Carbon Isotopic Studies of Organic Matter in Precambrian Rocks

Abstract. Reduced carbon in early Precambrian cherts of the Fig Tree and
upper and middle Onverwacht groups of South Africa is isotopically similar (the
average value of 8135Cp,,p is —28.7 per mil) to photosynthetically produced organic
matter of younger geological age. Reduced carbon in lower Onverwacht cherts
(Theespruit formation) is anomalously heavy (the average value of 83Cppy is
—16.5 per mil). This discontinuity may reflect a major event in biological evolution.

Since 1967, an impressive array of
chemical fossils (such as n-alkanes,
isoprenoids, porphyrins, and isotop-
ically light carbonaceous material) has
been detected in early Precambrian
sediments (I). These reported occur-
rences, although subject to question be-
cause of possible contamination by
younger organic matter (I, 2), are
consistent with morphological fossil
evidence indicating that photoautotrophs
probably were extant- more than 2.8
X 10° years ago (I, 3). Among the
chemical evidences suggestive of early
autotrophic activity, the carbon isotopic
composition of particulate, insoluble
organic matter (kerogen) appears to
have been least subject to postdeposi-
tional contamination (4-6). However,
13C/12C ratios have been reported for
organic components of fewer than three
dozen Precambrian deposits (I-5, 7,
8). We have therefore undertaken a
survey of the carbon isotopic composi-
tion of the total organic fraction (com-
posed of more than 95 percent ker-
ogen) of a suite of Precambrian sedi-
ments to detect isotopic trends possibly
correlative with early evolutionary
events (9). '

Park and Epstein (/0) have shown
that photosynthetic fixation of carbon
results in fractionation of the two stable
carbon isotopes, 2C and 13C; the or-
ganic matter produced is enriched in

the lighter isotope relative to the in-
organic source carbon. Biogenic organic
matter isolated from sedimentary rocks
has 8'3Cppy values (1) ranging from
about —20 to —40 per mil ([/2);
§13Cppg values of limestones range from
about +10 to —14 per mil (/3). Be-
cause of .possible variations in the
carbon cycle over geologic time and the
complexities introduced by diagenetic
and metamorphic factors, interpretation
of Precambrian carbon isotopic data is
difficult. Nevertheless, biological fixa-
tion of inorganic carbon is the major
process on FEarth that produces an
isotopic fractionation between inorganic
and organic carbon of the magnitude
and direction found in ancient sedi-
ments. Since the isotopic content of
marine carbonates of all ages appears
to vary little (3, 12), fossil organic
matter having §'*Cppp values between
—20 and —40 per mil seems reason-
ably interpreted as being of photosyn-
thetic (I, 3, 4, 7, 8) or chemosynthetic
(12) autotrophic derivation.

The 3C/2C ratios of reduced carbon
were determined according to a method
adapted from Craig (/3). Each sample
was ground to a powder and refluxed
with redistilled benezene : methanol (70 :
30 by volume) for 24 hours. Fifteen
grams of each sample were then reacted
with hydrochloric acid to remove car-
bonates and with hydrofluoric acid to
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Fig. 1. The §"Cuui values of organic carbon in sedimentary rocks.
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remove silicates. The resulting acid-
resistant organic residue, the “total or-
ganic fraction,” was combusted in oxy-
gen at 1000°C; the carbon dioxide
generated was analyzed on a dual-col-
lecting mass spectrometer. The total
organic fractions of three samples were
further extracted by refluxing for 24
hours with the benzene : methanol solu-
tion; the extracted “soluble organic
fraction” and the insoluble “kerogen
fraction” were analyzed.

The §'2Cppp values of the total or-
ganic fractions of 39 Precambrian
cherts and limestones representing 32
localities have been determined (/4).
These data (Fig. 1) substantially in-
crease the total number of reported
analyses of Precambrian organic mat-
ter.

Reduced carbon in Phanerozoic sedi-
ments tends to exhibit increasing 12C
content with increasing geological age
(12). In the Precambrian, this trend
is not marked (Fig. 1), although 12C
content does appear to approach a
maximum in sediments about 2.1 X
10° years old. With the exception of
the very oldest samples analyzed, Pre-
cambrian organic carbon generally has
813Cppy values between —25 and —35
per mil, well within the isotopic range
typical of preserved biogenic organic
matter.

Anomalously heavy organic carbon
(having a 813Cp,; value greater than
—20 per mil) was detected only in
cherts from the lower Swaziland se-
quence of South Africa; these units are
among the oldest sedimentary horizons
known. To investigate the discrepancy
between these samples and all other
cherts, isotopic analyses were made of
carbonaceous matter in 16 cherts repre-
senting nine stratigraphic horizons in
the sequence (I5).

The Swaziland sequence (Fig. 2),
64,000 feet (19.5 km) thick and well
exposed in the Barberton Mountain
Land of the southeastern Transvaal, is
divided into three units (/6). The old-
est unit, the Onverwacht group, consists
of lavas, cherts, and sedimentary car-
bonates. The Fig Tree group, conform-
ably overlying the Onverwacht, includes
shales, graywackes, banded cherts, and
lavas. The Moodies group overlies the
Fig Tree. The Onverwacht and Fig Tree
cherts are thought to have been de-
posited in a subaqueous, basin-like en-
vironment and to have experienced little
subsequent alteration (/6). Rubidium
and strontium measurements on intru-
sives in the Fig Tree group indicate an
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age in excess of 3 X 10° years (17);
a maximum age for the sequence of
about 3.4 X 10° years is suggested by
rubidium-strontium and lead-lead anal-
yses (18).

In Fig. 2 the 813Cppy values of the
analyzed Swaziland samples are shown.
The values fall into two distinct cate-
gories. One category is comprised of
13 cherts stratigraphically ranging from
the middle third of the Onverwacht
group (Hooggenoeg formation) to the
middle of the Fig Tree group; the
813Cppp values range from —25.0 to
—33.0 per mil with an average of
—28.7 per mil. Hoering’s §3C,py value
of —28.3 per mil (4) for organic mat-
ter in a Fig Tree shale falls within this
range. The second category is composed
of three samples from the lowest third
of the Onverwacht group (Theespruit
formation) ; the §'*Cppp values of these
samples range from —14.7 to —19.5
per mil with an average of —16.5 per
mil. The §13Cppy values of the soluble
organic fractions of these three samples
range from —25.5 to —26.2 per mil,
presumably reflecting a relatively recent
origin [see (4, 5)]. In contrast, values
of the kerogen fractions, apparently
syngenetic with Theespruit deposition,
range from —14.3 to —18.9 per mil.

Thus, there is an isotopic discontinu-
ity of about 12 parts per thousand be-
tween Theespruit and younger organic
matter in the Swaziland sequence. Since
all Swaziland cherts were analyzed simi-
larly and since triplicate analyses of one
Theespruit sample gave highly consis-
tent results (sample 3-T in Fig. 2;
83Cppg = —15.5, —14.8, and —14.7
per mil), it is unlikely that the unusu-
ally heavy isotopic composition of
Theespruit carbon is an artifact of ex-
perimental procedure.

It might be suggested that the iso-
topically heavy nature of Theespruit
reduced carbon has resulted from meta-
morphic loss of light carbon species
(19). In this regard, chert from the
middle Hooggenoeg formation, col-
lected immediately adjacent to an intru-
sive body, provides an indication of
possible isotopic effects of contact
metamorphism on Swaziland organic
carbon. The §'*Cppp value of reduced
carbon in this chert (sample 10-T,
—32.5 = 0.4 per mil) does not differ
significantly from values typical of or-
ganic matter in other cherts of similar
stratigraphic position (Fig. 2), most of
which are far removed from zones of
contact metamorphism. Since the Thee-
spruit samples were collected more
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Fig. 2. The §"®Cpnn values of organic carbon in sediments of the Swaziland sequence.

than 0.4 km away from known intru-
sives, it seems unlikely that their atypi-
cal isotopic composition has resulted
from contact metamorphism. Moreover,
the Swaziland samples analyzed are
from a conformable succession and
have been subject to similar deposi-
tional and tectonic environments, so
that isotopic alteration by diagenesis or
regional metamorphism would be ex-
pected to have occurred similarly
throughout the sequence. The difference
in isotopic composition between Thee-
spruit and younger Swaziland carbon
is probably not, therefore, a result of
postdepositional alteration, a conclusion
consistent with the results of other stud-
ies (8, 12, 20). Thus, the two cate-
gories of reduced carbon detected in
Swaziland sediments may be of differing
origins.

In conclusion, the similarities in the
isotopic content of reduced carbon in
all but the oldest Precambrian samples
analyzed (Fig. 1), together with the
essentially constant isotopic composition
of oxidized carbon in marine carbonates
deposited during the past 2.8 (3, 12)
or perhaps 3.3 X 10° years (21), seem
consistent with the existence of auto-
trophic organisms since the deposition
of the middle third of the Onverwacht
group, approximately 3.3 X 10° years
ago. Kerogen in lower Onverwacht
Theespruit cherts has §3Cpp, values
which fall outside the normal range for
preserved reduced carbon of established
biological origin but which are com-
parable to values of about —16 per
mil characteristic of primordial organic
matter-in carbonaceous chondrites (72,
22). The isotopic discontinuity between
Theespruit and younger cherts is diffi-

cult to interpret because of uncertain-
ties regarding the nature of the early
carbon cycle and the primitive environ-
ment. Possibly this break reflects a
geological event that altered the distri-
bution of isotopes in the carbon reser-
voirs; or, it may mark the time of
origin of biochemical mechanisms cap-
able of fractionating carbon isotopes in
a manner similar to that of modern
autotrophs. The Theespruit organic car-
bon may even, in part, be a remnant
of abiologically produced organic ma-
terial, isotopically similar to that present
in carbonaceous chondrites. Although
such speculations are consistent with the
known early Precambrian fossil record
(I) and find marginal support in re-
ported chemical analyses of Onverwacht
organic matter (6, 23), the data are so
few and their potential implication so
far-reaching that no firm conclusion
should be drawn at the present time.
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Decreased Concentration of Phenacetin in

Plasma of Cigarette Smokers

Abstract. The amount of phenacetin in plasma was determined in nine control
subjects (nonsmokers) and nine subjects who smoked at least 15 cigarettes per
day. The mean plasma concentration of phenacetin at 1, 2, 32, and 5 hours after
its administration was markedly lower in cigarette smokers than in nonsmokers.
At 2 hours after the oral administration of 900 milligrams of phenacetin, the
plasma concentration (% standard error) of unchanged drug was 2.24 +0.73
micrograms per milliliter in the controls and 0.48 %= 0.28 micrograms per milliliter
in the smokers. The rate of excretion in urine of the major metabolite of phen-
acetin, N-acetyl-p-aminophenol, was the same in both groups. These results indi-
cate for the first time decreased concentrations of a drug in plasma of persons
who smoke cigarettes, and the results suggest that the decrease in the amount of
phenacetin in plasma may result from increased metabolism of phenacetin in

cigarette smokers.

The administration to rats of many
polycyclic aromatic hydrocarbons that
are present in cigarette smoke (1)
(such as 3,4-benzpyrene; 1,2,5,6-di-
benzanthracene; and 1,2-benzanthra-
cene) causes an increase in the activity
of microsomal enzymes that metabolize
certain carcinogens and drugs (2). The
activities of benzpyrene hydroxylase

and aminoazo dye N-demethylase, which .

are enzyme systems inducible by poly-
cyclic hydrocarbons, were greatly in-
creased in term placentas of individuals
who smoke cigarettes (3). Increased
benzpyrene hydroxylase activity was
also found in the lung, the liver, the
intestine, and the placenta of rats ex-
posed to cigarette smoke (4).

We report here, for the first time, an
effect of cigarette smoking on the
plasma concentration of a drug. Phena-
cetin, widely used as an analgesic and
an antipyretic, was selected for study
because the conversion of this drug to
its major metabolite, N-acetyl-p-amino-
phenol (APAP) (5), has been shown
to be inducible in animals by polycyclic
hydrocarbons (6).

Eighteen healthy volunteers, ranging
in age from 24 to 35 years, included
five female and four male cigarette
smokers and five female and four male.
nonsmokers. The number of cigarettes
smoked per day by the smokers varied
from 15 to 40. The mean weight of the
subjects (= standard error) was 123.2
=+ 5.3 pounds (1 pound = 0.45 kg) for
female smokers, 119.0 =4.9 pounds
for female nonsmokers, 154.5 +=9.8
pounds for male smokers and 159.0 %=
4.8 pounds for male nonsmokers. No
drugs were taken by any subject for
2 weeks prior to the study. The in-
gestion of coffee and alcohol by these
subjects was modest, and the amount
consumed was the same for smokers
and nonsmokers.

The cigarette smokers were not per-
mitted to smoke for 8 hours preceding
the administration of phenacetin and
for the first 5 hours after drug ad-
ministration. All subjects fasted over-
night, except for water as they desired,
and at approximately 8 a.m. on the
day of the study they were given 900
mg of phenacetin (as a fine powder)
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