zhovtnevy massif to the granitoid-syenite-foyaite
series, thereby rejecting the idea of a comagmatic rela-
tionship with their basic and ultrabasic rocks.

Later, Kryvdik S.G. highlights the original con-
clusions of Rudenko S., according to which the entire
variety of textural and structural types, and spatial-
ly related pegmatites-mariupolites arose during the
transformation of the initial fine-grained mariupo-
lites (Kryvdik and Tkachuk, 1990; Rudenko, 1962).
Donskoi O.M. (Donskoi and Donskoi, 2011) not-
ed the great practical importance of albitites of the
Zhovtnevy massif, among which he distinguished
three types: 1) zircon-pyrochlore; 2) pyrochlore on
syenites; 3) zircon on granites. Within the massif, he
also identifies three primary deposits of complex ores:
Mazurova Balka, Kalynino-Shevchenkivske and Vi-
li-Tarama and provides their description.
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The publication «On the Genesis of Alkaline
Metasomatites of the Ukrainian Shield» (Kryvdik,
2013) represents one of the first efforts to compare all
known types of alkaline metasomatites, as well as cer-
tain igneous rocks regarded as metasomatites, within
the Ukrainian Shield.

Recent works by Shpylovyi K.L. (Shpylovyi and
Shpylovyi, 2012; Shpylovyi et al., 2023) provide a
modern and comprehensive overview of the discov-
ery, further study, and utilization of the Zhovtnevy
massif as a mineral deposit. It is particularly noted
that the integrated use of all minerals of the Mazuriv
deposit greatly enhances its development potential.
Given the current increasing interest in rare metals,
there is an opportunity to significantly reduce reli-
ance on imported concentrates, such as niobium and
tantalum. Additionally, advancing research into the
geological, economic, technological, engineering,
and environmental aspects of the Mazuriv deposit is
crucial for lowering the production costs of domestic
ferroalloy and rare metal products, as well as estab-
lishing a local raw material base for nepheline-feld-
spar materials (Shpylovyi et al., 2023). The potential
for using mariupolite not only as a gemstone raw
material is obvious and undeniable. For example,
within the Mazurivka section of the Zhovtnevy mas-
sif, pyrochlore ores with an average Nb,O, content
of 0.13% were discovered, confined to mariupolites
(nepheline-feldspar syenites). The tantalum-niobium
mineralization present in mariupolites and feldspar
metasomatites shows promise as well. Additionally,
complex zirconium-rare-earth ores are concentrated
in this area.

A group of scientists, including Tsymbal S.M.,
Voznyak D.K., Sharygin V.V., Kryvdik S.G., Duby-
na O.V. and others, during 2010-2015, shed light on
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the processes of sodalitization of pegmatoid mariu-
polites in their publications (Kryvdik and Tkachuk,
1990; Kryvdik 2002; Kryvdik et al., 2012; Kryvdik et
al., 2015 and others). At the same time, the genesis of
Palaeozoic alkaline rocks of the Eastern Azov region
and minerals of alkaline rocks of Ukraine are being
studied. The composition and geochemical features
of nepheline syenite-porphyries of the Azov region
are being analysed in detail, as a new type of rock in
Ukraine (Donskoi and Donskoi 2011; Kryvdik et al.,
2015).

In September 2010, the Institute of Geochemis-
try, Mineralogy and Ore Formation named after M.P.
Semenenko, together with the Mineralogical Society
of Poland, organised a conference «Alkaline rocks:
petrology, mineralogy, geochemistry». This event
was held in memory of Yu. Morozevich and included
a field trip to the Zhovtnevy massif.

The conference materials and references to relat-
ed publications were compiled under the title «Alka-
line Rocks from the Mariupol Massif (South-Eastern

Journ. Geol. Geograph. Geoecology, 34(3), 615-629

Ukraine)» and can be found on the Mineralcollection-
blog online resource (Alkaline rocks..., 2025). The
information provided includes well-illustrated details
on the structure of the Zhovtnevy massif, as well as
the petrology and mineralogy of both alkaline and
host rocks (Fig. 6).

The conference sparked increased interest in alka-
line rocks among Polish geologists. This is evidenced
by an initial joint article with Ukrainian gemologists
(Dumanska-Stowik et al., 2011) and several indepen-
dent articles published between 2015 and 2019. These
articles addressed significant topics such as the geo-
logical structure of the massif, its petrology and min-
eralogy, geochemistry, and the evolution of mariupo-
lites as potential carriers of niobium-zircon-rare-earth
mineralization. They also explored fenitization pro-
cesses and the ultramafic and mafic rocks found in
the outer rim of the massif (Dumanska-Stowik et al.,
2015(a); Dumanska-Stowik et al., 2015(b); Dumans-
ka-Stowik and Heflik, 2016; Dumanska-Stowik et al.,
2019, etc.).

Fig. 6. Remains of the exhausted Don quarry (1) and mariupolites from it: 2 — aegirine-albite-nepheline syenite; 3 — blue sodalite,
yellow cancrinite and black aegirine in nepheline pegmatite (mariupolite) (Alkaline rocks from Mariupol massif (SW Ukraine), https://

mineralcollectionblog.wordpress.com/tag/mariupolite).
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Features of the geological structure of mariupolite
deposits.

In the south of the Ukrainian Shield within the
Azov tectonic block, alkaline rocks (syenites, nord-
markites, nepheline syenites, foyaite, granosyenites,
etc.) are commonly found. These rocks cover a sig-
nificant area and form large massifs (Shpylovyi et al.,
2023). Among them, within the East Azov area, the
following are distinguished: 1) South Kalchyk massif
(Cherdakly deposit); 2) Kalmius massif; 3) Gruzskyi
Yelanchyk massif; 4) Zhovtnevy massif.

The Zhovtnevy alkaline massif represents an an-
cient platform manifestation of nepheline magmatism
within the Ukrainian Shield, with an absolute age esti-
mated to be around 1.8 billion years (Donskoi, 1982).
The massif has a circular shape, somewhat elongated
in the northeast direction, measuring approximately
7-8 km in length and up to 6 km in width (Fig. 7).
Spatially, the Zhovtnevy alkaline massif is a part of
the Zhovtnevy ore field, which is situated in the north-
western part of the East Azov block of the Ukrainian
Shield. The megablock is predominantly composed
of granitoids and syenites of the Anatolian, Khli-
bodarov and South Kalchyk complexes. Structurally,
the massif is localised at the intersection of the deep
fault zones, including the northeastern (Volodarsk
and Don), northwestern strike — Oktyabr (Kryvyi
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Rih-Pavliv tectonic zone), and sublatitudinal Konka
(Shpylovyi et al., 2023).

According to the authors of the work «Petrolo-
gy of alkaline rocks of the Ukrainian Shield» (Kry-
vdik and Tkachuk, 1990), the Zhovtnevy massif
is unique in the world, as it possesses a complete
range of gabbro-syenite formation rocks, from gab-
bro-pyroxenites to agpaitic nepheline syenites. The
massif has an autonomous internal structure and is
asymmetrically positioned relative to the surround-
ing granitoid body. The trachytoidity of alkaline and
nepheline-containing syenites exhibits a more gentle
dip directed into the massif and emphasises the con-
centric structure and structural independence of the
massif.

In total, 44 ore bodies were discovered at the de-
posit (Mazuriv ore node), including within the de-
tailed area — 10. The distribution of natural ore vari-
eties within the ore bodies is as follows: mariupolites
account for 54%, nepheline pegmatites make up 24%,
feldspar metasomatites represent 20%, and the host
rocks and their alteration products constitute approx-
imately 1.6-2%. For substantial ore bodies, these for-
mations have been traced over significant distances,
often exceeding 1000 meters. Most bodies are wid-
er than 300 meters, with thicknesses ranging from 1
to 45-80 meters. The boundaries between ore bodies
and host rocks are distinct and clearly defined, as evi-

Geological map of the
5 Mariupol massif (SE Ukraine)
. (from Dumanska-Stowik et al. 2011; modified)

pyroxenite
gabbro
granite
pegmalite
syenite

4 foyalite

-1 pulaskite
mariupalite
: metasomatite
fault

4 [km]
I

Fig. 7. Geological map of the Mariupol (Zhovtnevy) massif (after Dumanska-Slowik et al., 2011)
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denced by visual mapping in the cores of wells (Shpy-
lovyi et al., 2023).

The rock complex consists of subalkaline basic
and ultramafic rocks (gabbro, pyroxenites, peridot-
ites), alkaline and nepheline syenites (foyaites, mar-
iupolites). The rock-forming components of mariu-
polites are nepheline, albite, aegirine, and sometimes
microcline (Zahnitko et al., 2017). The zirconium-ra-
re-earth-niobium ore complex is confined to the mas-
sif of nepheline syenites, particularly in areas where
mariupolites and albitites are found (Mykhailov,
2023; Shpylovyi et al., 2023). However, despite the
high resource potential of rare metals, Ukraine is not
one of the leading countries in this field.

As of the beginning of the 21st century, the
following ore objects are promising: Perga beryl-
lium, Yastrebetske fluorite-zircon-rare earth, Ma-
lyshiv ilmenite-zircon, Polokhivka, Shevchenkivske
and Stankovatske lithium, Azov zircon-rare earth,
Zhovtorichenske scandium-vanadium, Mazurivka
nepheline-feldspar-rare metal, Verbynske molybde-
num, Novopoltavske apatite-rare earth, Fedirivska,
Kropyvnytske, Stremyrhorod apatite-titanomagne-
tite-rare metal.

The Mazurivka deposit is currently regarded as
a reference object for developing a systematic ap-
proach to solving the problem of studying and ra-
tional industrial development of rare-earth metal de-
posits in Ukraine. Within its boundaries, pyrochlore
ores with an average Nb,O; content of 0.13% were
discovered confined to nepheline-feldspar syenites
(mariupolites). Tantalum-niobium mineralisation in
mariupolites and feldspar metasomatites was also
detected here (Shpylovyi et al., 2023). Balance re-
serves of zirconium are taken into account in five
placer deposits — Mazurivka, Vovchansk, Krasno-
kutsk, Tarasivska, Voskresensk, and off-balance
reserves in the Mokry Yaly and Mariupol deposits.
The ores of the Mazurivka deposit contain rare-earth
metals of the cerium group. The main mineral-con-

Eo _..__! 2

Fig. 8. The main rare-earth metal concentrating minerals of the Mazurivka deposit: chevkinite (1) and brytholite (2)
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centrator, which concentrates up to 70-80% of ra-
re-earth metals in rocks, is brytholite (Fig. 8-2). In
addition, rare-earth metals are found in pyrochlore,
zircon, apatite and chevkinite (Fig. 8-1). Brytho-
lite appears as irregular grains and well-formed
pseudogonal prismatic crystals. The composition of
rare earths (in wt% of TR) is typical for brytholite:
lanthanum — 21.8; cerium — 41.1; praseodymium —
5.8; neodymium — 19.4; samarium — 3.9; europi-
um — 0.5; gadolinium — 4.4; terbium — 0.2; dyspro-
sium — 1.2; erbium — 0.5; ytterbium — 1.0. The high-
est concentrations of these minerals are observed in
mariupolites and di-spar metasomatites, where the
amount of rare-earth metals ranges from 0.02 to
0.32% (Shpylovyi et al., 2023).

As indicated above, the Zhovtnevy deposit is
the first discovered zirconium deposit in Ukraine,
where in the process of prospecting work conduct-
ed by the Institute of Geology of the All-Ukrainian
Academy of Sciences in the northern part of the
Zhovtnevy massif, during the study of the rocks of
the planar crust of weathering of alkaline-basic rocks,
along the Mazurivka Balka and the Maly Kalchyk
River, the first work on the search and evaluation of
loose zircon ores of the upper deposit was carried out,
and their industrial value was established: the aver-
age thickness of the mariupolites was 7 m, and the
average content of zirconium dioxide (according to
82 analyses) was 0.4%. Ore reserves are estimated at
21,642 tons (Amburher, 1934). It is evident that the
production of rare-earth metal products in Ukraine
can only have good prospects if a domestic raw mate-
rial base is established.

According to the research conducted by Polish
followers of J. Morozevich, the presence of sodalite,
natrolite, cancrinite, fluorite, and some other second-
ary minerals containing rare-earth metals in the peg-
matite variety of mariupolite indicates the post-mag-
matic activity of this region (Dumanska-Slowik et
al., 2011; Dumanska-Stowik et al., 2015; Dumans-
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ka-Stowik et al., 2016; Dumanska-Stowik and Hef-
lik, 2016). Metasomatic fluids that flowed through
tectonic zones were enriched in Na*, Ca?>", REE*,
CI, HCO, F- and depleted in SiO* They replaced
nepheline syenites and deposited secondary miner-
als. With a decrease in salinity of post-magmatic flu-
ids, cancrinite, sodalite, natrolite and fluorite were
formed, mainly due to nepheline, and partly albitite.
Two generations of sodalite have been identified: the
first generation (older) presents as irregular, mottled
forms of various sizes with dark blue, pink, or pur-
ple hues. The second generation (younger) mainly
fills veins or forms borders through substitution or
growth on albite, exhibiting a light blue colour. The
concentration of metasomatic minerals along weak-
ened tectonic zones creates a general pattern for the
distribution of sodalite and albitite locations, which
lend white or blue colours to nepheline syenites.

In August 2023, during a revision survey of geo-
logical monuments of the nature of Donetsk region,
one of the authors of this article examined the mari-
upolite outcrop in the exhausted quarry of the village
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of Donske. Based on the results of monitoring, ob-
servations, mineralogical and petrographic studies of
selected samples of mariupolite and a generalization
of existing scientific publications, it was proposed to
grant the status of a geological monument of nature
of national importance, as a unique petrological and
mineralogical object of the geological heritage of
Ukraine (Fig. 9, 10) (Manyuk, 2006; Geological land-
marks (geosites) of Ukraine, 2011).

Results

Mineralogical and gemological features of mari-
upolite. According to the list of minerals of the Cab-
inet of Ministers of Ukraine (No. 747 of August 16,
2005), mariupolite is classified as a productive raw
material (Perelik korysnykh kopalyn..., 2005). The
reserves of nepheline-feldspar-rare metal ores, calcu-
lated from five productive deposits of the Mazurivka
deposit to a depth of 280 m, are classified as C, and C,
and amount to a total of 11,242 thousand tons of ore
(Shpylovyi et al., 2023).

1 - Kamyana mohila intrusive complex
(1810 Ma). Biotite granites, muscovite-
biotite porphyritic, syenites, aplites,
pegmatites
2 - South Kalchyk intrusive complex
% (1807-1785 Ma). Syenites, granosyenites,
gabbro-syenites, gabbro-pyroxenites,
subalpine amphibole-biotite granites,
monzonite
" 3 - Zhovtnevy intrusive complex

y (1795 Ma). a - alkaline and nepheline
syenites, quartz syenites; b - gabbro;
¢ - pyroxenites, peridotites

Kolariv intrusive complex

(1950 Ma). Olivine lamproites,

. kimberlites, hornblendites, serpentinites,
tremolites

Fig. 10. Position of the Zhovtnevy massif on the modern map of pre-Mesozoic formations
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Mariupolite is an alkaline rock consisting of 74%
albite, 13% nepheline, 7% aegirine, 4% lepidome-
lane, 2% zircon, apatite, as well as minor minerals
(sodalite, amphibole, calcite, cancrinite, zeolites), ac-
cessory minerals (pyrochlore, zircon, brytholite, mag-
netite, iron sulfides, etc.).

It is characterised by the almost complete absence
of K[AISi,0,] and the presence of Na,O. Mariupolite
of the Mazurivka deposit contains impurities of rare
refractory elements (Morozevych, 1902; Einberg,
1933; Kryvdik et al., 2012; Shpylovyi and Biletskyi,
2019; Shpylovyi et al., 2023). Nepheline syenites,
foyaites, pegmatites and mariupolites have high dec-
orative properties and are characterised by bright co-
lour and original pattern.

The main elements of mariupolite, which give
it decorativeness, are sodalite, albite and nepheline.
These minerals are unevenly distributed in the vol-
ume of the rock, and in each case, they are distributed
in different quantities, resulting in diverse patterns in
each case. The spatial and quantitative variations cre-
ate a distinctive structural pattern of the rock. Nota-
bly, the presence of sodalite imparts a blue colour to
the Azov mariupolite, making it a highly decorative
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stone and setting it apart from other rocks with similar
compositions (Fig. 11).

Sodalite is a sodium aluminosilicate mineral
with a framework structure that includes an addition-
al anion CI". It was first discovered by Europeans in
Greenland in 1811. The name sodalite, which is re-
lated to the word «soda» for the high sodium content
in the mineral, was given by the Scottish chemist
Thomas Thomson in the same year (Biletskyi et al.,
2018). Sodalite typically occurs as granular or mas-
sive aggregates or scattered grains within silica-poor
alkaline igneous rocks and pegmatites. It often forms
rims around nepheline crystals, and less frequently,
it appears as independent grains (Nesterovskyi and
Derevska, 2024).

Mariupolite exhibits a range of colour and appear-
ance , including light blue, grey, pink-grey, blue-grey,
and greenish-grey. The rock is unevenly grained, fea-
turing fine, medium, and coarse grains with a mas-
sive, sometimes banded texture.

According to Dumanska-Slowik et al. (2011), the
main decorative varieties of sodalite mariupolite are
considered. Sodalite, albite and nepheline, which are
not equally located in the volume of the rock, create

Fig. 11. Mariupolite from the deposits of the East Azov area: 1 —a sample from the funds of the Geological Museum of Taras Shevchen-
ko National University of Kyiv (weight 200 kg). Photo by Nesterovskyi V.A.; 2 — 3 — samples from the funds of the Geological Collec-
tion of the Ukrainian State Geological Institute (size 3 — 8 x 12 cm, 2 — 7x5 cm); Author’s photo. 4 —a sample from a private collection.
Photo by Nurmamedov L. R. (size 9 x 4 cm); 5 — a sample from a private collection. Photo by Sytnyk A. (size 10 x 3 cm).
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different types of textures depending on the genera-
tion of sodalite (see Fig. 11):

1. Dark blue sodalite forms separate large (up to
5 cm) clusters among light grey or white albite and
forms a spotted texture.

2. Light blue sodalite creates thin (up to 1-2 mm),
almost continuous borders around crystals and grains
of albite in the rock, manifesting as a spheroidal tex-
ture.

3. Irregularly grained (up to 0.5 cm) various
shades of blue sodalite are mosaically distributed
throughout the rock and form a mottled texture.

4. Dark blue sodalite fills microcracks (up to 1
mm) in white albite, forming a striped texture.

The overall volume-quantitative distribution
gives the rock a characteristic mixed structural pat-
tern. Sodalite distinguishes mariupolite from many
other rocks of similar composition from deposits
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around the world and is the calling card of this re-
gion. Its main mineralogical properties are as follows:
hardness — 5.5-6; density — 2.1-2.4 g/cm?; brittle; per-
fect cleavage; glassy lustre, glassy along the cleavage
plane, oily on the fracture, uneven fracture; crystals
are rare; in one direction; colour — blue of various
shades, reddish.

As is known, in polycrystalline rocks, to which
mariupolite belongs, the strength is determined by the
forces of mutual adhesion of directly touching crys-
talline grains and depends on their strength and mor-
phology. Therefore, this rock has astrength of about
350 MPa. Due to its mineralogical and physicochemi-
cal properties, sodalite mariupolite is well cut, ground
and polished with diamond tools. Common products
made from this material include beads, cabochons,
jewellry inserts, boxes, candlesticks, rotational fig-
ures, haberdashery, and souvenir items (Fig. 12).

Fig. 12. Products from Ukrainian and Czech mariupolite and sodalite. Samples from various sources of storage (photos by the authors

and https://pebblebead.com/ida72789.html)
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Due to its unique textural patterns, mariupolite is
gaining popularity in Ukraine and European Union
countries. It is actively used in the creation of highly
artistic stone works and decorative elements. Addi-
tionally, samples of mariupolite are considered valu-
able collector’s items and are in high demand.

Conclusions

1. Mariupolites have been extensively studied by
various Ukrainian and foreign geologists. While they
are considered well-researched, their genetic nature is
still a topic of debate..

2. Sodalite mariupolite is a distinct variety of
alkaline igneous rock found in the Azov block. Its
unique mineral composition, structure, texture, and
appearance give it a special significance within the
Zhovtnevy massif.

3. The mariupolites of the Zhovtnevy massif are
notable for their industrial potential, particularly in
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