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\

,T. Belsky, ,R. B. Johns, E. D. Nccarthy, A. L. Burlingane, W. Richter and

Helvin calvin

\
Departn'ent of Chemistry, Lawrence Radiation ~ratOl:Y and. Space Sciences

'Laboratory, University of Califomia, Berkeley

\ The quest for evidence of life processes, past or present, in extra~
terrestrial envirorm-ents is of 'current scientific concern. Isoprenoid

alkanes have been proposed as "biol,ogical markers" since tbeir high

degree of structural specificity is indicative of bi?9enesis .. l We

have continued our search for these' and ot.l;cr markers in ancient

Iq

sed.i.nents not only with the objective of detennining by a che.L-m.cal

approach whether organic COrtPJUIlds being identified in n'eteorites2

could be' of biol.ogical origin but also to trace, if possible, the course

,of the earllest stages of organic evolution. ' In our initial i.,,·wesiga

tions of a one-billion year old sedin'ent, the ~ones'uch Shale, pristane

and phytane which are found ill contenp::>rcu.y animals were isolated and

, identified spectroscopically.l Thus, such is~prenoids have form:::d a
t

basis for the extension in srope of our researches to'sedinoents vary-

'ing in age and geologic type.
here

He report/our resultS, from the analysis of (a) the Soudan Iron

Forrration of Minnesota, the age of which has been da~d isotopically
I

at not' less than twO and a hall billion' ye~3a and therefore extends

beyond the age limit,of rocks in which norphological renains have been

, \
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.accepted as identifiedQ
; (b) the Antrim Shale, considered late

Devonian in age (~. 265 x 106 years); and (c) the San Joaquin Oil

which is approxiInately 30 million years old. Whet.'1.er or not the ex-

tractable hydrocarbons we have found in the Soudan were deposited at

the ti.Ire of forrration of the se<iir.-ent, or were added at. a later tirre

by migration fran elsewhere, remains a question. Conclusions conrern-

ing the age of the bi05ynthetic rrechanislUs which produced them are

subject to reinterpretation in the light of .a m:>re ceitain answer to

this question as discussed belaY'.

Continuing. the approach of actual isolation and identificatio.i. by

physical techniques,l the hydrocarbon fraction fran the Soudan ShaleS'

was isolated and purified by proredures previously detailed. l ,6 An

hydrocarbon fraction was first separated from the extra.ctables by

alumina chranatog"raphy and fran this "total oil" sample the straight

chain hydroca.rlxms were isolated, uncontarnr.ated by isomers, by occlu;"

sion in S g riplecular sieves. Tne branched and cyclic hydrocarbon

fraction which remained was examined by GLC teclmiques. The isopre

noid c~nents were separated on a GLC colurm (10 I x 1/4") using .

1% 5E-30 as liquid phase and further purified on suc~ssive columns

(25 1 X 1/4") of liquid phases of 2-1/2" 7-ring l1etap:>lyphenylether

and 2-1/2" tetracyanoethylatedpentaeqthritol. Tile stJ::uctures of
:

thecolleeted SaIllJ?les were determined by roass spe~tronetry. In

addition to the isoprenoids C18H38' C19H40 (pristane) and C20H42

(phytane) previously recognizedl in the Nonesuch sarnples,the pre

sence of the C21H44 isoprenoid was established in the SOudan by its

isolation and idehtificatbn from its.mass spectrarJtric fragrrentation

pattem.

1

. \
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A .sample of Antrir'll Shale frcm }'JiQland County, L\~chi.gan,6 and a

sample of San Joaquin Oi16 were anaiyzed and from both saniples C18 'C19

(pristane) and C:20 (phytane) isoprenoids were identified. These "bia

logical markers" which are found in a variety of oonterrporaxy animals
. . I greater §han

have thus been shown to be present in samples ranging in. age to /2.5 x 10

years.

Fran the Soudan Shale the isoprenoids haye been isolated in the

approximate proportions of C18:C19 :<:.20:C21 as 3:5:3:1 and fran the

Antrim Shale CI8:CI9~C:20 as 5:3:2.5. Sorre further quantitative trends

are shown in Table 1.

A seoond horrol~ous series, the rormal hyd:roc~,provides another

basis for oonparison. Fig. 1 ShCMS the rela-tive distribution of tl1e

n-paraffins found in sorre marine sedirrents3b and in -the non-marine

Green River Shale. 3b, 7 /my predominance of odd over even hydrocarbons

is very slight inrrost of these sarrples. In the Soudan, although the

carbon nun1ber naninally runs from C13 to C32' 98% of the n-hyd:rocarbons

are represepted by n-elS to n-e20 inclusively. This contraction in the

distribution of the n-hydrocarbons provides the most noteable differ-
I .

ence in appearance of the oil fractions fra.-u t..'1e Soudan and younger

sedirrents. We believe that this is a real difference and not an appar

ent one due to any selective rroVe:CIel1t of the n-hydr6carbons within the

rock because of the occurrence not only of the higher nnlecular weight

rrernbers of this harology, but also of a sclJstC'ntial fraction of high-

er rrolecular weight branched and cyclic hydrocarbons whic.~ in their

distribution pattern shcM no evidence of any preferential Iroverccnt

in the sedirrent. Rather, the GLC "fingexprint" pattern of the branched .

and cyclic hydrocarbons suggests a canplexity ~rrparable to tha-t found

in the Nonesuch Shale.



Table 1

PEHC&"lI'AGE ro1l?OSITIONS

4

Sa.IllJles Antrim Shale Nooesuch Oil Soudan Shale

Total carbon in shale 8.8 3.0

% of total carbon extrac table ca.4.5 ca.1.5

Pristane in branched/cyclic
fraction 0.3 1.2 1.3

Phytane in branched/cyclic
fraction 0.2 0.6 0.7
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"rIle problem of contami.nation of the s8dinent by rrDverrent into or

out of the rock since deposition of the hydrocarbon constituents is

a continuing one. Conpaction of a sedirrent after initial deposition

is known to occur very rapidly in the initial stages, 8 but the.great

age of the Soudan could allcM this initial period to be spread over

several hundreds of millions of years and still require it to be in a

conpacted state for by far the greatest perioq of its existenCE.

Migration of hydrocaJ:bons frOT. outside SOurCEs into COITpacted sedi

In8nt may be possible, but nonr.ally only in oil-prOducing areas, 9

which is not the physical environrr.ent of the Soudan fonnatian as

known 'today. 3a

One ncthod of atterrpting to resolve this difficulty of contemp6rcu;Y

nature of the hydrocarbon fr~etion and the rock is the use of 2 3;22
\

ratios. Dr. T. Haering has inf\rr.ed us of his examination of a sarrple

of the Soudan Iran Fonratian s1:r~tigraphiCallYrelated to our am

1 3b, 10 .' h' . . f' ' ai"ff f d be th'san-p e, J.l1 wru..c a s~gnJ. ~cant.. erence was GUn tween e

C13;CU rati?s of the extractable CL.'1d non-extractable carbon. This

might be interpreted as an indicatiO~ of separate origin of the ex- ,

tractable and non-extractable carbon•... ~ve have accordingly examined

the hydrocarbon released fro..n our powdered semple by, digestion in

hydrofluoric acid, after previously exhaustively sol-Lrent-extracting
1 .

the !fO,'lder with ~zene-wethanol. The strai:;ht chain hydrocarbon

fraction of this serond extract displays the sarre restricted GLC

appearance as that obtained fran the initial benzene-m8thanol ex

tractions. This s,uggests that' the hydrocarbons are eWnly distributed

throughout ~e sedin-ent. Further, it is difficult to interpret our

;

i,
.. !

I



6

other GLC distribution patte,rns iJl temlS of &'1y previous hydrocarbon

fractionation which might we~ l:e expected on the basis of r.ugration

since deposition. For the pres'bt we regard the evidenre for the hydro-

carbon being indigenous to the sedirrent as sufficient for the basis of

the argurrents outlined here.

A p~oper evaluation of the da~ being obtained requires saro in-

sight into the diagenetic prQC2sses acting $inre deposition of the

sed:L-nent. Aco:mlingly, a more complete stud.y of tl1G extractoble
I

. hydrocarlx>n fractions has been initiated. From the Nonesuch Seep Oil,

co,uponents of two nore ha:rOlogous series have no..., been isolated and

identified. The 2~thyl -pentadecane, -hexadccane and -h.eptadBcane

(isoparaffin series) together with the 3-methyl -isorrers (&'1.tisofiarrafiIi,

series) were isolated. and their structures dcter:mi..ried fra.-n the char-

acteristic mass spectrouetric fragrr.entation patterns. 'rhe isoparaffinic

hydrocarbons have been isolated fran rose petal 'vax,ll and certain

plants.12' U~rnbers of both series have been isolated from'a California

naphtha,13 tobacco leaf wax,14,15 refined paraffin wax,16 \'Jool \vax, 7

and Cuban sugar cane wax. 18 An antei.sopaxaf£i.n has also been isolated

from the An-erican COckroach. 19 The' synthesis of these hydrocarbons may

be understood in tenns of known biological nechanisms and rC.t")resent
.. l

further exar:ples of O1:ganiC corLipounds COll'ffiJn to Both Precambrian sedi-

ments and conre-ur:orary plants and anLT:alS.

'rable 2 lists the constituents which we have identified up to date.

If these molecules are as old as the rocks, we .have thus shortened the

tim3 available for the generation of the cOlrplex bli..osynt41etic sequer;res

which give rise to these specific hydrocarbons (polyisoprenoids) to

less than two billion years. They provide a not unreasonable basis



Table 2

* l\en'bers of two further horcolOjies are also present, viz.,

2-rrethyl and 3-rrethyl penta, hexa and heptadecanes.

+ Cited in referen~s 1 and 6·

7



Table 2

HYDRXAROONS IDBi'1I'IFIED

7

Sariple Age
(years)

NOJ:mals
(runge)

Isoprenoids

* l\1=nbers of two further horcologies are .also present, viz.,

2-J:'l"ethyl and 3-xrethyl penta, hexa and heptadecanes.

+ . Cited in references 1 and 6
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for believing that indigenous 'nycirocarLons of Precal'nbrian seclirrents

are indeed of biological origin but, equally irrportantly, that the

use of" IIbiological markers 1\ \'lill prove a valid ap?roach in evaluating

the significance of the hydrocarbons isolated fran meteorites \v'ith

respect to the question of their biological or ahiological origin.

Su:xnary

Isoprenoid hydrocarbons inclu:ling pristane and phytane, which

\

are found in conteri1pOrary anir.1a.ls and are synt.'1esized by kno'wn biolo-

gical pathways, have been iso~ted fran a two and a half billion year

old sedinent, the Soudan Iron F~rwation of l:Iinnesota, as v1ell as the

Antrim Shale and San Joaquin Oil of much younger ages. These chernical

nurkers can thus be traced back in tirre \\7011 into the Pre~wrian era,

suggesting a biological origin for~e hydrocarbons found in thes~
ancient shales. This evidenre is further strengthened by isolation

of two new hOl'(ologies of singly branched paraffins, also found in ,

i
cont.errpJrarj plants, from the NOnesuQl. Seep Oil.

!
'I
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RELATIVE DISTRIBUTION OF n-ALKANES
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