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Abstract. Axis of the Moon rotation is almost
perpendicular to the ecliptipc plane and this is why in lunar
polar regions on the crater floors is a permanent shadow.
It is very cold there and vapors of water and other
volatiles, which are produced due to impacts of meteorites
and comets, as well as in magmatic eruptions, are being
condensed there. In these areas in the pores of lunar
regolith are accumulated ices of volatiles, including water
ice, which is interesting as a source of water for future
lunar bases and as the raw material for fuel/oxidant for
future flights from the Moon to other bodies of the Solar
system. Using the data of laser altimeter LOLA and LROC
NAC images we produced digital terrain models, which in
turn were used to study surface morphology of floors of
the south-pole craters Haworth (D = 51 km), Shoemaker
(D =51 km) and Faustini (D = 39 km), as well as of
inor mally
Apollo-16 landing site. In all five studied regio ns surface
morphology is dominated by impact craters with diameters

illuminatedoz2amor ki Afghedjopry

smaller than 1 km. The relative depths of craters with
diameters 150 to 400 m in all studied regions are
approximately the same. This information is important for
future exploration of the Moon.

Keywords : the Moon, permanently shadowed, hill-shade
image, craters, water ice, regolith

Axis of rotation of the Moon is almost
perpendicular to direction of solar rays. That is why
in polar areas of the Moon the Sun is very low above
the horizon and floors of craters are permanently
shadowed. As a result, the surface temperature there
is belav 70K and these cold traps capture volatile
components which are released when meteorites and
comets strike the Moon and as the result of magmatic
eruptions. So, in regolith of permanently shadowed
areas are being accumulated icesHgd, H,S, NHs,

SO (see eg., Colaprete et al., 2010). These
accumulated volatiles can be interesting as a source
of water for future lunar bases and as a fuel/oxidant
for flights from the Moon to planet§ »f => solar
energy=> H, + O). And this is one of the reasons of
high interest of space agencies to study polar regions

of Lunokhod
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Figure. 1. Above: Topographic map of the soiblar region littps://www.lpi.usra.edu/lunar/lunao uthpole-
atlas/maps/SPole_80S_LOLASR_v20190515.pYifIn black are shown permanently shadowed areas. Below: The hill
shade images of the studied craters Haworth, Shoemaker and Faustini. Rectangles onrthehdiw localities of the

Study areas.
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Authors of this work studied morphology of thefloors outside craters larger than 1 km in diameter
surface of the permanently shadowed floor of thend relatively large positive landforms.
southpolar crater Shoemaker and compared it with Figure 2 shows rather detailed images of the
surface morphology in the normally illundited by Study areas on the floors of the three considered
Sun Lunokhod? working area and Apolia6 craters as well as the Study areas in the Luno#hod

. . ) . and Apollel6 sites. It is seen in these images, that
landing site(BasilevskyandLi, 2024).It was found the spurface morphology of the pernganently

that in the morphology of the permanently shadoweghadowed floors of th three considered craters is
floor of crater Shoemaker, as well as in that of thgominated by populations of craters with diameters
illuminated by Sun areas, is dominated byf tens to hundreds of meters that is also typical for
populations of craters with diameters of tens tgormally illuminated plains of lunar maria and the

hundreds of meters. It was also found thategsat lunar highland plains. In all eight Study areas based
n spatial derniy of craters larger 100 m in diameter

with diameters of .150 fo 4.00 m N permanentl)&ere estimated model ages of the surface. They are
shadowed and in illuminated places have " g GndD . 2 [ba for.tte Faustini Study

approximately the same depth to diameter ratios. feas 3. 6 N an®3 08 N Ga0 for0 tAe
the present study the analysis of characteristics 8hoemaker ones arid. 5 BhdD.. 2 Safér. 2
floors of two other soutpolar craters; Haworthand the Haworth ones. Fothe LunokhpoeR working
Faustni, - is involved and correspondingly thearea the model age was found tobe 5 @Gaadd 1
surface characteristics of already three permanenfﬂé{)he Apoliol6site,3 . 9 ~ NGa.ThegeZstimates

; ee with the earlier made datings for the crater
shadowed areas are discussed and compared emaker flooTye etal., 2015) for the Lunokhod

those in normally illuminated ones. Images of Crate(ﬁorking area(Hiesirger et al., 2000) and for the
in the lower part of Figure 1 and the Study areas gthollo-16 landing site(Stoffler and Ryder, 2001).
their floors in Figure 2 were obtained by the Hill For the floors of Faustini and Haworth our estimates
shade technique using digital terrain models (DTMs)re significantly lower than those receivedThye et

(https://pdsgeosciences.wustl.edu/Irofttdola-3-rdr- our Study areas on the floors of these two craters we

Vi/Irolol 1xxx/DATA/LOLA_GDR/POLAR/J avoided craters with diameters larger than one

P2/LDEC_8755_5M.J82 Images of the study areas inkllometer and in can be seen in Figure 1 that such
: : craters are present there.
the Lunokhoe? and Apollel6 sites were obtained For crater with diameters from50 to 400 m
by the iame technlqge,lbut ulsm_g Dl-l\f_;g(e;atﬁi L%Séing the mentioned above digital terrain models
stereophotogrammetrical analysis o ere measured ratios of crater depth (d) to diameter
images(LunarReconnaissanderbiter). D) (Table 1)
It is seen in Figure 1 that floors of the threé '
considered craters are permanently shadowed. The
4.5 x 6 km Study areas on them are placed on the
lain-like approximately horizontal surfaces of these

Study areas

Figure 2. The
Study areas on
the floors of
craters Faustini,

; Shoemaker,

y Haworth, as well

y' 3 uiy <04 il as in the
Lunokhod-2 Lunokhod?2

working  region
and the Apollel6
landing site. Red
digits show the
model  absolute
age (billions of
years) estimated
from the spatial
density of small
craters.
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Table 1. Ratios of crater depth (d) to its dtiameter (D)

No  Study areas Number of craters with Mean d/D value Standard deviation of d/D
D = 150400 m value
1 Faustini 1 48 0.114 0.0367
2 Faustini 2 40 0.090 0.0321
3 Shoemaker 1 74 0.073 0.0226
4 Shoemaker 2 60 0.088 0.0289
5 Haworth 1 44 0.118 0.0315
6 Haworth 2 47 0.099 0.0466
7 Lunokhod?2 288 0.082 0.0421
8 Apollo-16 130 0.114 0.0360

So, analysis of the surface morphology within si%. Tye A.R., Fassett, C.I., Head, J.W., Mazarico, E.,
4.5 x 6 km Study areas on the permanently shadowed Basilevsky, A.T., Neumann, G.A., Smith, D.E.,
floors of the soutipolar lunar craters Faustini, ~ ZuPer. M.T., 205. The age of lunar south

o circumpolar craters Haworth, Shoemaker, Faustini,
Shoemaker andHaworth showed that it is rather and Shackleton: implications for. regional eok?gi,dé 5
Icar

similar to the mo r phol osGdce procdbses, bl Wlatile SR dirdl
illuminated by Sun mare and highland plains within 255 7677

the Lunokhoe? and Apollel6 sites and it is

dominated by populations of impact craters with 1 . 23
diameters of tens to hundreds ofters. The ratios of Glazovskaya L.I. %, Piryazev A.A. 7,
crater depth to diameter of the craters havinghcherbakovV.D. * Shock transformation of
diameters from 150 to 400 m within the permanentgircon in Logoisk (Belarus) impacties.
shadowed areas are about the same as within the

inormal lyo illuminated >Csfraidacly pronosqy Wopegp Siajeppiersity | g |
h lusi . . Moscow, Russia, aculty of Chemistry, Lomonosov
areas.These conclusions are important fﬂannlng, Moscow State University, Moscow, Russia ,3 Institute of

transportation and work of robotic and piloted roversroblems of Chemical Physics, Russian Academy of

in the permanently shadowed regions of the Moofgciences, Chernogolovka, Russia

More detailed information on morphology and somkudmilaglazov@yandex.ru)

other characteristics of the surface will hopefully b@ébstract . The transformation of zircon in glasses of

obtained from analysis of images withominal suevite o_f the Logoisk structure has been studied. Various

resolution 1.7 m/px taken by the constructed witfyPes of its transformation have been revealed: the

NASA USA support ShadowCam camera fqrmatlon pf granu_lar tex_tures both in the rims around the
zircon grains and in the inner parts of t he grains. Some

(https_//www.shadowc_anasuedU) _On_board Korea zircon grains are converted into a fully granular aggregate

PathfinderLunar Orbiter. To obtain images of the of crystallites. The transition of zircon to reidite - high-

permanently shadoweckater floors will be enough density modification of zircon, the formation of planar

solar light reflected from the illuminated tops of théractures and the decomposition of zircon into ZrO, and
crater rims. SiO, have been established. The rims of the diaplectic and

Sources of funding' The work was damaler the melting glass around the zircon grains were found. The
GEOKHI RAS state as-signme(AtT Basilevsky) and amorphous state of zircon in these rims has been proven

supported bySuzhou Vocational University (YuanP Micro Raman spectroscopy. The occurrence of
Li). granulated zircon grains with impact melt in the space

between its crystallites corresponds to a temperature
>2000AC. An assessment of the R-T conditions for the
formation of impact glass of suevite according to the
conditions of zircon transformation was carried out.
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m of thick Quaternary sedimentary rockSranite proven by the method of micfeaman spectroscopy

gneiss experienced shock metamorphism to a depiRq theregion of decomposition of zircon into ZxO

gIru}lztsl?rerirs‘iﬁésr'n%g?gmllga gsmeEartlFlongk Impact 5ng SiQ. Zro, is present both in the form of a
Zircon is the most informative mineral for?horciﬁ.r arOL:nd a patft of the graéln_ a?ﬁ n th? florm tOff
determining the PT conditions of impactite € thinnest separations sprayed In the central part o
the grain. These areas are diagnosed by the ratio of

formation, since its transformation occurs in a Wld%oz and SiQ in the zircon structure, which becomes
6]

range of temperatures and pressures fro
temperatures of 500AC t 30 %1%47Tg%\%esefcce_é)_frpllargwscigr_ Stﬁ’gt?t €t o
with thé absencé of reidite makes it possible to

formation of ZrO2 cubic syngony). The . . .
transformation of zircon in Logoisk structureeStImalte the pressure as4D GPa. In this grain, the

impactites includes the formation of granular%lmultaneous presence of plan@actures reidite

textures, the transition of zircon to reidite, a high . s . X
density modification of zircon, which is proved bymc zircon decomposition into ZgOand SiQ (T
the method of micrdRaman spectroscopy.

The formation of planar fracturesn zircon is
observed in two directions. The decomposition
zircon into ZrQ and SiQ. may be accompanied by

the removal of Si@into theimpact melt. The degree

of pressure and temperature in this grain on a
0rpicroscopic scale.
Granular textures. Granuér textures in zircon
made of glass of the Logoisk impact structure are
Methods. Raman spctra were acquired on a AR . \ .
famd SiQ; silica is often carried out into the

S(;)lzlitp))g e dLE\T\?iEaarln | asI,E evro\ll\lg\(/)é: enR;?rr]n ;(n 6333? ?ﬁrol;gierggsgrrounding melt. Granular textgrare installed both
laser power of 17 mW. The spectrometer is equipp%ﬁlthe borders (Fig. 1) around the zircon grains and in

with two diffraction gratings, a higherformance e inner parts of the grains. In the inner parts of the

detector cooled by a Peltier elemeand a set of grains, in the intervals between the crystallites, there

: . . a zircontype diplect glassThe presence of ZtO
neutral gray filters to adjust the radiation power ohfl the granlar zircon (Figures 1) of the Logoisk

the sample. The optical microscope has a resolutiQ Lucture suagests an impact pressure 67656Pa
of 500 nm. The measurements were carried out with 99 pact p .
d postshock temperatures higher than 2675

a grating of 1800 lines per mm, the laser power wid! h £ tull I . ] ith

25% of the maximum, and the ebjive wasl 100. The presence of fully granular zircon grains wit

The exposure time was 10 s with two accumulation
Reidite. Reidite is currently documentedin

an impact melin space between the crystallites in
he impactites othe Logoisk structure makes it

severalterrestrialimpact structures: Ries, GermanyIOOSSIb le to estimate the temperature of the impact

Haughton, Canada; Xiuyan, China; Chicxulub(tn;i{;3 :artn Q'imamssetale ;0017'3) eding 2000AC,
Mexico; Woodleigh, Australia; Rock Elm, United gz. A i

States; Chesapeake Bay, United States; Reidite was Ircon amorp |;at|on. Ircon -amorpreation
discovered in shocked zircon from the Stac Fadg occur "."t the sohphasestage\ylth the form.atlo.n
impactite, Scotland and in the Rochechouart impa% a d'pleCt'.C glass. Prey|ous|y, d|_pIe_ct 9'a$5 In zircon
structure, France. Reidite has been identified in t as described only in association with reidite

HED meteorite NWA 2650 and lunar meteorite Sa eteor crater), while its presence was nqt proven by
169. instrumental methods. Amorphous areas in the zircon

Reidite was proved by mici@aman grain may also be the radsof melting zircon.

spectroscopy in the impact rocks of the Logoisk We have obtained petrological evidence of the

mpact st (Glazovsiaya e ol 2029, TIRCNS O 2e0n ) et o e Lognek
EBSD mapping method made it possible to prove the ' y Y P 9

presence of "former reidite” in thsuevite of the Exgjvsg_ciro;g'ﬁicz%?igecl)tf'nbgag:jgﬁgrsgmqgiﬁ%ezgas
Logoisk structure, that is, reidite, which at - Cry P

temperatures exceeding mﬁltl( I&/%%(ycar??r Guré)\aeta{)., Ocli)’ fin{di?]gt 0

. 55 ,
zircon. Zircon can completely transform into reidit (l)rcgp stgmr?énsz;[rr;on (;r:](;)t rZ?é?feSp(%nBs'B Orgzn amon
or partially. The presence of reidite in the zirco y bpIng

. . : method for zircon from impactites of the Vredefort
g:z:ln ;lcj)%%istsapressure of 11753 Gpa Erickson structure, South Africa) (Kaleva et al., 2021).

. Zircon amorphization was achieved in experiments at
Planar fractures. Planar fracturesin two P p

directions are described by us intlan section of a pressure of 60 GPa to the complete absence of

suevite glass, in a thin crack of impact glass inspectral bands of Raman spectroscopy in the
biotite. In the same zircon grain, reidite is presen‘t),erIIOheraI parts anims (Gucsik et al., 2002).
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Fig. 1 Rim of granular textures in zircon with Fig. 2. Rim of fused zircon glass from tseevite
dissociation of zircon into Zrand SiQ of the Logoisk structure

b

300 500 700 900 1100

Fig 3. Rim of zircon diaplectic glass from Fig. 4. Raman spectroscopy in zircon (grey lines) ¢
suevite of the Logoisk structure diaplectic glass (dark lines) from Logoisk structure.

Diaplectic and fused glasses in the rims of zircostructure.

from the matrix of sevite of the Logoisk impact An amorphous phase of the zircon composition
structure, shown in the figure 2, 3. Their presenagas described in experimental samples at impact
was proved by micrkRaman spectroscopy (Fig. 4).pressures of 40 GPa in the form of plates in zircon
The amorphization of zircon in the form ofgrains containing planar fractures (PDFs), a partial
diaplectic glass was also found and confirmed kyansformation to reidite was observed in the same
micro-Raman spectroscopy in imgagrcon from the grains. While at higheexperimental pressure (60
stratified YarvaVaraka massif (Kola Peninsula)GPa), complete transformationo reidite was

(Kaulina et al., 2017). observe in experiments.

Diaplectic glasses are a product of amorphization Conclusion Upon impact on the target rocks of
at the soligphase stage , the substance is crushedtmg Logoisk stracture, zircon undergoes
a shock wave i nto t i rirgnsforfmati@n8 O(granular tektures,g tramsitions to
(Feldman,Glazovskaya, 2018) that are notritifed reidite - a highdensity modification of zircon,
as a crystallinenaterial by Xray diffraction. formation of planar fractures, decomposition of

Diplectic glasses are formed while preserving theircon into ZrQ and SiQ, amorphization at the
boundaries of minerals. In the Logkistructure, solidphase stage with the formation of diplectic and
diplecic transformations are also observed fofused glass. The transformations ofcan takes
quartz, plagio@se, and kalishpate. When timas of place in the temperature range from the first hundred
the diplectic glass are formed, the inner parts of thd e gr ees t o temperatures e
zircon grains are shielded by then and retain their

Experiment in Geosciences 20 24 Volume 30N 1 9
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Fig. 1. Quenching sample

SEM [1V: 20.00 kV Date(m/d/y): 12/04/23 after the experiment.

SEM MAG: 60 x View field: 12.72 mm
Nekrasov AN, Det: BSE Detector + SE Detector
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Table 1.Comparison of the composition (wt.%) of the Orgail carbonaceous chondrite with the geaiebal
composition of the sample obtained during the experiment.

Orgail  Experiment Matrix_ Chondrulé”
Na,O 0.8 0.71 0.88 2.26
MgO 17.01 23.22 27.05 14.36
Al,O3 1.78 2.76 3.1 10.25
Sio, 24.28 30.74 36.79 62.09
Kal 0.08 0.07 0.09 0-54 %M carbonaceous chondrite
CaO 131 1.13 1.34 6.22 (V(g)]itkevich ot &, 1090),
12 21.41 0.48 1.58 * average composition of the
MnO 0.2 0.58 0.22 0.31 quenched sample obtained in the
Fel 1226 29.73 23.2 1.28 experiment,
FeS 16.22 ** average composition of the matri
NiO 1.32 1.22 0.99 0.06 of the quenched sample,
average composition of ovall
C 3.34 shaped microinclusions (chondks).
Total 100 100 100 100

Fig. 2. Microphotograph
of a section of a
guenched sample witt
analyses.

f 100um : Hondr2-1-1

The quenchedsample, the chemical compositioncharacterized by a microgranular texture, diteaic
of which is close to the composition of the originatomposition, with a high content of magnesium (up
mixture, has a crystalline, unevgnlgranular to 27 wt.% MgO), iron (up to 23 wt.% FeO) with
structure, similar in chemical and phase compositidnclusions of silicate, Fenetallic and Fesulfide
to carbonaceous chondriteseé able 1). phases

The matrix (analysis areas 22, 23) is The silicate fraction is represented by oval

Experiment in Geosciences 20 24 Volume 30N 1 11



shaped microinclusions (chondrules) up to 1@bate plains and large flattened volcanoes are often

microns in size, the Compositiaﬂnse tomagnesian spatially related to each other. It is likely that these
basalt forstéte of olivine and enstatite volcanoes represent transitional landforms from coronae to
orthop,yroxene composition volcanoes. The studied coronae and volcanoes mark the

. ; . Tain areas of the late volcanic activity on Venus.

The ore fraction consists of intergrowths of meta
phases, almost pure Fe,-Realloy with variable Fe
and Ni content (from % to 1620 wt.%Ni), as well

as troilite. We analyzed characteristics of the spatial
Features of the texture, chemai and phase gjstripution of corona - large (with a diameter of up
composition of the quenched samples indicate thgf 2500 km)circular features(Stofan et al, 1992;
recrystallization of the starting mixture during thQ:rumpIer, Aubele, 2000)which probably represent
experiment led to the formation of carbonaceoyge sirface manifestations of mde diapirs

Keywords : Venus, landforms, coronae, volcanoes, lobate
plains, late volcanism.

chondrites. (Nikishin, 1990; Pronin, Stofan 1990; Stofan
Smrekar 2005) and volcanoesthe topographically
This study is fulfill ¢@mineddémers oRdcantsm(Heallet #1,51992;r a m
FMUF 20220004 of theKorzhinski Institute of Crumpleret al, 1997).Both these types of features
Experimental Mineralogy. are sources of flows of lobate plains (phat
representthe youngest manifestations oblcanic
Reference: activity on the phnet (vanov, Head 2013; Hahn,

Byrne, 2023).

The coronae, which are thewces of lobate
plains, composeabout 17% of the entire population
of coronae and are characterized by three
topographic classes: D, W, Wdmes, depressions

Guseva E.N.and IvanovM.A. Spatial-genetic With a central peaksimple depressions, Fig. 1)

relationships corona-sources ofvolcanism and (GUSevVa Ivanoy, 2023). These classes probably
correspond to thalifferent stages of evolution of

Voitkevich G.V., et.al. Handbook of geochemistry.
Moscow.Nedra.- 1990.

volcanoes of VenusUDC 523.42 coronag(Smrekar Stofan 1997).
Vernadsky institute of RAS, 119991, Moscow, Russia, Volcanoesarecharacterizedy threeslzegroups
guseva@geokhi.ru, ivanov.m@geokhi.ru the largest flatopped(up to 740 km in diameter),

medium conical (up to 425 km) and small conical (up
to 240 km) (Fig. 2).
Abstract We analyzed the spatialgenetic relationships of The purpose of the study was to determine the
the coronae that are sources of the younger lobate plains main areas o€oncentratiorof the studied structures

and the volcanoes of Venus and have found that: coronae th £ vV d t tablistei
representing the sources of lobate plains, as well as large on e surface o enus an 0 esla Ir

flattened and medium-sized conical volcanoes, are possibeé genetiaelationships
distributed on the surface mainly in the Beta-Atla-Themis,
Eistla and Metis regions; the dome-like corona sources of

100.-km
R

Figure 1. Coronae sources of lobate plains (pl) of three topographic classéalsast san Mons, <c¢cl ass D, 1
d=167km;bi Er eshki gal , cld=E384km Ri2ridAN,c I8adsAsE, U, B8AN., 247AE, d=:
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Figure 2. Volcanoes of three topographic groups with flows of lobate plains (pl)K@ k y anwu t i Mons, g
gllﬁE, d =141 6d4u nknm;Mon s , group 2, 1 XothhgBetzh 2 MBAE, d=830pF BmM.
=204 km.

We studied the morphology of th@ronaeand through these structures using the Magellan
volcanoes of Venusisible in the mosaics othe C1- topographianap(resolution~ 5 kmjpx) (Fig. 3) and
MIDR images (esolution~ 225 mpx) (Figs. 1 and assessed their stratigraphic position using the
2), constructed a series of topographic profilegeological map of Venus (Ilvanov, Head, 2011).

N

‘1’:-,_

EH ()

100 km

Figure 3. Topographic profiles, left: coronae, the sources of lobate pl@inslahastsan Mons, class D;
b1 Ereshkigal, class W;t Rind, class U; right: volcanoes:idKokyanwuti Mons, group 1; & Idunn Mons,

grow 2; fi Xochiquetzal Mons, group 3.

We have identified the main areas wiutual population) have abroader distribution over the
distribution of the coronaources of lobate plains (90surface (Fig. 4).
structures) and volcanoes (89 structure$he The dmeshaped coronraources (class D, 44%)
coronasources of all topographic classesand and largeflat-topped volcanoesgfoup 1, 27%) are
volcanoes, mainly the large fladpped(group 1) and most often spatially associated with each other and
medium conical (group 2) (total 53% of the entirare also associated with rift zonestle BAT region
population) are concentrated in the BAT (BeMla- (Fig. 5). It is possible that such volcanoes represent
Themis), Eistla and Metis regions (Fig. 4). Smathdvanced stages of tlteronae evolution and their
conical volcanoes (group 3, 47% of the totaransitionto more coneshapedsolcanoes.
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Figure 4. The distribution of the cororsources of lobatglains of three topalasses (white) and volcanoes of three
groups: large flatopped (group 1, red), medium conical (group 2, blue) and small conical (group 3, purple). The base
topographic map: Moll weide projection, central meridian

Figure 5. The spatial distribution of the dorshaped coronraources (D class, orange) and the largetfpped

volcanoes (group 1, red); lobate plains are yellow, rift zones are black; geological boundaries according to (lvanov, Head,
2011); Mollweide projectin, central meridian 180.

Based on the results @lur work, we can draw  The study was carried out under the State
the following conclusions: (1)coronasources of Assignment of the Vernadsky Institute of
lobate plains the large flattopped and medium  Geochemistry and Analytical Chemistry of the
conical volcanoesccur mainly in three areasthe Russian Academy of Sciences.

BAT (BetaAtla-Themis), Eistlaand Metis; (2)the

domeshaped coronaources and large fldpped References

volcanoes are often spatialgssociated with each _ _

other and such volcanoes are likely the result of CTumPpler L.S., Aubele J. Volcanisnm&/enus, in
advanced evolution of coronae (3) the studied Encyclopedia of Volcanoes, Houghton B., Rymer H.,

f K th . £l | . Stix J., McNutt S., Sigurdson H., Eds., San Diego:
\?atures mark the main areas of late volcanism on 5.4 press. 2000. 72770.
enus.
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2 Crumpler L. S., Aubele J. C., Senske D. A., Keddie S. associated with the tectonic activity of the Samodiva Mons
T., Magee K. P., Head J. W. Volcanoes and centers @blcano.
volcanism on Venus. In Bougher S.W., Hunten D. M.keywords :  Venus, planetary geology, comparative
Philips R. J. (Eds.), Venus II: Geology, geophysics, planetology, Samodiva Mons, lava flows, geological hstory
atmosphere, and solar wind environmérite
University of Arizona Press. 1997. G956. Introduction: The Samodia Mons volcano
BGusevg E.N:, Ivanov M.A. Spatial anq genet|c. (13N6 A6 V) and the surrounding area are
relationships of coronae, lobate plains and rift zones locatedto the SEof Beta Regio (Basilevsky, Head,
of Venus.Sol. Syst. Res. 2023. V. 57 (2). 1121. 2007). The interest in studying this volcano is
4 Hahn R.M., Byrne P.K. A Morphological and Spatial | . d by the f hat i ying. d
Analysis of Volcanoes on Venus. J. Geophys. Res. explaine o y the fact that its act|V|ty_correspon s to
2023. 128. e2023JE007753. the transition from a global volcanio a global
5Head J.W., Crumpler L.S., Aubele J.C., Guest J., volcanotectonic regimeof resurfacing onVenus
Saunders R.S. Venus volcanism: Classification of  (Ivanov, Head, 2015). In addition, theoviet
volcanic features and structures, associations, and fiVeneralOomissionl anded near N,he
global distribution from Magellan data, J. Geophys. 6 9 W; ~150 km north of the volcano'summi)
Res., 1992. V. 97. 13.1583197. (Surkov, 1985).
6 |va\?ov M.ﬁ.l, HeadS JW. Cglqbgggﬁol\cl)ggcgl l”%%%gf Geological mapping of the arearrounding the
enus. Planet. Space Sci. 2011. V. 59. £5690. Samodiva volcano (Fig. 1) on a scale of 1:500,000
7 lvanov M.A., Head J.W. The history of volcanism on . .
has not been carried out before. The map presented in

Venus. Planet. Space Sci. 2013. V. 849@6 K (Fig. 2) is based h logical
8 Nikishin A.M. Tectonics of Venus: A review, Earth, our work (Fig. 2) is based on a photogeologica

Moon, and Planets. 1990. V. 50/51. 1T05. analysis of radar images obtained by the Magellan
9 Pronin A.A., Stofan E.R. Coronae on Venus: spacecraft (spatial resolution of 1200 m/px)
Morphology and distribution. Icarus. 1990. V. 87.  (Saunders et al., 1992). This map documents new
452474, details important for studying the history of the
10Smrekar S. E., Stofan E. R. Corona formation and heayolcano's formation. Earlier, smaliscale maps were
loss on Venus by coupled upwelling and derived (Grosfils, Head, 1996; Abdrakhimov,
delaminatio. Science. 1997. V. 277. 128294. Basilevsky, 2002), butthe volcanic center of

11 Stofan E.R., Smrekar S.E. Large topographic rises,

, Sanodiva Mons was not the main purpose ofd
coronae, large flow field, and large volcanoes on studes
Venus: Evidence for mantle plumes? Geol. Soc. Am. . .
Spec. Pap. 2005. V. 388. 8861. Distinguished morphostructural  complexes:
12 Stofan E.R., Sharpton V.LSchubert G., Baer G., highly tectonized areas include tessera and densely

Bindschadler D.L., Janes D.M., Squyres S.W. Globallineatedplains. The surface of tifermerhas a high
distribution and characteristics of coronae and relatedadar brightness (increased roughness in the meter
features on Venus: Implications for origin and relatiorde@ameter range), consists of at least two sets of
to mantle processe3. Geophys. Res. 1992. V. 97 intersecting ridges andractures (10-20 km in
(E8). 13.34713.378. length). Denselyineatedplains have increased radar
brightness, their surface isrosscut by numerous

Malyshev D.G!, Emst R.EZ2 Ivanov M.d).l densely packed straight or curved lineaments

) . . (lvanov, Head, 2015). Massifs of tectonized areas are
S:r?lljosg'cal history of Samodiva Mons on observed mainly in the north of the studied area and

make up the southern tip of thehtllaRegia

1 Vernadsky Institute RAS, Moscow, Russia Most of the s.tuyl areais coygred Wl'th lava sheets
(malyshev@geokhi.ru); ? Carleton University, Ottawa, and flows, which were divided into several
Canada subgroups accordintp morphologyJink to different
Abstract Studying the mechanisms of internal heat loss on ~ SOUTCES, and position relative to teemmit of the
different planets is an important task for understanding the Samodiva Mons volcano. The flows are represented
evolution of the planets of the Solar system. Due to the by lobate (higher radar albedo, clear boundaries,
lack of plate tectonics, the leading mechanism on Venus is small area)and sheet flows lpwer radar albedo,

intraplate volcanism, one of the typical representatives of fuzz%/diffuse and occupy a large ajea

which is the vol canoN, S#&m@tudiAv ns ?bi)l'énd%r;?
Here the geological structure and history of the volcano ﬁOSS|BIe sources of flows are the Samodiva Mons

are described. As a result of mapping on a scale of volcano, small shield volcanoeZhivana Corona
1:500,000, the f ollowing morphostructural units UnnamedCoronaeto the SE and NE of Samodiva
(subdivisions) were identified: highly tectonized areas, lava Mons. The sources ofheet flows are usually
flows, edifice of the volcano, graben systems. Based on indistinguishable (lvanov, Head, 2011).

geological mapping and analysis of relative ages, three
main stages of the formation of the studied area w ere
identified: early tectonic, middle volcanic and late,

Samodiva Mons volcano is a shield volcano with
a diameter of 150 km, in the upper part there is a
depression with a diameter of 25 km and a depth of
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up to 500 m, as well as a bright dosteped from grabens or volcanic structures locatedamof

formation with a clearly defined frontal ledge. Thesagraben.

may be he results of late volcanic activity: a caldera The relative ageestimationis based on the

and a dome. The frontal ledge of the dome indicatpsinciple of superposition crosscutting and

a higher viscosity of the lavas, for example, due toeanbayment relationship8Nilhelms, 1990). In the

more evolved acidic composition (lvanov, Head, geological history of the stydarea, three main

1999). stages can be distinguished: early tectonic, middle
Graben systems are assembled into radial amdlcanic and late, associated with the tectonic

circumferentialswarms, spreading mainly from theactivity of the Samodia Mons volcano. During the

Samodiva Mons volcano. Tleimmitof the volcano first stage, tesserae and dendeigatedplains were

is intersected in a norsouth direction by a systemformed. The second stage is the stage of lava

of densely packed grabens afidsuresextending flooding, when most of theheetspoured out. The

145 km north and 223 km south from the top of ththird is theintrusion of dikes and the formation of

volcarp. In many cases, grabaystems on Venus graben systems, the pleasf localzed volcanism,

form over dikes (Buchan, Ernst, 2021), which iswhen lokateflows were formed.

confirmed by observations of lava flows flowing

70°W 68° W 66° W

14° N

12° N

Figure . Radar i mage of the stluedAyN 2168088 ~52OMGGilv &k MM s Ai s
ZCi Zhivana CoronatJC11i Unnamed Corona to the NEC21 Unnamed Corona to the SE. White solid line indicate
the boundary of Samodiva Mons youngest volcanis material (stage 3); yellow soliddmendary of older Samodiva
Mons flows (stage 2); dashed lifiesoronae material boundaries; fieq V e n¥ @ endihgaite ellipse
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Funding: The study was carried out under the crustal intrusive complexes // Gondwana Research.
State Assignment of the Vernadsky Institute of 2021.P.2B43.

Geochemistry and Analytical Chemistry of théQ Wilhelms D.E. Geologic Mapping in Planetary
Russian Acagemy of Scier>1/(t:es y Mapping // Cambridge Univsity Press (eds R.
Greeley, R. M. Batson). 1990. P. 2@80.

References
Maxe L.P. Shape and morphology of cosmic

dust particles as manifestation of the
adiabatic shift. UDC 524-1/-8

1 Basilevsky A.T., Head J.W. Beta Regugnus:
Evidence for uplift, rifting, and volcanism due to a
mantle plume // Icarus. 2007. V. 192. P. 1636.

2 lvanov M.A., Head J.W. The history of tectonism on
Venus: A stratigraphic analysis // Planetary and SpackL. C ¢ STRI Me,
Science. 2015. V. 11B14. P. 1032. Abstract. Among the cosmic dust particles (CD)

3 Surkov Y¢. Cosmochemical studies of planets and accumulating on Earth in sedimentary deposits, in rocks, in
satellites{ .: Science, 1985. 307 p. addition to nano- and microspheres of various

4 Saunders R.S., Spear A.J., Allin P.C. [et al.]. Magellan compositions, there are metal particles in the form of
mi ssion summary [/ J. Ggithgd chips, twisk and even 4ta@k9 @ microlates.9 7 ,
E8. P. 1306i713090. Similarity was found in the shapes and morphology of

5 Grosfils E.B., Head J.W. The timing giant radiating these CD particles and particles of terrigenous and
dike swarm emplacement on Venus: Implications for industrial origin, which is explained by a similar mechanism
resurfacing of the planet and its subsequent evolutioff their form ation in fast flowing processes accompanied
/1 J. Geophys. Res. 1909 &Yaloapgiabaticshift{AS). The pgpes consigersthes g 4 5
4656. objects and conditions that can lead to the formation of CD

6 Abdrakhimov A.M., Basilevsky A.T. Geology of the in the form of shavings, twists and stacks of spall plates.
Venera and \)egi:al Landirgte Rééions I/ Solar Analyzing the manifestation of AS during the destruction of

. meteoroids, the author concludes that the shapes and
System Research. 2002. V. 36, No. 2. Pi138. ' ! . , :
! ‘ hol f the CD particles studied by him, studied and
7 lvanov M.A., Head J.W. Global geological map of morpnalogy ot tne paricies studied by mim, Sidied an

. E)resented in scientific publications by various authors, are
Ygggigo%lanetary and Space Science. 2011. V. 59. atural and are the result and manifestation of AS.

) ] Uncontrolled local AS leads to destruction, a controlled AS
8 lvanov M.A., Head J.W. The stratigraphic and

» Hedd JV ' process can be used for synthesis an example is the use of
geographic distributioof steepsided domes on

vapor-bubble media.
Venus: Preliminary results from regional geologic
mapping and implications for their origin. // J.
Geophys. Res. 1999 .-18924.
9 Buchan K.L., Ernst R.E. Plumbing systems of large

Mo Grissh_maxe@raBbéedra r u s

Keywords : cosmic dust, local adiabatic shift, meteoroid.
10 fntroductio%? 'Cogmic 158b%t%n7ce constantly
igneous provinces (LIPs) on Barand Venus: enters the Earth's atmosphere and settles increasing

Investigating the role of giant circumferentialand P! anet 6s mass, the most s
radiating dyke swarms, coronae and novae, and mid dust (CD)i particles ranging in size from nanto

Experiment in Geosciences 20 24 Volume 30N 1 17


mailto:larissa_maxe@rambler.ru

micrometers. CD patrticles differ in their sources ofondition of which is a rapid local cycle consisting of
origin, geoméic shape and morphology, chemicaplastic deformation of the material, conversion of
and elemental composition. In the compaosition of Civork into heat and thermal softening of thaterial.
background, a part of the CD that is relativel\High-speedshavingsformation proceeds cyclically.
uniformly and constantly present in sedimentaryhe cyclic nature of the process leads to the
layers, excluding places of impact events, and excdptmation of adiabatic shear bands (Landau et al.,
for nane and micospheres of various compositions2016). Physically, they are realized directly in the
are present many metallic particles in the forms ahaterial in the form ofhavings when cutting an
ribbons, shavings, twists, as well as scaly particles.dtticular, cyclic, elemental one is formed, while
IS not uncommon for deep magmatic rocks to contagrinding, a micre shavings of similar types is
inclusions of micro particles similar in shape antbrmed (Zubarev, Priemyshev, 2021; Landau et al.,
morphology to CD particles that accumulate in2016).
sedimentary rocks. Researchers recorded the Analysis of researches, similarity SEM images
presence of micro particles of native metals in thewf CD particles similar in shape and morphology t
in the form of thin spirals, ribbons and shavimgsl industrial micre shavings are given in many
it was difficult to prove their terrigenious origin scientific papers, outside of the AS phenomenon. The
without conductig special additional studiesablation of a cosmic body (meteoroid) in the Earth's
(Shnyukov, Lukin, 2011). atmosphere proceeds at a very high speed, the
Theory, practice, task. High-resolution images duration is measured in seconds, the outer layers are
of micro-objects are widely used for comparativesuljected to hightemperature ablation, the inner
analysis. Such research method as electron pratr@es do not immediately have time to heat up the
microscopy allows for both composition comparisobody is exposed to the shock wave front. During the
and finding image similarity. For comparativeatmosphere stage of evolutiaf a heterogeneous
analysis, in this work were used image of CD cosmic bodyby deceleration and destruction internal
particles obtained earlier in the analysis of CD frorfriction between dissimilar parts and particles is
various tabletdayers (Russia, Belarus) by scanningpossible. Solid minerals, during shifts and shocks, as
electron microscopy (SEM), as well as images of CRbrasives, removehavingsfrom metal inclusions, in
micro particles presented in published scientifithis case, the AS phenomenon is reflected on the CD
papers by various authors and in openurses. particles i they take the form of corrugated,
Comparative analysis has shown the similarity aflongated or folded ribbons, spirals. An increase in
SEM images of certain shapes of CD particles witthe cutting speed during material processing reduces
(obtained using SEM) images of particles of shavinghe size of the shavings of grinding metal,
from grinding and cutting (Zubarev, Priemyshevlongitudinal grooves from plastic deformation, scaly
2021). delaminations, ruptures, voids become noticeable on
The discovered similarity of shapes andhe paticles. Similar phenomena are observed on CD
morphology of micreparticles fromsuch different metal particles  (Tselmovich, Maxe, 2020;
sources requigkexplanation, analysis and search foif selmovich, Maxe, 2023). Using USmBicroscopy
the causes of similarity, respectivelyassetin this  (with registration of color images), the author
work the task ofanalyzing the similarity of images, conducted studies of CD particles extracted from
search for mechanisms of formation of CD roicr native dry trepel (Staln@y deposit, Khotimsk,
particles and their terrestrial prototypes. Belarus).On USBimages of CD particles similar to
Macro particles in the form afhavingsare often micro-shavings, the presence of run colors (analogue
found as waste from industrial processing of metate colors of the run on the metal), from yellow to
and other materials. Micrsized shavingsparticles blue, was recorded on their side surfaces, therefore,
are formed in precision cutting, grinding and othethe shavings formation tearature could vary but
proaesses. The theory of the process of mechaniagithout reaching the Curie point.
processing of materials is in demand and by now its Penetrating into the upper atmosphere, space
main provisions are well developed, adapted toodies undergo ablation, leaving ionized meteor
specific types of processing and materi&bavings trails at an altitude of 70 to 140 km these tracks are
formation occurs at a very higipeedvhen materials capable of reflecting and scattering radio waves of
areprocessed by cutting and grinding. At the point dfigh frequency and ultrahigh frequency range.
application of the force causing the shear, as a resMassive cemic bodies, before an explosion, fall or
of the plastic deformation in a narrow zone, auccessful crossing of the atmosphere, leave-long
significant amount of heat is released pdiypoint, lived meteor trails in it. Scientists and specialists
since the shear deformation is concentratedllipin  from many countries monitor various layers of the
this zone. This process in materials describes tl@mosphere, including the observation of "metallic”
mechanism of local adiabatic shear (AS), thkyers, the ionic composition of which correlates
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qualitatively and quantitatively with the metals thainterference of waves in a finite closed objéca
make up falling meteorites (Plane et al., 2015manifestation of local AS.
Intensive targeted studies have led scientists to the Analysis and discussion. The phenomenon of
conclusion that relatively large meteoroids are thgection. In addition to the explosive scattering of
main source of micrometesized meteorite dust fragments and micro particles comtad in the body
settling on Earth, which accumulates and can persa@tthe meteoroid, there is a "legitimate" possibility of
for a long time in sedimentary deposits, becomisig &arrying its particles into the external environment.
background CD (Klekociuk et al., 2005). Due to the ejection created by an annular jet of an
CD particles observed in the form of shavingsxternal plasma stream at supersonic speeds, a part of
ribbons, patterned &ves with traces of viscous flowthe substance can bearded away from its rear
and metal destruction could be formed as a result i@gion into the atmospheric trace of a meteoroid. The
internal processes (deformations, friction) in apresence of loWrequency oscillations of the bottom
inhomogeneous meteoroid body during and evget was shown, since its oscillations are slower than
before it enters the Earth's atmosphere. Similhigh-speed turbulence in the mixing plasma
particles could have bedarmed during the cosmic (external), that is, thegre slow and periodic (Bulat,
evolution of the object, as evidenced by the result &rodan, 2013). In the absence of air inside the
a highaltitude explosion in the atmosphere recordesheteoroid, its own "vacuum pump" an ejectori
in 2004 and the analysis of its trace (Klekociuk et alcanoperate in its back rear area. The position of the
2005). back vacuum end of the meteordig rapid motion
During the ablation of the meteoroid, the melin atmosphereis not stabd, but under certain
can carriecaway by a plasma stream and evapouratepnditions it can function as an ejector of small
but also in area its back side vacuum, the metal mélagments and particles. From inside the meteoroid,
under pressure can be displaced through crackstle "tail ejector'can periodically "spits out” shaken
refractory phases, forming flegcaly forms of CD and cracked substance. Regmaglypts are observed on
particles resistant to corrosidike amorphous metal some meteorites, indicatingneven pressure and
glassegTselmovich, Maxe, 2023). flow. The presence of a bottom vacuum and the loss
The formation of assembly of particles in theof matter in the bottom region affect the shape of iron
form of a regular "stack of plates" (more simitar and ironstone meteorites that have reached the
stackedmicro-saucers) obviously retre quite other Earth there is a rear section and a pointed nose,
but also extreme conditions. The appearance bé&hind which are side tightse (the secalled "ears")
localized deformation shifts ah the formation of protrude.
periodic structures in metals under shock and pulsed Analysis and discussion. The crust of melting.
action have been mathematically and experimentalBiamonds in the local AS.Scientists have identified
proved (Buravova, Petrov, 2020). the study of the composition and structure of the
For space objects entering the Earth'srust of melting of meteorites as a special,
atmosphere, explosion and impact are a factor wfformationoriented diretion (Scott et. al., 2023). In
destructionwith extreme conditions of fragmentationconnection with the task of searching for internal
and formation of both macro debris and micraofriction particles, it is convenient to consider the
particles of CD. Impact during the fall and explosiofiixation of expected particles, if any, in the crust of
of meteorites create conditions form deformatiomelting. The opportunity to study the thick crust of
shifts, local bands of AS (as zones of interference ofelting wasprovided by the Chelyabinsk meteorite.
unloading vaves). CD micreparticles in the form a A small fragment of it was transferred to the
stack of spall micrgplates (an aembing of micro Geophysical Observatory Borok (RAS) for
saucers) are found on Earth (and found on the Moomjcroprobe analysis using Tescan Vega Il. The crust
in places of explosion and fall of meteoroi@ssed of melting, which passes into the inner part
on the conditions, it is most likely that CD particlesintouched by thermal heating, neskit possible to
in the form of spall micreplates are formed when aanalyze and compare, given that there was melting,
shock pulse is applied to thin metal veins in thbut the melting crust was still absent during the
structure of meteoroids, since their terrestrishovement of the meteoroid. Cooling down, the
prototypesi spall plates in experiments are formedragment of the meteoroid recorded the current state
under the action of a shock wave in metal foils, iand results of physical and physiclenical
thin rods and wires (Buravova, Petrov, 2020). Thprocesses in the structure, shape and morphology of
presence of particles in the form of spall miptates particles, and the composition of compounds.
in the research material, including CD, can bAssuming that particles whose origin is due to
considered a diagnostic sign of a catastrophic typeioternal processes involving friction can be fixed in
event, since they are the result of the impact otlshothe crust of melting of meteoritehe study was
waves on metal inclusions, reflemi and caried out using a gentle method
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For petrography analysis, polished slips arparticles. Their sources can be both arc devices and
usually used, which allow to get an image of somglasma torches, as well as particle accelerators and
part of the object. In a result are observed and fix gmlasma engines, the smallest dust particles are
image of polished surfaces that include objects in of@med during the movement of eshents, joints,
plane. Forvolumetric SEM "visualization" a powder parts of vehicles, including space ones. An
by soft separation of the small part of the crusincontrolled local AS leads to destruction, a
fragment was used. Particles in the form of twists amntrolled or controlled AS can be used for synthesis.
cylinders were found in the powder representing théaporbubble environments, phenomena, and end
central part of the crust of melting. Such particlegroducts observed in natural processes on Eaeth a
from inside of crust can be considered the result afso likely in cosmic bodies, for example, cométs.
fixation of physical and physiechemical processes CD samples isolated from various samples, particles
that were occur in the crust of melting before thspecific shapes (mesh and "bubble") are found, they
explosion of the meteoroid. Théormation was took are observed both in ablation products and in the
place under conditions of high dynamic loads, highmelting crust of meteorites. Micro particlesf
speed ablation of the outer part of the meteoroid, thaestruction and synthesis formed under conditions of
highest temperature gradient in a narrow laydocal AS require further study and practical
between the outer and inner Aoeating part, the applications.
crust was subsequently formed during very rapid
cooling (Tselmovich, Maxe, 2023%). The author expresses his deep gratitude to the

Destruction of cosmic dmies is a shaiterm, |ead scientific employee of Geophysical Observatory
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composition of particles of native iron of cosmic geomorphological interpretation of Mars remote

origin. Proceedings of the ARussian Annual sensing data and morphometric measents using
Seminar on Experimental Mineralogy, Petrology and

Geochemistry (RASEMPIR020). M. 2020. pp. 278 GIS technolqgies. The m_etho<_jology for studying

281. valley forms included: deciphering valley thalwegs,
Tselmovich VA., Maxe L.P. Recognition of cosmic and ~ Studying the structure of the valley system, studying

atmospheric dust particles. Proceedings of the Al the morphology of individual valleys, studying the

Russian Annual Seminar on Experimental relationship of valleys with landformsf a different

Mineralogy, Petrology and Geochemistry genesis. Based on the global geological map of Mars
(RASEMPG2023). Moscow. 2023. / Edifoin-chief  (Tanaka et al., 2014), the geological map of the
gﬁ-csglika”i”’ Moscow: GEOCHE RAS, 202%p. Aeolis quadrant (Scott et al., 1978), as well as visual

interpretation of CTX space images with a spatial
; ; ) ) resolution of 6 mjt was revealedhat the northeast

forms of minerals in the thick melting crust of a fthe T Ci L binati f olai f

fragment of the Chelyabinsk meteorite. Materials of of the Terra Limmerian IS a combination of plains o

the XIII All -Russian Youth Scientific Conference ~ Various morphologies  significantly reprocessed in

Tselmovich V.A., Maxe L.P. Spherical and cylindrical

"Minerals: structure, properties, metts of Hesperian and Amazonian Epochs by complex

researches". Yekaterinburg, 2023*, pp. 29B. denudation and impaeixplosive processes, formed
Voropaev S. A., Dushenko N. V. A method for producingon ancient (presumably Early and Middleoathic

ultrafine diamonds and an installation for its age) rock complexe3hese plains are cut through by

implementation. RU (11) 2784236(13) C1. 2021.  two submeridionally oriented valley systenis
Zubarev Yu.M., Priemyshev A.V. Theory and practiceof a8 adim and Duri us.
improving the efficiency of grinding materials. Results During decoding, the structure of the
Publishing house "Lan", 2021,ip304. valley system was encoded. In this case, the Strahler
system of determining the aer of valleys was used,

Mukhamedzhanovaq)_E- Va”ey topography where each tributary of the river is classified in
of northeastern Terra cimmeria on Mars. accordance with its position in the overall system.

UDC 523.4 (Fig. 1).

Crater de Vacouleurs Gusev Crater
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Abstract : On Mars, there are landforms that visually
resemble river valleys and watercourse beds. One of the
possible explanations for this fact is the fluvial character of
these formations, suggesting the presence of liquid water
as an agent of formation of this kind of relief. The purpose
of this work is to identify the most probable variant of the
origin of the valleys of the northeastern Terra Cimmeria.
The main characteristics of the network were obtained:
valley lengths, widths, and gradients, as well as
morphological characteristics of the valleys: longitudinal
profile, depths and widths along the banks and bottoms,
and the shape of the transverse profile. Changes in the
shape and parameters of the cross-sectional profile down
the valleys were also analyzed to elucidate the patterns of
valley development. The study revealed that both valley
systems are characterized by branching (presence of
watercourses of several orders) together with weak
development of upper links of the erosion network. Both
main valleys tend to develop a U-shaped profile and to
widen their bottoms as they approach the mouth.
Correlative landforms (outcrop cones, terraces) in the

03060 120 180 240 [ ]3400m

Ma'adim valley may indicate flowing water activity. Most O e [ 1600 m
likely, the considered valleys were formed by relatively fast Legend

. . ] 200 m
deep erosion by geologic standards. T T ORI 00m

ird order thalweg
Keywords: Mars; Terra Cimmeria; river valleys; valley —— Second order thalweg I 3800 m
forms; fast deep erosion. — Fistorder thalweg
Fig.l.Mad6adim and Durius vall e

Data and methodsThe purpose of this paper ispgy, image (spatial resolution 463 m/px).
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A set of characteriis that helped identify and The main characteristics of the system were
describe this type of relief was used as decipherimiptained: the lengths of the valleys, their width,
features of valley forms. For example, narrow anslope, as well as the morphological characteristics of
deep valleys indicate that the conditions for ththe valleys: longitudinal profile, depth and width
formation of such forms existed for a short time, butlong the edges and bottom, shape of the transverse
with active process of incision. Wide valleys profile. The change in the shape and parameters of
indicate a long time of their formation. In somehe transverse profile down the valleys was also
cases, valleys have a fairly clear appearance, franalyzed to clarify the patterns of valley
which their structure, pattern and morphology can loevelopmeh
determined. Thus, bot h The motpholgicaMehéractaristivs ofvileel valleyy
system and in the Durius M@y system, the main can be characterized by studying its longitudinal and
valleys and their tributaries are clearly distinguishetlansverse profiles (Fig. 2, Fig.3).
by shape, size, and albedo.

Longitudinal profile of Ma'adim valley
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Fig.22.Longi tudinal profile of the main valley of the Mabda

resolution 463 m/px), where L is the distance along the profile and H is the height;

"l
012 4 & 8
— —

Fig. 3. Transverse profiles-1i5-5 of t he main valley of the Mabéadi m Vall ey
DEM (b); and basedn HRSC DEM obtained on the Mars Express spacecraft (c).
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Longitudinal profile of Durius valley
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Fig. 4. Longitudinal profile of the main valley of the Durius Valley systeased on MOLA DEM data (spatial resolution
463 m/px), where L is the distance along the profile and H is the height;

Fig. 5. Transverserofiles 1 1l -1l of the main valley of the Durius Valley system: based on CTX images (a); MOLA
DEM (b); and based on HRSC DEM obtained on the Mars Express spacecraft (c).

The morphological characteristics of tBeirius the main valley. A general trend of incision from
valley can bealso characterized by studying itssouth to nah was revealed. Both main valleys tend

longitudinal and transverse profiles (FHg.Fig5). to develop a kshaped profile and widen the bottom
Discussion and conclusionsDuring the study, it as they approach the mouth. Correlated landforms
was found that both valley systems are characterizédd a n s , terraces) in the

by branching (the presence of watercourses @bwing water activity.

seveal orders) in conjunction with the weak The valleys cut through the surroundiptains,
development of the upper links of the erosion systermomposed of rocks of early and middle Aachian age,
tributaries of low orders have a short length anghich indicates a younger age of the valleys. There
insufficient morphological expression compared tare areas where valley systems were partially
Experiment in Geosciences 20 24 Volume 30N 1 23
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destroyed s a result of impact events, and a rathévGRI, Moscow, portnov@mail.ru

low morphol ogical P r e s Rpdrattd dtableGnigheme fs an iddidhi6r of s 0 @ d i m
Valley paleodeltae is observed. These facts allow egents on the Earth and on Mars. After the publication in

to assume a fairly ancient origin of the valley and thée last century of magnificent images of Mars taken by
cessation of its active functioning even in _preNASA's Viking2 probe, we came to the conclusion that the
Amazonian Epochs. Red Planet's ecosystem was destroyed by an asteroid

. . . impact when the huge astroblem "Plain Hellas" was
Thl_JS, the most likely time period for theformed. An indicator of the presence of the former
formation of these valley systems seeilise Late ecosystem remained “red-colored weathering crust”,
Aachiaii Early Hesperian Epoch, which does notonsisting of iron oxides, the thickness of which is
contradict existing estimates for some other valleysstimated at 100 m and which took, according to our

Most likely, the valleys considered were formed du%?'cu'atri]onsi iola """E’l”) tﬁlgs (;’fﬂfree oxygen of the
: H : H mosphere o ars . 'Rred-rlowers” occur in warm,
to relatively rapid (by geological standards) eroSlonﬁumid climates. For comparison, we note that there are

Incision. 1200 trillion tons of O2 in the Earth's atmosphere.

- Keywords : gravitational and magnetic fields of Mars,
'_I'hls work was _supported by t_he VemaqSsttroblems Hellas, Argyre, Popigai, maghemite, thorium-
Institute of Geochemistry and Analytical Chemistryhagnetic aeroanomalies, gold, platinoids, REE.

of the Russian Academy of Sciences.
The surface morphology of Mars idefined

References against the background of numerous craters by the
impact of the huge astroblems Hellas and Argyre.
They created a croshaped direction of planetary
faults. These include shot&ctonic faults of NW

2 Tanaka K.L. et al. Geologic map of Mars: U.S. direction (Mariner fracture"volcano" Olympusynd
Geological Survey Scientific Investigations Map 3292, NW direction, expressed in the linear structure of the

scale 1:20,000,000 // U.S.G.S., 2014, p. 43. other "volcanoes” (Fig. * "Volcano" Olympus),
with a volume of about 4
other "volcanoes" are not reflected, as is typical for

Portnov A.M. Fracture-shock morphology of such objects, in the maximums of magnetitd a

the Mars surface and interpretation of its gravitational fields (Figs. 3, 4).

magnetic and gravitational fields

1 Scott D. H., Morris E. C., West M.N. Geologic map of
the Aeolis Quadrangle of Mars // U.S.G.S. Misc. Inv.
Map 1-1111, 1978.

Color-coded Elevations on Mars, MOLA Altimeter, MGS Mission
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Figure 1. The surface of Mars is defined by the Hellas and Argyre astroblems. Magnetic (with maghemite) emissions of
astroblems are reflected by the maximum of the magnetic field of Mars.

24 Institute of Experimental Mineralogy



Problems of Planetology, Cosmochemistry and Meteoritica

Figure 2. Geyser Olympus, the
highest ice mountain (26 km) on
the planets of the Solar System. It is
not reflected in the magnetic field
of Mars (Fig. 3) and has a low
gravitational field (Fig. 4),
indicating an icecomposition. The
character of the lower part of the
solar (southern) slope demonstrates
its melting and collapse.

MARS CRUSTAL MAGNETISM ABr MARS GLOBAL SURVEYOR MAG/ER

East Longitude

ABy/aLat (nT/deg) (I NN
+3 1 3 10 30

Connerney. J. E. P'. et al.; (2005) Proc. Nall, Acad. Scl. USA, 102, No. 42, 14970-14875

-0 10 4 -1 -3

Frviess_1puits

Figure 3. Map of the magnetic field of Mar s . NWI&S & the dvbit r s
during imaging is 400 km. We attribute the high level of the magnetic field near the South Pole to ejections from th
giant astroblems Hellas and Argyre (Fig. 1). The spotted field is \@etdian variations of the dusty material of
emissions. The low magnetic and gravitational fields of thecalted "volcanoes" (Olympus et al., Figs. 3, 4) are
characteristic, which allows us to attribute the mountains to ice structures of superpowered geysers.
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Mars's surface gravity
(MGM2011)

369 370 3T 372 373 174 [mis]

Figure 4. On the background of the abumga of impact craters on the smstlale gravimetric map of Mars, only two

"plains" stand out Hellas (probably a fallen satellite, named by us, "Thanatos" ("Death"), like Phobos, which destroyed
the ecosystem of Mars) and Argyre (dimensions see in gie MASA data. In our opinion, the two giant astroblems
created the catastrophe that defined Mars landforms such as the giant Mariner fissure and the ice geysers Olympus et
al.Magnetic field compiled by NASA's Mars Orbiter Surveyor probe in 2005. Theabdlititude at the time of imaging

was 400 km. The low spotty magnetic field is formed by wats varieties of dusty emission material, their intensity is

800 times weaker than the Earth's magnetic field. In our opinion, the "volcanoes" are ice, gayseithey are located

only in low magnetic and gravitational fields.

" v " Spinel structure, a0=0.832 nm. Schlich with grain size 0.5
K o oy o Of 1he woicanoes” in 2020 confirms thelhg cm from the vilyui River, with Ir, Pt_Pd Au

TR,Stable maghemite, gamrr@203, magnetic, spinel
structure, a0=0.832 nm. Schlich with grain size & cm
- from the Vilyui River, with Ir, Pt, Pd, Au, TR.

The emissions of the Hellas and Argyre y
astroblems are reflected by the maximum of the o ' ' _ _
magnetic field of Mars (see Fig. 2). The Hellas plain Similar in intensity magnetic anomalies with

has a diameter of 2300 km (!), a depth of 9 km, arfdaghemite were also established by us in the process

Figure 5. A grandiose release of water vapor over Zoogigure 6. Stable maghemite, gama@203, magnetic,

emi ssions of > 35 mil | iobaerogeephysicalsurvwey imthegWiyuiRivep basin, n  h a «
a diameter of 9D km, a depth of 7 km, and emission®n the southwestern margin of the Popigai astroblem
> 4 million kmj. Ma s s ipérigheryd3in pMagbemige fropfVilyuy is tubi¢, ale d

emissions contain up te B% maghemite, according=0.832 nm, it is unusual in the composition of

to NASA Mars rover data. Maghemite mineral igmpurities and contains Th 80 g/t, the sum of REE
magnetic, gamm&e,0;, and has a spinel structure0.3%, impurities Au, Ir, Pt, Pd. The refractory

(Fig. 6). The magneticegion near the South Pole ofcomposition of impurities indicates, in our opinion,

Mars is associated with an abundance of calcindae formation of maghemite from higbmperature

emi ssions in a total hutpsma (seel Fignftg. Maghemiteqop Mats prdbably n  k m
of soil ). has a sintar genesis.
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The Mariner fissure is 4000 km long, up to 20@dopted with the intention of finding "traces" of the bolide
km wide, and up to 12 km deep and is characterizégmet - microscopic cosmic particles that are well
by solifluction, i.e., the presence of a grandiose mUREserved in swamps. An initiative expedition was

flow with the dissolution of collapses of thawin undertaken to collect samples with suspected "traces" of
u p gcometary matter. Particles extracted from samples taken at

frozen ground in salty liquid mud (Fi_@)- The depth point 1 of the CCB track near Minaevka were studied. The
of the mud flow reaches 1 km. Mariner Crack is thguthors attributed some of the detected particles to the

warmest place on Mars. Collapses of soil from thaibstance of the bolide destroyed by the explosion and
slopes indicate that warming is going on not only opglieve that the Chulymsky bolide is a fragment of a
Earth, but also on Mars. In my opinion, warming igometl like space object. Among the mass of particles

. isolated from the "trace" of the CC B, aluminosilicate
evident on all planets of the solaystem, but on microspheres with a unique microstructure were found,

Mars it looks most clearly. turning into nanostructural features that do not occur in
particles of volcanic emissions and are not formed in man-
made processes.

Keywords : Chulym space body, traces, bolide, comet,
microspheres.

Introduction. Meteorites have been of interest to
mankind for a long time; they were used practically,
but science is interested in them as objects in which
information about the history of our Solar System is
encrypted. Fragments of meteoric bodies and their
study are the most important source of knowledge
about the evolution of the Universe, Galaxy, Solar
System and planets. The substance of meteorites and
comets is especially valuable for science, since it
cortains particles that were formed in dust
accumulations even before the formation of the Solar
System; studying the composition of such-gpotar
Figure 7. Gra}pdliﬁ)se sc)flriggfjir%nTﬁglisntgteflgvaé?ertgﬁ articles allows us to clarify the theory of the
svc\)lﬁjrt?(q)lr? %vz;sngvalu:trclar&e{)y Associate Professor A.Nara\(/ggoces_ses _Of for_man?n and evolution of _Stars.
(MGRI - RGGRU) (4). nPr i mi taontes,oremnaats of planetesimals,

comets and their fragments contain primary chemical
References compounds, nan@nd microparticles from which the
Solar System was formed.

The Chulym cosmic body entered the earth's

[Aatmosphere on the evening of February 26, 1984. |

1. Portnov A.M. How life on Mars perished. Science and
Life, 19 9-96. T4, g. 92
2. Portnov A. M. Golden rain of astroblems. Priroda, 202

No. 2 . -404. 31 flared up in the atmosphere on the border of the
3. Portnov A. M. Apocalypse on Mars. Ridero. 2016.  Krasnoyarsk Territory and the Tomsk Region and
4. 116. exploded at an altitude of about 10 km in the area of

4. Naravas A.K. Praktika biolocatsiya v geologii [The ~ the Chulym River (a tributary of the Ob River). The
practice of biolocation in geology]. M., ed. "Print  passage of the fireball as an extremely bright dbjec
PRO". 2016 . C.108 was observed for about 10 seconds and was

accompanied by a shock sound wave andicro-

; 1 ; 2 earthquake that was recorded by regional stations of
Tselmovich V.A-, Shelmin V.G, Maxe the Unified Seismic Observation Networka the
summer of 1984, an expedition from the Institute of
Geology and @ophysics of the Siberian Branch of

L.P.3,  Kurazhkovskii A.Yu.! Microscopic
traces of the Chulymskiy bolide (falling of

1984, point 1, Minaevka) UDC523.64 the Russian Academy of Sciences was sent to the site
! GO "Borok" IPE RAS" tselm@mail.ru, > Ecomonitor LLC of th? CCB fall. The S.earCh for fragments of the
Tomsk, chulymmb@mail.ru, * ALC "STRIM", Mogilev, ~ COSMiC body took place in the valleys of the Chulym,
Belarus, larissa_maxe@rambler.ru Bolshaya and Malaya Yuksa, Tunguska, Lai rivers,

Abstract. On February 26, 1984, an explosion of a space a_nd also searcde i n t h e A Tu n gusk:
object, the Chulymsky bolide, occurred in the Chulym River  Village of Tungussky Bor, the village of Baturino and

area on the border of the Krasnoyarsk Territory and the the village of Kayluska (Pervopashinsk). Then the
Tomsk Region. The §tudy of the first frag_ments found in expedition did not find any traces of a cosmic body
the explosion area did not give encouraging results in the indicated territory, and no broken fall of the

regarding belonging to meteorites. A cometary version of
the nature of the Chulymsky cosmic body (CCB) has been
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analysis of eyewitness accounts was carried out, Studies of dust particles ejected during flybys of
based on interviews with several hundred peopla.comet with ghighly nonspherical nucleus, Comet
Scientists' conclusions about CCB, made in 1984, at®/Halley, have suggested that the dust has a varied
based on these eyewitness accounts and are puedynposition. Observations of Comet Halepp
hypothetical. Inititive expeditions continued. (LevasseuRegourd et al.,, 2018) showed that
The version closest to the authors is based on tparticles emitted from the nucleus contain silicates
assumption that both the Chulym and Tungusk@orsterite), crystallie magnesiuanich pyroxenes,
cosmic bodies were part of the group of bodiemnd amorphous silicates. The discovery of crystalline
accompanying Hal | ey &6s formsnént the aspedtra o©fo eoinals indieatesi thas
fragments (Voitsekhovsky, 1990). In thiase, they cometary dust minerals have been exposed to high
could consist of lowdensity matter (for cometdess temperatures in their history. The most important
than 1 g/cm3), it included ice, gas condensates, solidormation was provided byasples with 81P/Wild
particles - cosmic dust (CD). The power of the2. About 1% of the recovered particles turned out to
explosion of the Chulym bolide turned out to bée complexes of refractory minerals rich in Ca and
much less than the Tunguska objdetbauit 11 Al, similar to inclusions in chondritic meteorites,
kilotons). The flight of the C® was observed from possibly hightemperature condensates. In the
east to west. The car N8RVl R sachgles, amall amoumkmideralathat i t ud e
fragments were separated from it until the final stagermed as a result of exposure to watenagnetite
of the flight. Along the flight path during V. (Mt) grains- were identified; no hydrated silicates
Shel minds expedi tialdebris nwerg2 Bdafed, bt "igaeouws trock® minemats cooling
of unknown origin was discovered, but there was rfoom melts were detected (Levass®egourd et al.,
reason to attribute the found samples to fragments 2018).
the fireball. Taking into accountthese studiesof cometary
The expedition of the Institute of Geology andnaterial,we setthetaskof searchingalongtheflight
Geography of the Siberian Branch of the USSRath of the Chulym bolide, for microparticles
Academy of Sciences in the summafr 1984 and distinguished by unusual morphology and
other amateur expeditions searching for fragments odmposition suchthatcouldbe attributedto director
an exploded cosmic body did not find fragments dransformedcometary matter. Constdering that the
evidence that could be unambiguously associateshtter of cometsis extremely diverse both in the
with the hypothetical composition of the fireballinitial compositionandin the compositionof fallen
substance, so it was proposed to continhe tand newly formed particles,earlier, when studying
research with a new goal. V. Shelmin organized geatfrom swampsalongthe flight pathof the Uchur
initiative expedition to search for microscopic tracebolide, particleswith thin Ni-fil ms were proposedas
of the Chulym explosion in the territory along thea diagnosticsign of cometarymaterial (Tselmovich
route of the objectbs fadtdl.Q0R3).

a) b)

Fig.1. General view of magnetic microparticles: magnetite and aluminosilicate microspheres flake iron, clastic
terrigenousnagnetite.
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10 pm

a) b) c) d)

Fig.2. Particlesthat could be formedasa resultof thermalshockareshown:a) i afilm of thermalshockorigin on a Mt
microspheresh), ¢) i iron films, islandandcontinuousgd) Mt film onaluminosilicategrain.

a) b) <)

Fig.3. Frameworkaluminosilicatewith nanodiamongbrecipitatesa) generalview b) fragment;c) a multi-level, complex
systenof aluminosilicatewith Mt nanospheres.

Figure3 showsa frameworkaluminosilicatewith  nanostructuredprecipitatesthat most likely arose
nanodiamondnclusions and a multi-level complex during ultra-fast cooling after the explosion of the
structurewith magnetiteinclusions.Figure 4 shows object. A multilevel complex SiO,i FeQ, system,
multi-level complex AISiiFeQ; systems with similar to the one discovered,in (Kirillova, 2012).

Fig.4. Multilevel complexAlSii FeOxsystemawith nanostructureghrecipitateghat aroseduring ultra-fast cooling after
the explosionof the object.

Discussion.The study carried out in this workf r o m t he Aitraceo of C
revealed that in the extracts from the samples thaicrospheres were found with a unique
were taken at point 1 onicrostruictere, Gr@rBformingr @to enanostructaral r €
indeed particles that differ in their speciafeatures that are not observed in particles formed
morphology, microstructure, and have an unusudlring volcanic and technogenic processes
complex composition. Aong the particles isolated (Kirillo va, 2012; Mintova et al., 2015; Tosheva et al.,
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2012). The study of remanent saturatiod. Mintova Svetlana, Jaber Maguy and Valtchev Valentin.
magnetization Irs did not reveal magnetic anomalies Nanosized microporous crystals: emerging

in the form of Irs bursts or others. This fact indicates g%’ll'Egt'{’(;‘;g///ccé%egg)-oﬁgp\ev-' 2015, 44, 7207

the low density of the CCB material and the low L0 .

content of magnetic particles in it, which alsos' Tosheva L., Brockbank A., Mihailova B., Sutula J.,

o Ludwig J., Potgiete H., and Verran J. Micron and
indicates the cometary nature of the CCB. nano:fzid FAuype zeolites from fly ash for
bdct

In the ftraceo along thgindokib &hpidatiord. #sbuhal Gt Matbriald U T i Ng
explosion of the CCB, water ice could not leave  Chemistry,September 2012, 22(33):168916905
traces; t he At r-aané snicre ¢ 0 pdi:00.1039/€2IMBRE80B0
particles of the CD depositech dhe surface. Based 6. Tselmovich V.A., Amelin I.I., Gusiakov V.K., Kirillov
on a set of di f fer enc e s V.Ef Kunazhkdvskiyi Ary. Ortthe BossilfletConetane 0 o f
microparticles, the authors believe that the Chulym Nature of the Uchur Cosmic Body (Fall 3.08. 1993)
bolide was most likely a fragment of a comet that had gAdYa”C?S "’I‘:{GeC"Ogr'lcaz'an”; 8e|°tgémf“ 03P 16
a solidphase ice core and dust accompaniment. ngineering Research, - VO 19, ISsue U3, 1.

C P ; . b : 24, https://doi.org/10.30564/agger.v5i3.5705

onclusions.When studying the obgts found in o ; . _
. . . https://journals.bilpubgroup.com/index.php/agger/arti
the area of the CCB explosion, potentially its -
. - cle/view/5705/4918
fragments, based on the sum of their characteristics,
they were not classified as cosmogenic. The search
for microparticles as fYakowlew@.lIo, Shornikon 8.1. fEvaperdtien | | ed
discovery of microspheres with aspecial features of the outer zones of CaiAli
morphology, with micresized inclusions  and jnclusions of chondrites
nanostructures on their surface. The version of the
cometary origin of the found microparticles, ay.!l. Vernadsky Institute of Geochemistry & Analytical
formed as a result of the explosion of the CCB updremistry RAS, Moscow (sergey.shomikov@gmail.com)
entering the dense layers of the atmosphere,
accordng to the authors, is confirmed. Since it is th@bstract. The evaporation of CAls type B was studied
mi cr o part i cl es found i nusing the Knudsen effusion mass spectrometric method. It g ¢ e O , a
not macreobjects, that indicate the pOSSibIEiS shown that a complete disappearance of magnesium
) . components is observed at temperatures above 2200 K,
Comet_ary nature of the @& this approach should beWhile the silicon components remain in the CAls melt. This
USQd in further research and the S~earCh for ma_terobservation corresponds to the disappearance of spinel )
evidence of the MfAcomet i fandother magnesium-containingmineralsduring! y m b ol i de
The microporous formations and nasiaed crystallization of the residual melt on the rims of CAls
inclusion crystals that we discovered on thsubtype B1. In turn, an increase of the Al ,0; content in the
microspheres are distinctive features at the micrxreflzgg‘ri;t’i‘;i'tlg:;st:’osg’r']“i‘:]'c‘:s::g gf”t‘:lé“sg:tzifg}
and .na?nde.vel’ reSPeCtlveIY’ they can be _ConSIderegehlenite in melilite, which is also observed at the edges of
as distinctve and diagnostic When assessing Wheththe high-temperature zone of the rims of the CAls subtype
they belong to cometary material. B1.

Keywords : Cai Ali inclusions of chondrites, evaporation,

. L Knudsen effusion mass spectrometric method
The work was carried out within the framework

of the state assignment of the Institute of Physical cg Al inclusions of chondrites (CAls) are unique

Sciences of the Russian Academy of Sciences (Nshjects of meteoritics. They were formed as a result
FMWU-20220026, FMWU20220027) of complex processes of condensation and

evaporation of a substance of presumably Solar
composition. There are several types of isos

1. Voitsekhovsky A.l. The culprit of earthly troubles? ~ that differ in composition (A, B, C). Type B is
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shown in Fig. 1. Subtype B2 is similar in mineraB1 and B2is in the predominant evaporation and
composition to the core zone of subtype B1. removal of magnesium from the melt at temperatures
As follows from Fig. 1, the akermanite content irabove 2200 K while preserving the silicon
the core zone of the inclias is approximately 50 wt. component in the melt. It follows from the
%, the akermanite content drops to 20 wt. % in themperature dependdns ofthe partial pressures of
mantle melilite zone, and up to 7 wt. % in the rinthe vapor species prevailing in the gas phase,
zone. A decrease in the akermanite content in tkerresponding to the MgO and Si©ontent in the
profile under consideration corresponds to aresidual meli pug andpsio (Fig. 2A).
increase in th&Mg heavy istope, that indicated the Based on determined oxide activities) (in the
course of evaporative processes. residual CAl type B melt during evaporatigRig.
Based on experimental data obtained by tHB), the spinel, akermanite and gehlenite activities in
Knudsen effusion mass spectrometric method foine melt can be calculated. The oxide activities in
evaporation of CAls type B substance (Shornikome | t s of t he c¢epetaken feomcatamp o
Yakovlev, 2022), it can be assumed that the reasohtained in (Shornikov et al., 1996; Bale et al., 2016;
for the structural difference between CAls subtypeShornikov, 2017).
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Fig. 2. (A) The partial pressures of the Ca (1), Mg (2), Al (3) and SiO (4) vapor species over the CAI type B melt during
evaporation from the Knudsegifusion cell and (B) the CaO (1), MgO (2),28% (3) and SiQ (4) activities Iin the CAl
type B residual melt during evaporation.
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Fig. 3. (A) The MgALO, (1), CaMgSi,O; (2) and CgAl,SiO; (3) activities, as well as (B) their ratios of
CaAl,SiO; / MgAIlLO,4 (4) and CgAlLSiO; / CaMgSibO; (5) in the CAI type B residual melt during evaporation.
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time, in the residual melt, due to the decay of spinel
- _ Povesio,_(@00)’ aneo(@ge)’ and evaporation of magnesium, the,@J content
Ao, mgsior — e (@)% a™( a?)? (@) increases, that, in turn, leads to an increase in the
Cap MSp & Ca Mg ~siQ gehlenite content in melilite, which &so observed
el e el melt at the edges of the highmperature zone of the CAls
melt _ Plaso, (850" @uo, 850, ) Subtype B1rim.
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Thus, when CAls type B evaporates at
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