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Habe nun, :ach! Philosophie,
. Juristerei und-Medizin,
e Und leider auch Theologie

FPT”Durchauss studiert,. mit heissem Bemiihn.

"Epa steh‘lchtnun, ol dimer i ToE T
\ Und bin so Xlug als wie zuvor;

Heisse-Magister, heisse Doktor gar,

Und ziehe schon an die zehen Jahr
Herauf, herab und quer und krumm
Meiﬂe.Schﬁrér and der Nase herum-

Und sehe, dass wir nicht wissen k&nnen!

Goethe, Fausto

Con ardiente afdn jay! estudié a fondo
La Filosoffa, Jurisprudencia, Medicina
Y tambi&n, por mi mal, la Teologia;

. ' Y héme aqui ahora, pobre loco,

Tan sabio como antes.
Me titulan Maestro, me titulan Doctor,
Y por cerca de diez anos he llevado
A mis estudiantes de ac& para alls,
A diestro y siniestro.

Y ahora veo que nada podemos saber.

A la Dra. Paris Pishmish y a Hern&n, Ana y
la Pepa Larralde Ridaura, por su constante
preocupacibn’:‘en ver conclufdo &ste trabajo.

Ha
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I. EL SURGIMIENTO DE LA VIDA" éﬁ LR
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En 1862“L6u1s«Pasteurf&alJanunciaruanteglaﬁAcagem;avde Cien-~
cias francesa 1o0s resultados de: sus ‘experimentos sobre la.genera-

cibn esponténeo’ en los que habia utilizado.los:. famosas matraces de

cuello de cishe, declar6 que: o

"Jamis se recuperari-la doctrina de.la generacidn.esponténea

del golpe mortal que -este Simple ‘experimento -le-ha dado...
rerial

La aflrma016n de Pasteur, sin embargo, éra’ injustlficada, espe-

cialmente dado el nﬁmero tan reducido'de’experimentos%que llev6 a ~=
cabo.

~

t

Y aﬁn cuando Bastlan, Sch&ffer Y ‘Stros 'mas’ se’ ‘apresuraron a

senalar las limltaciones del trabajo de Pasteur, sus opiniones Tque
por otra parte, no dejaban de presentar serios errores-,

fueron igno-
radas © rechazadas. Los puntos de vista de Pasteur sobre la inexis-

tencia de 1la genéraelén esponténea pronto fueron elevados hasta la

categoria de un dogma, apoyados por ‘una superestructura polftica que
asociaba a este fenémeno con las ideas de ‘los‘ revolucionarios fran-

ceses del sxglo XVIII y al darwmnismo ‘con’ 16§ intentos:de subversién

contra el Estado francés ' que encabezaba Napoleén IIT -(Farley 1977,
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Ssin embargo, algunos afios mag tarde, hdcia ‘1878, el 'mismo Pasteur
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"Busco lq qeneragiﬁn espontaneﬁ sin descubrirla desde hace
:,.\ “'! [ \ ,-‘ )/ r :\l,_v .;,;.,' f{
veinte afios. No, no la juzgo 1mposible"
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SRR Es cierto.que para entonce .ya era mucho mids seguro adoptar esta
zado por burocracia c1en£iflca que tanto apoyd a Napolebn el Pequeﬁo

pero ‘tambish es igualmente;ciexrto que. esta filtima. clta. de Pasteur

9051c1ones Y hablar a: favor del evolucionlsmo 51n el temor a ser racha-
oy

corresponde -a”un:.momento ‘en: el que .la aceptaclén de las ideas de Dar n
v Wallace~SObreﬂlatevoluCIOn:de'1a,yida_pqg§upa;papte, y por otra, ‘1

inexistencia de una explicacidn .sobre el origen .de los primeros orga-
“‘ipnismos, habfan lleévado a 'las ciencias naturales a-una situacibn crit

ca -d¢é ‘la que no-parecfa-existar salida.

La 1mpos;b111dad de obtener v1da en el laboratorlo, que era como

. o
tambign se podian interpretar las conclusiones de los experimentos d

. Pasteur, llevés. a los c1entif1cos Ve pensadores v1talistas, capitanea-

g

-dos -por. Driesch en Alemanﬂa Y por Bergson en Franc1a, a sefialar que

se demostraba asi que la brecha entre 1a materla viva y la inerte ex-

insalvable, y més afln, que la esencia misma de la vida posefa un
cardcter metafisico.

Estas conclusiones, por mucho qué irritaran a
los materialistas de la &poca, era diffcilmonte combatibles. Algunos

de estos filtimos, como Emile Du Bois Reymond, llegaron a la conclusi

de -que la aparicibn primera de la vida era uno de los enigmas del

Universo que los gigntii;coswjamas podrfian resolver; otros, como

Richter (1865), Helmholtz (1879) y Arrhenius (1908) sugirierOn un -

rorigen -extraterrestre para los grimeros seres vivoa en la Tierra, Y

otros mis, como Troland (1914, 1916, 1917) en Estados Unidos vy Herre

(1924) en Mé&xico, intentaron explicar el origen de 1a vida desde una
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ilstas.quérprolifegkgan~en{laSgciengiaéghaturalesﬂ'ygoqa;qﬁq, Troland,m
:déw1aﬁuhiverSidadgdgﬁﬁarQard%;puplicéaen;ggm¥gl4gyﬂ;ngyqu3serie de |
artIculbsmenu105mqﬁeisugeria:que la-vida hgbfg&aparéqido;enﬂloé marasg

‘primitivoscde:la: Tierra graciasha que -una combinacibn fortulta de

-
X
&

. §tOmos"y substanC1as dlsueltas habIa dado origen,. en. forma esponténea,

auna molécula’ capaz de autoreplicarse y de regular.a su alrededor la

sintesis de otros compuestos. Asi, al azar, rechazado durante tanto

tiempowpormIDSBbiﬁlogos«caxteéianos como,un¢elementq,importénte en el

- problema del origen:y:la esencia de la:vida (Farley. 1977) cobraba en

. el esgquema de Troland --«gue ya desde suiﬁrimer.tyabajo,dea1914 se

‘aﬁtoprbclamaba*un;mecanicista decidido-

una impprtanq;a,sipgular al

ser incorporado como un: elemento ontolfgico, situacibn. que se preserva

hasta nuestros dias en précticamente todos.los esquemas reduccionistas

que existen en la biologia contemporénea..

Las ideas de Troland fueron recogidas Y modificadas por Hermann J,
Muller, el célebre genetlsta norteamericano, quien propuso por prime-

ra vez en 1929 (Muller 1929) que en la hidrésfera de la Tierra primi-

Ja”

tiva habfa surgldo de manera espontanea y repentina no una enzima, -

-

como decia Troland, sino un gene aislado, que ademﬁs de poseer las --

propiedades auto- Y heterocataliticas que Troland asignaba a la molé-

g L

cula . primigenia, exra capaz de sufrir muEaciones. Influenciado gin ~--
- . i "‘"7*" ! Y et )

e .duda alguna Jpor los postulados de Weissman sobre la naturaleza del

A )}' vid. % .E,‘,.I.:-“

acl - -eppgENOMA, .y poX.sus. propios trabajos B A genética, Mﬂller buscaba ast
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explxcar nogéolaﬁente a1 proﬁlema ‘dé1” orlgeﬁpde“la primeraJEOrma de

fblda‘siﬁo ‘adénds Hsi eVolu016n sdbsequente.l Pero1tanto Troland como

ey
‘Muller “no hactan“ sino replantearxlos postuladés esenciales +de las

‘tec¥fasde. ‘1a’ generaclén espontanea, ‘solo’:quei:ahora: 11ev5ndolos Q -

nxvel“molecular;ﬂeq efecto), COmoﬂbien%haﬁdemostradoaxeosianv(1972,

- ok :

1974y ; el problema d&l 6riQEnﬁdewlos primerogioxganiémosude~ningunaf

'
RS D et

“mahéra’ se ‘puéde’redutir allorigen:esponténeo:de una sola-molécula o

substancia‘ a4 partir de la cual se’'pueda considerar que la:vida se ha
iniciado. G i

Entretanto; influenciados' tambié&n por‘IASxdifErentes corrientes

.....

del materialista mecanicista que: buscaban explicar: los. fenémenos K

-caracteristicos'de los'seres v1vosra“part1rade las propiedades de lo

. coloides, las“enzimas, o los virus, Alexander I. Oparin, en la Unibn

’SoViétiéa; y John-B.S. Haldane, en Inglaterra, intentaron abordar el
‘problema del origen de la vida desde’ una perspectiva diferente.
En una conferencia’ sustentada en 1922 ante la Sociedad Bot&nica

de Moscfl, Oparin, entonces un j6ven bioquimico preocupade por el

-

problema del origen y la evolucién de la fotosfntesis aexroblia, sugi-
ri6 que las condiciones del planeta, antes de la aparicién de la vid
habifan sxdo radicalmente diferentes a las actuales.

En particular,
Oparln creia en la existencia de una atmésfera reductora, en donde,

gracias a la accién de 1la energia geotérmlca, se habfan sintetizado
compuestos organicos que habian actuado como ‘precursores de molé&cul
més complejas, de catSCEEr”orgéhico, y sintetizadas abiéticamente.
Es;;;‘ﬁolécdi;;; disueltas en los mares primitivos de’ la Tierra,

[EPT

ciwes |

habiah dado origen a coloides de cuya evolucién gradual surgieron los

153
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primeros seres vivos, pequenos micro-organ}smos heterﬁ;xofos y anaau
1o wol ob oﬂrarmrﬂcwu Yg ¢ pehlolod Uﬂ_ﬁwfdufa fa

tobios. Los puntos de- vista de Spar%quueron publicados por primgxa
}«-“‘;‘,’,‘\ o eI OO 2 h ke

vez en un pequeno 1ibro éﬁe aparec16 en 1923 (aunque 1a fecha de

- -
O Y e “ n‘“{ 0008 S RS ;,':'_._.«.u.ﬁ-«-
<

»éébido que en forma independiente a losptrabaqu .de . Oparin, Haldana
I et S E A SIC T B s S 5 ) i Lo PRTate

publlcacién que aparece en la portada corresponde ar 1924).*Es bien
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6ublic6 en 1928 un articulo igualmente signmficatmvo,,en -el gque pro-

aL P LIOATE
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puso que gracias a la accién de la. radlac16n ultravioleta de origenx
aolar,

se formaron en la atmésfera prlmitiva, ,en, donde el carbono se

,.u

encontraba bajo’la:forma de C02, compuestos org&nicos que, al disol-

verse en los mares, dleron origen a una, soluqiép dilufda y caliente

......

de compuestos organicos. Aparecleron entonces,,segﬁn Haldane, los

iy H

virus, y la bida esfdﬁo representada en el planeta por. este tipo de

A Vv

sistemas durante un tlempo consxderable, hasta que luego surgleron

------

las primeras células heterétrofas y anaerobias.

e H it

Es igualmente conocido el que en 1925 se public6 la primera edi-
cibn de la Diatéctica de fa Natuna&e a, de Engels y que.en 1935 vi6

la luz pﬁblica la célebre carta que Darw1n diriglera .en 1871 a su

amigo F. J Hooker, ambos textos, que constituyen antecedentes de --
SLngular importancxa a los puntos de V1sta contemporaneos sobre el

origen de la vxda en la Tierra, eran, 51n embargo, desconocidos

A

tanto’ para Oparln como para Haldane al momento de publicar :sus
trabajos.

aCu&les fueron, entonces, las 1nfluen01as a las que estu-

vieron sujetos tanto Haldane como Oparin para proponer sus .primeras
: FANARR I W IS L SR % S
hithesis sobre la aparicién de la vida? En el caso de Haldane, el
ty, an Frefieody m

desarrollo de 1a enzimologia, la virologia, Y los experimentos de -~

_)_‘,‘,1 )lh.h
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de coloides y el surgimiento de . los prlmeros
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1OIEG quseres Viﬁbs. os autores, sin embargo, la influgpcia fundamen
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vy cinegant l‘””'erclé”el darwinismo, por una parte, y por otra un clima
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éoclal que permltia

. en sus respectivos paises, el degar;ollo de teao
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Lgen y la esencma de la vida.

~<$ Aunque Hald&ﬁé habria de jugar un papel esencial .en la construc

0 dien el neodarw;ﬁigmo, Y Sufr15‘un proc%so de radicalizacién ideol
TSI IIEY o ey
N - [i6a ‘que e 11ev6 a convertirse en uno de los cxentificos de izquie

[P IR RO

~e v

da” mgst lﬁcidos de Oécidente; en todos sus trabajos posteriores sobr

kg L@l or*gen de la’ vida (Haldane 1954

idea dé un” proceso de evolucién quimlca en el que 51n embargo, el

¥ origen” repentlno de sxstemas vxrales recuerda las ideas de la gener

cibn esponténea.A

RN L

-ras’ mecanic;stas que habia mostrado en su 11b;o de 1924 v, ¥ en 1936,

luego -de un largo periodo en que acumu16 evxdencias que apoyaban la

Oparln, en cambio, abandon6 répidamente las postu~

Oyt

,-

idea''de un proceso de evolucx&n de la materla previo al origen de 1
primeros organlsmos, publlcé un segundo llbro, tamblén 1lamado EL O
gen de La V&da (Oparln 1936), en el que la postura mater;alista Y

dialéctica es clara,'no solamente en el 1enguaje utillzado, sino ta

bién respecto a la concepcién del surgimiento de los primeros seres

RN ‘:!,“_‘!

vivos como el resultado de un proceso gradual de evolucién de la ma

ria‘en ‘el que nuevas formas cualitativamente m&s complejas, van sur
;"_ i ! [ n_/\ _‘s :I; RS

giendo Y van abrlendo asi nuevas posibxlidades. Pero no se. .puede de

c ._\I Qs

«h “"ninguna manera suponer que el cambio radical que se habIa oPerado e

oy v r : j“’ab
. ;i EOigpartin' erd exclusivamente el resultado de una profundizacién en los
L

H n

1964, 1965) siguié manteniendo la
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el rempeno de ~los - -cientfficos: soviéticos en;, construir,una ciencia

qu:exper,imentqles fdel problemaa e], rcM,;gga; poli’.tico .

W\LL ﬁg ~socxalue@ideolégicotque.vivia la»URSS en eseymomento, y en particular,

-desde -la’ pexspectiva dalﬁmateniallsmggﬂialég&;9Qﬁ;babriagde jugar un

.papel esencial en la.formulacifn contemporinea.de::los puntos de vista

&y i

*,m-ﬁe¢Qpaninesob;@qelxonigeq:Qe;lafvidaxiﬁnste;fénémeno, que; ha sido

5ot * —
@

.- -examinado parcialmente.por;:algunos; autores .(Graham;:1976;:Farley 1977,

.
sam

~ 7
¥,
2 .
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1 que . contenfia;Fe

1979; Keosian 1972, 1914),,e§}objetp;de,un‘trabajojpostexior (Oparin

y-Lazcano-Araujo, en -prep.). Beoeme ey

. ‘El :segundo.libro de A.I. Oparin sobre el origen de-la vida, pronto
fué traducido 2l inglés, pero no-fué€ sino hasta después de la Segunda

Guerra :Mundial :que su impacto.se dejd sentir claramente en la inves-

_tigacibn cient;fica;gobre;el<problema_delfsu:gimientoxde,la vida.

Aunque las sin;esis abibticas de materia orgdnica son conocidas
en la~literatu:q‘cientiﬁida dgsde la-sintesis cldsica de;urea, reall—'
zada por Woehler en. 1828, el primer experimento disefiado con el pro-
pbsito explicito de mostrar la posibilidad de obtener. compuestos or-
génicos en condiciones que simularan las de la Tierrxa primitiva, fué
llevado a cabo por Groth y Suess (1938), quienes -ixrradiaron una at-

mGSfera;degcozxy,Hz),con luz ‘ultravioleta de longitud de onda de --

1470 R y obtuvieron .asi formaldehido. Afios después, el.grupdlde -

Calvin en la Universidad:de;California en Berkeley, irradid con par-

ticulas alfa ohtenidas QGl-c;qlthﬁggde;Bergeleyﬁuna §oluci6n acuosa

en equilibrio ;con.una atmésfera de CO4 y H,. Obtu-

d: . vieron asi, formaldehido, y dcides fgrmico.y succinico. (Garrison et al.

Harold Q.,Urey, entonces en la Unlversidad dgaChicago, al -~
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‘de ‘que lastdondicioneés utilizada§ enxestaswéimulaciones'de la Tier
primitlvd’ho correspondian ni-&a"las. sugeridas por: Opavin (1938) ni

1&5 que élkhismo ‘habta" descrito“para 12 atmésfera ‘redictora de la

therrau(Urey~19520y-y'nO'fhéwSlnodhasta dn ‘afio'm4s tarde, cuando

IKACH4, NH3yﬂK20/y Hz en' sy ‘experiments ya clésmco, ‘pudo ‘démostrar la

'sintesis abibtica de aminoécidosxproteinlcos Yy no~proteinicos, de

&cidos orgénicos y de otras substancias de interés-biolégico. EIL i
pacto‘déTlos:reSultadOS‘de'Millefvyfureyffuéfihmédiéﬁoé muchos otr
laboratorios repitieron -experimentos similares, ¥:1ld ‘sfntesis abibtica
de una amplia variedad deAcompueStds‘brg&ﬁiéosfutflizandd‘diferept
precursores 'y diversas fuentes ‘de energfa libre es aceptada hoy en

dfa como un modelo experimental vilido para simular ‘las condicione

‘de la‘Tierfa primitiva previa a la aparicibn de la-vida.

El mismo afio en 'que ‘Miller di6 a conocer los resultados de su ex~
perimento -(Miller-1953), sin embargo, coincidi8 con'la publicacién
del modelo de la doble hélice que Watson y Crick (1953) propusiero
para explicar la naturaleza de la molécula del &cido desoxirribonu .e-
ico. Dos afios m&s tarde, Muller (1955) sugiri® que=la vida en la
Tierra era el feéultadd*dé la aparicibn esponténea Qa‘no de un gene,
sinc de una molécula primigénia’de ADN. “La obtencién abibtica de
adenina '(Or$ 1961; Ponnamperuma et al:l963)‘y de otros"componentes
de los 4¢idés nucleicos~1levé 'a ‘Mallér é§m6dificarv1uggo;su teorta

y sugirif asf que’en los mares primitivos-‘de la Tierra-se habfan

5 ovivgintetizddo priméro nudle6tidos, que 'luegd reunidos-ésponténeamente,

v B
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habia“dado origen al ADN ancestral de donde se derivaron todos

‘“los seres vivos (Muller 1966). Para entonces, sin’ embargo, el reduc-

v

cionismo de: Muller no obedecfa tan 5616 a motivos cientificos, sino
~azana., repulsa‘visceral a. los trabajos: SOVlétiCOSgSObre ;el origen dea

la vida .(Keosian. 1972),Jactitud que; mantuvo-hasta-el:£in-de sus_dfas,

T Qb.y:queflegllevé.a afirmar que-los.pun$05‘depvista,de¢0parin formaban
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parte: deluna conjura, comunista gue buscaba minar: 1a genética occi~
dental (Muller 1966)‘

'y

dellaﬁygdg‘en,lagTigrra,eslglgdeliorigen delvcédigg genético; sin
-embargo, es. tambifn eyidente que la vida no surgi6 gracias a la apa-
;;gggpyygpenpinaAyces%ént&neg-de‘una;moléqula,deﬁADN, 8ino como
_resultado de- un proceso gradual de evolucibn de la materia en el que
se puede reconocer la fase de evolucidn quimica, que corresponde a
la sintes;s abibtica de materla orgénlca, la llamada evolucidén pre-
bloléglca, que 1mpllca la formac16n de sistemas polimoleculares -——
ablertos con separacibn de fase, en cuyo interior es posible pensar
se orligind el metabolismo, incluyendo, por supuesto, la relacibn --
entre cbdigos genéticoslancestralgs y los primeros polip&ptidos que
fueron codificados; y en texcer lugar, la etapa de evolucibn biolégic
que se inicia .con la aparicidn misma:de los primeros seres vivos o
~eubiontes (Oparin 1.972).

En; este contexto, especifico; el :descubrimiento de compuestos orgé-
nicos extrate:reé;res,en lasqnubes”del;médidﬂinterestelar, en condri-
tas cdrbonosas,,en ggtgnoidea@y;qn cometasi (cf, 0x6:1972), cobra un

'sggniiigaéo‘pg:ticular;;ﬁemuestra,-gqrﬁunérparteﬁ*laﬁvalidez de los
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»hen’al! laboratoric (Wélian et ali 1972), pero’ai mismo’ tiempo, compr

: I NEAIE Y ] . 2
IS SR NN s ly oxda

=t

J N P 1
4 GG Ny NTEE

DLV ndusn

., ‘ - & [N 1.4 ks ppges B vt b
TR W Ve o Daeninds e R Gl omg e

modelos- expetimentales: sobre la' stntesis' abibtica de materia orgféni

a
quéila”fase” 1lamada” de- evolucith quimica puﬁs*ﬁébei’dChrfido previa=
o noimenté a-la’ formaciénfde la Tierra® mismd'(Bernal 1965)- .
Cabria preguntarse, sin embargo, si’los“cbmpuestOS'organicos ex -
v Li. terrestres SOléméntéLSbh=evidéﬁCTég“énalégiéésfdé“ﬁnfbroceso de evo -
ci6n quimica o si‘también 'jugaron ‘un papel’en la evolucién de la Ti ra

ricién-de la‘vida.

primitiva) 'y’ 'en‘consecuencia, eh los procesos que condujeron a la apa-

‘E1l propdsito del siguiente ¢apftulo es precisam ¢t

.61 de discutir el significado prebiStico de los cometas, y mis espe-

e

cificamente, de’'los compuéstos org4nicos que existen en estos cuerp

Lo

-~

Una de las pOSlbllldades que exlsten para resolver esta
pregunta es la caracterizacibn de las condiciones amblentales
de la Tierra primitiva gque permitieron la sintesis abibtica
de compues tos orgé@nicos, la aparicibn de sistemas precelula-

res y la evoluci6n gradual, a partir de estos Gltimos, hasta
llegar a los primeros organlsmos.

‘En &ste sentido, el descubrimiento de cinco morfotipos

y de estromatolitos f6siles en rocas sedimentarias de tres mil
quinientos millones de afios de edad (Awramik et -al., 19801 y
y los ‘estudios de longitud dél fragmento de fcido 'poliadenfli-
co del mRNA para organismos contemédr&ﬁéés;‘que~sugiere que

la vida pudo-haber aparecidé”en la Tierra hdce aproximadamente

~cuatro:mil millones .de afios (Carlin '1980), ‘colocania’la apafi:;

cidn de los eubiontes en una &poca de la historia de la Tierra

para la cual desafortunamdamente nuestros conocinientos actuale
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1resu1tan por dem&s 1£m1tados. En- todo caso, la presencia de

e
rocas sedimentarias en)la formacién de Isua, de 3. 8 X 109 aﬁos"‘

de edad suglere la'presenCLa de una hidrésfera, Y dada la abun~

Loida b

dancia de carbonatos que exlsten en eSta formacién de una canti=-

TRIE T e
LR dad de CO2 atmosferico comparable )l ncontemporénea ;
T PO {
“. i Y PRy r*{‘",t Iy W

MR RG AN

-POT otra'parte, FEY estiidic’de 1as. shbérfmcxes'de\los cuer—

5 ' '\\ oA ;

i O & WA o f
-pos’del Sistema Solar)lnte o & m&s espec1f1camente, ‘de la Luna
P

p' Mercurlo, a mostrado -la gran -cantidad de. cr&teres -por impacto

4
que fueron formados en un. perlodo anterlor a los cuatro mil

P

i.‘

millones de anos, es dec1r, la Q§stor1a temprana de los planetas

F del Slstema Solar estuvo caraéteriéada por un gran nﬁmero de
collsxones de me;eo;;?gs, as#ero;@gg y\p;gsum;blemgggg cometas,
que se puede expllcar como la parte tardia de los procesos de
acrec16n que. dleron orlgen a\losxplanetas. La antlgueééd de la
vida en la T;erra sugiere entonces que para caracterizar el

o medio’ ambinete prebibtica es' necesario reconocer no fnicamente la
presencia de una atmbésfera anbxica y de teﬁpéréturas'ﬁoderadas que
hayan pe:m;tido la supervivencia de las moléculas sintetizadas
abiéticamente, sino'taﬁbién la de una gran nfmero de colisiones
con cuerpos ricos en vélati;és dque la»choéar’contra,ia Tierra
primitiva liberaban grandes cantidades de energfa que presumible-

mente pudo haber contribuido a la sintesis no biolbégica de monéme-
ros, oligo-, y polimeros de interés prebiolégico.

El propbsito de los dos trabajos'que forman el capftulo segun-
do de é&st tmbajo es precisamente el de establcer la contribucién
que cuerpos sismilares a los cometas pudieron hacer a éste proce-

so de colisibn, los volitiles aportados y la consecuencias en

términos de la sfitesis de materia orgénica.
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II. LOS COMETAS Y EL ORIGEN DE LA VIDA¥

Se dice que no sale en vano, que no cae en vano
su flechazo: agusana las cosas.

Y de lo que ha sido flechado se dice:"Esti fle-
chado por la estrella; estd agusanado". Yea no
es comido; es visto con temor;’es visto con
asco; est8 pefdo; da mucho asco.

Y en la noche bien se protegen, se envuelven,
se cubren, se envuelven con mantos, se lfan.
Es temido el flechazo de la estrella.

La Cauda def Cometa. Augurios y Abusiones de

los Textos de los Informantes de Fray Bernardinc
de Sahagfn.

Este capitulo estd formado por dos manuscritos actualmente en
prensa; el primero de ellos, de J. Or6, G. Holzer y A. Lazcano-
Araujo (The Contribution of Cometary Volatiles to the Primitive
Earth), fué presentado en la XXIT COSPAR Plenary Meeting, Banga-
lore, India (Mayo de 1979), y apareceri en un volumen editado
por R.M.Holmquist y publicado por Pergamon Press (Nueva York)

El segundo, de A. Lazcanc-Araujo y J. Ord6 (Cometary Material
and the Origins of Life on Earth), fue presentado en el Fifth
College Park Colloguium on Chemical Evolution, College Park, MD,
EEUU (Octubre de 1980} y aparecer8 en un volumen editado por

C.. Ponnamperuma y B.D. Donn que recoge los trabajos invitados a
dicha reunidn y que seri publicado por Reidel Publ. Co.

(Dordrecht)
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lt has been estimated that during its early history the Earth captured a mass of
cometary material of the order of 1023 ~grams.; ~S1nce‘carbon{1svsupposed jto be at
least three times more abundant in comets than“in ‘carbonaceois chondrites (3.5% C
in C 1 chondrites), it .can be deduced that. about'l x,1022 grams -of: carbon: (as: car=
bon: compound503 was added by comets totthe.sun ce of; the; prebiotic: Earth

wiThist &
carbon ‘value 'is’ of ‘the nsam ”order of magnltude;as the value oﬁ(xhe organic carbon !
bunnedwin”the"Earth's'sdementary she]1

but approxtmately one’ order: of:magni tude ‘
Tower: than'the Earth's surface total carbon (7%, 7022, gm)- .

»The capture:of:comets:-
by the Earth would also have contributed to generatIng the appropriate aqueous and

reduc1ng environmental conditions necessary for organic synthesis.

¢

Although it is possible that some of the cometary carbon compounds falling on_the
Earth survived, most of- them were probably decomposed by the heat and shock waves
of the cometary collision. Upon quenching to low temperatures, however,:the reac-’
tive chemical species produced by the impact would have recombined, leading to the
synthesis of a great variety of orgapic, molecules. Laboratory experiments with
radiation,hedt and’ shock ‘waves have demonstrated that some of the synthesized come

pounds are biochemical ‘molecules: ‘amino acids, sugars, purines, and pyrimidines.
These are essential to all 1iving systems..

INTRODUCTION

There is a long tradition that links, cometary phenomena with the.appearance:of life
For instance, in the" seventeenth century..Newton expressed his belief that plants
could be generated spontaneoiisly firom'the' émanations arising from cometary tails
[11. In 1871 Hermann von Helmholtz, then an advocate of the theory of panspermia,
wrote [2] "who can say whether the comets and meteors which;;swarm-everywhere through

space, may not scatter germs wherever a new world had reached ‘the stage 1n whlch it
is a suitable place for organic beiqgs o, g

v

L P ST G

During the first part of this century the extension and further development of Dar-
win's concepts by Oparin,[3] and Haldane [4] provided a new insight into prebiolo-:
gical phenomena. But ‘cométs dfd "not d{sappear from the new scenario! Indeed,

Oparin pointed out7in his classical 1924 book that the presence of hydrocarbons.lim
cyanogen, and carbon monox1dd in cometary ‘spectra was evidence for the reducing
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I?gregegt timgi t?ere h?stgeeg acrea:seasment of%theg.b1e that cometayyfmatteril
played in prebiotic evolution omets have P o ‘ jspurce-of volatiles
for, the primitiver Eavith 5= ZZTJ 2XiHiYe! (Comet! gr& ‘2191 it sz it

een’ suggested as = -
an energy source for abioticiorganic synthe

is.[23- 29] NOreover. Hoyle and
Yickramasinghe:[30,31] -and Hoyle [32] have propos d,: 1ike von HelmholtZ did in

1871, *that the ear]iestxformSJof31ife ortgin&tedi n”cometérthuc1e1. from which
they arrtved on the prebiotic Earth,

T atmsed Lh, 26454373 t,J{t%dQQ‘H ‘“Jdép ?Sz“f“{gr
The purpose of ithiis panéviis to‘examiﬁe?”%mefﬁfjtﬁe rév?ou%’ﬁbssibilities. First
we review brlefly sofe aspectswofmcgmetagyophenomenh thatiareifélevant to organic
cosmochemistry. ﬂe hen consider in.some detail the .contribution of cometary:
© matter, especially volatile compounds of the organogenic elements (H, C, 4, O, §,
it P) to the primitive Earth, as well as the role of these simple compounds:.jn the
- %, . formation of biochemical molecules. Finally, the possibility that.life ‘could

arise in,cometary nuclei and intersteilar c1ouds rich in organic moTecu1es 1s
‘cr1t1cal1v examined,

S zapm o bonudgen sl oA ‘WﬂJcséi\«‘L‘ f?i %?éTuv
e 36 o2 COMETS: Aun.onsnnxc}cosvocusutsrnv ”;'”;”
AUEY maiialpond EUGIGETITH S B “uf pooiy 0
COmetany;nuclei rare 'small ‘bodies with giaheters of R to, a few tens of ki\ometers.
a mass: rangingxapproximater‘frOm 1015'to“1018,g"ans and A Typical, densjty; of.about

1 to:1:5 gm em=3.21They ‘consist' oF {ces ard ‘clathra? s of simple; compoundsxof Hyi €4
il and:0;-and: otherre1ements.

Xntadditgon‘refraptor COPp“?ants such as; metals; and
siljcates have. been detected (Tablé‘l) Aagh:

[ I
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TheYéfeFall:c8het5r§”$o$ﬁ\at ep ”“ ”Q%Qtf E reg’idié%inﬁg ?}o%;%heféun:laoo'h
;831;:2§;§g£;$§tgr3:§§t§g:'*a L t%é plapetary dysten; of . sh ort-pngoo (less-than.;

nera}.C1r umlolé jsystem ofnlong-psr odrcomets,gthea» "
Jatter forming the bpik-Oort cloud" out so1ar distances of 10% to 10 AU [35,
36] where, as QOort suggested, ~10!! comets with a total mass of ~1027

grams may
Most, and probably all present comets come from the Up\k-OOrt

cloud system [37].- Theﬁinteraction (ofthis:systémiwithithe! inteFstellar environ-
ment may send some cometarynnuc]edﬂwntofthe innér:solakrisystem,-where some of the
Tong-period comets are later perturbed by Jupiter and evevtually acquire a short-
period orbit. Marsden and Sekanina [38] found no evidence for orbits of inter-
stellar-origin,a-conclusion supported by the carbon isotopic measurements of
cometary chemical ;species;which show thatuthe: 12¢/13C values ( 100) .for icomets
is higher than that for interstellar clouds [39].

hown from anal * %
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The spherical distribution of comets' orbits ‘supports the assumption that they
reflect an early formationfrom the solar nebula, The activity of new comets .at
large solar d1stgnces Shows,_that comets were formed at a region of low tempera-
ture, probably .below 100°K [17]. Because of these low temperatures, chemical
reactions are, szowgand e are therefore provided with the opportunity for'study-
ing the most pr; mit1ve(mq¢er1a] in the solar-system. Indirectly this research

would also be of value in determining, because of similar conditions. some aspects
of the chemistry. of the 1nterste11ar medium, !

‘A

From the determ1nat10n of cosm1c e]ementary abundances it was known [40,41] that,
with the exception of .the noble gases, six ofi’the most abundant:elements::in the

universe (H, C, N, 0, Ss P) were precisely the ones necessary for the formation
of the organic compounds present in living systems. It was therefore logical to
conclude E42] that the molecules formed from:these elements would:also be: the"
most abundant compounds An.the universe. Indeed such a conclusion has been con-
firmed with the detection of a large number of organic and inorganic molecules

of prebiological, and, biplogical relevance:in:.the Milky Way and -in:other galaxies.
These molecules range,. in. complexity from formaldehyde and hydrogen cyanide to
cyanool igo-acetylenes [43] One of the more remarkable surprises which has
emerged {s that the molecules identified inuinterstellar space are precisely the
ones that had been used in terrestrial laboratories for simulations of prebiotic
organic. synthesis, such as,. in Miller's expenjment [44]. 1In fact, ten ofithese
molecules can be considered as the prebiological precursors of essentially all
the b1ochemica1 ,compounds. present in living systems. These.are:. hydrogen, water,
ammonia,’ Carbon mpnoxide. formaldehyde, acetaldehyde, thioformaldehyde, hydrogen
cyanide, cyanoacetylene and cyanamide. These ten molecules,plus phosphine and
aldehydes, are listed in.Table 2. It is quite;probable that all.these molecules
or their' 1mned1gte derivatives. may be present in cometary nuclef. Phosphine,

which has only been’ detected in the atmosphere of Jupiter, may also be present
in smal] amounts 1n the 1nterste11ar space. and ;in comets.

_< |1
St H( «'«a

“ COMETARY COLLISIONS IN THE PRIMITIVE EARTH i
ohayioa bne zasndgeedy Cradigqul)owntdganat L
Though impact craters ane.a,common feature [45] in the inner solar system, only
three probable impact craters dating from Precambrian times are known [46] to.
exist on-the Earth's surface: Vredefort, S, Africa (19702100 million years old),
Sudbury,: Canada (1940 £ 150 -million years old) and Janisjarvi, U.S.5.R. (700
million years old). There'can be 1ittle doubt that the primitive Earth, when {t
had grown close to its final mass, suffered an. 1ntense bombardment by interplane-
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Jeft-overzafter: the:formation: 9f the’ planetsimu “#i:haveé moved' im heliooehtrit O
‘orbits colliding: with the terrestrial planets [34]. Wetherill [50] .has shown that
alLthough: n99%-0f ‘sughi 1nterpﬂane.tary, debris was feﬂeqﬁed,; outyofiithe srolarifsy‘stem byl -
Jupiten, gerturbatjons rhuTthe giant,pnanetswsentrcoﬂﬂﬁwwdlat1ﬂearich‘ysmallﬁbddﬁesii
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Therenishconclusive~ey1dence*[48]nﬁhatwthewnoon&stsurface was*subjected’to such”
heavy ﬂate—bombardment;culnxnahing?ma 9.x110.xyears,ago;tanduAccording ‘tol NEther-“'
i11's calculations’ 25

0], the influx of infaning cometary?material‘ﬂoh the Tanar>
surface was A2 x -1020 ;grams (Table 3
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The prinitive Earth must have experienced sinu'ltaneously such heavy-bombardment, .

but:due ts- its: larger gravitational f'le'ld a greater arigunt’ of 1nterp’lanetary
debris of conetary natUre was captqred

? § cp&lisional process took place "
during the ‘time of- preb1o1oglcal and early- oldgical“evolition; it must have
played a significant role gn shaping the environmenta\ conditions unﬂer which, life,
arose’ and evq]ved, ;”; L b o AHORIERGUL L i s D y

The’ fwréﬁ’Sugge§t1od ‘that tﬁe capiurﬁ of’ comets xy thé primitive Eérth codld be of’
prebiclodical’ sigﬁificance wa$ ‘made’ Ord (517 'wHo'
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~volatile. compounds that were:lost: durtngithe dccretiom nerdod ot these wianets o7,

For the’ Tate-accretion period of our planét a more conservative, _estimate was glven

by Sil1l; and N!Jkenmng {22]v who. suggestedwthatfdurino!the‘heavyéhonbardment phasel
of. theasolar;syst

i
theuEarthxacqu1red((3-4) £.10%1grams ofrcometary’nateria1 ricﬂﬁ
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From Everhart's 53] paper.,"Close Encounters of Comets and Planets“

that con= .
siders the interaction etween. c} 3 .randop’ parabolnc conets and the p]anets, we -
have estimated that the'Earth captured.duc

J"g Jts first” 2% 109 years ~1021 grams;
of cometary material, by "assuming “that ail*the co]]id1na comets would fo]low the
* absolute*magnitue-mass ralationship-of- Allen 841,

] e ol
A3t o R afy o S ;",-';7 IR X5t i

_Yog,q (H in gm) ~21-0. n Mo { .3@3“‘

T

where Ho is the absolute maonitude. It is c]ear, houever. that this figure is an
underest1nate. since’ Everhart (53] ‘doesnot:take into account the collisional Higw-

.tory for ithe early solar system. Therefore; ve have used Wetherill's [50] col]i-
sional probabil fty‘tables to estimate™the mass contributed by bodies of ‘cometd tarys
type orbits to the Earth during its first 2 x 109 years, a period;when according
to geochemﬁcav “and paleontologica1 ‘evidente ‘the value of the free-oxygen: partiaf‘
pressure was negl1gtb1e [55]. Table 3, above, surmarizes: our resu1ts.

RESENE R I 1) Ty
Cometary coll1s1ons probably depos1ted Iarge amounts of vo]ati]eg on the other
planets of the ifineér solar systery a1V of which'still bear the scars of ‘the in-
tense bombardment suffered in the past.  However, the weak gravitat1ona1 fields
of lercuryvand ‘the t'oon were not able to'iFetain'‘the volatiles of cométiry origin,
while: on Mars corpuscular radiation and large UV fluxes must have decomnosed
large amoynts:‘of these volatiles '20]. “ 0n' Venus' ‘the captured cometary ‘and assoc-
iated meteoritic.material.must.have. contributed.to._the present.abundances. of.
volatiles., Lewis. [56] has estimated ‘that ~2 x;10!}- grams, of,pometaryrmaterial--~
of which 50% is mater—-fal] annually on Venus. From this figure we derived a..
value of 4 x 1020 grams for the total cometary infall on Venus during 2 x 109
years (Table 3), though this value is an underestimate since Venus must have had
an accretional history comparable to .that of the Earth. It.is likely that.coms

parable’ anounts ‘of- conetarv naterxal accunulated .on . these tno planets, Venus and
Earth, “though d1fferenées Tn che

s
4

emical' composit1on could” bé expected . from klnetici'A
and temperature effects due 1o

the Qtfferent distances from the Sun r17]

On ‘the ‘other hand, siﬁee Cavbor s supposed’ 14 be &t least three tines nore. abun-
dant in comets than in carbonaceous chondrites (3 5% of C in C 1 chondrites)
(Table 4). 1t can

Q deduced that about .1 . 10 .grams .of carbon, in several. forms -
were ’addeq ‘comets 't the' prii

tiv Eart .\ Thisufigure is, of the ‘same - order of,,.,
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TABLE 5 Carbon Abundances in the Earth
. "_3_‘, ! . B wrey on ' PRy . 16 (1" 1
‘Dominant form Mass 1n carban . Reference:a: .. -}
of carbon (in grams)
A P 7 - T i,
Bios here - SO ]8 F SR «
1iving matter) uov:ibiomass izh:'vJO-: Garrels ‘and'MacKenzie
) v b * E78-‘
biomass - 8.3 x 10]7 Abelson [79]
Crust 26 i ikziﬁi}: ey
%edimentary)shell several forms 2.4 x 10°" Garrels.and'Lerman [80]
total mass
Sedimentary organlc ‘organic carbon 1.2 x 10:3 Schidlowski [Blll,
CORT teun e - “organic carbon 1.9 x 10 Hunt' [82,83]
Carbon added to-Earth oo x”lO?z“‘ this paper.
by..cometary: collisions = : o R e dbo ] AT TR S y
t, v b BRI A : KA N H foy [ARST Vi ' Coe L.
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yoine Aoy iy audd 2 d “‘qﬂh '\ l - \ 1 ~,;z |
It A% unlikely that the organ1c comppunds present in; comatary!? ﬁuclei wou\d §u¥vive“
planeta%y collision [23] Cometany nuclet, -being fragiie bodiest‘of Tow. derif" ‘“
proeably’never reached the surface M theﬂpnimi&ﬁve Earth;i:but lexploded’ on reath“
ing the ‘outér Vimit ‘of'the paleotrdpbsghere. ‘causing ia isubstantial chignge ‘dnd a1 R
fusion”of theli' orgahik “And’ iﬁorganic constituents. Thus, in addition to the'®~
major components (CO,, CO, Ny, H,0, H,) of the primitive terrestrial atmosphere
§¥g:§2dw§;§1};$e;;§§:t:n :n eg:ly degassigg gﬁriod %57{. this atmosphere also con-

of no ases and other volatile“compound

HCH, CHy,, and H,S, derived from ] o o, Such as s,

1;

accreted cometary material w ‘
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‘Under ‘the -anoxia  te re ,gﬂ mg;één, .upon a subsequient quenching.
‘to - lowmeiperature, “the Yedctivale 1'&3':; species. produced by ‘the heat and shock -
viave of thgé’c tar‘}"”"iisﬁa)cww?\%fﬁaé ‘amb aRF @d

compounds-present in it (Table 6
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xiaenic conditinns
vetar fne, Tedding to a great variety of organic

compounds. These compounds would reach*the Earth's-surface and: hydrosphere onl 5

if_they were quickly.transported-from-the-upper-atmosphere—to-zones Whavre the {

solar flux vould not destroy them.. This should in fact: be the case:considering

the turbuleht)natiré of planetary atmospherds (e.a.” Jupiter, Venus, ‘Earth),

Cometary collisions may bé considered ‘an important free-energy source.c:This en-i - -

ergy could be'released as heat and shock waves. Very high yields.in the synthesis

of amino acids have been obtained. [24,25] 4in 1aborq;9ry simulations with shock

tubes contatning"mixtures.of CHi, HH3and H,0. If stich yields were obtained in

the primitive environment in naturally occurring:shock waves then thisisource of':

energy rid§t hEVé“been very important in prebiological synthesis [27, 28], and in

modulating the chemical kinetics,of primitive atmgspheres [29]. o,

The best contemporary exampledOf;such,a cataclysmic-event is provided by the Tun-
guska explosién, that was probably caused by a small comet or, as sugaested re-

cently [588 by a fragment of the.Encke comet. This;cometary material, withia mass
of 5 x 10}Ygrams exploded at a'height of A8.5 km above the surface with an associ-
ated energy of (5 + 1) x 1023 erc);, 591, enough to_destroy. most, if not all,-of the

N Ll e
TABLE 6 The Tunguska Explosion
fime toetr oy sanagtenedA adeld v
Energy_of .the main explosion. 5.2 1.x 102 erg - -+ Ben-Menahem [84]
(at a height'of ‘8.5 km) . e
Absolute visual magnitude +26.0 Brown and Hughes [59]
Geocentric velocity ., . : 28:to 50 km seg_ .. :ivKrinov [85] " AR
I ’-i;;\‘-‘} 47 km seg Levin [86]
T ee fade
Mass R 5 x 1010 am "Brown and Hughes [59]
(estimated from the geocentric ‘

!

velocity given by Levin, 1354)

Diameter , 40 m Brown and Hughes [59]
Callisional probabihty . 1/2000 yr _ st o Brown and Hughes [59]

v DA TSR .
A comet hitting the Earth would liberate a high amount of energy, according to the
kinetic equation E = 1/2 MV2 where V2is the velocity of the comet's_nucleus at 1
AU, The velocity of a comet for any noint of its orbit can be calculated from

V2 = GM, (2/r - 1/a), where G is the universal constant of .gravitation, Mg (is the 11
solar, mass,%:1.99 %1033 gramsand r'is'the semi-major 'axis of the e}liptical. orbs ty
YYe have estimated.the ivelocity foritypical: short-geriod comets when.r.2 1.AU ;udi
(Table 7)., By.:assuming:that 40 km sec7lilould be ‘the velocity Of, 2} the.cometany.:
nuclel -impagting, the Earthiin :its first 201109 years, ‘these nucled would Viberate,t
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*Allen, C S..1973 Astrophys1ca1 Quantities (the Athlone Press London)

3rd. ed., p. 153. [54] . oo N
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?Brown J.:C. and D.*N*vﬂughes [59] ~ o i'

Other : sources of 1nterp1anetary‘debris like nonvolati\e dust ‘of, cometary origin

may also:beiaccreted-by:the’EArth:: Partzculquy significant. however,,must be .

the- capture ‘bythe primitivé 'Earth- of “Apollo objects”,” whjch have been suggested

to be:theinonvolatile remnant§ of the ‘nucled 'of extinct’ comets. and appear, to be

related to chondritic meteoriteés; as'indicated: by ‘photometric measurements [49,

60]. The atmospheric studies of Mars, Venus and the Earth suggest .that substan- ..

tia}: :amounts iof ‘carbonaceous ‘chondritic material’ ‘'was’ acquﬂred by ouq p!anet,inﬁthe

late-accretionperiod [61];:an assumption supported“by the carbonaceous chondritic o

nature. of, Phobos :[62], whichtis~e1ther a ‘rémnant’ of '‘the’’ ﬁ imeval accretion that

Ted to: the formation 'of. Marsy,! or was capoured“lateu by t 1s{p]anet. R P U T AT
s proaity at o anslg ader send caeiun b Tt e “,;;:' - .'[';s.’iii
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‘Qur knowledge; of::tha!formation oF’inteY%fb\Iar o)ebhles‘And o{ the.ev6 b oﬁér{gnéJ‘
development of interstellahghs and’ dust ‘¢louds’ 18" g0 inadéqua ' that” it would
‘ premature to make any major generalizationg ab

out the s fcance of .these:find-: ..t
) ings for prebjologicaﬂoorganic”¢hemﬁét Vand’ th%?possﬁbigZQ ?P éqtﬁgge%resaniahqgu
i biology {71417 Wed have: already potnited blt”that’ man& 0

rganic mojecules aated:ii;
ted in spaceraret thoses found*int1aboratory experiments’ that Qttomg tqirg %qs;r&é;igé
the egyirpnmgnﬁadwoondimﬂohs‘ofﬂthe“ ?ebiot%o‘ﬁaftﬁ and’that’ 1h th group,oﬂ, ois toe
1dentifdedaﬁnterktelaarﬂmolbou\esdare tén'of-the pr $iologica1 preodrsors of bio-
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,unds present 1p }3};?%”sv§f%nirCTeble gmﬁgbove)

ested that interstellar grains are rich in polysaccharides (Hoyle_
aﬂg»W1%Bt§m§ tnghe [30,:31] and-other-organic-polymers-that-could contatn amino
acids [62, 63].

-According to Hoyle and Wickramasinghe [63] and Wickramasinghe;:
et al..U[GA]tsprlml%lVe 1ife forms' resulting‘fﬂ he k63 e

om~the formatlon and destruction of
clumps of grainsirich in organic’ (b1 ers, could evolve inithe interstellar envir-
onment. However, the presence of organic molecules is not in. 4tself.indicative of

theipresence-of -an-interste}lar biota: ~Sagan [65] has argued that due to the low |
densities, the rate of. growth; and; reproduction for an organism would be very'slow,
making its appearance quite, unlikely: In fact, the .interstellar environment with '

1ts high values;of ultraviolet andrcorpuscular radiatton and lack of liquid water
seems to precl Yade the ex1stence ‘of 1ife [66].

n,f‘r:'

o

It haslbeen

T3 (; R
Thus, although the initial stages of evolut1on of carbon compounds which gave rlse
to 1ife on Earth.are widely' nepresented in the universé{ the nature of the pro<-
cesses of chémical evolution.in the interstellar clouds:differs essentially from
all of what 1s required for the origin and development‘df 1ife on Earth.

The development‘of matter on;Earth;that led to the appéarance of 1ife can be - -
briefly summarized as follows' As a result of various kinds of energy and cataly-
tic effects (electric discharges, witraviolet light, heat, Fischer-Tropsch-type’
catalyses), the simple molecules from the atmosphere, hydrosphere and lithosphere
of the pr1mitive Earth reacted to -form a wide variety of low molecular‘weight com-
pounds, among’ which also were formed the monomers of biochemical signif1cance--
amino acids, fatty acids, sugars.and the purine and pyrimidine bases. With the
accumulation of these biochemical monomers in the shallow lakes and ponds of the

primitive Earth further condensation. and' polymerization'reactions occturred yisld-

ing higher molecular weight compounds and polymeric products. These included
oligomers, polymers.and catalytic molecuies.

This is the stage of blopoesis that
is usually, ident1f1ed ,as chemical evolution, _— .

- Ma\» .
However, in the transltion of chemical evolution to biological evolut1on. an inter-
mediate stage can be distinguished, i.e.,, a different.developmental stage.termed
prebiological evolution, during which the oligomers having some of the essential
attributes of biological-molecules- {oligodeoxynucleotides, catalytic oligopeptides
and am1noacylol1gor1bonucleotides) selectively assagiated.and; interacted within
microvesicles ‘created by the, self-assembly of .phospholipids :orcother-amphiphilic
molecules ‘into-a protomembrane that. provided a microenvironment.and iprotoceliular

organization from whlch by a ‘pracess-of ; molecular assocmation or “protoselectlon"l‘
0o, ll 67 68] the flrst Tiving. cells eventually emerged

-
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Recently Hoyle ‘and H1cqumasinghe [30 3l] and qule {32] havepbrought forward the'f
suggestion that\life d1d notiarise on, Earth but originated in cometary nuclel, - -
reaching our’ planet’ ity later time on, comets that «collided with ‘the Earth or on -
cometary debrl%

that Hepos1;eg anaerobic,)fermentative prokaryotic:icells onour
planet. Assuming that’ ‘polymerization processes that take place in the inter-

stellar medium will eventually result in cometary nuclei vichiin:polysaccharides,
polypeptides and other organic polymers, they propose that’ durlng approach to
perihelion }iquid watey located, in the jnterjor of: the comet! s«nucleus provides:' :u
2 Darkinjah hJ"little  Warm, pg\qxllndwhlch Vife would originate.i . oqudpt o drini b

U I R R O Bl 0F ST g
Just-how’ fﬁrJHas chemlcal EVo tlon arbéeeﬁgd 1n a.cometary, nucleu5w1s,stlll an Cg
open (qu gstl “{6? whlc a deta led pnsye riwil) perhaps besprovided%bvxfly-b} ol
misstony, ‘detaildd aas’ ciiro Phic,; pé mqssispectrometrdc&analyslswend the 0 bad
evenfifal “Féce very sample;q% cqme tary;niclei material [69]:' Howbverirantidea »ii’
of theichent gl sBe%ie pre;ent in.a camet.may, be obtained; from. slmulatlonsbln*f»f‘
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e . ‘ staﬁffa@ ramcints;ofaRaser; ands otherihy  Gerbbearti
{ng.compoundss”, 42 Hame Zt&wtrritw}.ﬂ 3k generate; the; appropriates aqueous:;.
~and, resat":d ng_eny em\e taligon & pp,sr necessam,forn he.organic synthetdciprotab fniy .
;cesses reg 4§h€fﬂRRPiI9 en? faddfes ed&,nf aasfq PETS videduwu noifaii :, .
- yes seslolg 4Lk hh, i ABTY g To. <.‘3"-{1h ucm 4 '
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ly nejier yeachad: the, Surface e i 14, explode Qnsremb!ns i E,out ,,,,, f
Timit: o tge, paleotropospher .e. ;Qn thisn rploa%op%, qyﬁo the: cometa) yucompoun s a';
wereﬁpro_§h]9ﬂg§str9yed,qdegp posed :by. the VaSEnSB  shock waves of the gomthryn e
cal1isibn, "Thus,. {n _addition to {ts major:compy negtsn(cog ' ,uuz.fﬂz ﬂ?"ﬂ’q, o,
pr1m{tiy satmaéphiere’of gggap]anet coptai gg sma J]w&@ pntg,on ble,qases.andy ...,
other, ' i Teomp gq ( NH;,hw h and. H,S, derive d f °94t9$v cere-.
= ted cométary,mgteri 1 UHoweve upon. quenchin t Lowmtem atures. many,.of  the ‘
highly reactive; Chepic ai,species produced by' tpe

il act‘hou1d‘hare reco bined., e
leadinﬁJto a“grEat é"“ty of o gan é oqnﬂs The*enormods amount of energy.
liberated:diring: cometary; collisions x

| gabI ., playe an “mportant, ro1e, . £0; now.. s
largely*ignored; on”the che iéal”kin % § of  the"

A early’ atmosphere. “Furt er models. "y
of the evolution of the primitive Earthis atmosphere should consider thecontinuous g
influx of extraterrestrial materia1 and associated collisions, as an. 1mnortant free- .

energy, source’l‘“ B s

i \
i3 RNCRE I 56 ERURA TS SV I

. e PIFPOATI B P4 o
.t,_.'\.i "'cl‘:).r "‘,.:H” g itk “-'r-’. '.*.,,..t";‘: . n’x RN

Although»ten i0fv thé intérstellar moletiles" fdentified up to' now--hydrogen. water, .
ammonia, carbon manoxide. formaldehyde, acetaldehyde, thioformaldehyde, 'Hydrbgen .
cyanide, cyanoacetylene and cyanamide can be considered as the prebiological, pre-
curdors |ofmost" offthe”biochemicatJcompoundsﬁpresent in‘living systems.“the1r mere,j

" presencezcértainlyidols not" indvcate’the existence of' an”interStellar“biota. Life
is théirdsult notTonlyof " chem1ca1 ‘evolution’ bnt‘was precededias weil by drebio-\ )
logicah<evolut1on--the 'stdge during ‘WhichS . fn 'the “¥{quid "phase’ environment of ‘the
primitive’Earth;" oiigomers--proto DNA”‘protoenzymes ‘and proto-RNA--lnteracted ‘and

associated themselves into polymolecular, open phase=« separated microsystems ‘from
which the f1rstrcells evolved

DG Y ORI

S OYRIERGD Fooownbmluamd o Gt
The lack of Viquid water at moderate temperatures (0 to 100°CY'in the 1nterste11ar y

clouds precludes the presence of life'in 'such®an environment, @ conclusion that '
also applies to cometary nuclei
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An
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Although our knowledge of cometary phenomena has certa1nly 1mproved it seems sti11 w

appropriate .to quotethe.words .of Seneca [76], the, Spantsh phiIosopher who wrote
about the appearance in the sky of “fwery" comets
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Recent radioastronom1cal observatlons have detected the presence in the 1nterste1—
lar clouds of our galaxy and in extragalactic regions an ample variety of mole-

cules, mostly organic, giving direct support to the universality of organic cosmo-
chemistny Many of these molecules, that are known to be precursors or fptermedia-
tes in experiments simulating the prebiological organic synthesis; are:probably

present in cometary nuclei. Since comets are considered to be similar in comppsi-
tion to the primordial materdaﬂ!of rthe sd1ar nebulal’ wie' have’evidence: of 'the pre-"

sence of organic matter in the environment from which the solar system orig1nated
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volatiles appaar .tq have been:added later: by ithe .infalll ofi«domatavy asteroiddT:!
and related chondritic material, , Indeed, we have estimated that during its first
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acquiring about 1022 grams of, carbon. In addition to carbon. cometary collis1ons
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ABSTRACT

Comets_aredtne‘mostTpntstiqe“mindé;bodiesﬁin'the Solar System.

“1:. With the ‘exception'af phosphorus, d11. the orgarogenic elements (H, C

N, 0,. 'S, P) which are necessary for '1ife have been found in comets.

By comparing their carbon abundances with those of carbonaceous

chondrites it has been estimated that 0% or more of the cometary
matter ‘is made of organic compounds. . The nature 6f the chemical
species detected'in’comets' suggests that the complexity of their
parent. molecules -isi‘at -1east ‘comparable to that of interstellar
molecules. . 'bf“ﬁll”“f7?p7"“*f- A ‘

The possible sources and or¥igins’ of cometary organic molecules
are: * (1) the primordial-solar nebula, which must-have been the -
primary source of all the organic and’ inorganic compounds. in comets; -
(2) -the-organic molecules formed by the ionized-rauiation resulting -
from the decay of 26A1 and other short-l1ived presolar isotopes durin
‘the: early stages:of.differentiation:af the solar.nebula;. (3) organic
compounds produced- by’ the cosmic-ray heating of the matter in the
Opik-Oort cloud during ‘its lifetime, and (4) the more compiex oryani
compounds synthesized in the icy surface layers of the cometary

nuclei -by the action of the solar wind, UV radiation and induced
exothermic. reactions as comets approach perihelion.

The reactivity of some of the chemical species detected in
comets (H, OH, NH,, CO0,.CS, C,, C3, HCN, CH,CM, H,0) indicate that a

number of biochemical compounds, such as amino acids, purines,

pyrimidines, etc., may be present in cometary nuclei. However, due-
to the small mass (-10'8g), low temperatures (<200°K) and other

environmental conditions, such as the absence of a proper atmosphere
hydrosphere and Tithosphere as on the Earth, it is not likely that

the processes of organic synthesis in comets have proceeded beyond
the stage of chemical evolution of the organic matter in carbonaceou
chondirites.

[ RN rt
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... Although ‘it <is-highly “improbable that Tife could have appeared
in comets, the antiquity of terrestrial life,.as is indicaced by the
presence of a’'complex: fossiY*microbiota of 3.5 % 102 years old
suggests that 1ife emerged on Earth during the time in which the
influx of cometary material was considerably higher than the present
values. Different estimates have shown that the Earth acquired abou

1022 grams of carbon by accretion of cometary nuclei during its early
. history.

It is Tikely that most of the cometary carbon compounds
were decomposed into highly reactive chemical species by

;
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Fough'djfferent condensation-
‘coniplex biochemical monomers

' e systems /' “Therefore, we can conclude -
that comets, contributedssignificantly’ tol the processes of chemical
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.. ..Even through the existence'of extraterrestrial organic molecules

.
RAU;

'-‘1

.:-; * :ti":v.'

has been known. sinceithe ‘early‘analytical efforts, of Berzelius,

,Berthelot, .Wohler and:other chemists of the X1 century, who demon- -
.. strated. thejpresence -of ‘hydrocarbons™in’carbgnaceous chondrites (cf.
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.Négyﬁlggs)l}modérn;deyElopmentggjhfrgdi&;ﬁ;ﬁ:hbm§§a¥mand,other cf
‘technjques.of space exploration“have been able to, show the presence

. of .an ample. array.of relatively complex organic molecules in dense

“interstellar molecular clouds, in cometary.spectra, in carbonaceous

- chondrites,, (and-presumably .in“thé parent” bodies.of these
|

.. their satellites -(cf..Ord;’

_meteorites),.and in:.thé atmospheres’of the Jovian.planets and some.of
‘ 'sa ' 1972).% A1l these discoveries reinforce

the hypothesis of.organici cosmochenistry (Oré, 1963), and confirm

Bernal's ;(1965), suggestion: that' the primordial organic synthesis

|, Which according.ito Oparin (1924 et seq.) and Haldane (1928) preceded

‘the emergence of.ilife

3

the eme » may'have ‘taken place even .before the formation
Jof Earth itself. ‘ e : C

C . L

T T R
..But. did these; extraterrestrial organic molecules play any

essential role in the appearence of terrestrial 1ife? Although it is
extremely unlikely that life could have evolved in the galactic
molegu}anﬂclqudswor,inacometaryﬂnuclei;‘és;hqs.bggn recently
suggested,the.recent discovery of ‘complex”~3,5.x, 10° year old
microfossils.in Western Australia’ (AWramik et al. ;1980) shows that
Tife must.have appeared.onthe Earth at’ a: time, in which the influx of
cometary,. and;related meteori'tic 'material’was significantly larger
'fh?nsihefFQ"tgﬁporaryuvaluef rtsisuthgrgﬁQfeﬂlbgﬁpal to conclude
that, comets, mayuhaveihadia vole’ 1n"$hdping the, environmental

conditfons, of .the prebiotic Earth.,*
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95 i ‘,“ ' ‘ ﬂjtl},pp‘gisle‘tec;gd}mpatbu ?‘bw‘ TREY Plex is{ ' "‘ !ese environments. Ve '
stappo 21FCT i ‘ ﬁ.k’)ﬁﬁ‘f htp;ng;ﬁermeftesﬁxmﬁteé 9 7th w “amount of terrestrial
gyl tapor Bl T ee sa't t xmay,»beoof cometary’ é’r‘i in3 :,q ‘Zcompare them to other
fo amas  onsiie 2 ;;trate;rrestnal ~sources ;6 £l 20¥gano; efn

) L rganogéhic elemgqts. We also discuss
L “he pteﬁzplog;ca};seVenﬁs Jthatiﬁmi*ght‘ha%ef Jfo'.(f;}owed the collision of
g RIHICH .b;w “‘"’“(cdmetary muclei .accréted by *the ~—§r1m1t1€r‘e“‘§anjth, Finally, séme of
b {06 (63 el e ighe ‘g‘\‘lrr@nt s;deaus“ro:lgpre‘biblbgic a1’ orgarﬁc ¥ {’yr\thes:.s of ‘biochemical
g aaddn. dp, QD8 ;"uil?don}egs angd, «theix; polymérs o the“-‘p”'rﬁiuve ‘Earth are. discussed,

Wi RES together w:.th the emergence of precellular systems and their further

INTERSTELLAR ORGANIC COMPOUNDS

r oot ol Fomaer il N :“‘vijf""{‘?‘ '.;'l

; '»““”“Aﬂ: ough“the .presence of. simple “diatomic combinations (C2, CN,
; ~ CH, CO) in .the atmosphere of cool stars (cf..wallerstein, 1973) and in

N A P interstellar space (Adams, 1943) ‘has beéen" krown' for a long time, it
was not until the past fifteen years when the development of radio-

astronom;cql techniques iled:to the‘"dzscovery, in the gas and dust
slgngius of clouc[s of the {Hzlky‘ ‘Way .andother™ galax:.e of a larger number of
o T predominantly organic -molecuiles’ (Table 1 thus confirming previous

3
. ““sug estmns about ;the: universality6f- organic chenustry (0re, 1961,
Cphogedinbia 19633, Wald, 1964).:,

4 Aridiscussion’ on - the!~distr1butxon, and the
T .o mechamsms "‘tespons:.ble\c.foz ughe? formatfio "and destruction of

mterstelIar moleculgs, may be. £nunds cl.s‘.ewhere (Turner, 1980).

R R R R PR Lt ‘
qute"remarkably, among: “the: txdentlﬁed i”\t_erstellar compounds’
are’ preclsely .the ones. whxch have beéen- used or produced in laboratory
gy 8 e . sxmulatlons of preb:.otlc -organic «.synthesw.
' - '1nterste11ax} moleculesw(moleculat‘ hydrogen, ter, ammonia, carben
HET -“monoxl.de, _ thmfotmaldehyde, T aldehydes, : .hydrogen cyanide,
cyanoacetylene, and.. cyanamide;: plus phosphine, which has -only been
detected in the atmosphere of iJupiter” ‘bUE s’ pmbably present in.
" interstellar space), can be considered as “the. prebxolugmal
precursors of essentially all the: bmchemxcal compounds present in -
11vir)lg systems (Table 2) (Oro er: al., 1978:! ' 0rg and Lazcano-Araujo,
1981

. ;:,‘;w:,
v S .

T $41

n,» fact, nine of the

. v L
U SO IS ! °

A.'X ;.x_‘\ v
-)ﬂll, .

st "However,,., as.. ,‘oquovember, 1980 no‘)mte\%tellar biochemical
"'monOmer had"been reported. i The: search for" mterstellar heterocyclic
: carbon \ring, molecules -of:furan and imxdazole (Dezafra et al., 1971),
vroLnnn fu Cand Y for pyra.mdiqg.s andy yridmes s(Simon'" and Simon,  1973), has
: ‘Yielded nqgatxve« :csql«ts(, .and Dohnt and ‘Khana (1980) have found no
SR ’experimental support  to. Jehnson's¥ (‘1972,”19]7) claims that the
’diffhse absogpgloq\bangis ‘ine ‘the:wisible' te%:o{\ f the interstellar
Pl spt‘ectfum are Soret,, band=types; 'p\:od\fced‘O 2’/ complex metallo-
porphyrin, bis- pyridyl-magnes1um-tetrabenz-porphyrm (MgCyellapNe).
_Glycine, l}e,,§1¢mp1t‘-8t,gﬂmnonﬁcxdl and"uq m’h or product of abiotic
. ‘ri: ( synthedis’"and .the. mogtﬂhqbqndantimetéon‘tit ‘aMmo ‘acid (Ring et-al.
p pf ownse Su019725 Niller' éf.', al.y1976) ,:hasibeen! Lobkéd #br }mspccesfnlly in nine-
o Canpimn s o galddtfi molecu lar, clpuds; iincluding JSge ' 23 d0% A (Brown et al., -
enfuonion 2 111979) +941though recently Hollis et aal., (1980) have detected), iq@%rB?.
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o ro'éanfjh;! w2 efqpez5‘“Qleﬁemﬂ§ﬁj°ﬂfﬂﬁ"e Wlmh“a‘freqUEHCy of '8¥.22 GHz which 1s

T e km.‘coinmq! npxw1th4theuhran51t1on ‘of theﬁ1oweﬁﬁ‘energy conformer of .
ww. B . ‘d" .g (m , 8 y iﬂe. ‘uﬁu Aoty ‘f‘) w oot th fo pni “ull'“‘ Ay 43t s . =
SRERte L EN et nn J& i FM'UJ UL ames U7 & W

It should be noted, however, that more. than 130 unwdent1fied
emission 1ines‘havenbeenﬁobSErved 1nUthe'346"wn-wavelength region; of
two molecular ¢louds in Orion and Sagwtar1us (Turner, 1978). It s

,q:-p0551ble thatosomeiof theséllinesseduld: correspond to organic. .

‘ molecu es, of .greatensstructurdl compleiity‘fhanrthose in Table 1. |
AP P hgs poss1b111;w¢is suppartéd .not-only byﬁtheoretical considerations
O35 e Tt o the ‘existence .of sinterstellar polyriers)(WicKramasinghe 1974, 1975;

2t "‘Sa peter, 1575,1601dansk1n r1977)~butiéﬂsb*ﬁ&'a’number of laboratory
A et simalations inswhich:icymixtures -of simple mdlecules (H,0,
S R N ,CHu. :NH3, €05, ‘etc.)i have: been drradiated by'UV:photons (Auslcos et

o "al.,31965,{Greenbergqet»al.d.1972' isee also’ Gregnberg, this volume)
AQILzi L T and by. 1on1zjng radiat1on~(Tab1ea3)'f These experxments have yielded

N on-vo]ot11e organicimaterial, ‘including! amino acids, purines and &

- pyr)mldxnes,xand low . molecularsweight hydrocarbons. therefore

IREERS ‘suggesting that these types of compounds may'ex{st as components of
interstellar gralns.
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spdel i e Recently it has been proposeddby Hoyle'and Wickramasinghe (1979
Gl P a 2B, 1980)fthat the - 1ntecste11ar absorption‘features in the ultra-
A . violet ¥egion. (x <-1300-A andiig the liaveband' 1900-2800 A), and the
"3, extinctxon featore jin.galadtic linfrared sources are due to the
Ny presence of .3 large mass of,ﬁlo“o -grams iof::frozen ‘bacteria, algae and
i 0, - viral partwcles., It 5. extremely difficulty howeVer, to visualize
ot . ‘any. possible mechan1sms by‘whuch ssuch Mypatheticall organisms could
originate,Survive “and ‘evolve under the harsh environmental conditions
of the interstellar; medfum.. In-factisince'Hoyle_and Wickramasinghe
argue that "thase 1nterste11artce]ls would:have.a* éarbon chemistry,
. they! wouId therefore be under;the:same: -environmental constraints of
terrestrial Tife, which .can not :survive! under\the Tow dgnsitles (103<
9108 Hy. molecules/cm3) Vow: temperatures: (10°2:T%< 100%K), high .
‘ rad1at1on level (F ~ 1.0:x'10:1%: particles/cm33with a typical energy
CE 2 '100. MeV', nuc]eonf and lack.of liquid:water’ which prevail even in
“the. deénsest, mclecular clouds, -and whichrappear“to prec,ude the

existence of an, 1nterste11ar ibiota- (Ponnamperuma 1971 Sagan 1973;
Lazcang-Araujo, 1978 :0rG. et al:;71980).::
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The,presence of organle‘molecules in the‘solar nebula is not
on1y Jdndicated by, 1he -gxcellenticorrelation: between the cometary

' “spectrq aﬁo the’ mo]equ]ar romposition of: dense’ fiiterstellar clouds,
RPN < But ‘also 1hd1rectly by the largeiarray!of amino?acids, carboxylic

acids, purines, pyrim1d1nes and hydrocarbons which have been found in

‘ carbon(ceogs ghquritesf(Oro 1972;+Nagy471978). These compounds, *
% Mt which, re

pnsg tionsand,hydrolysds:produets ofiseveral of the
l T IR “V,-'rcqmpouhds d tected;in interstellar space (Table!2); are evidence that
,?rnnol hui ‘ ﬁrsqranwege‘partiofothe materialiofpomtuiich the parent
LAt f”?f‘ e§ ﬁ( eonjtessand the:planets (werd forﬁé d.” However, it is .
“;)uglﬁnii;“iyalk ly ha t tﬁg Qgrsg cpndiuionSqthathrevavfe dufﬂng the formation -
! TR 14 (%) )
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<o seand accumulation-oﬁrthe terrestrial plakiets T8 to the destruction or

T e vy Change;of; most ‘of ther compounds! piksent 4%’ the Solar nebula, there-
) U B R AR 0'\ ;;\‘L f

ore precluding an direct relations betweeﬁ Ynterstellar organic
compounds ‘and 1ife on Earth.
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Jaepio 0 bpoge “s-Comets anezvelatively intnorobod1ds v th*a ‘diameter of a few tens

oL

1
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R

Spabive e sent.up;to 6huaf théinucleds! mas
SRREAt 3&3 d»Qngantcxmolecules 1nher1téd!frqmathe
RNt 'J!{I

o1 o pﬂ‘mqﬂeggleavsyntheﬁizedt=byuthe dédsy of

{

5 :l"\',\l':.)

Coinisnnos

v';_‘ﬂs‘o "'ls'-\ 10

A/QH. Q)

) fax\ed*to«ndentifj more complez

g1ng aproximately from '
,ngtoylp% rgrams: tEheycare knoWn‘to‘cons1st ma1n1y of dces (CO,,

;myﬂa,\ﬂzq,petc;,{andfc]athrates‘oﬁ«éim 1[5 compodhds. By :comparing
i€ ometsiwjth Clscarbdnaceous‘chondrites 'whic ‘abpear to be the most

s'Prlmlttveﬁmeteorxtesy -----

Delserme3(1977) has shown that comets are
;several itimes.less «depleted! in H;C N. and. ‘0" than“these meteorites.
Therefore, f: wel'exclude: hydrggen which'1s 1ess abundant by a factor
with respectitol solar abundances, comets appear to be
relatlvelytsxmilar to- the! pr1mordia1 soler*nebu1a and can thus be

cons}dered the; mostxpr1st1ne bod1es“1n th”’So1ar ~System (Delsemme,
1977 N RSIRTA I

-, i o ‘ e
} NS {_“!..‘.'_‘_ RS l .I

)s”r*u . il"_«.\.-‘? at’.;
The observations of cometary spectra have firmly stabl1shed the
.presence. of. a:numbercof organicmolecules;dnd radicals (C,, C, CH,
q‘)N,cCO,KCS. HCN; GHJCN) vandiother sinple’ chemical species (NH, NH,

a1l :of which -have also been 1dent1f1ed in the interstellar
weedium (Tablefi), although mlcrOWave and “infrareéd technicues have

organ1c molecules:such as CH,CO,CH,0H,
.CN=-CH,~EN;::CHECSCN | svih ch“wauld ‘be _éxpected jto exist in comegary n3c1e1
| ,)(Smoﬁ et al. {19747 el senme, 1978 ° 7
= S r\( SN SEV D
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Aéhgln addition ‘totthe. volatile” comoonents, refractory elements (Na,
Ky Cry:MnyiFe) and:silicatecparticles are also known to be important.

o components\of .theznucleus; “Delsenme (\977) has’shown that from the

as-

‘to=dust:ratioi of.:Comet Bernet 1970 11 and Comet Arend-Roland 1957 Il?
that comparable .amounts of - dust " andlgas are present in the material

;:eje%ted by .aicomet; théereforé suggesting that a large fraction of the

nucleus® mass: may consist of: non volat1le dust and-rocky material.
The.presence of "this refractory component suggests that some

,,volat1lewrich meteorites may,’ in ‘fact, be . ‘related .to comets, a

possibility istrénthéned by ‘the’ probable CI' and CMAchondrltic nature

of Brownlee part1c1es which may be of cometary origin (Brownlee 1978,
1980). . Hoveveri; it should: be’emphas1zed that t e(gomparason and

'~detenninationsjoﬁ,preterrestr1a1 orbits f r t e&? vibram, Lost City

.and: Innisfree :chondritic meteorifes (Nagy?197 ) §upport an asteroidal

,»\originwfor&these obsects iz v P B
vl A ‘!‘ "y‘)(]‘: )(vd ‘/l; VI EC T RO 1{(‘ e v A Ui e <

armiy v Theee areiseverdl p0551b1e‘sources of;d&’ %ér organic
Usncompoundsnowhichaaccording to” Kajiako V“anJ §

c

a

8

velev.(1979) may repre-
1u include complex
i“e Graenberg 1977,

q} 1gn1f1cant macro-

nd”’ o her presolar
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% uhlnyine cefqal .y 1980, >a § Jand COs’micﬁray heatmg in' the
3 1;35 oFt: c?gude(ogn ’1976) whic

N ) has”been shown to proauce hydro~ -
B {“T“Lf‘“ Hrboqe and qxher organlg compounds (Moore et al., 1980).-
NV AR more,

“ Furthey-
so1id-phase expériments “(Figure 1) in which icy mixtures. of”
g relatively simple compotinds (CH,, CoHg, Np,*NHj, Ha0, HC0) have' been
siond L Hiigyradiated by high-energy e]ectrons, protons and ions are known to

produce, s1gp1ficant amounts -of;non¥volatile organic compounds, .
1 heinioneot “~vi ”1nclud1 chanlca]\mongmers suoh,as*amino‘aewds, purines, - "y
fensieiffon Tadd yrimxdines and, 1carbo e acidngTab1e 3).zoThese experiments '
prineds wi » o ‘“support. Therefore,: t

e . poss1bx1ﬁtynthat 'similar reactions may take
N Iace'in theklcyﬁsurface layersﬂqﬁ»the cometary.nuclei by the action
SN ENEL U o'g

“the' so1ar ylnd, Uy radlatlon and: induced: exothermic reactions as
mets ap proach, perlhellon ey ,;P;ES'a f

. ).'.‘\ }1}

i
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However,.since aylarge layer of cometary ices is ablated from
\w,hé nuc‘leus1 Surface each. time:, theJcometgpassesLthrough perihelion,
bR TR . ‘it is 1ikely that most.of-the organic.productsson the surface would
A n@ be: sub1imed b\own off orjpo1ymerlzed .(Ban+Nunvet al., 1981). It {s,
gmas~l M i therefore. un]1ke]y that these organic compoundscor their derivatives
T fj‘“ could undergo further chemxca1 .evolution:in theperiodically liquld
SRR B IR cometary envaronments wh1ch Hoyle and Nickramas1nghe (1977) propose
1 ds the. place .for :thé origin .of life, ;including:viruses. In fact, as
P Nt Kajmakov and Sharkov .(1972). have,.shown,.at.:1 'AU«from the Sun the
o B -“4 " equi1ibr1um temperature of. H,0. icerxs about: <75°C and no liquid water
a0 T ¢ould exist Th1s conc1u51on is. further .confirmed by a number of
R ‘ , experiments 'in which. D20 (Glasel,;1962),: H,0 (Kajmakov, 1974) and
RYLe O T " frozen solutions with metallic inclusions,: Al,044:Si05, salts,
) carbamide or phenylalanine (Dobrovolsky and Kaamakov, 1977) have been
1rrad1ated yielding equilibrium temperatures below 213°C and no
" Tiquid water.( Under such conditions; it. is difficult to visualize the
abiotic’ synthes1s of key life macromolecules and the emergence of
life. o .

:‘-:»;,' 2y

A

However, as. Irvxne et al (1980 a, b) and Wa\1is (1980) have
argued for typ1ca1 comets, ‘with radii.of the'order of 10 km, the
‘decay of 2 A] and other, short-lived presolar: 1sotopes could have led
to the existence of 1iqu1d.env1ronments iwithin.the cometary nuclei
for.at least the first 107.years-of the:Solar:System. Such transient
environments, wh1ch wou1d only be -possible. if-accrettion times were
of the'drder‘of 108 'years, could have led to radiation-induced
chemical. ,organic synthesis (Irvineret.al.;1980.a,b) although the
effects of radwatton of,; self- ~raplicatingisystems:arising under such
cond1tions would a1so have, caused -the, demise of ady 1ife forms which
° . may have appeared (Bartiun et al.;:1981).> i1t/ may thus be concluded
v 200 that 'the’ a?sence of a proper atmosphere;:hydrosphere and 1ithosphere

e U ,and the 104 temperatur65u(< .200°K):.have.precludedsthe emergence of
;1{1 *~]1fe on ‘comets,, wherexﬂ; is: not; 11kely ‘that: thes processes of abiotic
i "“prganic sinthesis Haye, Aroceeded beyond, thes stagevof chemical

agsis Az, evoution of. the ougan\c matter 1n,carbonaceous,chondrxtes.
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iy n ppigoet yCOMETARY G ELISTONSORND, THESPREBIOTT (N

moqbent a2ubGHT eF AWonR wood e6n nOTTE ATANO O HE T ME DID M R .. UNDERBOLTS FALL IN A
",‘,,‘t.m {oser . ls 1o 2r105i) ﬂbf‘;t! LE‘@{? sgvffuoa '§0“0F rg‘ﬂ D1D',D EAD COMETS BLAZE...
poyoi W vioRup 2 3numerynd -
.._,.AH.';?'d‘:l[v“: L li’::lﬂy""'ﬁ (1“\-’ r;lh” ;!\h idt\* 3 \i“’ji’(

RSO Vi i1, %Georgics.
sad B0 pivat brn caniong eI nnle pEYana-ipn (O *"“’ rs

ty easptn The ﬂdrgewnumberrof“ﬁmpactﬁcraters htqh ave been identified in
»ithe; Moonys Meraifry: and Ha¥s' (Shodmaker,! 1 77)"

et - {Sh ows that collisional
zgegmia \ o proceSses wathfhnterplanét‘ry’b b 1Y 1aye a maJor*role in shaping
¢ wen eraisair thet surfaces! off ithe! pliiets’ of the' S y{er p arlr System. This -
b i tan il 1"*‘hYP°thES1S 5 supported b?’th 'receht ob servat1ogs on the
ok apeidnaa . carbonateous’ nature’ of> Phobos ‘fﬁ1ﬂack‘ét al.,.,1978) and Deimos (Pang
e et al., 1980), the two Martiah

ate]1ites ‘which“are either sthe
remnants of pr1meva1 processes or. were captured later.

I the case
. v vurgidss oo cofithesEarth,! 'howeVer, 0f>all the 78 (probab]y) ;impact craters which
e EG v ihave:zbeent identifieds (Grieve and’ Rgbertson, 1979), only three of them
W'iﬂu~:?'}ﬁ_‘ .- appearutoidatenfirom Precambrian times éTab1° 8. A]though the
AR S geo]og1ca1;act1v1ty (6fl0u¥ plangt* has b]iterate most of the traces
Y esn ;',‘, .of.itsuearly history,- *jnitial megacra eriqg processes (Goodwin 1976,
LT TR Nisoieofreys 1978) farevindd cated Fron modelstiof” the formation of the :
g e wiicterrestridl planetss (safronov; "1972; ‘Hetaerill .1980) ,"present
. . influxtof reXtratérresti{a]’ mater1a1 (Wet

erill, 1974) and data from"

ant «. the Mate~hedvy:" bombérdment lof" "the ‘Moon" lh1ch ended approximately 4.0
S 1o X107 years ago’ (Tera‘et-al. 1974; wether11] 1975}, show that when -

N -the Earth had grown ¢Toge' ‘'t its f1na1 mass At ‘vias still suffering

. the effects. of an intense bombardment by res1dua1 planetes1ma1 svarm
P T materlalgfﬂﬁ ipient i die

;
o d e
. \;lx RIS T SN R RVR A =0 Hk

%

. : iy fs-:>

A Although the present herrestr1a1 1nf1ux of cometary material is
‘ sma]]‘(Urey, 1957', 1973; Whipple, '1976); the. coptribution of comet-

. Yike bodies- from: the outeriSolar System to the’ early collisional

. history of the Earth must have been many orders of magnitude larger

than the contemporary figure. In fact, Wetherill (1975) has

demonstrated: that: a]though <99% ! of 1nterp1anetary debris was ejected

from the:Solar: System’ by- Jupiter, perturbatibns from the giant

planets:$ent a number of ‘cold,’ vo]at11e rich, ;sma]l bodies from the

o Uranus<Neptune region® into' the 1hner Solar System. where their

.residence-times prior-to remova1 by planetary 1mpact or solar system
escapeswourd be:-~108 years (wetherwll 1977)

N 1,
- ISEHR AT i~ t,;( vl

s It has ‘beencestimated by Wetherill (1§75) that the cometary

it mater1al Anflux: dUring the MOOn s f1rst 700 m11];on years vas -2.0 x
wi 11020 grams:(Table :5) -

oL .+ -ufores log1cahatonconclude thaﬂ during th1s perwod of time a greater-

. iy L. mMAass. ofnoometary‘nuc1e1‘co\1nded with' our p1anet However, 1t should

.. ... . be-notedrthat/ithe 1arge: number’ of assumptionco1nvo1ved in such

ccalculations make it difficult 1o’ give a Precxse gstimate of the

i oeads amounts of i tometaiy matter dccreted by t e Earthfl,ﬁn spite of these
:l”,tuncertainties;quss '(1974) ha s‘sﬁoun that‘dur1

ng its 4.5 x 10% years "
in the main sequence; the Sun has captured -107" grams of ‘cometary

P

1 . r N
IR E NRATaR

7
Rl A1




'Ifo":_‘ . et i .]’\ S

Y DS AN .
adety FunaV esnoiv 9{{dg
sfdon [shb

‘ fuflar -
ﬂqff

Ceasgegmis 813 ’“’fi’f'*liih"ar’fé\f‘faféﬁi"n‘g‘* ra{té‘s”(Oré‘%étfh'l. 'Ul ;197§;1) 0 c .
- abe 01521335 20051980 “and Bl solarSYsten Chenital abunddnces” (Chang, 1979) siiggest
- 8%1 1R33] that ithe Eayth ‘could have' -accreted (102223 grains
Jatei vomined Bno overdifferent tinie-spans.' These -aré ‘shown™in' Ti It follows
BRI e -~ ifrom ‘the 11023 gram Vdlue derived independently ‘by Oré et al., (1978,
: . ©1980), and:Chang' (1979) ' ‘ahd From Delsemes's (1977) estimated
fodY Do elemental: ‘abundances’ > ‘that’ since ‘carbon §s ten*times more ab
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;. estimate, 58ts an.u
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son1g 12 (diFirgVthe [1ate-accretidn pariod sl
ro smsir o5 €561 thanIY025%26% ‘
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ONOT) Gdppid b AJﬁ{@glqiéiear§)§c%ﬁEtanm,negy]a

pal o iupitervslorbitl \Vmt an

A :}gz&rq;dﬁg 2femfastons i s

uh D

waded ol

~ the possibility of & primary ‘dtmosphére formed by

' Earth would 'beapproximatelys the ‘sane” as'‘th

.
L Rl e
nuclei; Joss® estimate, which's er 1imit, for the number of
R L Er I P L TS S U L2 P TP 21 “"ni 5 "a?k bcomparab]e to an '
efidént “veSaTt"froM Unipple (1976 )):f"wi,,ts,tii;}; ‘calculated that ,, -
tedaccretidn period Gur, plankt could have captured ess
grams 'of cometdy “matgriqiggqulg{-),from a short-1ived
3 [0f, mass {1027 grars, located within
:5 Baianson datdda-eniswg =
af}ﬁﬁgiﬁﬁéﬁhfgﬁ‘&&ﬁﬁﬁjﬁ?ﬁi;onsideratidﬁs and
980;"-Pb1lack ‘and Yung,

-

"~

i

O LY

> ndepdiidrie cateut
‘of cometary matter

"These are ‘shown in Table 5.

dnLEsy  ANd L s lhve Carion o Lei bl undant in
comets that in CI''chondi-ites' (where’3 5% of "th&'mass js carbon),
that approximately 1022g of carbon were added to the surface of the

primitive Earth by’ coletary 'collisions. ' This later figure is in fact

.of* the' ‘sameorder’ of magrii tude’ than'the 1.9 x 1022 (Hunt, 1972,

and 1.2°%! 1022 gram: (Schidlowski; "1978)" e¥timates.of carbon buri

s CNYCTOWSKY, Lo/0) estimal ed in
~~the. Earth*s7Sedimentaiy’ Sheél1;7 and about’ four orders. of magnitude

Yarger'than:the 11018¢'0f carbon' calculated to”be incorporated into
‘1iving Systems’ (Garrels-and :MacKenzie, 1972; Abélson, 1978). In
tdoing: this:comparison;‘of course; we‘do not’intend to imply that -

terrestrial*life is'of an-ultimate cmetary.origin, but’rather to

:show) that- comets may have contribittéd significintly to-increase the

terrestrial budget of H,C,N,0,S and other organogenic elements which

}actedﬁasfquZmatgriAIl(éithe?”in?éléménpéty;fqgm‘or as simple organic
compounds } ‘for=further:chemical abiotic organic synthesis. Thus, it
‘appears that ‘the capture-of ¢omets by the primitive Earth was
‘significant inigenerating-the’appropriate aqueous and reducing
environmental ‘conditions -necessary for ‘the appearence and early
“evolutﬁon‘of,1iféiﬁprq7étiﬁlg;‘1980).' R

Although the terrestrial depletion of noble gases relative to
solar abundances (Moulton, '1905; Rusell ‘and Menzel, 1933; Brown,
'19523 -Rasool ; '1972) ‘shows' that ‘the 'Earth acquiréd a secondary
‘atmosphere from the ‘release ‘of ‘intérnal volatiles (cf. Walker, 1977),

‘aprimary -atmosphere form impact with
vo]ati1e4ﬁiCh{bbdiéSjHasvbgen“discpss@d“recenﬁl&y

: D d 5ed ‘recent] hby a number of
' :authos “(Arrhenius’ etialy’;’ 19745 ‘Benlow'‘and Meadows, 1977;

' Henderson-Sellers  et'al.; 1980)." In"'fact ‘Yue 'to 'similar mass and
orbital: parameters;” thé probability ‘of‘ minor-body' collisions with the

bximatelys the ‘same” asthe’ probability of collfsion
‘with Venis?> This conelusiont which''has® been’ dembnstrated

3 - S artie o AN e P SR ;‘

b - vi'quantitative y7byfE%grhartﬂ(T?QQ)ffokﬁld“‘,yb thetical random

Niadd b /;;w._‘gmm wiparabolied comets: (Figlire’ 2)‘,3ﬁgplﬁ é;”ftrh id f;%b |

G Jnsioaostvic: the! Eaibth wered the  ma jorsobycéé . of Vo)at les, then' the noble gas’
WIvre ns diiabundahcés.and ratios:d )_G%bﬁﬁb$hoﬂﬂdwbé‘ ppPoxiltately the same for

Ny rr S bothsplanetsﬂ(Pﬁl1atk%6ﬁdﬂ81é;k;‘1979)?”“T is;

ietary collisions with

%

L]
-

“however, is not the
4

=
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vo radeun 281 10T ddEdd “d&’frﬁiqétﬁgngfq' ’“hg?jzgdibééﬁfé;lﬁqgsAry 3r and 20He

P qcuusgnn:nhbdqda Ceé;ipétae y,pﬁ§{ n. ém iSphere: gqu Piorieer Venus probe

. edyopadslunh shovi the ex1ste ce.of, aqlaqge qxcess Eimes)* of primordial .noble
zeet bronand ol gagde T Yenus relative ¥

( Eafth, (Hoffmanret aks, 1979 a,b; Oyama et
_:ﬂ:,:i,)nlx\a1’ “1979ra b). ’,These measurements haveoledggallack and Black (1979;
nintiie besnoeidata s et Tack

and “Yurg. 1980) toqsuggestSghaﬁuthexsolar ebula
grains-which-accreted ‘to. form p]anetes1mals and plaretsima

ave
- conta1ned non-volatlle organic cqmpounds,ﬂwh1ch due to lategh
by ruor?“ i it ’ﬁ]aneta&y(eVoJutipn 11berated.NoJatiles that formed the atmospheres
' . Wl‘,ﬂ”i of, Vengs Earth and Mars. YHowever ‘the | \nhomqgeneous accretion model
Joougus Y 1 for “the’ h%igin of;ihewEar;h CTurek1an andqclark,31969 1975;
N BEERCAI “’Grossman,;1972 ‘Cameron and\Plne,,1973 -Griossman; and Larimer.91974)
arsty o jé‘:J wh]ch S supported by 2. number of~geolog1cal ;arguments, implies in

D . turn that the:terrestrialiplanets may; have acquired a significant

amount of yg)at11es from, accreted, chondrnt1c mater1a1 (Walker, 1977;
Anders and wen , 1977 Oweq, 1978)

Tedd rianns

¥l ‘,;t

A]though 1t 1s poss1ble that 1fa: tense; degassing took place
durlng,xts accret1ona1 phase,; then. the,Earthicould have had a highly
’. reducing, atmosphere, (Pollack and.Yung;: 1980)f the presence of :3.8
’ 109 years old, metased1mentary3rocks from:Isua,:West Greenland . .

(Moorbath et. al.,11973) formed;at relatively. moderate “emperatures of
’ ‘ U “"_]ess than. 150°C and probably below 809C, {Ahmad; and Perry, 1980),
=ee oo e st e < show, that even ifxmethane was-,the, dominant;form of carbon in the

. primitive, atmosghere, 800.million. years after the Earth had formed it
. :;;! 'ihad already been;; replaced by carbon ledeEi(Flgure 3).

““Thus, e1ther the h1gh1y reduc:ng athSphere o(Hz0, HHy, CH,, H,S)
postulated by Opar]n (1936). and‘Urey (1952) had:a relat1ve1y short
Ilfetime, or as_implied by the non-homogen=aous::accretion model, it
‘never, existed at.all (Walker,-1976).: Indeed;.Malker (1976, 1877,
1978) has ‘argued..rather. convincingly rthat - theepreb1ot1c atmosphere

was ‘dominated by- CO, .and -H,0, with N;-as.a minor constituent and only
trace amounts of Hz ( 1%) and CO.

Howgyer, when such weakly reduc1ng atmospheres are reproduced in
]aboratory similations, only‘neglmg1b1e amountsof a few organic
-fcompounds arée /produced. ,In fact, as, hame1des .and Walker (1980) have -
shown, in a DFEbIOtIC atmosphere dom1nated by.C02, shock processes
N jhfrum 1ightning and. 1mpact1ng bodies«wou1d yield small amounts of HCN,
Y “which. {s. knovin, to be:a key Antermediate;in .the synthesis of amino
‘ C i écids,wpurines,spyn1m1d1nes and conden51ng molecules (cf. Ord and
R . Lazcano Araudo, 1981) Thus,pr may .conclude that even though.high
il A3 »1§f.$part1al pressurES of.free§H2,are known{exper1menta11y to inhibit the
L‘ﬁ , SYnthq§ $1 of, partially dehydrogenated compounds; like purines and
o I;*;;\}‘ xIm ne§§ Ponnamperuma, et al ,, 1963;, see: also, Bar-Nun et al,
dgiv an JQ,Q{; e ?Ij.,\ non e §ymatic syn;hesis of.- biochemical;monomerd\and their
{ < (3] o “ er.
e

1

gl don PT 0w wm% Z d,afmosph

[N

) ‘must, have  requived. a, prebiotie: environment ‘that

reducdng (Chq.,Nﬂg. HQS. Ha)unoriwith an early
ere; where .Qaxygen; was morenobundant than carbon,

[N
o
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& Vi i 3 ’:T '%\. oBRl
; ey "“sqnée ghock ﬂangxsﬁﬂégr gqiﬁébgng‘i qéme]y eff1c1ent free- s -
i \Ffenergy gotirce ‘fqr’theﬂépi'gjc;sjntﬁests of,, ino; acids from a highly
owsid redyced’precirsdr’(Ba Y- Ndn ét%&lh. L§7q. 197 L),th is conceivable

o f0ithgE Winder=the' ”'ﬂkwh at redicing, pnep1o ¢ atmospheric conditions -
S ‘disciissed"dboye; "doriets '¢aptured by thslprfmitive;Earth may have
+ playéd a' s1gn1f1qant rdle chem1ca1 evoTu fon, because of the huge
sudtn b o'amounts Cof Yheat fand shock' av 11be§ated‘dur1ng cometary collisions,
Indeed, the 1908 Tunguska explosfon, wh1ch was probab1y due ‘to a
, fragment of Comet Encke (Kresdk 1977) or a;small, -10!0 gram comet
oo e Browin ‘A Hilghes '1978) ,: 1iberated 1o~3 e

{ rgs when the colliding body
Gaond .‘nxw;:ff?’trjve11ng’ht aprox1mate1y 50,km “”
Pl

y mately 50,k s (Lev1 n,1953; Krinov 19663 Ord
at ot v i ‘et al. *19805 exj Ioped“ i“B 5, kni aboye the ground (Ben-Menahen, .975)
FETIS RS - S ST f*’ ‘Under - “the ! anoxic’ cond1t1ons‘of the prebiot1c env1ronment such

aes L

¢o1Tisions would destroy most of the‘cometary o gan1c compounds
wedo o (Mitter dnd Urey,| 1964), but Nould 145Frate considerable amounts of
‘ L Cexcited mo\bcu1es ‘and’ rai 1cals {OH, H

- o v Ol cu“n@z) directly into the
Ot ' ‘>'*atmosphere (Oro et a]., 1978.,1980 Chang 1979) where they could
: . 'undergo “Further- chemical changes 1ead1ng to more.complex organic

A ho\ecules. “Since 1n the prim1t1ve‘Earth a very(large fraction of
“roerhe 0 carbon and” other organggen1c .elements would' be, locked up in

carbonates®and' other” vo]éti\e-r1ch sea1nentary rocks this cometary
input-of- exc1ted precursorsmust have' played.an, 1mportant role in the
!preb1ot1c férmat1on of organic molecu]es .and. thE1r intermediates.

A]though Lev1ne et al. (1980) have shown that the influx of

-cometary 'Volatiles, especwal]y Hzo, w0uld have Jed to a rapid ~
chemical: destruct1on ‘of atmospher1c CHn, NH3. and H,S and other
rediiced moTecules it is;also’clear that the co]}1s1ons of comets with
-the’ pr1m1t1ve Earth would" produce h1gh1y reduc1ng transient
-atmospheric’ environments rich in react1ve chemlcal species. Upon
quenching ‘to 1ow temperatures, due td.the’ subsequent expansion and
‘cooling of ‘the ‘gas ball '(Raizer, 1960), ‘the' chem1ca1 species
' produced bQ ‘the ‘impact would recombxne 1ead1ng moﬁthe synthesis of a
great var1ety of“organic compounds (Oro et 'al., .1980) They could
also’ undergo ‘cdtalytic ‘reactions on the surfaces ‘of metallic and
silicate" part1c1es wh1ch are known to ex1st as components of the
cometary nucleus. ~This" hypothesis is.in. fact’ supported by the
Fischer-Tropsch type reactions’, wh\ch .inhvolve a Mmixture of simple
precursors, (NH55-CO, H;, etc)’ out of equilibrilm reacting with or
without-a’ cata1yst‘(0ro ‘et'al.’ s 1977)’“ The abiot1c synthesis under
“'such’ conditions’ of amino acids (Yoshxno et a\.. 1971), purines and
‘pyrimidines’ (Yaqg and’ 0ro,,1971) and; of. C}

19, L0 C normal fatty acids
(Nooner et ali"1976)’supports’the possibility’ that accreted cometary
-nuclei provided. raw. materlal,pnd a. free energy source that increased

synthetic’' reaction’rates” in' the' br1moﬁ31al terrestrial environment.
t1or o EXTRATERRESTRIAL sounctsﬁor CARBEN, |,

Yitenin ST H]
PO S S \“)(JJ;&& AR “»"*““["*) t
it b,

P I {1 addition“to the 1n{erna1 spurces'af t gﬁmospheren(Walker.
ENEH I s\a*~‘1977-*9oq1acw"§nd ‘Yangy 1980}, 'dnd" the: ex%ratenreatria1 influx of
aotsufavs ives biochondritie’ (An érs and Owen. 1977) and cometary material (Ord et al.,
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1980) the Earth a§

acq ]irg QVer its hissory volatiles from tuo*
syt gnoi 3--jj éddxtwdnal Soij ces 5 aﬁi;ya_ Tar wind. pas t%clga and interstellar «s
wldptd & ot ebios may ther: to ﬁhe~aﬁ At Qofi‘ ﬁhiu)thgciqg netgdjfrom these different
afdnyiesnoa 2t *Eﬂg%qces]in{shg%nlfn"TaB!é;_ &yhege‘th .Contribution of chondritic,
fﬁﬁ,;*hwo siedipebarial JéTéa ’re‘*esent§.a;;bWef"li it, .decived f
BT A EET ST dajgtnijx offﬁég Hﬁdtdéﬁofgigﬁq:ﬁf ﬁs’§$v;lyby w;2?e$?$1pf?3§2§,
TR r" 30 Brunot .Lan"&’f?a:;j;q(njﬂ‘q_g,:thaqf‘ 5:9,‘55.'.91‘33 U‘}g'jgy}ﬁal}gﬁg waterm r,has a carbonaceous
canoiai [fe NS o ﬁ,cjﬂdqdri tisgsomrig.s?i}g,:.- paepy ypruT BT gt bush
5 oo b NGndong 2ed RO \ o : 5
3 it gy o M £ " 114 ) .tU jﬂi LR T &
yoman msg T "‘Tﬁe so]ar\n1nd i’ aigley 1oh1zed gas*that ‘originates in the
b gaibiiio SR 'Shn S, outer’layers ah hhi: ‘chgnncalwcqmg sition Comparable to solar
I 13‘<abundances.” Sincé,’ the abundance: of, e, dn the Solar wind relative to
C AR mailant-aol, iniGthnsis, =105 (Bame et dl.,.

i1968) Ualker (1977) has estimated that
Ik ”3He tehrest$1a1 i flux of19

cm? sec, )corresponds t9.a proton :
RS “HRFIuK of 71 x: 10 ‘em?;’ sec ¢~J;S1ncegcarbon As; 4 x 107 1ess abundant %.
t e SIS el hydrogen in.'the Sun,: 1tff6119ws that gver, its first 2 billion
5id Gditd 1533;: years the Earth. accreted 1012 grams; oﬂ3carbon ‘(Table“6). However,
vk BT -~‘ ‘'since" it- 1s”ﬂ1ke1y that the gun passedwsoon aﬁter its formation
LRI through a: T-Tauhi age w1th an 1ntense solar wind (Cameron and Pine,
bo 0 THLRET D 201973)] uch 'more” sbYar: wi

. nd.materjal. cou]p have. been accreted by the

“Earth Soon’ after 1t“had formed (Po1nack and . Yong, 1980). It is

e A Lt possible that in”the absence. of the “geomagnetic.field, such excited
el . 3ﬂ5i; . ‘carbon” atoms may have prov1ded an energy source. for chemical

synthe51s in" the ‘upper pa1eoatmosphere (Sagan. 1965)

nnnnn

-center, it seems poss1b1e that, encounters ‘between the Solar System
‘and “dense" interste]]ar clouds.may OCCUF . Alt ough it is possible
‘that ‘such encounters may, 1ead to. changes 1n R4 e-terrestrial climate

(tHcCrea, 1975; Ta]bot et al.,. 1976,,Newman, .1980), it has also been
: ‘suggested” (But1er ét'al,, 1978) that the accretion of interstellar
' Tw © o éloud materlal by the terrestrial planets may be.responsible for the
accimutation of some "{sotopes, particularly Ne.. Such encounter
e -betweenhnnterste11ar clouds and .the Sun'are not rare; in fact, Talbot
S .-~ and_Newman (1977) have.. est1mated that(thefSo1ar System could have
_‘ericountgred over, 1ts 4.6 x.102, years of, ex1stence ~130 to 140 clouds
e wﬁth more than 102’ hydrogen atoms per:. cm and =15 clouds with more
“‘than "10% hydrogen atoms’ per, cm3...From such . c\oud encounters, Butler
et al.,(1978) g

ave:'shown that 1,5 x, t015 .graps.-of. carbon viou'd have
been accreted by ‘the Earth (Table 6),. .,Jherefore. it can be concluded
that the, 1nput of. 1nterstellar vo]at11es,d1d not, play a role as
AT R RV

'important’ as comets in shaping the, env1ronment in which the erigin
' and, early evolut1on of Jife, took: p1ace.,J

. . Because of . the orbita] mot1on;of the Sun around the galactic

Ty " LA

pe Al
. o S
TR, . 3 omom AND ANTIQUITY oF fERRESTRIAL LiFe )0 ' '
IR EIIPIGTIISR S ¢ SO R ’ *
The recent disiovery of a.,~3.5 x,10% year.old complex multi-
component microfossil assembIage in the ‘Jaminated” cherts of the
y Warrayoona Group . in, Hestarn Australis (Awramik et al., 1980), and the
cvediat Y reports ] qf*stroma;oﬁ1£gsu;rom“the.aame,goolqgicaﬂ;sequence (Lowe,
o el i ~*"51980° walter gt a}(, 1980) 5" Imply- that
o6 39 rm)}met "5l om DTS

e;origin,and early evolution
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. o e et o crnhed A0 pothod o @ ‘ 0
‘}t,54hgbﬁ%3 ﬁﬁfggf-Dfnlife4musﬁjhaveﬁbqqprgﬁf&gﬁf\eafﬂ¥lln;&h§4giﬁtory of the Earth,
dﬂ*;~‘jqﬁndjeduggughlndgedgx;ha'eanliegggs%wgg}g;;hé;fj\q§W“YQ”§;gﬁ.o x 10° years“ago
3 Liy"ﬁ};ﬁa”.nutjus£0r052i9§30ﬁhas?b€§"iSyppﬁfﬁsynpy'gpejmglaguigy genealogical analysis
S e Jﬁofyghe)SQQQ.Of?thexppjy(eaf§?s?epsiOf:mBNAAOf extant organisms, which
e aso oxfi .appearsi torindicate that!mRNA land possible life, emerged 3.85:0.2
A .n:“—:c{:t"ﬂ“ﬁ’;f,“:.i iC:\bﬂl'lgn':?yea"siag°¢;{(c3r1j!‘.-’f’1?§9)- ?.:n:s'! pue
e B B SJRSRGGROD @6 SUBRUNN B G SRS R L
e e e rasreo fvAS theworiginiofi1ife"is pushed further back into the beginnings
A i et cofutherArchean; iandiperhaps 'ntd" the “tirbulent times of the Hadean,.
HE T4t becomes obvious that the emergence of the 'first 1iving systems

occurred when the phase of iqt@n;p(mgtggfgﬁic and‘cometary collisions

\oi3sai i MIththe Earth's Surface Wds ‘ending (Fig. '3). It is therefore |

ST Unatural: tosask whether faticausal relationship may have existed between

P N " thesertwo events, i.e.;,-whether collisions with comet-like bodies and

2 .. . .related meteoritic:material-played”any role 'in shaping the environ-
AN . -mental:;conditions of: the" primitive:Earth,. thus’

mern C ‘primitive Earth,. thus effecting the origin’
.7, . (ord.et-al.;:1980) and-early’evojution’ of' Tife . (Awramik, 1980).
[PRAG § SE " L ) L BT T T RIS RURE R SV I ‘fj'.‘-,-:- ey ‘)" r“"

A . It has:been suggested-that the sho kiwav .energy from such

Lo , collisionsiwas ‘an-energy sourcé ‘for’the primitive Earth's organic

40 " synthesis (Hochstim 1963, 1971): © In“fact, "very high yields have been
. 7 .. -..obtained for the syntheésis.of aming acids.in shock tubes containing a
“7 4. ¢+ highly reducing ‘model atmospheré (CHy, Ni, Hy0)."(Bar-Nun. et al.,

) 1970, 1971).  If comparable yields could have been obtained in
s naturally. occurring shock waves generated. 'during meteoritic and
T cometary -collisions with-the:iprimitive’ Earth, then this energy source

may. have. played- an:important’ role in ‘ordanic compound synthesis (Ord
et.al.,.1980).  As.,we have already discussed.above, the collision of
a.cometary nucleus with the'anokic’ primitive dtmosphere of the Earth
would very likely result-in the'destruction of most of the organic
molecules precent in the impacting bodies. Therefore, we may
conclude that cometary collisions with the primitive Earth were not
only. a.saurce .of. valatiles and of free-energy but also created highly
reducing.transient atmospheric environments rich in reactive chemical
species, which vould Tead to the abiotic synthesis of organic
compounds of prebiological and biological significance.

Since Miller's classical simulation of the prebiotic atmosphere
(Miller, 1953), the laboratory work done in the past three decades
has strongly supported Oparin's (1924 et seq.),and Haldane's (1928)
classical ideas about a non-biological primordial synthesis of
organic molecules as a necessary prerequisite for the appearance of
life. In fact, most researchers adhere to the view that simple
molecules present in the anoxic atmosphere, the hydrosphere and the
Vitosphere of the Earth reacted together as a result of the inter-"
action between various forms of energy and catalytic effects
(electric discharges, ultraviolet 1ight, heat, Fischer-Tropsch-type
catalysesy etc.) and formed a wide variety of monomeric substances
including protein and non-protein amino“acids, sugars, fatty acids
and the purine and pyrimidine bases (Ord and Lazcano-Araujo,. 1981).
The further accumulation of these biochemical species in shallow
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.‘?f‘"--bodw of uater in, Eant )s;\surfanex probab’ly led to condensation -
da63 aitd 0 “’""% & ahd: b“:}ﬁ? % -‘fﬁ‘ M’ qgon!stywhncm intturn:yielided substances of
o ST 9‘” tﬁgﬁ c 19{ \ ght.\m Theipossibleitajorireactions’ which Ted to .
o [non (ooipolss i }_‘_? the' prL iot c, §ypfbesﬁ5) ofnmonomehs and: oligohers are shown in Tablae
PRSPNU 7 "Mati5 ‘of the prqdu;;ts,,oi these«reactwnsﬂha\ae also been ident{f{e
‘in'ca naceous(chogdmtes;,(Oro,glwz Nagy§!1975), therefore
suggestmg that ‘they were present as components in the early Solar
o System and in the pr;ehlotwoterpestnal efvironment as a. complex
! ” heterogeneoﬁe‘ mi; ture of- monomeriorandwmacromdlecular organic
‘CO Pﬁahé§rxlx:n43u§',u3 sedd zO0Tvdo apmodsd 3T
PRI Laraini To prodg efd naidy bateoo
03 (IO A‘ltbough 3t is &0§swblewthat rudimentary ?replication,
R transcr 3;: al and translational processes“may have evolved from the
adon Tl i{““-’*’ adsorph I*of ohgonuc]eotides and:: ohgopept‘:des on clay :surfaces, or
from kinetic encounters; of; these! type:of meleciiles in solution, ve
‘T8 fayor” the, possibility.that; the cooperative’ agso¢iation of
o prebjo’logxca]ly synthesued\,ol’ifgomers becurred-within phase-separated
. »*  “thermodynamically open muitimolecular microsystems (Oparin, 1971,
1972, 1978). . Thesrecent;synthesis:unde¢ model prebiotic condit. ans
‘ "of amph1ph1'hc hpidsmandg.phosphmip'tds“(Haé'greaves et al., 1977;
' He:;gr_eaves .and’ Deamer; 1978; Ord:et-ai. 119788 -Deamer and Ord, 1980)
suggest ‘that ‘these ampmphmic molecules! tvieré “available in the
T 'pnmtwe Earth and,led. to. the-appearance of‘prebwtic 1iposomes
Ve . ~(Figure, '4), ‘wh'tch, provided with: localized microenvironments whose
‘selective absorptmn and -concentration: of ions,'weak bases and other
' compounds (Deamey: -and..0rdy) 1980);7 led’ se\:entual'l‘yJ to the evolution of
' 'systems of. b1ocata1yt1c peptides: (proto enzymesl‘ informational
: " " self-duplicating,molecules: (proto-tRNA):and: peptide-synthesizing
.o 4 complexes iproto-rlbosomes) from:which the fwst’ living systems
‘ B emerged (Oro and, Lazcano Arauao, 1981) A
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Porque nada ‘es eterno, ‘porque todo perece...
Dime Gilgamesh, ¢es que acaso los muros de
B las casas que construfmos se habrén de
N mantener para s;empre en ple?

Epopeya de G&Zgamebh tercer milenio ante
de nuestra'era.

o
.,f LE

N | ot

L Sl bienies 01efﬁo_quealaim%yormparﬁé del componente volatil de
a1 { 4
del ncleo dsilos cometas, estawconstltuido por hielos de H0, CO,,

s i ot et

g
la existencia de compuestossorgénicos mas complejos heredados direc~
tamente del medlo interestelar

(.-

CH4, NH3 vy Los clatratos respectlvos, es v&lido suponer, sin embargo

(c6 Greenberg 1978). Ademds de esta
by ,m.
moleculas, que presumlblemente estaban presentes en la nebulosa de
o .i(‘] L" ;

donde se form6 el Slstema Solar,

es p:obable que existan compuestos

,orgénlccs ,~algunos de ellos, de interés preblétlco—

formados gracias
a la interacciﬁn de Lsétopos de viéa corta con los componentes volét
o i i % -

! ! .,«‘!{'S o

wal T
les del nﬁcleo de los" cometas (Irvineﬁex &Lu 1980) y otros originado

)'!

por acclon de la radlac16n.ultrav1oleta Y. del viento solar durante

i

y.,
|

el perihello (Lazcano-Araujo y Oré en . preparac16n) Sin embargo, 1la
1 g

bajas temperaturas Y ld ausencxa dc agua liqulda en los cometas, ex-

4

cluye la posmbilidad ‘de un proceso de evolucién prebiolbgica que

llevase a ila! aparicxén de sistemas polimoleculares abiertos con sepa

racibn de fase y eventualmente, a la apar;c;én de seres vivos.

5 'l 1 4

i ‘r\,
Pero;aunque la V1da noihaya surgldo

L S -
T .| 4

como han sugerido rec1enteTente Hoyle y Wickramasxnghe (1978), el

estudio de eétds cuerpos, desde el éﬁhﬁo de vista de la  teorfa Oparin-

én los nlcleos de cometas,

LN

WAt
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Tlerra. Es importante entonces,ﬁgstudlar da, importancia::gque este tipo

de collslones tuvieron en la modula016n de ;1as..condiciones medioambien
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Con la axcepc16n de los compuestos orgénlcos presentes en el

g
material

condrit1co*asoc1ado al nﬁcleo de los cometas, es poco proba-

ble que la fraccxén de moléculas de lnterés prebiético sintetizadas en
PN - L '((f
la fase volétll de estos cuerpos sobreviv1ese a las cond1c1ones gene-

A

radas durante .la colisidn «de un ‘cometa ‘coritra la Tlerra primitiva.

Sin- embargo, estos choques deben haber contribuido,al enriquecer la

1

atmosfera anox1gén1ca de la Tlerra en volétlles, lo cual a su vez im-~

plica que la formac16n de la atmésfera secundarla de 1a Tlerra ne es

debida tan solo a procesos de degasamlento temprano. . Por-otra parte,

la llberaclsn de una gran cantidad de energia bajo la forma de ondas
de éhdqué géneradas durante la colisifn, puede haber contribufdo a

la sintesis, ya en la Tierra primitiva, de una gran cantidad de com-

puestos orgénicos. En este sentido, cobran una relevancia particular

los experimentos de Bar-Nun e af. (1970) en los que se han obtenido

1cs rendimientos m&s altos en la sintesis de amino&dcidos haciendo

pasar una onda de choque por una atmbsfera de CH&, NH3 Y agua.,

"

Finalmente, es necesario agregar gque alin cuando el andlisis

in 84tu del nlGcleo de un cometa es -evidentemente la mejor oportuni:

dad para determinar la existencia de compuestos orgdnicos de interés

o
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+ sol uprebiﬁtidb (d@“’Nedgeb uer et aL 1979), son igualmente signific tivo
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que: mezclas de compuestos que presumiblem
S e mn whlon maedali Telopapteens
s, ‘son sometidas a bajas temperaturas e 1rrad
f‘_‘: 1 r"i. :’ 3-’:")‘? r,.{ ’ ? " (\"’) ; " :' \" "
B BE3A0OD nandwsd‘ Desafbrtunadamente, son pocos los experimentos que se han re
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Un proyecto a realizar en el futuro Conte
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este tlpo ‘de experimentos, encamlnados a estudiar el

,‘.(,}, ‘L. TR

~ENPT ec 1Bamente-

(T NN T Lrﬂ‘ ,\l:) Tonis
-, - »T!ﬂ ()I' Loy Fages ) CATRT et ]
-grado ‘de evclucisn huimlca de los nﬁcleos de cometas Y, su posible
R )
conexidn con la quimica preblética vy del medio 1nterestelar.
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