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A b s t r a  c t. A series of bentonite beds are found in the stage 4b, 

Caracloc (and possibly stage 4a, Llandvirn-Llandeilo), at Sinsen in the Oslo

Asker district. They are clescribed from a number of localities. 
From chemical analyses, X-ray data, D.T.A., determination of cation 

exchange capacities and staining tests, it appears that the bentonites from 
Sinsen probably contain 3 different types of mixecl layerecl minerals. Most 

of the Sinsen bentonites have a rather nigh content of potassium (ca. 7, 5 % 
K20!. they have therefore been classecl as K-bentonites. 

Correlations with the .Midclle Ordovician of central and S-E Sweden 
inclicate that the sequence is more complete in the Oslo Region. 

Introduction. 
While studying the Middle Ordovician stratigraphy of the Oslo

Asker district, one of the authors (SPJELD�Æs) found some beds 
which were supposed to be bentonites. A preliminary investigation 
of the mineralogy and the petrography of the material has been 
dealt with by the other author (HAGBIANN). 
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The stratigraphy is based on SmR�IER (1953), and the localities 
mentioned in the text, are found on the geological map of the Oslo 
-Asker district by HOLTEDAHL & DoNS (1952). 

The authors are indebted to Professor L. STØRMER for valuable 
advice in connection with the preparation of this paper. We are also 
obliged to State Geologist R. SELMER-OLSEN, leader of the Soil 
Laboratory of the Geological Survey of Norway (Norges Geologiske 
Undersøkelse) for his help and advice when making the differential 
thermal analyses and the staining tests. Cand. real. E. DAHL has 
undertaken the preparation of the X-ray diagrams, for which we 
would like to thank him. We are also grateful to the Faculty Photo
grapher, Miss B. MACRITZ, who has taken the photographs, and to 
Miss E. CHRISTENSE?\", who has made the chemical analyses, to :\fiss 
R. GuLLIKSEN for dra\ving the diagrams, K. Brn:N who has prepared 
the thin sections and Mrs. A.-C. BREX:\A who has kindly re\·ised 
and typed the manuscript. 

The present studies have been made possible through the aid 
of gr:ants from The � orwegian Research Council for Science and the 
Humanities, for a joint research of the Middle Ordovician of the Oslo 
Region. 

Description of localities. 

In the field, the bentonites appear as bands or beds of light, 
greenish clay, which contrast sharply against the ordinary, dark grey 
mudstones. They weather easily and often appear as deep cavities. 
(Text figs. l, 2, 4.) The thickness of the bands varies, the largest 
is 130 cm, which is exceptional and might to a certain extent be 
due to tectonic pressure (Text fig. 3). Most of the other beds are 
10-2 cm thick. The plastic, soft clay was squeezed out during the 
folding ot the layers, and in most cases, the original thickness of the 
bentonite beds \Yas considerably greater than it is today. Fault 
planes with calcite wins are generally found in and around the ben
tonite beds, and this makes it difficult to get reliable sections in the 
localities where the beds occur. All figures of thickness in this paper 
are therefore approximate. 

In some localities orre only finds coatings of biotite on the slic
kensides of the shale or mudstone, and this indicates that the ben-
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Fig. 1. The ·western side of the Sinsen section. The numbers show the position 

of same of the bentonite beds. 

tonite substance was completely squeezed out by the tectonic 

pressure. 

The localities in which the bentonites have been observed in 
the Oslo-Asker district, are: 

l. Si n s e n. In a long railway cutting about 700 m south of 
Grefsen station, just south of the bridge where Trondheimsveien 

crosses the railway line, there is a section ranging from the top of 
zone 4bb to the bottom of zone 4ba 

In the middle and lower part of the latter zone, there are 24 

bentonite beds (I-XXIV), ranging in thickness from 130 cm to less 

than 1/2 cm. 130 cm is, however, exceptional, and may be due to 

tectonic pressure of the bed (Text figs. l, 8). 

Because of intense faulting along the bedding-planes, the beds 

could be expected to be disturbed and the section incomplete. De

tailed measurements of both sides of the section, which are 12-15 m 
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Fig. 2. Detail of textfig. l, showing beds III-XIX in the Sinsen sectton. 

The scale is indicated by the rule (l meter). 

apart, clearly show that the section is complete and amazingly well 
preserved (textfig. 8). Only a few thin beds (Ill, XXI and XXIV) 
are missing on one of the sides of the cutting. Instead of these beds, 
there are slickensides or faultplanes with biotite flakes in the corres
ponding place in the section. The thickness of the measured section 
is also in total the same on both sides (26,06 m on the eastern side, 
and 26,18 m on the western side), indicating that the faulting took 
place along the bedding surfaces only, without disturbing the strati
graphical order of the beds. Certain bentonites were, however, com
pressed and parts of the shale possibly squeezed out. This section is 
used as a standard for correlation, both when dealing with localities 
in the Oslo Region and foreign ones. 
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Fig. 3. The thickest bed (XXII) in the western side of the Sinsen section. The 
rule is l meter. 

In the lower part of the section (26-17 m below zone 4b,B) ,  
a series of 19 bentonite beds (I-XIX) are found. They range from 
16 cm to less than 1/2 cm in thickness. Most of them were probably 
originally considerably thicker, and the present, low figures are due 
to compression and squeezing during the Caledonian folding. The 
thickness given, is only that of the bentonite itself, not including 

the weathered shale above it. The thickest beds which also are the 
ones that are best preserved, are Nos. V and IX. 

About 5 m above the lower series, there are two thin beds (XX 
and XXI) and less than 3m higher up, there is a very thick bed 
(XXII) which measures 130 cm in the western cutting, and 65 cm in 
the eastern (Textfig. 4) . It is difficult to determine the original thick
ness of this bed. The western exposure shows folding (Textfig. 5), 
which might indicate secondary thickening during the folding. On the 
other hand, the 65 cm-bed evidently is strongly compressed, so that 
the original thickness probably was nearer to 130 cm than to 65. 

The shale beds belpw this thick layer are hardened, and are obvio
usly siliceous, which is also the case with the rocks below man y foreign 
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Fig. 4. A detail of bed V in the eastern side of the 
Sinsen section. 

bentonites. No chert is developed. No distinct siliceous layers are 
found below the thinner bentonite beds. 

2-3 m above the thick bed, there are tvvo thinner ones (XXI Il 
and XXIV). 

The age of the beds can be determined both by the content of 
fossils in the mudstone between the beds, and by the position of the 
beds in the section (7-26 m below zone 4b,B). They are all in the 
middle and lower part of zone 4ba. The highest bed (XXIV) is about 
7 m below zone 4b,B, and the lowest one in this section (I), is about 
9 m above zone 4a,B. The fossil fauna found in the mudstones is 
fairly rich, consisting of a number of undescribed species, Chasmops 
conicophthalma and Steusloffia costata. 

2. A road section in T o ·r g n y S e g e r s t e d s v e  i, just 
-west of Gaustad station on· the Holmenkollen railway. In this locality, 
the rock is strongly weathered and the bentonite beds occur asdistinct 
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light greenish grey layers in the slightly inclined strata. All the layers 

are found in the lower middle part of zone 4ba. The beds correspond 

exactly to layers VIII-XIX in the Sinsen section. 

3. The shore at the soutwestern point of the southeast end of 
N a k h o  l m e n  in the inner Oslo Fjord. Only one, deeply weath
ered bed, about 8-10 cm thick is found in slightly metamorphic 
layers, dipping moderately ( 20°) towards the NNW. The bentonite 
layer is found about 1 0-1 2 m below the top of zone 4ba, just above 
sea level, and the lower parts of the section are not exposed. 

4-5. A thin ( 2--4 cm), light coloured, greenish bed is found 
10 -1 2 m below the top of zone 4ba on the islands of S t e  i l e n e  
and G ås

. 
ø y a, in the Oslo Fjord. In both localities, the beds are 

faulted and brecciated, and material suitable for detailed examination 
has not been found. However, because of the resemblance in' colour, 
and because of occurring at the same stratigraphical level, they are 
presumed to be bentonite beds. 

6. In a railway cutting west of B i  l l i n g  s t a d  station, and 
in the road section north of S l e  p e n  d e n, Asker district, biotite 
layers are found in slickensided mudstones about 8-13 m below the 
top of zone 4ba. 

7. In a road section in Øk e r n  v e  i e n, about 1 50 m  S E  of 
Tøyen railway station, there are some thin, light bands which may 

be altered bentonite. The layers are intensely faulted in this locality, 
and it is difficult to find the exact number of bands. There are at 
least tvvo, probably more. Thcy are very thin ('i2-1 Yz  cm), and one 
of them has a thin layer of fossilfragments right at the bottom. The 
layers seem to occur in the transitional layers between zonc 4af) and 
4ba, possibly just below the top of the former zone. 

About 100 m to the east, in the same road section, there are 
some other bentonite beds which are supposed to belong to the lower 
series in locality l. They occur in the lower part of zone 4ba. Because 
of the intense faulting, it is impossible to tell exactly how far above 
zone 4af) these layers occur. In the Sinsen section, this distance is 
9 m. Here it seems to be much less, which may be due to faulting. 
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Fig. 5. Folded calcite veins in bed XXII in the western 
side of the Sinsen section. 

8. A railway cutting in zone 4aa4, about half way between 
T ø y e n and G r e f s e n stations. There is only a single band 
about 6 cm thick. It is found between siltstone layers of the type 
that is usual for this horizon (cf. STØRMER 1953, pp. 58-6, fig. 2-3, 
pl. 3). No fossils are found in connection with the bed, which is the 
oldest o ne tound in the Oslo district. 

In addition to the localities mentioned here, light-coloured clay 
beds and biotite layers are found in several localities which cannot 
be accurately dated. However, they probably all belong to zone 4ba. 

Mineralogy and petrography. 
This description is only meant as a preliminary report con

taining some data concerning the mineralogy and petrography of the 

bentonites of Sinsen. A more detailed description of the Ordovician 

bentonites of the Oslo Region will be given when the investigation 

of the material is more complete. 
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Fig. 6. Photomicrograph of bentonite from bed V, Sinsen section, showing 
quartz fragment with concave outlines. Ordinary light, about 500 x. 

Most of the Sinsen bentonites are of light grey colour. Some of 
them, however, are pale green to light brown. They feel vvaxy, and 
when placed in water they expand, most of them comparatively 
slowly, but some of them, as for instance bed XXIV, quite quickly 
and break down to a flour-like mass. 

At the base of the bentonite beds, there is always a thin biotite 
Jayer, in some cases biotite fragments are found through the whole 
bed. Most of the bentonite beds contain irregular secondary calcite 
veins, some of them up to 2 cm thick. Very often these veins are 
.folded (Textfig. 5). 

Thin sections prepared from samples taken in the middle part 
of bed V show a very dense ground mass consisting of parallel orien
tated mica. In this ground mass, there are quite a lot of fragments 
of quartz. Very often these fragments have concave outlines (Text
fig. 6). The size of them is about 0.04 mm X 0.07 mm. Fragments 
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Table I. 

l 2 3 4 

49.49 51.04 55.99 47.89 
0.94 0.78 0.14 0.26 

25.92 25.55 18.75 20.63 
2.25 1.21 0.76 1.44 
1.39 0.57 1.85 
tr. 0.02 
0.45 1.18 2.30 7.59 
3.44 2.72 3.92 3.66 
7.54 6.21 2.48 5.20 
0.54 0.23 0.08 0.62 
2.52 2.96 6.90 
4.80 6.38 6.05 
0.03 0.24 0.05 

0.74 0.84 
nil 

0.25 0.02 
nil 

0.11 
0.33 
0.11 

99.89 99.81 100.15 

l. Sample from bed V, Sinsen. Anal. E. Christensen. 

5 

52.44 
0.44 

26.38 
0.31 
0.00 

0.001 
0.66 
3.57 
7.39 

0.16 
3.07 
4.78 
0.04 
0.00 

0.30 

99.54 

2. Bentonite from Funquists bed 5 and 6, Vasagaard, Bornholm. Anal. 
A. M. Bystrom. (THORSLUND, 1947). 

3. The thick bentonite bed at Kinnekulle. Anal. A. M. Bystri:im. (THORS
LUND, 1948). 

4. Bentonite, Bed B-12, Lowille formation, Tennessee. Anal. E. C. 
Houston. (Fox & GRANT, 1944). 

5. K. Bentonite, Sam p le OH-N v Pennsylvania. Anal. J. A. Maxwell. 
(WEAVER, 1953). 

of feldspar, chlorite and biotite are more rare in the thin sections. There 
are also accessory grains of zirkon, hematite, apatite and titanite. 

An analysis of a sample from bed V is shown in table I. For com
parison the table also contains some other analyses of Ordovician 
bentonites. 

The rather high value for CaO in analysis No. 4 is due to thin 
layers of secondary calcite (Fox & GRANT 1944). The chemical com-
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position of the sample from Sinsen on the whole shows good accordance 

with the other Ordovician bcntonites. 
As for the designation of the beds at Sinsen, they have been 

called bentonites because they appear as thin, light layers, which 
expand when placed in water. But as the bentonites have been meta
morphosed by slippage along the bedding planes during later tecto
nic movements, the clay cannot any longer be considered as "real" 
bentonites. Ross (1928 p. 164) has suggested the name metabetonite 
for such altered bentonites. In the Sinsen bentonites, however, it 
does not look as though all the materiel has been altered, and it 
would therefore be better to use another name. WEAVER (1953) uses 
the name potassium-bentonites (K-bcntonites) for bentonites rich in 
potassium, in order to distinguish them from other bentonites. BRAD

LEY (1945 p. 711) has proposed that such bentonites consist of a 
mixed layer mineral composed of illite and montmorillonite. The 
chemical analysis of the Sinsen bentonite (Table I, No. l) shows that 
the potassium content corresponds to that of the material called 
potassium-bentonite by WEAVER (Table I, No. 5) . The term K-Ben
tonite should therefore be a more correct designation for the Sinsen 
material. 

Differential thermal analysis pattern has been run on a sample 
from bed Y. The D.T.A. curve (Textfig. 7) shows a broad endothermic 
peak at 160° after which comes an exothermic peak at 350°, prob
ably due either to organic matter or iron sulphide or both. This 

peak is followed by a broad endothermic peak which has its maxi
mu� at 620° and a smaller one at 700° and 800°. There is another 
bro ad endothermic peak at 920°. 

Similar D.T.A. curves of samples of K-bentonites from Ken
tucky and Pennsylvania have been published by GRIM & RowLAND 
(1942 p. 758) and WEAVER (1953). GRIM & ROWLAND call curves of 
this type a mixture of illite and montmorillonite, and have shown 
that synthetic mixtures of these two minerals give similar curves. 

WEAVER (1953) interprets the D.T.A. curves of K-bentonites in 
the following way: The broad peak between 100° and 200° is charac
teristic of both illite and montmorillonite and is caused by loss of 
absorbed water. The peak at 600° is considered to be characteristic 
of illite and those at 700° of montmorillonite, these peaks being 
caused by the loss of most of the water from the lattice. The endo-
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o 200 400 bO O 800 1000 
Fig. 7. D.T.A.-cliagram of a sample from bed V, Sinsen section. 

thermic peak at 900 °--9 50 °  is characteristic of both illite and mont
morillonite and is interpreted as being associated with the final 

destruction of the 2 : l structure. 
The X-ray pattern obtained by running glycerol treated samples 

from bed V on X-ray spectrometer has a line of medium intensity 
at 10.4 Å, and a very weak and doubtful line at about 18 Å. This 
might indicate a mixture of illite and montmorillonite (BRADLE Y 
1945), but as there seems to be a very small amount of montmoril
lonite, it is difficult to obtain a satisfactory result by means of X-ra y. 
GRIM & BRADLEY (1951) assert that if the content of montmoril
lonite is less than 10 %. one cannot expect any great difterence from 
the pattern obtained by pure illite. GRY (1948), who has studied the 
Ordovican bentonites from Bornholm by means of X-ray, has also 
only obtained illite pattern1 ) . 

Following the procedure of MIELENZ, KING and SCHIELTZ 1950, 

1 After the paper has gone to press, Fil. Iie. A. M. Bystri:im (The Geolo
gical Survey of Sweclen) has been kincl enough to take X-ray powcler photo
graphs of samples from bed XII and XfV. She informs me that both the samples 
show the same pattern. They mainly consist of illite (or muscovite). In both 
samples there also appears a phase which she presumes to be chlorite. 
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a saturated water solution of benzidine was added to an acid-treated 

sample from bed V, which turned the colour of the sample into blue, 
with acidification and drying the colour changed to yellow. According 
to the above mentioned authors, this should indicate content of 
montmorillonite-type minerals. 

BYSTROM (1954) has shown that in the bentonites from Kinne
kulle, Sweden, one can distinguish between two different types of 
mixed layered minerals. In type I, the relation between illite and 
montmorillonite is l : 4. The K20 content in this type is about 2.5 %. 
In type Il, the relation between illite and montmorillonite is 3 : 2. 
Here the K20 content is about 5 %. The cation exchange capacities 
are 65 m. eqv./100 gm and 45 m.eqv./100 gm in type I and Il respec
tively. BYSTROMs explanation of the fact that only 2 types are found 
and not a complete series of transitions between the end members, 
is that certain proportions may be more stable than others. She 
points out that the stable proportions seem to be connected with a 
repetition of five layers. 

Unfortunately it has not been possible for me to determine the 
relation between illite and montmorrillonite in the Sinsen-bentonites 
owing to the fact that I have not had a suitable X-ray camera at 
my disposal for this preliminary investigation. But in order to get 
some idea of whether the results from Kinnekulle also apply to the 
Sinsen bentonites, the alkali content of the less metamorphosed beds 
and two cation exchange capacities have been determined. For com
parison, 3 samples of shale from Sinsen have also been analysed. 
The results are shown in table Il. 
The letters E and W after the number of the beds indicate whether 
the sample has been taken from the eastern or western side of the 
railway cutting at Sinsen. The shales are from the following localities: 
No. l: 0.01 m under bed XXII, No. 2: 0. 08 m above bed XXII and 
No. 3: 1.15 m above bed XXII. 

These analyses tempt one into drawing the conclusion that there 
may be 3 different types of mixed layered minerals in the Sinsen 
bentonites: Type I, which has a K20 content of about 4% and a 
cation exchange capacity of about 40 m.eqv.jlOO g. Type Il, with a 
K20 contant lying at about 6.5 %. Type Ill, with about 7.5 % K20. 
The cation exchange capacity in this type should be about 12 m.eqv.j 
l 00 g. This type probably consists mainly of illite. 
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Table II. 

Bed Cation exchange cap. l % K20 l % Na20 

I E 7.29 0.28 
IlE 7.65 0.16 
VE 12.1 m. eqv./100 g 7.54 0.54 
VIII E 8.10 0.15 
XII W 7.42 0.49 
XIII E 7.86 0.38 
XIV E 7.96 0.27 
XVI E 7.59 0.78 
XIX W 6.49 0.18 
XXII W 7.29 0.58 
XXIV E 40.6 m. eqv./100 g 3.95 0.14 
Shale No. l 3.11 0.84 
Shale No. 2 3.46 0.76 
Shale No. 3 3.23 0.76 

Type Ill is definitely the most common, as almost all the Sinsen 
bentonites are composed of this type. Type I and Il seem to be 
more rare, each type only being represented by one bed. 

As to the problem of the origin of the Sinsen bentonites, the 
concave outlines of the quartz grains and the occurrence of biotite, 
zirkon and apatite, point towards the original material having been 
volcanic. The resemblance as to appearance and occurrence with the 
deposits described from other countries, which it has been proved are 
altered volcanic ashes, also supports the theory of the source material 
having been volcanic. The Sinsen bentonites are therefore interpreted 
as altered volcanic ashes, although no sign of primary ash structures 
has been found. 

Correlation. 
A bentonite bed may represent one single, or a few ash falls, 

and is therefore practically isochronous. If the bentonite beds can 
be identified by their colour, thickness, or by their position in the 
sequence, or as a series with typical intervals between the beds, 
they form exellent "key beds" for real chrono-stratigraphy. The first 
to use this ash bed stratigraphy extensively, was BøGGILD (1918) in 
his description of the eocene ash beds in Denmark. In contrast to 
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the Norwegian beds, the se ashes consist of volcanic glass which in 

comparatively few cases has been altered into ela y (bentonite ?). 
The principles of stratigraphy, and the method of correlation between 
the localities are, however, the same as those described by BøGGILD. 

Middle Ordovician bentonites have been used in stratigraphy by i.a. 
NELSON (1922), ALLEN (1932) and Fox & GRA::-.iT (1944) in the eastern 
and south-eastern parts of U.S.A. Their results prove that the ben
tonites are widespread, and excellent indicator beds. 

Bentonites are known from several regions in Scandinavia. They 
are recorded from Bornholm in Denmark (THORSLUND 1947, 1947a, 
BøGVAD 1947, 1947a and GRY 1948), and from several regions in 
Sweden, Vestergotland (THORSLUND 1945, 1948), Skåne {THORSLUND 

1947a), Gotland (THORSLUND 1945), Dalarne (THORSLUND 1947, 
jAANUSSON & MUTVEI 1948) . 

The bentonite beds in Kinnekulle and in the Sinsen section, 

correspond remarkably well (Textfig. 8). The 4 lowest beds in Kinne
kulle (below 76,5 in), probably correspond to the beds found in loca
lity 7, and the bed in locality 8 in zone 4aa4, might correspond to 
the bed found at the 87 m level in Kinnekulle. However, the corre
lations of these lower beds are somewhat uncertain, as the beds are 
so few and thin. 

The series of thin beds (about 18-19) found at 75,4-71,1 m in 
Kinnekulle, correspond exactly to beds I-XIX in the Sinsen section. 
The fact that the Swedish beds are thicker, may be explained by the 
reported thickness indicating a "missing core" (THORSLUND 1948, p. 
350) and therefore being too high, compared to the figures from the 

Norwegian beds, where only the bentonite itself has been measured. 
The thin layers at 69,6-69,9 m in Kinnekulle evidently corre

spond to beds XX and XXI at Sinsen. The thick complex bed in 
Kinnekulle probably corresponds to bed XXII at Sinsen. Both at 
Kullatorp and Mossen (THORSLUND 1948, fig. on p. 35) this bed is 
double or triple. Although it is not very probable, there is therefore 
a possibility of the beds XXIII and XXIV at Sinsen corresponding 
to the upper part of this bed instead of the beds at 65,3 and 66,3 m 
in the Kullatorp core. 

The correlation found between the Sinsen section and the Kulla
torp core is in fact hetter than that found between Kullatorp and 
Mossen in spite of the distance between the two former localities 
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Fig. 8. The sequence of bentonite beds in zone 4ba in both sides (E and \V) 
of the Sinsen section, Oslo, and in Kullatorp and Mossen in Kinnekulle. The 
figures on the Kulla torp section refers to the core described by \V ÆRN, THORS
LUND & HENNINGSMOEK (1948). The distance between Kullatorp and Mossen 
is about 1,5 km, and the distance between Oslo and Kinnekulle is about 300 km. 
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Fig. 9. The upper Middle Ordovician sequence in the Oslo-.-\sker district, 

and in Kinnekulle. The datum line (double) is the thick bentonite bed (XXII 

in the Sinsen section), and the dotted lines above and below it indicate the 
limits of the bentonite sequence shown in textfig. 8. The vertical scale is the 

same in all columns. 



46 F. HAGE:'IIA�K AND N. SPJELDNÆS 

(about 300 km, cf. textfigs. 8�9). The correlation is also far better 
than that reported from similar bentonites in the American Ordovi
cian (Fox & GRANT 1944). The results obtained are therefore promis
ing, and indicate that the bentonite beds might be used in exact 
long-distance correlations in Scandinavia, and as a base for a pure 
chrono-stra ti gra ph y. 

The fossils found between the bentonite beds in the Kinnekulle 
core, especially Steusloffia costata, indicate that the bentonites are 
contemporaneous in the two regions, and that they belong to the 
lower and middle portion of zone 4ba1. 

Also in other parts of Scandinavia, the bentonites seem to occur 
in this zone, even if scattered beds are found both above and below 
it. The described series of bentonite beds therefore seem to be an 
excellent guide horizon, which can be used in the cronostratigraphy 
of the Scandinavian Ordovician. It is remarkable that in the Kinne
kulle core, a fauna occurs only 2 m  above the thick bentonite beds, 
which must be correlated with the uppermost part of zone 4bo in the 
Oslo district (Tretaspis ceriodes, Dicranograptus clingani). This indicates 
that there is a large hiatus in Kinnekulle, probably at the intrafor
mational conglomerate at the 64,81�64,90 m level in the Kulletorp 
core (THORSLUND 1948, p. 345, fig. on p. 344) (Textfig 9). This hia
tus is also indicated by the presence of "corrosion surfaces" in the 
corresponding level in Gotland, in the File Haidar core (312,4 m) 
just over the bentonite beds (THORSLUND & WESTERGÅRD 1938, p. 
28, diagram, p. 11). In Dalarne, the bentonite beds at Fjacka ]AANUS

SON & MuTVEI 1948) also occur just below the sharp faunistic border 

1 It is interesting to note that THORSLUND (1948, p. 347) reports Reedo

lithus carinatus from 72 m level at Kullatorp, in the upper part of the lower 

series of bentonite beds. From the Palaeontological Institute, Uppsala, the 

specimen was kindly submitted to Professor L. Størmer for further examination. 
He informs me that according to his opinion it is diffucult on account of 

preservation to determine the nyptolithid as to genus and species. It is, 
however, most probably not Reedolithus carinatus. At the corresponding 
Jevel in the Sinsen section (19�22 m below zone 4bj'i) and other localities 
in the Oslo district, onc can find an undescribed Cryptolithid which 
may be the same as the one reported as Reedolithus carinatus from Kinne

kulle. Reedolithus carinatus, which is the guide fossil for zone 4afi in the Oslo 
Region, is not found higher than 9 m below the lowest bentonite bed in the 

Sinsen section. 
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between the "Lower" and "Upper Chasmops" beds. In the localities 
where the reef limestones are developed in this region, the bentonite 
beds are found at the base of these (Kullsberg), or just below them 
(Amtjern, cf. ]AANUSSON & MuTVEI 1948, pp. 190--191). 

In Bornholm there also seems to be a hiatus above the bentonite 
beds, represented by a phosphorite conglomerate (GRY 1948, p. 373). 
It is believed to be of clingani age, but the graptolite zoning probably 
need revision. 

A major hiatus in the upper part of the Middle Ordovician 
therefore seems to be a usual feature in the central and south-eastern 
parts of Sweden. This is also indicated by the rapid thinning out 
of the zones 4ba to 4bo towards the east in the Oslo-Asker district 
(from 62 m in the Asker district to 3 3 m  in the Oslo district) (see 
textfig. 10) . The presence of this large hiatus has also been indicated 
by STØRMER (1953, p. 135). 

In a recent paper ]AA:-.�ussox & STRACHAN (1954, pp. 685-6, 
693) correlates 4ba with the N emagraptus gracilis- zone. This might 
apply to the lowest part of 4ba, which is faunistically continuous 
with 4aJ), but not to the middle and upper parts of it. The grapto
lites from Slependen determined by BuLI\IAN (cf. STØRMER 1953, p. 
64) are from the middle part of 4ba, possibly just below bentonite 
bed XXII, and does therefore probably belong to the peltifer-zone 

Several species of the fauna of the middle and upper part of 4ba 
are found in Great Britain, in layers corresponding to the peltifer

zone or higher. 
It is extraordinary that the source is not definitely known in 

any described Ordovician bentonites. In U.S.A. each author has his 
own opinion as to the source, while in Scandinavia the bentonites 
are supposed to come from a volcano in the Trondheim area (THORS
LUND 1947, p. 138) or in the North Sea (THORSLUND 1948, p. 362). The 
source of the Danish eocen ash beds is unknown, too (BøGGILD 1918). 

It seems natural to believe that the Scandinavian Middle Ordo
vician bentonites came from a volcano, or a series of volcanoes in 
the geosyncline which later became the Caledonian mountain chain. 
According to VoGT (1945), the Espehaug bedded rhyolite tuffs are 
approximately contemporaneous with the beds described in this paper 
(zone 4ba). However, the volcano does not necessarily have had to 
have been in the Trondheim area. It might have been in the south-
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GRAPTOLITE ZONE OSLO-ASKER KINNEKULLE 
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Fig. 10. A correlation of the Middle Ordovician of the Oslo-Asker District 
and Kinnekulle. According to JAANGSSON & STRACHAN (1954, pp. 686, 692-3) 
the presence of Gymnograptus linnarsoni in the Crassicauda Limestone indi
cates that it should be correlated with the subzone of Climacograptus haddingi 

(= upper part of the zone of G. terehusculus). The Ampyx Limestone (4af31, 
therefore, corresponds to the lower part of the Ludibundus Limestone. 
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western extension in the geosyncline, for instance in the Bergen 
area. The distance from Bergen to Oslo is about 300 km, v.-hile it 
is 450 km to Trondheim. The fact that the bentonite beds do not 
increase in thickness towards the north of Sweden, also indicates 
that the source volcano was to the west. Their absence in Jemtland 
(THORSLUND 1947), might also be explained by the absence of rocks 
of that age in certain parts o± the district. 

Another thing worth mentioning is that the Ordovician bento
nites described from U.S.A. show a maximal volcanic activity in the 
middle part of the Middle Ordovician, just as in Scandinavia. The 
position in relation to the Caledonides is the same, too, and this 
also indicates that this period was one of strong volcanic activity 
along the Caledonian geosyncline. 

It is difficult to determine the distance to the source volcano. 
In U.S.A. (Fox & GRA�T 1944, p. 320) the distance from the centre 
is believed to be more than 400 miles, and in this farthest locality, 
the thickness of the beds was 14-19 inches. It is therefore possible 
that a single bentonite bed may be traced for a still longer distance, 

if the wind conditions during the deposition were favourable. Ash 
falls are reported as much as 1500 miles from a volcano (Katmai, 
acc. to NELSON, 1922, p. 611) . In the Palaeontological Museum, Oslo, 

there are preserved a number of samples of ash fallen after the erup

tion of Askja on Iceland in 1875 (distance about 1200 km). In addition 

to the fine-grained material studied by BøGGILD (1918, p. 137), 

several samples of this ash show an amazingly large fraction of silt 
s1ze. 

The source volcano of the Scandinavian Middle Ordovician 
bentonites may therefore have been at a considerable distance ±rom 
the present deposits, and it seems natural to believe that it was in 
the Scandinavian-British chain of volcanoes described by VOGT 
(1947, pp. 56-59, fig. 13), in connection with the Caledonian geo
syncline. 
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