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" Abstract
The isoprenoid hydrocarbons, phytane (CZOH42) and pristane
(ClgHAO) are presené in the il seeping from the Pre-Cambrian
Nonesuch Formation at the White Pine Mine, Michigan. Gas-
liquid chromatography and mass spectromeﬁfy provide the iso-

lation and identification procedures.
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Two experimental approaches currently bear on the origin
of terrestrial life and the time of its first appearance. The
"primitive atmosphere” experiments (1) demonstrate fhat a wide
varlety of small molecules of biological significance can be
formcd in the laboratory from mixtures of extremely simple sub-
stances, such as methane, ammonla and water. The geological |
approach utilizes the rqcord in the anclent sediments which 1s
written in the form of Fnapes attributadble to fosslil orgdnicms
and, more recently, in the chemical nature of the imprisoned
organic matter (2,3,4). Earlier than about 700 million years:
ago the morphological remains are scanty and commonly of microLh
geopie dimensions and are difficult tos relate conclusively to |
1iving things (5). A firm correlation between the morphologi-
cal evidence and the organic matter present in the same rock
would permlt a systematic search for chemlcal evidence of
early life in the;éncient sediments. Certain classes of
compound, sugh as the alkanes (6), the long~chaln fatty
acids (7) and the porphyrin pigments (8), -show promise as
biologicél~markers since they are evidently stable for long
periods of time under geologic conditlions. 'These compounds
are truly valld as bilologlcal markers only insofar as they
cannot be synthesiéed in significant proportions by ablogenic
means. For this reason, therefore, ''primitive atmosphere" ex-
periments play an lmportant role. Thé range of compounds based
on the'isoprenoid subunlt 1s particularly attractive, for here

wve have a high degree of structural specificity coupled with a
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widespread distribution in nature. Thus pristane (2,6,10,14-

tetramnethylpentadecane) and other isoprendid hydrocarbons have-mufzﬁfj:

been lsolated from crude petroleums of moderate ages (Mesozolc //"’
. and Paleozoic) in concentrations vastly greater than those anti-.
clpated for individual branched alkanes in a thermally-derived
mizture (9). Pristane is a lmown constituent of living things

finter alia zooplankton (10), fish and whale oils (11) wool

wax (12), and marine sponges (13)], but the original source

- of the mineralized materlal may be the phytol portion of‘éhloro--.
phyil degraded,.either blogenically or abiogenically (9,14).
There is every prospect, therefore, that the igoprenoid hydro-
carbons, and the related alcohols and acids, will be useful |
biblqgical markers.

We now report the, isolation end identification of phytane
(2,6,10,lé-tetramethylﬁexadecane) and prlstane in the 91l whilch
seeps in small quantities from.the bdse of the Pre-Cambrian
Nonesuch Shale formation in Michigan. This rock (15) is iate -
Keweenawan and 1s in the reglon of 1 billion (109) years old..
The identification of these hydrocarbons augurs well for the
extensich of the apﬁroach‘to even older Pre-Cambrlan formations.

We established the conditions required for the isolation -

O =

by processing suiﬁable nmodel mixtures. Thus, Linde 5 A molecular
sieve(1l.6 mm pellets, predricd at 200°C and 10°° mm and used dn

a 20:1 by welght basis with the alkanes) quantitatively removed (18)
the noramal isomers from a banzene sslution of tobacco wax al-

kanes (17), ©the analysis belng performed by;gas~liquid chfoma-

tography at 230°C (3% SE-30 silicone gum on Gas Chrom Z,100-120

+



_5; Ezlinton

mesh, 170 em x 3 mm). Even after’%rolonged (up to 72 hrs) re-
flux, the isco- and anteisc- alkanes (CZS'CSS) wére quantitatively
" retained in the solvent andlthe necessary eolvent washings. A
second sieving treatment of the hydrocarbons was found to be

unnecessary. The same fractionation<yantitative1y remd&ed n-
heptacosane from a mixture containing cholestane, pristane’and
squalane. In each case the n-alkanes were readilly recovered
from the sieve by heating in n-hexane or by dissolution of the |
sieve in dilute HF. ' o ’

In asnother experiment an oil shale (18) from the Green
River Formation (Eocens age, c2. 40 x 105 yrs) at Rifle, Colo-

' i
rado was extracted for several hours wilth n-hexane under. re- '

flux and the extract placed on a prewashed zetivated aluming
column (2-44 p particle size). The inltlal hexane eluate con-
tained only the alkane fractian wich was then subjected to

- the sieving process, followed by gac-llquld chromatographic
analysis (§% SE-30 col?mn,programmed from 100-300°C at’. 6°C
per minute). ~ The diﬁtribution of the n-alkanes closely
parallelled tbat repofted for thls shale by,Cummins and
Robinson (18) with the marked dominance of the odd-carbon
number alkanes, especially 027, ng and 031, 80 characteristicﬁ
of most plants (19) and relatively young sediments (6). Again,
we confirm these workerst prior findings (18) that the lower
molecular welght range of the branched and c¢yelic alkane
fraction 1is main;y composed of phytane,.priatane and other
terpenoids, sinq; gas-1llquld chrcmatographic fractlons cdllected

in capillary tubes from 6 mm columns displayed the appropriate
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mass spectral characteristios (20). Thus, the biological his-
Ctory of this rock from tho Cenozolc era is evident from both
the vary uneven distribution of the n-alkanes and from the
pregence of large proportlons of isoprenold alkanas.,

Woe treated a small sample (4.1 .g) of the black viseous oil
which oozes from the Pre-Cambrian Nonesuoch Shale (15) using the
above procedures and found that the members of the n-alkane
serles range from Cll-to about 035. The distribution reaches
a maximum around c19 and there is a very slight, but quite -de-
finlte, predominance of odd-numbered members. The branched-
cyoclie fraction (2.5 g), which still contains small amounts of
aromatic hydrocarbon, is very aomplex, but 18 charaocterized by |
saeveral prominent peaks ig the region corresponding in retention:‘
time to that between gr014 and g-Cla on the siliocone gum column,
Ve oollected amounts of the order of a milligram for each of
these peaks by succesnsive sampling on a 6 mm c¢olumn and then
rechromatogra?hed these at 90°C upon a strongly polar substrate
(5% tetra(oyanocethyl)~pentaerythritol on Gas=-Chrom RA, 80-100
mesh 170 om x 6 mm] which provides a particularly effective
separation. Two of the fractions so obtained whon ohromato-
graphed on a variety of substrates [Aplezon 'L', fluorosilicone
Q~1, allicone gum SE-30, Carbowax~-20M and tetra(cyanoethyl )«
pentaerythritol] ga#e single peaks of the pame retention tiﬁes
as phytane and pristane. These identiflcations were then con-
firmwed by direot mass spectral oomparison (20).

Mass speotral data on incompletely separated fraoctions show

that other compounds with lsoprenoid skeletons are present, and
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" work is continulng with thore fractions, which may represent, in

part, geologle bLrealkdown products from the more abundant phytane
and pristane. Caplllary oolumn atudies (Aplezon 'L', 45 m x
0.25 mm at 170°C) of outs taken from tha packed columns show that
the dbranched fraction 1ls an extremely complex mixture; even so,
the phytane and pristane compriese approximately 0.6% and 1.2%,
raespactively, of the branched-cyolic fraoction.

If one accepts the prasence of these hydrocarbons as evidence
of formexr 1life, there remainp the questlion of the relationship bew
twoen the oil and the rock. We believe that the oil 1s indigenous
to the xook since we have found an almont ldentical pattern for

the normal and the branched-oyolio alksne fractions (ca. 3 mg toe-
tal) 1scolated from carafully washed (water, HF and benzene—methapol)
and pulverized Nonoouch Shale (18 g) taken from the "marked bed“,
dapth 160 n, situated above the stratum from which the 0il had
baen oollegted., No mathod for the dating of anocient oxrganic
matter exists as yet, so that some doubt must remain as to the
precise age of this o1l; however, the geologle evidence (1)
favors the viewpoint that the organic matter and the associated
aopper are nodimentéry in origin. '
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