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Kerogen occurrences in stromatolitic cherts from the Middle Precambrian Gun-
flint Formation and related rocks have been investigated by the use of elemental analysis,
Fourier transform infrared and electron spin reconance spectroscopies. Particular atten-
tion was paid to the structural properties of the Schreiber kerogen to allow comparison
with biologically controlled kerogens from Paleozoic carbonaceous rocks. The low
atomic H/C ratios (0.5) of the Schreiber kerogen indicates that this material has reached
a high level of maturity. The Fourier transform infrared/electron spin resonance exami-
nations revealed that the Schreiber kerogen contains predominantly aromatic/polyaro-
matic structures similar to those found in mature kerogens from Paleozoic carbonaceous
rocks. The evidence from this organogeochemical comparison indicates that the Schrei-
ber kerogen and mature kerogens from Paleozoic/Mesozoic carbonaceous rocks have
sufficient similarity to suggest a similar origin. Consequently, this work gives strong
support to the hypothesis that if the Schreiber kerogen is of biotic origin than it is derived
from the remnants of various microbial organisms (mainly phytoplanktons) including
a minor contribution of subtidal (stromatolite-building) cyanobacteria.

Keywords: kerogen, Gunflint stromatolitic cherts, electron spin resonance. Fourier
transform infrared spectroscopy.

INTRODUCTION

Macrobiota

In marked contrast to the paucity of evidence of biological activity during
Early Precambrian, Middle Precambrian sediments contain a wealth of paleobio-
logical data. Of these occurrences, the most significant in terms of biological
diversity and its preservation is the microbiota of the Gunflint Formation in
unmetamorphosed black stromatolitic cherts of the Schreiber locality. The assem-

*  Corresponding author: e-mail: fprem@ban.junis.ni.ac.ju

229



230 PREMOVIC at al.

blage of microscopic plants in the Schreiber stromatolitic cherts is composed predomi-
nantly of prokaryotic microorganisms, though the overwhelmingly dominant taxa are
cyanobacteria, i.e., filamentous Gunflintia and coccoid Huroniospora-'~* Although
numerous other algae/bacteria occur in relatively small populations, the primary source
of organic matter in the Schreiber cherts is presumably these two microorganisms. It is
generally agreed that the Schreiber carbonaceous/fossiliferous cherts are the products
of silicification of stromatolitic limestones deposited via the mediation of cyanobacteria
in a marine subtidal environment.2>~7 The petrology of these cherts, and of associated
sedimentary rocks, indicates a general absence of metamorphism; the brown-to-black
kerogen suggests a mild thermal history.2-3-10 Biogeochemical considerations of the
Gunflint stromatolitic/algal rocks other than the Schreiber cherts suggest that marine
subtidal cyanobacteria were also the prime builders of these sediments (Table I).
Corroboratory evidence from geochemistry2:11-16 and sedimentology!=3-17:18 provide
further evidence for the existence of biochemical activity during the Gunflint era (ca.
2 Ga ago).

Kerogen

Barghoorn et al.!13 have measured the stable carbon isotope ratios of kerogens
from a wide variety of sediments of the Gunflint Formation. The 8!3C ratios of
apparently syngenetic kerogen of black cherts from the Schreiber locality are found
to be well within the range of values characteristic of organic materials of known
photosynthetic origin or derivation and differ markedly from values typical of
inorganically produced carbon compounds. 19-20

In an earlier communication from this laboratory?! it was suggested that
kerogen from the Schreiber stromatolitic cherts is comparable to mature Paleozoic
kerogens. However, this study was based on a single (Kussiella) type of the
Schreiber carbonacecous chert from a single outcrop site and, as such, has a rather
limited scope. It is the purpose of the present paper to report on a series of samples
of various stromatolitic chert types distributed throughout the Schreiber deposit. In
addition, this contribution examines the problem of the origin of kerogen from the
Schreiber stromatolitic cherts in the light of some new geochemical data. The
original hypothesis that the Schreiber kerogen is derived from Precambrian stroma-
tolitic subtidal cyanobacteria is examined here by the parallel investigation of the
kerogens from various Schreiber stromatolitic cherts and mature kerogens from Late
Precambrian Bitter Springs stromatolite (0.9 Ga old, Australia), Paleozoic carbona-
ceous rocks including Late Devonian Sosnowiec stromatolite (0.3 Ga old, Poland)
and Jurassic Vrika Cuka anthracite (0.19 Ga old, Serbia).

EXPERIMENTAL

Samples

The collections upon which this study is based were made by A-S. Edhorn and S. Awramik at
a series of localities along the strike of the Gunflint Formation. The samples were selected to represent
a wide range of microfossiliferous stromatolite-related rocks. The sampling localities are indicated in
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Fig. 1. Location map of the Gunflint Formation in W. Ontario (modified after Goodwin!7).
Table | and on the map in Fig. 1. The regional geology of the Gunflint Formation has been summarized
in detail by Goodwin, 17, Moorehouse, Barghoorn and Tyler. 2 The Gunflint formation contains two
cyclic units designated Lower and Upper member, 1espect1vely 7 The Lower member consists of the
following facies in ascending order: (1) black shale; (2) volcanoclastic shale; and, (3) taconite
combined with banded chert and carbonates. The structurally preserved microflora originally described
by Tylerand Barghoorn23 were discovered in dense black stromatolitic cherts collected from the lower
Gunflint outcrops at the Schreiber locality. The Upper member of the Gunflint formation is a repetition
of the Lower member. Stromatolitic/non-stromatolitic rocks (listed in Table I) at localities other than
Schreiber belong to the Lower or the Upper unit.

Samples were treated with maximum care to exclude contamination by handling or any other
extraneous organic source before laboratory analysis. The rock samples were crushed to a fine powder
(200400 mesh) in a ball mill and stored in acid-cleaned vials.

Separation and extraction

The ground rock powders were treated with 20 % hydrochloric acid (HCl) to remove carbonates.
After filtration and washing, the remaining minerals were acid leached by digestion for 72 h at room
temperature using a 1:1 by volume mixture of concentrated hydrofluoric acid (HF): 48 % and HCI:
20 %. The mixture was filtered and the re51due washed successively with boiling distilled water, and
the pyrite was decomposed with LiAIH4>* After drying, the insoluble organic concentrate was
extracted with benzene/methanol azeotrope (6:1 v/v) until the solvent siphoning to the flask was clear.
The material was dried at 80 °C and the resulting kerogen was stored in a desiccator.

Electron spin resonance (ESR)

The ESR measurements were made on the sealed, evacuated materials. The ESR experiments
were performed on the samples (0.05-0.100 g) in a quartz or glass tube using a Bruker ER 200D ESR
spectrometer employing 100 kHz modulation and a nominal frequency of 9.5 GHz interfaced to a
HELP computer. All the tubes, containing the geological samples, were evacuated (before the ESR
measurement) and sealed while still evacuated. The spin concentrations were calculated by double
integration of the first derivative of a single line using the HELP computer system.

Fourier transform infrared (FTIR) spectroscopy

The FTIR spectra of the kerogens were obtained using KBr discs, using a Perkm Elmer 1600
FTIR spectrometer. The aliphatic methyl/methylene (CH3/CH2) (2955 t0 2920 cm” ) bands ofthe FTIR
spectra were studied by curve-fitting analysis.
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Elemental (carbon/hydrogen) analysis

The kerogen samples were subjected to microanalysis for their C/H content in a Perkin-Elmer
Model 240 elemental analyzer.

DEPOSITIONAL MILIEU: ANOXIC vs. OXIC

One of the requirements for the formation and preservation of both bioorganic
substances (as the protokerogen precursor) and protokerogen during early diagene-
sis is anoxic conditions at the water/sediment interface and within the upper part of
the sediment.25 The abundance of pyrite, siderite and the presence of (brown to
black) organic matter (predominantly kerogen) in the Schreiber cherts strongly
suggest that their depositional environment was anoxic.2,10,13,17.22,26 This type of
environment is also suitable for the preservation/maturation of kerogen during the
latter stages of diagenesis. !0

Microscopic examination of Late Permian (0.25 Ga old, Harz Mountains) and
Early Triassic (0.2 Ga old) stromatolites?” and from modern (Shark Bay) stromatolites
imply that cyanobacteria were, and presumably are responsible for these ancient and
modern stromatolites (Table I). These organisms inhabited oxygenated bottom waters
(with the O content 5%10-3 mol dm3) of marine subtidal environments in which any
bioorganic remains (the kerogen precursor) would have been destroyed soon after it
had been buried through various oxidation reactions by free O2. This may explain our
failure to isolate kerogen from these stromatolites (Table ).

MATURITY OF KEROGEN

The finely disseminated kerogen of the Schreiber cherts ranges from 0.2 % to
0.9 % (Table II) which contains > 95 % structurcless (amorphous) brown-black
material and <5 % inorganic insoluble fraction. Elemental analysis of the Schreiber
kerogen samples are given in Table III. The low hydrogen content, and hence, low
atomic H/C ratios (0.5)", are characteristic of mature kerogen in the classification
scheme reviewed by Tissot and Welte.25 For comparison, elemental analyses of the
Vrika Cuka anthracite, the kerogen from the Bitter Springs and Sosnowiec stroma-
tolites are also listed. Surprisingly (other than the Schreiber cherts which belong to
the Lower member of the Gunflint Formation), no kerogenous material was found
in most of the microfossiliferous stromatolitic/non-stromatolitic rocks. This sug-
gests that microbial productivity during deposition of the Lower unit was not
widespread in the small and shallow Gunflint Basin. More work is needed to verify
this observation. In general, the cherty bands of the Gunflint Formation are well-
known to be remarkably free of organic carbon.!3

* The atomic H/C ratio in this case is insignificant for anything other than an indication of both maturity
polyaromatic character of the Schreiber kerogen. Namely, the experimental error in the H analysis may be
relatively large since the percentage of H is low.
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TABLE II. Inorganic/oganic composition (wt %) of the Schreiber stromatolitic cherts

Rock sample Iron oxides/carbonates Silicates Insoluble fraction*
ot chor 3 910 09
P romtoltic chen 1 07 99.0 03
Swromstolite chert 1 108 89.0 02
P ot cher 1 43 950 06
Black (unnamed-type) 28 970 02

stromatolitic chert 11

* Kerogen + minor (< 5%) insoluble minerals: pyrite, fluorides etc.

The low atomic H/C ratios (0.5, Table III) of the Schreiber kerogen indicates
that the degree of catagenesis is quite advanced, since similar values have been

observed for kerogens of high maturity.2> The extremely small concentrations

(<0.01 %) of soluble organic matter of the Schreiber cherts are, at least, consistent
with such an interpretation. The low atomic H/C ratios are, also, evidence that the
finely disseminated Schreiber kerogen has almost certainly undergone polyaroma-
tization through extensive dehydrogenation. An atomic H/C ratio of 0.5 would be
obtained from kerogen and coal in which the average structure was a polyaromatic
hydrocarbon system containing more than 20 carbon atoms. !0

TABLE I1I. Elemental analysis of the Schreiber and other kerogens [wt %, daf*]

Chert C H H/C
Black (Kussiella-type) stromatolitic chert 82.5 3.5 0.5%*
Black (Gruneria-type) stromatolitic chert | 87.0 4.0 0.5%*
Black (Gruneria-type) stromatolitic chert 11 82.0 3.5 0.5%*
Black (unnamed-type) stromatolitic chert [ 71.0 3.0 0.5%*
Black (unamed-type) stromatolitic chert 11 75.0 3.0 0.5%*
Bitter Spring stromatolitic chert 66.0 4.0 0.7
Sosnowiec stromatolite 67.0 5.0 0.9
Vrska Cuka anthracite 88.0 3.7 0.5

* Dry ash free basis. ** High ash content (< 20 %) of this material indicates that actual value of its

atomic H/C ratio could be higher.

FOURIER TRANSFORM INFRARED OF KEROGEN

The spectrum of the Schreiber kerogen from the Gruneria-type chert (Fig. 2a)
is comparable to those from other types of the Schreiber stromatolitic cherts (Figs.
2b and 2c¢). The spectrum is dominated by a strong band centered in the 1590-1605
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cm~! region which is characteristic of solid carbonaceous systems and is generally
assigned to large polyaromatic carbon skeletons.28 The weak band at ca. 1700 cm!
is usually ascribed to carbonyl groups. The three considerably reduced absorption
bands in the 3100 cm! to 2700 cm! zone indicate the presence of aliphatic
structures in the kerogen?® and the weak absorption at 3030 cm! is related to
aromatic/polyaromatic structures.?8 Further evidence for aromatization/polyaroma-
tization is seen from the weak absorption bands in the 900-700 cm! region.28 In
fact, the FTIR spectrum of kerogen from the Schreiber cherts resembles those of
the kerogens from the Bitter Springs chert (Fig. 2d), the Sosnowiec stomatolite (Fig.
2e), the Vrska Cuka anthracite (Fig. 2f) and the kerogens from Paleozoic/Mesozoic
sedimentary rocks.%2%

The FTIR spectra of three kerogen samples from the Schreiber (Cruneria-,
Kussiella- and unnamed-type) stromatolitic cherts, expanded for the region of 3100
cm ! to 2700 cm!, are shown in Figs. 3a—c. For comparison, the expanded scale

spectra for the Sosnowiec kerogen is given in Fig. 3d and for the Vrika Cuka

a d
A

CH,, CH,

groups c=C s
H groups
Aromatic
b -
"

Fig. 2. The FTIR spectrum of kerogen isolated from: the Gruneria-type (a); Kussiella-type (b); un-
named-type (¢) cherts; the Bitter Springs chert (d); the Sosnowiec stromatolite (¢), and the Vrska
Cuka anthracite ().
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anthracite in Fig. 3¢. As in most mature kerogens, there are three principal bands,
near 2955 cm~!, 2920 cm~! and 2860 cm™!, that can be clearly assigned to CH3/CH3
groups attached to alkyl chains/aromatic rings. In general, from the curve-fitting
analysis of the FTIR bands of kerogen, a series of relationships (defined as ratios
of integrated absorbance areas) may be used to quantify the structural charac-
teristics. The relationship used here was the CH3/CHp ratios = 2955 cm ! band/2920
cm! band. For most of the kerogenous materials (Schreiber cherts, Vrska Cuka
anthracite, Bitter Springs and Sosnowiec kerogens) the CH3/CH3 ratio is between
0.4 do 0.5 (Table IV). This is probably due to loss of alkyl chains and conversion
of various aromatic methylene structures to polyaromatic rings30 during catagenesis
of the Schreiber kerogen. An exception is the kerogen from one of the unnamed-type
cherts, which has an exceptionally high content of methyl structures (the CH3/CH»
ratio > 1.0, Fig. 3f/Table IV), probably due to differences in the microbial precur-
sor(s) and/or in the geological conditions of kerogen formation.

TABLE IV. The CH3/CHz ratio of the Schreiber and other kerogens*

Chert The CH3/CH ratio (+0.1)

Black (Kussiella-type) stromatolitic chert <0.5
Black (Gruneria-type) stromatolitic chert | 0.4
Black (Gruneria-type) stromatolitic chert 11 0.4

Black (unnamed-type) stromatolitic chert | >1.0
Black (unnamed-type) stromatolitic chert I1 0.4
Bitter Springs stromatolitic chert 0.4
Sosnowiec stromatolite 0.5
Vigka Cuka anthracite 0.4

* Bvalauated as the FTIR 2955 cm™! band /2920 cm™! band ratio (see above).

Three FTIR bands are observed in the 900 cm! to 700 cm! region for the
Schreiber kerogen samples, as illustrated in Fig. 4a for the kerogen from the
unnamed-type chert rich in methyl moieties (Fig. 3f). These bands are assigned to
aromatic/polyaromatic structures with isolated aromatic hydrogens (870 cm 1), two
adjacent hydrogens per ring (815 cm!) and four adjacent aromatic hydrogens (750
cm~1).31 Similar FTIR spectra were recorded for the Schreiber kerogen from the
Gruneria-type (Fig. 4b), and Kussiclla-type (Fig. 4c) stromatolitic cherts, the
Sosnowiec kerogen (Fig. 4d), and the Vrska Cuka anthracite (Fig. 4¢). The curve-
fitting analysis revealed the presence of other minor overlapping bands in the 900
cm! to 700 em™! zone. The number of adjacent hydrogens per ring provides an
estimate of the degree of aromatic substitution/polyaromatization. The Schreiber
kerogen has the most intense bands at 870 cm! and 750 cm! (Figs. 4a—4c),
attributed to average aromatic sizes of 3 to 4 rings or more. Thus, condensed
aromatic nuclei (3 to 4 rings) should be present in the Schreiber kerogen. Overall,
the FTIR spectrum supports the concept of an aromatic/polyaromatic macrostruc-
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Fig. 3. The FTIR spectrum (3100—2700 cm™!) of kerogen from: the Gruneria-type (a); Kussiella-
type (b); unnamed-type (c) cherts; the Sosnowiec stromatolite (d), the Vrska Cuka anthracite (e),
and unnamed-type (rich in methyl groups) chert (f).

ture, in accord with mature kerogen assignment based on elemental analysis. This
finding is in a good agreement with previous observations that the Schreiber kerogen
has reached its aromaticity with increasing natural maturation as evidenced by the
higher content of polyaromatic structures. The close geochemical similarity be-
tween the kerogens from different types of Schreiber cherts strongly suggests that
the kerogen in these rocks has a common origin.

POLYAROMATIC CLUSTERS AND PARAMAGNETIC STRUCTURES

Although the exact nature of the polyaromatic paramagnetic structures (PPS)
in kerogen has not been established unambiguously, !9 various ESR considerations
imply that these species in kerogens of high rank are associated with polyaromatic
clusters. For this reason, the PPS content of kerogen is used as a measure of its
content of polyaromatic clusters and, hence, maturity. It has been shown32-35 that
the PPS content increases with increasing maturity of the kerogen. The very large
number of measuremints available for correlative studies have made the PPS content
an extremely reliable indicator of the kerogen maturity.34
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Fig. 4. The FTIR spectrum (900700 cm™!) of kero-
gen from: the unnamed-type (a); Gruneria-type (b);

Kussiella-type (c) cherts; the Sosnowiec stroma-
tolite (d), and the VrSka Cuka anthracite (e).

Fig. 5. The ESR spectrum of: PPS
of kerogen of the Kussiella-type
chert (a), and E;” center of the
Schreiber stromatolitic chert (b).
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Kerogen isolated from the Schreiber stromatolitic cherts contains an excep-
tionally high concentration (>101° spins g1) of PPS (Table I). Such a high concen-
tration of PPS of the Schreiber kerogen is consistent with the high degree of
aromatization/polyaromatization indicated by the elemental/FTIR data. The ESR
spectrum of the kerogen from the Schreiber stromatolitic cherts (Fig. 5b) is similar
to the spectrum of the Kussiella-type chert shown in Fig. 5a. This is the most unique
feature of this material. The presence of a high concentration of PPS in the kerogen
may be interpreted only in terms of the initial formation of complex organic
substances enriched with PPS, which were subsequently transformed during di-
agencsis/catagenesis into mature kerogen enriched with both polyaromatic moictics
and PPS.10 Similar kerogens have been reported in the geological cherts from the
late Precambrian Bitter Springs (0.9 Ga, Australia) and the Late Devonian Rhynie
chert (0.39 Ga, Scotland),!0 although PPS enrichment has not been found in any of
several hundred Paleozoic/Mesozoic chert specimens examined by us. Further, no
other carbonaceous cherts of Early/Middle Precambrian contain kerogen rich in
PPS.10 Therefore, the formation of the Schreiber kerogen may be an extraordinary
local rather than a global Precambrian event. Evidence consistent with this inter-
pretation is also available from comparably aged Michigamme anthracite (Middle
Precambrian, ca. 1.7 Ga old. USA) and related Sudbury and Onwatin anthraxolites
(Middle Precambrian, ca. 1.9 Ga old, Canada). Namely, solid state 13C-NMR and
ESR analyses did not reveal either the presence of polyaromatic kerogen or PPS in
these materials. Generaly, the kerogens isolated from Paleozoic/Mesozoic carbona-
ceous sedimentary rocks contain lower PPS concentrations (ca. 1016 —1018) than
the Screiber kerogen. This is to be expected given the geological/thermal history of
the Schreiber kerogen for ca. 1.9 Ga.l0

When an evacuated Schreiber kerogen sample was exposed to air or Oy, the
PPS ESR signal intensity was reduced within minutes and its linewidth was slightly
broadened. A similar (but much less pronounced) effect was observed for Jurassic
Vrika Cuka anthracite, which contained predominantly polyaromatic structures!0
but, no such changes were noticed for algal koregens: e.g., Permian torbanite
kerogen (0.26 Ga old, Scotland) with a highly aliphatic macrostructure.3¢ Initial
ESR intensity of the Schreiber kerogen is partly restored by cither re-evacuation or
flushing with Np. A satisfactory explanation can be given if it is assumed that O3 is
physically absorbed on the surface of the kerogen particles. In this case O3 reduces
the PPS ESR spectrum by formation of a complex between O and the highly
polyaromatized Schreiber kerogen macrostructure. Similar results have been re-
ported by others and assigned to complex formation between Oy and structures
containing highly delocalized unpaired spins.37 In contrast to the Schreiber kerogen
samples, the Schreiber whole-chert samples show neither changes in line intensity
nor linewidth during the air/O; experiments. This indicates that PPS are not located
at or very near surfaces of quartz grain boundaries and other readily accessible sites,
including the internal surfaces of pores. The ESR features observed on exposure of



240 PREMOVIC at al.

the Schreiber kerogen and related materials to air/O2 will be discussed in detail
clsewhere.

Our ESR results on untreated Schreiber cherts show also the presence of a
very narrow readily saturated signal, which we assign to the E;’ center in quartz
(Fig. 5b). This center has an electron at an oxygen vacancy, first observed by
Weeks.38 The formation process of the E1’ center is still an unresolved problem.
From experimental results of artificial irradiation and heating, Griffiths et al.3°
concluded that the E1’ center is suitable for the dating of cherts. Odom and Rink40
showed the correlation between the E;” intensity and the geologic age in the Ma to
Garange pointing out the possibility that the range of ESR dating might be extended
to one billion years. They proposed that d-recoil nuclides within the quartz matrix
create By’ centers. Recently, Toyoda and Ikeya?! calculated the accumulated doses
of natural quartz from radiometric ages and annual doses given by external - and
y-rays. According to these authors, the relative amount of E;’ centers observed in
their experiment is consistent with those in natural quartz samples. These authors
concluded that: (a) external 3- and y-rays create E1’ centers in quartz, but this does
not eliminate the possibility that internal d-recoil nuclides also produce this center
in quartz and (b) the ESR signal of E;’ center could only be observed in quartz
samples older than several million years because the formation efficiency of Ey’
centers is very low.

ORIGIN OF THE SCHREIBER KEROGEN

The commonly accepted interpretation of the origin of syngenetic geoorganic
matter within the Middle Precambrian Schreiber cherts focuses on the biological
activity on the level of marine subtidal (stromatolite-building) cyanobacteria with
relatively low organic productivity.#? Contradictions to this view exist, however.
For example. Premovi¢!0 previously suggested that the presence of predominantly
polyaromatic kerogen within the stromatolitic cherts from the Schreiber locality
does not corroborate with this view. Consistent with, and in part supportive of this
interpretation are the following biogeochemical rationalization.

Modern kerogen studies indicate that marine organic matter, as the precursor of
the kerogen isolated from Paleozoic/Mesozoic sedimentary rocks, are mainly derived
from the organic remains of microflora (predominantly phytoplanktons) other than
subtidal (stromatolite-building) cyanobacteria.#*3 The marked similarity between the
kerogen from the Schreiber carbonaceous cherts and the corresponding analogs from
Paleozoic carbonaceous rocks (in which their origin, nature and early diagenesis were
clearly controlled by a number of microorganisms, including phytoplanktons, fungi and
bacterial%) supports such a notion. For example, late Precambrian Bitter Springs
stromatolitic chert contains kerogen, but its microflora is considerably more advanced
than that of Gunflint biota and includes many species similar to extant eukaryotic algae.
In addition, Paleozoic Sosnowiec stromatolite also contains kerogen, but the organic
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matter in this rock is largely derived from (colonial) green algae (Table I). In fact,
modern stromatolite studies imply that cukaryotic algae, besides stromatolitic cyano-
bacteria, can participate in stromatolitic construction.#44> The consequence of this
rationalization is that most of the microplant organisms living in the Schreiber Basin
deposition may have been obliterated by the effect of microbial activity. According to
Awramik and Barghoorn,# two different types of microfossil assemblages are recog-
nized in the Schreiber carbonaceous cherts: one stromatolitic dominated by subtidal
cyanobacteria (the Gunflintia/Huroniospora assemblages), while the other is non-stro-
matolitic possibly planktonic cyanophytes (the Eoastrion assemblage). In addition,
these rocks contain a microbiota with a high percentage of morphological entities of
unknown affinity. The identification of specific microfossils makes possible the con-
clusion that certain types of microplants were present in the Schreiber environment of
deposition, however, an absence cannot be interpreted as a proof of the absence of these
organisms.

The contribution of cyanobacterial remains to the Schreiber kerogen, how-
ever, should not be overlooked. Resistant biopolymers have been identified in the
cell walls of cyanobacteria.#0 It is probable that similar resistant macromolecular
materials in subtidal stromatolitic cyanobacteria could also contribute to the Schrei-
ber kerogen. This material in both existing and fossil cyanobacteria is an insoluble
biopolymer (termed algacnan) that is rich in aliphatic structures. Similar algacnans
have been found in algal coals torbanite.4” Such highly aliphatic, resistant biomacro-
molecules in cyanobacterial cell walls could probably be important precursors of
the aliphatic network of young Schreiber kerogen and may also contribute to the
aliphatic content of mature Schreiber kerogen, which is rather low.

In view of the above consideration, it seems likely that the Schreiber kerogen
is derived from the remains of various microplants, as well as stromatolitic subtidal
cyanobacteria. By far the most compelling evidence for this contention is the
presence of amorphous/polyaromatic kerogen (similar to that isolated from the
Schreiber cherts) in the non-stromatolitic carbonaceous chert which occurs at the
so-called Frustration Bay locality (Fig. 1) of the upper Gunflint Formation. Avail-
able data suggest that this rock was also deposited in a shallow, subtidal marine
environment.%48 According to Awramik,-48 the Frustration Bay carbonaceous chert
contains abundant remains of planktonic cyanophytes of the Eoastrion assemblage,
and lacks the remnants of subtidal (stromatolite-building) cyanobacteria such as
Huroniospora/Gunflintia.!3

CONCLUSIONS

From our continuing detailed study of the kerogens separated from the
Schreiber carbonaceous cherts (PIP for 20 years) and, in light of our present
investigation of these materials, we conclude that:

1. Black stromatolitic cherts (Middle Precambrian Gunflint Formation) at the
Schreiber locality contain 0.2 to 0.9 % kerogen;
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2. the Schreiber kerogen is composed of > 95 % amorphous brown-to-black
material; and

3. organogeochemical evidence (e.g., the low atomic H/C ratio, ESR and FTIR
analyses) suggests that the Schreiber kerogen is similar to mature kerogen from
Paleozoic/Mesozoic carbonaceous rocks and Jurassic anthracite, which also contain
predominantly polyaromatic structures including PPS.
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U3BO/

OYPUIEOBA TPAHCO®OPMALIMOHA MH®PALIPBEHA CIIEKTPO®OTOMETPUIA
N ENEKTPOHOCITMHCKA PEBOHAHTHA CITEKTPOMETPUJA KEPOI'EHA N3
TAH®JIMHT CTPOMATOIIMTCKOT POXKHALIA (CPEOIBLU ITPEKAMBPUIYM, OHTAPUO,
KAHAJJA) 1 CJIMMHUX MATEPUJATTA

ITABJIE U. TIPEMOBUWR, TOPAH C. HUKOJIM'h, MUPOCIJIAB I1. TIPEMOBWR u UBAHA P. TOHCA

Jlabopaitiopuja 3a zeoxemujy u kocmoxemujy, Pauaogpcku axyaitieiti, Ynueepsuitieiti y Huuty, i.ap. 91, 18000 Huw

IIpoy4aBaHO je HMPUCYCTBO KEPOTe€Ha y CTPOMATOJUTCKAM POKHAIIMA W3 CpPEEher
npekaMOpujyma u3 ['angmuaT hopManmje u CIMIHUX CTeHA TIOMOhyY elleMeHTapHe aHaJm3e,
dypujeoBe TpaHCcOpPMaOHe MH(MppaNpBeHe CHeKTPO(OTOMETpHje U eNeKTPOHOCIIMHCKE
pe3onanTHe ciekrpomerpuje. IloceGHa naxma je nocseheHa crpykrypHum ocoounama Ilpa-
joep-keporeHa koje cy nopebene ca crpykrypama uctux Marepujaia (OMOIOMKOT MOPEKIIa)
y Hase030ujCKuM yribeHnaHnM creHama. Huzak aromcku H/C oproc (0,5) MIpajep-keporena
1oKa3yje jia je oBaj MaTepujajl JOCTUrao BUCOK creneH 3peiioctu. PypujeoBoM Tpanchopma-
IMOHOM MH(PALPBEHOM CIIEKTPO(OTOMETPHUJOM U €JIEKTPOHOCIIMHCKOM PE30HAHTHOM CIICK-
ToMeTpHjoM je yTBpheHo na lIpajoep-KeporeH yriIaBHOM CajipskKd apOMaTHIHE U IIOIHAAPO-
MaTHYHE CTPYKType CIMYHE OHMMA y 3pENIAM KEepOTeHHMa U3 MAJe030jCKUX YIIHCHUIHIX
crena. OBu pesynraTu yKa3yjy na lllpaj6ep-keporeH u 3pen KeporeHn 13 Majle0 307 CKIX/Me-
3030UjCKUX YITbEHHIHUX CT€HA MMajy MHOTO CIIMIHOCTH I1a IIpeMa TOMe U CIIHIHO MOPEKIIO.
OBaj pap mjie y MpUIIOT XUNOTe3H 1a YKommKo je lllpajoep-KeporeH GHOoIoMKoT MopeKIia OHa
BEpPOBATHO NOTUYE Off OCTaTaKa Pa3IHIATAX MEKPOOHOIIOMIKAX OpraHu3aMa (yIriIaBHOM (-
TOIUTAHKTOHA) YKJbY41yjyhHl INIUTKOBOJ{HE CTPOMATONMTCKE HujaHObaKTepuje.

(ITpumsbeHo 16. aBrycra 1999)
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