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Abstract

Bituminous coals from the Lower Cretaceous Kome Formation and the Upper Cretaceous Atane
Formation of Niigssuaq have been analyzed for organic compounds.

In the Atane Formation n-C,,- to n-Cs;-alkanes, Cyo- and C,,-isoprenoids (pristane and phytane)
and possibly Ci4-, Cy5-, and C,¢-isoprenoids are present. n-Cy- to n-Csg-acids, norphytanic acid and
phytanic acid have also been detected. In the Kome Formation n-Cy4- to n-C,-alkanes, Cy5- and Cyy-
isoprenoids and possibly C,4- and C,s-isoprenoids are present. n-Cg- to n-Cye-acids, in addition Cg- to
C,0-0, w-diacids could be detected.

The difference between the Kome flora (predominantly gymnosperms and ferns) and the Atane flora
(dominated by angiosperms) is not apparent in the organic chemistry.

Comparisons are made with extracts from Rhaetic-Liassic coal from the Kap Stewart Formation of
East Greenland where only C,4- and C,¢-acids and aromatic acids were detected.
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Introduction

The comparison of extractable organic compounds from coals representing dif-
ferent plant groups and ages is continued with a study of the Cretaceous coal from
West Greenland. The previous work covered Rhaetic-Liassic coal from East
Greenland and Precambrian coal and graphite from West Greenland (Lam &
Pedersen, 1972; Pedersen & Lam, 1975).

The Cretaceous sediments in West Greenland with exposures on Disko, Niigssu-
aq and Svartenhuk Halve (fig. 1) have long been known for their coal layers and
rich fossil floras. The floras were described in the last century by the Swiss palae-
obotanist O. Heer (1883a,b) who divided the Cretaceous floras into the Kome,
Atane and Pautut floras, with a Lower Cretaceous age for the Kome flora and an
Upper Cretaceous age for the others. The coal layers were originally investigated
and described by K. J. V. Steenstrup (1874 and 1883a,b).

The coal layers of West Greenland have been utilized for several hundred years.
Mining of coal for local Greenland use has been carried out on northern Nigssuaq
at Qaersuarssuk between Kiik and Ikorfat from 1905 to 1924 and on eastern Disko
at Qutdligssat from 1924 to 1972.

Material, fossil floras and geology

The two coal samples investigated here were collected from the Lower Cretace-
ous Kome Formation and from the Upper Cretaceous Atane Formation of Nig-
ssuaq, (fig. 1, Table 1) by one of the authors in 1956.

The Kome Formation is known from the north coast of Niigssuaq, from Svarten-
huk Halve and from Upernivik & (fig. 1).

The facies of the Kome Formation is non-marine and is characterized by alter-
nating sandstones and dark shales together with coal layers up to about 1 m thick.
A rich fossil flora has been described from the shaly layers of the Kome Formation,
especially from the north coast of Niigssuaq. The Kome flora is dominated by ferns,
but conifers, cycadophytes and ginkgophytes are also common. The flora originally
described by Heer from 1868 to 1883 (Heer, 1883a,b) was later revised by Seward
(1926) who found well-preserved cuticles in some of the material. The ferns are
represented by species of Gleichenites, Phlebopteris, Cladophlebis, Onychiopsis,
and Hausmannia with Gleichenites as the most common genus. Among the gym-
nosperms the cycadophytes, especially the Bennettitales are represented with



SVARTENHUK
HALV@
71°
|70°
BASALT
D sepiMeNTS g
PRECAMBRIAN
. EGEDESMINDE ;
e e e e ——— e ——— ey ——— ﬁ‘ﬁ;fn?“*ﬁﬂ " v'
0 10 100Kmyg 5 # 675 e e .r/QS\)

Fig. 1. Cretaceous-Tertiary sediments in West Greenland. After Rosenkrantz & Pulvertaft. 1969.



Table 1. Stratigraphy and fossil flora of the coal bearing strata from Niigssuaq

Sample Formation Age “ Fossil flora Dominant element
GGU in the fossil flora
9603 Atane Upper Cretaceous Angiosperms Angiosperms
(? L. Senonian) Conifers
Cycadophytes
Ferns
9546 Kome Lower Cretaceous Conifers Ferns
(? Barremian) Cycadophytes Conifers
Ferns

Pterophyllum, Ptilophyllum and Otozamites, the conifers with Pagiophyllum and
Sciadopitys as common species together with the ginkgophyte representatives
Ginkgoites and Baiera.

According to Heer the age of the Kome flora is Lower Cretaceous, and Seward
states strong similarity with the Wealden flora.

The Atane Formation outcrops on the south coast of Nligssuaq (fig. 1, Table 1),
on Disko and in central parts of Niigssuaq.

The facies of the Atane Formation is non-marine, but it is difficult to separate it
from the marine Pautut Formation on southern Nigssuagq.

Lithologically the Atane Formation is rather varied with alternating dark shale
and sandstone together with coal layers (fig. 2). In the Pautiit area on the south
coast of Niligssuaq up to 10 coal layers more than 1/2 m thick have been observed.

The most abundant Cretaceous flora comes from the Atane Formation. The
flora comprises many different angiosperms together with some ferns, conifers and
cycadophytes. Most of the species described are leaf impressions, but reproductive
structures and fossil wood are also found (Heer, 1883 a,b).

The ferns represented are Cladophlebis, Phlebopteris, Gleichenites, Onychiopsis
and Hausmannia. The gymnosperms are represented by conifers as Pagiophyllum,
Sciadopitys, Elatocladus and Sequoiites, the ginkgophytes: Ginkgoites and Baiera
and cycadophytes: Pseudocycas, Pterophyllum, Pseudoctenis and Williamsonia.

The angiosperms show several species of Platanophyllum, Magnoliaephyllum,
Menispermites, Cinnomoides, Dalbergites and Dicotylophyllum, and species of se-
veral other genera have also been described. The dominant element in the flora is
angiospermous leaves, and certain species may dominate in some layers, for ex-
ample Platanus in some parts of the series.

The age of the Atane flora was considered by Heer to be between Gault and
Senonian with a Cenomanian age as most likely. The agreements between Upper
Cretaceous floras from North America and Europe, and also geological field evi-



Fig. 2. Atane Formation
with coal layers. Gorge by
Qagdlunguagq, north-west of
Atanikerdluk, south coast of
Nugssuaq peninsula. Height
of cliff about 400 m.

dence (Rosenkrantz, 1970) point to a Lower Senonian age. The geology and
palacontology of the Nigssuaq area have been reviewed by Henderson et al.
(1976), Pedersen (1976) and Schiener (1976).

The Kome Formation coal sample (GGU 9546) investigated for organic com-
pounds was collected from a layer about 1/2 m thick outcropping approximately 10
m above sea level in a coastal profile near Kak on the north coast of Nagssuaq (fig.
3). The coal is rather hard and dominated by vitritic layers. Palynological prepara-
tion of the material has also been carried out and shows few well-preserved spores
and pollen and many tracheid fragments.

The sample from the Atane Formation investigated here (GGU 9603) was col-
lected from a bed about 1 m thick in the ravine Qaglorssup kia on the south coast
of Nigssuaq (fig. 4). The sample locality is at the outer part of a trial adit at a
height of 354 m. The coal is hard, and vitritic layers are dominant. A palynological
preparation of the material shows very few spores and pollen, but many fragments
of tracheids.

The rank of the coals is high volatile bituminous A.

Extractions and analytical methods
As previously emphasized the possibility of contamination with various phthalic

esters is very high (Pedersen & Lam, 1970; Lam & Pedersen, 1972). For this
reason all the manipulations of the rock material were performed with carefully



)

Fig. 3. Part of the north UMANAK

coast of Nagssuaq peninsula
showing outcrops of
Cretaceous sediments
(dotted areas) and sample
locality of GGU 9546. After
Geological map of
Greenland, Sendre
Stremfjord - Nagssuaq at
1:500000.

70940/}

52°30!
d

purified utensils, apparatus, and solvents redistilled in all-glass equipment. The
surface layers of the samples were cut off, and the samples were rinsed in extraction
liquid (benzene-methanol, 3:1 v/v). The rinsed and milled material of each sample
was extracted and re-extracted twice in portions not exceeding 700 g. Each portion
was extracted three times with 900 ml mixture of benzene and methanol (3:1 v/v)
and with an extraction time of three days. The first extract of the first 700 g portion
was stored, the second extract was used for the first extraction of the second 700 g
portion of the sample and then stored. The third extract of the first 700 g portion
was first used for the second extraction of the second 700 g portion and then for the
first extraction of the third portion of the sample. This procedure allows a mini-
mum use of solvent and hence a limitation of contamination possibilites.

After re-extraction and evaporation the crude material from each sample was
again extracted with n-heptane and separated into fractions on a silicagel column
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with n-heptane and subsequently with mixtures of n-heptane and ether in which
the amount of ether was gradually increased from 1 per cent to 100 per cent as
eluting solvents. The first fractions passing through the column contain saturated
hydrocarbons followed by fractions of increasing polarity with increasing ether per
cent.

By means of infrared and ultraviolet spectra a primary orientation about the
nature of compounds confirmed the presence of at least two other classes of com-
pounds (aromatic hydrocarbons and organic acids). For the final identification a
combination of gas chromatography and mass spectrometry was used. The aliphatic
hydrocarbon fractions were collected and further separated by urea occlusion be-
fore GC-MS were applied. The instruments used were a Perkin-Elmer 880 gas
chromatograph combined with a RMU-6D mass spectrometer and for some of the
data a CEC 21-104 mass spectrometer.

Results and discussion-

From 1790 g of milled sample GGU 9603 a crude benzene-methanol extract
after evaporation and re-extraction with n-heptane yielded an amount of 3.1966 g
extract of organic material. The corresponding amount of material obtained by the
same procedures from sample GGU 9546 was 1.3027 g from 1754 g of sample.

1.2694 g of the sample GGU 9603 and 1.3027 g of the sample 9546 were
fractioned on silicagel as mentioned under extraction and analytical methods. The
classes of compounds determined are mainly the same as those generally observed
from geological material.

In both samples a large series of n-alkanes is present (Table 2). The isoprenoids
pristane (C;o) and phytane (C,,) are present in large amounts in both samples. In
addition Cy4- and C;s-isoprenoid compounds seem to be present in both samples,
whereas a C¢-isoprenoid alkane appears only in sample GGU 9603. The C,4- and
Co-1soprenoid alkanes may have been derived from C;5-sesquiterpenoid and from
Cyo-diterpenoid structures respectively, by loss of one carbon atom in each case.

It becomes more and more evident that besides n-alkanes and branched alkanes,
a great number of more or less dehydrogenated compounds are detected frequently
in geological material. Several aromatic compounds from sample GGU 9603 and
9546 are listed in Table 3. Pyrene was isolated from the samples and identified by
its spectral data when compared to purified commercial pyrene. Naphthalene and
methylnaphthalenes have been characterized by their data in the gas chromato-
grams and by their characteristic mass spectra. The mass spectra and the glc reten-
tion data correspond quite well to the sequence in the gas chromatograms of the
commercial compounds. However, the more condensed ring structures like those
of benzopyrenes, chrysene and methylpyrenes could not be exactly characterized,



Table 2. Saturated alkanes from two Cretaceous bituminous coal samples

Atane Kome
M.W. GGU 903 GGU 9546 * *
A-CiaHog oot e 170 +
Ci4H;, branched (isoprenoid?) ......... .. ... ... ... 198 + +
A-CisHog oo e 184 + +
CisHj, branched (isoprenoid?) ........ ... ... 212 + +
HCraHag oo 198 + +
CysHj;, branched (isoprenoid?) ........ ... ... iu.. 226 +
M=CisHan o 212 + +
H-CreHaa oo 226 + +
CioHao pristane (isoprenoid) ............. ... ... ... 268 + +
N-CirHag oo e 240 +7* +
C,0Ha, phytane (isoprenoid) ...... ... 282 + +
L T o 254 + +
O = I 268 + +
R-CogHys i 282 + +
R-CoiHag o 296 + +
N-CoaHug - v e 310 + +
N-CosHug oo e 324 + +
A-CoqHgg « v 338 + +
M-CosHan ot e 352 + +
B-CoeHsa oo 366 + +
A-CarHag oo 380 + +
A-CogHag it 394 +
A-CaoHgo v oo 408 +
n-CaoHega oo 422 +
@ 5 P 436 +

* n-C,;,H;6 could not be sufficiently well determined from the mass spectrum due to the overwhelming
contribution of pristane (C;sHyo-isoprenoid).

** Pristane is present in extremely large amounts even in the urea separated n-alkane fraction, where it
might have adhered to the crystals of urea which include the n-alkanes and on the whole exclude the
branched and cyclic alkanes.

although the mass spectra indicate fragmentation patterns corresponding to such
substances. Polycyclic aromatic hydrocarbons isolated from a fossil crinoid of Ju-
rassic age are reported by Thomas & Blumer (1964).

Dihydrophenanthrene M.W. 180 and methyldihydrophenanthrene M.W. 194
were detected. There were also indications of higher hydrogenated compounds
such as steranes and their disintegration products which may be deduced from the
mass spectral fragments among which are m/e 149, 191, 213, 217 and others.

Many of the alkylbenzenes, alkylcyclohexanes and hydroaromatic compounds
have been detected together with aromatic compounds by their mass spectra. The
evidence of the presence of both aromatic and hydroaromatic compounds such as
naphthalene, alkylnaphthalenes and alkyl derivatives of more or less hydrogenated
naphthalenes is emphasized by the mass spectra which change in relative intensity
of the fragmentation pattern from peak to peak in the gas chromatograms.
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Table 3. Aromatic hydrocarbons from two Cretaceous bituminous coal samples

M.W. Atane GGU Kome GGU

9603 9546

naphthalene ..... .. ... .. .. ... .. .l 128 + +
f-methylnaphthalene ............................. . 142 + +
o-methylnaphthalene ............ ... ... .. ... ... 142 + +
diphenyl ........ ... 154 + +
C,-naphthalenes® . ............. ... ... ... .. .. oL 156 + +
methyldiphenyl ............. .. ... . ... ... 168 + +
dibenzofuran** ... ... 168 + +
C,-naphthalenes ................ .. ... . i il 170 + +
Cy-diphenyl . ... ... . . 182 + +
Cy-naphthalenes ...... ... ... ... ool 184 + +
phenanthrene ............ ... ... ... i 178 + +
Cs-naphthalenes .......... ... ... ... ... ... i i 198 + +
methyl phenanthrenes ....................... .. .. ... 192 + +
Ce-naphthalenes ................ ... ... ... ... oL 212 + +
C,-phenanthrene .............. ... . i 206 + +
fluoranthrene? ......... ... .. ... .. ...l 202 + +
PYICNE 3 .ottt e 202 + +
methylpyrenes ............c.. i 216 + +
benzopyrenes? ...... ... ... i 252 +

ChIysene? ... ... ... e 228 +

ComPYTENE? Lot 230 +

Ci-, Cs-, Cs-, G- alkyl benzenes, Cs-, Cq-, Cs-, Cq-, Co- alkyl cyclohexanes, C,-, C;-, C4-, Cs-,
Cs-alkyltetrahydronaphthalenes are three homologous series detected in both samples. Sample GGU
9603 is richer in hydrogenated cyclic hydrocarbons relative to sample GGU 9546.

* C,-, Cs-, C4-, Cs-, and C,- prefixes stand for saturated alkyl groups attached to parent aromatic
hydrocarbons. They may represent one or more groups with the highest possible number correspon-
ding to the figures indicated. (The numbers 2 to 6 indicate the total number of C-atoms in the alkyl
groups). :

=% Oxygen-containing compound, which appears among the aromatic hydrocarbons ( Pedersen & Lam,
1975).
+ Pedersen & Lam (1975).

For the study of mass spectra of alkyltetrahydronaphthalenes in geological sam-
ples, a series of methyl and dimethyltetrahydronaphthalenes was prepared, in
analogy with cathodic butylation of naphthalene and pyrene (Simonet, Michel &
Lund, 1975; and Hansen, Berg & Lund, 1976). A large series of tetrathydronaph-
thalenes as reported from the Green River Shale by Anders, Doolittle & Robinson
(1973) is present in both samples.

The rather intense fragment of 118 m/e in figs 5 and 6 indicates methyl substitu-
ents of the aromatic part of a C,-alkyl-1,2,3,4-tetrahydronaphthalene and a C;-al-
kyl-1,2,3,4-tetrahydronaphthalene respectively.

The most polar fraction of the sample GGU 9603, which contains organic acids,
was methylated and subjected to gas chromatography and mass spectrometry. A
large series of normal fatty acid methylesters was detected (Table 4) together with
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some aromatic acids. Aromatic carboxylic acids have been reported previously
from the Colorado Green River Formation (Eocene) by Haug et al. (1968).

From a polar fraction of sample GGU 9546 aromatic carboxylic acids are re-
vealed on the basis of their characteristic methylester fragmentation patterns; from
which benzoates and naphthoates may be deduced. From the same fraction of
sample GGU 9546 we have also studied the mass spectra of fatty acids as methyle-
sters by combined GC-MS investigations (Table 4). From this sample of the Kome
Formation some of the mass spectra show a pattern from which a-w-dicarboxylic
acid methylesters can be deduced according to their characteristic pattern as de-
scribed by Ryhage & Stenhagen (1964). Dicarboxylic acids have previously been
isolated from Colorado Green River Shale (Eocene) by Haug er al. (1967).

The mass spectra representing the diacid methylesters also exhibit mass frag-
mentation corresponding to normal fatty acid esters from which the diacid esters
have not been fully separated.

Concluding remarks

Rich and very different fossil floras have previously been described from the
formations from which the coal samples were taken. The main purpose of the
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Table 4. Homologous series of open chain acids from two coal samples identified as
methylesters prepared by use of diazomethane

M.W. Atane GGU Kome GGU

9603 9546

n-CoHisCOOCH; ...ttt 158 +
1S0-CgH 17 COOCH; . ..o 172 +
n-CeHi;COOCH; . ... 172 + +
180-CoHigCOOCH; ... oo 186 + +
n-CoHigCOOCH; ... 186 + +
150-C1gHiCOOCH; ..o i 200 + +
n-CioHatCOOCH; oo e 200 + +
CH3;00C(CH,)6COOCH;3 ... 202 +
i80-C{1HpsCOOCH; ... 214 + +
n-CiiHp3COO0OCH; ... oot 214 + +
CH;00C(CH,);COOCH; .....covviiiiiiiiiiiii.. 216 +
i50-C,HasCOOCH; ..o e 228 + +
n-CoHasCOOCH; oot ee e 228 + +
CH3;00C(CH,)sCOOCH; ..o 230 +
isoprenoid-C;4HyoCOOCH; ... 256 +

180-C3Ho7COOCH; ... s 242 + +
n-Ci3Hy7COOCH; .o e 242 + +
CH;00C(CH,)sCOOCH; ..t 244 +
150-CuHsCOOCH; ..o 256 + +
anteiso-CiyHoCOOCH; ..o 256 +

n-CiuHaoCOOCH; ..o e 256 + +
CH;00C(CH,)16COOCH; . ..ot 258 +
i50-CisH3yCOOCH; ... e e 270 + +
anteiso-CisH3yCOOCH; ... oovoie e 270 +

isoprenoid-CigH33COOCH; ... oo 284 + +
n-CisH3yCOOCH; ... e 270 + +
CH;00C(CH,)11COOCH; ... 272 +
i50-C1¢H33CO0OCH; ... 284 +
isoprenoid-C,gH;7COOCH; ..., 312 +

n-CigH33CO0OCH; ... ..o 284 + +
CH300C(CH,)12COOCH; ... 286 +
isoprenoid-C;oH3oCOOCH; ... ..o it 326 +

180-C17H35COOCH: ..o e 298 + +
monounsaturated C,;H;3COOCH; ....................... 296 +

n-Ci7H3sCOOCH; ... e 298 + +
CH3;00C(CH,))COOCH; ..ot eaenes 300 +
n-CigH3;COOCH; ... e e n 312 + +
CH;00C(CH,);14COOCH; ..o 314 +
n-CioH36COOCH; ... .ot i 326 + +
CH;00C(CH,)1;sCOOCH; ..o 328 +
1-CooHgyCOOCH; ... .o 340 + +
CH3;00C(CH,)16COOCH; ... 342 +
1-CyHi3COOCH; .o 354 + +
CH;00C(CH,)17COOCH; ... 356 +
n-CpoHysCOOCH; ..o o 368 + +
CH;00C(CH,)135COOCH; .. ... oot 370 +
1-C3Hy7COOCH; ..o e 382 + +
n-CyuHyoCOOCH; ...t 396 + +
n-CysHsiCOOCH; ... . i 410 + +
n-C37HssCOOCH; ... i 438 +

n-Cy6Hs:COOCH; s not sufficiently welldetermined insample GGU 9603 and is not present in sample
GGU 9546. o, w-diacids were determined as a homologous series in sample GGU 9546, whereas in
sample GGU 9603 there are indications of a few diacids. The diacids were determined in the mass
spectra by characteristic fragments of the corresponding dimethyl esters (Ryhage & Stenhagen, 1964).
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investigation was to show whether a corresponding difference exists in the extract-
able organic compounds.

The older formation has a Lower Cretaceous flora dominated by gymnosper-
mous plants and ferns similar to the Rhaetic-Liassic previously investigated by
Pedersen & Lam (1975). The younger Atane Formation is known for its fossil flora
dominated by angiosperms. Although these coals seem to represent two very dif-
ferent floras, a corresponding difference has not been found among the organic
compounds. The classes of organic compounds are very much the same. Long chain
diacids are, however, more abundant in the older sample, while in the younger only
slight indications of diacids seem to be present.

When comparing the results with those of a sample from the Rhaetic-Liassic Kap
Stewart Formation of East Greenland (Pedersen & Lam, 1975), it is seen that
saturated normal alkanes, branched alkanes and aromatic hydrocarbons were
found in all three samples, and the heterocyclic dibenzofuran and methyl derivati-
ves hereof were also detected. They all appear to contain monoterpenoid, sesqui-
terpenoid and triterpenoid structures the mass spectra of which cannot be suffici-
ently well resolved.

The hydroaromatic compounds like those reported and shown in the mass spec-
tra (figs 5 and 6) presumably indicate the process of disintegration from steranes
originating from steroid compounds.

The biggest difference between the three samples seems to be within the group
of acids. The acids were transformed into the methyl ester in all three cases. In the
Kap Stewart Formation, only C4- and C4-acids could be determined, whereas in
the two other samples normal fatty acids with from 8 to at least 26 C-atoms were
revealed by their mass spectra, the n-C;,-acid being the most abundant in both
cases. Less pronounced is the difference between the Kap Stewart Formation and
the two other samples with respect to the normal alkanes. For the Kap Stewart
Formation n-alkanes in the range C,; to Csy were detected with C,s, Cy7 and Cyg
the most abundant, whereas for the two younger samples the most abundant n-al-
kanes is that with 25 C-atoms in sample GGU 9603 with n-alkanes ranging from
Cy; to C3; and in sample GGU 9546 with n-alkanes ranging from C;, to C,,.
Dibenzofuran is present in sample GGU 9546 and sample GGU 9603. The isola-
tion and characterization of this heterocyclic compound has been described by
Pedersen & Lam (1975).

Knowledge of Mesozoic plants and floral composition in the swamp areas in the
Cretaceous is still rather scarce, and it has not been possible to give a fully satis-
factory explanation of the relatively small differences in the composition of organic
compounds from the two Cretaceous coal samples.

Among the possible explanations are (a) the gymnospermous plants have been
the dominant element in the flora of the swampy areas where the deposition of
plant material occurred in both Upper and Lower Cretaceous time, (b) the Upper
Cretaceous angiosperms and the gymnosperms, which have provided the plant
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material, have not been very different in their organic compounds, (c) the original
plant material of the two coals contained various unstable organic compounds not
traceable now because of disintegration. Perhaps the largest difference between the
three samples could be noticed in the variation of the monoterpene-sesquiterpene
patterns if these substances could be sufficiently well distinguished by the analytical
methods applied.
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