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PETROLOGY 

OF A MIDDLE DEVONIAN CANNEL COAL 

FROM SPITSBERGEN 

BY 

G U NNAR H O RN 

WITH l PLATE 

I
n 1928 the Norwegian geologist Th. Vogt discovered a seam of coal 

in Middle Devonian beds in Mimer Valley at Billen Bay ( Bille
fjorden) on the north side o f  lee Fjord, Spitsbergen. The geology of 
this area and the geological position of the coal have been exhaustively 
de alt with by Vogt himself ( 194 1) to whose pa per on the subject 
I beg to refer. Samples o f  the coal were handed to me for description. 

The macroscopic appearance of the samples indicates coals of 
the same general character. They are homogeneous and with a more 
or less even fracture. The colour is dull blackish with a brownish 
shade, and the streak is distinctly brown. Tiny specks and streaks of 
shining coal are common. The coals are compact and tough, rather hard, 
traversed by a few joints, and much slickensided, so that the coal usually 
breaks into lumps limited by such features. The joints and slickensides 
are often stained brown from iron oxides. The specific grav i ty of a piece 
appearing to represent the average was determined at 1.316, i. e. the 
same as for bituminous coals. The brown streak might suggest that our 
coals were of the brown coal rank 1, but neither boiling with a potassium 
hydroxide solution (N. KOH) nor with diluted nitric acid ( 1 0  per cent. 
HN03) produced any brown or yellow colouring of the fluid, so that 
our coals are of the rank of true coal (Steinkohle). They can be kindled 
by the application of a match. 

As the coals are compact and tough, polished and thin sections 
were easy to make. When viewed in polished section and reflected 
light (Pl. , Fig. l) the coal is seen to con sist of fine-grained organic 
constituents with some grains of quartz (having a marked relief). 

1 Rank defines the position of the fucl in the series peat-anthracite. It shows 

the degree of metamorphism. The type of a coal is determined by the kind of 
plant material from which it originated. 
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Streaks of vitrinite (from fragments of woody matter) and some mega
spores are als o seen. It is, however, on ly in thin section that the 
true botanical nature of the co al is readily recognized. It consists 
almost entirely of the flattened spores of plants, and thus differs 
markedly from ordinary coal. Photomicrograph Fig. 2 (Pl.) shows 
a thin section of this spore coal, and Fig. 3 the same when viewed 
under a high magnification. The spores have commonly a length of 
0. 02 to O.l mm, and they have a more or less subparallel arrangement. 
They are compressed and partly interlocked, and humic matter is 
apparently distributed throughout the mass. The toughness of the 
coal is thereby easily explained. Some yellow bodies of bitumen 
also occur. Dark streaks and patches probably represent substance high 
in ash. Between crossed nicols the many grains of semi-angular quartz 
become conspicuous, and minute flakes of muscovite are also present. 
These mineral constituents occur scattered throughout the coal mass. 

A powdered sample was oxidised for a week with Schulze's 
solution (conc. nitric acid + potassium chlorate). The coals were easy 
to macerate. The residue was washed in water and treated with 
ammonia, whereby the oxidised material was dissolved leaving a residue 
consisting almost exclusively of small spores and their fragments. In 
addition to the se were some indistinct fragments of cuticle (?), and 
grains of quartz and some muscovite. On one spore were seen the 

triradiate ridges, these being the imprint of the three other spores 
of the tetrad. 

From the above it is clear that the Mimer Valley coal is a 
cannel, although it has not quite its typical macroscopic appearance. 
The typical cannel has a marked conchoidal fracture and a dull, 
somewhat greasy or satiny lustre; but a high ash content would make 
this appearance less characteristic. A cannel coal is, above all, fine
grained, and in thin section is seen to consist of spores and subor
dinate other plant remains such as cuticle, resinous substance, frag
ments of woody matter. With this our coal agrees well. As will appear 
from the analyses below, the chemical composition is also typical 
cannel: extremely high content of volatiles and hydrogen, and a 
very high yield of tar1• The cannel coal from Mimer Valley was 

1 Boghead coals have also an extremely high yield of volatiles and tar, but are 
microscopically different from the cannels. They consist chiefly of "yellow 
bodies" ("algal bodies"). Cf. Horn (1931), Bade (1932), and Skilling (1938). Same 
cannels also con ta in subordinate amounts of these "algæ". 
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analysed by Mr. Ole A. Løkke of the Norwegian State Railway's 
Chemical Laboratory: 

Proximate: 

Moisture . . . . . . . . . . . . . . . . . . . . . 0.9 per cent. 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.2 
Fixed Carbon (Coke less ash) . . . 29.7 
Volatile Matter . . . . . . . . . . . . . . . . 48.2 

Ultimate: 

Moisture . .. . . . . . . . .. . . . . .. . .  . 
Ash . . . . . .. . . . . . . .. . . . . . . . . . . . 

c ......................... . .  

H . . . . . . . . . . . . . . .. . . . . .. . . . . . 

100.0 

0.9 per cent. 
2 1.2 
63.6 

5.7 
8.6 

100.0 

Gross calorific value 6 773 Cals . 
( 12 19 1 B. t. u.) 

Net 6 46 1 Cals. 
(I l 630 B. t. u.) 

On moisture-and 
ash-free basis 

38.1 per cent. 
6 1.9 

100.0 

81.5 per cent. 
7.3 

11.2 

100.0 

8 694 Cals. 
(15649 B. t. u.) 

8 300 Cals. 
( 14 940 B. t. u.) 

The coke was intumescent and silver grey. The ash is greyish. 
This coking propensity distinguishes our coals from the usual cannels, 
which are general! y considered as non-caking (pulverulent coke);  
but it should be borne in mind that by progressive coalification 
(Jnkohlung) the cannel coke also commences to swell. 

A sample has been assayed (by me) for yield of tar and low
temperature coke. For this purpose 25 gm. were placed in the alu
minium distillation apparatus of Fischer-Schrader, and the temperature 
was gradually increased to 520° C. The res ult was: 

Semi-coke . .. . . . . . . . . . 59.4 per cent. 
Tar . . . . . . . . . . . . . . . . . . 28.3 
Water . . . . . . . . . . . . . . . .  4.5 
Gas and loss . . . . . . . . . . 7.8 

The semi-coke was well sintered and rather firm. The water 
had an alkaline reaction. Referred to dry , ash-less coal the tar y ield 

is 35 per cent. The yield of various cannels is given by Fischer 
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and Sch rader ( 1920) as 20�30 per cent. O ur coals have thus a very 
high yield of tar. The Tertiary coals of the Kings Bay Fie1d in 
Spitsbergen are also distinguished by being high in volatiles, averaging 
abt. 47 per cent (dry, ash-less basis) and the content of hydrogen 
is abt. 7 per cent. Their yield of tar by low-temperature distillation 
is abt. 20 per cent. Although these chemical data would suggest a 
cannel, they are nevertheless not cannels (Horn 1928, pp. 37-38), 
which have physical characteristics that the Kings Bay coals do not 
possess. The latter are macroscopically and in thin section very 
similar to ordinary Long Flame coals. The reason why the Kings 
Bay coals and some coals from the Central Tertiary Basin of Spits
bergen are so high in tar is not quite clear. In some way it must 
be connected with the presence of material with a high content of 
resinous and fatty substances. 

A study of the position of our coals in the classification schemes 
shows that they fit in well as cannels. The classification of Grout 
( 1907) is based on fixed carbon for co als a bo ve bituminous, and on 
fixed carbon and total carbon for bituminous coals and those of 
lower rank. According to this classification, cannel coals are those 
with a fixed carbon content of 35-48 per cent., and a total carbon 
of 76.2-88 per cent. Our coals with 38.1 per cent of fixed carbon 
and 81.5 per cent of total carbon thus fit well into this scheme. The 

Kings Bay coals have on the average a fixed carbon content of 53 per 
cent and 82.5 per cent of total carbon (Horn loe. cit., p. 37). In this 
classification fhey would thus not come within the cannel class, but 
be classed as bituminous coal. Seyler ( 1928) uses on his car bon
hydrogen diagram lines of equal calorific value (isocals) and of equal 
volatile content (isovols). Cannels are here in the area above the line 
of 15 734 B. t. u. and of the line of vol. 47. The volatiles of our 
coals bring them well into the cannel class, but the cals. only to the 
border. The Kings Bay coals with an average of 47 per cent of 
volatiles and 14 913 B. t. u. are, however, below the cannel border in 
this classification. Bo de (1931) has emphasized the need for combining 
the microscopic and chemical data when classifying the bituminous 
coals. In his cannel group (including the bogheads) the cannels proper 
have a ratio of car bon to hydrogen of l 0- 14 and a fuel ratio 
( Fixed Carbon to Volatile Matter) of 0.65-2.50. These figures for 
our coals are 11.2 and 0.62, and for the Kings Bay coals 11.8 and 
1.13. A consicleration of these chemical data alone, then, would lead 
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one to believe that the coals were practically identical, but a micro
scopic study of them shows that they are quite different, the Kings 
Bay coals belonging to the group of banded bituminous coals. When 
classifying a coal it is thus essential to consider the chemical and 
the microscopic criteria. 

How were our coals formed? As stated above, they consist of 
a uniform mass of spores with rather abundant mineral constituents. 
It is reasonable to assume that they were form ed through deposition 
of vegetable mud in !akes and stagnant waters, too deep for subaerial 
vegetation, in the forests, and they are consequently in a way alloch
thonous, and not the product of normal peat accumulation. The base 
of the lowest coal layer has not been uncovered, but I think no 
under-clay representing an ancient soil upon which the plants grew 
would be found below it . 

The spores were blown into the !akes and deposited and mixed 
with mineral matter and some plant debris washed into the collecting 
basins. This mode of origin makes it probable that the beds of 
cannel have only a limited extension and are more or less lenticular. 
But in the same sequence similar deposits may well occur 
elsewhere. 

It is interesting to note that in Bear Island we have coals which 
may have a similar mode of origin. One of the Upper Devonian 
coal seams has in its lower part a peculiar dull, graphite-black, and 
massive co al ha ving the appearance of the so-called "pseudo-cannels" 
(cannels changed by metamorphism). lts texture and appearance 
has led me to believe that it represents plant debris which has 
drifted into stagnant waters and deposited here along with mineral 
matter (Horn loe. cit., p. 18). The mode of origin should then be 
similar to that of the Spitsbergen cannel, but the Bear Island pseudo
cannels seem to have a wider extension. In Bear Island, however, 
the coalification has progressed much further (as indicated by the low 
content of volatiles and the physical character of the coal), resulting 
in a deep black somewhat lustrous coal in which it is impossible or, 
at all events, difficult to recognize the botanical constituents. Spores 
could not be identified in this altered coal, which seems to consist 
chiefly of humic matter. The texture, however, is granular, making 
it pro bable that when the coal was of a lower rank (less metamorphosed) 
it had the appearance of a true can ne! in spite of the pro bable (?) absence 
of spores. 

Norsk geol. tidsskr. 21. 2 
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A progressive coalification of the Mimer Valley cannel would, 
perhaps, produce a coal with a similar appearance. 

The occurrence of beds of true cannel in the U p per Middle 
Devonian of Spitsbergen is of considerable interest, since they are, 
to the best of my knowledge, the oldest known cannels in the world. 
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Gunnar Horn: A Middle Devonian Can nei Coal from Spitsbergen. 

Fig. l. Cannet coal. Fine-grained texture. Megaspore and streaks 

of vitrinite. Q = Quartz. Potished section. x 45. 

2. 3. 

Fig. 2. Showing the coat to consist chiefly of spores. Thin section. x 75. 

Fig. 3. A more highty magnified view of the coat shown in Fig. 2. Subparallel 

arrangement of the spores. Light spots are quartz. Thin section. x 200. 
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