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INTRODUCTION:

Markovka chondrite (H4) under investigation was a smallfragment 1-2:5 cm —
part of the large meteorite fall at 1967 near Markovka village, east Siberia.
It was stone rain of fragmented chondrite body with the size ca. 1 m as whole.
Relative fresh and unweathered sample allows us to collect detailed Raman
spectra of mineral phases with Witec Alpha 300 System, DLR. The resulting
chemical composition of the main minerals (olivine, pyroxenes, plagioclases
etc.) was refined by the SEM-EDX method, Dept. Chemistry, Moscow State
University. Also, the presence of numerous FeNi grains allowed for metal-
lographic analysis of nickel diffusion across the grain boundary. As is well
known [1], the rate of diffusion of nickel is determined by the temperature of
the environment and due to the concentration’ gradient the cooling history
could be confidently estimated.

The basic model of H parent body assumes an onion-shells structure, where
H6 corresponds “core”, H5 — “low mantle”, H4 — “upper mantle” and H3 —
“outer crust” [2]. Generally, it reflects a negative correlation between the
petrologic type and the cooling rate, that is, the deeper the layer, the slower
it cools. But, there are a number of exceptions where positive correlation is
present. For some cases, two stage (with impact excavation) cooling model
provides T—t path consisted with Hf —W age of peak metamorphism and
constraints imposed by the Pb—Pb ages of the phosphates and Ar — Ar ages of
the feldspars vs. their respective closure temperatures [3]. Also, alternative
model was developed in which maximum metamorphic temperatures are
reached in km-sized planetesimals and slow cooling through 700 K occurs in
larger bodies that accreted from these planetesimals [4].

Using new findings at Markovka‘ mineralogical composition we will try to re-
move some of the contradictions between different models of H chondrites’
parent bodies.

COMPOSITION:

Raman spectra of Markovka contain lines as of main silicate groups (olivine,
pyroxene, etc.) as Fe-oxides (maghemite, goethite, etc.) presented on Fig-
ure 1. Measurements of the characteristic line shift provide important infor-
mation concerning chemical content and deformation state of the chondrite’
rocks [5].

Olivine shows its characteristic doublet peak (DB) between 818-825 1/cm
(DB1) and 847-856 1/cm (DB2). Its exact position depends on Fe—Mg con-
centrations vary primarily as a function of Mg/(Mg + Fe) and may be used
to estimate the Fo content of the olivine. A tighter correlation was found
between the DB2 peak positions Fo values for magnesian olivine

(Fo >50), which provides Markovka’ olivine composition as Fog Fa,, From an-
other side, the structural difference of ortho- and clinopyroxene results
in a doublet for orthopyroxene between 660-680 1/cm and a weak peak
at approximately 235 1/cm, where clinopyroxene shows only a single peak
and no peak around 235 1/cm, respectively. So, Raman spectra of Markovka’
pyroxene with peaks at 1008, 336, 232 1/cm and double peak at 680 1/cm
provides clear indication of transition from low—Ca pyroxene to orthopyrox-
ene with composition as En The similar Mg/Fe content of the above
silicates indicates the thermaPequlbratlon
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Fig. 1. Raman spectra of mineral phases of Markovka (H4) meteorite

Carbonates (CaCO,) mineral’ polymorphs could be identified using the po-
sitions of some ofsthelr minor Raman bands: calcite has bands at 282 and
713 1/cm and aragonite has minor bands at 207 and 704 1 /cm, respec-
tively [6]. Markovka'’s spectra has characteristic peaks at 703 and 196 1/cm
which indicates aragonite presence. It is high-pressure polymorph of calcite
and, according its phase diagram (Figure 2), is stable starting 3 kbar, only.
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Fig. 2. Phase diagram Calcite-Aragonite-Vaterite

RESULTS AND DISCUSSION:

Aragonite presence could be explained twofold. First, huge size of the Mar-
kovka’ parent body. With mean density of chondrites as 3—4 g-cm™, needed
pressure as 3 kbar is possible for body with radius ca. 400 km. Current accre-
tion models suppose quite short time interval of ca. 1-2 Mio. years (since
CAl formation) and planetesimals with limited size ca. 50—-200 km (in radius).
Second, aragonite could be precipitated from a saturated solution under cer-
tain conditions. The Mg:Ca ratio at which the calcium carbonate mineral that
has pseudohomogeneously precipitated from seawater changes from calcite
to aragonite was experimentally determined as a function of temperature.
Results indicate a dramatic change in the critical Mg:Ca ratio over a relatively
small temperature range. So, Markovka provides new constraints on evolu-
tion processes at the early Solar system and worth for the further detailed
mineralogical and geochemical analysis.

References:
[1] Wood J. A. The cooling rates and parent bodies of several iron meteorites
// Icarus. 1964. V. 3. P. 429-459.

293



%)1R'\£ES-SB-19 THE ELEVENTH MOSCOW SOLAR SYSTEM SYMPOSIUM 2020

(2]

(3]

(4]

(5]

(6]

294

Henke S., Gail H.-P., Trieloff M., Schwarz W. H. Thermal evolution model for the
H chondrite asteroid — instantaneous formation versus protracted accretion
// Icarus. 2013. V. 226. P. 212-228.

Kleine T., Touboul M., Van Orman J. A., Bourdon B., Maden C., Mezger K., Halli-
day A. N. Hf-W thermochronometry: closure temperature and constraints on the
accretion and cooling history of the H chondrite parent body // Earth Planet. Sci.
Lett. 2008. V. 270. P. 106-118.

Scott E. R. D., Rajan R.S. Metallic minerals, thermal histories and parent bod-
ies of some xenolithic, ordinary chondrite meteorites // Geochlmica et Cosmo-
chimica Acta. 1981. V. 45. P. 53-67.

Kaeter D., Ziemann M., Boettger U., Weber I., Hecht L., Voropaev S., Korochant-
sev A., Kocherov A. The Chelyabinsk meteorite: New insights from a compre-
hensive electron microscopy and Raman spectroscopy study with evidence for
graphite in olivine of ordinary chondrites // Meteoritics and Planetary Science.
2018. V. 53. P. 416-432.

White S. N. Laser Raman spectroscopy as a technique for identification of sea-
floor hydrothermal and cold seep minerals // Chemical Geology. 2009. V. 259.
P. 240-252.



SPACE RESEARCH INSTITUTE OF RUSSIAN ACADEMY OF SCIENCES
THE ELEVENTH MOSCOW SOLAR SYSTEM SYMPOSIUM (11M-S3)
5-9 October 2020

IKI, MOSCOW

The Program and the collection of Abstracts of the 11th Moscow Solar System Sym-
posium (11M-S3).

Keywords: Solar System, planets, extrasolar planets, astrobiology.

The symposium was funded by Russian Academy of Sciences and by RFBR according
to the research project Ne 20-02-22024.

UHCTUTYT KOCMWUYECKUX MCCHUE,CI,OBAHMﬁ POCCMﬁgKOﬁ AKALEMWN HAYK
OANHHAAUATbBIM MOCKOBCKUU MEXAYHAPOAHbIM CUMNO3UYM MO
UCCNEOQOBAHUAM COJIHEYHOM CUCTEMbI (11M-S3)

5-9 oKTAbpa 2020 roga

UKW PAH, MockBa

CH0PHUK COAEPHKUT NPOrpamMmy 1 Te3NCbI AOKNAL0B OANHHAALATOrO MOCKOBCKOIO
MEXAYHAPOAHOro cMMMo3nMyma no mcciegoBaHnam CosiHeuHon cuctembl (11M-S3).
Kniouesble cnoBa: ConHeyHaa cuctema, naaHeTbl, BHECO/IHEYHbIE CUCTEMDI,
actpobuonorus.

Meponpuatne nposoauTcs Npu GUHaHCOBOW NoaaepKKe POCCUMCKOM akageMmm Hayk,
Poccuiickoro dpoHaa PyHAameHTaNbHbIX UccnenoBaHuin, npoekT Ne 20-02-22024.

ISBN 978-5-00015-050-4

DOI: 0.21046/11MS3-2020

noanucaHo B neyatb 21.09.2020

3aKa3 4185

rapHuTypa Calibri

dopmart 135x240.

usnatens: UHCTUTYT KOCMUYECKUX MCCNEQOBAHUIA POCCUIMCKOM AKAOEMUM HAYK
(MKW PAH),

117997, Mocksa, NpodcotosHas yn., 84/32

[usalii uspanusa: Jassidos B.M.
KomnbiloTepHan BEpcTKa: Kopabesa E.O.

Mocksa

2020

© depepanbHoe rocyapcTBeHHOE GI0KETHOE yUpekaeHUe HayKu MHCTUTYT KOCMUYECKMX MCCae0BaHNii Pocchiickoii akagemmum Hayk
(MKW PAH) (Space Research Institute (IKl)), 2020



	2
	11M-S3-Abstract_book
	421 Seiten aus 11M-S3-Abstract_book_full_version_04

