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[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
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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,
Mapwx) (Hoover et al., 2004a,b). 3a nocnegHue 16
net uccnegosarensmu CLUA n Poccun 6b1am nony-
YeHbl TbicAYM n306paxeHnini C3IM n 34C aHanu-
30B MUHepanbHbIX 3epeH U MUKpodoccunuii in situ
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 Instruments,
Methods and Missions for Astrobiology 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-situ 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 ATLAS.

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 (Le Musée d Histoire
Naturelle Victor Brun, Montauban); Dr. Martine
Rossignol-Strick (Muséum National d Histoire Na-
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narennsTbl, anbBeONATbl U PaKOBUHHbIE amebbl) 1,
BO3MOXHO, faxe rpubHble crnopbl. B HacToflem
ATnace mukpogoccunuii meteoputa Opreit npeg-
CTaB/eHbl M306paXeHNs MHOXeCcTBa MUKpodoc-
CUNNIA, NONYYeHHbIE NOCPEACTBOM CKaHWUpYoLLei
3N1eKTPOHHOI MUKPOCKONWUU, N AaHHble 00 nX ane-
MEHTHOM coCTaBe, Nony4yeHHble nocpesctsom 34C
aHanusa.

ABTOpbl ATnaca BblpaxaloT 6narofapHocTb
a-py O. Nagbe (My3eil ecTeCTBEHHOW WUCTOpUWU
BukTopa bpyHa, MoHT06aH) A-py M. PoccuHbOS-
Ctpuk (HauuoHanbHbIli My3eil eCcTeCTBEHHOI
ncropum, Mapux) un g-py M. Cunuepe (®oHp Mna-
HeTapHbIX WccnegoBaHnii, Unkaro) 3a npefocras-
NeHHble o6pasubl Opres, UCNOMb30BaHHbIE B X04e
nccnefoBaHna; Mbl Takxke 6narogapum I xxepme-
Ha n Ox. KoctoHa (NASA/LeHTp Kocmuuecknx
MonetoB um. Mapwanna), E. A. XXeranno (MNH
PAH) 3a npefocTaB/ieHHble 3/IeKTPOHHbIE MUKPO-
ckonbl, a Takxe M. B. ®poHTacbesy, M. B. Pa-
rynsckyt, B. H. O6pugko, M. M. AcTtadbeBy u
N. A. byngawosy 3a na040TBOPHOE COTPYAHMUYE-
CTBO.

turelle. Paris); and Dr. Paul Sipiera (Planetary Stud-
ies Foundation, Chicago) for providing the Orgueil
samples used in this research. We also thank
Gregory Jerman and James Coston (NASA/MSFC),
E. A. Zhegallo (PIN/RAS) for Electron Microscopy
support; and M. V. Frontasyeva, M. V. Ragulskaya,
V. N. Obridko, M. M. Astafyeva and L. A. Buldash-
ova for fruitful cooperation and assistance.



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 roga B “LAnnuaire Mathieu de la Drome"
(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 “LAnnuaire Mathieu
de la Drome” (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
> 10UL OUSt

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 nageHWM HesaMefaUTeNbHO COOBLLMAN
MECTHble raseTbl, a BCKOPe (hparMeHTbl MEeTeopu-
Ta 1 OTYeTbl OYEBUALEB CO BCEro perumoHa 6bisu
OTMNpaB/ieHbl W3BECTHOMY TEOXUMWUKY aKagemu-
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 ‘“Comptes Rendu de LAcademie des Sciences”
(Daubrée, 1864a,b) (Cloéz, 1864a,b) (Pisani, 1864),
a BnocneacTeum nepesefeHbl b. Hagem Ha aHrnwnii-
ckuit a3bik B paboTe ‘“Carbonaceous Meteorites™
(Nagy, 1975).
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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 “Comptes Rendu de LAcademie des
Sciences”by 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 Carbonaceous Meteorites (Nagy,
1975).



Il. PoantenbcKoe Teno
MeTeopuTa Opren

B TeyeHne oYeHb AIUTENIbHOT0 BPpEMEHU 6b1N0
NPUHATO CcyuTaTb, YTO POAUTENLCKUMMU Tenamu
METEOPUTOB ABNAIOTCA acTepoufibl, NPOUCX0AdA-
Wwue Uan n3 acTepongHoOro nosca, unm u3 obnaka
Oopta. N xoTa nofo6bHoe npefcTaBneHne cnpases-
NMBO Ansd 60NbLWIMHCTBA KAMEHHbIX XOHLPUTOB,
axXOHAPWUTOB U XKefie3HbIX METEeOpPUTOB, HeJaBHUe
nccnefoBaHnsa MO3BONAOT MPELMNON0XUTb, YTO
Opreii, MypuucoH un Apyrue yriaucTble XOHAPW-
Tbl TUNOB Cl 1 CM MOryT umMeTb KOMETHOE npo-
ncxoxgeHue (Ehrenfreund et al., 2001; Sephton,
2002; Peeters et al., 2003; McKeegan et al., 2006;
Hoover, 2006a, 2011, 2014; Zolensky et al., 2008;
Nesvorny et al., 2010; Gounelle, 2011; Glavin et al.,
2018; Wickramasinghe et al., 2012, 2018).

[nsa pacueta opbuTbl W TpaekTopuu npo-
X0XAeHus meTteopomga Opreil yepes 3eMHYHO at-
mMoctepy OblnM  MCNONb30BaHbl CBUAETENLCTBA
OYeBMALEB, YMNOMMHaBLUMECA B KOPPECMOHAEH-
umMn 1864 rofa M Hay4HbIX OTYeTax TOr0 BPEMEHM
(Gounelle et al., 2006). PacuyeTbl nokasanu, 4TO
NAOCKOCTb Op6UTbl 6M3Ka K 3KNUNTUKe, adennii
paBeH 5,2 a.e. (6onbwasa nonyocb KOnutepa) u ne-
purenunii paseH 0,87 a.e. (BHyTpu opbuTbI 3em/n).
Mopo6Hble napamMeTpbl 0POWTbLI MO3BONAT Npea-
NOAOXUTb, YTO Hanbonee BEPOATHbIM POAUTENb-
ckuMm TenoMm Opres fBnanca 06bekT, npuHagne-
XaBLW KNI K acTepongHoi rpynne AMOAMOHOB MK
K komeTam cemelicTBa KOnutepa (JFC), xoTs Tak-
Xe He cneayeTt WCKAOYaTb KOMETbI FaiieeBcKoro
TMNa, 4NA KOTOPbIX XapakTepHbl Op6UTbI CpefHNX
pasmMepoB, CWU/MbHO HaK/OHEHHble K MI0CKOCTU
IKANNTUKN CONMHEYHOI CUCTEMBI.

Il. Parent body
of the Orgueil meteorite

For a very long time, the widely accepted
paradigm has been that meteorites are asteroidal in
nature and arose from the asteroid belt or the Oort
cloud. While this interpretation is valid for the ma-
jority of the Stony Chondrites, Achondrites, and
Iron meteorites, more recent studies indicate that
Orgueil, Murchison and other Cl and CM carbona-
ceous chondrites may be of cometary origin (Eh-
renfreund et al., 2001; Sephton, 2002; Peeters et al.,
2003; McKeegan et al., 2006; Hoover, 2006a, 2011,
2014; Zolensky et al., 2008; Nesvorny et al., 2010;
Gounelle, 2011; Glavin et al., 2018; Wickramasing-
he et al., 2012, 2018).

Eyewitness accounts contained within the
1864 letters and scientific reports were used to
compute the atmospheric trajectory and orbit of
the Orgueil meteoroid (Gounelle et al., 2006). The
orbital plane was found to be close to the ecliptic;
aphelion 5.2 AU (the semi-major axis of the orbit
of Jupiter) and perihelion 0.87 AU, (just inside the
Earth’s orbit). These orbital parameters indicated
the most likely parent body for the Orgueil meteor-
ite is a member of the Apollo Asteroids or Jupiter-
Family comets (JFC), but the data does not exclude
the Halley-type comets (medium length orbit, high-
ly inclined to the ecliptic plane ofthe solar system).

It has also been known since 1864 that Orgueil
contains indigenous extraterrestrial water and
carbon. The stone is made of mineral grains ce-
mented together by magnesium sulfate and other
water soluble salts. The mineralogy and absence
of chondrules in the Orgueil meteorite provides
direct evidence for periods of aqueous alteration



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-
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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.



I1l. Bo3spacT
MeTeopuTa Opren

Yrauctelin xoHaput Oprein (Cl1) sBnsdeTcs
OfHUM U3 Hambonee [APEBHUX W MNPUMUTUBHbLIX
MeTeOpUTOB M3 YMCNa U3BECTHbIX HaM. YT/NCTble
XOHAPUTBI NpPefcTaBnalT coboil NpoAyKTbl Mpo-
LleccoB, HayaBLUMXCS NOCMe Konjanca rasonblfie-
BOro o6naka, npueegwero K popmmposaHuto Con-
HeuyHoli cuctembl. Kak npaBuno, yranctble XoHAPU-
Tbl cojepXaT 6oraTble KaibLWeM W altOMUHUEM
BKpamn/eHns, a TakKe XOHAPbI, MpeacTaBnsoLLme
coboil cthepunyeckue obpasoBaHMsA LUaMETPOM OT
MUKpPOHA 0 CaHTUMETPa, 00pa3oBaHHble, KaK CUu-
TaeTcs, B pe3ynbraTte CTPEMUTENIbHOTO OCTbIBAHUA
Kanefnb pacnfiaBfieHHON NblAX B NPOTONAAHETHOM
aucke. K cerogHsliHemMy LHI0 06HapyXeHo nullb
9 yranctoix xoHgputos CI1, u oHM cyuTaroTCA
Hanbonee MNPUMWUTUBHLIMU W3 BCEX METEOPMUTOB,
MOCKO/IbKY WX 3/IEeMEHTHbIA cocTaB (3a UCK/oue-
HUeM neTyuyux BelecTB) Haubonee 6IM30K K CO-
cTaBy (hotocepbl ConHua. MageHusa 5 s 9 yrnu-
CTbiIX xoHApnTOB TMna Cl1 (Anauc, 1806; Oprei,
1864; ToHk, 1911; NByHa, 1938 n PeBenctok, 1965)
6b11n 3atmkcupoBaHbl. [pyrue yetbipe (Y-86029;
Y-86737; Y-980115; Y-980134) 6biin 06HAapPYXeHbI
BO Nbjax rop fiMato BO Bpems 3Kcnefmumii B AH-
TapkTugy B 1986 v 1998 rogax (Hoover, 2011). A
X0TH yrnucTble xoHaputel Tuna CI1 He cogepxar
HU XOHAP, HU Ka/ibLeBO-aNtoMUHUEBBIX BKpamnse-
HWUIA, COrNacoBaHHOCTb MeXAy COB60M faHHbIX Kak
no abCcoMtOTHOM, TaK U N0 OTHOCUTENLHON XPOHO-
norum CV3 yrnuctoro meteoputa AnneHge, nony-
YeHHbIX Ha OCHOBE COOTHOLIEHWU n3oTonos APh-
Pb n BAI-BMg, N03BONUAN JATUPOBATL KOManc
npoTo3Be3gHoro obnaka 4,5675 mnpg. net Hasag,
nocsie Yero 40CTaTOMHO 6bICTPO HavanUcb npouec-
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1. Age of the Orguell
meteorite

The Orgueil meteorite is a CI1 carbonaceous
chondrite. It is one of the oldest and most primitive
of all known meteorites. Carbonaceous chondrites
are remnants of the processes that resulted when
the cloud of interstellar gas and dust of the proto-
solar nebula collapsed to form our Solar System.
Carbonaceous chondrites typically contain calcium-
aluminum-rich inclusions (CAI’) and chondrules,
which are micron to centimeter sized spheres ofrock
that formed from molten droplets cooling quickly
in the condensing nebular cloud of the proto-solar
disk. There are only 9 CI1 carbonaceous chondrites
known and they are considered the most primitive of
all meteorites as their element compositions (except
for volatiles) closely match that of the photosphere
ofthe Sun. Five ofthe CI1 carbonaceous chondrites
(Alais,1806; Orgueil, 1864; Tonk, 1911; lvuna, 1938
and Revelstoke, 1965) were observed falls. The other
four (Y-86029; Y-86737; Y-980115; Y-980134) were
found in the ice of the Yamato Mountains during
Expeditions to Antartica in 1986 & 1998 (Hoover,
2011). Although the CI1 carbonaceous chondrites
contain neither chondrules nor CAl’s, the agreement
of the absolute and relative chronology data from
measurement of the 2Pb-28Pb isochron and the
DAl-8Mg system ofthe chondrules and CAl’s ofthe
Allende CV3 carbonaceous meteorite suggests the
collapse ofthe proto-solar nebula forming the solar
system took place 4.5675 billion years ago and the
solidification of the Earth, moon and other planets
occurred shortly thereafter (Connelly et al., 2008).

Bostrom and Frederickson (Bostrom, Freder-

ickson, 1966) described the Orgueil meteorite as
bituminous clay with a breccia structure and clastic



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
cocTaB MeTeopuTa
Opren

MepBble XMMUYeckue aHanusbl coctaBa Op-
res nokasann BbICOKOE COfepXXaHWe yrnepoga u
OpraHMYyecKmMx BeLLECTB, U YTO MATPUKC Ha 8-10%
COCTOWUT M3 BOAOCOAepXalNX MUHepanos. Takxe
6b110 06HapPYXXEHO Hannume CoNein aMMOHMNA U Mar-
HWA, aHTUAPUTA, KanbLuTa, CEpreHTNHa, NMppPoTun-
Ha, TpeBOpuUTa, NPUCYTCTBMNE KPEMHUEBON KACNOTbI
N CNOXHOro MoNMepHOro yrinepoaHoro BellecTsa,
He pacTBOPUMOTrO B BOAE U CXOXero ¢ N'YMUHOBbI-
MU BellecTBaMu, TaKMMmn Kak Topd u yrons (C"z,
1864a,b; Pisani, 1864; Hoover, 2006b). Knoa3 Tak-
Xe OTMeTW/, YTo (PparMeHTbl Nerko pacnagarTcs
npuw B3avMOAeiCcTBAN C BOAON, KOTOpas pacTBOpseT
CO/MIn, CBA3bIBaAIOLLME 3epHa MWHepanos ¢ YacTuua-
MU MUKPOPEronnTHoON bpekunn Opres.

Bonee nosgHue uccnefoBaHWA MWUHEPANoOrum
Opres (Bostrom, Fredriksson, 1966; DuFresne,
Anders, 1962) nokasanu, 4TO OCHOBHble MUHepasbl,
BXO/sLLMEe B ero cocTas - 3T0: XnopuTt (62,6%), an-
coMuT (6,7%), marHeTut (6%), TponnunT (4,6%), runc
(2,9%), rpagmT (2,9%), 6peliHeput (2,8%), camopoa-
Hasa cepa (1,7%), meppunnut (0,8%), cynbthar Ha-
Tpua (0,6%), numoHuT (0,5%), hocdaT KanbLumsa. bo-
nee NOAPOOHO XUMMNYECKMNIA U MUHEPANbHbIA COCTaB
Opres paccmoTpeHbl B pabotax: C "z, 1864a,b;
DuFresne, Anders 1962; Bostrom, Fredriksson,
1966; Tomeoka, Buseck, 1988 (tabnumua 1).

MaTtpukc obpasyeT cMecb [ABYX MaTepuaos:
6oraTblX MarH1Mem CNOUCTbIX CUIMKATOB 1 6OraTyto
Xenesom ¢asy, cofepxallyto HUKenb u cepy (thep-
purngput) (Tomeoka, Buseck, 1988). Kpome Toro,
B COCTaB MaTpuKca BXOAAT KPOLUEYHbIE 3epHa ONn-
BWHA, MMPOKCeHa, 3/IEMEHTaPHOrO Xese3a, kapbuaa
KpemHus, rpaduTta u HepacTBOPMMOIO NOIMMEPHO-
ro OPraHM4yeckoro BeLecTBa, CXO4HOI0 CYriem uin
KeporeHoM (Bostrom, Fredriksson, 1966).

V. Mineral composition
of the Orgueil meteorite

The initial chemical analysis ofthe Orgueil me-
teorite revealed it to be rich in carbon and organics
and to contain 8-10% extraterrestrial water in the
matrix. It was also found to contain ammonium and
magnesium salts, anhydrite, calcite, serpentine, pyr-
rhotite, trevorite; silic acid and a complex polymeric
carbonaceous material that is insoluble in water and
similar to humic substances, such as peat and coal
(Cloez, 1864a,b; Pisani, 1864; Hoover, 2006b). Cloez
also noted that the stones are easily disentegrated in
water which dissolves the salts that cement together
the mineral grains and particulates ofthe Orgueil mi-
croregolith breccia. Ammonium chloride and some
ofthe other salts and volatile compounds initially de-
tected are no longer present in the meteorite.

More recent data on the mineralogy of the
Orgueil meteorite (Bostrom, Fredriksson, 1966; Du-
Fresne, Anders, 1962), reported that the main min-
erals Orgueil contains were: chlorite (62.6%), epso-
mite (6.7%), magnetite (6%), troilite (4.6%), gypsum
(2.9%), graphite (2.9%), Breunnerite (2.8%), na-
tive sulfur (1.7%), Merrillite (0.8%), sodium sulfate
(0.6%), limonite (0.5%) and calcium phosphate. More
detailed data on the chemical and mineral compo-
sition of the Orgueil carbonaceous chondrite can be
found in the aforementioned works: Cloez, 1864a,b;
DuFresne, Anders, 1962; Bostrom, Fredriksson,
1966; Tomeoka, Buseck, 1988 (table 1).

The matrix is formed by a mixture of two
materials: magnesium-rich phyllosilicates and
iron-rich phase containing nickel and sulphur (fer-
ryhidrite) (Tomeoka, Buseck, 1988). Moreover, the
matrix contains tiny grains of olivine, pyroxene, el-
emental iron, graphites and silicon carbide grains
and polymeric insoluble organic matter similar to
coal or kerogen (Bostrom, Fredriksson, 1966).
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Tabnuua 1/ Table 1

MwuHepan / Mineral

AHrngput / Anhydrite

BpeiHepuT / Breunnerite
Xnoput / Chlorite

JonomuTt / Dolomite
unc / Gypsum
NnmoHuT / Limonite
MarHetut / Magnetite
Meppunut / Merrillite
Butnokut / Whitlockite
OnwusuH / Olivine
MupokceH / Pyroxene
MuppoTuH / Pyrrhotite
CepneHTunH / Serpentine
LLlamo3uT / Chamosite
KpoHwTtentut / Cronstedtite
AnemeHTapHas cepa / Elemental sulfur
Tpesoput / Trevorite
Tpounut / Troilite
3Ancomut / Epsomite
"paduT / Graphite
Cynbtpat Hatpusa / Sodium sulphate
mppokeng xxenesa/ Iron hydroxide

docdar Kanbums / Calcium phosphate
KpemHuesas kucnota / Silica acid

Xumunyeckuii coctas /
Chemical composition

CasO4
(Fe, Mg)CO3

X =Mg +Al, Fe, CrorMn;
Y =Si +Al

CaMg(CO32
CaS04* 2H2O
FeZ03* nH2O

Fe304
Na2Ca3(PO™O
CadMgH(PO4)7

M82SiO4+ FeXSiO4
Mg, Fe, Ca, etc. SiO3silicates
(Fe, Ni)o, %5
Mg6Si40!o(aH)8

(Fe2; Mg)SAKAISWOT 8

Fe 2+Fe3+(SiFe3+)O5OH)4

S

NiFe204

FeS
MgSO4* THZO

C

Na,SO4

Fe(OH)2

Ca3(PO42
nSio2* mHD

Macca, % / Mass, %

2,8

62,6

2,9
0,5
6,0

4,6
6,7

0,6

0,8



V. OpraHunyeckune
coeiHEeHUS
B MeTeopuTte Opreu

CnycTd BCero Mecs, nocne najeHus MeTeo-
puTa Bblgarowmiica xumuk ®. C. Knoas uccnego-
Ban YrieBofOpPOAHbIE coeAnHeHusa Opres u 06-
Hapy>XW/, 4YTO MX XMMWUYECKMWiA cocTaB (yriepog
63,45%, Bogjopofs 5,98%, kucnopog 30,57 %) oT-
NIMYaeTcsa OT TAKOBOTO [/18 XXUBbIX OPraHM3mMoB U
6/1130K K 6ypoMy yrnw, Topy U ryMUHOBLIM Be-
wecteam (C "z, 1864a,b).

B 1868 r. akagemuk M. bepTeno nposen psag
3KCMEePUMEHTOB C LeSibl0 U3YUYEHUS OpraHnyecknx
coefmMHeHnid meTeopuTta. OH MpoBen rMApuMpoBa-
HWe (hparMeHTOB MeTeopuTa WU OBHapyXun yrne-
BOZOpPOAbl ¢ 06weli hopmynoii C2H2m2 aHanormy-
Hble 3eMHbIM yrneBogopofamM GUOreHHOro npouc-
X0XAeHus, obHapy>XnBaemMbiM B COCTaBe He(Tu
(Berthelot, 1868).

K HacToALlemMy BpeMeHU M3BECTHO, YTO opra-
HMWYECKMe BellecTBa COCTABAAKT npumepHo 13,9%
oT o6wei maccel meTeopuTta Opreii. B yramcrbix
xoHgputax tunos Cl1 n CM2 nopsagka 90-95% Bcex
OpPraHWYecKmnX BELLECTB NpefCTaB/IeHbl BELLECTBOM
NMOMUMEPHOr0 TUMNa C AWHHBIMU MOJIEKYNAPHBIMU
LlernoyKamun 1 HepacTBOPMUMbIM B OObIUYHbIX PACTBO-
putenax. Hagb (Nagy, 1975) wnccnegosan faHHOe
HepacTBOPUMOE OpraHnyeckoe BeLLeCTBO U 06Hapy-
XU, YTO OHO CXOXE C KEPOreHoM (pacuyeTHbIi Cco-
ctas CIOHAN30152 v UHAUTEHHO 419 MeTeopuTa
(Hayatsu et al., 1977). KeporeH aBnseTcs XOpoLlO
M3BECTHbIM U BXXHbIM GMOMapKepoM.

ViccnepoBaHua, NpoOBefieHHble MOC/e Hayana
1960-x rr., nokasanun npucytctsne B Opree, Myp-
YNCOHE W JPYTUX YTAUCTbIX XOHAPUTaX MHOXe-
CTBO PacTBOPMMbIX OPraHUYeCKUX COeAMHEHUIA K
6vomonekyn, B TOM 4ucne anupaTnuyeckux u apo-

V. Organic compounds
In the Orguell
meteorite

Only one month after the fall, the eminent
chemist Felix S. Cloez studied the hydrocarbons
of the Orgueil meteorite and discovered that their
chemical composition (carbon 63.45%, hydrogen
5.98%, oxygen 30.57%) is different from living or-
ganisms but very similar to lignite coal, peat and
humic substances (Cloez, 1864a,b).

In 1868, Academician Marcellin Berthelot
performed a number of experiments to study or-
ganic compounds in the Orgueil meteorite. Ber-
thelot used the chemical reaction of hydrogenation
and discovered hydrocarbons with the general for-
mula CH22 in the Orgueil meteorite similar to
terrestrial hydrocarbons found in petroleum that
are of biological origin (Berthelot, 1868).

It is now known that organic compounds
comprise about 13.9% of the total mass of the
Orgueil meteorite. About 90-95% of all organic
compounds found in CI1 and CM2 carbonaceous
chondrites are represented by long chain polymers
insoluble in common solvents. Nagy (1975) stud-
ied this insoluble organic matter (IOM) and came
to the conclusion that this complex organic poly-
mer was similar to kerogen (estimated composi-
tion CIHMN 301252 and indigenous to the meteor-
ite (Hayatsu et al., 1977). Kerogen is a very well-
known biogeochemical biomarker.

Extensive studies conducted since the early
1960°s have shown that Orgueil, Murchison and
other carbonaceous meteorites contain a host of
soluble organics and biomolecules including: ali-
phatic and aromatic hydrocarbons, nucleic acid
bases, sugar alcohols, hydroxy acids, carboxylic
acids, and amino acids (Nagy, 1975; Cooper et
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MaTU4YeCKUX YrnesojopojoB, a30TUCTbIX OCHOBa-
HWWA, anbAWTOB, OKCUKUCAOT, KapbOHOBbLIX KUCNOT
n ammHokucnot (Nagy, 1975; Cooper et al., 2001;
Sephton, 2002; Schmitt-Kopplin, 2010; Glavin et al.,
2018). HekoTopble U3 3TUX 6MOMapPKepoB ABAAKOTCA
«cnabbiMm» - TO ecTb 06pasyloWwmMMnca Kak B pe-
3ynbTaTe GMOreHHbIX, TaK U abUOreHHbIX npouec-
coB. MoMumo 3Toro, B Opree TakXKe 06HapyXXeH pag
«CUJIbHbIX» GUOMApPKepOB, TakKMX KakK XupasbHble
a-aMWUHOKMCNOTbI, a30TUCTble OCHOBAHUSA W MNpoO-
OYKTbl guareHeTMYeckoro pacnafga xnopodunna
(nopthupwuHel, npucTaH, GutaH). 3T GUOMapKepsl
ABNAKOTCA HEOOXOAUMBIMU AN XU3HU, HOPMUPY-
I0TCA B pesynbTaTe NNWb BMOreHHbIX MEXaHU3MOB,
M CNOCOOHbI COXPAHATb CBOK XMMMUYECKYIO CTPYK-
TYPY Ha NPOTAXEHUU 3HAUYUTENIbHbIX MNepuojoB
BPEMEHW (~ OT MUAAMOHOB [0 MWANNApPAOB fET).
[unareHeTnyeckne n KatareHeTUYeCKMe NPOLECCHI,
M3MEHSIOLLME NepBOHAaYa/ibHble 6GUOXUMUYECKUE
Bel,ecTsa, MPMBOAAT NMWb K yTpaTe (YHKUMO-
HanbHbIX rpynn (-OH, -COOH u T.4.), YTO NpaKTU-
YeCKM He BNMUSET Ha y3HaBaemMoCTb 3TUX APEeBHUX
xumMmnyeckux gocemnuii (Kaplan et al., 1963; Peters,
Moldowan, 1993). HekoTopble «cnabbie» N «CUMb-
Hble» 61MOMapKepbl, KOTOPbIe MPUCYTCTBYIOT B Me-
TeopuTe Opreli, NpeAcTaBfieHbl B Tabaumue 2.

KuccuH (Kissin, 2003) wuccnepgosan MeTeo-
put Opreii ¢ npumeHeHnem WMK-cnekTpockonuu
M rasoBoi xpomatorpaum u O0BHapy>XWn B HEM
n3onpeHongHole yrnesogopogbl C19 (mpuctaH) u
C20 (cutaH). B HacTofiLee BpeMS He U3BECTHO HU
04HOro abworeHHOro mexaHusma opMmpoBaHUA
Xnopohunna, paBHO Kak 1 414 npucrtaHa u gura-
Ha, (OPMUPYIOLLNXCA B XO4E C/OXHbIX peakuui
npu yyacTum pepmeHTOB.

Cpefn XupanbHblX MONEKYn B  3EMHOIA
6uocepe npeob6nafaldT L-aMUHOKUCAOTHI U
D-caxapa. B xuBbIX (M HejJaBHO YMepLUNX) KNeT-
Kax BCE aMUHOKMCNOTbI B 6en1Kax ABNATCA N€BO-
3aKpy4eHHbIMU, a caxapa (pnbo3a 1 geokcmpmbo-
3a) BO Bcex Moniekynax PHK n AHK npefctaBnieHbl
MCKNHOUYNTENbHO NPaBO3aKPYUYeHHbIMU MOMeKyna-
MU. AMWUHOKWUC/IOTbI, CUHTE3UPOBAaHHbIE B PE3Y/lb-
TaTe abMoTMYeCKMX MPOLECCOB paLeMaTHbl, T. €.
L- n D-monekynbl B HUX NpefcTaBieHbl B PaBHOM
cooTHoweHun (D/L=1).
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al., 2001; Sephton, 2002; Schmitt-Kopplin, 2010;
Glavin et al.,, 2018). Some of these biomarkers
are “weak” - although they are produced by liv-
ing organisms they can also be formed by abiotic
mechanisms. The Orgueil meteorite also contains
many “strong” biomarkers, such chiral a-amino
acids, nucleobases and the diagenetic breakdown
products of chlorophyll (porphyrins, pristane and
phytane). These biomarkers are critical to life and
not formed by abiotic mechanisms. They are also
known to be able to retain their chemical struc-
ture over significant amounts oftime (-millions to
billions of years). The diagenetic and catagenetic
processes that alter their original biochemical sub-
stances lead only to the loss of functional groups
(-OH, -COOH, etc.) after which these ancient
chemical fossils are still easily recognizable (Ka-
plan et al., 1963; Peters, Moldowan, 1993). Some of
the «weak» and «strong» biomarkers that are pres-
ent in the Orgueil meteorite are shown in table 2.

Kissin (2003) examined the Orgueil meteor-
ite with IR spectroscopy and gas chromatograph-
ic methods and detected C19 (pristane) and C20
(phytane) isoprenoid hydrocarbons, which are de-
rived as a biogeochemical breakdown products of
the phytol chain of chlorophyll. No mechanism
has ever been discovered for the abiological pro-
duction of chlorophyll or Pristane and Phytane,
which are formed by a large suite of complex en-
zyme-assisted reactions.

The Z-amino acids and the D-sugars over-
whelmingly dominate the distribution of chiral
biomolecules in the terrestrial biosphere. In living
(or recently dead) cells, all amino acids in proteins
are Z-amino acids and the sugars (ribose and de-
oxyribose) in all RNA and DNA molecules are
exclusively D- sugars. On the other hand, amino
acids produced by abiotic processes are racemic
mixtures of equal amounts of the Z- and D-enan-
tiomers (D/L=1).

After an organism dies, the amino acids be-
gin to racemize at a rate, which is dependent upon
the temperature, environmental conditions, and
the stability ofthe particular amino acid. This pro-
cess occurs over geological rather than historical
time scales to eventually yield a racemic (D/L=1)



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 L-excess 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 of the L 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



HOTEHHbIX aMUHOKWC/IOT B METEOPUTAX MOYTK pa-
LeMaTHbI, B TO BPEMS KaK fpyrve o6Hapy>XuBawT
3HAUYUTE/bHBIA N36LITOK L-3HaHTUOMEpA.

CooTHoweHne C:S pgna docecmnmnii Opres
3a4acTylo TaKXe 3HauYuTeNbHO OT/NNYaeTcd oT
C:S5~32,25, xapaKTepHOro pAnf >XWBbIX BOAHbIX
6akTepuanbHbiX Knetok (Fagerbakke et al., 1996).
Takum o6bpa3om, npepoctasneHHble fgaHHble 3/[C
MOTYT yKa3blBaTb Ha WHAUTEHHOCTb W LPEBHOCTb
6uonornyeckux octatkos Opres.

MpumMeHeHMe nepefoBbiX  WHCTPYMEHTOB,
pa3paboTaHHbIX ANA aHanu3a NyHHbIX Nopog, no-
3BO/INJI0 06HAPYXUTb B YIIUCTbIX MeTeopuTax co-
e4MHEHUA caxapoB (NoANONbl), aMUHbI, a30TUCTbIE
OCHOBAHUA CyNbUKNCNOTHI U POCHOHOBLIE KUC-
NoTbl, anudaTuyeckne U apomaTuyeckune yrneso-
[0pOof4bl, COTHN NAEHTUPULNPOBAHHBIX aMUHOKMC-
NOT, a30THble TeTepoLUKINYEeCKNEe COefUHEHUS,
BK/OYas HEOOXOAMMbIE 15 XXU3HU HYKNEUHOBbIEe
OCHOBaHUA K 6onee 14,000 OoTAENbHBLIX MOMEKY-
NAPHbIX COeAMHeHW. MHOrne opraHuyeckue Be-
wecTBa, paHee o6Hapy>XeHHble B Opree u NpuHA-
Tble 33 KOHTaMWUHaHTbI, 6blNN TakXe 06HapPYXeHbI
M B APYTUX YIAUCTbIX XOHAPUTAX, NPU 3TOM 3TU
BellecTBa OblM onpefeneHbl KaKk MHAUTEHHble U
BHe3eMHble (Pizzarello, Cooper and Flynn, Cooper
et al., 2001; Schmitt-Kopplin et al., 2010; Aponte,
2015; Glavin et al., 2018; Glavin et al., 2020a,b). MNo-
MMMO NPOTENHOTEHHbIX AMUHOKMUCOT, B 3TUX Me-
TeopuTax 6biI0 06HAPYXXEHO 3HaYMTeNbHOE KOu-
4ecTBO APYTUX aMUHOKUCAOT, MHOTME N3 KOTOPbIX
He UMEKT M3BECTHOM BMONOTrMYECKO YHKLUN U
pefKo BCTPEYAKTCHA, WAM NOSIHOCTbIO OTCYTCTBY-
0T, B 3eMHOI 6uocepe. HekoTopbie - CO 3Ha4M-
TeNbHbIM U36bITKOM L-3HaHTMOMepa.

HecTabnnbHble OCHOBAHUA LMTO3UH U TUMUH
HU B Opree, HW B APYrUX YIAUCTbIX MeTeopuTax
06Hapy>xeHbl He 6bian. Mpu 0 °C nepuog nony-
pacnafa 6onee cTabuibHbIX OCHOBaHWIA (afeHNHa,
ryaHuHa u ypauuna) npesbilwaeT 1 MAH. feT, B TO
BpemMs KakK A8 LWUTO3MHA 3TO BpeMs cocTaBnseT
npumepHo 17,000 net. Kak cneacTteue, oTCyTCTBUE
TUMWHA U LUTO3UHA B Opree yKa3blBaeT Ha TO, YTO
mMaTepuan MeTeopuTa He NoABeprancsa KOHTaMnHa-
LMK COBPEMEHHbBIMU XUBbIMUW, NN HEAABHO YMep-
WWMU, 3EMHBIMWU MUKPOOPTraHu3mamum.

acids, sulfonic and phosphonic acids, aliphatic and
aromatic hydrocarbons, and hundreds of identified
amino acids, nitrogen heterocyclic compounds
including the life-critical nucleobases, and over
14,000 distinct molecular compounds. Many or-
ganics that had previously been found in Orgueil
and dismissed as contaminants were also found in
other carbonaceous meteorites and recognized as
indigenous and extraterrestrial. (Pizzarello, Coo-
per and Flynn, 2006; Cooper et al., 2001; Schmitt-
Kopplin et al., 2010; Aponte, 2015; Glavin et al,,
2018; Glavin et al., 2020a,b). In addition to the
proteinogenic amino acids, there is a great array
of other amino acids in these meteorites with no
known function in biology and which are rare or
entirely absent in the terrestrial biosphere. Some
ofthem have a significant L-excess.

The unstable nucleobases Cytosine and Thy-
mine have never been detected in Orgueil or any
other carbonaceous meteorites. At 0 °C, the half-
life ofthe more stable nucleobases (Adenine, Gua-
nine, and Uracil) exceeds 1 million years, but the
half-life of Cytosine is only 17,000 years. The ab-
sence of Cytosine and Thymine in Orgueil reveals
the stones are not contaminated with modern liv-
ing or recently dead terrestrial microorganisms.
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V1. ctopus

npenblayuiInx
nccre1oBaHUM
MUKpodoccunmm

B MeTeopute Opreu

B mapTe 1961 roga bapTtonombio Hagb v y-
rnac XeHHeccu 13 YHusepcuteta ®opaxama sme-
cTe ¢ YoppeHom MaliHwaiiHoMm 13 Esso Research
onybnukosann (Nagy et al, 1961) pesynbTatsbl
MacC-CNeKTPOMETPUYECKOrO aHanM3a MeTeopuTa
Opreil, B KOTOPbIX OblNI0 MOKa3aHO, YTO MHOrMe
Yr/1IeBOLOPOLLI METEOPUTA ABNAIOTCA «CUNbHBIMMWY
6uomapkepaMm U BO MHOrOM HanoOMWHAKT yrie-
BOAOpOAbl, o6pasyolnecs B pesynbrate 6uoreo-
XUMMWYECKOI gerpagauuu ApeBHUX (DOPM XU3HM,
BCTPeYaloLNXCcs B YrofbHbIX U HEPTAHbIX MECTO-
poXaeHuax Ha 3emne.

B HosA6pe 1961 r. Hagb BMecTe ¢ [Kopaxem
Knaycom, mMukpo6uonorom u3 Helo-Mopkckoro
YHUBEPCUTETA, COOOLMUN 06 OOHApPYXEHUN «ya-
CTUL, MUKPOCKOMNYECKOTO pasMepa, XapaKTepHbIX
N MeTeopuTOB, NMOLOGHBLIX UCKOMNAeMbIM BOLO-
pOCNSIM», KOTOPble OHW WHTEPNpPeTUpPOBaIN Kak
BO3MOXHble Mukpogoccunu (Claus, Nagy, 1961) B
yramcTeix xoHgputax Opreii u NeyHa (CI1). 3T1a
CTaTbA Bbl3BaNa UHTEHCUBHbIE Ae6aTbl OTHOCUTENb-
HO BO3MOXHOM BMOreHHOCTM 3TUX YaCTuL,, KOTOpble
OHW Ha3Banu «OpPraHW3oBaHHbIMKU 3NeMeHTaMu»
(puc. 2a-d). iccnepgoBaTenu coobW UM O NATU TU-
nax OpraHn30BaHHbIX 3/1EMEHTOB:

1 «ManeHbKue, OKpyrable POPMbl, OKPY>KEeH-
Hbl€ ABOHOIN CTEHKOW CYTONLLEHNAMMN,
MHOr4a CKyNbNTUPOBaHHbIE Byropkamu.
OunameTp oT 4 go 10 Mmkm. XKenToBaTo-
3e/eHble B MPOXOASALLEM CBeTe. BHYTpeHHAA
CTPYKTYpa roMOreHHas wuim 3epHuCTas.

2. HanowmuHaloT nepsblii Tun, HO NOBEPX-
HOCTb MOKPbITA LWMNaMn U UHBIMWU NpuaaT-
Kamu unm HeceT Ha cebe 60po3aky. Mpu-
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V1. History

of the previous studies
of microfossils

In the Orguell
meteorite

In March, 1961, Bartholomew Nagy and
Douglas Hennessey from Esso Research published
(Nagy et al., 1961) the results of mass spectrometric
analysis of the Orgueil meteorite. Their study re-
vealed that many ofthe meteorite hydrocarbons are
“strong” biomarkers and in many ways resemble
hydrocarbons produced by the biogeochemical deg-
radation ofancient life forms as encountered in coal
and petroleum deposits on Earth.

In November, 1961 Nagy, togetherwith George
Claus, a microbiologist from New York University,
reported the detection of a variety of “microscopic-
sized particles indigenous to meteorites similar to
fossil algae” that they interpreted as possible mi-
crofossils (Claus and Nagy, 1961) in the Orgueil
and lvuna CI1 carbonaceous meteorites. This paper
triggered an intense debate concerning the possible
biogenicity of these particles, which they desig-
nated ‘organized elements” (pic. 2a-d). These re-
searchers reported five types of organized elements:

1 “Small, circularforms, surrounded by double
walls which showed thickening and occa-
sional sculpturing with protuberances. Their
diameter varied between 4 and 10 p and they
appearedyellowish-green in transmitted
light. The interior ofthe organized elements
appeared to be either homogeneous or granu-
lated.

2. The second type resembled thefirst; however,
the surfaces ofthese organized elements were
covered with spines and other appendages or
with afurrow. The appendages usually ap-
peared to be tubular in shape, and occasion-
ally they penetrated through the walls. The



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)

AaTKKW, 00bIYHO UUAMHAPUYECKON DOPMbI,
WHOTZa NMPOHU3bIBAKT CTEeHKW. nameTp
8-30 MkM. AnameTp BbIpoCcTOB 0.5-2 MKM.
MaccvBHble NpuaaTKN UMET BynasoBuj-
Hble 06pa30BaHNs Ha AMCT abHbIX KOHLAX.
LLinnbl crpynnupoBaHbl napamu BOKPYT npu-
[aTKoB. bopo3aka HauMHaeTCca OT O4HOro
npuaaTKa Ha BepLUMHEe OpraHU30BaHHOro
anemeHTa.

TpeTwuit TUN UMeeT opmy wmuTa. Mpu-
JAaTKN OTCYyTCTBYIOT. CTEHKM C 3aMeT-
HbIM YT O/ILLLEeHNEM W CKYNbNTYpoi. CpesHuii
AnameTp cocTasnfeT NpubansuTeNbHO

15 MKM.

diameter ofthe appendages varied between
0-5 and 2 p, and that ofthe organized ele-
ments was between 8 and 30 p. Solid append-
ages had club-like structures on their distal
ends. Spines were arranged inpairs around
the appendages. Thefurrow started at the
single appendage on the apex ofthe orga-
nized elements.

The third type ofthe organized elements had
shapes like shields. They had no appendages.
Their walls showed marked thickening and
sculpturing; their average diameter was ap-
proximately 15p.
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4 Linnnuapuueckue opMbl, CTEHKaMU
TONCTbIe C MENKoW CKyNnbnTYpoii NoBepx-
HOCTW. AAnH - okono 20 MKM, BbicOTa -
10-12 MKMm.

5. "ekcaroHanbHaa opma, XoTH 3TOT opra-
HM30BaHHbLIN 31EMEHT MOXKET COfep>KaThb
10-12 noBepxHOCTelA. Tpn NOBEPXHOCTK
3HAUYMTEMbHO TONLLE OCTaNbHbIX U CNy>KaT
OCHOBaMu Ana Tpex TONCTbIX, TPy6uaThbIX
OTPOCTKOB. TOT OpraHn30BaHHbIii 3ne-
MEHT KaK Bbl OKpPY>KeH 6ecCTPYKTYpPHbIM
rano, KOTOopoe NpepbIBaNoCh TONbKO KaKUM-
TO MaTepnasoM, BbICTYNaKLWMM U3 ABYX
npuaaTKoB. B cocTas opraHn3oBaHHOIo
anemMeHTa BXOAAT TpU BakyoneobpasHble
Tena HenpasUbHON HOPMbI».

B wmeTeopute ViByHa 6bIM MpencTaBlieHsbl
ToNnbko 3 u3 5 tunos Opred. KoHueHTpauusa op-
raHM3oBaHHbIX 3nemMeHTOB B Opree cocTaBnana
1650-1700 Ha 1 mr. ABTOpbI NPeAnON0XNIN, YTO
OpraHn3oBaHHbLIMW 3N1EMEHTaMUK ABMIAIOTCA [ApeB-
HWe MUKpPOgoCCUINU, NOTOMY YTO:

1 BbiCOKas KOHUEHTpaLus OpraHn30BaHHbIX

3/IeMEHTOB MOXET UMeTb MECTO B Cpeje, rae
B TeYEHWE ANMTENLHOTO BPEMEHU MOCTOSHHO
nMpucyTCTBYET XUakas Boga. O6pasubl MeTe-
OpuTOB 6bINN COBPaHbI B TEYEHNE HECKO/b-
KMX 4acoB Nnoc/e HabaeMoro nageHuns u
OTNpaB/eHbl BEAYLW MM XVMWUKAM W reoioram
®paHunUM 4NS HAyYHOTO aHanm3a. bbiio 6bi-
CTPO 3aMeyeHo, YTO hparMeHTbl pacnagarT-
Csl NpY NOMELLEHNMN B BOAY.

2. OpraHu3oBaHHbIE 3/IeMEHTbI TUNOB 1-4 cxo-
XU (HO He NAEHTUYHbI) C 3eMHbIMU BUAAMU
OVHOMNArennaT unmn Xxpm3oMoHag, KoTopble
XMWBYT B BOfE MOpeii 1 03ep, HO He coaep-
xarca B noyse. Tun 5 Mopdposiormnyeckn oT-
NINYaeTca OT BCEX U3BECTHBIX 3eMHbIX DOPM.

3. 3eMHble oOpraH13mbl, CX0XWe C 0PraHU30BaH-
HbIMW 37IeMeHTamMun Tunos 1-4, o6pasytoT uu-
CTbl MpY HeGNAronpUATHbLIX YCNOBUAX. TONb-
KO ABa UM TPU OPraHM30BaHHbIX 3/1EMEHTa
B meTeopuTax Oprei n ViByHa HanomuHawT
LUCThI.
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4. Cylindricalforms were seen which had thick
walls andfinely sculptured wall surfaces.
Their length was approximately 20 p, their
width was 10-12 p.

5 An apparently hexagonalform was also ob-
served. This organized element may contain,
however, 10-12 surfaces. Three ofthe sur-
faces were considerably thicker than the oth-
ers and they served as the bases ofthe three,
thick, tubularprotrusions. The organized ele-
ment seemed to be surrounded by a structure-
less halo, which was interrupted only by some
matter that was protrudingfrom two ofthe
appendages. There were three vacuole-like
and irregularly shaped bodies in the interior
ofthe organized element. ”

In the Ivuna meteorite, only 3 ofthe 5 Orgueil
types were represented. The reported concentra-
tion of organized elements in Orgueil was 1650-
1700 per mg. The authors suggested that organized
elements are ancient microfossils, because:

1 A high concentration of organized elements
could occur in an environment where there has
been continuous liquid water for a long time.
Samples of meteorites were collected within
hours ofthe observed fall and sent to the pre-
mier chemists and geologists of France for sci-
entific analysis. It was quickly recognized that
the stones disintegrate when placed in water.

2. Organized elements oftypes 1to 4 are similar
(but not identical) to terrestrial dinoflagellates
or chrysomonads, which live in the waters of
seas and lakes, but are not found in the soil.
Type 5 is morphologically different from all
known terrestrial forms.

3. Terrestrial microorganisms similar to orga-
nized elements oftypes 1-4 form cysts under
adverse conditions. Only two or three orga-
nized elements in the Orgueil and Ivuna mete-
orites resemble cysts.

4, Both meteorites, which fell at different times
and in different climatic zones contain the
same types of elements, which argues against
terrestrial contamination.



4.  O6a meTeopuTa, ynaBLNe B pasHOe BPEMS U
B PasHbIX KAMMAaTUYECKNX 30HaX, COAepxat
3/IEMEHTbI OHOT0 1 TOT0 Xe TUNa, YTO CBU-
[eTeNbCTBYET MPOTMB 3eMHOM KOHTaMMWHa-
umu.

VX pe3ynbTaThbl 6blIN HEMELEHHO OCMOPEHbI
®paHkoM dutuem n 3aBapgom AHgepcom (Fitch
etal., 1962; Anders, Fitch, 1962), KoTopble YTBEPX-
fanun, 4To «0praHW3oBaHHbIMU 3/IEMEHTaMU» §B-
nAlTCa NM60 MUHepanbl, apTedakTbl MOKPbITUSA,
Nbifbla am6po3umn, NM60 Apyrue 3arpasHUTENn, u
HasBann Cy6beKTUBHbIMU BblBOAbl, OCHOBAHHbIE
Ha mopgonornn. KoHuenuus, cornacHo KoTopoii
HEBO3MOXHO WAEHTU(ULMUPOBATL BUONOrMYecKue
06BEKTbI C NOMOLLbIO «TOMILKO MOPONOrumn», cTa-
Na WHNPOKO NPUHATON MHOTMMYU y4eHbIMW. OHU He
MOTryT NpW3HaTb, YTO (hopMa, pasMepbl U LeTaib-
Hble MOP(ONOrMyeckme xapakTepucTuku dqoccu-
AN UMEKDT pellarolliee 3Ha4YeHWe ANA NaneoHTo-
NOTUYECKON HayKw.

®paHk CtannuH (Staplin, 1962) o6Hapyxun B
Opree opraHu4eckue ocTaTku, KOTOpble OH pasfje-
NV HATPU FPYNMNbl: MUKPO(OCCUNNN HEN3BECTHO-
ro CUCTEMaTUYeCKOro MOJMIOXEHUA UAWM BO3pPacTa,
COBPEMEHHbIE KOHTaMWHAHTbl U MENOoBble MUKPO-
thoccunum (oyeHb Mano). Ha ocHoBaHuu mopdo-
NOTUYECKUX XapakTepucTuk CTanauH Bbl4ennn
pag TUMNOB (NepBble TPWM OH MOCYUTAN COBEPLUEHHO
HOBbIMM): 1) NNH30BUAHbIE Tena C reKcaroHasb-
HOW CTPYKTypoi (Hanbonee pacnpoCTpaHeHHbIN
TUN); 2) TEMHbIE SAHTAPHO-KpacHble cdepbl € rpa-
HYNMPOBAHHOI CTEHKOW; 3) (hparMeHTbl Tpy6oUekK
C MONAUroHaNbHbIMKU KaHanamwu; 4) rubkas neH-
TOBMAHAA TKaHb, MOKPbITAA YrAUCTbIM YEX/0M;
5) rmbkme Kycouku TKaHW 6e3 BUAUMOI CTPYKTY-
pbl; 6) ManeHbkne rnbkKMe TOHKOCTEHHbIE LUCTHI
chepuyeckoi ¢opMbl, YCIOBHO OTHECEHHble aB-
TopoM K pogy Protoleiosphaeridium (Tumodees,
1959); 7) TeMHO-AHTapHO-KpacHble Kyb6uueckue
06beKTbI C TPy603epHUCTOW CTPYKTYpOii; 8) rpa-
HYNMpOBaHHble 06BbEKTbI C CETYATOW CTPYKTYPOIA,
4YaCTUYHO MUHEPaNU30BAHHON CTEHKOW, Hanomu-
HatoLMe MblbLy r0N0CEMEHHbIX PACTEHUI, HO OT-
Anyaroimecs oT NOCNeAHUX CTPYKTYPOIA.

botaHuk Mupowka Manuk (Palik, 1962) u3
BypanewcTkoro yHusepcutera um. JlopaHgo 31Bé-

Their results were immediately challenged by
Fitch and Anders (Fitch et al., 1962, Anders, Fitch,
1962), who argued the «organized elements» were
either minerals, coating artifacts, Ragweed pollen
grains or other contaminants and called conclusions
based on morphology as subjective. The concept
that it is not possible to identify biological entities
by «morphology alone» has come to be widely ac-
cepted by many scientists. They fail to recognize
that the shape, size range and detailed morphologi-
cal characteristics of fossils are crucial to the Sci-
ence of Paleontology.

Frank Staplin (1962) found organic residues in
Orgueil, which he divided into: microfossils of un-
known systematic position or age, modern contam-
inants, or Cretaceous microfossils (very few). On
the basis of morphological characteristics, Staplin
grouped a number of types (the first three he con-
sidered completely new): 1) lenticular bodies with
a hexagonal structure (the most common type);
2) dark amber-red spheres with a granular wall;
3) fragments of tubes with polygonal channels;
4) flexible ribbon-like fabric coated with a carbon
cover; 5) flexible pieces offabric withno visible struc-
ture; 6) small flexible thin-walled cysts of a spheri-
cal shape, conditionally assigned by the author to
the genus Protoleiosphaeridium (Tumodees, 1959);
7) dark amber-red cubic objects with a coarse-
grained structure; 8) granular objects with a mesh
structure; partially mineralized wall, resembling
pollen of gymnosperms, but differing from the lat-
ter in structure.

Botanist Piroska Palik (Palik, 1962) from
E6tvés Lor&dnd University in Budapest examined
a sample of the Orgueil meteorite and found six
filamentous structures morphologically similar to
“blue green algae” (cyanobacteria) (pic. 3a). The
width of the fragments of threads varies from 3
to 23 microns, the length is 40-170 microns. They
were interpreted by the author as possibly indige-
nous to the meteorite. Palik’s illustrations showed
detailed morphological features known in differen-
tiated cyanobacterial filaments with apical cells. In
2001, Hoover and Rozanov published Environmen-
tal Scanning Electron Microscope (ESEM) images
of microfossils found in the Murchison CM2 car-
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Puc. 3. a- HuTuaTble opmbl B MeTeopuTe Opreit (Palik, 1962); b - cyatowascs HUTb C anuKanbHON KNeTKOM
B MypuncoHe, cxoaHasi No pasmepy 1 MoOpgonorum ¢ cyxarolleinca HUTbto Manuk, HaingeHHoi B Opree (Hoover,
Rozanov, 2001)

Pic. 3. a- filamentous forms in the Orgueil meteorite (Palik, 1962); b - tapered filament with apical cell in Murchison
similar in size and morphology to tapered filament Palik found in Orgueil (Hoover, Rozanov, 2001)

lWa nccnegosana obpasey Meteoputa Opreit n 06-
Hapy)una wecTb HUTYaTbIX 06pa3oBaHunii, MOpdo-
NOTUYECKN CXOAHbIX C CUHE-3e/IeHbIMU BOLOPOCS-
MU (umaHobakTepuamun) (puc. 3a). LUnpuHa HuTei
3-23 MKM, AnnHa- 40-170 MKM. OHM BbINN NHTEP-
NpeTMPOBaHbl KAK BO3MOXXHO UHAWTEHHbIE 418 Me-
Teoputa. MnnwocTpayuu Manuk nokasanu getanb-
Hble MOpG0N0rnyecKkme 0Co6eHHOCTU, U3BECTHbIE
B AMddepeHUMpOBaHHbIX LMaHO6aKTepuanbHbIX
HUTAX C anukanbHbIMU Knetkamu. B 2001 r. Xysep
n Po3aHOB ony6/MKoBann M300paxkeHWe MUKpPO-
thoccmnmnii, 06HapyXXeHHbIX B YIANCTOM XOHAPUTE
MypuncoH (CM2), KoTopble CXOfHblI MO pasMepy
(518 MM) 1 geTanam MopdPONOrMYeCKUX 0CO6eH-
HOCTel C opreiickummn ¢opmamun B ctatbe Manuk.
306paXkeHne 6blN0 NOMYYEHO C MOMOLLbIO CKaHM-
PYIOLWEro 3MeKTPOHHOIO MMKPOCKOMa B pexume
ectecTBeHHoW cpeabl (ESEM). B thopmax Mypuu-
COHa BWAHbI BHYTPEHHME KAETKM U OAHOpSAHas
HUTb C HEBGONbWWM CYXEHWEM K 3aKPYr/IEHHOA
BEPLIMHE N anuKanbHON KNeTKOW, MOKPbITON (on-
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bonaceous chondrite of similar size (5x18 pm) and
detailed morphological features of Orgueil forms
in Palik’s article. The Murchison forms exhibited
internal cells and a uniseriate filament with slight
tapering toward the rounded off apex and follicle
covered apical cell (calyptra) (Hoover, Rozanov,
2001). This form (pic. 3b) has similar morphologi-
cal features with the large central filament 2 as il-
lustrated by Palik.

Sam VanLandingham et al. (VanLandingham,
1965; VanLandingham et al., 1967) concluded that
rounded objects in the Orgueil meteorite: 1) have
a certain degree of structural organization; 2) are
most likely indigenous. They were located inside
the mineral matrix of the meteorite, which makes it
unlikely they were modern biological contaminants.

Tan and VanLandingham, (1967) using Trans-
mission Electron Microscopy discovered a number
of short filaments (pic. 4) (rounded at one end and
conical at the other) in the Orgueil meteorite with
linear chains of “electron dense solid bodies” that



Puc. 4. HUTb MarHUTOTaKTMYECKO HakTepumn u3 MmeteopuTa Oprei, BUAHbI LOMeHbl MarHeTuTa (MarHuTocomsl) (Tan,
VanLandingham, 1967)

Pic. 4. The filament of a magnetotactic bacterium from the Orgueil meteorite, the domains of magnetite
(magnetosomes) are visible
(Tan, VanLandingham, 1967)

nukynom (kanuntpa) (Hoover, Rozanov, 2001). 9Ta
thopma (puc. 3b) UMeeT cxoxmne MOpPHONornyeckKme
0COBEHHOCTM C BONbLIOWA LEHTPaNbHOW HUTLIO 13
nnnrctpaunn MNanuk.

Cam Ban/laHguHrem u gp. (VanLandingham,
1965; VanLandingham et al., 1967) chenanu Bbl-
BO4 O TOM, YTO OKpYr/ible 06beKTbl B MeTeopuTte
Opreit: 1) o6nagatoT HEKOTOPOW CTEMEHbI CTPYK-
TYPHOIi opraHusauumn; 2) ckopee BCEro, fABNALOT-
CA MHAUTEeHHbIMU. PacnonoxeHne 3TUX 06bEKTOB
BHYTPU MWHEPanbHOro MaTpukca meTeopuTa fena-
€T MasioBEPOATHbIM, 4YTOObI OHWM 6bINN COBPEMEH-
HbIMW BM0N0TNYECKUMU KOHTAaMUHAHTaMM.

TaH n BaHJlaHguHrem (Tan, VanLandingham,
1967), vcnonb3ysa MPOCBEYMBAIOLLYIO 3/1EKTPOH-
HYHO MUWKpPOCKOMWIO, OBHapyXwnm B MeTeopuTe
Opreil HECKONbKO KOPOTKUX HUTER (3aKpYyrneHHbIX
Ha OHOM KOHLe M KOHUYeCKUX Ha Apyrom) (puc. 4)
C NMMHERHBIMU LenovykaMu «3/1eKTPOHHO-NNOTHbIX
TBepAbIX TeN», NPOCTUPaBLUNXCA BLOMb UX OCEN.
Heckonbko pecAatunetunii cnycta Mwuxaun BaiiH-
wrenH ns MM PAH ykasan XyBepy Ha CXOACTBO
3TUX MNPU3HAKOB C BblpaBHUBAHWEM MarHMTOCOM
B MPOJONbHYI0 LEMOYKY Y MarHUTOTAKTUYECKUX

extended along the longitudinal axis ofthese forms.
Several decades later, Mikhail Vainshtein of IBPM
RAS pointed out to Hoover the similarity of these
features to the alignment of magnetosomes into
longitudal chains within the cells of magnetotactic
bacteria. In 1967, the very existence ofthese micro-
organisms was unknown to the field of science.

Harold C. Urey, recipient of the 1934 Nobel
Prize in Chemistry, provided a review of organic
compounds and biological material in meteorites
(Urey, 1966). He noted that Oro had found his
Orgueil sample to be sterile, just as had been found
by Pasteur who examined the Orgueil meteorite
stones collected immediately after the fall. Ac-
cording to Urey “a museum shelfdoes not appear
to be a particularly likely place for the growth of
biological organisms, particularly when the mate-
rial contains solid magnesium sulfate, which in the
presence ofa slight amount ofabsorbed moisture
would give a concentrated solution of magnesium
sulfate”. Considering data on studies of organic
material in meteorites, he came to the conclusion
that organized elements are indigenous to mete-
orites, and they also have a biogenic nature. Urey
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6akTepuiti. B 1967 r. cyw,ectBoBaHMe 3TUX MUKPO-
OpraHn3moB 6bI0 elle HEN3BECTHO Hayke.

Maponsg K. KOpw, naypeat Hobenesckoi npe-
MUK Mo xumun 1934 r., npeactaBun 0630p opraHu-
YecKMUX COeMHEHMNI M BMONOTNYECKOro maTepuana
B meTeoputax (Urey, 1966). OH OTMeTW/, YTO NO
fJaHHbIM Opo, ero o6pasey, Opresa 6bln CTepub-
HbIM, MOAOGHO TOMY, KakK 3TO B CBOe BpeMms ycTa-
HoBuAn lMacTep, n3yyaBlW il hparMeHTbl MeTeopu-
Ta Opreli, cobpaHHble cpasy nocne nageHus. Mo
cnoeam HOpwu, «My3eiiHas Noaka, No-BUANMOMY, He
ABNSIeTCA OCOOEHHO BEPOATHBLIM MECTOM AN po-
cTa 61onornyecknx opraHnamoB, 0COBEHHO Korga
mMaTepuan cogep>XUT TBepabli cynbhaT MarHus,
KOTOpbIi B MPUCYTCTBUM HEBOMLLLIOTO KOJMYe-
CTBa NOI/OLWEHHOI BNarm gaeT KOHLEHTPUPOBaH-
Hbli pacTBOP CynbhaTa MarHus». KOpu obcyann
TOT (haKT, YTO 0COBEHHOCTM CNEKTPANIbHOIo Norno-
WweHus BaHagunnopogpupuHos (Hodgson, Baker,
1964) B Opree CX04HbI C TAKOBbIMU Y PEBHUX 6MO-
MOJIEKY/T B 3eMHbIX OT/IOXEHUAX, HO He 06Hapy-
YXEHHbIX B XWBbIX UM HEefaBHO YMepLUUNX 3eMHbIX
opraHusmax. KOpu 3ametun: «Ecnm 6bl HeKOTOpble
BeWeCTBa B MeTeopuTax Obim 06Hapy>KeHbl B
38MHbIX 00bEKTAX, UX MOXKHO OblNo Obl CUMTATb
6eccnopHo 6MONOrNYECKUMIN.

MapTuH PoccuHbon-Ctpuk n 3nco bapr-
xypH (Rossignol-Strick, Barghoorn, 1971) npous-
BeAn 06paboTKy o06pa3uoB meTeopuTta Oprein npu
NOMOLLW CTaHAAPTHbIX METOA0B, MPUMEHSAEMbIX
B NaqMHOMOINMYECKMX nccnepoBaHuax. HaipgeHsl
nonble cepbl, MeM6pPaHbl, BOPOHKOBMAHbIE, CMM-
panbHble CTPYKTYpbl WU T. 4. (COrnacHo AaHHbIM
3/C, nonyyeHHbIM B KocMmnyeckom LeHTpe Map-
Wwanna, MHorme HUTK Opres NpeacTaBAAOT cO60WA
YIAUCTbIE YeX/bl, 3anojiHeHHble BOAOPacTBOPM-
MbIM Cy/nb(aToM MarHus, a aiueBuaHble GOpMbl
npeacTaBfieHbl HAHO(GUOPUNNaAMK XKefesa, NOKPbI-
TbIMU yraucToi ob6onoukoin (puc. 2f). Bosgei-
CTBUE BOAbl U CUMIbHBIX KUCNOT NPUBOAMUT K pac-
TBOPEHWIO CyNnbaTa MarHMa u xenesa, 0CTaBnas
noneie chepbl, 0BOUAbI 1 MembpaHbl). bbiio oTme-
YEHO, YTO 3TN CTPYKTYpPbI, KAK U CaM MaTPUKC, He
OKpalwuBawTca capaHUHOBLIMU KpacuTensiMu,
B TO BPeMSA KaK MNbl/ibLeBble 3epHa 6bICTPO afcop-
6upytoT capaHuH. OTMeueHO Mopdoornyeckoe
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discussed that the spectral absorption features of
vanadyl porophyrins (Hodgson and Baker, 1964) in
Orgueil are similar to those ofancient biomolecules
in terrestrial sediments. Vanadyl porophyrins are
not found in living or recently dead terrestrial or-
ganisms. Urey remarked: “1ffound in terrestrial
objects, some substances in meteorites would be
regarded as indisputably biological ™

Martine Rossignol-Strick and Elso Barghoorn
(Rossignol-Strick, Barghoorn, 1971) processed the
samples ofthe Orgueil meteorite using standard pal-
ynological methods. Hollow spheres, membranes,
funnel-shaped, spiral structures, etc. were found.
(NASA/MSFC EDS data revealed that many of the
Ogueil filaments are carbonaceous sheaths infilled
with water soluble Magnesium Sulfate, and ovoids
are composed of nanofibrils of iron covered with a
carbonaceous sheath (pic. 2f). Treatment with water
and strong acids would have dissolved magnesium
sulfate and iron leaving hollow spheres, ovoids and
membranes). It was noted that these structures, like
the matrix itself, are not stained with safranin dyes,
while pollen grains quickly adsorb safranin. The
morphological difference of these structures from
pollen grains, spores of fungi and textile fibers is
noted. It has been suggested that the abundance of
these structures in the Orgueil meteorite, as well as
their homogeneous structure, may indicate that they
are not contaminants.

B. Nagy (1975) in his detailed summary of
carbonaceous chondrites, publishes a review of all
the studies conducted at that time on this topic. In
addition, in this work there are previously unpub-
lished images of microscopic structures in Orgueil
(pic. 5).

In the process ofagreat debate over the nature
ofthe organized elements and hollow spheres ofthe
Orgueil meteorite, the critics interpreted them as
organic coatings of an abiotic nature on olivine mi-
crochondrules, magnetite and glass globules or as
pollen grains and other recent terrestrial biological
contaminants (Anders et al., 1962; Fitch, Schwarz
& Anders, 1962; Fitch and Anders, 1963a,b). The
debate was won in 1964 by Anders and coworkers
when their paper entitled «Contaminated Meteor-
ite» was published in Science. They reported they



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 “biogenic materials: coal fragments, seed
capsules of the reed Juncus conglomeratus, other
plant fragments, and an optically active, water-
soluble protein material resembling collagen-de-
rived glues” (Anders et al., 1964). They concluded
that this 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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& Anders, 1962; Fitch and Anders, 1963a,b). le6aTsbl
6bI1K BbIUTpaHbl B 1964 1. AHepcOM U ero Kossne-
ramu, KOrja ux cTaTbsl Nof Ha3BaHMeM «3arpsasHeH-
Hblli MeTeopuT» 6bla ony6aMKOBaHA B XXypHane
Science. OHuK coobwunun, 4to uccnegosanu obpa-
3el, Opres Ne 9419, mony4YeHHbIn M3 My3esd MOHTO-
6aHa. ABTOpbI CTaTby YTBEPXAanu, 4To 3TOT (par-
MeHT Opres 6bl/1 3arps3HeH «GMOreHHbIMU MaTepu-
anamu: parmeHTamMm yris, ceMeHHbIMIN KOpo6oy-
KaMu TpocTHuMKa Juncus conglomeratus, apyrumu
thparMeHTamu pacTeHNi 1 ONTUYECKU aKTUBHbLIM
BOZOPacTBOPUMbIM OEeNKOBbIM BELLECTBOM, Ha-
MOMUHAKOLWMM Kfen, MOMyYeHHble W3 KonnareHa»
(Anders et al., 1964) ¥ npuWN K BbIBOAY, 4YTO 3TO
3arpasHeHune 66110 pe3ynbTaToM NpegHamMmepeHHOoro
«BMeLlaTeNbCTBa YeN0oBEKa» W, CnefoBaTeNbHO, -
obmaHa. B aToli ctatbe 060CHOBbIBaeTCA NpPUCYT-
CTBUe Bcex buomapkepos B Opree (KeporeHa, rymu-
HOBbIX KWCNOT, NOPUPUHOB, NpuUCTaHa, (PUTaHa,
aMWHOKWCNOT M OPraHNU30BaHHbIX 3/IEMEHTOB), 06-
Hapy>XeHHbIX Hagem 1 gpyruMu yyeHbiMu, uccne-
[0BaBLIMMUY 3TW (PparmeHTbl MeTeopuTa. AHLEpC ¢
coaBTOpaMu yTBepXJanu, YTO 3TO npefHaMepeH-
HOe BBeLeHWe YeN0BeKOM OGMOreHHbIX MaTepuanos,
BO3MOXHO, 6blI0 NPOAENaHO B KayeCTBe «pO3bl-
rpbiwa» uam 4tobbl NOBAUATHL Ha pe3ynbTaTbl je-
6aToB XIX Beka 0 «CaMONPOU3BOJILHOM 3apoXxje-
HUW» JXW3HW, MOKasblBas ee TpaHChopmauumio wu3
HeopraHuyeckon marepum. OfHaKO OYEBUAHO, YTO
cBsA3bIBaHME MeTeopuTa Opreil ¢ MuctTudukaymei
MW HayYHbIM MOLUEHHWYECTBOM Ha MPOTAXEHUU
fLecATUNeTniA NojaBnan0 WCCNefoBaHUA OpraHu-
YEeCKUX COoeaMHeHnn n mukpodoccunuin 8 Opree.
W 31O BCe elle OKa3biBAET 3HAUUTENbHOE BAUAHUE
Ha MHOTMX Y/JEHOB METEOPUTHOro cooblecTBa,
KOTOpble HEeM3MeHHO WIHOPUPYIOT BO3MOXHOCTb
TOro, 4T0 OMoONorMyeckne, metabonuyeckme u
(hepMeHTaTMBHbIE NPOLECCHl MOTAN CbIrpaTb CBOO
pob B MPOM3BOLACTBE /1I060r0 M3 METEOPUTHBIX Op-
raHMYeCcKUX coeMHeHNn. OHN NPUNOXKNAN OTPOM-
Hble YCUNWUA B HeyJauHbIX NOMbITKAX 06BACHUTb
NPUCYTCTBME CMIOXHOIO KOMMAekca OMOMONeKyn
M NPOAYKTOB UX AMAreHeTMYecKoro pacnaja mexa-
HU3MamMmn abnoTMUecKon NPoOAYKLUN, a TakxKe 06-
Hapy>XuTb Hebnonornyeckme NyTn amnanukaLnm
4N 3HAYNTENbHOTO Z-3HAHTUOMEPHOro M36bITKa

32

ever, it is clear that linking the Orgueil meteorite
to a hoax or scientific fraud stifled the research for
organics and microfossils in Orgueil for decades.
And it still exerts significant influence over many
members of the meteoritical community, who have
consistently failed to consider the possibility that
biological, metabolic and enzymatic processes
may have played a role in the production of any
of the meteoritic organic compounds. They have
devoted enormous effort in unsuccessful attempts
to explain by abiotic production mechanisms the
complex suite of biomolecules and their diagenetic
breakdown products and to discover non-biological
amplification pathways for the significant L-enan-
tiomeric excess of extraterrestrial proteinogenic
amino acids that have been found in Orgueil, Mur-
chison, GRA95229, Aguas Zarcas and many other
carbonaceous meteorites.

Rossignol-Strick, Hoover et al. (2005) con-
ducted a re-examination of organized elements in
the Orgueil meteorite based on FESEM images and
EDS data analysis. Forms with size and morpho-
logical features of several ofthe organized elements
have been detected in freshly fractured interior sur-
faces of Orgueil (pic. 2e,f), and based on elemental
analysis it was concluded that they are not modern
biocontaminants.

J. Aerts et al. (2016) conducted a quantitative
search for biological contaminants in Orgueil me-
teorite. The technique used was so sensitive that a
signle DNA molecul from only one living or dead
bacterial cell or grain of pollen could be detected.
The results were negative and this fact, according to
the researchers, means that biological contaminants
were not present in the fraction ofthe Orgueil mete-
orite examined. Aerts et al. (2016) concluded: “Our
results show no evidence for significant contami-
nation of the investigated fraction of the Orgueil
meteorite with microorganisms, seeds, pollen, or
plants™.

Since the mid-1990s, in the course of micro-
paleontological studies in the carbonaceous mete-
orites, various fossilized bacteria and protists have
been found (PosaHoB, 1996; Xmyp u gp., 1997,
Hoover, 1997; Hoover et al., 1998; Hoover and Ro-



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 UK NbiNbLEBOr0 3epHa. Pe3ynbTaTbl 0Ka3anuch
oTpuuaTenbHbIMU. OTOT (haKT, MO MHEHWUIO UC-
cnepoBarteneil, MOr 03HayaTtb, YTO BMONOrnYecKue
KOHTAMWHaHTbl He MPUCYTCTBOBaNW B TOW 4acTu
meTeopuTa Opreli, koTopas 6biia usyveHa. AapTc
C KOnneramm Takxe NpuLLIAM K BbiBogy: «Hawmpe-
3yNbTaThbl He CBUAETENLCTBYIOT O CYLLIECTBEHHOM
3arpssHeHun uccnegyeMoi pakuum meTeopuTa
Opreii MWKpOOpraHu3aMamu, CemMeHamu, MblibLO
nnupacTeHuamu» (Aerts 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).

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).



VII. MaTtepuan
N MeToabl

Martepuanbl, MCNONb30BaHHbIe B 3TON pabo-
Te, NpeAcTaBfieHbl parMeHTamm YriamcToro XoH-
aputa Opreit (Cll), nony4yeHHbIMKU M3 06pasyoB,
NpefoCTaBNEHHbIX A1 HAYYHbIX UCCEA0BAHUI 13
CnefyroLwmx Konnekymia:

1) MeTeopuTtHas konnekuua [xxelimca
M. [AonoHa

doHA MnaHeTapHbIX MccnegoBaHuii,
Ywukaro, WnnuHoiic, CLUA

2 ¢parmeHTa: (0,4run 01 ).

MpepocTtasneHo: a-p Mon Cunuepa.

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).
Courtesy: Dr. Paul Sipiera.
2) Meteorite Collection

Musée Nationale d’Histoire Naturelle,
Paris, France

1 stone S219: (0.5 gm).

Courtesy: Dr. Claude Perron.

2 stones: (0.6 gm & 0.3 gm).

Courtesy: Dr. Martine Rossignol-Strick.

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)

Courtesy: Dr. Edmée Ladier

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).



MeHTbl U CTONNKW LN 3NEKTPOHHON MWKPOCKO-
nuu cTepunansoBany niameHem, a obpasey, Opres
packanbiBany v ycTaHaBAuBanu Takum 06pasom,
4YTO ero BHYTPEHHAS CBEXeCKON0Tas NOBEPXHOCTb
6blna 0TKpbITa Ans uccnegosaHus (Hoover, 2006b).

OTobpaHHble obpasybl 6bIIN KUCCNefoBaHbI
nocpegctsom COM un 34C B NASA/MSFC, NWH
PAH n ONAN. B NASA/MSFC wuccnegoBanucb
BHYTPEHHWE HeHanbl/IeHHble MOBEPXHOCTU CBe-
XecKonoTbix obpasyos. B NMNHe n ONAW obpas-
ubl 661K MOKPbLITEI Au unn Au/Pd HanbifieHUEM
N YyCTAHOBJ/EHbI Ha CTONMKN COM ang nonydeHus
N306paxKeHWii ¢ BbICOKMM pa3peLleHneM 1 aHanusa
MeTOLOM 3HEpProgMCcrnepCcMOHHON PEHTTeHOBCKOM
cnektpockonumn (34C). N3yyaemble MUKPOCTPYK-
TYypbl TakXe pacnosiaranamcb Mo CBEXeCKON0TbIM
BHYTPEHHUM MOBEPXHOCTAM 06pa3sLLoB.

Bonblwas yacTtb N306paxeHNii, NpescTaBneH-
HbIX BATOM ATnace, 6bls1a U3yyeHa B CEKTOPE acTpo-
6uonoruu JIP6 ONAN ¢ ncnonb3oBaHWEM CKaHU-
pyrowiero 3nekKTpoHHoro mukpockorna TESCAN
VEGA 3 C peHTreHoBCKUM MUKpOaHanu3aTopom.
HekoTopble n3obpaxeHus n 3LC-cnekTpbl 6binn
MoslyyeHbl C NMOMOLLbIO CKaHUPYIOLLEro 3/1eKTPOH-
Horo mukpockona TESCAN VEGA 2 B [ManeoHTO-
fiornyeckom nHctutyte um. A.A. bopucsaka PAH B
Mockse. O6pasubl meTeopuTa Opreit Takxe 6bin
nccneposaHbl B NASA/LLeHTpe KOCMUYECKUX No-
netoB um. Mapwanna B XaHTtcBunne, Anabama,
CLWA, c NnOMOLLbIO CKAHUPYIOLLEro 3/IeKTPOHHOIO
mukpockona ElectroScan Corp. B pexume ecte-
CTBEHHON cpefbl (ESEM); CKaHUPYIOLLEro 3/eK-
TPOHHOTo MumKpockona Hitachi S-4100 ¢ none.oli
amuccuein (FESEM) n C3M FEI Quanta 600 FEG.
3T npubopbl 6bIAM CNOCO6HLI Mony4YaTh M306pa-
XXEHUS HeHanblfIeHHbIX, HEMPOBOAALWNX 06pa3L 0B
M aHanM3npoBaTh 3/IEMEHTHbI/ COCTaB C MOMOLLbIO
3HEProfMCnepCUOHHbIX PEHTIEHOBCKUX CMEKTPO-
MeTpOB, CNOCOOHbIX 0OHapPYXWBaTb 3NEMEHTbI C
2>60pa (Hoover, 2006b).

Bonbluas YacTb 06pasLoB, NPeAcTaBNEHHbIX
B JAHHOM aTnace, XpaHWTCA B CEKTOpe acTpobu-
onorun Jlabopatopum pagnalyuoHHOR 6uonorun
ONAN, r. Ay6Ha (obpasybl OUAM NeNe 1/1-1/14)
B repMeTUYHbIX KOHTeHepax.

B xope npoBepkn BO3MOXHOCTW nabopaTtop-
HOW KOHTamMHauum o6pasuos meTeoputa Op-
reii 3eMHbIMW aKTMHOMMULETaMW, NPOBEAEHHON B
ONAN, npopocTOB 06HAPYXKEHO HE BbINO.

Selected fragments were investigated by Scan-
ning Electron Microscopy/EDS at NASA/MSFC,
PIN/RAS and JINR. At NASA/MSFC interior sur-
faces of freshly fractured uncoated samples were
studied. At PIN and JINR the samples were coated
with Au or Au/Pd. and mounted on the SEM stubs
for high resolution imaging and Energy Dispersive
X-Ray Spectroscopy (EDS) analysis. The studied
microstructures were located within freshly frac-
tured interior surfaces ofthe samples.

Most images presented in this Atlas were stud-
ied in the astrobiology sector of the LRB of JINR
using TESCAN VEGA 3 scanning electron mi-
croscope with an X-ray microanalyzer. Some im-
ages and EDS-spectra were obtained with the TES-
CAN VEGA 2 Scanning Electron Microscope at
the A.A. Borissiak Paleontological Institute, RAS
in Moscow and other images and EDS data were
obtained at the NASA/Marshall Space Flight Cen-
ter in Huntsville, AL, USA using the ElectroScan
Corp. Environmental Scanning Electron Micro-
scope (ESEM); the Hitachi S-4100 Field Emission
Scanning Electron Microscope (FESEM) and the
FEI Quanta 600 FEG SEM. These instruments were
capable of obtaining images of uncoated, non-con-
ductive samples and analyzing element content with
Energy Dispersive X-Ray Spectrometers capable of
detecting Elements with Z>Boron (Hoover, 2006b).

Most ofthe samples presented in this atlas are
stored in the astrobiology sector of the Laboratory
of Radiation Biology, JINR, Dubna (specimens
JINR 1/1-1/14) in sealed containers.

Testing at JINR of the possibility of labora-
tory contamination ofthe Orgueil samples with ter-
restrial actinomycetes resulted that no growth was
detected.
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VIIl. OnucaHwne
MUKpogoccunmm

MpoBefeHHbIE UCC/Ef0BaHNUA MOKasain Ha-
Nnyne 3Ha4YUTeNbHOrO0 KOJIYyecTBa KPUCTaNIoB
MarHeTuTa pasnuuHbix gopm (tabn. I, gur. 1-3;
Ta6n. I, dur. 1, 2; Taén. 1, dur. 1, 2) u gpyrux
MeSKMX 3epeH U MUHepasibHbIX YacTul, B YaCTHO-

CTu Kpuctannos runca (taén. I11, gur. 3), onnsu-
Ha (Tabn. 11, dur. 4; Tabn. V, dwur. 1, 2) n ppam-
6ougos nuputa (Tabn. 111, dur. 1-3), coctasnsio-

WKUX MAUHepPanbHbIli MAaTPUKC YIANCTOr0 XOHApUTA
Opreii (CI2).

Kpome TOro, Ha CBEXXeCKONOTbIX BHYTPEHHUX
NMOBEPXHOCTAX MeTeopuTa in Situ 6b10 06HaApy-
XeHo 6onblwoe pasHoobpasve MUKPODOCCMANA.
Ha ocHoBaHUM Mx pa3mepa, gManas3oHa pasMepos
N MOp®HONOrNYECKNX OCOBEHHOCTE OHW ObIn
MHTepnpeTnpoBaHbl Kak WHAWIEHHbIE OCTaTKU
BO3MOXHbIX MPOKapPUOTUYECKUX U 3yKapuoTuue-
CKMX MUKPOOPraHU3MOB.

MepBasg rpynna Haxofok 6blna WHTepnpe-
TMpPOBaHa KakK BEPOATHbIE MPOKapuMoTbl U MNpeg-
CTaBNeHa  KOKKOBWAHbIMW,  MajioyKOBUAHbLIMU
M HUTeBUAHbIMU (popmamu. KokkoBugHble Gop-
Mbl (Tabn. VI, dur. 1, 2) pasmepom 0,5-2,5 MKM
B AMaMeTpe, 3a4aCTyH0 OKPYXXEHbl YIUCTbIM Yex-
nom. ManoukosupgHble opmbl (Tabn. VII, dur. 1,
2) oT ~5 00 7 MKM B gauHy, 1 oT ~1,5 0 2,5 MKM
AvameTpoMm. HuTteBufaHble opMbl Mopdonornye-
CKM CXOAHblI C HUTEBUAHbIMU LuaHobaKTepuamu,
cepobakTepuaMun unuU akTUuHoMuuetamu. Cpeau
HUX MOXHO Bbl€UTb HECKOMbKO MOArpynn:

®opma 1. W30rHyTble HUTEBUAHbIE (Op-
Mbl OT OKPYrnoro Ao YAJIMHEHHO-0BaSbHOro no-
NMepeyHoro CeyeHns AnameTpomMm 0KoJo 5-10 MKMm.
HekoTopble W3 HUX OLHOPSALHbIE C TONCTBIM UK

36

VIII1. Description
of microfossils

The study ofthe meteorite revealed a significant
number of magnetite crystals ofvarious types (pl. I,
figs. 1-3; pl. 11, figs. 1, 2; pl. 111, figs. 1, 2) and other
minute grains and particulates, including crystals of
gypsum (pl. I'11, fig. 3), olivine (pl. 111, fig. 4; pl. V,
figs. 1, 2) and pyrite framboids (pl. 111, figs. 1-3),
in the rock matrix ofthe Orgueil CI1 carbonaceous
meteorite.

Moreover, a wide variety of microfossils was
found in situ in freshly fractured interior surfaces
ofthe meteorite. Based on their size, size range, and
morphological features, they have been interpreted
as the indigenous remains of probable prokaryotic
and eukaryotic microorganisms.

The first major group of finds was interpreted
as probable prokaryotes and consists of coccoidal,
bacillar and filamentous forms. The coccoidal forms
(pl. VI, figs. 1, 2) have diameter of 0.5-2.5 pm and
are often surrounded by a carbonaceous sheath. The
bacillar forms (pl. V11, figs. 1, 2) have length ~5 to
7 pm and diameter ~1.5 to 2.5 pm. The filamentous
forms resemble filamentous cyanobacteria, sulfur
bacteria or actinomycetes. They can be divided into
several characteristic subgroups:

Form 1. Curved or straight filamentous forms
varying from rounded to elongated oval cross-sec-
tion with diameter o ~5—0 pm. Some of them are
uniseriate with a thick or thin sheath as is known
in many species of cyanobacteria and sulfur bac-
teria (pl. VIII, figs. 1, 2; pl. 1X, figs. 1-3). On
rare occasions it has been possible to see a single
linear chain of distinguishable cells encased within
a thick sheath (pl. VIII, fig. 2). Other filaments
appear to have multiple trichomes within a com-



TOHKWUM YexX/I0M, KaK 3TO U3BECTHO Y MHOIMX BU-
[0B UnaHobakTepuii n cepobaktepnin (tabn. VI1II,
twur. 1, 2; Tabn. IX, gwur. 1-3). B pegknx cnyvaax
MOXXHO 6bIN0 BUAETb OHY IMHERHYIO Lenb pasnm-
YMMbIX KNeTOK, 3aK/H0UYEHHYHO B TO/CTbIA 4Yexon
(tabn. YU, dwur. 2). Apyrne HATKA, NO-BUANMOMY,
npefAcTaBAeHbl HECKOMIbKUMM TPUXOMamMu B 06LEeM
yexsie (MHoropsifiHble HUTWM - Tabn. X, dur. 1,
2; Tabn. XlI, ¢wur. 1-5; T1abn. XII, dur. 1-3;
Tabn. XII, dur. 1, 2; tabn. XIV, ¢wur. 1, 2;
Tabn. XV, dur. 1, 2; tabn. XVI, dur. 1, 2;
Tabn. XVII, cur. 1, 2), yto cornacyercs co MHOIu-
MU pojamu 1 BUAamm LmaHobakTepuin. Hekotopblie
(hopMbl UMEIOT TONICTbIEe 6OraTble YrnepoaoM Yexbl
(MHOTfa paccnoeHHble U KakK NpaBuo 3ano/HEHHbIe
cynbatom maruus (taén. X1, qur. 1-5; taén. XI1,
tur. 1-3; Ta6n. XII, dur. 1, 2). HekoTopble
HUTW MoOryT BeTBuUTbCA (Tabn. XII, dur. 1-3;
Tabn. X1, ¢ur. 1,2; tabn. XIV, ¢ur. 1, 2). BeTsu
npefcTaBNeHbl CiefyoWnMMy hopMamm:

dopma la. U3orHyTble nnu cnupanbHO-CBep-
HyTble (C HeconpukacarwumMmncs o06o0poTamMmmn) HUTKU
OKPYrn0ro nmoMnepeyHoro CceyeHUs [AUAMETPOM
0,5-2 MKM. MoryT BCcTpeyaTbCa Kak 060C06/eH-
Ho (Tabn. VIII, ¢wur. 1; tabn. IX, ¢ur. 1-3;
Tabn. XVII, dwur. 1), Tak U 9BNATbLCA BeTBA-
MW MHOFOpsigHbIX HuUTel (tabn. XII, ¢wur. 1-3;
Tabn. XII, dur. 1, 2; tabn. XIV, ¢wur. 1, 2;
Tabn. XV, dqur. 1, 2).

®opma 1lb. O4YeHb TOHKME HUTU C MENKWU-
MW, PerynsipHo PacronoXeHHbIMWU YTOMWEeHNAMU
anaunconganbHoin gopmbl (tabn. XVII, qur. 2),
TonwuHa HuTen ot 0,2-0,3 MKM o 0,6-0,7 MKM;
annunconfjanbHble YTONWEHUA WupuHoi ot 0,5-
0,6 mkm go 1,0-1,2 MKM, gnuHoi ot 0,5-0,7 MKM;
paccTosiHMe Mex Ay Hanbosiee WUPOKUMM YacTAMM
yToNWeHnin BapbupyeT oT 1,0 4o 2,5 MKM;

dopma 2. B oTaMumne ot cnmpanbHO-CBEPHY-
TbIX HUTEl C Heconmpukacaluwumucs obopotamu
(bopma 1la) (tabn. XVIII, dur. 1), B meTeopute
Opreli BCTpevalTCA TakXe ChnupanbHble HUTE-
BUAHbIE (JOPMbI C compuKacalowmmmca obopoTa-
MU, WMPUHA BUTKA 0KONO 4-6 MKM (Tabn. XV III,
tur. 2; Tabn. XIX, dur. 1, 2).

®opma 3. HuTeBugHble opmbl (1,5-2 MKM
TONLMHOW) C OKPYI/AbIMW KOHLaMW (guameTpom

mon sheath (i.e., multiseriate filaments - pl. X,
figs. 1, 2; pl. XI, figs. 1-5; pl. XII, figs. 1-3;
pl. X1, figs. 1, 2; pl. X1V, figs. 1, 2; pl. XV,
figs. 1, 2; pl. XV, figs. 1, 2; pl. XVII, figs. 1, 2)
consistent with many genera and species of cya-
nobacteria. Some of the forms exhibit very thick
carbon-rich sheaths (which are sometimes delami-
nated and often infilled with magnesium sulfate
(pl. XI, figs. 1-5; pl. XII, figs. 1-3; pl. XIII,
figs. 1, 2). Some exhibit branching (pl. XII,
figs. 1-3; pl. XI1II, figs. 1, 2; pl. X1V, figs. 1, 2).
These branches are presented by following forms:

Form 1la. Curved or spiral filaments (noncon-
tiguous turns) of rounded cross-section with diam-
eter of 0.5-2 *m. They can occur either separately
(pl. V1, fig.1; pl. IX, figs. 1-3; pl. XV 111, fig. 1),
or branches of multiseriate filaments (pl. XII,
figs. 1-3; pl. X1, figs. 1, 2; pl. X1V, figs. 1, 2;
pl. XV, figs. 1, 2).

Form 1b. Extremely fine filaments with
regular nodes of tiny ellipsoidal shape (pl. XVII,
fig. 2). Diameter offilaments varies from 0.2-0.3 (im
to 0.6-0.7 ~m; of ellipsoidal nodes from 0.5-
0.6 m to 1.0-1.2 m diameter and length ~0.5-
0.7 “m; and the distance between the widest parts
ofnodes varies from 1.0to 2.5 *m;

Form 2. Coiled filaments about 2 “m thick,
with non-contiguous turns (pl. XVIII, fig. 1),
as well as spiral filamentous forms with contigu-
ous turns with average diameter of a single coil ~4-
6 im (pl. XVIII, fig. 2; pl. XIX, figs. 1, 2).

Form 3. Filaments (diameter of 1.5-2 ~m) and
rounded apices (diameter of 2.5-3 ~m) consistent
with the terminal heterocysts or akinetes that are
common in the cyanobacteria or sporangia of acti-
nomycetes (pl. X1X, fig. 2).

Microfossils in the Orgueil meteorite that are
interpreted as probable eukaryotic forms can also
be divided into several subgroups.

The prasinophytes. Spherical (pl. XX,
figs. 1-3; pl. XXI, figs. 1, 2; pl. XXII, fig. 1,
pl. XX11l1, figs. 1, 2), baggy (pl. XX1V, figs. 1, 2;
pl. XXVI, figs. 2, 3) and tubular (pl. XXV, figs. 1,
2) forms, some forms also have pores. The tubular
forms may also be found in colonies and forms with

37



2,5-3 MKM), CX0XMUWe C TEpMUHANbHbIMU FeTepoLm-
CTaMW UM aKMHEeTaMu, XapakTepHbIMW ANA Lua-
HoGakTepuil, UAN CO CNOPAHTUAMU AKTUHOMULET
(Tabn. XIX, dur. 2).

MuKpothocCUINM, MHTEPNPETUPOBAHHbIE KakK
3yKapuoTUYecKne (OpPMbI, TaKXKe MOXHO pasfge-
NINTb HA HECKO/LKO Tpynm.

MpasvHouTbl. LLlapoobpasHbie (Tabn. XX,
twur. 1-3; Ttabn. XXI, dur. 1, 2; tabn. XXII,
tur. 1; tabn. XXIII, dur. 1, 2), MeWKOBUAHbIE
(tabn. XXIV, dur. 1, 2; Tabn. XXVI, dwur. 2
n 3), a Takxxe Tpyo6KoBUAHbIE opmbl (Tabn. XXV,
twur. 1, 2), obnagatowime nopamu. TpybKOBUAHbIE
(hopmbl MOTYT 06pa30BbIBaTb KONOHMMW. Pasmep wa-
poobpasHbix hopm BapbupyeT oT 7 go 15 mkm. Pas-
Mep MeLlKOBUAHbIX opM - 0T ~17 o 35 MKM. L un-
pVYHa BHYTPEHHMX MOA0CTeN TPYBKOBUAHBIX hOPM
5-10 MKM; TONWMWHA CTEeHKU 2-4 MKM; CTeHKa
[BONHAsA, NPOHM3aHHAA pagnanbHbIMU KaHanaMu.

AnbBeONATLl. MelKoBUAHbIE (OPMbI C YTy-
6nennamu (tabn. XXVI, qur. 1 un 4).

PakoBUHHblE amMebbl. Y ANWHEeHHO-ALEeBMA-
Has thopma okono 10 MKM AAWHOR, fO 55 MKM
wupuHon (tabn. XXVII, gur. 1).

OnaTomen. B meteopute Opreii 66110 06Ha-
PY>XEHO HECKOJIbKO y3HaBaeMblX LiefibIX NaHumpei
LMaTOMeld, a TakxXe UX (hparMeHTbl.

1) iBa uenbIX naHuups, no-enLUMoMy, coxpa-
HUANCL cpa3y nocne fefeHns MUTOTUYECKUX Kfie-
TOK. CTBOPKM NUHEAHO-NaHLETOBMUAHbIE C LUMPOKO
3aKpYrNeHHbIMU BEPLIMHAMMU, & LeHTpanbHas 06-
nacTb 06pasyeT WHNPOKYK MOMNEpPeUHyo (acuuio.
M3mepeHus nokasbiBaloT ~15 TpaHcanumkanibHbIX
60po3aok Ha 10 MKM. TpaHcanukaibHble 60p034-
KV HanpaB/ieHbl K cepefjiHe CTBOPKMW, HO CXOAATCA
K BepwmnHam (tabn. X XVIII, ¢ur. 1).

OpureHTaumnsa K1eTOK He N03BOMMMNA NONYUUTD
Xopollee n3obpaxeHne getaneil CTPYKTypbl LUBA.
M3mepeHna COM nokKasbiBatoT:

OnvHa BepxHero naHuupa: 15,63 MKM.

OnvHa HuxHero naHumpa: 15,32 mkm.

TpaHcanukanbHble 60po3gku B 10 mkm: 15,36.

2) MaHuMpb MEeHHATHON AmaTtomeun, MOKpbI-
Tbll 3NCOMUTOM. [AMHa OKONO 7 MKM, LUMPUHA
0K0no 4 Mkm (Tabn. XXV III, cur. 2).
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pores may be encountered among them. The size
of spherical forms ranges from 7-15 “m, and the
size ofthe baggy forms is ~17-35 *m. The diameter
of inner cavities of the tubular forms differs from
5to 10 *m, their bilayer walls include radial canals
and have thickness of 2-4 ~m.

Alveolata. Baggy forms with cavities

(pl. XXV, figs. 1, 4).

Testate amoebae characterized by elongated
ovoid form, with length of about 10 “m and dia-
meters up to 5.5 *m (pl. XX VI, fig. 1).

Diatoms: several recognizable complete frus-
tules and fragments of diatoms have been discov-
ered in the Orgueil meteorite.

1) Two complete frustules appear to have been
preserved just after mitotic cell division. These
valves are linear-lanceolate with broadly rounded
apices and the central area forms a broad trans-
verse fascia. The SEM measurements indicate there
are ~15 transapical striae in 10 “m. The transapi-
cal striae are radiate towards the middle of the
valve, but they are convergent towards the apices
(pl. XXV 111, fig. 1).

The orientation ofthe cells did not allow good
images of details of the raphe structure. The SEM
measurements indicate:

Upper Frustule Length: 15.63 ~m.

Lower Frustule Length: 15.32 *m.

Transapical striae in 10 “m: 15.36.

2) Frustule of the pennate diatom is co-
vered with epsomite. Length ~7 *m, width ~4 *m
(pl. XXV 111, fig. 2).

3) Half of a complete frustule of a pennate
diatom (pl. XXIX, figs. 1-3). The thickness of the
frustule is ~6 microns and the length of the remai-
ning portion is ~14 micron indicating the complete
diatom was ~20 microns long.

4) Fragment of a diatom with costae and are-
olae visible (pl. XXX, fig. 1).

5) Pennate diatom embedded in the rock
matrix of the Orgueil meteorite. Length ~14 ~m
(pl. XXXI, figs. 1-3).

Forms of wunclear systematic position.
Sack-shaped forms with wrinkled folds and pro-



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).

®opMbl  HEACHOro CUCTemMaTWYecKoro rno-
NO>KeHus. MewkKoBuAHble (OpMbl  CO  CKaj-
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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3aK/1loyeHune

MpepocTaBneHHas yntaTento paborta no me-
TeopuTy Opreil BbicBeTUNA TPU OYEHb BAXHBIX
MOMEHTa: BO-MEePBbIX, YIAUCTbIA MeTeopuT Opreii
npeacTasnseT coboli yHUKanbHOe ABNEHUE MO 06M-
AU 1M pasHoOo6pasvio XOpOLIO COXPaHMBLUMXCA
MUKPO(OCCUNNIA, KOTOPblE MO COBOKYMHOCTU YeT-
KO 0TBeYaloT Ha BOMPOC 0 NpobnemMe Npoucxoxae-
HWA XWU3HKU 3a Npefenamu 3eMaun 1 0 6e3yCrI0BHO
COCTOATENILHOCTU NpPeACTaBAeHNS O MaHCNepMUU.
Bo-BTOpbIX, COYeTaHMe MUKpPOGOCCUNMiA C AaH-
HBIMW MUHEPanorun n cuabHbLIMKU GromMapkepamum,
06Hapy>XeHHbIMU B Opree 3a MHOruMe rofbl W3-
Yy4eHUS pasHbIMK aBTOPaMu, He NO3BONAKOT NOCTa-
BUTb MO COMHEHMe (haKT, YTO 3TU OpraHuyeckue
OCTaTKW MHAUTEHHbI 1 NpuHagnexar Teny Opres,
a He ABNAKOTCA COBPEMEHHbLIMU 3eMHbLIMW KOHTa-
MUHaHTaMu. B-TpeTbux, 6bIMM NPOAEMOHCTPUPO-
BaHbl BO3MOXHOCTW CKaHWUPYHOLLEN 31EKTPOHHOM
MUKPOCKOMMMN B COYETAHUU C 3HEProAUCMEPCUOH-
HOl PEHTIeHOBCKOI CNEKTPOCKOMWENn npu moucke
1 aHann3e UHAUTEHHbIX MUKPOOCCUNIA B acTpo-
mMartepuanax.

MpepgcTaBneHHbIn B ATnace maTepuan AeMoH-
cTpupyeT npucyTcTeme B Opree 601bLIOT0 KOU-
YyecTBa pa3INYHbIX NPOKapMoT (B T. Y. KOKKOBWA-
HbIX, MaNOYKOBUAHbLIX U HUTEBUAHBLIX POPM) U 3y-
KapuoT, B TOM 4uUC/e MeHHaTHbIX gnaTomel, npa-
3MHO(MTOB, aKPUTApPXOB, aNbBeONAT, MaHUUPHbIX
ame6 1, BO3MOXHO AaXke Cropbl BOAOPOCNER MUK
rpn6oB. bonee Toro, HaxoxaeHne B Opree MHOro-
YMCNEHHbIX 3YKapuoT, BKMOYasA MeHHATHbIX Aua-
TOMEN U, BO3MOXHO, CNOpP, CTaBUT 04YEHb CMOXHbII
BOMPOC O NPOMCXOXAEHMMN 3TUX (POPM M crocobax
nx nonagaHus B Teno Opres.
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Conclusion

The presented work on the Orgueil meteorite
highlighted three very important points. First, the
Orgueil CI1 carbonaceous meteorite is a unique
phenomenon in terms of the abundance and diver-
sity of indigenous well-preserved microfossils pro-
viding a clear answer to the question of the origin
of life outside the Earth, which is entirely consis-
tent with the panspermia hypothesis. Second, the
combination ofthe microfossils along with the min-
eralogy and strong biomarkers discovered in the
Orgueil meteorite by various researchers over many
years clearly demonstrate the fact that these organic
remains belong to the body ofthe Orgueil meteorite
and are indigenous fossils rather than modern ter-
restrial contaminants is no longer in doubt. Third,
it has shown the value of Scanning Electron Mi-
croscopy combined with Energy Dispersive X-ray
Spectroscopy in the search for and validation of in-
digenous microfossils in Astromaterials.

The images presented in this Atlas also reveal
the presence in Orgueil of a great abundance and
diversity of prokaryotes (including coccoidal, rod-
shaped and filamentous forms) and eukaryotes, in-
cluding pennate diatoms, prasinophytes, acritarchs,
alveolates, testate amoebas, and possibly even
spores of algae or fungi. Moreover, the presence of
various eukaryotes, such as pennate diatoms and
possibly spores inside Orgueil raises a very difficult
question of the origin of these forms and the ways
of getting into the body ofthe meteorite.

Therefore, it seems possible that these clearly
biological remains originated as a result of destruc-
tion of planets, icy moons, comets or other small
solar system bodies on which they had developed in



B pesynbTaTe KaxeTcs LOCTaTOYHO BEPOAT-
HbIM MPOMCXOXAeHWe 3TUX (HOPM MPU KakoM-TO
cnocobe paspylieHus NNaHeTHbIX Ten, NefsHblX
NYH, KOMeT UK ApYTUX ManbiX 06bekToB CONHeY-
HOM CUCTEMbI, TAe OHW pa3BMBanUCb B 06CTAHOB-
Kax, 6n1mM3knx K 6uocthepe 3emnu. Takxke Henb3f
MCKNIOUYUTL CyLLecTBOBaHME MOP(OIOrMYECKOro
eAMHCTBA (hOCCMbHbLIX OPraHWM3MOB, XWBLUUX B
BOLHbIX cpefax 06uTaHWA BHe 3emaun. ITO CTa-
BWUT BOMNPOC 0 eiMHOO06pPA3HOM pasBuUTUKN buocgep
pasHbIX NnaHeTHbIX Ten CONMHEYHOW CUCTEMbI ”
Cnoco60B MeXNaaHeTHOr0 MepeHoca XMU3Hecno-
COBHOI MUKPOBUNOTLI, OPraHNYeCcKNX COeANHEHNA,
Hapa4y ¢ neasHoON / KAMEHHOW 3KEeKTOW (T. €. 1NTO-
1 KpuonaHncnepmusa). Takum o6pasom, paboTa Hag
n3yyeHmem Mukpodoccunnini Opres, ¢ 0O4HON CTO-
POHbI, MOKa3ana, 4YTo XXW3Hb HE NMPOMUCXOAWNA Ha
3emsie, HO, C ApYroi CTOPOHbI, CTaBUT Nepej Hamu
OrpOMHOE KO/MYeCcTBO BOMNPOCOB U, BO3MOXHO, He-
CTAHAAPTHbIX pPeLleHnin 0 NPOUCXOXKAEHMMN U pac-
NPOCTPaHEHUU XU3HU 1 buochep.

Earth-like conditions. The existence of a morpho-
logical unity of fossilized organisms from aquatic
environments outside of the Earth cannot be ruled
out either. This raises the question ofthe possibility
of the uniform development of biospheres on dif-
ferent planetary bodies of our Solar System or the
transplanetary transfer of viable microbiota along
with organic chemicals and rocky/icy ejecta and
debris (e.g., litho- or cryo-panspermia). Thus, the
study of the microfossils of the Orgueil meteorite
not only showed that life did not originate on the
Earth, but also posed a number of questions, and,
possibly non-standard decisions regarding the ori-
gin and distribution of life and biospheres.
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Ta6énuuya |

Kpuctann marHeTuta, meteoput Oprein, OUAN, o6p. 1/3, Au-Pd HanbineHwe.

dur. 1 Kpuctann marHetnta, Kybuyeckas CUHrOHUS, TEKCAOKTa34pUYECKUA Knacc CUMMEeTpUN.
dur. 2. 34C-cnekTp.

odur. 3. nOﬂyKOJ'IVI'-IeCTBEHHOE cogep>XaHne NpuUCyTCTBYHOLWNX 3/TEMEHTOB.

Plate |

Magnetite crystal, Orgueil meteorite, JINR, specimen 1/3, Au-Pd coating.

Fig. 1L Magnetite crystal, cubic system, hexaoctahedral symmetry class.
Fig. 2. EDS spectrum.

Fig. 3. Semiquantitative element content.
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OnemeHT/Element Bec/Weight, % a-pec/a-weight, %

0] 2551 043

Mg 0.74 010

Si 0.83 0.09

Fe 43.62 0.64

Pd 12.04 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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Tab6énuuya 111

®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.

Plate 111

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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Ta6bnuua 1V
®ur. 1L TabnuTtuatblii KpUCTana NpesnonoXnTeNsHO 01nBuHa; meteopuT Opreli, ONAWN, 06p. 1/2.

®ur. 2. TabnuTyaTblil KpUCTaNI NPEANONOXKNTENBHO ONIMBUHA, ero 3 C-CNeKkTp U NONYKONNYECTBEH-
HOE cogep>xaHue MPUCYTCTBYIOLLMX 3NEMEHTOB; MeTeopuT Opreir, ONAN, 06p.1/2.

Plate 1V

Fig. 1 Tabular crystal of presumably olivine; Orgueil meteorite, JINR, specimen 1/2.
Fig. 2 Tabular crystal of presumably olivine and its EDS spectrum and semiquantitative element content;
Orgueil meteorite, JINR, specimen 1/2.
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OnemeHT/Element
@)
Mg
Si
S
Fe
Cymma/Total:

Bec/Weight, %
5384
1137
12.82
5.36
16.60

100.00

Tab6bnuuya

a-Bec/a-weight, %
042
018
0.19
0.16
051

IV /| Plate

Vv
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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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3nemeHT / Element

0]

Al

Si

S

Fe
Cymma/ Total:

Bec / Weight, %
16.73
173
2.79
44.38
34.37
100.00

Ta6nuuya V / Plate

a-ec / a-weight, %
0.20
0.05
0.05
0.18
0.19

\
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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 VII

dur. 1 [Ba (hoCCMAM3NPOBAHHLIX MafOYKOBMAHbLIX MUKpOOpraHusma; MmeteoputT Opreid, OUAN,
06p. 1/5.

dur. 2. [Ba (HocCUAN3NPOBAHHBLIX MaNOYKOBMAHBIX MWKpoopraHusma; meteoput Oprei, OUAN,
06p. 1/5.

Plate VII

Fig. 1 Two fossilized rod-shaped microorganisms; Orgueil meteorite, JINR, specimen 1/5.
Fig. 2. Two fossilized rod-shaped microorganisms; 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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Ta6bnuya X

®ur. 1 NMy4yoK M30THYTbIX TPUXOMOB; MeTeopuT Opreid, OUAN, obp. 1/2.
®ur. 2. Ny4yoK M30rHYTbIX TPUXOMOB; MeTeopuT Opreid, OUNAWU, obp. 1/5.

Plate X

Fig. 1 Bundle of curved trichomes; Orgueil meteorite, JINR, specimen 1/2.
Fig. 2. Bundle of curved trichomes; Orgueil meteorite, JINR, specimen 1/5.
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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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Quantitative Results for Org A h04b, tip oftrichome 2
Analysis: Bulk Method : Standardless

Acquired 13-Jul-2004, 15.0 KeV @1 0 eV/channel

Element
C
(¢]
Mg
Al ?
Si?
S
Ca?
Fe
Ni ?
Total 100.00

Weights Std.

2.65
27.42
13.64
0.04
1.68
38.57
1.20
12.95
1.85

Dev.
0.99
1.48
0.90
0.03

0.59
1.22
0.46

1.07
0.77

MDL
0.85
0.71
1.05

16.89
2.28
0.47
2.84
1.64
6.05

? These elements are statistically insignificant.

Atomic %

5.44
42.28
13.84
0.04
1.48
29.68
0.74
5.72
0.78

k-Ratio
0.0139
0.1223
0.0828
0.0003
0.0126
0.3364
0.0106
0.1 133
0.0162

Ta6.n”a XI [/ Plate XI

Intensities
96.3
2178.2
2676.0
8.4
398.7
9485.6
204.3
800.9
67.2
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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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Ta6.na XII [/ Plate XII

,Empty Sheath
-Branch
Filament
1
Empty Sheath Li
Branch
5ffm

Quantitative Results for Spectrum?2
Analysis : Bulk Method : Standardless
Acquired 25-Aug-2004, 5.0 KeV @10 eV/ohannel
Weight Std. Atomic
MDL
(%) Dev. %
3712 126 024 5583 013%6 81747
0] 1045 065 030 11.S0 0.0729 55107
Mg 1561 0S5 052 1160 01450 936S.6
Al? 000 000 160 0.00 0.0000 0.2
Si? 113 041 21S 073 00106 4S76
S 3B45 124 05S 1997 03265 9009.9
Fe? 000 000 209 000 0.0000 0.2
Ni? 023 010 58 007 00015 147
Total 100.00
? These elements are statistically insignificant.

Element k-Ratio Intensities

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

Weight Std. Dev. MDL Atg/:“c k-Ratio Intensities
C 2675 121 026 4340 0092 6776.3
0] 1223 072 026 1495 00399 33743
Mg 2410 105 040 1932 0.2260 170725
Al? 000 000 1499 000 00000 02
Si? 163 05 1/ 117 00156 3430
S 3436 12 057 2033 03133 102653
Fe? 040 016 433 014 00024 2016
Ni? 043 017 410 014 00029 2501
Total 100.00
3 2 These elements are statistically insignificant.

Element
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Ta6nuuya XIII

®ur. 1 YBenmyeHHoe n3o6paxeHne oTCNanBatLWerocsa NnycToro Yyexaa HATU Ha Tabn. XII, dur. 1; me-
TeopuT Opreit, RBH, o6pasey Org_E.

®ur. 2. 34C-cnekTp yexsa B TouKe X! LeMOHCTPUPYET BbICOKOE COAepXXaHMe yriepoga (aToMHbI Npo-
LeHT 81.88%), a Takxxe aToMHOe oTHoweHue O/C paBHoe 0,11, 4TO COOTBETCTBYET OGUTYMUHO3HOMY YI/I0;
meTeopuT Opreit, RBH, o6pasey O~ _E.

Plate XIII

Fig. 1L Enlargement ofdelaminated empty sheath ofthe filament (pl. XII, fig. 1); Orgueil meteorite, RBH,
specimen Org_E.

Fig. 2. EDS spectrum at spot X1 of sheath shows high Carbon content (81.88% atomic) and O/C ratio of
0.11 (atomic) consistent with bituminous coal; Orgueil meteorite, RBH, specimen Org_E.
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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
h o, Skl "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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Ta6bnuya XVI

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

Plate XVI

Figs. 1, 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. CnmpanbHbI MUKPOOPraHU3M, CXOAHbIN € BbiMeplwM pogom ObTuckeyeHa; meteoput Opreii,
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 exinct genus Obruchevella; Orgueil meteorite, RBH,
specimen Org_A_h38.
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Ta6énuuya XIX

®ur. 1 CnupanbHblii 6akTepranbHblii MUKPOOPraHW3M, CXO4HbI ¢ BbiMepLwum pogom Obruckeyella;
meTeopuT Oprein, ONAN, obp. 1/5.

®ur. 2. CnupanbHblii 6aKTepranbHblli MUKPOOPraHW3m, CX04HbINM ¢ BbiMepwuMm pogom ObTuckeyeHa; ¢
LBYMS KOPOTKUMW HUTAMU, BEPLUMHbBI KOTOPbLIX UMEIOT C(hePUYECKUE CNOpaHTrne- Uau reTepoumcTonogo6-
Hble 06pa3oBaHus; meTeoput Oprein, ONAN, obp. 1/5.

Plate XIX

Fig. 1 Helical coiled microorganism similar to the extinct genus Obruchevella; Orgueil meteorite, JINR,
specimen 1/5.

Fig. 2. Helical coiled microorganism similar to the extinct genus Obruchevella; with two short filaments
the apices ofwhich have spherical sporangia- or heterocyst-like forms; Orgueil meteorite, JINR, specimen 1/5.
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/ Plate

X1X

87



88

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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/| Plate
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Ta6énuuya XXI1I

dur. 1 JykapuoTu4yeckas KfeTka cdepuyeckold (GopMbl, NPeANON0XUTENbHO NPasUHOPUT, BUAHBI
nopel; meteoput Opreit, ONAN, obp. 1/3.

Plate XXII

Fig. 1 Spherical eukaryotic cell, presumably prasinophyte, pores are visible; Orgueil meteorite, JINR,
specimen 1/3.
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Ta6tnuuya XXI1I

/| Plate
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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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/| Plate
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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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/ Plate
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Ta6tnuuya XXV

®ur. 1 MpasnHoguT, TpybyaTas ¢opma; BugHa ABONHAA cTeHKa ¢ nopamu; meteopuT Opreid, OUAN,
o6p. 1/9.
®ur. 2. KonoHus npasumHogutos; meteoput Oprein, ONAN, obp. 1/9.

Plate XXV

Fig. 1 Prasinophyte, tubular form; double wall with pores is visible; Orgueil meteorite, JINR, specimen
1/9
Fig. 2. Colony of prasinophytes; Orgueil meteorite, JINR, specimen 1/9.
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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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Ta6énuuya XXVIII

dur. 1 iBa naHUMps NeHHaTHbIX AuaTomeid; meTeopuT Opreir, ONAN, o6p. /6.
®ur. 2. MNeHHaTHasA guatomMes, NOKpbITas aNcCOMUTOM; MeTeopuT Opreir, ONAN, obp. 1/2.

Plate XXVIII

Fig. 1L Two frustules of pennate diatoms; Orgueil meteorite, JINR, specimen 1/6.
Fig. 2. Pennate diatom encased within coating of epsomite; Orgueil meteorite, JINR, specimen 1/2.
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Ta6tnumya XXIX

MaHumpb gnaTomen co ckonom; meteoput Opreit, ONAN, obpasey, 1/7, Au HambIfEHWE.
®ur. 1L dparmeHT naHUMps NMeHHATHON AnaTomen.

our. 2. 3C-cnekTp naHUMps LMaTtomMen B TOUKe X.
@ur. 3. NoNyKoNNYeCcTBEHHOE COflepXKaHne NPUCYTCTBYOLLUX 31EMEHTOB.

Plate XXIX

Fractured frustule of pennate diatom, Orgueil meteorite, JINR, specimen 1/7, Au coating.
Fig. 1 Fragment of frustule of pennate diatom.

Fig. 2. EDS spectrum ofthe frustule at spot X.
Fig. 3. Semiquantitative element content.

106



Ta6tnuya XXIX [/ Plate XXIX

OnemeHT/Element Bec/Weight, % a-pec/a-weight, %
C 12.09 0.59
0] 36.30 04
Na 0.80 0.10
Mg 097 0.09
Al 245 011
Si 22.05 0.33
Fe 321 061
Au 2213 0.58
Cymma/Total: 100.00
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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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Ta6tnuya XXXI

MaHuMpb NEPMUHEPANIN3MPOBAHHON MEHHATHON ANAaTOMEN C TMaNMHOBO LieHTPabHOM 061acTbio (dhacumei),
3aK/HYEHHbI B MUHEPa/IbHBIV MaTpUKC MeTeopuTa; MeTeoput Opreii, ONAW, obp. 1/14, Av HamblfeHWe.

®ur. L COM-n306paxeHune naHUupa gnaTtomen.

@ur. 2. 3C-cnekTp (acunm CTBOPKM.
®ur. 3. NoNYyKONNYECTBEHHOE COLEPXAHNE NMPUCYTCTBYHOLWUX 3/IEMEHTOB.

Plate XXXI

Frustule of permineralized pennate diatom with hyaline central area (fascia) embedded in the meteorite rock matrix;
Orgueil meteorite, JINR, specimen 1/14, Au coating.

Fig. L SEM-image ofthe diatom shell.
Fig. 2. EDS-spectrum ofthe valve fascia.
Fig. 3. Semiquantitative element content.
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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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Tadtnuuya XXXII1I

®ur. 1 MewwkoBrgHas (opMa Co CKIaAKoW CMATUS, BO3MOXHO akputapX; meteoput Opreit, OUAN,
o6p 1/14.

®ur. 2. PparMeHT CTEHKM NOAOr0 chepnyeckoro 06b-EKTA (3YKapnoTUUECKOW KNeTKN) AMaMeTPOM OKO-
N0 19 MKM C KOPOTKUM OTPOCTKOM (A); TONLWMHA CTEHKM OKOMO 2-2,5 MKM; 00beKT paHee Obl/l 3aM0/HEH
KpucTaniamum MarHeTmTa, BUAHbI OCTaTKM OpraHnyeckoi nnéHku; meteoput Opreii, ONAWU, 06p.1/7

Plate XXXII1

Fig. 1 Sack-shaped form with a wrinkled fold, possibly an acritarch; Orgueil meteorite, JINR, specimen
1/14.

Fig. 2. Fragment ofthe wall of a hollow spherical form: possible eukaryotic cell (19 micron dia.) with a
short process (A); wall thickness ~ 2-2.5 microns. This body was previously filled with magnetite crystals and
the remains of organic film are visible; Orgueil meteorite, JINR, specimen 1/7.
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Ta6tnumya X XXIV

dur. 1 dykapuoTuyeckue KneTku cdepuyeckoi Gopmbl pasHoii pasmepHocTu (1-3 MKM); KpynHas
K/NeTKa 0KOM0 5 MKM B JnamMeTpe uMeeT KOPOTKKiA oTpocTok (B); meTeopuT Oprein, OUAN, obp. 7.

dur. 2. MewkoBmaHasa opma ¢ 60po3gaMu, HaNOMUHAKOWNMK LWefb pasBep3aHus; MeTeopuT Oprei,
OondAn, obp. 1/2.

Plate XXXIV

Fig. 1 Spherical eukaryotic cells of different dimensions (1-3 microns); a large cell about 5 microns in
diameter has a short process (B); Orgueil meteorite, JINR, specimen 1/7.
Fig. 2. Sack-shaped form with folds resembling a crevice; Orgueil meteorite, JINR, specimen 1/2.
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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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Tatnuuya XXXVII

dur. 1 CnoponogobHas opma ¢ smkamu; meTeoput Opreit, OUNAWN, 06p.1/2.

Plate XXXVII

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

AyKapnoTnUeckas Knetka (?) HeACHOro CMCTEMaTUYECKOTO NOMIOXKEHNS, O4epTaHne 3NNNCOBUAHOE,
06nagaeT 6unatepanbHOl cuMMeTpmeld (Ha ynaoLLeHHON NOBEPXHOCTW BUAHBI CUMMETPUYHO-PACMONOXEHHbIE
60po3apl); meTeoput Opreit, ONAN, 06p. 1/5.

dur. 1L COM-un3obpaxeHue.
dur. 2. 34C-cnekTp.
®ur. 3. MoNyKONNYECTBEHHOE COLEPXaHNe NPUCYTCTBYHOLWUX 3/1IEMEHTOB.

Plate XXXVIII

Eukaryotic cell (?) of uncertain systematic position with ellipsoidal outline, has bilateral symmetry
(symmetrically located grooves are visible on the flattened surface);
Orgueil meteorite, JINR, specimen 1/5.

Fig. 1L SEM image.

Fig. 2. EDS spectrum.
Fig. 3. Semiquantitative element content
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Tatnuuya XXXVIIL / Plate XXXVIII

2
onemeHT/Element Bec/Weight, % a-Bec/a-weight, % 3
C 0.00 0.62
0] 1292 013
Na 051 0.05
Mg 059 0.04
Al 043 0.03
S 214 0.06
Fe 43.50 021
Pd 15.60 0.16
Au 24.31 0.22
Cymma/Total: 100.00
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Tatnumya X XXIX

MpeAnonoXmTeNbHO aykapuoTuyeckas (popma: 1U3BUTON MOPLLMHUCTbIV 0OBEKT
HEACHOr0 CUCTEMATUYECKOTO MONOXKEHUS BbICOKAM COAEPKAHUEM aTFOMUHUS;
meTeopuT Oprei, OUAN, o6p. 1/5, An HanblieHue.

dur. 1L COM-un3obpaxeHue.
®ur. 2. CAM-n3obpaxeHue ¢ Ha/IOXKeHNEM ABYMepHON 3 C-KapTbl pacnpegeneHmns antoMuHmuS.

Plate XXXIX

Possible eukaryotic form: large twisted wrinkled object
of unknown systematic position with high content of Aluminum;
Orgueil meteorite, JINR, specimen 1/5, Au coating.

Fig. 1L SEM image.
Fig. 2. SEM image with overlay of EDS 2D aluminum distribution map.
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Ta6bnuuya XL

®ur. 1L AsymepHble SC-KapTbl pacnpefefieHUs 3N1EMEHTOB 06beKTA, U306paxeHHOro B Tabn. XXXIX
(Kakpasa KapTa COOTBETCTBYET MOJIHOMY CHUMKY Tabn. XX XIX, dur. 2): 3Ha4MTeNbHO NOBbILEHHOE COAEP-
XaHune antomuHns; meteoput Opreii, ONAWN, 06p. 1/5, HanblleHe 30/10TOM.

Plate XL

Fig. L EDS 2D distribution maps ofthe object shown in pl. XXXIX (each map corresponds to the com-
plete image of pl. XXXI1X, fig. 2): significantly increased aluminum content; Orgueil meteorite, JINR, speci-
men 1/5, Au coating.
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Ta6nuuya XL / Plate XL
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