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Red jasper-Llike rocks from the area of the Akademik Vernadsky Station are known since the time of
the first Ukrainian Antarctic expeditions. But until now, all the published information about them was
limited to only one brief mention in the abstract of the report by Mytrokhyn and Bakhmutov (2017). This
article summarizes all available data about these jasperoids with the aim of clarifying their origin and
systematic position among other rocks of essentially siliceous composition. The authors studied the
manifestations of the jasperoids on the Argentine Islands and Jalour Islands near the western coast of
the Kyiv Peninsula (Graham Coast of the Antarctic Peninsula). It was found that small vein-like bodies
of the jasperoids occur in Jurassic-Cretaceous strata of the Antarctic Peninsula Volcanic Group. Accord-
ing to their geological position, mode of occurrence and petrographic features, they are quite similar
to hematite jasperoids found in many parts of the world in association with hydrothermal deposits
of Au, Cu, Pb, Zn, Sb and Hg. The authors prove a hydrothermal origin for new localities of hematite
jasperoids discovered in the Antarctica. Results of the studies indicate that the jasperoids were formed
from silica-enriched hydrothermal fluids. Low temperature hydrothermal process was taking place at a
shallow depth. Silica was mainly in a form of colloidal solution namely as silicic acid gel. The presence
of hematite as well as some other minor minerals (calcite, pyrite, epidote, sericite and chlorite) can be
explained by the interaction of the hydrothermal fluids with host rocks. It is assumed that the fluids
were of juvenile origin. They could separate from the granitoid intrusion which lies at depth below
hydrothermally altered volcanogenic strata. Zones of increased fracturing in the host volcanites were
feeding channels for rising fluids.
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Red jasperoids from the area of the Ukrainian Antarctic research station

Introduction

The red jasper-like rocks from the area around the
Ukrainian Antarctic station (UAS) are known primar-
ily to a narrow group of specialists who have worked
in this region. Few samples of these intriguing rocks
can be seen on shelves in the station’s premises
or in specialized scientific collections. Their vivid
colouring attracts the attention of both scientists
and technical staff, who commonly refer to these
beautiful stones as «jasper» although such name
is not entirely accurate. It is still not known who
first discovered the primary outcrops of red jasper-
oids. Published works by British geologists make no
mention of them (Elliot, 1964; Curtis, 1966; Hawkes,
Littlefair, 1981). However, interviews with our coun-
trymen polar explorers revealed that at least two
localities of "red jasper" have been known since the
early Ukrainian Antarctic expeditions. Nevertheless,
an analysis of appropriate publications shows that
the first and only printed mention of red jasperoids
in the UAS area appeared only in 2017. Specifically,
the presence of red jasperoids in the volcanites of
Uruguay and Yalour Islands is briefly mentioned in
the VIII International Antarctic Conference abstract
by OV. Mytrokhyn and V.G. Bakhmutov. Laboratory
studies demonstrated that samples from these and
newly discovered outcrops of the jasperoids reveal
certain petrographic specificity for each their local-
ities. The results were partly included in A.R. Kry-

zhanovska's master’s thesis (2023), the materials of
which remain unpublished. These as well as other
unprocessed materials formed the basis for further
research which included optical polarization mi-
croscopy, scanning electron microscopy and elec-
tron microprobe analysis. This article summarizes
all available data on the geological position, mode
of occurrence and petrographic features of the red
jasperoids in the UAS area to clarify their origin and
systematic position among other rocks of signifi-
cant siliceous composition.

Geological position of red jasperoids

All identified localities of red jasperoids are found
on the Argentine Islands or on nearby Yalour Is-
lands. Both island groups are located off the west-
ern coast of the Kyiv Peninsula, which is part of the
Graham Coast of the Antarctic Peninsula. In both
cases the jasperoids occur as small vein-like bodies
within Mesozoic orogenic calc-alkaline volcanites.
These volcanites are divided into the Argentine Is-
lands Formation (AIF) and the Kyiv Peninsula For-
mation (KPF). These volcanic formations belong
to the Antarctic Peninsula Volcanic Group (APVG)
which formed along an Andean type continental
margin during the Jurassic-Paleogene. The develop-
ment areas of the AIF and KPF are bounded by two
adjacent tectonic blocks, separated by the north-
east-trending Penola Strait fault (Fig. 1).

Fig. 1. Schematic geological map of the area of distribution of the red jasperoids, compiled by O.V. Mytrokhyn. Legend: 1 - Mesozoic
volcanic strata on the Argentine Islands (J-K?) and on the Yalour Islands (J?); 2 - gabbroids on the Yalour Islands; 3 - Paleocene gran-
itoids on the Barchans and Forge Islands; 4 — outcrops of the red jasperoids with corresponding numbers of their localities; 5 - faults
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The Jurassic-Cretaceous volcanites of AIF are
widespread on the eastern part of the Argen-
tine Islands. They consist of andesites, dacites,
lapilli tuffs and ash tuffs as well as pyroclas-
tic breccias and tuff breccias. A smaller amount
of tuffites, sandstones, siltstones and siliceous
rocks have also been found. All of these rocks
are subject to varying degrees of contact-ther-
mal metamorphism caused by the Paleocene
Barchans-Forge granitoid intrusion or by Creta-
ceous sill-like microdiorite intrusions. Intrusive
magmatism may also be associated with local
hydrothermal-metasomatic alterations in the
volcanites namely propylitization, sericitization
and silicification. The primary stratification of
the AIF is disrupted by tectonic deformations.
The identified stratification elements show
steep or even vertical dips. Their strike varies
from predominantly northeast to subordinate
northwest. Additionally, the stratigraphic co-
lumn is complicated by local block displace-
ments along a diagonal system of faults. In some
places, sub-latitudinal and sub-meridional fault
systems are also developed. Mafic dyke swarms
are controlled by diagonal and sub-meridional
faults. It is known that dykes intruded into the
volcanics in at least two stages namely Mesozo-
ic and Cenozoic ones.

The geological study of the Yalour Islands re-
mains less detailed compared to the Argentine
Islands. Most of the Yalour Islands are composed
of volcanites that can be preliminarily correlat-
ed with the Jurassic volcanic formation spread
on the adjacent coast of the Kyiv Peninsula.
Gabbroids were found only on one of the Yalour
Islands, located at the extreme south-eastern
flank of this island group. It is assumed that they
belong to the Tuxen-Rasmussen gabbroid intru-
sion of Early Cretaceous age. This intrusion is ex-
posed further east on the Cape Tuxene and Wad-
dington Bay of the Kyiv Peninsula (Mytrokhyn et
al., 2017). The volcanites of the Yalour Islands
include lapilli tuffs of dacitic composition as
well as dacitic lavas. Similar to the AIF, they are
subject to contact-thermal metamorphism, hy-
drothermal-metasomatic alterations and some
tectonic deformations. Satellite images show
that the shoreline configuration and relief of
the Yalour Islands are controlled by diagonal
and sub-meridional fault systems. In addition,
a sub-latitudinal system of tectonic fractures is
developed in the volcanites.

Mode of occurrence and petrographic
features of the red jasperoids

Red jasperoids on the Uruguay Island

Locality 24A (65°13'57,7S, 64°13'27,9"W) is on the
northern near-summit part of the Uruguay Island
(Fig. 2). This outcrop of jasperoids was first dis-
covered by V.G. Bakhmutov in 1996 and further
was studied by G.V. Artemenko in 2010. But the re-
sults were not published. Then it was visited and
described by O.V. Mytrokhyn in 2017. The red jas-
per-like rock occurs as a small vein that intersects
hydrothermally altered pyroclastic rocks. These be-
long to the AIF volcanites. The maximum thickness
of the jasperoid vein is 6 cm. It can be traced over a
distance of 3 meters before its disappearing under
permanent snow-ice cover. The vein falls subver-
tically extending from west to east at an azimuth
of 95°. A similar sublatitudinal orientation is found
in one of the tectonic fracture systems within the
surrounding volcanites. Another system of tectonic
fractures shows northeast orientation that aligned
with the regional fault of the Penola Strait. The red
jasperoid contacts with dark gray lithoclastic tuff of
dacitic composition in sample 17-24A-1. The bound-
ary between them is sharp and wavy with a red-
dish-brown alteration zone approximately 5 mm
thick on the tuff side. Small angular fragments of
altered tuff, up to 2 cm in size, are embedded in
the aphanitic matrix of the jasperoid giving it a
taxitic structure. In thin section the jasperoid re-
veals heterogeneous spotted texture with uneven
fine- to microcrystalline quartz aggregates that are
visible under cross polarized light. Tiny grains of
the quartz that make up the bulk of the rock are
isometric with jagged boundaries. Microfibrous
chalcedony aggregates are present but rare. Relic
colloform texture of the jasperoid can be revealed
by morphology of the hematite microcrystalline
aggregates and their distribution visible in plane
polarized light. The main rock-forming minerals are
quartz and hematite. Chlorite, sericite and epidote
are present in subordinate amounts. Single grains
of spessartine garnet were identified by electron
microprobe analysis.

Red jasperoids on the Winter Island

Locality 245A (65°14,870’S, 64°15,564'W) is on the
northern shore of Winter Island (Fig. 3). This lo-
cation of jasperoid was discovered by O.V. My-
trokhyn in 2019 and he described it in 2020.
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Fig. 2. Red jasperoids on the Uruguay island: a - Google Earth space image of locality 24A; b - appearance of the sample No. 17-24A-1,
size 7x6 cm; c—d — photomicrograph of thin section No. 17-24A-1in plane polarized and cross polarized light, Qu - quartz, Hm — hematite

Hydrothermally altered porphyritic andesites of
the AIF are exposed here on the shore of a small
bay within the tidal zone. There are numer-
ous phenocrysts of altered plagioclase, about
2-3 mm in size, in the greenish-gray aphanitic
matrix of the andesites. A taxitic structure is
evident due to the presence of irregular inclu-
sions (lithoclasts) of 10-20 cm, made up of more
altered andesite. These inclusions are insuffi-
cient to classify the host rock as pyroclastic. The
andesites are intersected by irregular veins of
red jasper-like rock. These veins demonstrate a
wavy configuration, limited extent and variable
thickness, reaching 10-15 cm in swellings. Visu-
ally noticeable hydrothermal mineralisation is
associated with jasperoid veins. Pyrite typical-
ly concentrates at the boundaries between the
jasperoid and the host andesite. Epidote is dis-
tributed everywhere. Thin red jasperoid veinlets
cross the greenish-gray porphyritic andesite in
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sample 20-245A-1. Pyrite crystals of 1-2 mm are
scattered unevenly in the aphanitic matrix of the
jasperoid. Beside them small angular inclusions
of host andesite are visible in one place. In thin
section we can see that the main rock-forming
minerals of the jasperoid are quartz and hema-
tite. They form uneven fine- to microcrystalline
mass with a granoblastic texture varying from
mosaic to jagged. Relic colloform texture is
somewhat less pronounced than in the Uruguay
Island jasperoid, with no chalcedony present.
Notably, unlike the previous locality, the jasper-
oid on Winter Island shows higher content of
epidote. It crystallizes as individual grains and
aggregate clusters. Subordinate pyrite and chlo-
rite are present beside epidote. Idiomorphic py-
rite crystals and their clusters crystallize in both
endo- and exocontact zones of the jasperoid
veinlets as well as around rock inclusions of the
host andesite.
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Fig. 3. Red jasperoids on the Winter island: a - mode of occurrence of jasperoids (Jp) at locality 245A; b — appearance of the sample
No. 20-245A-1, size 9x8,5 cm; c-d - photomicrograph of thin section No. 20-245A-1 in plane polarized and cross polarized light,

Qu - quartz, Hm - hematite, Py - pyrite, Ep - epidote

Red jasperoids on the Yalour-I Island

There are several outcrops of jasperoids on the
largest and most frequently visited island among
the Yalour group. They are noted by many observ-
ers. For instance, R.O. Bratchik was a radio-oper-
ator in the 1st and 2nd Ukrainian Antarctic expe-
dition who reported seeing ‘jasper’ on the Yalour
Islands during wintering 1995-1998. But he did not
specify on which island and where exactly. Simi-
larly, geophysicist Y.F. Nakalov observed ‘red jas-
per’ on the Yalour Islands during seasonal work in
2001 and he also could not remember the exact
location. More precise information was provid-
ed by V.R. Morozenko, a geologist with a seasonal
team, who in 2003 discovered and examined sever-
al veins of ‘red jasper’ on the largest of the Yalour
Islands. These veins were located on the island’s
western shore, near a colony of Adélie penguins.
The largest jasperoid vein was about 6 cm thick
with an approximately meridional (?) orientation.

Several samples of red jasperoid and the surround-
ing rock were collected by V.R. Morozenko from this
exposure. 0.V. Mytrokhyn and V.G. Bakhmutov visited
this jasperoid outcrop in 2017. Due to unsatisfacto-
ry exposure conditions they managed to locate only
one thin jasperoid vein. It intersects hydrothermal-
ly altered pyroclastic rocks that likely belong to the
KPF. The strike of the jasperoid vein corresponded
to a system of sublatitudinal fractures that cross
the entire island and aligns with the jasperoid oc-
currence on Uruguay Island. Tectonic fracturing
with a northeast strike on Yalour-I Island is less
pronounced. Red jasperoid is in contact with green-
ish-gray lithoclastic dacite tuff in sample 03-283A-1
(Fig. 4). The boundary between them is sharp, undu-
lating, with thin jasperoid veinlets penetrating the
tuff near the contact. The jasperoid contains small,
flattened inclusions of the tuff that are oriented
subparallel to the contact. Unlike the jasperoids
described above, this sample is not as monolithic.
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Fig. 4. Red jasperoids on the Yalour-I Island, locality 283A: a - small jasperoid veinlet in volcanic tuff, the sample No. 03-283A-2, size 7x5
cm; b - appearance of the sample No. 03-283A-1, size 7x5 cm; c-d — photomicrograph of the thin section No. 03-283A-1in plane polarized

and cross polarized light, Qu - quartz, Hm - hematite

Firstly, it is intersected by a dense network of
thin, sinuous veinlets of milky quartz. Secondly,
there are numerous irregular cavities in Yalour-I
jasperoid, ranging in size from 1-2 mm to 1.5 cm.
They are encrusted with tiny quartz crystals. In
thin section, this jasperoid exhibits uneven fine-
and microcrystalline texture similar to the sam-
ples described above. The main rock-forming
minerals are quartz and hematite. Typical subor-
dinate mineral are sericite and chlorite. There is
an accessory amount of pyrite. Its grains are re-
placed by iron oxides and iron phosphates at the
edges. However, Yalour-I jasperoids differ from
Uruguay and Winter Island samples in details. In
particular, Yalour-I jasperoid shows an irregular
mottled pattern alternating between areas of rel-
ict colloform texture and areas where it is absent.
In the latter areas, the texture is defined as a gra-
noblastic mosaic, as the quartz grains generally
lack the jagged boundaries typical of Uruguay Is-
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land jasperoid. In areas with colomorphic struc-
ture, chalcedony occurs alongside granoblastic
quartz, forming the outer layers of concentrically
zoned aggregates. Additionally, the red jasperoid
from Yalour-1 shows elements of a relict clastic,
possibly cataclastic, texture. A few fragments of
older-generation jasperoid are distinguishable
within its matrix in thin section. This earlier jas-
peroid is thinly layered and it exhibits the finest
microcrystalline texture. Most grains of the gra-
noblastic quartz are intersected by a tissue of
thin hematite-filled fractures.

Red jasperoids on the Yalour-Il Island

Two localities of the red jasperoids were discov-
ered by OV. Mytrokhyn on the second-largest is-
land of the Yalour group in 2019. One of them is
locality 187A (65°14,656'S, 64°9,339'W) on the west-
ern shore of the Yalour-Il Island. Smoothed by
marine abrasion volcanic rocks are exposed here

49



50

0.V. Mytrokhyn, V.G. Bakhmutov, V.R. Morozenko, AY. Mashyrova, A.R. Kryzhanovska, R.S. Borovko

Fig. 5. Red jasperoids on the northern part of the Yalour-Il Island: a - mode of occurrence of the jasperoids in the volcanic tuffs; b -
appearance of the sample No. 19-187A-4, size 7x4 ¢cm; c-d — photomicrograph of the thin section No. 19-187A-4 in plane polarized and
cross polarized light, Qu - quartz, Ch - chalcedony, Hm - hematite, Py - pyrite, Cal - calcite

alongthe shore of a small bay. These volcanites are
presumed to belong to the KPF. Outcrops range in
height from 2-3 to 5-6 m, extending over a length
of at least 50 m. The volcanic rocks are represent-
ed by hydrothermally altered dacites. Striped
greenish coloration displays their fluidal texture.
The layers, varying from 3-4 to 10 mm in thickness,
differ in colour intensity. Layer boundaries are
somewhat diffuse and wavy. The layers themselves
are not very long. They often wedge out along their
strike. Layering is emphasized by the orientation
of small secondary cavities and tiny phenocrysts
of altered plagioclase. The layering dips steeply
to the south at an angle 75° with the strike azi-
muth of 260°. Thin sinuous quartz veins cross-cut
the layering in one place where they associated
with tectonic fracturing of a submeridional strike.
These veins consist of light gray brecciated quartz
within which small crystal clusters of calcite, dis-
semination of pyrite and fine-grained hematite are

unevenly distributed. A bright red jasperoid-like
rock is formed in areas of maximum hematite con-
centration. Irregular cavities give a cavernous tex-
ture to the selvages of thin mineralized veins. An
irregular banded distribution of mineral infilling is
observed within the studied veins in some places.
Besides the described area, bright red jasper-like
rocks form numerous vein-like segregations on the
northern shore of the Yalour-Il Island. They cross
pyroclastic rocks of dacitic composition (Fig. 5).
Sample 19-187A-4 is represented by red jasperoid
with large crystal dissemination of pyrite and cal-
cite within its aphanitic matrix. Idiomorphic pyrite
crystals, 2-4 mm in size, take the shape of pen-
tagonal dodecahedrons. Larger irregular crystal
grains of light-gray calcite are also present. Quartz
and hematite are identified as the main rock-form-
ing minerals in the thin section of the jasperoid.
They form fine- and microgranoblastic aggregates
that retain relict colloform texture in many areas.
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Later fan-shaped aggregates of fibrous chalcedo-
ny are widespread. Pyrite, calcite and chlorite are
present in subordinate amounts. Besides the large
crystals, fine-grained pyrite is also widespread.
Both types of pyrites crystallized after hematite.
Calcite, on the other hand, consistently crystallizes
as fairly large xenomorphic grains with poikilitic
texture, indicating its latest crystallization phase.

Discussion

The data obtained allow for several generalizations
regarding to geology and petrology of the red jasper-
oids in the Ukrainian Antarctic Station area, which, in
turn, enables their origin and systematic classifica-
tion among other siliceous rocks to be determined.
The common characteristics of all studied lo-
calities of the jasperoids are: 1) their localization
in volcanogenic strata belonging to the Antarctic
Peninsula Volcanic Group; 2) spatial association
with aureoles of low-temperature hydrothermal al-
terations in volcanic rocks; 3) discordant mode of
occurrence in the form of small, vein-like bodies
located in zones of fracturing and tectonic breccia-
tion; 4) uneven fine- and microcrystalline textures
with elements of relict colloform texture; and 5) pre-
dominantly hematite-quartz mineral composition.
All of these features provide clear evidence for the
hydrothermal origin of the red jasperoids in the UAS
region. Consequently, the term ‘jasper’ is inappro-
priate for these rocks. True jaspers are sedimentary
siliceous rocks with chemogenic or mixed biochem-
ogenic origin. Various authors have used the terms
‘jasperoid’ or the broader name ‘jasper-like rock’ to
describe hydrothermal-metasomatic siliceous rocks
that resemble jasper in appearance. The term ‘jas-
peroid’ was first introduced by J. Spurr in 1898. An
extensive description of jasperoids from various
regions in the United States was provided by Lov-
ering in 1972. In soviet-time scientific publications,
different authors referred to them as ‘jasperoids’ or
‘jasper-like rocks’. However, over time, the term jas-
per-like’ became overly broad and ambiguous. For
instance, ‘jasper-like’ is often used in preliminary
field identification to denote any rock resembling
jasper. Alternatively, jasper-like rocks are those si-
liceous ones with a non-sedimentary origin, as op-
posed to true jaspers. Lastly, some use the terms
‘jasperoid’ and ‘jasper-like rock’ interchangeably.
In modern English-language geological literature,
jasperoids refer to siliceous, jasper-like rocks that
form through hydrothermal-metasomatic transfor-
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mation of dolomites, limestones, and certain volca-
nic rocks. The name derives from the English term
‘jasper. Despite their visual similarity to jaspers,
jasperoids differ from true sedimentary jaspers not
only in origin but also in peculiarities of formation,
as well as in some aspects of texture and composi-
tion. Jasperoids are found worldwide, and geologists
have shown significant interest in them due to their
association with hydrothermal deposits of Au, Cu,
Pb, Zn, Sb, and Hg (Wilborn, 2017; Bootorabi et al.,
2020; Hoof et al., 2020; Madondo et al., 2021).

The authors of this paper prefer the term ‘jasper-
oid’,as commonly accepted in Western literature, ap-
plied in a narrow specialized sense namely siliceous
rocks with hydrothermal or hydrothermal-metaso-
matic origins. Judging by the identified mineral com-
position, the origin of hematite jasperoids in the UAS
area is likely associated with silica-rich hydrother-
mal fluids. The relict colloform texture indicates that
silica was predominantly in the form of a colloidal
solution i. e. silicic acid gel. This suggests a low-tem-
perature hydrothermal process occurring at shallow
hypabyssal or subvolcanic depths. More precise P-T
conditions for jasperoid formation should be deter-
mined through further mineralogical studies, partic-
ularly fluid inclusion analysis. The typical presence
of hematite in the studied jasperoids does not nec-
essarily indicate Fe* in the parent fluid. Iron could
have been leached from the surrounding volcanic
rocks in acidic conditions. Additional evidence for
the influence of surrounding rocks on the composi-
tion of hydrothermal fluids is found in the specific
mineralogical composition identified at each stud-
ied locality of hematite jasperoids in the UAS region.
Currently, data on the primary source of the hydro-
thermal fluids that formed the hematite jasperoids
are insufficient. Based on their vein-like occurrence
and association with fault zones, it is plausible to
assume that the fluids rose from a certain depth,
utilizing zones of increased fracturing as conduits.
Thus, it can be preliminarily assumed that these flu-
ids have a juvenile origin and likely separated from
a granitoid intrusion lying beneath the hydrother-
mally altered volcanogenic strata. This could be a
deep continuation of the Paleocene Barchans-Forge
granitoid intrusion, which outcrops in the western
part of the Argentine Islands. Alternatively, it could
be an older granitoid intrusion similar to the Early
and Late Cretaceous granites, exposed 1.5-3 km east
of the Yalour Islands on the Kyiv Peninsula coast.
Isotopic dating of studied jasperoids in the future
will help address this question as well.
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Conclusions

1. All studied locations of the red jasper-like
rocks are of hydrothermal origin. According to
their geological position, mode of occurrence
and petrographic features, they are quite simi-
lar to hematite jasperoids found in many parts
of the world in association with hydrothermal
deposits of Au, Cu, Pb, Zn, Sb and Hg.

2. The jasperoids in the UAS area were formed from
silica-enriched hydrothermal fluids. Low tem-
perature hydrothermal process was taking place
at a shallow depth. Silica was mainly in a form of
colloidal solution namely as silicic acid gel.

3. The presence of hematite as well as some other
minor minerals (calcite, pyrite, epidote, sericite
and chlorite) can be explained by the interac-
tion of the hydrothermal fluids with host vol-
canic rocks.

4. Parental hydrothermal fluids were juvenile or-
igin. They could separate from the granitoid
intrusion which lies at depth below hydrother-
mally altered volcanogenic strata. Zones of in-
creased fracturing in the host volcanites were
feeding channels for rising fluids.
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HeBenuki XunonofibHi Tina YUepBOHMX AIMOMNOAIGHUX MOPIA 3anAraTb Y Me3030MCbKUX BYNKAHOFEHHMX TOBLIAX HA APreHTUHCbKUX
0CTpOBax Ta ocTpoBax Anyp 6ins 3axigHoro yséepexoxka nisoctposa Kuis (beper Ipesma AHTapKTUYHOrO NiBOCTPOBA). 3a yMOBaMM 3a-
NSATaHHA, 0CO6NMBOCTAMU GYA0BM Ta MiHEPANIbHUM CKMafOM BOHW LiNIKOM MOAIGHI A0 reMaTUTOBUX XKACMepoigiB, BiooMUx y 6aratbox
KyTOUKax CBITy B acouiauii 3 rigpotepmanbHumn pyaamu Au, Cu, Pb, Zn, Sb, Hg. ABTOpn AOBOAATL riApOTEPMarnbHe NOXOAKEHHSI HOBUX
NPOABIB reMaTMTOBNX [KacnepoifdiB, BUABNEHMX B AHTAPKTULI. Pe3ynbTaTi BUKOHAHMX LOCMiMKeHb CBiuaTb Npo Te, WO Li AKacnepoigm
chopmyBanucs 3i 36araueHnx Ha KpemHeseM rigpoTepmanbHuX htoigiB. HU3bKoTemnepaTypHUI rigpoTepmanbHIUin npolec BiadyBaBcs
Ha He3HaUHIN rMU6UHI. KpeMHe3emM 3HaXOAMBCS MEPEBAXHO Y BUIMsAAI KOMOIAHOIO PO3UnHY — refilo KpeMeHeKMCoTu. MpUcyTHICTb rema-
TUTY, @ TAKOX AesKUX iHLWIUX APYTrOPsAHUX MiHepaniB (KanbuuTy, NipuTy, enigoty, CepuumuTy Ta XA0PUTY) MOXe NOSAICHIOBATUCb B3AEMOZIEID
rigpoTepManbHuX IAIB 3 BMiCHUMU nopogamu. NMpunycKaeTbes, Wo hian Manu I0BEHINbHE NMOXOMKEHHS Ta MOITIN BiAOKpeMUTMCS
Bif, rPaHiITOIAHOI IHTPY3ii, iKa 3anfrae Ha rMW6WHI Nif riLpPOTEPMaNnbHO 3MiHEHUMM BYNIKAHOFEHHUMM TOBLLAMU. XKUBASUMMU KaHanamm ans
cntoigiB cnyryBanu 30HM NiABULLEHOT TPiLLMHYBATOCTI Y BMiCHUX BYNKAHITaX.
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