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Abstract: Carbonaceous asteroids are considered to be important potential sources of water and life on the Earth as they
are relatively rich in water and organic matters. Therefore they have become important targets for the deep space explora—
tion. By studying the characteristics of altered minerals in carbonaceous chondrites the early water activity history of the
parent asteroid can be effectively revealed. In this study framboidal magnetite in the Murchison carbonaceous chondrite
( CM2) was selected as the main research object to carry out detailed study on its microstructure and elemental composition
using SEM and TEM. The results show that framboidal magnetite particles in the Murchison meteorite were characterized with
pentagonal dodecahedron pseudomorphs of replaced pyrite crystals with the secondary alteration amorphous thin rims. In ad—
dition there are lots of secondary phyllosilicates minerals such as serpentine filling in interval pores among framboidal mag—
netite particles. This study suggests that the parent body of the Murchison meteorite could have been hydrothermally altered
with an upper limit of 150-200 °C in its early evolution stage due to the influence of heat produced by the decay of radioac—
tive elements including * Al. With the transformation of acidic fluid to alkaline one and formation of dissolved oxygen the
early formed framboidal pyrite was replaced by framboidal magnetite via the late stage hydrothermal metasomatism.
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Fig.1 A combined BSE image of the Murchison meteorite
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Fig.2 BSE images and secondary electronic images of different types of magnetite in the Murchison meteorite
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Fig.4 TEM images and EDS mapping results of framboidal magnetite particles and minerals in the matrix

( Kimura et al. 2013) S* ( Dixon 1985)

o Ca”  Mg™ COY
Fe¥

- ( Garrels 1960)

Mg™ | Ca™* ( Fe;S,)



2020 39( 4)

( Wilkin and Barnes

Murchison

1997) .

N coy  Ss¥

( Garrels 1960;
2000) .

( Wilkin and Barnes
1996; Butler and Rickard 2000; Ohfuji and Rickard
2005) . Murchison

H,CO,. Crerar  Barnes( 1976)

H,CO,( aq) + H,0( 1) = CH,( aq) + 20,( g)

200 °C
o Murchison
150 ~ 200

°C( Cathelineau et al. 2007)

o

26A1
( Endress et al. 1996; Rubin 2012) . Murchison

(S1)

( Hanna et al. 2015) .
o Al
( Doyle et al.
2015) Al
Murchison
( Endress 1996; Rubin 2012)

( McCabe et al.

1984; Kent and Miller 1987) .

4

Murchison

26 Al

841

150 ~200 C

Murchison B

( References) :

Albarede F. 2009. Volatile accretion history of the terrestrial planets and
dynamic implications. Nature 461( 7268) : 1227-1233

Alexander CM O Bowden R Fogel M . Howard KT Herd C D K
Nittler L. R. 2012. The provenances of asteroids and their contribu—
tions to the volatile inventories of the terrestrial planets. Science
337( 6095) : 721-723

Berner R A Raiswell R. 1983. Burial of organic carbon and pyrite sulfur
in sediments over phanerozoic time: A new theory. Geochimica et
Cosmochimica Acta 47(5): 855-862

Buseck P R Hua X. 1993. Matrices of carbonaceous chondrite
meteorites. Annual Review of Earth and Planetary Sciences 21( 1) :
255-305

Butler I B Rickard D. 2000. Framboidal pyrite formation via the
oxidation of iron ( II') monosulfide by hydrogen sulphide.
Geochimica et Cosmochimica Acta 64( 15) : 2665-2672

Cathelineau M MosserRuck R Rousset D Guillaume D  Charpentier
D Devineau K Villieras ¥ Michau N. Effects of temperature
pH iron/clay ratio and liquid/clay ratio on the conversion of di-oc—
tahedral smectite into iron—rich clays: A review of experimental stud—
ies. In: 3rd International Meeting of Clays in Natural & Engineered
Barriers for Radioactive Waste Confinement. 2007. Lille France.
Andra.fr.

Choi B G McKeegan K D Leshin L A Wasson J T. 1997. Origin of
magnetite in oxidized CV chondrites: In situ measurement of oxygen
isotope compositions of Allende magnetite and olivine. Earth and
Planetary Science Letters 146( 1-2) : 337-349

Crerar D A Barnes H L. 1976. Ore solution chemistry-V. Solubilities of
chalcopyrite and chalcocite assemblages in hydrothermal solution at
200-350°C. Economic Geology 71(4): 772-794

DeMeo F E  Carry B. 2014. Solar System evolution from compositional
mapping of the asteroid belt. Nature 505( 7485) : 629-634

Dixon D R. 1985. Interaction of alkaline — earth — metal ions with
magnetite. Colloids and Surfaces 13: 273-286

Doyle P M Jogo K Nagashima K Krot A N Wakita S Ciesla F J

Hutcheon I D. 2015. Early aqueous activity on the ordinary and car—



842

bonaceous chondrite parent bodies recorded by fayalite. Nature Com—
munications 6. 7444

Dunn TL Gross ] Ivanova M A Runyon S E  Bruck A M. 2016. Mag—
netite in the unequilibrated CK chondrites: Implications for meta—
morphism and new insights into the relationship between the CV and
CK chondrites. Meteoritics & Planetary Science 51( 9): 1701
-1720

Endress M Zinner E  Bischoff A. 1996. Early aqueous activity on primi—
tive meteorite parent bodies. Nature 379( 6567) : 701-703

Fuchs L H Jensen K J Olsen E. 1970. Mineralogy and composition of
the murchison meteorite. Meteoritics 5(4) : 198

Furukawa Y = Chikaraishi Y Ohkouchi N Ogawa N O Glavin D P
Dworkin J P Abe C Nakamura T. 2019. Extraterrestrial ribose and
other sugars in primitive meteorites. Proceedings of the National A—
cademy of Sciences of the United States of America 2019 116
(149) : 24440-24445

Garrels R M. 1960. Mineral equilibria. Soil Science 90(2): 146

Hanna R D Ketcham R A Zolensky M Behr W M. 2015. Impact-in—
duced brittle deformation porosity loss and aqueous alteration in
the Murchison CM chondrite. Geochimica et Cosmochimica Acta
171: 256-282

Herndon ] M Rowe M W Larson E E Watson D E. 1975. Origin of
magnetite and pyrrhotite in carbonaceous chondrites. Nature 253
(5492) : 516-518

Hua X Buseck P R. 1998. Unusual forms of magnetite in the Orgueil
carbonaceous chondrite. Meteoritics & Planetary Science 33( S4) :
A215-A220

Hyman M Ledger E B Rowe M W. 1985. Magnetite morphologies in the
Essebi and Haripura CM chondrites. Journal of Geophysical Re—
search: Solid Earth 90( S02) : C710-C714

Hyman M Rowe M W. 1983. Magnetite in CI chondrites. Journal of Geo—
physical Research Solid Earth 88( S02) : A736-A740

Kallemeyn G W Rubin A E Wasson J T. 1994. The compositional clas—
sification of chondrites: VI. The CR carbonaceous chondrite group.
Geochimica et Cosmochimica Acta 58( 13) : 2873-2888

Kent R V' Miller J D. 1987. Red-beds and thermoviscous magnetization
theory. Geophysical Research Letters 14(4) : 327-330

Kimura Y Sato T Nakamura N Nozawa J Nakamura T Tsukamoto K
Yamamoto K. 2013. Vortex magnetic structure in framboidal
magnetite reveals existence of water droplets in an ancient asteroid.
Nature Communications 4: 2649

Koga T Naraoka H. 2017. A new family of extraterrestrial amino acids in
the Murchison meteorite. Scientific Reports 7( 1) : 636

Kvenvolden K A Lawless ] G Ponnamperuma C. 1971. Nonprotein amino
acids in the murchison meteorite. Proceedings of the National
Academy of Sciences of the United States of America 68(2): 486
-490

Lauretta D D Bartels A E Barucci M A Bierhaus E B Binzel R P
Bottke W F Campins H Chesley S R Clark B C Clarkk B E
Cloutis E A Connolly HC Crombie M K Delb6 M Dworkin J P
Emery J] P Glavin D P Hamilton V E Hergenrother C W
Johnson C L Keller L P Michel P Nolan M C Sandford S A

: Murchison

Scheeres D J  Simon A A Sutter B M Vokrouhlicky D Walsh K
J. 2015. The OSIRIS-REx target asteroid ( 101955) Bennu: Con-
straints on its physical geological and dynamical nature from astro—
nomical observations. Meteoritics & Planetary Science 50(4) : 834
-849

Maclean L C W Tyliszczak T Gilbert P UP A Zhou D Pray TJ On-
stott T C Southam G. 2008. A high-resolution chemical and struc—
tural study of framboidal pyrite formed within a low-temperature bac—
terial biofilm. Geobiology 6(5): 471-480

McCabe C Van Der Voo R Ballard M M. 1984. Late Paleozoic remag—
netization of the Trenton limestone. Geophysical Research Letters
11( 10) : 979-982

Meierhenrich U J Caro G M M Bredehoft ] H Jessberger E K Thie—
mann W H P. 2004. Identification of diamino acids in the Murchison
meteorite. Proceedings of the National Academy of Sciences of the U-
nited States of America 101( 25) : 9182-9186

Miyake N Wallis M K Wickramasinghe N C. Discovery of framboidal
magnetites in the murchison meteorite. European Planetary Science
Congress. 2012. Madrid Spain. Copernicus Publications.

Miyake N. Discovery of Framboidal Magnetites in the Murchison
meteorite. Geobiology 2008 6: 471-480.

ses of framboids—a review. Earth-Science Reviews 71(3-4): 147-170

Rubin A E. 2012. Collisional facilitation of aqueous alteration of CM and
CV carbonaceous chondrites. Geochimica et Cosmochimica Acta
90: 181-194

Sarafian A R Nielsen S G Marschall HR McCubbin F M Monteleone
B D. 2014. Early accretion of water in the inner solar system from a
carbonaceous chondritedike source. Science 346( 6209) : 623-626

Scott ER D Barber D J Alexander C M Hutchinson R Peck J A.
1988. Primitive material surviving in chondrites-Matrix. In:
Meteorites and the Early Solar System. Tucson: University of Arizona
Press 718-745

Tachibana S Abe M Arakawa M Fujimoto M lijima Y Ishiguro M
Kitazato K Kobayashi N Namiki N Okada T Okazaki R Sawada
H Sugita S Takano Y Tanaka S Watanabe S Yoshikawa M
Kuninaka H. 2014. Hayabusa2: Scientific importance of samples re—
turned from C-type near-Earth asteroid ( 162173) 1999 JU3. Geo-—
chemical Journal 48(6): 571-581

Tyburczy J A Frisch B Ahrens T J. 1986. Shock-induced volatile loss
from a carbonaceous chondrite: Implications for planetary accretion.
Earth and Planetary Science Letters 80( 3—4) : 201-207

Wilkin R T Barnes H L. 1996. Pyrite formation by reactions of iron mo—
nosulfides with dissolved inorganic and organic sulfur species.
Geochimica et Cosmochimica Acta 60( 21) : 4167-4179

Wilkin R T Barnes H L. 1997. Formation processes of framboidal pyrite.

Geochimica et Cosmochimica Acta 61(2): 323-339
. 2009.
. 2000.
6(3): 83-89



