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Preliminary comparison of precambrian and paleozoic kerogens
from cherts. Spectroscopic evidence for aliphatic composition
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Carbon-13 solid state nuclear magnetic resonance data on kerogen (in whole
rock sample) of Middle Precambrian Gunflint chert reveal an aliphatic-type struc-
ture characteristic of algal kerogens. This is confirmed by Fourier transform infrared
analysis of isolated kerogen. Similar results are obtained for the kerogens of both
Late Precambrian Paradise Creek and Early Carboniferous Kieselschiefer cherts
inferring the presence of a similar type of structure, rich in aliphatic carbons.

It is important to understand the nature of Precambrian kerogens because
these materials may provide cogent evidence of the existence of life forms during
the Precambrian. Obviously, when examining kerogen in a given Precambrian ge-
ologic matrix, one must analyze with as many chemical methods and techniques as
possible to accumulate evidence for a biological vs. abiological origin. In our ini-
tial investigation of the Middle Precambrian Gunflint chert (ca. 1.9 Ga) we applied
electron spin resonance (ESR) spectroscopy to study aromatic paramagnetic struc-
tures (condensed aromatic ring systems) incorporated in the chert kerogen. We found
that these structures were identical to those found in much younger carbonaceous
sedimentary rocks in which their origin is biologically controlled.! To extend this
study, we have analyzed the Gunflint kerogen by Fourier transform (FT) infrared
(IR) spectrometry and 13C nuclear magnetic resonance (NMR) for solids. For com-
parison, studies were conducted on the Late Precambrian Paradise Creek (ca. 1.6 Ga)
and Carbonifeours Kieselschiefer (ca. 0.35 Ga) cherts,

EXPERIMENTAL

Black stromatolitic Gunflint chert was collected near Schreiber, Ontario (Canada), at the
type locality for many of the twelve species of microscopic plants recognized in the well-documented
Gunflint microbiota.2 Geochemistry, sedimentary and stable isotope studies provide further evi-
dence for biological activity during the Gunflint era.2:3 Black chert of the Paradise Creek forma-
tion, from Queensland (Australia) contains nanofossils in cherty blebs associated with branched
stromatolites, comprising colonies analogous to living Eucapsis, a member of the blue-green algal
family Chroococeaceae.* The Carboniferous chert Kieselschiefer from Harz (Germany) is more
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coarsely bedded and are thought to represent silicified marine deposit.5 According to HossS this
rock contains many organically preserved microorganisms such as planktons, bacteria and algae.
The origin, lithology, mode of preservation of organic constituents, as well as the (mild) thermal
history of the three deposits appear to be quite similar.3-6

The extraction and fractionation procedure was similar to that used by Saby7 and Premovic.8
Powdered rock (10 g) was extracted with benzene /methanol (1:3v/v)for 90 h in a Soxlet apparatus.
The extract constitutes the soluble organic fraction of the total sample. The residue remaining in
the Soxlet thimble was treated with boiling hydrochloric acid (HCI, 4M) to remove most of the
carbonates. Carbonate removal was checked by TR analysis. The insoluble residue constitutes the
whole chert kerogen. This material was demineralized further by repeated treatment with boiling
HF/HCI (22M and 0.25 M, respectively.) This acid mixture removes silicates? and the removal
was checked by IR analysis. The final residue (0.1—0.3 % of total sample) is isolated kerogen.
It contained only small traces of inorganic materials, including pyrite, as confirmed by electron
microscopy and microprobe analysis.

Carbon-13 NMR spectra of the whole chert kerogen were taken at 25.15 MHz with cross
polarization (CP) and magic angle spinning (MAS) at room temperature on a Bruker CXP-100
spectrometer.? The isolation of kerogen from the silicic matrix, although desireable in the 13C
NMR analysis of kerogens, was not feasible in this case because of the small chert sample available
(100 g).

The isolated kerogen sample was mixed with anhydrous potassium bromide (KBr) and

pressed into disc (2.5 mg/150 mg KBr) with a load of 200 MPa. The spectra were recorded on a
Bruker ISF 113 v FTIR spectrometer.

RESULTS AND DISCUSSION

Our analysis indicates that the rock samples of 98% silicic component (ma-
inly, cryptocrystalline quartz) contain 0.1 —0.3% indigenous organic matter. Since
the rocks were found to contain only traces of soluble organic substances (ca. 10-49%
it is clear that its original bioorganic material has suffered complete diagenetic con-
version to insoluble organic material and gases — process analogous to coalification.
On the other hand, petrologic and geologic evidence suggest that most, presumbly
all, of the organic materials in these sedimentary rocks are indigenous and synge-
netic.6

Fig. la shows a typical 13C spectrum of kerogen in the Gunflint chert sample
taken with CP/MAS. The poor signal to noise is due to the low organic carbon con-
tent in the chert sample. Kerogen of the Paradise Creek chert has essentially an
identical spectrum, Fig.1b. These spectra exhibit only limited fine structure consist-
ing of the typical broad bands (eca. 0— 110 ppm) which are due to sp3 hybridized
carbons (ca. 807;) and the broad band (ca. 20%) due to sp2 hybridized carbons (ca.
100 — 220 ppm). The broad resonance band from 0 — 50 ppm arises from overlap-
ping of individual resonance lines due to saturated hydrocarbon structure. In typ-
ical coals and shales the maximum for this band is centered near 30 ppm indicative
of the presence of a relatively large amount of hydroaromatic structure or the pres-
ence of linear and branched alkyl groups. The shoulder at ca. 70— 80 ppm is cha-
racteristic to carbon adjacent to oxygen. The broad featureless band in the 150 —
—220 ppm range arises from sp2 hybridized carbon adjacent to oxygen (phenols
and phenolic ethers) and carbonyls (carbonylic acids, esters and aldehydes).

Assignments for the IR absorptions are based on the work of Bent and Brown!0
and Painter ef a/.,1! on coal macerals, and Rouxhet and Robin!2 on kerogen (these
are: 740 cm—1, aromatic CH bending; ca. 1200 cm !, contributions from C-C skel-
etal vibrations, C-OR stretching and C-OH deformation; 1375 cm-!, CH; defor-
mation; 1450 cm~1, CH, and CHj deformation; 1600 cm~1, C=C stretching in
aromatic rings and polyaromatic structures; 1700cm-1, C=0 stretching; 2850 and
2920 cm~1, aliphatic CHjy stretching; ca. 3400 cm—1, OH stretching),
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The FTIR spectrum of the Gunflint chert kerogen, Fig. 2a, has some general
features characteristic for the IR spectra of the high rank vitrinites10:11 and sporin-
ites!® and mature kerogens.12 Strong absorption bands at 292441 cm-1, as well
as a weak band at 1460+ 5cm-1 demonstrate a hydrocarbon structure with prom-
inent alkyl chains. Extensive chain branching in this kerogen is indicated by an
additional absorption at 29601 cm~1. This band can be assigned to methyl (CH;)
groups and both the 2924 cm~1 and 2853 cm~! band are ascribed predominantly to
methylene (CH;) groups although the aliphatic CH mode at 2924 cm~-1 is also char-
acteristic of CHj3 groups attached directly to aromatic units.

Some degree of aromatization of the Gunflint chert kerogen, as indicated by
an earlier ESR study,! is reflected by a strong absorption at 16204-5cm=-1 corre-
sponding to an aromatic stretching mode in structures in which there is the possi-
bility of intensity enhancement due to the presence of phenolic groups or due to the
linkage of aromatic entities by CH, and possibly ether bridges. Further FTIR evi-
dence for aromatization was seen in a number of weak absorptions in the 600—900
cm~1 region related to various aromatic CH (out of plane bending). Support for

AIIEIIlIlIlllll—[T'lllllTl
80— ¢

60

40

20

[+, e 1 N D O e s ] NN o I 0 N O A0 o 1 Y Y S o |
200 150 100 50 0 ppm

A[TT T T T AT T T VI T T T T F 0T

(7} T ] e [ S S Y R 1ot Ml [ S EOSY  l

150 100 50 0 ppm

Fig. 1. Carbon-13 NMR spectra of kerogens in whole sediment
(powdered) samples of: (a) the Gunflint chert (209008 scans)
and (b) the Paradise Creek chert (243017 scans). 4 is the NMR
absorption in arbitrary units.
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the relatively low aromatic nature of the sample is provided by the 13C NMR data
in Fig. la. The FTIR data of coal macerals of high rank!0:11 and mature kerogens,12
are similar to the FTIR spectrum of the Gunflint chert kerogen in the absence of
the C=0 absorption at 1700—1720 cm—!. This absencs of carbonyl and carboxyl
groups in the FTRI is an indication that extensive diagenetic evolution of the
kerogen in question may have occurred as expected in view of the age of the chert.

We also obtained FTIR data on kerogen of both the Paradise Creek chert,
Fig. 2b, and the Kieselschiefer, Fig. 2c. What is striking is the similarity in the FTIR
absorption patterns of these two kerogens and Gunflint chert kerogen. The signi-
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Fig. 2. FTIR spectra of isolated kerogen of: (a) the Gunflint
chert, (b) the Paradise Creck chert; and (c) the Kieselschiefer.
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ficant content of organic materials derived from marine (plant) organisms, (algae
phytoplanktons and bacteria) in the Kieselschiefer, and its origin as a silicified de-
posits suggest that features similar to those of marine (plant) kerogen might be ex-
pected. While more work is required for verification, it is interesting to speculate
that the FTIR spectrum of the Kieselschiefer kerogen resembles those of the much
older Precambrian sedimentary rocks that a similar type of biologic source could
be inferred.

It is worth noting here that organic paramagnetic structures observed by ESR
in the Paradise Creek chert and the Kieselschiefer ate identical and at the same level
of spin concentration (ca. 1016 spins g~1). However, their ESR parameters (g=
=2.00263-0.00005 and linewidth AH, ; =0.1240.01 mT), saturation behaviour
with microwave power, ESR behavior on laboratory heating and temperature de-
pendence of spin concentration!3 are distinctively different than those of the Gun-
flint chert.!

A comparison of the FTIR spectrum of the Kieselschiefer kerogen with those
from much older Precambrian chert kerogens studied does not reveal significant
differences in the degree of geochemical maturation, as might be expected from the
great differences in age between these rccks. Thus, age alone cannot be the factor
controlling the degree of diagenetic even if this span of geologic time is measured
in billions of years.

Finally, it is interesting to note that intense organic IR bands at 2924 cm-!
and 2853 cm~! (and the shoulder at 2960 cm 1), as well as the 1620 cm~1 band can
be readily seen in the FTIR spectra of kerogens in whole silicic rock samples studied.

Organic geochemists have characterized kerogens as originating from rem-
nants of algae and microorganisms (mainly phytoplanktons and bacteria) or rem-
nants of higher plants, or from a mixture of both types of materials.14 Of the two
extremes, algal kerogens are generally considered to have an aliphatic-type structure
and higher plant kerogens an aromatic structure.!4 Thus our 13C NMR CP/MAS
and FTIR results suggest that the Gunflint and Paradise Creek chert kerogens,
containing mainly aliphatic groups, are similar to kerogens derived from algal orga-
nisms and /or microorganisms (such as phytoplanktons and bacteria). In fact, the
aromaticity values for these two cherts (ca. 0.20—0.25) are similar to those of the
Green River oil shales!S which are derived primarily from algal remains.!6
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M3IBO I

MMPEJIMMWUHAPHO TNOPEBEWE INTPEKAMBPUJAHCKHUX
1 TIAJIEO30JCKMX KEPOTEHA POXHALA: CIIEKTPOCKOTICKE
YUHBEHHWLIE 3A ATIMCATUYHU CACTAB

INMABJIE . [TPEMOBHh, CTOJAH P. CTOJKOBWR, POHAJ II. IATMAJEP*
v BOPHEP P. BYJIGEHOEH**

Ogenerse 3a xemujy, Quaozopcku dakyaiew, Y nusepsuwew y Huwy, 18000 Huu, Jyiocaasuja u *Ogeverse 3a iopugio
unkersepcitieo u **Ogewerse 3a xemujy, Yuusepsumew y Jywn, Coait Jejx Cuttiu, Jyiia 84112, CAQ

buwEL T
13C HykneapHa MarHeTHa pe3OHaHIMja KePOreHa y UENoM y30pky [aHdnuHT poxHaua H3
cpeawer npexkamdpujymMa OTKpHBA anudaTH4YHM THI CTPYKTYPE KApAKTEPUCTHYAH 3a alraliHe
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keporene. OBo je nmoTepheHo PyprjeoBoM HH(PAUPBEHOM AHANK3OM H30NOBAHOI KEPOIEHA.
Cnuynu pezyntati cy nobujesu 3a keporene Ilapandjs xpuk poxHana (KacHH npexaMOpujym)
u Kusgnurndep — poxnaua (panu xapboH). OBH pe3ynTaTh ykasyjy Ha NPHCYCTBO CIHYHOL THIA
CTPYKTYpa Yy OBMM DOXHALEMa, ODOTATHM alHGaTHYHUM YTIHEHHKOM.

( Mpusiveno 19. nosembpa 1987)
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