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The quest for evidence of life oroccsscs, past or present';, in extra- .
' terrestrial environments is of ‘current scientific concern. Isoprenoid
o alkanes have been proposed as "oiol_ogical markers" since their high ‘g
| degree of structural specificity is indicative of. Izzu‘.fbge.rze:sis,'l We - ‘ ‘
. "‘ . have continued our séarch for these and other markers in ancient
sedinents not anly with the objective of determining by a chemical
: A o ;épproad'z whether organic conpounds being identified in neteorites?
| | " could be of biological origin but also to trace, if possible, the oour;e A
. :':'y.'._;of the earliest stages of organic evolution." In our initiai invesiga- " |
| , tlons of a one—bJ.ll:Lon yeaxr old sedinent, the \Ionesuch Shale, pr:.stane |
: and phytane which are found in oontemoraxy ammals were isolated and
: .Lctentlfled sPectroscoplcally.l Thus, suc_:_h 1soprenoiids haye formed a
- basis for the extension in soopé of our researcﬁés to ‘sediments vary-
'ing in age and geologlc type. | | | | |
here
We report/our results. from the analys:.s of (a) the Soudan Iron
v'For:matlon of anesota, the age of which h;s been dat?d 1sot0p1cally
at not less than two vand‘ a half billion yeax.rsBal and tixereforé extends
-beyond the age limit of rocks (in. whlch ’rnorphol_ogical remains have been

S



.accepted as identifiedd; (b) the Antrim Shale, considered late
‘Devonian in age (_c_:_e_: 265 x 10° years); and (c) the San Joaguin 0il

‘which' is 'approxi.metely 30 million years old, Whether or not the ex-~

.. tractable hydrocarbons we have - found in the Soudan were deposited at -

- hydmcarbon fraction was first separated from the extractables by

L the time of formation of the sediment, or were added at a later time
. . by migration from elsewhere, remains a question. Conclusicns concern~ :

. ing the age of the blosynthetlc mechanisms which proauced them are

. subject to reinterpretation in the lz.ght of -a more certa.m answer to o ‘

this question as dlscussed _below.

‘Continu.i,rxg the approach of actual isolation and identificatiocn by
1 the hydrocarbon fraction frém the Soudan Shale®
1,6

o physical techniques,
‘was isolated and purified by procedures previously detailed. An
o almm.na chromatograohy and frm this "total oil" sample the stralght
T cha.m hydrocarbons were isolated, uncontaxmated by 1somers, by occlu— -

"' sion in 5 & mplecular sieves, The branched and cycln.c hyarocarbon

fraction which remained was examined by GLC techniques. The isopre- . . -+ .

noid conp(gnents were separated on a GLC colum (10° x ]"/'4") using .

sl 5E-30 as liquid phase and further purified on sucoessive Clems._'.-_‘. T

“% (25" x 1/4") of liquid phases of 2-1/2" 7-ring metapolyphenylether

and 2~-1/2" ﬁetracyanoethylatedpenteerj}ﬂuritol. The structures of
. . ;

: “ the collected sanples were determined by mass spe’ctronetry. In

addrtim to the.isoprenoids C]_SH38' C10t40 (pristane) and CpqHyo |
"(phytane) prev:Lously recogm.zedl in the Nonesuch’ samples, ‘the pre-
sence of the 021H44 1sopreno:.d was establlshed in- the Soudan by its

- isolation and 1de‘nt.1f1caton from 1ts ass spectroxretrlc fragrrentat:.on

B patbem. !
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S :loglcal markers" wiich are found in a vanety of oonbemporary ammals

 n-paraffins found in some marine sediments

A sample of Antrim Shale from Midland County, Mic.‘nigan ,6 and a

. sample of San Joaqmn 0118 were analyzed and from botn samlcs c18'c19

(pristane) and 0 (phytane) 1soprenoxds were 1dent1f1ed. 'I‘hese "bJ.o-

greater §han ;

- have thus been shown to be present in samples rang.mg in age to /2 5 x 10

' years.

Fram the Soudan Shale the J.sogrenmds have been lsolated in the o

appro:umate proportlons of C18=C19'C20=C21 as 3:5:3:1 and fram the

Antrim Shale Cyg:CjgiCyq as 5:3:2.5. Some further quantitative trends |

areshownlnTablel.

A second homologous serles, therormal nyarocaﬁoons prowdes anothexr -~ |

- ba515 for comparlson. Fig. 1 shows the relative distribution of the S

3b and in' the non-parine

L .. Green River Sh'a.'l.e.:”b'7 .Any predominance of odd over: even hydrocarbonsv]t "
is very slignht in -most-‘of these samples. In the Soudan, although the

o "El'f_carbon’number naminally runs fram Cy3 to C32,' 98% of the n.-hydroca_‘rbons“'.;.” o
are represepted by n-Cls'to n=-Cy inclusively. This contraction in the B

- distribution of the n?hydrocarbons provides the most noteable differ- . _
S ~ence in appearance of the oil fractions from the Soudan and younger | v
sedln‘ents. We belleve that this is a real dlfferenoe and not an appaJ.- o
- ent one due to any selective move.nent of the n—hydr‘ocarbons w1tha.n the |

rock because of the occurrence not only of the hlgher molecular welghtl

menmbers of thls homology, but also of a sx,bstantlal fraction of hign~

er molecular weight branched and cyclic hydrocarbons which in their

' - distribution pattern show no evidence of any prefereritial movenent

in the sediment. ' Rather, the GLC "fingerprint" pattem of ‘the branched '
and cyclic hydrocarbons suggests a oonplexlty oomoarable to that found '_

in the Nonesuch snale.



e V‘Tablel | - 3

L L PERCENTAGE ccmposrrxous

f'Samples Antrim Shale  Nonesuch Oil  Soudan Shale

"' Total carbon in shalé . 8.8 Ly 30
f‘A‘;faff'% of total carbon extrac table ca.4 5 ,'f. o L ca.lQS'
' ‘Pr1stane in branched/tycllc ‘ :
fraction 0.3 .z 1.3
o N " . Phytane in branched/cyclic - - : o Lo
S fraction . , 0.2 - 0.6 0.7
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; ; ~ sanple,

"The problem of contarination of the sedinent 'by rrovenment into orA

'ouf: of the rock si.nee deposiﬁon of the .hydrocarbon constituents is

: a continuing one. Conpaction of a sediment after initial deposition

" is }movm to occur very rapidly in the initial stages,® but.the great -
age of the Soudan could allow this initial period to be spread over

. Several hundreds of m:.lllons of years and still require it to be in a |
"oompacted state for by far the greatest penod of its existence. |
Mlgratlon of hydrocaxbons fram outside sources mto con'pacted sedi-; ‘. , ‘
ment may be possmle, but nonrally only -in ml-producmg areas ,9 o

which is not the physn.cal environment of the’ Soudan formatlon as
3a ,

-'-ﬁ‘}mowntoday. . : - T o o :

One method of attempting to resolve this difficulty of contemporary - l. .

: nature of the hyd.rocaﬂoon fraiction' and the rock is the use of Cl?"' 12

. _ratlos. Dr. T. doenng has 1nf rmd us of his exmmmat:.on of a sample

of the Soudan Iron Formation stratigraphically related bo our own

3b,10

’in which a slgnlflcant i fference was found betweent the

, .C13/Clz' ratios of the-extractabl‘e and nen-extractable carbon. This

might be interpreted as an indication of separate origin of the ex- TR

" tractable and non-extractable carbon. We have accordingly examined Sl

the:"\ hydrocarbon released from our powdered sanple by;digestion in
i ' : ;

hydrofluoric acid‘, after previously exhaustively solvent-extracting o

. the [powder with benzene-methanol. The straight chain hydrocarbon

i
i

fraétion of this second extract displays the same restricted GLC

' appearance as that cbtained from the m:.tlal benzene-methanol ex-

- tractions. This suggests that the hydmcarbons are. evenly dlstnbuted

throughout. the sedmf_nt.vf:‘urther, it is Gifficult tp mterpret our

Y i : . .

Ay ¥ e 4 g s
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naphtha,:LB tobacco leaf wax,

A

other GLC distribution pattems in terms of any previous hydrocarbon
fractionation which might well be exoect:ed on the basis of migration
'  since deposz.t::.on. For tne pres ] t we regard the evidence for the hydro-
carbon bemg indigenous to the sediment as sufficient for the basn.s of
the argmnents outlined here,

A proper evaluation of the daéa bemg obtained requlrcs scwe in- |
‘ ﬁght into the diagenetic prooesses acting since deposition of the
sediment. Aecordi,ngly » a nmore complete study of the extractable
. ‘h‘iydrocarbon frections has been initiated. From the Nonesuch Seep 0Oil,
chwponents of two more hoxologous sexries have now been isolated and

identified. The 2-methyl -pentadecane, ~hexadecane and -neptadecane

~ (isoparaffin series) togethier with the 3-methyl -isomers (antxisoparrafiﬂh. ‘

-~

series) were isolated and their structures determiried fram the char-

' " acteristic mass spectrametric fragmentation petterns. The iscoparaffinic

hydrocarbons have been isolated from rose petal wax,ll and certain

' plants.lz' Members of both series have been isolated from 'a California

.16

14,15 refined paraffin wax,

wool wax, 7

and Cuban sugar cane wax. 18 anteisoparaffin has also been isolated

- from the American Ooc:kmach.:L9

" be understood in temms of kiiown biological mechanisms and represent

o further exar*oles of organlc conpounds  camon to both Precambrlan sedi-.

ments and oontemporary plants and am.mals.

Table 2 lists the constltuem:s which we have 1dent1;.1ed up to date.
If these nolecules are as old as the xocks,: vge- have thus shortened the
time available for the generation of the oonplex b;‘i.osynthei;ic seguences
waich give rise to these specific hydrocarbons (pdlyisoprenoids) to

They provide a not unreaeox}able basis -

ac

- less than two billion years.

PR A

The"synthesis of these hydrocarbons may - .
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. Table 2

" Nonesuch Shale®

- Nonesuch 0il*s*

' Cakc:.te Inclusiont
Co :Ln Nanesuch Shale

. Antrm Shale

.. San Joaquin Oil

-lx10.9.

1 x 10°
265 x 106

30 x 10°

)

UL x 10% \clz to Cs5

Cyp to Cyy

€11 t0 C35

10

" . HYDROCAREONS IDENTIFIED ’
\\
Sarple Agt—\;« ~ Nommals  Isoprenoids
’ (years\ (range) .
Soudan Shale 1 2.5x10° | cp3to C32 " Crgr C19s Cyg

Ci6r C19 -

Ci5¢ Ci60 C19

g Clsv 19 S0

L Cge Clg ‘

Céo

- Crgr G190 G0

' Menbers of ‘ two further hon‘ologies are also present, viz.,

2~methyl and 3-methyl penta, hexa and heptadecanes.

Cited in references l and 6
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< Table 2

. HYDROCAREONS IDENTIFIED

" Nonesuch Shalet

** Nonesuch Oil*r*

Calcite Inclusio

o 1x10°

9

' 1 X'ldg-

in Nanesuch Shale. " 1 x 109

. Antrim Shale

" San Joaguin 0il

i

. 265 x 106

30 x 10°

Ci2 tO .st :

Ciy o C35

C,, to C~33'

10

o Sar.xplé : :Age Normals . Isdprenoids
‘ ' (years) (range) N '
Soudan Shale 2.5x10° C3to Ca ' Cygr Cig9r Cpp

' "_CZJ.'

C167 C19 -

" Cr50 Crgr Cig -

Co-

C18+ Cr9¢ Cyp

'_,T'Clsi-clg
Coo

.';* . . Menbers of two further homologies are also present, viz.,"

2-methyl and 3-methyl penta, hexa and héptadec’éhes. B

. oo

b

v 4.7 Cited in references 1 and 6.
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- the significance of the hydrocarbons isolated from meteorites with

R gn.cal pathways, have been isolited fram a two and a half billion year '.
.ol-Clt sedirent, the Soudan Iron F rmation of Minnesota, as well as the ] R '*:ii'

" Antrim Shale and San Jpaquin‘Oil'\of much younger .aées. These chemical = . R

’ markers can tl'msbe traced back in. tire well into the Precaﬁxbrian era," S : i |

| lsuggesting a biologicél origin for \ e hydrocarbons found in these S | : _.b \ :

- ancient shales., Tnls ev1dencx is further strengthened by lsolatn.on R |

for believing that indigenous 'hydrocarbons of Precambrian sediments

P

- are inde_ed of biolégical origin but, equally importantly, that the

use of ,"biological markexs" will prove a valid approach in evaluating

| re’spebct' to the question of their biological or abiological origin. |

Isoprenoid hydrocarbons inclvding pristane and pnytane, whlch

are found in contenporary amr\als and are synthesn.zed by known biolo~

\ ‘\
of two new homologles of s:.ngly branched paraffins, also found in " '

P

contenporary plants, from the Nonesucn Seep Oil. ' ' : T o '\"

The work described herein wasv suppqrbed in .part by NASA Grant .

" /NsG 101-61 and in part by the U.S. Atomic Energy Commission.
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