O6beNHEHHbIN UHCTUTYT S4EPHbIX UCCNefoBaHN
[ManeoHTONOrNYECKMiA MHCTUTYT M. AA bopucsika PAH
NHCTUTYT Mukpobumonornn nmeHn CH. BuHorpaackoro PAH
Kocmuuecknin n PakeTHblid LleHTp CoeamHeHHbIX LLTaTos, XaHTceunn, Anabama, CLLIA
HayuHbIi coBeT PAH no actpobuonormuun

METEOPWUT OPIEN

ATNAC MUKPOPOCCUNUW

AKO. Po3aHoB, P.b. XyBep, E.A. KpacaBuH, O.C. CaMbl/InHa,
A K. PomnH, M. Kanpanos, E.A. CanpbiknH, A.H. AthaHacbeBa



$% %&()
*+.().)0)1



Joint Institute for Nuclear Research
A.A. Borissyak Paleontological Institute, Russian Academy of Sciences
S.N. Vinogradsky Institute of Microbiology, Russian Academy of Sciences
United States Space and Rocket Center, Huntsville, Alabama, USA

Scientific Council on Astrobiology, Russian Academy of Sciences

THE ORGUEIL METEORITE
(ATLAS OF MICROFQOSSILYS)

A. Yu. Rozanov, R. B. Hoover, E. A. Krasavin, O. S. Samyilina,

A. K. Ryumin, M. I. Kapralov, E. A. Saprykin, A. N. Afanasyieva

Moscow 2020



% " & ' ( ' &

METEOPUT OPIEU
(ATNTAC MUKPO®OCCUNNI)

A.FO. PosaHos, P.b. XyBep, E.A. KpacasuH, O.C. Cambl/ninHa,
A.K. PromuH, M.N. Kanpanos, E.A. CanpbikuH, A.H. AfhaHacbeBa

Mocksa 2020



ISBN 978-5-903825-42-4
YK 552.63:56
BbbK 22.655+28.1

MeTeopuT Opreir (atnac Mukpodgoccunuii). A.FO. PosaHos, PB. Xygep,

E.A. KpacasuH, O.C. CambinuHa, A.K. PromuH, M.W. Kanpanos, E.A. CanpbIkuH,
A.H. AdaHackeBa. OTB. peg. A.HO. Po3saHos - M.: OUAN, 2020. 130 c., 5 wun.,

40 hoToTabML. Ha pycCKOM M aHTIMIACKOM A13bIKax.

Pa6oTa noceslleHa pe3ynbTaTtam AeTaslbHOro 6akTepranbHONaneoHTON0MMUYeCcKoro
nccnefoBaHns meteoputa Opreil n npeacTasnseT coboi UNOCTPUMPOBaHHbIN aT-
nac MUKpOhoCCUINiA (kak NPOKapuoT, Tak W 3yKapunoT), 0OHAPY>KEHHbIX Ha CBEXMNX
BHYTPEHHMX CKOfax faHHoro meteopuTta. lNMpeactasneHo 6onee 60 n3obpaxeHwi,
MONYYEHHbIX C MOMOLLBI CKAHVPYHOLLErO 31eKTPOHHOr0 MUKPOCKONa.

ISBN 978-5-903825-42-4

The Orgueil meteorite (Atlas of microfosils). A.Yu. Rozanov, R.B. Hoover,
E.A. Krasavin, O.S. Samyilina, A.K. Ryumin, M.l. Kapralov, E.A. Saprykin,
A.N. Afanasyieva. Red. A.Yu. Rozanov - M.: JINR, 2020. 130 p., 5il., 40 plates.
In Russian and English.

The results of thorough bacterialpaleontological study of the Orgueil meteorite are
presented in this illustrated Atlas of microfossils (both prokaryotic and eukaryotic)
found within freshly fractured interior surfaces of the meteorite. More than 60 images
obtained with Scanning Electron Microscope are presented.

PeleH3eHTbI:

®poHTacbeBa MapuHa BnagumupoBHa: KaHf. PuU3.-maT. HaykK
O6beANHEHHbIA UHCTUTYT AAEPHbIX UCCNIEf0BAHU,
NabopaTopusa HEMTPOHHON mn3nku, r. ybHa

LlenbMoBUY Bnagumup AHaToNbeBUY: KaHf. (hn3.-MaT. HayK
MHCTUTYT hm3uku 3emnn um. O.1O0. LU muaTta PAH,
O «bopok» N®3 PAH, JlabopaTtopus naneomarHetnima
N PU3NKO-XMMUYECKNX CBOWCTB ropHbix nopog (OB-1)

ISBN 978-5-903825-42-4 © KonnekTtus asTopos. 2020



QO R

Mpeancnosue

l. icTopus nageHus meteoputa Oprei

Il. PoguTenbckoe Teno meteoputa Oprei

[11. Bo3pacT meTeopuTta Oprei

I\V. MuHepanbHbIin cocTaB MeTeoputa Oprei

V. OpraHuyeckue coeguHeHus B meteopuTe Oprei
V1. icTopusa npefblgyLwmnx nccnefoBaHuin Mukpogoccununii B meteopute Oprei
VII. Matepvan n metoabl

VIII. OnncaHne Mukpodgoccunnii B meteopute Oprei
3aknoyeHme

Nlntepartypa

doToTabNMUpbI

2695<9S?

Introduction

l. History of the fall of the Orgueil meteorite

Il. Parent body of the Orgueil meteorite

I11. Age of the Orgueil meteorite

I\V. Mineral composition of the Orgueil meteorite

V. Organic compounds in the Orgueil meteorite

VI. History of the previous studies of microfossils in the Orgueil meteorite
VII. Materials and methods

VIII. Description of microfossils of the Orgueil meteorite
Conclusion

References

Plates

)
ERRBEER 0 o

36
40
42
49

N
RRBRERER ©o

36
40
42
49



[peancnosue

Bo BTOpoi nonoBuHe XX Beka Npou3oLL-
NN [Ba OYeHb BaXHbIX coObITMA. lMepBoe - 3TO
nybnnkauma pabot Haga u Knayca, B KOTOpbIX
6b110 3a7BfeHO 06 O6HapyXeHWW B YIAUCTbIX
xoHgputax CI1 Opreii n ViByHa yrneesogopog-
HbIX COEAMHEHWUA OBMOreHHOr0 MPOUNCXOXAEHUS
(Nagy et al., 1961) n OTHOCMTENbHO 60/bLIOIO
KO/MYECTBA «MUKPOCKOMUYECKUX 4YacTul, Ha-
NMOMUHaOLWMNX  (POCCUAN3NPOBAHHBIE  BOAOPOC-
nm» (Claus, Nagy, 1961). 3atem, B camMOM KOHLe
XX cTonetuss, - [Ossug C. Makkeih ¢ Konne-
raMmum cooblmnam 0 HaaMymm PenuKToBON 6uKo-
FEHHON aKTMBHOCTM (MONULMKINYECKME apo-
mMaTM4yecKue Yriesofopofbl W, BEPOATHO, 6UO-
FeHHbIA MarHeTUT M HaHOOCCMAMM) B Mapcu-
aHckoMm wmeteopute ALH84001 (McKay et al,
1996). MapannensHo ¢ 3Tum Puyapg B. Xysep
B NASA/Marshall Space Flight Center (XaH-
TcBuAnb) U A. HO. PosaHos, B. M. [opneHko w
C. . )Xmyp 13 [ManeoHTONOTMYECKOro MHCTUTYTA
PAH (Mocksa) coobwunn 06 obHapyXeHun mu-
Kpooccunuii B yramctom XoHapute MypuncoH
(CM2) (Hoover, 1997; Zhmur et al., 1997).

MepBble CcOO06LWEHNA BbI3bIBAAN [OBO/LHO
pe3Kyl HeraTMBHYK peakuuio, Mpexie BCEro
aMepuUKaHCKMX acTPOHOMOB W ucciefoBaTenel
METEeOpUTOB, He [AOMYCKaBLIUX faKe MbIC/IU, YTO
cnefbl XN3HW MOTyT ObITb OOHapyXeHbl B MeTe-
oputax. Takasa peakums 3ax/ieCTHyna He TOJIbKO
CLWA, HO n Poccuto, rge oco6eHHO HeraTuBHas
KPUTUKa UCXOAMNA OT OMMOHEHTOB, Kak NpaBuso,
He MMEIOLWMNX OTHOWEHUA HWU K MUKpoOGMonoruu,
HW K MUKpPOManeoHTonoruu. bonee yem Ha fBaj-
LaTb NATb JIeT 3aHATUA MNOUCKaAMU (OCCUNbHbBIX

6

Introduction

In the second halfofthe XX century, two very
important events occurred. The first was the report
of the discovery of the evidence for biogenic hy-
drocarbons (Nagy et al., 1961) and relatively large
quantities of “microscopic-sized particles, resem-
bling fossil algae” in the Orgueil and Ivuna CI1
carbonaceous meteorites (Claus and Nagy, 1961).
Then, near the end of the century, David S. McKay
and colleagues reported evidence of relic biogenic
activity (PAH’s and possible biogenic magnetite
and nanofossils) in the Mars meteorite ALH84001
(McKay et al., 1996). At the same time, Richard
B. Hoover atthe NASA/Marshall Space Flight Cen-
ter (Huntsville) and A. Yu. Rozanov, V. M. Gorlen-
ko and S. I. Zhmur at the Paleontological Institute
(RAS, Moscow) reported the detection of microfos-
sils in the Murchison CM2 carbonaceous chondrite
(Hoover, 1997; Zhmur et al., 1997).

The first reports aroused a rather sharp nega-
tive reaction, primarily of American astronomers
and meteoriticists, who strongly rejected the possi-
bility that traces of life could be found in meteorites.
Such a reaction was observed not only in the USA,
but also in Russia, where particularly negative criti-
cism came from astronomers, who generally had lit-
tle expertise with microbiology, micropaleontology
or even meteorites. For more than twenty-five years,
the search for fossil remains in meteorites had been
considered taboo. Nevertheless, the interest in as-
trobiology was growing rapidly. This is evidenced
by the organization of numerous symposia, meet-
ings and schools in many countries, and by the pub-
lication of many conference proceedings volumes,
books and journal articles on astrobiology and the



0CTaTKOB B MeTeopuTax CTaau CUMTATbCA Henpu-
NNYHbIMK. Tem He MeHee, UHTepec K acTpobuono-
rMm cTpemuTensHo poc. O6 3TOM CBMAETENLCTBY-
0T OpraHM3auus n NpoBefeHNe B pas3HbiX CTPaHax
MHOTOUYMC/IEHHbIX CUMMO3MYMOB, COBELLAHUA K
WKOM, Ny6/MMKAaLMA 3HAYUTESILHOTO KONMM4YecTBa
TE3UCOB KOH(EpPEHUWNA, KHUT 1 cTaTeli No BONpoO-
cam acTpobMoNiornm 1 yupexzaeHue cneuunanbHol
cekummn «HCTpYMEHTbI, MeTOAbl 1 3aja4umn acTpo-
6uonornm» O6LWecTBa ONTUKNU N POTOHUKN SPIE,
KOTOpas NpoBOAWT 3acefaHuWs No BCeMy Mupy, a
TakXe yupexgaeHue Hay4yHoro coBeta no actpo6u-
onorum npu Poccuiickon akagemmm Hayk.

CoBpeMeHHbIli Nepuoj nomcka Mukpogoccu-
nwniA B yrnmctoMm xoHapute Opreit (Cl1) Havanca B
2004 r. c (hparmeHTOB MeTeopuTa, II06E3HO Npeso-
CTaBfeHHbIX A-pom Monom Cunmuepoin (doHg Mna-
HeTapHbIX MiccnegoBaHuii, Ynkaro), g-pom Knogom
MeppoHom un pg-pom MaptuH PoccuHbon-CTpuk
(HaynoHanbHbIl My3eidi eCTEeCTBEHHON WCTOpUM,
Mapux) (Hoover et al., 2004a,b). 3a nocnegHue 16
net uccnegosarensmu CLUA n Poccun 6b1am nony-
YeHbl TbicAYM n306paxeHnini C3IM n 34C aHanu-
30B MUHEpanbHbIX 3epPeH U MUKPOGOCCHANIA
B Opree n MHOTUX APYIUX YIANCTbIX XOHAPUTAX.
Pe3ynbTaTbl 3TOr0 COBMECTHOrO MCCNeA0BaHMWA, B
(hopMe HeKOTOpbIX 0TO6GPaHHbIX M306paXKeHU K
pesynbtatoB 3[C aHanu3a, COCTaB/IAOT OCHOBY
JaHHoro Atrnaca.

B aTom pagy cobbiTuii HaxognTcs n o6paso-
BaHMe cekTopa acTpobuonorun B Jlabopatopuu pa-
AnauunoHHoin 6uonorum OUAW (Ay6Ha). OaHOI 13
3afja4 3TOro CekTopa CTano feTanbHOe W3yyeHue
YIANCTbIX XOHAPUTOB Ha MpeAMeT MOUCKa B HUX
(hOCCMNbHBIX OCTAaTKOB MMWKpoopraHusmos. [lo-
cnefHee BpeMs OCHOBHbIM 06BHEKTOM paboTbl Cek-
TOpa, a Takxe uccnegosarensckux rpynn B NASA/
MSFC u NMNH PAH B 3TOM HanpasfieHnu 6bi1 Me-
TeopuT Opreid, B KOTOPOM YAanoCb 06HapPYXWTb
OTYeT/INBbIE U 3a4aCTY0 XOPOLLIO COXpaHuBLUMECH
OCTaTKW UHIAUTEHHbIX MUKpOOpraHnsmos. Cpeau
06HaPY>KEHHbIX (POCCMAMIA BCTpevalTCs pasnmuy-
Hble OCTaTkum (OCCUN3UPOBAHHbIX MNPOKapuoT
(HUTeBMAHbIE UMaHOGaKTepPUN U aKTUHOMULETHI),
3YyKapuoTUUeCKNe MUKPOBOLOPOC/M (AMATOMOBbIE,
NpasuHOMUTLI U aKpUTapxu), NPOTUCTbI (XoaHOo®-

establishment of a Special Section on

by SPIE,
which holds meetings throughout the world, as well
as by the establishment ofthe Scientific Council on
Astrobiology at the Russian Academy of Sciences.

The modern search for microfossils in the
Orgueil CI1 carbonaceous chondrite began in 2004
using Orgueil samples graciously provided for Sci-
entific Research by Dr. Paul P. Sipiera, Planetary
Studies Foundation, Chicago; Dr. Claude Perron
and Dr. Martine Rossignol-Strick of Musée Na-
tionale d’Histoire Naturelle, Paris (Hoover et al.,
2004a,b). During the past 16 years, thousands of
high-resolution SEM images and EDS analyses of
mineral grains and microfossils in Orgueil
and many other carbonaceous meteorites have been
obtained during the scientific efforts carried out in
the USA and Russia. Selected images and EDS data
from this collaborative research effort comprises
the body ofthis

As a continuation ofthis series of events, there
is an organization of the Astrobiology sector at the
Laboratory of Radiation Biology at JINR (Dubna).
One of the primary tasks of this sector became a
thorough study of carbonaceous chondrites in or-
der to search for fossil remains of microorganisms
within them. Recently, the main object ofthis study
and the continuing work at NASA/MSFC and PIN/
RAS was the Orgueil carbonaceous chondrite. This
research has revealed the recognizable, and often
exceptionally well-preserved remains of indigenous
microorganisms. The fossils found include various
remnants of fossilized prokaryotes (filamentous cy-
anobacteria and actinomycetes); aquatic eukaryotic
microalgae (e.g., diatoms, prasinophytes and acri-
tarchs); protists (e.g. choanoflagellates, alveolates,
and testate amoeba); and possibly even spores of
fungi. Scanning Electron Microscopes images and
Energy Dispersive X-ray Spectroscopy data on the
element composition of many of these microbial
remains are presented in this volume: The Orgueil
Meteorite (Atlas of Microfossils).

The authors of the Atlas express their grati-
tude to Dr. Edmée Ladier !
" #$ % , Montauban); Dr. Martine
Rossignol-Strick " ! "
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l. IcTopuna nageHns
MeTeopuTa Opren

Mo cBupeTenbCcTBaM OYEBUALEB, MafeHue
yrauctoro xoHgputa Oprein (Cl1) npon3owno Ha
toro-zanage ®paHuuu, B 8 yacos Beyepa 14 masd
1864 ropa. TpaekTopua najeHusa 6blna oTMeuveHa
TOHKOW NONocoi fbiMa, TAHYyLWeNca 3a 60nmgom
(Jollois, 1864). Bo Bpemsa nafeHusa npousoLlen
B3pbIiB 60n1MAga, 06NOMKM KOTOPOro ynanu B npe-
fenax 3anAUNTUYECKOro yyacTka (3anaf-BoCTOK)
pasmepamu 4x20 kM mexgy pgepeBHamu Oprel
(43°53° N; 01°23’ E), Kama, Houk (fenaptameHT
TapH-u-l'apoHHa) n ®poHTOH (BepxHsAs [apoH-
Ha), PacrnonoXeHHbIMU MeXay MoHTo6aHOM W
Tynysoii (Leymerie, 1864a-d). OCHOBHas 4acTb
00/10MKOB METeOopuTa, paBHO Kak M Hambonblias
€ro yacTb, ynana okono gepesHu Oprein (43°53" N;
01°23" E), »XuTenu KOTOpoi cobpanu 6onee
20 dhparmeHTOB, NPeACTaBAABLINX COBOI YepHble
KaMHW. MHorve parmMeHTbl MeTeopuTa 6bIn No-
KpbITbl KOPOW MNnaBfeHUs, macca HEKOTOpPbIX U3
HUX npesbiwana 11 Kr.

HabntogeHns o4yeBMALEB W3 pasHbiX MecT U
Bpems B3pbiBa 60/1MAa, a Takxe paguyc, B KOTO-
pom Obifl BUAEH W CAblleH B3pbiB, MpPeAcTaBieHbl
Ha puc. la. lpaBtopa, mM3obpaxawwas nageHne
meTeopuTa (puc. 1b), 6bina onybnmkoBaHa B Haya-
ne 1865 ropga B “ -
(Gounelle, Zolensky, 2014).

3T HabnwgeHns nossonuan YpbeHy Jlese-
pbe (gupekTopy MmnepaTopcKoil obcepBaTopun)
paccuuTaTtb TPaeKTOpPUIO NafeHus MeTeopuTa U
BbICOTY (~30 KM), Ha KOTOPOW NMPOU3O0LLIEN B3PbIB.
Mocne B3pbiBa OCHOBHAA YaCTb METEOPUTHON Mac-
Cbl Mpojo/mxana ABMraTbCA BLOMb MepPBOHAaYab-
Hol TpaekTopuu meTeopuTta (Daubrée, Le Verrier

I. History of the fall
of the Orgueil meteorite

According to reports of eyewitnesses, the
Orgueil CI1 carbonaceous chondrite fell in south-
western France at 8:00 P.M. on the evening of May
14, 1864. The trajectory of its fall was marked by a
thin strip of smoke that extended from behind the
fireball (Jollois, 1864). During its fall the Orgueil
bolide exploded, and many jet-black stones rained
down within a 4 km X 20 km east-west scatter el-
lipse bounded by the villages of Orgueil (433’ N;
01®3’ E), Campsas, Nohic (Tarn-et-Garonne de-
partment) and Fronton (Haute-Garonne) midway
between Montauban and Toulouse (Leymerie,
1864a-d). The majority ofpieces and the main mass
fell near the Orgueil village (43°53" N; 01°23’ E).
The villagers immediately collected more than 20
ofthe jet-black stones, (many with complete fusion
crusts) with the main mass exceeding 11 kg.

Eyewitness observations of the bolide from
different locations and the times when it exploded
and the regions where the fireball was seen and
thunderous explosions heard are shown in pic. la.
An engraving ofthe Orgueil meteorite fall (pic. 1b)
was published in early 1865 in “

- ” (Gounelle, Zolensky, 2014).

These observations allowed Urbain LeVerrier
(Director of the Imperial Observatory) to calcu-
late the trajectory of the meteorite and the altitude
(~30 km) at which the explosion occurred. After the
explosion, the bulk ofthe meteorite mass continued
to move along the initial trajectory (Daubree, Le
Verrier, 1864; Hoover, 2006b). A white cloud that
formed in the atmosphere at the site of explosion of
the bolide dissipated after 10-12 minutes.



Orgueil Fireball anit Explosions
May 14, 1864 8:00 P.M.
A - A* Intense Light and Sound Observed
B - B' Explosions Heard
C -C Light Effects Reported

‘BORDEAUX

MONIAUBAH
AORGUEIT

Puc. 1 a- kapTa toro-3anafgHoin ®paHuum, cocTaB/ieHHas Ha OCHOBE CBMAETE/LCTB O4eBMALEB: A-A’-UHTEHCHBHbIE
CBET U 3BYK; B-B’- cnblwHbI B3pbIBbl; C-C’ - M3MEHEHUA APKOCTU, CBA3AHHbIe ¢ nageHnem Opred 14 masa 1864 r.,
b - rpastopa, n3obpaxarowas nageHve Opres, ony6aMKoBaHHas B Hadane 1865 r. B LAnnuaire Mathieu de la Drome
(Gounelle, Zolensky, 2014)

Pic. 1 a- amap showing the regions of southern France where witnesses reported observations of: A-A’ intense light

and sound; B-B’ explosions heard & C-C’ light effects were observed associated with the Orgueil bolide and meteorite

fall on May 14, 1864; b - Engraving of the fall of the Orgueil meteorite published in early 1865 in LAnnuaire Mathieu
de la Drome (Gounelle, Zolensky, 2014)

1864; Hoover, 2006b). Ha mecTe B3pbiBa 60nuja B
atMmocgepe obpasoBasock 6enoe 06nako, paccess-
weeca cnycta 10-12 MUHYT.

O nageHun He3aMefNuTeNbHO Coo6LWmnn
MECTHble raseTbl, a BCKOPe (hparMeHTbl MEeTeopu-
Ta 1 OTYeTbl OYEBUALEB CO BCEro perumoHa 6bisu
O0TnpaBfieHbl W3BECTHOMY TEOXUMMUKY aKajemu-
Ky ' O. [Jo6p3 (KypaTtop KOM/JeKLuMn MeTeopuToB
B HaunmoHanbHOM My3ee eCcTeCTBEHHOW ucTopum,
Mapux), B. BpyHy (anpektop My3es ecTeCTBeH-
HoOil uctopunu, MoHTO6aH), ®. MeTu (gupekTop
Tyny3ckoli obcepBatopuu), Y JleBepbe (AMpeEKTOp
Mapuxckoli obcepsatopun) (Gounelle, Zolensky,
2014). Cpasy cTano dcHo, 4to Mmartepuan Opres
CXO0X C MaTepuanom, ynaeswum paHee B 1806 r. B
Anance, ®paHyns (Leymerie, 1864a). CBuageTenb-
CTBa 0OYEBUALEB U pe3ynbTaTbl NepPBbIX UCC/EA0Ba-
HUIA 6bIAM ONYy6NMKOBaHbI B Havane nioHA 1864 r.
B/~ 0 , $ $ $ 1
(Daubrée, 1864a,b) (Cloéz, 1864a,b) (Pisani, 1864),
a BnocneacTeum nepesefeHbl b. Hagem Ha aHrnwnii-
CKWiA f3blK B paboTe /* $ 1
(Nagy, 1975).

10

Immediately after the fall, eyewitness reports
from across the region appeared in local newspa-
pers and letters and samples for scientific analyses
were sent to the eminent Geochemist Academician
Gabriel-Auguste Daubrée (curator of the meteorite
collection of Muséum National d’Histoire Naturel-
le in Paris); Victor Brun (Director of the Muséum
d’Histoire Naturelle in Montauban); Frederic Petit
(Director of the Toulouse Observatory) and Urbain
LeVerrier (Director of the Paris Imperial Observa-
tory) (Gounelle, Zolensky, 2014). It was immediate-
ly recognized that the Orgueil stones were similar
to those that fell in 1806 in Alais, France (Leyme-
rie, 1864a). The eyewitness reports and initial sci-
entific studies of the stones were published in early
June, 1864 in /~ 0 , $

$ $ 1by Academician Daubrée (1864a,b) Stan-
islas Cloéz (1864a,b) and Félix Pisani (1864). These
important letters and scientific results were subse-
quently published in English by Bartholomew Nagy
in his volume * $ (Nagy,
1975).
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Yxe ¢ 1864 rofa 66110 U3BeCcTHO, 4To Opreli
COLEPXMUT BOAY W yrnepog, NpucyTCTBOBaBLUUE
B €ro Tefe M3HayaNbHO M MMEILWMe BHE3EMHOe
npoucxoxgeHmne. Cam MeTeOpUT COCTOUT U3 MUHE-
panbHbIX 3epeH, CLEMEHTUPOBAHHbIX Cynb(aTom
MarHus u Apyrumum BOLOPACTBOPUMbIMMW CONA-
mu. Mofo6Haa MUHepanorua n oTCYTCTBME XOHAP
YKa3blBaKT Ha TO, YTO POLUTENbCKOE TeNo MEeTeo-
puUTa UCNbITbIBANO ANNTENbHOE BO3AENCTBUE XUA-
KOV BOAbI eLle 3a401r0 A0 BXOXAEHUS MeTeopuTa
B 3eMHYI0 aTmocepy. Bo3gelicTBme BOAbl Ha Tena
Opresa, VIByHbl U Jpyrux YramcTbiX XOHAPWUTOB
Tnna Cl1 nopTtsepXxparoTcAa OTCYTCTBUMEM B HUX
XOHAP W TAWHUCTBIX MWUHepanos, NPUCYTCTBUEM
B HUX CNOUCTbIX CUMMKATOB, & Takxe APYyrumMu
JaHHBIMW MO WX MUHEPaNbHOMY, XUMWYECKO-
My M m3oTonHomy coctasy (Aponte et al., 2015;
Bass, 1971; Bostrom, Frederickson, 1966; Endress,
Bischoff, 1993, 1996; Ehrenfreund et al., 2001;
Kerridge et al., 1979; Frederickson, Kerridge, 1988;
Glavin et al., 2018).

[aHHble N0 XMMUYECKOMY U U3OTOMHOMY CO-
CTaBy MWHepasnos, cooTHoweHue D/H u npucyt-
CTBME BHE3EMHbIX aMWUHOKUC/IOT U HYK/IEUHOBbIX
OCHOBaHWIi YKa3blBalOT Ha TO, YTO KOMETbl MOTYT
ABNATLCA Hanmbonee BEPOATHbIMU POAUTENLCKU-
Mun Tenamm Oprea, VIBYHbI, APYTrUX YranCTbIX
XOHAPUTOB U aHTapKTUYECKUX MUKPOMETEOopHU-
ToB (Ehrenfeund et al., 2001; Robert et al., 2000;
Hoover et al., 1986a,b; Hoover, 2006a,b; Gounelle
et al., 2006, 2008; Hartogh et al., 2011). NpeacTas-
NleHne 0 KOMeTHOM MpoucxoxaeHun Oprea 6bi10 B
3HauUMTeNbHON Mepe NOAKPenseHo 06Hapy>KeHuem
CXOXUX MUHEPANIOB U XOHAPOMNOLOGHbLIX 06BHEKTOB
B yacTuuax komeTbl 81P/Wild 2, focTaBfeHHbIX Ha
3emnto B pesynbtate muccum Stardust (Nakamura
et al., 2008). HefaBHMe HabNOAeHUSA BbISBUMIN CXO-
XecTb OTHoweHus D/H BHe3eMHOW WHAWTEHHOA
BoAbl Opres ¢ Bogoit komeTbl 103/P Hartley 2, uto
TakKXXe CBMAETENbCTBYET B M0O/b3Y KOMETHOro Mnpo-
ncxoxgaeHua Opres.

O6Hapy)XeHne B OfAHOM M3 (pparmeHToB Op-
res (h0CCMAN3MPOBAHHOW (POPMbI, MAEHTURNLNPO-
BaHHOW Kak MarHuMToTakTuyeckas 6GakTepua (cm.
rnasy VI, puc. 4) (Tan, VanLandingham, 1967),
YyKa3blBaeT Ha TO, YTO HEKOTOpas 4acTb POAUTENb-
CKOro Tesa MeTeopuTa npegcrasnsna coboin mate-
puan, [0 aKKpeTMpoBaHMs NPUHAANEXaBLINIA KOC-

12

by liquid water on the parent body long before the
stones entered into the Earth’s atmosphere. The
extensive aqueous alteration of Orgueil, Ivuna and
other CI1 carbonaceous meteorites is evidenced by
their lack of chondrules and the presence of phy-
losillicates, clay minerals and other mineralogical,
chemical and isotopic data (Aponte et al., 2015;
Bass, 1971; Bostrom, Frederickson, 1966; Endress,
Bischoff, 1993, 1996; Ehrenfreund et al., 2001; Ker-
ridge et al., 1979; Frederickson, Kerridge, 1988;
Glavin et al., 2018).

Chemical and isotopic studies ofthe minerals,
D/H ratios and extraterrestrial amino acids and nu-
cleobases provided early evidence that comets might
represent the parent bodies of Orgueil, Ivuna, other
carbonaceous chondrites and Antarctic micromete-
orites (Ehrenfreund et al., 2001; Robert et al., 2000;
Hoover et al., 1986a,b; Hoover, 2006a,b; Gounelle
et al., 2006, 2008; Hartogh et al., 2011). The comet
model for the Orgueil parent body has been greatly
strengthened by the discovery of similar minerals
and chondrule-like objects in particles of comet
81P/Wild 2 returned to Earth by the Stardust mis-
sion (Nakamura et al., 2008). Recent observations
of the similarity ofthe D/H ratio of the indigenous
extraterrestrial water in the Orgueil meteorite to the
water of comet 103/P Hartley 2 provides additional
observational evidence thatthe Orgueil parent body
was a comet.

The discovery of a fossilized form in one the
Orgueil’s fragments, which was indentified as a
magnetotactic bacterium (see chapter VI, pic. 4)
(Tan, VanLandingham, 1967), indicates that some
part of the meteorite’s parent body, before its ac-
cretion, used to belong to a cosmic body possessing
a magnetosphere, hydrosphere and possibly atmo-
sphere.

It is now generally accepted that comets
played a major role in the delivery of water and or-
ganics to the early Earth. The panspermia hypoth-
esis proposes the interplanetary transfer of life (Ar-
rhenius, 1908). Long-term experiments on the sur-
vival of organics and bacteria in outer space have
beenn carried out by NASA ROSCOSMOS, ESA
and JAXA. These include the the LDEF, BIOPAN,
ADAPT, EXPOSE and TANPOPO experiments on



MUYeCcKoMy Teny, obnafgaslieMy MarHMTocgepoil,
rMapocMepoin u, BOSMOXHO, aTMOCHepPOIA.

Celiyac cuuTaeTcq 06LeNPU3HAHHHBIM, YTO
KOMeTbl CbIrpann BaXHYI0 po/ib B AOCTaBKe BOAbI
N OpraHMYecKnx BeLecTs Ha paHHIO 3emnto. [u-
noTesa MaHcnepMuu npegnonaraeT MexXmniaHeT-
Hblli mepeHoc Xu3Hu (Arrhenius, 1908). NASA,
Pockocmoc, EKA n JAXA nposenu LOATOCpoY-
Hble 3KCNepMMeHTbl MO BbXMBAHWUIO OpraHuye-
CKMX COefVHEHWA n 6akTepuil B KOCMUYECKOM
npocTpaHcTBe. K HUM OTHOCATCS 3KCMEPUMEHTHI
LDEF, BIOPAN, ADAPT, EXPOSE n TANPOPO
Ha 6opTy annapatos Skylab, Mup, Spacelab, ®o-
TOH U MexXayHapoA4HON KOCMWYECKON CTaHLum
(Kawaguchi et al., 2020). Mo gaHHbLIM 3TUX 3KCne-
PUMEHTOB MHOTMe MPOKapUOTUYECKME W JyKapu-
OTUYECKME MUKPOOPraHW3Mbl rofaMu BbIXXMBAKOT
B YCNOBMAX r1y6OKOro KOCMOCa, 3aliullieHHble
MHOTFOCMOMHbLIM arperaTtomM K/ieTOK TO/LLMHO BCe-
ro Heckonbko Thicay Mkm (Horneck et al., 1994,
Wickramasinghe et al.,, 2018; Kawaguchi et al.,
2020). PacuyeTbl NOKa3blBaKT, YTO B YCNOBUAX K-
TMonaHcnepmum (Nog 3alMToil BCEro HECKONIbKUX
MeTPOB FOPHbIX NOPOS WAW fibAa) BbIXXMBaeMOCTb
6akTepuil 1 cnop yBenM4mMBaeTca 40 MHOTUX MUN-
nuoHoB net (Worth et al., 2018; Mileikowsky et al.,
2000). 2. M. M'anumoB BbIYNCAWA BUONOFMYECKME
M TepMoguMHaMuUueckne (HakTopbl MW30TOMHOIO
(hpakLMOHNPOBAHNA aMWUHOKMUCNOT B XXWBbIX Op-
raHu3Max u yriaumcTbiX XOHAPUTAxX U 06Hapyxun,
4TO, XOTS AMUHOKWC/IOTbI B METEOPUTAX SABHO BHe-
3eMHble, CYLLeCTBYeT «3aMeyaTe/ibHas B3anMo-
CBSI3b MEXAY 3TUMU napameTpamu - B3aMMOCBA3b,
aHaforMyHas B3anMoCBA3M MexXAy 6M0oornyecku-
MU coefuHeHnaMu» (Galimov, 1985). 3Tu faHHbIe
NOATBEPXAAT BO3MOXHOCTbL NepeHoca 6akTepuii
MeXnay nnaHetamu, nyHamu, acTepoujamu n Ko-
meTamu Hawel COSIHEYHON CMCTEMbI Yepe3 KOC-
MWYECKOe MPOCTPAHCTBO.

board Skylab, Mir, Spacelab, Foton and the Inter-
national Space Station (Kawaguchi et al., 2020).
These experiments established the many prokary-
otic and eukaryotic microbes survive for years in
the environment of deep space protected by mul-
tilayer aggregates of cells only few thousand ~m
thick (Horneck et al., 1994; Wickramasinghe et al.,
2018; Kawaguchi et al., 2020). Calculations show
that under lithiopanspermia conditions (protected
by only a few meters of rock or ice) the survivabil-
ity of bacteria and spores increases to many mil-
lions of years (Worth et al., 2018; Mileikowsky et
al., 2000). E. M. Galimov computed the biological
and thermodynamic isotopic fractionation factors
of amino acids in living organisms and carbona-
ceous meteorites and found that while the meteorite
amino acids were clearly extraterrestrial there was
“a remarkable relationship between these parame-
ters-a relationship analogous to that of biological
compounds.” (Galimov, 1985). These data confirm
the possibility of bacteria transfer between planets,
moons, asteroids and comets of our Solar System
through outer space.
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cbl (hopMunpoBaHns 3emau, JIyHbl U ApYyrux nnaHeT
(Connelly et al., 2008).

bocTpém n ®penepukcoH (Bostrom, Frederick-
son, 1966) onucann Opreil Kak GUTYMHYIO TUHY
C 6peK4YMeBoit CTPYKTYPOI N KNacTUYECKOW TEKCTY-
poii, a Takke ONpeaennin TpK OCHOBHbIE CTaanm ¢op-
MWPOBaHNSA MWHEPASIOB POAMTENBCKOr0 Tena Opres:

1 PaHHfAa ropayas ¢asa (GpopMUpoBaHUA MUHE-
panoB, TaKUX Kak TPOUIUT, CTabUNbHbIX Mpu
HECKOMbKNX COTHAX °C.

2. CpepgH#aAa asa, BO BpeMs KOTOPO Npu Temmne-
paTtype <170 °C npoucxoanno opmumposaHue
TakKuX MUHEPANOB KakK X/IOPUT U IUMOHUT.

3. Tlo3gHad cTagma opMupoBaHma KapboHaTOB
n cynbatos npu Temnepatype <50 °C.

MpuHATO cumuTaTb, 4TO Oprei nNpeacTaBnseT
cob60ii MUKPOPEroNNTOBYH OGPEKUYNIO, MUHEpasb-
HbIA COCTaB KOTOPOW faeT 0gHO3HauYHble 1 ybeamn-
TeNbHble [OKa3aTeNbCTBa BO34ENCTBMA BOAbl Ha
poauTenbCKOe Teno MeTeopuTa, B pesynbTaTe KO-
TOpPOro, BEPOATHO, OblAM paspyLleHbl U3HaYabHO
npMcyTCTBOBAaBLUME B HEM XOHAPbI (Aponte et al.,
2015; Enders, Bischoff, 1993, 1996; Bunch, Chang,
1980; Fredriksson, Kerridge, 1988).

Ctpyktypa Opref, Kak U ApYyrux yrimcrbix
xoHgputos Tuna Cl1, o4eHb pbixnas U HEO4HOPOA-
Had. bofee TOoro, B OJHOM M TOM Xe (hparMeHTe mMe-
TeopuTa, B Macwtabax 0T MUKPOHA O HECKOJIbKUX
MUINUMETPOB, MOTFyT 06HapyXuBaTbhCA pPasHOO-
6pa3Hble MUHepasibHble YacTULLbl, XWUMbl WU YIKn-
CTble Tena pa3HblX BO3PACTOB U MPOUCXOXKAEHUS.
CT1onb BbliCOKAA CTeneHb HEOLHOPOAHOCTU fenaet
HEBO3MOXXHbIM OfJHO3HAYHOE OMpefefieHne Bo3pac-
Ta meTeoputa Opreii.

KopyHa v 3epHa kapbupa KpemHusa 6biiu
06HapyXeHbl B YIAUCTbIX XOHAPUTax Opreii, An-
neHge n MypuucoH (Huss et al., 1982). Wccnepo-
BaHWA W30TOMOB TAXE/bIX 3/1IeMEHTOB MOKa3anu,
4YTO MHOrMe u3 3epeH SiC 6blM CHOPMUPOBaAHDI
B X04e MefLNeHHOro npouecca 3axsaTa HeMTPOHOB
(s-mpouecc), KoTopblA, B OCHOBHOM, NMPOTEKaeT B
3Be3fax acCMMNTOTUYECKOW BeTBM ruraHToB (AGB)
M APEeBHUX KPaCHbIX rMraHTax, B TO BPEMA Kak 3ep-
Ha SiC Tuna X cthopmumpoBanuCb, CKOpee BCEro, B
cBepxHoBbIX (Hoyle, 1946; Burbidge et al., 1957;
McSween and Huss, 2010; Nguyen, Messenger
2011; Heck et al.,, 2020). bonee 52 TbiC. 3Be3f M3
6a3bl faHHbIX KEPLER APOGEE DR 6binu npo-
aHanM3nMpoBaHbl ¢ yuyeToM oTHoweHua C/N n mo-

texture with three main stages of mineral formation
on the Orgueil parent body:

1  Early hot stage forming minerals like troilite
stable at several hundred °C

2. Middle stage with minerals like chlorite and
limonite formed <170 °C

3.  Late stage carbonates and sulphates formed

<50 °C

It is generally accepted that the Orgueil me-
teorite is a microregolith breccia with a mineral
composition that provides evidence of extensive
aqueous alteration on the parent body which prob-
ably destroyed the chondrules that were originally
present (Aponte et al., 2015; Enders, Bischoff, 1993,
1996; Bunch, Chang, 1980; Fredriksson, Kerridge,
1988).

The Orgueil meteorite, like all other CI1 car-
bonaceous meteorites, is extremely friable and het-
erogeneous. Profound variations in chemistry, mor-
phology, mineralogy and texture can occur from
one Orgueil fragment to the next. Furthermore, at
the micron to mm scale distances many diverse
mineral particulates, veins, and carbonaceous bod-
ies of different ages and origins exist within the
same stone fragment. This great heterogeneity pre-
cludes assessment of «the age» ofthe Orgueil me-
teorite stones.

Corundum and silicon carbide grains have
been found in the Orgueil, Allende and Murchison
carbonaceous chondrites (Huss et al., 1982). Heavy
element isotopic studies have established that many
of the SiC grains were S-process nucleosynthesis
that occurs mainly in Asymptotic Giant Branch
(AGB) stars and ancient Red Giants, whereas the
SiC type X grains probably were formed in super-
novae (Hoyle, 1946; Burbidge etal., 1957; McSween
and Huss, 2010; Nguyen, Messenger 2011; Heck
et al., 2020). Application of C/N abundances and
stellar evolution models to 52,000 stars in the KE-
PLER APOGEE DR12 survey database resulted in
age determinations for these stars over a very broad
range - up to 13 Gyr. Therefore, the grains that have
remained frozen in the primitive interior core ofthe
Orgueil CI1 meteorite are likely to be ancient preso-
lar (4.567 to 13 Gyr) interstellar and intergalactic
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feneli 3Be34HOI 3BONOLNN C LEeNblo OnpegeneHuns
MX BO3PacToB, KOTOPblE, KaK BbIACHUIOCH, 3HAYM-
Te/IbHO BapbupytoTCca BNAOTL A0 13 mapg. net. Kak
CNeAcTBMe, MOXHO CAefaTb OCTOPOXHbIA BbiBOA,
4YTO 3epHa, 0CTaBaBLUMECH BMOPOXEHHbIMW B NpU-
MUTUBHOM BHYTpeHHeM agpe Opres, CKopee BCero,
ABNAIOTCA LPEeBHUMUN AOCONHEYHbIMKU (0T 4,567 f0
13 MApa. neT) YacTMLaMM MeX3Be3LHON U Mexra-
NaKTUYECKOM KOCMMWYECKON MblAW, KOHAEeHcauus
KOTOPbIX, BMECTE C BOAHbIM NbAOM W APYTUMM Ne-
TYYMMW BeLecTBaMM, NpuBena K POPMUPOBAHUIO
poamTenbcKoro tena meteoputa Opreit. OfgHako Te
3epHa, 4TO COAEepPXaTca BO /ibAaxX OKONO BHELIHUX
CNoeB POAMTENbCKOro Tena, MOran nonactb Ty4a B
pesynbTaTe aKKpeuuu n3 MHOXeCTBa NOTeHLNab-
HbIX MCTOYHWMKOB, TAKMX KaK MeXranakTnyeckas,
MeX3Be3fHas, 30[MaKanbHas, OKONOMaHeTHas u
MeXMaaHeTHas KOCMUYeCKas Nblfib, KAMEHHbIE, Op-
raHM4yeckue 4acTuLibl, BOAHbIE U NeAsHble YacTULbI
NeAsHbIX NYH U KOMeT. MNMpuHUMAs BO BHUMaHUWe
f0Ka3aTenbCcTBa B N0Mb3y TOro, 4to Oprei npeg-
CTaBfisgeT co60 MUKPOPeronnToByl0 6Gpekyuto, B
OCHOBHOM COCTaBMIEHHYK M3 MWKPOCKOMUYECKNX
4acTuL, 3HAYMTENBHO pasNnyaloLLnXca Mexay co-
60V Mo BO3pacTy U NPOMCXOXAEHWIO, NTyULLle BCErO
paccmaTpuBaTb ero Kak ApeBHWIA MPUMWUTUBHbINA
MeTeopuT, 60MbLIAA YacTb TBEPAbIX KOMMOHEHTOB
KOTOpOro npefcTaBnseT coboii BewecTso, BbIGPO-
LUEHHOE 3Be3JaMun 1 CBEPXHOBLIMMW B Nepmog, npesg-
WecTBOBaBLW M (DOPMMPOBAHUID NPOTOCO/THEYHO
TYMaHHOCTMW, Mocieayowas KOHAeHcauus KoTo-
poli npueena K opmupoBaHuto ConHua, niaHerT,
NYH 1 Apyrux Mmanbix Ten CoAHeYHON CUCTEMBI.

B 3ak/t0ueHMe MOXHO CKasaTb, YTO pa3 ApeB-
HAS MeXranakTuyeckas U MexnjaaHeTHas Mbifb 1
BeLLeCTBO, BbIGPOLLEHHOE CBEPXHOBLIMU, HUKOTAA
He NofBepraancb MpoLEeccy naaBaeHUs, TO OHU K
ABNAKT COO0I Ty APEBHIOD KOCMUYECKYH Mbilb,
KoTopas BMOCnefCTBMM Gblna BKAKOUYEHa B COCTaB
MPMMUTUBHbLIX NbA0B, CHOPMUPOBABLLNX MUKPO-
peronuToByto 6pekunto Opres.

Mockonbky MeTeopuT Opreli COCTOUT KakK U3 ya-
CTUL, ApEBHEl MEX3BE34HON NblAW, TaK U U3 YacTuy,
60nee MONIOAON 3BE3AHON N MEXMNMNAHETHOW KOCMU-
YeCKOI MblAK, NNaHeTHbIX BbIGPOCOB, NibAa, opra-
HUKN N KOMETHOIO Mycopa, aKKpeTUpPOBaHHOIo A0
BX0Ja MeTeopuTa B aTMoctepy 3emnun B 1864 ropsy,
TO HEBO3MOXHO Bbl4eNNTb KaKOW-TO OAHO3HAYHbIN
MOMEHT (hopMMpoBaHMs MeTeopuTa Opreii.
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dust that condensed along with frozen water and
other volatiles into the meteorite parent body. How-
ever, those contained within ices near the crust of
the parentbody may have been accreted from a wide
variety of sources: including intergalactic dust; in-
terstellar dust, zodiacal dust, circumplanetary dust,
interplanetary dust particles (IDP’s), rocky and or-
ganic grains and water and icy particles expelled
from icy moons and comets. In consideration of the
evidence that the Orgueil CI1 carbonaceous mete-
orite is a microregolith brecciathat is most probably
comprised of microscopic particulates from a great
diversity of sources of widely diverse ages, it may
be considered an ancient primitive meteorite, with
much ofits solid components ejected from stars and
supernovae prior to the formation ofthe proto-solar
nebula that condensed to produce the Sun, planets,
moons and other small bodies of our Solar System.

In summary, since the ancient intergalactic
and interstellar dust and supernovae particulates
never experienced the melt phase, they represent
an assemblage of ancient stardust particulates that
were incorporated into the primitive ices that be-
came the Orgueil microregolith breccia.

Since the Orgueil meteorite is composed of
ancient pre-solar grains and interstellar dust along
with younger stardust and interplanetary cosmic
dust particles, planetary ejecta, ices, organics and
cometary debris accreted prior to the 1864 entry
ofthe stones into the atmosphere of Earth, it is not
possible to ascribe a single discrete age of forma-
tion to the Orgueil meteorite.



V. MuHepa/ibHbIN V. Mineral composition
cocTaB MeTeopuTa of the Orgueil meteorite
Opren

d T n?7 12131=<;?7G1;=< =2=<B515 083?77 09E671< G 7k
) d m 3709137 97P7=<7F 13 30 K7 91;? 12 ;=9K02 =2F 09E=21;
i ST VvV~ =2F 30 ;023=12 ST_V~ 7%039=379975391=< t=379 12 3?
d mj * m G=391%0 43t=5 =<50 8062F 30 ;023=12 =GG0216G =2F
m k G=E27516G 5=<35' =2?BF9137' ;=<;137' 579M723127' MB!
g ') ") k 9?03137' 397P09137€ 51<1; =;1F =2F = ;0GM<7% MO<BG7
' ") ;=9K02=;7065 G=3791=< 3?7=3 15 1250<6K<7 12 t=379 =2F
m ) i 51G1<=9 30 ?6G1; 56K53=2;75"' 56;? =5 M7=3 =2F ;0=<
m T "N<07q' _S\Y='KE D15=21" _S\Y€ O00P79' XVV\Kb N<07q
j ' a g Neq' =<50 2037F 3?=3 3?7 530275 =97 7=51<B F157237E9=37F
_S\Y='K€ D15=21' S\Y€ O00P79' XVV\Kb $ Id k t=3791t?1;? F1550<P75 3?7 5=<35 3?7=3 ;7G723 30E73?79
a ) f 3?7 G1279=<E9=125 =2F M=931;6<=375 083?77 09E671<(
) d ' ;9097E0<13? K97;;1= @GG0216G ;?<091F7 =2F 50G7
©d fj d i k 08377 03?79 5=<35 =2F P0<=31<7 ;0GMO062F5 12131=<<B
37;37F =97 20 <02E79 M975723 12 3?7 G73709137

yd J097 97;723 F=3= 02 3?7 G1279=<0EB 08 3?7
"A0539"G' ~97F91C5502' QW€ z6~97527' 09E671<G73709137 "A05390G' ~97F91C5502' _Q\\€ z6k
@2F795' Q\Xb) d ' ~97527" @2F795' _Q\Xb' 97M0937F 3?=3 3?7 G=12 G12k
j T1] X\ )T 79=<5 09E671< ;023=125 t797] ;?<09137 \X\'b' 7M50T
VRb' b’ Y\b' ) G137 \Rb' G=E273137 \'b' 3901<137 'Y \'b' EBM56G
X'Qb' a “X'Qb ‘X'S™p' k X Qb E9=M?137 X Q°b' A9762279137 X Sb' 2=k
" Rb V'Sh' ga  k 31P7 56<869 =R J7991<<137 'V S'b' 50F16G 56<8=37
AVAWY VUbaa gi k 'V\'b'<1G02137 'V U'b =2F ;=<;16G M?05M?=37 J097
) g F73=1<7F F=3= 02 3?7 ;?7G1l;=< =2F G1279=< ;0GMO0Ok
] Neq' _S\Y'™g 513102 08 3?7 09E671< ;=9K02=;7065 ;?02F9137 ;=2 K7
z26~97527' @2F795 _Q\WX€ A0539"G' ~97F91C55@P62F 12 3?77 =8097G7231027F t09C5] N<07q' _S\Y='KE
_Q\€ n0OG70C="'AB57;C' _QSS" i b z6~97527" @2F795' _Q\WX€ A05390G' ~97F91C5502'
] QW€ n0G70C="' A657;C' _QSS 3=K<7 b
f n?7 G=391% 15 809G7F KB = G1%.3697 08 3t0
m d ad' mijf g ‘aT G=3791=<5] G=E27516GT91;? M?B<<051<1;=375 =2
b "n0G70C=' A657;C' _QSSb $ ' 1902T91;? M?=57 ;023=1212E 21;C7< =2F 56<M?69 "87¢
{ d k 9B?1F9137b 'n0G70C=' A657;C' _QSSb J0970P79' 3?7
") "l m d' G=391%0 ;023=125 312B E9=125 08 0<1P127' MB90%.727"
' a ) k 7G723=< 1902' E9=M?1375 =2F 51<1;02 ;=9K1F7 E9=17
i =2F M0<BG791; 1250<6K<7 09E=21; G=3379 51G1<=9:
*A0539"G' ~97F91C5502' _Q\b ;0=< 09 C790E72 "A05390G"' ~97F91C5502' Q\\b

, d g



L  a bc$8]C<b

Xnmunyeckuit coctas /

Munepan / Mineral Chemical composition

Macca, 2 / Mass, 2

AHrngput / Anhydrite CaS0O4 ~
BpeiinepuT / Breunnerite (Fe, Mg)CO3 2,8
Xnoput / Chlorite X= 3 (* 4 62,6
56 3
Jonomwut / Dolomite CaMg(C0O32 =
M'mnc / Gypsum CaS0O4* 2H2O 2,9
NnmoHuT / Limonite Fe203* nH2D 0,5
MarHetut / Magnetite Fe304 6,0
Meppunut / Merrillite Na2Ca3(PO™O =
Butnokut / Whitlockite CaMgH(PO4)7 ~
OnwusuH / Olivine M82SiO4+ FeSiO4 ~
MupokceH / Pyroxene Mg, Fe, Ca, etc. SiO3silicates =
MuppoTuH / Pyrrhotite (Fe, Ni)o,%5 =
CepneHTunH / Serpentine Mg6Si40!o(aH)8 -
LLlamo3uT / Chamosite (Fe2sMg) AKAISWOT 8 -
KpoHwTtentut / Cronstedtite Fe 2+Fe3+(SiFe3t)O5OH)4 ~
AnemeHTapHas cepa / Elemental sulfur S ~
Tpesoput / Trevorite NiFe204 =
Tpownut / Troilite FeS 4,6
3ncomuT / Epsomite MgSO4* TH2D 6,7
"paduT / Graphite Cc =
Cynbthat Hatpms / Sodium sulphate Na,SO4 0,6
mppokeng xxenesa/ Iron hydroxide Fe(OH)2 ~
docdar Kanbums / Calcium phosphate Ca3(PO4R 0,8
KpemHuesas kucnota / Silica acid nSio2* mH2D ~
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Tabnuua 2/ Table 2

«Cnabble» 6uomMapkepsl “Weak” Biomarkers McTouHuk / Reference
ModesitHa, aUeToMUA 1 Urea, acetomide and aromatic acids Briggs, 1963
apoMaTuyecKune KMCnoThl
rlonuunknnyeckie Polycyclic aromatic hydrocarbons Commins & Harrington, 1966
apoMaTuyecKve yrnesogopoabl
HopmaanHZnVlefI(:peHomp,Hb|e Normal and isoprenoid alkanes Oré & Gelpi, 1968; Gelpi & Ord, 1970

JNnHHOLENoYeYHble XWPHbIE

Long chain fatty acids~ancient marine  Meinschein, Nagy, & Hennessy, 1963;
KUCNOTbI (JpeBHME MOPCKMe

OTNIONEHIS) sediments) Nagy & Bitz, 1963
AnvaTnyeckne yriesogopospl Aliphatic hydrocarbons Nooner & Or6, 1967
« . ” Claus & Nagy, 1961; Claus, G., Nagy,
«OpraHmn3oBaHHbIE 3/1EMEHTbI» Organized Elements B., Europa, D. L, 1963; Nagy, 1975
. . . Kaplan et al. (1963), Vallentyne (1965);
PauemaTtHble aMMHOKUCOTbI Racemic Amino Acids Nagy & Bitz (1963); Botan, 1965
«CunbHbIE» BUOMapKepsl “Strong” Biomarkers McTouHuk / Reference
OpraHunyecKoe BeLLEeCTBO Organic matter (humus, peat and lignite  Daubrée, 1864a; Cloez, 864a,b; Pisani,
(rymyc, Topd 1 6ypblil yronb) coal) 1864; Bass, 1971
MonumeponofobHble Berthelot, 1868; Bitz & Nagy, 1966;
YrNeBoJ0pPOAbl; HEPACTBOPUMOE Polymer-like hydrocarbons; IOM ~ Olson et al., 1967; Nooner & Or6, 1967;
OpraH/MyeckKoe BeLLecTBO Kerogen Nagy (1975); Cronin, Pizzarello
(keporeH) & Frye, 1987
HacblLLeHHbIe yrneBoopoapl ~ Saturated hydr(_)carbons ~ marine Meinschein et al., 1963
MOPCKWE OTNIOXEHUSA) sediments

BaHagun nopgupuHsl,
MUFMEHTbI ~ APEBHIE 3EMHbIE
OT/IOKEHUS: (PUTaH, MPUCTaH W

Kaplan, Degens & Reuter, 1963;
Hodgson & Baker, 1964, 1969; Oré
etal., 1966; Urey, 1966; Oro & Gelpi,

Vanadyl Porphyrins, pigments~ancient
terrestrial sediments; Pristane, Phytane
and NorPristane

HopnpucTaH 1969; Nagy, 1975; Kissin, 2003
MpoTenHoreHHbIe Protein Amino Acids with L-Enantiomer Nag_y etal., 1964; Engel et al.; Cronin
aMVHOKUCNOTbI C U36bITKOM & Pizzarello 1997; Ehrenfreund et al.,
Excess
L-3HaHTMOMepa 2001
Buonorunyeckoe

Biological Fractionation of Carbon
Isotopes
in Extraterrestrial Protein Amino Acids

(hpaKLMOHNPOBaHWE N30TOMOB
yrnepoga B aMMHOKMCI0Tax
BHE3EMHbIX OENKOB

Nier, Gulbransen, 1939; Chang et al.,
1978; Galimov, 1985

Mwukpogoccnnnm ¢ NMHeRHo

o Microfossils with linear chain of VanLandingham, 1967; Hoover,
LIeNOYKOI MarHUTOCOM ~ . .
magnetosomes ~ magnetotactic bacteria Rozanov, 2001
MarHUTOTaKTU4eckune GakTepum
BHesemHble caxapa: prnb603a, Extraterrerrestrial Sugars: Ribose,
pa. p . g Furukawa et al.,2019
apabuHOo3a, KC1No3a, NMMKco3a Arabinose, Xylose, Lyxose
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Mocne cMepTn opraHM3Ma aMMHOKUCNOTbI Ha-
YMHalT paLemusoBaTbca. CKOPOCTb JaHHOMO Npo-
Lecca onpegensetcsd TemnepaTypoil, BHELWHUMMU
YCNOBUAMU N CTabUIbHOCTbIO KOHKPETHOro Tuna
aMmuHokmucnoTbl. [pouecc opmupoBaHMsA pale-
mMaTHoro pactsopa (D/L=1) npoxo4uUT Ha NPOTAXe-
HUWN He UCTOPUYECKUN, HO FTe0N0rMyYeckn 3HaYNMbIX
npomexyTkoB BpeMeHun (Mitterer, 1993). MegneH-
Hoe u3MeHeHne D/L MOXeT 6blTb MCNOMb30BAHO
4Ns onpefeneHns BpeMeHW, MpoLejLlero ¢ Mo-
MeHTa ruéenu opraHusma (Bada, 1971; Kvenvolden,
Blunt and Clifton, 1979; Kaufman and Miller, 1992,
Cann and Murray-Wallace, 1986).

MHoOrue nNpoTenmHOreHHble aMUHOKUCIOTHI, a
TaKXe pAj aMUHOKMCNOT, HE UMEIOLLLNX N3BECTHOA
(YHKLMM B 3eMHOW 6uonoruu, 6bi1M 06Hapy»xe-
Hbl B meTeopuTtax Opreii (ClI1), MypuncoH (CM2),
Aryac 3apkac (CM2), Tarmw J1aiik (C, 6e3 rpyn-
nel) n MHorux gpyrux (Kvenvolden et al., 1970;
Kvenvolden, 1975; Engel and Nagy, 1982; Engel
et al,, 1990, 2005; Engel and Macko, 1997, 2001;
Cronin and Pizzarello, 1997; Ehrenfreund, 2001;
Glavin et al., 2018, Sephton, 2002). luwb 7 (rnu-
unMH Gly, anaHuH Ala, acnaparnHosas KucnoTta
Asp, rnytamuHoBas kucnota Glu, neiuymH Leu,
nponuH Pro, BanuH Val) n3 20 ctaHgapTHbIX Npo-
TEWHOTEHHBIX aMUHOKMNCNOT 6blNM 06HApYXeHbI B
pesynbTaTe KWC/IOTHOTO rMApPOnM3a (pparmMeHTOB
Opres (Lawless et al., 1972; Engel et al., 2005).

AnaHuH B Opree npeacrtasneH pauematom (D/
L=1), HO cooTHoweHuMa D/L acnaparMHOBOWN Kuc-
notbl (~0,52) n rnoTamMuHoBOl KucnoTbl (~0,25)
06HapyX1BaKT 3HaUMTeNIbHO 6GOMblLUEe COfepXKa-
Hue L-3HaHTMOMepa, 4eM MOrio 6bl o6pa3oBaThbCs
B pe3ysbTaTe N060ro M3BECTHOrO0 abMOTUYECKOTO
npouecca (Ehrenfreund et al., 2001). MHorue npo-
TEWHOTEHHbIE aMWHOKUCNOTbI,XapaKTepHble A1
apxeii, 6akTepusail U aykapuoT, He 6blan 06Hapy-
XeHbl HY B Opree, HW B APYTUX YINCTbIX XOHAPYU-
Tax. Cam (haKT OTCYTCTBMA 3TUX NPOTEUHOTEHHbIX
aMWHOKMUCNIOT MOXeT 6bITb 0BOLOM B MOJb3Y TOTO,
YTO METEOPUTbI He MOABEPrINCH KOHTaMuHaLum
3eMHbIMW OpraHn3Mamu, TakK Kak BCe XWBble opra-
HU3Mbl Ha 3emie cojepxxaT B cebe MoHbIA Habop
TakuX amuHOKMCNOT. Bonee TOro, COOTHOLUEHUA
D/L yka3blBatOT Ha TO, YTO HEKOTOPbIE U3 MPOTEN-
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mixture (Mitterer, 1993). This slow increase in
D/L ratio can be used to measure the time elapsed
since the organism died (Bada, 1971; Kvenvolden,
Blunt and Clifton, 1979; Kaufman and Miller,
1992; Cann and Murray-Wallace, 1986; Wehmel-
lir, 1993).

Many of the protein amino acids, as well as
a host of amino acids with no known function in
terrestrial biology have been found in the Orgueil
CI1, Murchison CM2, Aguas Zarcas CM2, Tagish
Lake C-ungrouped and many other carbonaceous
meteorites (Kvenvolden et al., 1970; Kvenvolden,
1975; Engel and Nagy, 1982; Engel et al., 1990,
2005; Engel and Macko, 1997, 2001; Cronin and
Pizzarello, 1997; Ehrenfreund, 2001; Glavin et al.,
2018; Sephton, 2002). Atthis moment only 7 (Gly-
cine Gly, Alanine Ala, Aspartic Acid Asp, Glu-
tamic Acid Glu, Leucine Leu, Proline Pro, Valine
Val) of the 20 standard proteinogenic amino acids
have been detected in acid hydrolyzed hot water
extracts of the Orgueil meteorite (Lawless et al.,
1972; Engel et al., 2005).

The Orgueil alanine is racemic (D/L=1.0) but
the D/L ratios of aspartic acid (~0.52) and glutam-
ic acid (~0.25) reveal an 8%  far greater than
obtainable by any known abiotic production mech-
anism (Ehrenfreund et al., 2001). Many ofthe pro-
tein amino acids, which are common in Archaea,
Bacteria and Eukarya are missing in Orgueil and
other carbonaceous meteorites. The missing pro-
tein amino acids may be an argument in favor of
the statement that the stones are not contaminated
by terrestrial biological remains since all life on
Earth contains the complete set. Furthermore, the
D/L ratios show that some meteorite protein ami-
no acids are nearly racemic, while others exhibit a
very significant excess ofthe enantiomer.

The C:S ratio of the Orgueil fossils often is
very different from the ratio C:S~32.25 of living
aquatic bacterial cells (Fagerbakke et al., 1996).
These EDS spectral data suggest that the Orgueil
biological remains are indigenous and ancient.

Advanced instruments developed for analysis
ofthe lunar rocks applied to the study of carbona-
ceous meteorites resulted in the detection of sugar-
related compounds (polyols), amines, carboxylic
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Puc. 2. «OpraHn30BaHHble 3eMeHTbI» B MeTeopuTe Opreid: a- Tun 1 b, c- Tmun 2, d - acku3 Tuna 5 (Claus, Nagy,
1961), COM-u3o6paxeHne 6oratoin cepoii popmbl (C/S-0.31) B Opree ~ Tun 2, f- C3M-usobpaxeHne 6oratoi
XKenesom aiLeBMAHOM hopMbl B YrIMcToM yexe B Opree ~ Tun 2 (Rossignol-Strick et al., 2005)

Pic. 2. “Organized elements” in the Orgueil meteorite: a- type 1, b, ¢ - type 2, d- sketch oftype 5 (Claus, Nagy,
1961); e - SEM image of Sulfur-rich (C/S-0.31) form in Orgueil ~ type 2, f- SEM image of Fe-rich ovoid form
in carbonaceous sheath in Orgueil ~ type 2 (Rossignol-Strick et al., 2005)
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Puc. 5. ToHKue peilkoobpasHble CTPYKTYpbl B MeTeopuTe Opreii (Nagy, 1975)

Pic. 5. Thin lath-like structures in the Orgueil meteorite (Nagy, 1975)

OT/INYUNE LAHHBIX CTPYKTYP OT Mbl/ibLLEBbIX 3€PEH,
crnop rpu6oB M TEKCTUMbHbIX BOMOKOH. Bbickasa-
HO NPesnosoXeHNe, YTO 06UINE ITUX CTPYKTYP B
MeTeopuTe Opreii, a Tak)Xe NX OLHOPOAHAs CTPYK-
Typa MOTyT yKa3blBaTb Ha TO, YUTO OHU He ABNSAKOT-
Cs KOHTaMUHAHTaMW.

b. Hagb B 1975 1. B cBOeil nofgpobHeiLwei
CBOAKE MO YIAMCTbIM XOHApUTaM ony6ankKosan
0630p BCex McCCnefoBaHWii, MPOBEAEHHbIX HA TOT
MOMEHT no pgaHHoin Teme (Nagy, 1975). Kpome
TOro, B fJaHHO paboTe NpMCYTCTBYIOT Heony61u-
KOBaHHble paHee MW306paxeHWs MUKpPOCKOMuue-
CKMX CTPYKTYp B Opree (puc. 5).

B xofe 60nbWwmnX Aeb6aToB 0 Npupose opraHu-
30BaHHbIX 3/IEMEHTOB M MOAbLIX cep MeTeopuTa
Opreil KPUTUKU UHTEpPNpeTUpoBanM MX Kak op-
raHM4yeckme MOKPbITUA abMOTUYECKON Npupoabl
Ha O/IMBMHOBbIX MUKPOXOHAPAX, MarHETUTOBbLIX U
CTEKNAHHbIX FN00ynax uan Kak nbiibLeBble 3epHa
M Lpyrue COBPEMEHHbIE Ha3eMHble 6MONOrMYecKne
KoHTaMuHaHThl (Anders et al., 1962; Fitch, Schwarz

had examined Orgueil sample No. 9419, that they
had obtained from the Montauban Museum. The
autors of the article claimed they had discovered
that this Orgueil fragment had been contaminated

with / $ u$
$0 v § §
0 0$ $g e
0 $ )
g 1 (Anders et al., 1964). They concluded

thatthis contamination was the result of intentional
«human intervention» and therefore - a hoax. This
one paper explained the presence of all Orgueil
biomarkers (kerogen, humic acids, porphyrins,
pristane, phytane, amino acids, and organized el-
ements) found by Nagy and other scientists who
investigated these stones. Anders and coauthors
argued that this intentional human introduction of
biogenic materials may have been done as a «prac-
tical joke» or to influence the 19th century debate
about “spontaneous generation” of life by showing
its transformation from inorganic matter». How-
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BHE3EMHbIX MPOTENHOTEHHbIX AMWHOKUCNOT, KO-
TOopble 6blnnM 06HapyXeHbl B Opree, MypuncoHe,
GRA95229, Aryac 3apkac U MHOTUX 4PYTUX YTriu-
CTbIX XOHApMUTAX.

PoccuHbon-CTtpuk, Xyeep u ap. (Rossignol-
Strick et al., 2005) npoBenn NOBTOPHYI NPOBEPKY
OpraHM30BaHHbIX 31EMEHTOB B MeTeopuTe Opreii
Ha ocHoBe FESEM-n3o06paxeHunii 1 aHanusa faH-
HbiXx 3C. Ha CBeXecK0onoTblX BHYTPEHHUX MO-
BepXHOCTAX Oprea 6bl1nM 06HApPYXeHbl (POPMbI
C pa3MepoM W MOPHONOrMYecKUMMMU OCOBEHHO-
CTAMWU HEKOTOPbIX OPraHW30BaHHbIX 3/1eMEHTOB
(puc. 2e,f), a Ha OCHOBaHWY 3/1IEMEHTHOrO aHanusa
CLEeNaH BbIBOJ O TOM, YTO OHU HE SBNAIOTCA COBpe-
MEHHbIMU GMOKOHTaMWHAHTaMW.

V. AspTc u gp. (Aerts et al., 2016) npoussenu
KOMMYECTBEHHbIN NONCK 6MONOTNYECKUX KOHTaMMU-
HaHTOB B MeTeopuTe Opreii. B xoge uccnegoBaHuns
NPMMEHANNCb YPe3BblYaNHO YyBCTBUTE/bHbIE Me-
Toabl amnnuukauum AHK. Micnonb3yemas TexHU-
Ka 6blfla HACTO/bKO YYBCTBUTENIbHOM, YTO MOXHO
6b1/10 06HAPYXXUTb eAUHCTBEHHYO Konuto AHK u3
OLHOI XXMNBON NN MePTBOIN BaKTepuanbHON Knet-
KW WY NbINbLEBOro 3epHa. Pe3ynbTaTbl OKa3annch
oTpuuaTenbHbIMU. OTOT (haKT, MO MHEHWUIO UC-
cnepoBarteneil, MOr 03HayaTtb, YTO BMONOrnYecKue
KOHTAMWHaHTbl He MPUCYTCTBOBaNW B TOW 4acTu
meTeopuTa Opreli, koTopas 6biia usyveHa. AapTc
C Konneramu Takxe npuwnu K soisogy: 9 ;b>BE'

zanov, 1999; Gerasimenko et al.,, 1999; Hoover,
Rozanov, 2001; Hoover et al.,, 2004a,b; Hoover,
Rozanov, 2005; Hoover, 2006a,b; Hoover, 2007a,b;
Hoover, 2008a,b; PosaHoB, 2009; Hoover, 2009;
Hoover, 2010; ActagbeBa u ap., 2011; Hoover, 2011;
Hoover, 2014; Hoover et al., 2018).

GULT=;=J IE <N>KE=ELT<=NUa= C <UYE<=NEIIC@
G;FBMGIEI>> ><<LEKUE@CX VB;A?>> @E=ECB>=;
XxBFEX @>ABCCBF;I>G@:@> <E@El;@> DJLT?CX

>L>B;<=EI>M@ XRerts et al., 2016).

HaunHas c cepeguHbl 1990-x rr. B Xo4e MUKpPO-
NafeoHTONOTMYECKUX WCCNefOBaHUA B YIANCTbIX
XOHApWUTaxX ObINM HaigeHbl pasHoobGpasHble (oc-
CUNN3MpPOBaHHble H6akTepum 1 npoTucTel (Po3aHoB,
1996; XXmyp u gp., 1997; Hoover, 1997; Hoover et
al., 1998; Hoover and Rozanov, 1999; Gerasimenko
et al., 1999; Hoover, Rozanov, 2001; Hoover et al.,
2004a,b; Hoover, Rozanov, 2005; Hoover, 2006a,b;
Hoover, 2007a,b; Hoover, 2008a,b; Po3aHos, 2009;
Hoover, 2009; Hoover, 2010; Actatdbesa v gp., 2011;
Hoover, 2011; Hoover, 2014; Hoover et al., 2018).



VII. MaTtepuan
N MeToabl

MaTepwuansl, UCNO/b30BaHHbLIE B 3TOW pabo-
Te, NpeAcTaBfieHbl parMeHTamm YriamcToro XoH-
aputa Opreit (Cll), nony4yeHHbIMKU M3 06pasyoB,
npeAoCTaB/IEHHbIX AN HAYYHbIX UCCNeA0BaHWIA 13
CneayrLWwmnx KonaeKymi:

1) MeTeopuTtHas konnekuua [xxelimca
M. [AonoHa

DoHL MnaHeTapHbIX
Uukaro, WnnuHoiic, CLUA

2 ¢parmeHTa: (0,4run 01 ).
MpepocTtasneHo: a-p Mon Cunuepa.

MccnegoBaHuii,

2) MeTeopuTHasa Konnekumns

HauyunoHanbHbIi  My3eil  €CTECTBEHHOM

nctopun, Mapux, ®paHund

1 pparmeHT S219: (0,5 ).

MpepocrtasneHo: a-p Knog MNeppoH.

2 ¢parmeHTa: (0,6 ru 0,3 ).

MpepoctasneHo: Aa-p MapTuH PoccuHbON-
CTpuk.

3) MeTeopuTHasa Konnekumna

My3eil ecTecTBeHHOIW ucTopuum BukTopa
BpyHa, MoHTOGaH, ® paHumns

1 pparmeHT: (0,8 1).

1 hparMeHT C 4aCTMYHOI KOPOI NnaBneHUs:
(0,6 ).

1 pnakoH nopowka Opresa: (0,9 r).

MpepoctasneHo: a-p damn Jlagbe

MMocne Toro Kak 6b111 NoNyYeHbl 06pasLbl Me-
TeopuTa Opreid, OHU 6biAN NOMELLEHbI B CTEPUb-
Hble TepMeTUYHble CTEKNAHHbIe (IaKOHbl U Xpa-
HUMNCb B CYWWNbHBLIX WKadax. Ang LAUTENbHOro
XpaHeHUs KOHTeliHepbl Ang o6pa3uoB npogysanu

OT(UNBTPOBAHHBIM CYXMM a30TOM W XPaHWIu B
MOpO3unbHON Kamepe npu -80 °C. Bce MHCTpY-
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VIIl. Materials
and Methods

The materials used in this work were frag-
ments of the Orgueil CI1 carbonaceous meteorite
extracted from samples provided for scientific re-
search from the following collections:

1) James M. DuPont Meteorite Collection

Planetary Studies Foundation, Chicago,
Ilinois USA

2 stones: (0.4gm & 0.1 gm).
> u— & 0
2) Meteorite Collection

Musée Nationale d’Histoire Naturelle,
Paris, France

1 stone S219: (0.5 gm).

* u— > &
2 stones: (0.6 gm & 0.3 gm).
* u- , $f

3) Meteorite Collection

Le Musée d’Histoire Naturelle Victor Brun,
Montauban, France

1 stone: (0.8 gm)

1 stone with partial fusion crust: (0.6 gm)

1vial Orgueil powder: (0.9 gm)

* u— y

After the Orgueil meteorite samples were re-
ceived, they were transferred into sterile sealed glass
bottles and routinely stored in desiccator cabinets.
For long term storage, the sample containers were
purged with filtered dry nitrogen, and stored in the
freezer at -80 °C. All tools and electron microscopy
stubs were flame sterilized and the Orgueil sample
broken and mounted with the freshly fractured in-
terior surface exposed for examination (Hoover,
2006b).
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3) UacTb MmaHuMps B MEHHATHON AuaToMEM
(tabn. XXIX, ¢ur. 1-3). TonwmHa 60po3aKu
~6 MWKPOH, ANNHA COXPaHUBLLENCA YacTu coCTaB-
naet ~14 MuUKpOH, obuias ANUHA NaHUUps morna
COCTaB/IATb 0K0/10 20 MKM.

4) dparmeHT gnatoMen. BugHel pebpa un ape-
onbl (XXX, cur. 1).

5) TleHHaTHasa AuaTomes, BK/HOYEHHas
B MaTpukc MeTeopuTa Oprei. [nnHa ~14 MKM
(Tabn. XXXI, ¢ur. 1-3).

1 CB@J IEM<ICFC <><=E@;=>:E<ACFC DC’
LCWEI>M  MewkoBuaHble HOpMbl CO CKNag-
KaMy CMATMA W OTPOCTKamu; Npeanonoxu-
TenbHO akputapxu (tabn. XXXII, d¢ur. 1-3;
Tabn. XXXIII, ¢ur. 1).

Cdepuyeckne ¢opmbl ¢ OTPOCTKOM (ABe Ha-
xogku). Tlepeblit  ak3emnaap (tabn. XXXIII,
¢ur. 2) MoXeT NpescTaBnATb COO0M CTEHKY, KOTO-
pas OKpY>eHa KpucTaniaMmy YacTUYHO paspyLUeH-
Horo gpambouga (nonas chepa AMaMeTPOM OKONO
19 mMKM), cTeHKa nop He MMeeT (TO/LLMHA OKOMO
2-2,5 MKM), N0N10CTb 3aMo/IHeHa KpucTaniaMmu mar-
HeTuTa. BTOpPOIi, XOPOLO COXPaHUBLUMIACA, MEHb-
Wuin no pasmepy obpasey (Tabn. XXXIV, gur. 1)
chepnyeckoin ¢opmMbl LMaMeTPOM OKOM0 5 MKM,
o6nafaeT XOpoLlei CTENEHbK COXPaHHOCTH.

MelKoBUAHbIE (POPMbI pasmepomM 8-12 MKM
C Xefo6bKOM, HanoMuHalWWM LWenb passep-
3aHna (tabn. I, dwur. 2; tabn. XXXIV, dur.
2) nam ¢ Aamkamu pasmepom (Ttabn. XXXV,
tur. 1-3; Tabn. XXXVI; dwmr. 1-3; Tabn. XXXVII,
tur. 1).

[ BYyCTOPOHHE-CUMMETPUYHbII YN/IOLLEH-
HbIi 0OBEKT 3nAUNCOMAaNbHON (OPMbI, UMEID-
WWUA CUMMETPUYHO PacNONiOXXeHHble pagnanbHble
6opo3abl. AnvHa okono 10 MKM, WKpUHa 6 MKM
(Tabn. XXXVIII, ¢ur. 1-3).

VI3BMTON MOPLWUHNCTLIA 06bEKT Mpegnono-
XUTENbHO GMOreHHOr0 MPOUCXOXAEHUS, HanoMu-
HalLWWA MATYI0O 1 CKPYYEHHYIO M/EHKY, C BbICO-
KUM cofepXaHWeM antoMUHUA, KakK MOKasaHO Ha
LBYMEPHOW pPeHTreHOBCKOW KapTe. Pa3mep 0kono
-40*15 mkm (Tabn. XXXIX, ¢ur. 1, 2; tabn. XL,

thur. 1).

cesses, possibly acritarchs (pl. XXXII, fig. 1-3;
pl. XXXII1, fig. 1).

Spherical forms with a process (two finds).
The first instance (pl. XX XI1I, fig. 2) may repre-
sent a wall that enveloped by crystals of a partially
destroyed framboid (hollow sphere with a diame-
ter of about 19 “m), the wall has no pores (thick-
ness of about 2-2.5 ~m), the cavity was filled with
magnetite crystals. The second, smaller, specimen
(pl. XXXV, fig. 1) is well-preserved and of spheri-
cal shape, with diameter ~5 *m.

Sack-shaped forms 8-12 “m microns in size
with a groove resembling a crevice (pl. Il, fig. 2;
pl.  XXXIV, fig. 2) or with fossae
(pl. XXXV, figs. 1-3; pl. XXXVI, figs. 1-3;
pl. XXXVII, fig. 1).

The bilaterally symmetric flattened form ofel-
lipsoidal shape having symmetrically located radial
grooves. Length ~10 *m, width ~6 *m (pl. XXX-
VI, figs. 1-3).

A twisted wrinkled object of possible biogen-
ic origin resembling a crumpled and twisted film
with high content of Aluminum as shown in the 2D
X-Ray Map. Size about -40*15 "m (pl. XXXIX,
figs. 1, 2; pl. XL, fig. 1).
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L™ a + c \C8S< +

k  Vc&C<A<9S A ocl<@[XS m n cnl<@[XS m

0 2551 043

Mg 0.74 0.10

Si 0.83 0.09

Fe 43.62 0.64

Pd 1204 0.48
Au 17.26 0.50

Cymma/Total: 100.00
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Ta6nuua Il
®ur. 1L Kpuctanibl MarHeTUTa, OKPYXXEHHbIE (JOCCMAN3NPOBAHHOM OPraHWYeCcKOon NEHKOR; MeTeopuT

Opreii, ONAN, obp. 1/7.
®ur. 2. dpamboung marHeTTa No cnoponogobHoi hopme; meteopmT Oprein, ONAN, obp. 1/2.

Plate 11

Fig. 1 Magnetite crystals surrounded by a fossilized organic membrane; Orgueil meteorite, JINR, speci-
men 7.
Fig. 2. Framboid of magnetite after spore-like form; Orgueil meteorite, JINR, specimen 1/2.
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®ur. L MNnpacTMHKKM marHetuTa; meteoput Oprein, OUNAN, obp. U1

®ur. 2. MnacTMHKKM MarHeTuTa; meteoput Opreir, ONAN, o6p. 1/2.

®ur. 3. ironbyaTble KpUcTanabl runca; meteoput Opreii, ONAN, 06p. 1/2.

®ur. 4. TabnuTyaTblil KpUCTan NPeAnoNoXnTeNbHO ONMBUHA; MeTeopuT Oprein, ONAN, obp. 1/2.

\C8S< +++

Fig. 1L Magnetite platelets; Orgueil meteorite, JINR, specimen /1.

Fig. 2. Magnetite platelets, Orgueil meteorite, JINR, specimen 1/2.

Fig. 3. Needle-shaped gypsum crystals; Orgueil meteorite, JINR, specimen 1/2.

Fig. 4. Tabular crystal of presumably olivine, Orgueil meteorite, JINR, specimen 1/2.
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k Vc&C<A<9S N ocl<@[XS m n cnl<@[XS m
@) 5384 042
Mg 11.37 018
Si 12.82 0.19
S 5.36 0.16
Fe 16.60 051
Cymma/Total: 100.00



Ta6bnuuya V

dpambonabl nupnTa, MeteopuT Opreid, OUNAN, 06p. 1/2, 6e3 HanblneHus.

dur. 1 iBymepHasn KapTa pacnpegeneHns 3nemMeHToB 418 061acTu ¢ AByMA pambongamu nupuTa.

@ur. 2. 3C-cnekTp ppambonga (cnektp 12), nokasbiBaeT BbICOKOE COAEPXKAHUE Xenesa U cepbl.

®ur. 3. MMoNyKONNYECTBEHHOE COLEPXKaHUe MPUCYTCTBYIOLWMX 3/1IEMEHTOB; MPUCYTCTBUE KUCOPOAA,
KPeMHUA 1 antoMUHUS 00ycnoBieHo npeobnagaHnem CUANKaTOB B OKPYXXaloLieM MUHEPASIbHOM MaTpUKCe.

Plate V

Pyrite framboids, Orgueil meteorite, JINR, specimen 1/2, uncoated

Fig. 1L Two-dimensional EDS x-ray map ofthe distribution of elements for an area with two pyrite fram-
boids.

Fig. 2. EDS spectrum of framboid (spectrum 12), shows high content of iron and sulfur.

Fig. 3. Semiquantitative element content; the presence of oxygen, silicon and aluminum is due to the
predominance of silicates in the surrounding rock matrix.
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Ta6énuuya VI

®ur. 1L KofoHMA KOKKOBUAHBLIX opMbl pasmepom oT 0,5 0 2 MKM; KOMNAaKTHOe pacrnofoXXeHne v 3Ha-
YNTeNbHbIA fMana3oH pasMepoB KMETOK, a TakXe Hanumume oKpyxawuieii hoCcCMNnM3npoBaHHON opraHuye-
CKOW MNEHKW YKa3blBAET HA TO, YTO KJEeTKM POCCUNN3MPOBANNCH HA Pa3HbIX CTAAMAX POCTa 3a O4YEHb KOPOT-
KWii TpOMeXYyTOK BpemeHu; meTeopuTt Opreid, OUAN, o6p. L5

®ur. 2. KonoHus KOKKOBUAHbLIX hopm pasMepoM OT 10 2,5 MKM, OKPY>XeHHble (hOCCMIN3MPOBAHHO
OpraHun4eckoi naeHkKon; meteoput Oprein, ONAN, obp. 1/7.

Plate VI

Fig. 1 Colony of coccoid forms ranging in size from 0.5 to 2 microns; compact arrangement and a sig-
nificant range of cell sizes, as well as the presence ofthe surrounding fossilized organic membrane, indicates
that cells were fossilized at different stages ofgrowth in a very short period oftime; Orgueil meteorite, JINR,
specimen 1/5.

Fig. 2. Colony of coccoid forms ranging in size from 1to 2.5 microns, surrounded by fossilized organic
membrane; Orgueil meteorite, JINR, specimen 1/5.
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Ta6nuuya VIII

®ur. 1L Hutuatblii 6aKkTepranbHblil MUKPOOPraHW3M, TONLWMWHA HUTU OKOMO 2 MKM; meTeopuT Opreii,
OonANn, obp. 1/5.

®ur. 2. OgHopsALHAA HUTb LMAHOGAKTEPUM C TOACTbIM (9 MKM B LUMPUHY) YEXIOM U TPUXOMOM C /n-
HeinHOM Lenoykoi kneTok (AnameTp 1,8 MKM X 5,5 MKM), C 3aKpYTr/fIeHHbIMW KOHLAMMW 1 XapakKTePHbIMMW MO-
NepeyHbIMU CY>XXEHNAMM; N306paxeHMe NoNy4vYeHo nNpu nomolmn BSE-geTektopa COM ¢ noneBoi aMuccueid;
meTeopuT Opreit, RBH, 06p. Org_S2.

Plate VIII

Fig. 1 Filamentous bacterial microorganism, filament thickness about 2 *m; Orgueil meteorite, JINR,
specimen 1/5.

Fig. 2. Uniseriate cyanobacterial filament with thick (9 “m broad) sheath and trichome with linear chain
of cells (1.8 *m dia. x 5.5 “m long) with rounded ends and distinctive cross-wall constrictions; FESEM nega-
tive Backscatter Electron (BSED) image; Orgueil meteorite, RBH, specimen Org_S2.
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Ta6nuuya IX

dur. 1 Yexon umaHobakTepuansHoih HUTK; meTeopuT Opreit, RBH, 06p. Org_S2.

®ur. 2. CnupanbHas ynaHobakTepuanbHas HUTb C anuKanbHONM reTepouncToin; RBH, 06p. Org_S2.

®ur. 3. Pa3BeTBNeHHaa LmaHobaKTeprasbHaa HUTb C anuKanbHON FeTepoLuCcTOn Nan aknHeToin, RBH,
06p. Org_A.

Plate IX

Fig. 1 Sheath of uniseriate cyanobacterial filament; Orgueil meteorite, RBH, specimen Org_S2.
Fig. 2. Spiral cyanobacterial filament with apical heterocyst; Orgueil meteorite, RBH, specimen Org_S2.
Fig. 3. Branched cyanobacterial filament with apical akinete or heterocyst, specimen Org_A.
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Ta6énuuya XI

®ur. 1-3. Hutyatble LMaHo6aKTEPUM C MHOXXECTBEHHBLIMUM TPpUXOMaMu B obuiem yexne; SE- (qur. 1u 2)

n BSE-n3obpaxeHune (qur. 3); meteoput Opreit; RBH, o6bp. 0~ _A.

dur. 4. YBennyeHHoe n3obpaxeHune LeHTpanbHOW o6nacTu dur. 1 ¢ 3 060CO6MBLLINMUNCA KOPOTKUMM
Tpuxomamu (A = 1,3 MkM X 5,9 MkM; B = 1,3 MkM x 4,0 MkM; C = 11 Mmkm X 4,5 mkm); meTeopuT Opreit; PBX,
ob6pasey 0" _A.

®ur. 5. ToyeyHbln SC-cneKTp BbIXOAALLETO TPUXOMA AEMOHCTPUPYET BbICOKOE COAEPXKAHNE MarHus,
Kucnopoga v cepbl (3anofHeHne ancoMmuToM). ATOMHOe OTHOowWweHne C~ = 0,18 (ATOMHOe OTHOWweHUe C/
XNBOW KneTku ~ 32); meTeopuT Opreii; RBH, o6p. 0*_A.

Plate XI

Fig. 1-3. Filamentous cyanobacteria with multiple trichomes in a common sheath; SE- (figs. 1and 2) and
BSE-images (fig. 3).

Fig. 4. Enlargement of central region offig. 1with 3 escaped shorttrichomes (A=1.3 *m x 5.9 "m; B=1.3
"m x 4.0 "m; C=11 m x 4.5 *m); Orgueil meteorite; RBH, specimen Org_A.

Fig. 5. EDS spectrum at of emergent trichome shows high content of magnesium, sulfur oxygen (infilled
with epsomite). Atomic C:S = 0.18 (Living cell Atomic C:S ~ 32); Orgueil meteorite; RBH, specimen Org_A.
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Ta6nuuya XII

LinaHob6aKTepmasnbHbIiA 4eX0N C My4YKOM HuTeR, meTeopuT Opreid, RBH, o6pasey 0~ _E.

®ur. 1L Pacc/ioeHHbI 4exXon ¢ HATAMU (LUMPUHOIN 8 MKM, Cy>aloLieiica 40 3 MKM Ha BepLUMHE), Npu-
CYTCTBYET anuKanbHbI BOIOCOK U Y3€e/KM.

®ur. 2. ToyeyHbln 3C-CNeKTp BHYTPEHHER YacTW HUTKM B X2 U KOJIMYECTBEHHOE COAepXXaHne Npu-
CYTCTBYHOLW WX 3/1IEMEHTOB.

®ur. 3. ToyeyHbln C-cnekTp y3enka B X3 U KONMYECTBEHHOE COAepXXaHWe MPUCYTCTBYHOLWNX 3fe-
MEHTOB, 4EMOHCTPUPYIOLLME 3aMeLLeHre Yexa LmaHobakTepnanbHOi HUTU CyNb(aToOM MarHus.

Plate XII

Cyanobacterial sheath with bundle of filaments; Orgueil meteorite, RBH, specimen Org_E.

Fig. 1 Delaminated cyanobacterial sheath with filaments (8 pm broad tapering to 3 pm at apex), terminal
hair and nodules.

Fig. 2. EDS spot spectrum of filament interior at X2 and quantitative element content.

Fig. 3. EDS spot spectrum of nodule at X3 and quantitative element content showing magnesium sulfate
permineralization of cyanobacterial filament sheath.
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Empty Sheath

5ffm

Quantitative Results for Spectrum?2

Analysis : Bulk Method : Standardless
Acquired 25-Aug-2004, 5.0 KeV @10 eV/ohannel

Weight Std.
Element

(%) Dev.
3112 126
0] 1045 0.65
Mg 1561 0S5
Al? 000 000
Si? 113 041
S 3H45 124
Fe? 0.00 0.00
Ni? 023 010

Total 100.00

Atomic
L

0.24
0.30
0.52
160
21S
05S
2.09
5.80

%
55.53
11.80
11.60
0.00

0.73
1997
0.00
0.07

k-Ratio

0.1356
0.0729
0.1450
0.0000
0.0106
0.3265
0.0000
0.0015

? These elements are statistically insignificant.

,Empty Sheath
-Branch
Filament
Branch

Intensities

8174.7
5510.7
936S.6
0.2
457.6
9009.9
0.2
147

Ta6.n~a XII

/| Plate XII

Quantitative Results for Org_E_h20, large surface ball
Analysis : Bulk Method : Standardless
Acquired 25-Aug-2004, 5.0 KeV @10 eV/channel

Weight
Element
C 26.75
0] 12.23
Mg 2410
Al? 000
Si? 163
S 34.36
Fe? 040
Ni? 043
Total 100.00

Std. Dev. MDL

0.26
0.26

Atomic

%
4340
1495
1932
0.00
117
20.33
0.14
0.14

k-Ratio

0.0962
0.0399
0.2260
0.0000
0.0156
0.3133
0.0024
0.0029

3 2 These elements are statistically insignificant.

Intensities

6776.3
3374.3
170725
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Realtime: 106.6

Livetime : 100.0 Org_E_spec2J5kv ::0rg_E_h20, sheath

Ta6.n™a XIII

1 1 1 1 1 1 1 3179
2384
1589
0 794
1 Mg s
h o, 1 "ol : :: : :: f
0.000 1.280 2.560 3.840 5.120 6.400 7.680 8.960 10.240
X-Ray Energy (KeV)
Quantitative Results for Org_E_h20, sheath
Analysis: Bulk Method: Standardless
Acquired 25-Aug-2004, 5.0 KeV @10 e\/channel
Element Weight % Std. Dev. MDL Atomic % k-Ratio Intensities
C 70.63 1.8 0.16 8L .88 04235 17044.3
0] 1058 071 0.48 8.23 0.0680 32844
Mg 3.87 1.02 156 2.28 0.0353 1368.7
Al ? 0.00 0.00 210 0.00 0.0000 0.2
Si? 1.16 044 328 0.58 0.0105 280.2
S 13.65 0.84 138 584 01211 2003.8
Fe? 0.00 0.00 283 0.00 0.0000 0.2
Ni ? 0.00 0.00 243 0.00 0.0000 0.2
Total 100.00

? These elements are statistically insignificant.
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Ta6nuya XIV

dur. 1, 2. HuteBuaHble 6akTepraibHble MUKPOOPraHu3mbl; meTeoput Opreit, OUAN, obp. 1/5.

Plate XIV

Figs. 1, 2. Filamentous bacterial microorganisms; Orgueil meteorite, JINR, specimen 1/5.
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Ta6bnuya XV

®ur. 1 HuTeBuAHble 6aKTepuaibHble MUKPOOPraHu3mbl; MeTeoput Opreid, RBH, o6p. Org_S2.
dur. 2. HuteBnaHble 6akTepuasbHble MUKPOOPraHu3mbl; meTeoput Opreir, OVIAN, obp. 1/5.

Plate XV

Fig. 1 Filamentous bacterial microorganisms; Orgueil meteorite, RBH, specimen Org_S2.
Fig. 2. Filamentous bacterial microorganisms; Orgueil meteorite, JINR, specimen 1/5.
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Ta6nuya XVII

dur. L HuteBuaHble 6akTepmanbHble MUKPOOPraHm3mbl; meteoput Oprein, ONAWU, o6p. 1/5.

®ur. 2. Ype3BblvaliHO TOHKAA HUTb C MEIKUMU, PETY/IAPHO PACMON0XEHHBIMW YTO/LLEHUAMM /1IN CO-
naanbHo GopMbl, MOPHONOrNYECKN CXOAHAA C aKTUHOMULETAMWN, OKPYXEHHasa yexnamu LuaHobakTepuii;
meTeopuT Oprein, ONAN, obp. 1/5.

Plate XVII

Fig. 1 Filamentous bacterial microorganisms; Orgueil meteorite, JINR, specimen 1/5.
Fig. 2. Extremely fine filament with regular nodes oftiny ellipsoidal shape, morphologically resembling
actinomycetes, surrounded by cyanobacterial sheaths; Orgueil meteorite, JINR, specimen 1/5.
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Ta6nuya XVIII

®ur. 1 CnupanbHblii 6akTepnanbHbIi MUKPOOPraHU3M C HecompuKacalwmMucs o6opoTamn; MeTeo-
put Opreit, OUAN, obp. 1/2.

®ur. 2. CnnpanbHblii MUKPOOPTaHU3M, CXOAHbIN C BbIMEPLIUM poaoM XAa=><AEUE™ ;4 meTeopuT Oprei,
RBH, 06p. Org_A_h38.

Plate XVIII

Fig. 1 Spiral bacterial microorganism with non-contiguous turns; Orgueil meteorite, JINR, speci-
men 1/2.

Fig. 2. Helical coiled microorganism similar to the exinctgenusw $ g 4 Orgueil meteorite, RBH,
specimen Org_A_h38.
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Ta6nuuya XX

LLlapoo6pa3sHble hopMbl C mopamu, NPeanoNoXNTeNbHO NpasMHOGUTLI; MeTeopuT Opreit, ONAN, o6p. 1/3.
®ur. 1 [iBe kNeTKN chepnyeckoi hopmel ¢ mopamu, DA - NoBpeXAeHHbI y4aCTOK CTEHKMU.

dur. 2. 34 C-cnekTp 60nbLIER KNeTKK.
®ur. 3. NoNyKONNYECTBEHHOE COLEPXaHNe NMPUCYTCTBYHOLWUX 3/1IEMEHTOB.

Plate XX
Spherical forms with pores, presumably prasinophytes; Orgueil meteorite, JINR, specimen 1/3.
Fig. 1 Two spherical cells with pores, DA - damaged area ofthe wall .

Fig. 2. EDS spectrum ofthe large cell.
Fig. 3. Semiquantitative elements composition.
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Tatnuya XXI

®ur. 1 YBennyeHHoe n306paKeHne 60nbLIei KNeTKN ChepnyecKoin popmbl ¢ mopamu (cm. Tabn. XX,
tur. 1); meteoput Opreit, OUAN, obp. 1/3.

®ur. 2. KpynHblii nnaH NoBpeXAeHHOro yyactka (DA) CTEHKW 3yKapMOTUYECKOW KNETKW MEHbLUEro
pasmepa (cm. Tabn. XX, cur. 1), BUAHbI 3an0ONHAKOWME ee TOHKME YyepBeobpasHble CTPYKTypbl (doccunm-
31poBaHHble cnedbl bakTepuanbHOl nepepaboTKM OpPraHUYECKOro BellecTBa KAeTKu); meTeopuT Oprei,
ouAn, obp. 1/3.

Plate XXI

Fig. 1 Enlarged image of large spherical cell with pores of pl. XX, fig. 1; Orgueil meteorite, JINR, speci-
men 1/3

Fig. 2. Close-up of damaged area (DA) ofthe wall ofthe smaller eukaryotic cell of pl. XX, fig. 1show-
ing worm-shaped structures (fossilized traces of bacterial processing of organic matter of the cell); Orgueil
meteorite, JINR, specimen 1/3.
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Ta6énuuya XXII1I

dur. 1 JykapnoTmyeckas KeTka cthepuyeckoil hopmbl, B BEPXHEW 4acTyh KOTOPOW BUAHA Nopa; npea-
NONIOXUTENBHO NpasuHogpuT; meTeoput Opreid, ONAWU, obp. 1/5.

dur. 2. [ise chepuyeckne kneTkn (Ha NOBEPXHOCTU 6o/ee KPYMHOM U3 HUX (CnpaBa) BUAHA Nopa) npej-
NOM0XMNTENbHO NpasnuHoduTbl; meTeoput Oprein, ONAN, obp. 1/2.

Plate XXIII

Fig. 1 Spherical eukaryotic cell, in the upper part of which is a pore; presumably prasinophyte; Orgueil
meteorite, JINR, specimen 1/5.

Fig. 2. Two spherical cells (pore visible on surface ofthe larger cell on right), presumably prasinophytes;
Orgueil meteorite, JINR, specimen 1/2.
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Ta6bnumya XXIV

dur. 1 JykapnoTmyeckas KneTka C nopamu, nNpefnofioxXuTenbHO NpasMHOPUT; MeTeopuT Oprei,
onaAn, obp. 1/4.

dur. 2. JykapnmoTnyeckasa Knetka (popmbl ¢ NOPOA, NPeAnoIOKMTENbHO NPasuHoOpuMT; meTeopuT Op-
reit, ONAWN, obp. 1/2.

Plate XXIV

Fig. 1 Eukaryotic cell with pores, presumably prasinophyte; Orgueil meteorite, JINR, specimen 1/4.
Fig. 2. Eukaryotic cell with pore, presumably prasinophyte; Orgueil meteorite, JINR, specimen 1/2.
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Ta6bnuuya XXV

/| Plate
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Ta6nuya XXVI

®ur. 1-4. JykapumoTuyeckue KieTku B meTeopuTe Opreil: npegnonoXMTeNbHO NPOTUCTbI LapcTBa
AnbBeondaTbl (ur. 1u 4) n Bogopocnu knacca MNMpasumHoutsl (ur. 2 n 3); Ha Qur. 3 Takxe BUAEH LmaHob6akK-
TepuanbHbIii Yexor.

Plate XXVI

Figs. 1-4. Eukaryotic cells in the Orgueil meteorite: presumably protists of Kingdom Alveolata (figs. 1
& 4) and algae of Class Prasinophyceae (figs. 2 & 3); fig. 3 also shows a cyanobacterial sheath.
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Ta6tnuuya XXVII

®ur. 1 PakoBuHa (NaHLMPb) paKOBMHHOM amebbl; meTeopuT Oprein, ONAN, o6p. 1/7.

Plate XXVII

Fig. 1 Shell (test) of testate amoeba; Orgueil meteorite, JINR, specimen 1/7.
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Tabnuuya XXVIII / Plate XXVIII
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Ta6tnumya XXX

dur. 1 dparMeHT NaHUUpSa SuaTomMen, XOpOoLo BUAHbI pebpa, KpubpyMbl 1 apeonsbl; meTeopuT Oprei,
OonNANn, obpasey 1/14.

Plate XXX

Fig.1. A fragment of the shell of pennate diatom, showing costae, cribra and areolae; Orgueil meteorite,
JINR, specimen 1/14.
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Tatnuuya XXXI1I / Plate XXXI

OnemeHT/Element Bec/Weight, % a-Bec/a-weight, %
0] 42.72 0.66
Mg 597 0.26
Al 4.47 021
Si 2140 0.34
Ca 109 0.07
Fe 2339 0.34
Ni 0.97 011
Cymma/Total: 100.00
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Ta6tnuuya XXXII

KpynHas (okono 40 MKM) 3yKapuMoTuyecKas KneTka MELUKOBUAHOW (hopMbl CO CKTafjKaMu CMATUS,
meTeopuT Opreit, ONAN, obp. 1/1L

dur. 1L COM-un3obpaxeHue.

dur. 2. 3C-cnekTp 4EMOHCTPUPYET BLICOKOE COfepXKaHune yrnepoga v cepsbl.
@ur. 3. NoNyKoNNYeCcTBEHHOE COAepXKaHNe NPUCYTCTBYIOLWUX 3NEMEHTOB.

Plate XXXII

Large (~40 microns) bag-shaped eukaryotic cell with wrinkles; Orgueil meteorite, JINR, specimen 1/11.

Fig. 1L SEM-image ofthe cell.
Fig. 2. EDS-spectrum shows high content of carbon and sulfur.
Fig. 3. Semiquantitative element content.
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Tatnuuya XXXIV [/ Plate XXXIV
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Ta6bnumuya XXXV

CnoponogobHas opma ¢ smMKamn; meteopuT Oprein, ONAN, obp. 1/2.
dur. L COM-un3zobpaxkeHue opmsl.

@ur. 2. Ee 3C-cneKrp.
®ur. 3. NoNyKONNYECTBEHHOE COLEPXaHNe NMPUCYTCTBYHOLWUX 3/1IEMEHTOB.

Plate XXXV

Spore-like form with fossae; Orgueil meteorite, JINR, specimen 1/2.

Fig. L SEM-image ofthe form.
Fig. 2. Its EDS spectrum.
Fig. 3. Semiquantitative element content.
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Tatnuuya XXXVI

CnoponogobHas opma ¢ smMKamn; meteopuT Oprein, ONAN, obp. 1/2.
dur. L COM-un3zobpaxkeHue opmsl.

®ur. 2. 9[4C-cnekTp Gopmbl.
®ur. 3. NoNyKONNYECTBEHHOE COLEPXaHNe NMPUCYTCTBYHOLWUX 3/1IEMEHTOB.

Plate XXXVI

Spore-like form with fossae; Orgueil meteorite, JINR, specimen 1/2.

Fig. L SEM-image ofthe form.
Fig. 2. EDS spectrum ofthe form.
Fig. 3. Semiquantitative element content.
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Ta6nuuya XL / Plate XL
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