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Introduction 

Pedersen, G.K.: The sedimentology of Lower Palaeozoic black shales from the shallow wells Skelbro 1 
and Billegrav 1, Bornholm, Denmark. Bull. geol. Soc. Denmark, Vol. 37, pp. 151-173, Copenhagen, 
April 10th, 1989. https://doi.org/10.37570/bgsd-1988-37-13 

Previous studies of the Lower Palaeozoic shales on Bornholm have mainly been based on the outcrops 
along the streams. The outcrops provide data on the lateral continuity of the facies while the selection of 
(2-3 cm wide) cores for the present study focused the attention on the vertical sequence of facies. Cores of 
high quality were obtained and have been found to provide an excellent basis for a study of structures, 
sediment composition and diagenesis. In the outcrops of shale fossils are locally present in high numbers 
and such levels are also recognized in the cores. 

Seven sedimentary facies, ranging from black mudshale to greyish mudstone and silt-streaked shale, are 
distinguished in the Middle Cambrian to lowermost Silurian shales. Gamma-ray logs were run in the two 
wells and a convincing correlation to the cored sequence can be demonstrated. Gamma-ray logs provide 
thus a good means of correlation to wells where no cores have been cut. The shales are all interpreted as 
deposited in an epicontinental sea due to their geological setting i.e. the association with shallow water 
carbonates (Andrarum Limestone and Komstad Limestone) and their stratigraphical position above the 
shelf to shoreface sandstones of the Lresa formation. 

Three facies associations are distinguished: The mudshale association comprises black organic-rich 
shales which represent a low-energy anoxic depositional environment which prevailed in the Middle 
Cambrian to Lower Ordovician. The mudstone association is typical of the Middle and Upper Ordovician 
and represents a continuation of low-energy environments though mottling indicates that ventilation 
improved in certain periods. The siltshale association represents higher energy environments which were 
dominant in the lowermost Silurian. 

A well defined Upper Ordovician CU sequence probably reflects the global eustatic fall in sea level 
caused by the extensive glaciation in Gondwanaland. In the late Silurian the average rate of deposition 
increased in response to the approaching Caledonian orogeny. 

Pedersen, Gunver Krarup, Institut for a/men Geologi, University of Copenhagen, @ster Voldgade 10, 
DK-1350 Ki,benhavn K, Denmark. June 26th 1988. 

Outcrops of Lower Palaeozoic black shales are 

widely distributed in northwestern Europe and 

reviews have recently been given by Leggett 

(1980) and Thickpenny & Leggett (1987). The 

uppermost Lower Cambrian to lowermost Silur

ian strata on Bomholm comprise grey to black 

marine mudrocks, with horizons of carbonate 

concretions, intercalated with few thin limestone 

units. The shales contain a marine fauna of trilo

bites, brachiopods and graptolites, unevenly dis

tributed through the sequence (Figs 2, 3). Bio

stratigraphically it has been proven, that consid

erable hiati exist, especially in the Ordovician (cf. 

V. Poulsen 1966).

ogy and to a delineation of the numerous hiati 

characterizing the sequence. The stratigraphical 

framework was summarized by V.Poulsen 

(1966), Bjerreskov (1975), Surlyk (1980) and 

Bjerreskov & Stouge (1985). Interest in the sedi

mentology and geochemistry was stimulated by 

the presence of uranium anomalies as well as oil 

shale properties in certain Upper Cambrian 
shales in Sweden (Bergstr�m & Shaikh 1982, An

dersson, Dahlman & Gee 1983, Thickpenny 

1984, Andersson et al. 1985). The hypothesis of 
oceanic anoxic events in the Cretaceous (Schlan

ger & Jenkyns 1976, Fischer & Arthur 1977, De

maison & Moore 1980) reviewed the discussion 

of depositional models for the Lower Palaeozoic 

black shales (Berry & Wilde 1978, Leggett 1980, 
Leggett et al. 1981). Williams & Rickards (1984) 

cautioned, however, against direct application of 

Previous work on the shale outcrops on Born

holm has been devoted mostly to the palaeontol-
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Fig. 1. (A) Simplified geological 
map of Bornholm showing the loca
tion of Skelbro 1 and Billegrav 1. 
Drawn from Gry (1977). 
(B,C) Location of the wells relative 
to the roads and the small streams 
Øle Å, Læså and Risebæk. (B) fur
ther locates the water-supply wells 
Sømarken 2 and Sømarken 3. Sø
marken 3 is identical with the Bav
negård well described by Bjerres
kov (1975) and Poulsen (1978). 
(D) shows the position of the island 
of Bornholm. 
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models developed for Mesozoic sediments to 
Lower Palaeozoic sequences. Recognition of 
anoxic depositional environments is based on ob
servations of a preserved primary lamination, ab
sence of trace fossils, lack of benthic fossils and 
the content of organic matter. Buchardt et al. 
(1985) pointed out, that all the organic matter 
preserved in the Cambro-Ordovician shales 
safely can be interpreted as marine due to the 
lack of a continental vegetation. 

The aim of the present study has been to de
scribe the sedimentary facies of the shales, the 
distribution of fossils and burrows within each 
facies and to discuss the depositional environ
ment. 

The Lower Palaeozoic shales on Bornholm are 
exposed in a number of small fault blocks, tilted 
at low angles, and are accessible along the 
streams Læså and Øleå in a number of small 
outcrops (Fig. 1). A record of sedimentary facies 
in these outcrops requires good palaeontological 
control, because minor faults may be passed un
noticed thus leading to gaps or repetitions in the 
sequence. The exposed shales are strongly fissile 
and are too indurated to be cut by knife, which 
makes it virtually impossible to obtain good sam
ples from the outcrops. Cores were therefore se
lected as basis for this sedimentological study 
because they provide continuous, unweathered 
samples relatively little affected by fissility. Field 
observations of the shales in various outcrops 
indicate that the sedimentary facies are laterally 
continuous, and this is supported by petrophys-
ical logs from various water supply wells (K. Klit
ten, pers.comm.). Therefore even a narrow verti
cal section (a core) can be considered representa
tive of the sequence. 

Geological setting 

Bornholm is located within the Fennoscandian 
Border Zone and constituted a part of the rela
tively stable Balto-Scandian Precambrian plat
form until late Silurian times (Troedsson 1932, 
Pegrum 1984, Bjerreskov & Stouge 1985, Vejbæk 
1985). Two provenance areas can be suggested 
for the Lower Palaeozoic sediments on Born-
holm. Rivers draining the Precambrian terrains 
of Sweden, Finland and the Soviet Union sup
plied sediments across the Balto-Scandian Plat

form into the lapetus Ocean. With the onset of 
the Caledonian orogeny the relief increased and 
huge amounts of sediment accumulated in the 
Polish Trough (Bjerreskov & Jørgensen 1983, Pe
grum 1984). The Early Palaeozoic sedimentation 
style can be interpreted as recurring, probably 
tectonically caused deepenings and transgres
sions followed by coastline progradations and the 
very slow average rate of deposition corresponds 
well with the presence of numerous hiati (Surlyk 
1980). C.Poulsen & V.Poulsen (1979) concluded, 
that the Bornholm area must have been continen
tal intermittently because the hiati have a dura
tion which cannot easily be reconciled with peri
ods of marine non-deposition. The major hiati 
are frequently accompanied by phosphorite ce
mentation but there is no sedimentary evidence 
of subaerial exposure or of shallow-water wa
ve-reworking. 

The early Cambrian transgression is docu
mented in the sedimentary sequence on Born-
holm (Hansen 1937, Surlyk 1980). The Precam
brian basement is overlain by the reddish feld-
spatic Neksø Sandstone deposited by ephemeral 
stream and aeolian processes on a broad coastal 
floodplain (Dam & Clemmensen 1988). The 
overlying shallow marine Balka Sandstone is a 
pale, quartz-cemented orthoquartzite, locally 
glauconitic, with sedimentary structures indicat
ing tidal activity and abundant trace fossils (Di-
plocraterion, Skolithos and Planolites) (Clausen 
& Vilhjålmsson 1986). A similar association of 
sedimentary facies characterizes the Hardeberga 
Sandstone of Scania (Hamberg 1988). Dott et al. 
(1986) discuss the likelyhood of Lower Cambrian 
well-sorted orthoquartzitic sandstones owing 
their petrographic characteristics to aeolian and 
fluvial processes but their final deposition and 
sedimentary structures to shallow marine envi
ronments. The overlying Læså formation (Surlyk 
1980) constitutes an upwards coarsening se
quence of dark green, glauconitic siltstone with 
numerous burrows produced by deposit feeders 
(Clausen & Vilhjålmsson 1986). The association 
with thin storm layers indicate a transition from 
shelf, across lower shoreface into foreshore envi
ronments (the Rispebjerg Sandstone). The Læså 
formation was cored at 36.5 - 43 m in the Skelbro 
1 well (Fig. 2). 

Grey to black marine shales dominate the Mid
dle Cambrian to lowermost Silurian sequence on 
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Fig. 2. Sedimentological log from the shallow well Skelbro 1. The depths were measured below ground: 35 m above sea level. The 
sedimentary facies and the distribution of fossils is shown. Geochemical data are plotted in Fig. 11. 
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sedimentary fades and the distribution of fossils is shown. Geochemical data are plotted in Fig. 11. 
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Bornholm (Figs 2,3,11). Deposition of dark grey 
graptolite shales continued and the preserved 
lower Silurian is 185 m thick on Bornholm (Bjer
reskov 1975, Bjerreskov & Jørgensen 1983). The 
equivalent and younger Silurian sediments in 
Scania reach thicknesses of 1-1.5 km and are 
preserved in tectonically controlled troughs 
(Bergstrom 1982). Seismic data indicate that the 
Silurian strata offshore Bornholm are up to 4 km 
thick (Vejbæk 1985). 

Material 

The present study is based on core material from 
two shallow wells, Skelbro 1 and Billegrav 1 (Figs 
2, 3). Skelbro 1 was drilled in the old limestone 
quarry at Skelbro (UTM coordinates VA923996) 
and Billegrav 1 is located in the Øleå-valley 
(UTM coordinates WA001971). Depths are given 
in metres below the ground and according to 
mapsheets 1812 III NV and 1812 III SØ from the 
Geodetic Institute the elevation at Skelbro is 35 
m, and 15 m at the site of Billegrav 1. The wells 
were drilled in May 1984 with the purpose of 
providing material for the present study, namely 
a section of continuous cores from the upper 
Lower Cambrian into the lowermost Silurian 
strata. The drilling equipment and technical staff 
was kindly provided by the Geological Survey of 
Greenland. The work resulted in 100% recovery 
of 104 m of continuous, good quality cores 32 mm 
in diameter. Detailed sedimentological logs have 
been measured in the cores (Figs 2, 3). The fine
grained siliciclastic facies range from black orga
nic-rich mudshale to greenish, bioturbated mud-
stone and pale grey siltshale. The terminology of 
Potter, Maynard & Pryor (1980) is followed here. 
The presence of the primary lamination distin
guishes mudshale from mudstone, while shale de
notes the whole class of fine-grained siliciclastic 
sediments termed mudrock by Lundegård & Sa
muels (1980). In the present material both mud-
shales and mudstones posses a diagenetic fissility 
and therefore "shale" is preferred instead of 
"mudrock". The colours describe dry samples be
cause this gives the greatest range on the scale 
from grey to black. Described wet, most of the 
core material would be characterized as dark 
greyish green, dark grey or black. 

Care has been taken to preserve the cores as 

unbroken as possible, and consequently a system
atic search for fossils has been omitted. The fos
sils observed on chance bedding planes have been 
recorded on the sedimentological logs, but addi
tional fossils very likely remain unnoticed in the 
cores. 

Sedimentary facies 

Facies 1: Black organic-rich mudshale 

The mudshale is black, fine-grained and have 
average TOC values of 9% (Fig. 11). All the 
TOC determinations were carried out by Bu
chardt et al. (1985) and Buchardt (unpublished 
data). Optical and pyrolysis analyses classify the 
organic matter as a type I kerogen, and micros
copy shows a mixture of discrete algal bodies less 
than 10 microns in size, and lamellar and diffuse 
material intimately associated with the mineral 
matrix (Buchardt et al. 1985). The bulk mineralo
gy has been estimated from XRD-analyses, and 
the mudshale is found to contain 50-65% quartz, 
5-15% feldspars and 10-15% muscovite (Fig. 
11). Spears (1980) found that the quartz of shales 
mostly is of silt grade. The muscovite probably is 
both detrital and diagenetic in origin. The rela
tively high proportion of muscovite to quartz, 
coupled with the lack of coarse-grained silt or 
very fine-grained sand, suggests that the mud 
accumulated through slow settling of very fine 
particles from suspension. The black organic-rich 
mudshale generally has only a faint lamination 
but locally a distinct mm-scale lamination is seen. 
Erosive surfaces or graded laminae have not been 
observed. Trace fossils have not been observed 
and facies 1 is generally devoid of fossils. Olenid 
and agnostid trilobites, small brachiopods (Oru-
sia sp.) or graptolites ("Dictyonema" now Rhab-
dinopord) occasionally are seen in high numbers 
on certain bedding planes within the cores (Fig. 
2). Henningsmoen (1957) stated, that the olenids 
were especially adapted to a pelagic mode of life. 
Fortey (1974), however, argued that some ole
nids were adapted to a benthic life in a muddy 
substrate. C.Poulsen (1922, 1923) and Hansen 
(1945) noted that the Upper Alum Shale (part of 
facies 1) is characterized by thin, highly fossif
erous horizons separated by thicker sequences of 
barren shales. Within the fossiliferous horizons 
the fossils occur in abundance at the base and 
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Fig. 4. Detail of the mudshale fades (A) in which the lamina
tion is enhanced by very thin streaks of pyrite (Skelbro 1: 51 
m). (B) shows mudstone with indistinct lamination and uneven 
distribution of Chondrites (Billegrav 1: 30 m). 

decrease in number upwards (C.Poulsen 1922, 
1923). Furthermore the olenids decrease system
atically in width upwards through each fossilif-

erous horizon (Kaufmann 1933a). This indicates 
that each fossiliferous horizon corresponds to a 
period of gradual impoverishment of the life con
ditions and suggests that the olenids were to some 
extent dependant on the substrate, as this was 
more likely to undergo environmental fluctu
ations than was the pelagic habitat. 

The black mudshale has an average pyrite con
tent of 11% (Fig. 11), most of which is finely 
disseminated. The macroscopic diagenetic pyrite 
varies in amount and mode of occurrence from 
very thin (0.3-1 mm) streaks or continuous lami
nae (Fig. 4(A)) to nodules 0.5-1 cm in diameter. 
The Upper Alum Shale is characterized by wed-
geshaped pyritic pseudomorphs after baryte (Cal
lisen 1914). These are concentrated in 1-2 cm 
thick beds which are separated by 15 cm black 
mudshale (Skelbro 1, 17.5-7 m). This distribu
tion pattern of regularity spaced accumulations of 
wedgeshaped pyrites has not yet been explained. 

Bituminous limestone concretions are a char
acteristic and generally subordinate component 
of the mudshale. The concretions are fine or 
coarse crystalline, massive or weakly laminated, 
and may show cone-in-cone structures at their 
rims. The concretions in Skelbro 1 are 20-100 cm 
thick and probably ellipsoidal like the corre
sponding concretions exposed along Læså 
(C.Poulsen 1923: fig. 2). Facies 1 corresponds 
typically to the Lower and Upper Alum Shale 
(Skelbro 1, 37-4 m) (Fig. 2). 

Facies 1 is easily identified on the gamma-ray 
logs where exceptionally high average values are 
measured. Comparison between Figs 11 and 12 
shows a distinct covariation between TOC and 
gamma-ray log values. In contrast the limestone 
beds and conglomerates show very low gamma-
-radiation. 

Facies 1 is a marine deposit. The biostratig-
raphy indicates a very slow average sedimenta
tion rate and thus ample time for degradation of 
organic matter or bioturbation of the sediment. 
The TOC values are very high compared to 
Mesozoic or younger anoxic marine sediments 
(Demaison & Moore 1980). The organic matter is 
dominantly algal and thus highly susceptible to 
decomposition (Tissot & Welte 1978). Its preser
vation therefore strongly indicates an anoxic dep-
ositional environment. The weak lamination, 
coupled with the absence of trace fossils, indi
cates a lack of benthos and is consistent with 



158 Pedersen: Sedimentology of Lower Palaeozoic shales 

anoxic bottom water (Rhoads & Morse 1971, 
Savrda et al. 1984). Such environments are often 
characterized by sediments with a distinct lamina
tion on a mm-scale, provided the particles vary in 
composition or grain-size. The weak lamination 
seen in facies 1 is believed to reflect slow settling 
of homogeneous sediment. Kaufmann (1933b) 
suggested that the rate of deposition was lower 
on Bornholm than in Scania. Evidence of rela
tively rapid deposition of mud from density cur
rents has not been found. Williams & Rickards 
(1984) noted, in a study of graptolitic black 
shales, that the sediment was very soft during 
deposition and that a true sediment-water inter
face may have been lacking. I interprete the trilo-
bite data as evidence for episodic oxygenation of 
the bottom water with establishment of a benthic 
fauna, which then gradually improverished due 
to a reversal to anoxic conditions. Bergstrom 
(1982) described the equivalent Swedish shales as 
dominated by olenid and agnostid trilobites and 
almost devoid of distinctly benthic faunas. Ap
parently there is no relationship between the dis
tribution of fossils and the variations in pyrite or 
TOC in the Upper Alum Shale. 

On basis of the type and amount of organic 
matter, the fossils and the preservation of a weak 
lamination facies 1 is interpreted as an anoxic 
hemipelagite. The variations in TOC can be 
traced laterally through gamma-ray logs run in 
water-supply wells and have thus stratigraphic 
significance locally (Fig. 12). Leggett (1980) sug
gested that the Lower Palaeozoic anoxic mud-
shales may represent deposition within the ox
ygen minimum zone, because their wide geo
graphical extent cannot fit into a restricted basin 
model. The Scandinavian Alum Shale has been 
interpreted as a shelf deposit (Thickpenny 1984, 
1987, Thickpenny & Leggett 1987). 

Facies 2: Dark grey to black mudstone 

The dark grey to black structureless mudstone 
have TOC values of 3-5%, significantly lower 
than in facies 1, and higher contents of quartz 
(Fig. 11). Facies 2 is recognized on the gamma-
ray log as a pattern of fluctuating but relatively 
high average values (Fig. 12). The mudstone of
ten has a relatively well developed fissility. Grad
ual transitions exist between the mudshale of fa
cies 1 and the black mudstone of facies 2. Facies 2 

contains a fauna of pelagic graptolites but distinct 
trace fossils which might have proven the exist
ence of benthic organisms have not been ob
served. This composition of the fauna, combined 
with TOC values higher than in normal marine 
shales (Demaison & Moore 1980), indicate an 
anoxic depositional environment for facies 2, 
while the absence of lamination suggests biotur-
bation by a sparse benthic fauna, and thus a 
weakly or intermittently oxic environment. In the 
latter case the lack of trace fossils may reflect that 
the sediment had a soupy condition which was 
unfavourable for the preservation of trace fossils 
(Ekdale 1985). Good examples of facies 2 are 
seen in the upper part of the Dicellograptus Shale 
(Billegrav 1, 54.5-46 m). Leggett (1980) includes 
a facies similar to facies 2 in 'black shale'. 

Facies 3: Grey mudstone and siltstone 

Facies 3 comprises mudstone of varying pale to 
dark grey or greenish grey colours and with grain-
sizes ranging from clayey mudstone to siltstone 
containing some very fine-grained sand. TOC 
values of facies 3 averages 0-1% (Fig. 11), and 
this low organic content is reflected in the gener
ally low gamma-radiation (Fig. 12). The mud
stone contains locally 0-3% pyrite, concentrated 
in globular nodules 1-10 mm in diameter, while 
the thin pyrite streaks of facies 1 are absent. TOC 
values of facies 3 averages 0-1% (Fig. 11). Gal
leries of Chondrites alternate locally with weakly 
laminated sediment (Billegrav 1, 59-54 m and 
46-44.5 m). Other trace fossils have not been 
recognized. Bromley & Ekdale (1984) deduced 
that the Chondrites burrows were deep and reac
hed down into slightly compacted sediments. 
Furthermore Chondrites was found to indicate 
anoxia which characteristically develop at depth 
in fine-grained sediments (Bromley & Ekdale 
1984). The alternation between weakly biotur-
bated sediment and levels with high densities of 
Chondrites might be analogous to the mud turbi-
dites with sharp bases and bioturbated tops (Stow 
& Piper 1984). Such graded mud beds may also 
be deposited from storm generated currents in 
shelf environments (Pedersen 1985). Examples of 
facies 3 are found in the lower Dicellograptus 
Shale (Billegrav 1, 59-54 m), in the Jerrestad 
Formation (Billegrav 1, 44.5-29.5 m) and locally 
in the Silurian shales. 
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the random sequence of laminae. 

On basis of the trace fossils, the grey colour 
and the low TOC values facies 3 is interpreted as 
a weakly oxic to normal marine shelf mud de
posit. 

Facies 4: Grey siltshale 

The grey siltshale is characterized by 3-7 mm 
thick laminae which reflect subtle variations in 
grain size. It contains up to 3% pyrite and some 
organic matter (TOC = 0.5-2%) (Fig. 11). 
Rare levels of bioturbation have been observed 

and only few, badly preserved fragments of grap-
tolites are found locally. The silt-streaks charac
teristic of facies 5 are not seen in the siltshale. 
Locally the lamination is indistinct and, conse
quently, facies 4 approaches facies 3. The silt
shale is interbedded with 10-30 cm thick, carbon
ate-rich beds. Thin sections show that the carbon
ate mostly is present as blocky cement (Figs' 6A, 
7C). On weathered surfaces, exposed along 
Øleå, the carbonate-cemented beds appear to be 
faintly laminated and coarser-grained than the 
surrounding siltshale. The preferential cementa-
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Fig 6 Grey siltshale (faces 4) characterized by distinct laminae 3-7 m thick (Billegrav 1: 23 m). Photomicrograph (A) of thin section 
from carbonate-cemented layer shows an indistinct lamination and the pale blocky cement. (B) Silt-streaked mudshale (faces 5) with 
pale laminae and cross-laminated ripples of silt in a matrix of dark grey mudshale. Photomicrograph of thin section. (C) Erosive bed 
of conglomeratic sandstone. The matrix supported conglomerate contain mudshale chips. Photomicrograph of thin section. 

tion indicates higher initial permeability, prob
ably caused by a greater particle size coupled 
with a winnowing of the fines. In Billegrav 1 
(0-11 m) the carbonate-cemented beds are often 
structureless and have gradual transitions toward 
the siltshale. Normal grading or erosive bases 
have not been recognized in the core material. 

The gamma-ray log show a gradual transition 
from fades 5 into fades 4 (Fig. 12: 21 m). In 
contrast, the upper part of fades 4 is easily recog
nizable with low gamma-radiation corresponding 
to the low TOC and with strong fluctuations 
caused by the numerous carbonate-cemented 
beds (Figs 3, 12). Fades 4 is restricted to Bil
legrav 1 (21-0 m). 

The 3-7 mm thick laminae are interpreted as 
being deposited rapidly from dense clouds of sus
pended material. The sedimentation probably 
was discontinuous and the laminae of the siltshale 
suggest a significantly higher rate of deposition 
than inferred for the mudshale. 

Pedersen (1985) described a Lower Jurassic 
shelf sequence which includes a graded siltstone 
facies interpreted as fine-grained storm deposits. 
The grain-size variation across the graded beds is 
slight but is accompanied by winnowing of the 
clay in the basal parts of the beds and, conse
quently, the beds range in colour from pale at the 
bottom to dark at the top. A grading of this type 
might conceiveably be obscured by extensive ce
mentation. Accordingly, the carbonate-cemented 
beds in the siltshale are interpreted as density 
flow deposits. 

Facies 5: Silt-streaked mudshale 

Facies 5 is characterized by the cm-scale alterna
tion between dark grey mudshale and whitish 
streaks of coarse silt. The streaks are 1-5 mm 
thick, relatively well-sorted and have sharp 
bases. Normal grading is seen locally and the 
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Fig. 7. Selected samples of the shale facies: A: black mudshale, B: grey mudstone with Chondrites burrows, C: grey siltshale with 8 cm 
thick, pale level with carbonate cementation, D: silt-streaked mudshale, E: conglomeratic sandstone. 

silt-streaks vary from discontinuous laminae to 
diminutive cross-laminated ripples (Figs 5, 6B, 
7D). The proportion of silt-streaks within the 
mudshale varies unsystematically every 10-20 
cm. Note however, the slight upward decrease in 
the gamma-radiation which could reflect a de
crease in either TOC or in the content of clay 
minerals. The TOC values are variable, 1-3% 
(Fig. 11) and the gamma-log motif (Fig. 12) may 
reflect an upward coarsening trend which is too 
faint to be observed in the core (Billegrav 1, 
28-21 m). Facies 5 passes transitionally up into 
facies 4 (Figs 3, 11). Trace fossils have not been 
observed, but a number of well-preserved grapto-
lites are found. A preliminary examination of 
these refer them to the G. persculptus Zone of 

the latest Ordovician (M. Bjerreskov, 
pers.comm.). 

The silt-streaked mudshale represents two dep-
ositional processes, namely a background sedi
mentation of mud punctuated by an episodic and 
more rapid deposition of the silt-streaks. The 
average grain-size, the sharp base, and the local 
normal grading, indicate that the coarse silt was 
deposited from density currents, while the cross-
lamination could be generated through rework
ing by traction currents. Similar facies have been 
reported from a storm-affected outer shelf envi
ronment (Pedersen 1985) and from fine-grained 
turbidites (Stow & Shanmugam 1980) especially 
from top-cut-out sequences (Stow & Piper 1984). 
Nelson (1982) commented on the similarity be-
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Gry (1948) 

Fig. 8. Compilation of various profiles with thin bentonite layers and their correlation. All sections expect Billegrav 1 lie within 5 km2 

and the bentonite beds vary thus rapidly in thickness. Note that the thickest bentonite (2) is composed of at least three normal graded 
beds in the core from Vasegård 1, but is seen as one bed in the nearby outcrop measured by Gry (1948). Five sections are drawn on 
basis of Gry (1948). His Vasegård section is based on Funkquist (1919) and is included in Bergstrom & Nilsson (1974: fig. 1). The 
shallow well Vasegård 1 was drilled in 1982 and cored throughout. The log shows that recovery was incomplete in the bentonite 
section. 
KL: Komstad Limestone, C: phosphoritic conglomerate, B: bentonite, LDS: lower part of Dicellograptus Shale which contain 
Chondrites burrows, DS: Dicellograptus Shale, Q: Quaternary. 

tween storm sand layers and turbidites and 
storm-generated turbidites have been described 
by Benton & Gray (1981) and Hamblin & Walker 
(1979). Facies 5 is not exposed on Bornholm and 
its lateral distribution is therefore unknown. 

Facies 6: Conglomeratic sandstone 

Three beds of conglomeratic sandstone are seen 
in Billegrav 1 (32-31 m). The beds are 10-20 cm 
thick and comprise sand- to granule-sized clasts 
in a matrix of mud (Figs 6C, 7E). The conglomer
ate beds have erosive bases, which locally are 
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load-deformed. The clasts include chips of black 
shale as well as fragments of crystalline base
ment. The lateral extent and geometry of facies 6 
is not known because outcrops are lacking. 

The conglomerates are tentatively interpreted 
as thin debris flow deposits. Stratigraphically 
they are referred to the Upper Ordovician Tom-
marp Mudstone. V.Poulsen (1978) described the 
intercalated light grey, poorly fissile shales from 
the Bavnegård well and referred them to the 
Dalmanitina Beds, which are considered to rep
resent the regressive top of the Ordovician. A 
detailed correlation to the Swedish sequences is 
not possible (V.Poulsen 1978). 

Facies 7: Bentonite 

The existence of bentonite beds in the Dicel-
lograptus Shale was established by Bøgvad (1946, 
1947) and Gry (1948). Bérgstrom & Nilsson 
(1974) described a series of contemporaneous 
bentonite beds from southern Sweden and 
showed that the major pulses of tuff deposition 
can be traced from Sweden to Bornholm. 

Some of the bentonite beds on Bornholm con
tain sand sized particles and may show normal 
grading. Gry (1948) described biotite and idi-
omorphic crystals of quartz, often with inclusions 
of devitrified volcanic glass, from the bentonites. 

In Billegrav 1 (61-50 m) the bentonite beds 
occur as eighteen thin beds of yellowish green 
clay which differ markedly from the surrounding 
shales with respect to both colour and their rela
tively soft consistency. The beds range from 1 cm 
to at least 21 cm in thickness, their lower bounda
ries are sharp while the upper are gradational in 
some cases. The clay is dominated by mica (Fig. 
11) but the strong asymmetry of the 10 Å peak in 
the X-ray diffractogram indicates that the musco-
vite in part represents diagenetically altered 
smectite. Expandable clays have not been de
tected in the adjacent shales and indicate a differ
ent source of the greenish clay. Teale & Spears 
(1986) reported interstratified illite-smectite from 
Silurian bentonites in Wales and suggested that 
possible sources for these ashes were Silurian 
volcanic centres in NE Sweden or Russia, while a 
trans-Atlantic correlation has been tentatively 
suggested by Bergstrom (1988). On the local 
scale a correlation is possible on basis of the 
gamma-ray log, which shows a distinct peak 

where the bentonite beds are thickest and most 
closely spaced. 

The volcanic ash settled below wave base and 
the resultant bentonite beds should be expected 
to be traceable over long distances. However, 
Gry (1948) noted that the basal bentonite layers 
at Vasegård are missing few kilometres away at 
Risebæk, and evidence of basinal redistribution 
of the ash is also discussed by Bergstrom & Nils-
son (1974). An explanation may be that the vol
canic ash had a low density and settled slowly in 
patches of uneven thickness. Rapid lateral thick
ness variation in metabentonites is interpreted as 
indications of current activity and a possible ir
regular sea bed during deposition of graptolitic 
black shales which lack current-generated sedi
mentary features (William & Rickards 1984). A 
correlation between the bentonite beds in Bil
legrav 1 and the bentonite beds in the Vasegård 
profile is shown in Fig. 8. Gamma-log correlation 
to Sømarken 2 indicates that c. 6 m of the Dicel-
lograptus Shale was not penetrated in Billegrav 1 
(Fig. 12). 

Diagenesis 

The Lower Palaeozoic sediments on Bornholm 
underwent deep burial diagenesis related to the 
accumulation of c. 4 km of upper Silurian sedi
ments (Vejbæk 1985). Diagenetic temperatures 
in excess of 90°C have been estimated from car
bon and oxygen isotopes (Buchardt & Nielsen 
1985) and are supported by a study of fluid in
clusions (Jensenius 1987). Buchardt et al. (1985: 
table 1: samples SKK 31-56) measured high vit-
rinite reflectance values (RR = 2.7-2.9%) in the 
Upper Cambrian shales from Skelbro 1 and Bil
legrav 1, which thus have reached the post-ma
ture stage with regard to oil generation. The clay 
minerals in the shales have been identified in 
X-ray diffractograms of chemically pretreated 
samples (Fig. 9) (methodology after Thomsen et 
al. (1983)). Fig. 11 shows the composition of the 
clay mineral assemblage, which comprises detri-
tal clay as well as authigenic minerals formed 
during diagenesis. Two clay mineral assemblages 
can immediately be distinguished. The first, dom
inated by illite, is characteristic of the Alum 
Shale. The second contains a fair amount of chlo
rite, an upwards decreasing amount of kaolinite, 
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Jerrestad Mudstone 

Billegrav t •. 45.17 m 

<2>jm, Mg-saturated, oriented. 

Fig. 9. X-ray diffractogram showing the high degree of crystal-
Unity of the clay minerals as well as the presence of chlorite in 
the Jerrestad Mudstone. Identification of the clay minerals is 
supported by additional Mg- and K-saturated oriented sub-
samples, glycerolated or heated to 300°C and 500°C. 

and less illite than below, and occurs in the Up
per Ordovician and lower Silurian (Fig. 11). Ar
mands (1972: fig. 3) reports a bulk mineralogy 
dominated by illite, quartz and K-feldspar from 
the Swedish Alum Shale. Bjørlykke (1974b) 
found likewise that the black Cambrian Alum 
Shale from the Oslo Region consists of illite, 
fine-grained quartz and diagenetic feldspar, 
whereas the Middle Ordovician to Silurian shales 
contain chlorite in addition to illite. As chlorite is 
not stable during continental weathering, the 
presence of detrital chlorite points to a source 
area where erosion was rapid, probably the basic 
volcanic and plutonic rocks of the Trondheim 
Region (Bjørlykke 1974a). Thomsen, Lindgreen 
& Wrang (1983) reports the dominance of 2 Mt 

muscovite in Upper Cambrian shales from Born-
holm, and muscovite + chlorite in Silurian shales 
from Jutland. In the latter the chlorite is inter
preted as diagenetic (Thomsen et al. 1983). Fos-
colos & Powell (1979) recorded a relationship 
between depth, temperature and clay mineral di-
agenesis, according to which illite and chlorite 

should be the only stable minerals in the Lower 
Palaeozoic shales on Bornholm. According to 
Buchardt & Nielsen (1985), however, there is no 
difference in diagenetic regime between the Up
per Cambrian and the lowermost Silurian of 
Bornholm and diagenesis is therefore supposed 
to have provided a uniform overprint on the de
trital clay assemblages. The observed change in 
the clay mineralogy (Fig. 11) is therefore inter
preted as mainly detrital. This is supported by the 
contemporaneous appearence of chlorite in the 
Oslo Region (Bjørlykke 1974b) and on Born-
holm, which points to the introduction of a new 
area of provenance, probably within the Caledo-
nides, of increasing importance in the Upper Or
dovician. 

Weaver (1960) noted a link between the sharp
ness of the 10 Å illite peak and the degree of 
diagenesis or low grade metamorphism. He de
fined a sharpness ratio on basis of the peak-
height at 10 Å and 10.5 Å. In the present study 
the position of the peak varies between 9.9 Å and 
10.2 Å. Accordingly, the sharpness ratio has 
been calculated as peak-height in the top of the 
peak and the height 0.5 Å higher. These ratios 
are listed in Fig. 11, and values of 2.0-2.3 have 
been calculated. According to Weaver (1960, ta
ble 1) this corresponds to deep burial diagenesis 
grading into incipient metamorphism. Kubler 
(1967, 1968) defined an illite crystallinity index, 
based on the width of the 10 Å peak at half 
height. Brazier et al. (1979) proposed a mod
ification in the calculation of the illite crystallinity 
index, namely that the peak-width values should 
be measured in 'degrees 20'. Their suggestion is 
followed here and values of 0.7 have been calcu
lated (Fig. 11). 

Both sharpness ratio and crystallinity index 
were calculated in parallel oriented mounts of the 
Mg-saturated subsample of the clay fraction. The 
diffractograms were run slowly and the 10 Å peak 
is therefore very well defined. Both the sharpness 
ratio and the crystallinity index lack a systematic 
variation, which indicates the same degree of di
agenesis through the sequence, in agreement 
with the isotope data of Buchardt & Nielsen 
(1985). 

Pyrite form penecontemporaneously in fine
grained marine sediments through reduction of 
sulphate from the seawater (Berner 1981). The 
pyrite content has been assessed through X-ray 
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Skelbro 1 : 20m 

Fig. 10. X-ray diffraction of two bulk samples with random orientation. The shaded peaks have been used for calculation of the 
relative amounts of the minerals (Fig. 11). 

diffraction of powdered bulk samples, and is plot
ted against the TO C values in Fig. 11. The distri
butions of TOC and pyrite are roughly symmetri
cal. A similar pattern is found in the Middle and 
Upper Cambrian Alum Shale in Southern Swe
den (Armands 1972: fig. 3). 

Sedimentary sequence 

The sedimentary sequence can be divided into 
three facies associations. The lower is dominated 
by black mudshale (Skelbro 1, 37-4 m), the mid
dle is characterized by dark to pale grey mud-
stone (Billegrav 1, 60-28 m) and the upper is 
dominated by siltshale (Billegrav 1,28-2 m). The 
mudstone association is intermediate between 
the mudshale and the siltshale associations, 
though with the greatest similarity to the latter. It 
should be noted that the Komstad Limestone is 
intercalated in the sequence of upward coars
ening shales which also includes several hiati of 
long duration. 

The mudshale association is distinguished by 
the high TOC values, the high content of pyrite, 
the mineralogy, the diagenetic limestone concre
tions and the irregular distribution of fossils. Sub
ordinate levels of black mudstone are interca
lated in the mudshale. The limestone concretions 
encountered in Skelbro 1 (18-13.5 m) correspond 
probably to three of the four levels in the Læså 
profile shown by C.Poulsen (1923: fig. 2). This 
correlation is based on the recognition of the 
Orusia level in the core (Skelbro 1, 20.7 m) and 
on the first occurrence of the wedgeshaped py
rites (Skelbro 1, 18 m) which corresponds to the 
Orusia-Parabolina Zone (C.Poulsen 1923). The 
mudshale association corresponds to the Lower 
and Upper Alum Shale. The black organic-rich 
mudshale is interpreted as an anoxic marine he-
mipelagite, which accumulated very slowly 
through settling of mud in an environment lack
ing current-influence on the sedimentation. 

The mudshale association accumulated during 
the Middle and Late Cambrian and the Early 
Ordovician. In the Oslo Region the Upper Cam
brian clastic sediments are very fine-grained, rich 
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Fig. 11. Mineralogy, TOC and carbonate content within the shale sequence. The clay minerals were identified through XRD of 
parallel oriented mounts in chemically pretreated samples <2 um and the size of the black dots is proportional to the height of the 
peaks in the diffractograms. The bulk mineralogy were calculated from XRD-peak heights in random oriented mounts. TOC and 
CaC03 contents were determined by Buchardt et al. (1985). Please note that the mudshale, the mudstone and the siltshale 
associations possess distinct combinations of sedimentary structures, mineralogy, TOC and carbonate contents. 

in TOC and pyrite and deposited through settling 
from suspension in a relatively deep shelf sea 
characterized by permanent stagnant conditions 
(Bjørlykke 1974b). In Sweden alum shales are 
characteristic of the Middle Cambrian to low
ermost Ordovician (Andersson et al. 1985, 
Thickpenny 1984). A detailed comparison of sed
imentary fades and their faunas in Sweden and 
on Bornholm have not yet been attempted. How
ever, the gross likeness between the areas agrees 
with the interpretation of the mudshale as a he-
mipelagite deposited in a relatively deep outer 
shelf environment in which lateral continuity of 
the facies is expected. 

The mudstone association is distinguished by 
extensive bioturbation, variable TOC values, 
small contents of pyrite and a higher proportion 

of quartz (Figs 2,11). It corresponds to the Dicel-
lograptus Shale, the Jerrestad Formation and the 
Tommarp Mudstone (cf. Bjerreskov & Stouge 
1985). A minimum of 18 bentonite beds are in
cluded in the Dicellograptus Shale. The mud
stone association include also black mudstone 
(Billegrav 1, 54-46 m) and debris flow conglom
erates (Billegrav 1, 32-31 m). 

Widely different faunas are encountered in the 
mudstone association. Trace fossils are locally 
recognizable and are referred to Chondrites (Figs 
4B, 7B). A benthic fauna of trilobites and brach-
iopods is known from the grey mudstone of the 
Jerrestad Formation (Ravn 1899) and from the 
Dalmanitina beds (V.Poulsen 1978). The Dicel
lograptus Shale is characterized by a graptolite 
fauna (Bjerreskov & Stouge 1985). 
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Due to the bioturbation there is little sedi
mentary evidence of the depositional processes, 
but presumably fine-grained density flow depos
its alternated with hemipelagic sedimentation. 
The presence of supposedly detrital chlorite and 
the relatively high content of quartz indicate a 
new source of sediment, probably within the Ca-
ledonides as discussed by Bjørlykke (1974a). 

The mudstone association corresponds to the 
Middle and Late Ordovician and follows, after a 
hiatus of several zones, upon the Early Ordov
ician Komstad Limestone (V.Poulsen 1966, Bjer
reskov & Stouge 1985). The latter is a relatively 
shallow water deposit with a rich trilobite fauna 
and can be traced to Sweden, where it is thicker 
(Nielsen 1985). The boundary between the Kom
stad Limestone and the Dicellograptus Shale is 
lacking in the cored sequence because technical 
difficulties forced a stop to the drilling of Bil
legrav 1 before the Komstad Limestone was reac
hed. According to Gry (1948) a pyritized con
glomerate forms the base of the mudstone se
quence. This may be interpreted as a 
transgressive conglomerate. The Dicellograptus 
Shale constitutes an upward fining sequence in
terpreted to pass from normal marine biotur-
bated mid-shelf silty mud to weakly oxic or 
anoxic graptolitic outer shelf mud without trace 
fossils. 

A well defined CU sequence is seen in the 
Upper Ordovician where weakly oxic outer shelf 
mud with a pelagic fauna of graptolites (upper 
part of Dicellograptus Shale) is overlain by nor
mal marine shelf mudstone (Jerrestad Fm.) with 
a fauna of trilobites and brachiopods, capped by 
debris flow deposits (Tommarp Mudstone). The 
latter may represent the fill in channels eroded in 
former shelf deposits. The combination of in-
traformational mud clasts and fragments of crys
talline basement support this interpretation. 
Contemporaneous shallowing sequences are 
widely known (Berry & Boucot 1973, Brenchley 
& Newall 1984, Fortey 1984). In the Oslo Region 
the evidence of a continuous shallowing up to the 
Ordovician-Silurian boundary is an upward 
coarsening sequence (Bjørlykke 1974b) with a 
Hirnantian fauna (Brenchley & Cullen 1984). 
The matching Dalmanitina fauna is characteristic 
of deeper, cold water environments (Brenchley 
& Cullen 1984). Nilsson (1979) described sea lev
el fluctuations in the Dalmanitina beds of Scania. 

Fortey (1984) estimated that fluctuations in the 
Ordovician Gondwanaland ice sheet could cause 
eustatic sea-level changes of 50-100 m. It there
fore seems likely that the CU sequence and the 
Dalmanitina fauna in the Upper Ordovician on 
Bornholm reflects the global eustatic fall in sea 
level caused by the extensive glaciation in Gond
wanaland. 

The siltshale association is distinguished by a 
fauna of graptolites, laminated sediments, low 
TOC values, high contents of quartz and the 
presence of chlorite and muscovite. The high car
bonate content (Billegrav 1, 13-2 m) is diag-
enetic. The siltshale association corresponds to 
the lower, non-exposed, part of the Rastrites 
Shale (Bjerreskov 1975). 

The mineral assemblage is strongly dominated 
by quartz, while chlorite and muscovite are pre
sent in almost equal amounts. The chlorite is 
interpreted as detrital and reflects a source area 
characterized by rapid erosion (Bjørlykke 
1974b). 

The siltshale association is interpreted as dom
inated by density flow deposits with a higher av
erage rate of deposition, which also may explain 
the slight degree of bioturbation. The lower silt-
streaked shale is characterized by top-cut-out se
quences and can, accordingly, be interpreted as a 
proximal fades (middle to outer shelf). The over
lying siltshale is characterized by base-and-top-
cut-out sequences and may therefore be more 
distal (outer shelf) according to Stow & Piper 
(1984). 

The lowermost Silurian have a weak upward 
fining trend from the silt-streaked shale and silt
shale (Billegrav 1, 28-0 m) into the grey mud-
shales exposed along Øleå (Bjerreskov 1975). 
Brenchley & Newall (1984) noted, that the rapid 
basal-Silurian transgression corresponds to a hia
tus in many deep water sequences, probably be
cause most sediment was trapped in the continen
tal or shoreface environments. This brief inter
lude of starvation may explain the thin black 
mudshale in the lowermost Silurian (Billegrav 1, 
31-28 m). This interval is a characteristic peak on 
the gamma-ray logs (Fig. 12). The abrupt upward 
transition into silt-streaked mudshale reflects 
thus the switch back to relative high-energy, 
outer shelf deposits. 

Berry & Wilde (1978: fig. 2) postulated that 
anoxic environments should be very widespread 
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Fig. 12. Correlation of gamma-ray log motifs from three shallow wells located in Fig. 1. Note the similarity in log patterns which 
indicate lateral continuity of the sedimentary facies. Note also the agreement between the gamma-ray log and the measured TOC 
values in Skelbro 1 and Billegrav 1. The log in Sømarken 2 was run by Terraqua and the logs from Billegrav 1 and Skelbro 1 were run 
by A.M.Nielsen and Kurt Klitten, DTH. LF: Læså Fm., LAS: Lower Alum Shale, AL: Andrarum Limestone, UAS: Upper Alum 
Shale, KL: Komstad Limestone, B: bentonite, DS: Dicellograptus Shale, JM: Jerrestad Mudstone, RS: Rastrites Shale. The 
lithostratigraphy of Billegrav 1 and Skelbro 1 is also shown in Fig. 11. 
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in the Upper Cambrian and Lower Ordovician. 
Thickpenny & Leggett (1987) found that black 
shale facies are especially prominent in the early 
Upper Cambrian, the latest Llandeilo-Caradoc 
and the early Llandovery. In the studied se
quence anoxic depositional environments were 
dominant in the Middle Cambrian to Lower Or
dovician (Skelbro 1,37-4 m) in the upper Middle 
to lower Upper Ordovician (Billegrav 1, 54.5-46 
m) and possibly in the basal Silurian (Billegrav 1, 
29-2 m). The two former are fine-grained, orga
nic-rich, low-energy deposits, while the latter is 
coarser-grained, contains little organic matter 
and represents comparatively higher-energy de
posits devoid of benthos. Leggett et al. (1981) 
demonstrated a connection between transgres
sions and widespread occurrence of the black 
shale facies and reported minor oscillations be
tween oxic and anoxic environments. The two 
anoxic or weakly oxic sequences from Billegrav 1 
are also interpreted as transgressive, but while 
the lower of these (54-46 m) reflects a slow dee
pening, the upper (29-2 m) represents a rapid 
rise in sea level following the Gondwanan degla-
ciation. 

The litho- and biostratigraphy of the Cambro-
Silurian shales has been summarized by V.Poul-
sen (1966) and Bjerreskov & Stouge (1985). The 
present study provides additional data on those 
parts of the sequence which are not exposed at 
present. Thus the Upper Alum Shale is found to 
be 31.5 m thick in Skelbro 1, while the thickness 
previously has been estimated to 25,5 m (V.Poul-
sen 1966) in the nearby Læså section. Incomplete 
exposures have likewise indicated a thickness of 
about 12 m for the Upper Ordovician Jerrestad 
Formation and Dalmanitina beds (V. Poulsen 
1978, C.Poulsen & V.Poulsen 1979) while these 
units are 16.5 m thick in Billegrav 1 (46-29.5 m) 
and 20 m in Sømarken 2. 

The existence of sediments representing the 
persculptus Zone were known from cuttings from 
the Bavnegård 1 well near Øleå (Bjerreskov 
1975, V.Poulsen 1978). The cores from Billegrav 
1 (28-1.5 m) provide, however, the first sedi-
mentological details on this sequence of silt-
streaked shale from the uppermost Ordovician to 
the lower most Silurian. 

Summary and conclusions 

The Middle Cambrian to lower Silurian of Bom-
holm is dominated by grey to black shales which 
range from fine-grained organic-rich black mud-
shale to grey silt-streaked mudshale. The geolog
ical setting implies deposition within an epiconti
nental sea and the biostratigraphy has shown that 
the average rate of deposition was low and punc
tuated by several hiati. 

This study has been based on cores through 
partly unexposed strata and shows that the Upper 
Alum Shale is 31.5 m thick and that the Jerrestad 
Formation plus the Tommarp Mudstone is 16.5 m 
thick, thereby exceeding earlier estimates of their 
thicknesses. A very detailed correlation of 
gamma-ray log motifs is possible between wells 
adjacent to Billegrav 1. The correlation indicate 
uniform thicknesses and lithologies within the 
sedimentary facies and the gamma-ray log may 
prove very useful in future studies of the lithos-
tratigraphy. 

Five shale facies, a bentonite and a conglomer
ate sandstone facies are grouped into three facies 
associations which constitute an upwards coars
ening sequence. The lower mudshale association 
is interpreted as an anoxic hemipelagite which 
accumulated very slowly. The overlying mud-
stone association reflects weakly oxic environ
ments and thus an improved ventilation. The suc
ceeding siltshale association is interpreted as 
dominated by density current deposits in a shelf 
sea, where the rate of deposition increased and 
detrital chlorite was introduced due to the onset 
of the Caledonian orogeny. 

The three facies associations recognized here 
corresponds to previously established lithostra-
tigraphical units. The sedimentary facies of the 
uppermost Ordovician and lowermost Silurian 
are documented by cores for the first time, and 
the Billegrav 1 sequence strenghtens the basis for 
recognition of eustatic sea-level changes related 
to the Gondwanaland glaciation in the Ordov-
ician-Silurian boundary of Bornholm. 
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Dansk sammendrag 
To videnskabelige undersøgelsesboringer, Skelbro 1 og Bil
legrav 1, blev i 1984 udført gennem de palæozoiske skifre på 
Bornholm. Borearbejdet blev foretaget med materiel og per
sonale fra Grønlands Geologiske Undersøgelse og resulterede i 
borekerner med en samlet længde på 104 m. Borekernerne 
repræsenterer et vertikalt snit, som ikke ville kunne sammen
stykkes af de eksisterende blotninger, især ikke for lagserien 
omkring Ordovicium-Silur grænsen. På basis af sedimentære 
strukturer, mineralogi, indhold af organisk materiale (TOC) og 
sporfossiler er skifrene inddelt i 6 sedimentære facies, hvortil 
kommer 18 lag af bentonit (facies 7). Skifrene har traditionelt 
været tolket som epikontinentale, og den nærværende under
søgelse illustrerer, at en række, indbyrdes forskellige, aflej-
ringsmiljøer eksisterede. Specielt Alun Skiferen mangler en 
analogi blandt moderne shelfaflejringer. I forbindelse med bo
rearbejdet måltes gamma-ray logs, og der kan dels påvises 
karakteristiske logmønstre for hver facies, dels kan der fore
tages en korrelation til gamma-logs i nærliggende vandbor
inger. Denne korrelation viser at de enkelte facies har en stor 
lateral udbredelse og at de er meget ensartede. De sedimentære 
facies kan samles i tre faciesassociationer domineret af hen
holdsvis mudderskifre, muddersten og siltskifre. Mudderskifer-
associationen omfatter en finkornet, lamineret skifer med et 
meget stort organisk indhold og med optræden af fossiler i 
enkelte niveauer. Den tolkes som hemipelagisk sedimentation 
under overvejende anoxiske betingelser og den er dominerende 
indenfor Alun Skiferen. Mudderstens-associationen omfatter 
grå skifre med lave TOC indhold, uden lamination men med 
relativt hyppigt forekommende sporfossiler, Chondrites. Ski
frene tolkes som aflejret på den ydre del af shelfen i områder 
med svag til normal iltholdighed. Mudderstens-associationen er 
repræsenteret i Dicellograptus Skiferen og i Jerrestad Fm. Disse 
udgør tilsammen en opad grovende sekvens, som tolkes som en 
respons på den sen-ordoviciske eustatiske havspejlsænkning i 
forbindelse med glaciationen i Gondwanaland. Siltskifer-asso-
ciationen omfatter siltrige skifre med lavt TOC, højt kvartsind-
hold, tydelig lamination og tidligt silure graptoliter. Siltskifrene 
tolkes som aflejret af densitetsstrømme som muligvis var storm-
genererede. Siltskifer-associationen indeholder formodet detri-
tal chlorit, der tolkes som dannet i forbindelse med den caledo-
niske orogenese. 

Borekernerne fra Skelbro 1 og Billegrav 1 dokumenterer en 
række forskelle i de undersøgte skifres sammensætning og aflej-
ringsbetingelser, og borekernerne rummer samtidig det længste 
kontinuerte snit, fraregnet overgangen mellem Komstad Kal
ken og Dicellograptus skiferen, igennem den nedre Kambriske 
til nedre Silure lagserie på Bornholm. 
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