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While examining and sorting Ordovician graptolites of the Palaeon
tological Museum in Oslo, l noticed a peculiar and characteristic pre
servation of certain species. In cases where the graptolites occur in 
great quantities on the surface of the black shale-slabs of the Ceratopyge 
Shale (3 a �) and the Lower Didymograptus Shale (3 b) , the specimens 
are arranged in a peculiar way as described below. The position of the 
preserved graptolites suggests distinct conditions of the black m ud in 
which the specimens were embedded. 

Description. 

Fig. 2 on the plate shows the surface of a piece o f  black shale 
from the Ceratopyge Shale (3 a�) o f  Stensberggaten in Oslo. The 
fauna of this shale which was described by Monsen ( 1925), contains 
species of Bryograptus, Clonograptus, Triograptus, and other genera. 
The figured slab shows a great num ber of fragmentary specimens of 
Bryograptus ramosus Brøgger (determined by Miss Astrid Monsen). 
The fragments do not quite cover the whole sur face. With exception 
of the lower part, which expose a deeper and less fossiliferous layer 
of the shale, the shiny fossili ferous surface is interrupted by a number 
of more or less circular black spots which are barren of fragments. 
The diameter o f  the empty patches varies between 4 8 mm. Where 
a slightly deeper layer is exposed below the patches, it is possible to 
demonstrate that they do not continue as vertical canals, but rather 
occur as flat ellipsoids. The thick masses of graptolites surrounding 
the patches show a certain arrange ment. Singular stipes are not 
projecting into the e mpty mud-discs, but on the contrary the stipes 
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are arranged somewhat parallel or rather tangent to the borders of 
the patches, which thus are framed by the graptolite masses. 

Fig. l on the plate shows a more striking example of the same 
arrangement of graptolite fragments. The stab of black shale from 
the Lower Didymograptus Shale (3 b) of Galge berg, Oslo, has numerous 
specimens of the very thin rhabdosomes of Trichograptus bulmani 

Monsen, recently described by Monsen (1937 p. 202). Also in this 
case the practically continuous cover of graptolite fragments is interrupted 
by circular empty patches wite dia meters from 2 3 mm up to 8 1 O 
m m  or even more when several spots are combined. As in the former 
case it is possible to show that the black spots form flat discs. By 
preparation a thickness of 0.5 mm of one of the discs is indicated. 
It appears very plainly in the photograph how the thin thread-like 
rhabdosomes of Trichograptus have a confor m arrangement round 
the empty mud-discs. Within the packed clusters of graptolite fragments 
one notices how the single stems have a tangent position to the borders 
of the spots and form a perfect framework. 

As it appears from the descriptions above, the characteristic 
structures found in two different stratigraphical horizons and in 
different genera of graptolites, are closely similar and must have been 
formed under the same conditions. It is obvious that the arrangement 
of the graptolite fragments is a primary one which took place on the 

surface of the bottom before the specimens were embedded in the 
black mud. If the empty mud-discs had been formed afterwards the 
rich fossil layer would have been penetrated without any disturbance 
of an original casual arrangement of the specimens. 

Be fore we discuss the o ri gin of the found structures, it is necessary 
to point out their difference from other mode of occurrences of 
graptolites. Graptolite rhabdosomes are often packed in fagots as may 
be seen in Trichograptus (Monsen 1937, pl. 17, fig. 7) and many other 
genera as the Silurian monograptids (Hundt 1936, fig. 5). Such structures 
have been referred to the action of currents or to a primary parallel 
arrangement in great-colonies. 

The text-fig. shows a bunch of graptolite fragments, probably 
Clonograptus sp., from the basal Ordovician of Eiker. The ring-like 
arrange ment evidently is due to current-action by which the bunch 
o f  intangled graptolite specimens obtained a rotating movement on 
the bottom. Although this may show a superficial resemblance to the 
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Fig. l. Clonograptus (?) sp. l. x. From the basal Ordovician 

(2 e 3 a) of Lundebakken, Eiker. Old Collection. Nr. 208, Pal. Mus. Oslo. 

The ring.Iike arrangement of the graptolite fragments 

is evidently due to current action. 

structures shown on the plate, it is decidedly different. Besides the 

ring-formation the surface of the shale is barren of graptolites, while 

in the other cases a continuous cover of graptolites is interrupted by 

smaller "hoies". 

Interpretation of the structures. 

The concentric arrangement of the graptolite specimens round 

the circular empty mud-discs shows clearly that the structure is a 
primary one formed before the graptolites were imbedd�d in the 
sediment. The "hoies" were formed on the bottom while its surface 
was cowered by numerous graptolite rhabdosomes. The origin of the 
empty spots can hardly be referred to burrowing organisms. In that 
case o ne would expect the broad. openings to continue as can als 

through deeper layers of the shale. A burrowing form of that size 

would also have caused a greater disturbance among the light and 

delicate graptolite stems on the surface. 

A more satisfactory explanation is obtained by assuming that the 

peculiar arrangement of the graptolites is due to gas-bubbles pene

trating the graptolite-cover on the bottom. Gas-bubbles would be form ed 

in the uppermost layers of the black mud and would be able to 

penetrate the surface layer by pushing aside the light graptolite stems. 

The graptolites would obtain a more or less concentric arrangement 
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with the branches as tangents to the border of the bubbles. The most 
typical arrangement is to be expected among the lightest and most 
thread-like forms. That explains why the structures are so distinct 
in the delicate Trichograptus (pl. fig. l )  and somewhat obliterated 
in the multibranched and more rigid Bryograptus (pl. fig. 2). Only 
favourable conditions: l .  a Rapid alternation between high ly fossili
ferous and more or less empty layers, 2. the presence of numerous 
small and light forms covering the bottom surface, would leave distinct 
traces of the bubbles. 

The presence of gas-bubbles inn the uppermost bottom-layers is 
typical of anaerobic conditions. Considerable quantities of methane 
ICI-14) may ascend as bubbles from the anaerobic bottoms. 

T he structures  found may be explained as caused b y  
gas-bubbles  formed under  anaerobic  condit ions a n d  thus 
with further evidence support  the current  opinion that  the 
black shales have been deposited on  an  unventi lated bot tom. 

The black shales have by various authors been compared with 
the bottom deposits of the Black Sea. Becent studies by Strøm 
(1936) of landlocked Norwegian fjords have brought new material for 
comparison. Dr. K. M. Strøm has also pointed out to me that the 
structures here described resemble the arrangement, in the present
day !akes, of pine-needles on bottoms with ascending gas bubbles. 

The view presented above is thus further supported. An alternation 
between black and light grey layers in our Lower Didymograptus 
Shale (3 b) indicates the changes from unventilated to ventilated 
bottom conditions (Størmer 1937 p. 276). 
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fig. l. Trichograptus bu/mani Monsen. l x. From the Lower Didy
mograptus Shale 3 b (probably upper part 3 b y 3 b  of 

Galgeberg, Oslo. A. Heintz, T. Strand , L. Størmer coll. 1936. 

Nr. 60044, Pal. Mus. Oslo. 

,. 2. Bryograptus ram os us Brøgger. l x. From the Ceratopyge Shale 

3 a � (155 180 cm below the Ceratopyge Limestone 3 a y) of 

Stensberggaten, Oslo .. .). Kiær co!!. 1909. Nr.  Pal. Mus. 

Oslo. 

The photographs are not retouched. 
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