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More than 600 erratic boulders of ironstone were found on the western
shores of Beitstadfjorden, inner Trondheimsfjorden, but none on the eastern
shores. This suggests the existence of an ironstone formation at the bottom
of the fjord, and plant remains indicate a middle Jurassic age. The pure
ironstone consists of 7Q-80% siderite, with the remainder kaolinite. Another
type contains more or less clastic grains, mostly of quartz. The petrography
suggests that formation took place in a warm climate in a quiet limnic
environment with a chemical precipitation of siderite, and a deposition of
some kaolinite clay and locally derived quartz.
Christoffer Oftedahl, Geologisk Institutt, Norges Tekniske HØgskole, 7034
Trondheim, N.T.H., Norway.

Fragments of coal found in the little creek of Svartdalsbekken on the Tun
farms in Verran, Nord-Trøndelag (Figs. 1 and 2), were first described by
C. W. Carstens in 1929, although the existence of coal there has been known
for a hundred years. The history of the Tun coals has recently been reviewed
by Vigran (1970).
In 1963 I began examining C. W. Carstens' material, which was stored in
the collection of Geologisk Institutt in Trondheim. The palaeobotanist Dr.
Svein Manum carried out a reconnaissance study on a specimen of the coal
and in 1964 he determined its age as Jurassic. In 1965, another palae
obotanist, Jorunn Os Vigran, took over the coal material and also worked
on one sample of a reddish coloured rock which was Iabelled 'red dolomitic
rock'. In June 1969, Vigran found more of the reddish rocks in the lowest
part of Svartdalsbekken. My petrographic investigations showed that these
boulders, quite unexpectedly, consisted of sideritic ironstone. I started a
further search in the autumn of 1969, a search which gradually covered
nearly all the boulderstrewn shores of Beitstadfjorden.
On many occasions Vigran took part in the search and I was also helped
by the late Mr. Einar Sjømark of Skjelstad and his sons Jan, Age and Svein.
A few more than 600 blocks and boulders of sideritic rock were found
along the western shores of Beitstadfjorden (Fig. 2) between autumn 1969
and spring 1971. To begin with, even very small pebbles down to a few
centimetres in size were reported and sampled, but when the rich finds on
the southwestern shore were made, small stones of less than 5 cm in size
were not counted and only specimens larger than 10 cm were actually
sampled.
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Fig. l. Trondheimsfjorden, with its innermost basin at Beitstadfjorden. Three major
fault lines are indicated, from the south the Leksvik fault, the Beitstadfjorden fault, and
the Hitra fault.

Some traces of plant remains were found in perhaps half the boulders,
and around 10% were rich in well-preserved fossils. The first description
of the flora was published in 1970 by Vigran who also plans a description
of the complete flora of all the samples taken.

Occurrence
When found on the shore, the sideritic ironstones were distinguished from
the other boulders by two features: first, the rust-coloured to yellowish
brown crust which often exhibited a shiny or glassy surface, and secondly,
the higher specific gravity. By estimation the specific gravity lies around
3.5 and perhaps even a little higher. The specific gravity of siderite proper is
very nearly 4.0. On their fresh surfaces most sideritic blocks are medium
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Fig. 2. Occurrence of ironstone boulders at the Beitstadfjorden shores. Only major
fault lines are indicated.

grey in colour and fine-grained in appearance. They look rather like slightly
quartzitic and dirty sandstone, or like a syenitic and aphyric dyke rock. It
would be extremely unlikely for one to think of an unmetamorphosed sedi
mentary rock. However, some of the boulders contained unoriented black
remnants of plant stems and leaves, leaving no doubt as to the character of
the rock. A few of the boulders are very rich in organic material and are
more or less grey in colour. Others contain sandy layer·s with minute glassy
sandgrains and occasionally some with quartz pebbles around 1 cm in
diameter can be seen.
The size of the sideritic ironstones varies from grave! to half-meter sized
blocks. Most of the boulders range in size from 5-10 cm in length and weigh
from �-2 kg. Boulders 10-20 cm in length weighing 2-5 kg are also fairly
frequent. A dozen blocks range in weight from 10 to 20 kg and a few in the
interval 20-30 kg. One 50 kg block containing abundant plant remnants was
found on the small island of Giplingøy off the southwestem coast.
The shapes of the boulders are highly variable and irregular, never spher
ical nor elliptical. The comers are usually well rounded, suggesting some
grinding by ice transport. Some 20-30% have one or more sharp edges,
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suggesting that they had broken off a bigger boulder not far from the place
of occurrence. At one place, a group of blocks with some sharp edges were
found lying together suggesting that they had broken up very dose to the
place of deposition. This breaking up could have been due to wave action
or action by the fjord ice which can be up to 1 m thick most winters. With
a 2 m high tide, ice can have a rather marked effect on boulders on the shore.
In all, the overall appearance of the boulders gives the impression that there
has been some ice transport, but not over very great distances.
The distribution of the specimen boulders is shown in Fig. 2 where it can
be seen that they are from the western shores of Beitstadfjorden and not from
the eastern shores. Some very boulder-strewn shores on the eastern side
were carefully searched, but were found to contain no sideritic boulders. One
conclusion, therefore, seems inescapable: Transport of boulders torn loose
from a formation of sideritic ironstone on the sea bed of Beitstadfjorden
was by the movement of inland ice. The major ice movement was somewhat
at right an�les to the main coast line, in a west-northwest direction. It is
quite obvious that the last ice movement dug deepest and changed its direc
tion to west-southwest following the fjord basin. This accounts for the fact
that the southwestern shores were the ones most rich in blocks.
Some sideritic ironstones have also been transported by drifting ice. One
block was found in a gravel quarry just east of Hell railway station in the
southeastern region of Trondheimsfjorden. A dozen blocks were found on
Froan, a group of islands west of the mouth of Trondheimsfjorden. In the
collections at Kgl. Norske Videnskapsselskabets Museum in Trondheim,
Vigran discovered one sideritic boulder which had been found at Tingvoll
in Møre, some 100 km west-southwest of the mouth of Trondheimsfjorden.
One block was taken up by a fisherman at Røsthavet, south of Lofoten. It is
clear, therefore, that this unusual rock has been scattered considerably by
drifting ice. The possibility that these drift boulders could have originated
from other unknown deposits of sideritic ironstone cannot, of course, be
completely excluded.
The hypothesis presented here for the origin of the sideritic boulders can
also be applied to the coal at Tun, where pebbles and fragments of coal
occur in the marine glacial clay along the creek Svartdalsbekken. So far, no
coal has been observed in the moraines above the marine clay. Obviously ,the
fragments previously found along the shores of the lower, quieter part of
the creek in spring time were washed out and carried down by the torrential
spring floods. To account for the presence of coal in the marine clay, in the
first place one must assume that the ice dug out a coal bed from the sea
bottom and transported the coal up into the sharp V-shaped valley of Svart
dalsbekken, which acted as a funnet. When the ice melted, big melt water
rivers from above eroded and transported the coal into the sea where it was
incorporated into clays. During the following 10,000 years the clays were
elevated above sea level by the isostatic land lift. Recent erosion has brought
the coal down again.
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Petrographic description
In the following, the results of the microscopic study of 88 thin sections of
Beitstadfjorden boulders are presented (Fig.

3)

and then followed by chemi

cal analyses, mineralogical compositions and some results of the X-ray and
electron microprobe work (Fig. 4).
The carbonate phase is always strongly coloured and pigmented, usually
in a deep brownish colour, but occasionally in pure grey. What may be
called 'pigment pleochroism' is very strong. The grain sizes range from
e:lctremely fine-grained to medium(< 0.01 mm in 50% of the seotions). The
size ranges 0.1-0.2 and 0.2-0.4 mm make up some 25% each. Only two
sections show frequent grains of around 0.5 mm or longer and they have the
appearance of marble. The grain shape is usually oblong and somewhat ir
regular and diffuse, and only occasionally can a tendency towards rhom
bohedron be discovered. It is assumed that these grains are formed by
recrystallization during diagenesis from the original crypto-crystalline or
gel-type chemical precipitate. In sections rich in clastic quartz grains of
0.2-1.0 mm in size the recrystallized carbonate can be seen to attack the
quartz. Only a few sections have a granular appearance. In six of the sec
tions, a clear tendency towards an oolitic texture is evident and in these the
pigment defines concentric zones, while the carbonate shows a radial grain
orientation. The oolites also are assumed to be of secondary origin (Carozzi
1963).

Fig. 3. A typical collection of pebbles and boulders of ironstone. Upper right boulder
shows thick oxidation zone and fresh interior. Upper left specimen has fresh surface
with abundant remains of palm leaves.
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Fig. 4. Photomierographs of ironstones.
l and 2: Spee. 6907, ordinary (l) and polarized. (2) light. In a fine-grained siderite
groundmass plant leaves occur whieh have thin fractures filled with diagenetic
kaolinite.
3: Analysed spee. 6945, a medium-grained siderite with white areas of kaolinite.
Ordinary light.
4: Spee. 6966 with spherulitie growth. Ordinary light.
5 and 6: Spee. 6927 in ordinary (5) and polarized (6) light. Notiee the angularity and
lack of sorting of the quartz grains; the two biggest grains show intense erushing.
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The sound velocity on three specimens was determined by Mr. O. T.
Blindheim using a Dawe Ultrasonic Material Tester, type UCT 2/1822.
First the velocity of samples dried for one week at 110 °C was measured,
then on 7 cm long drill cores which is the standard procedure. A third set
of measurements of cores saturated in water for 16 hours were taken for
comparison.

Spee. No.
sawed
Drill cores
Drill cores saturated

Only

Porosity

6968

70337

70339

5880m/s
5530 m/s
6030m/s

5500m/s
5310m/s
5460m/s

5150m/s
5110m/s
5180m/s

2. 1%

0.6%

1.4%

These values lie fairly exactly within the range of ordinary Norwegian hard
rocks, and strongly metamorphosed schists and gneisses. Thus the diagenesis
of the sideritic ironstones has produced real hard rocks.
In hand specimens some 10% of the boulders contain quartz which can be
seen in the form of sandy or pebbly layers. The thin sections show that sandy
grains of quartz are much more frequent, but because of their size
0.2

mm)

(0.1-

the quartz grains cannot be discemed by the naked eye. There are

found among the thin sections all transitions from sideritic rocks with no
visible quartz grains at all, to sandy quartz-carbonate rocks where clastic
quartz grains make up 50-80%. Also among the thin sections, rocks con
taining zero to

2%

dominate

l 0-30% quartz, and

26%

(56%),

13% show 2-10% quartz,

5%

contain

contain more than 30% quartz by estimation.

The quartz is usually sharply angular although rounded grains occur oc
casionally.
The quartz grains are of the following types:
Gently to strongly undulating single-individual grains which may well be
derived from ordinary metamorphic rocks similar to those surrounding
Beitstadfjorden. This type is the predominant one.
Non-undulating single quartz grains. In most sections this type occurs sub
ordinately to the undulating grains, but predominates completely in a few
sections. They could well be from post-Caledonian granites or younger
igneous rocks. The only probable present source is the 80 km long Bindals
fjorden granite massif, the nearest outcrops of which lie 100 km northeast
of Beitstadfjorden.
Very fine-grained aggregates of quartz which could bt: metamorphic, re
crystallized cherts.
Highly-sheared quartz grains in all stages of shearing, from single, strongly
undulating grains to a finely-sheared and crushed mosaic. The grains are
non-existent in some sections, but make up a subordinate amount in others
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Fig. 5. Electron microprobe photos of the analysed spee. 6945, with relatively large
kaolinite areas (see Fig.

4,3).

l and 2: Photos, with siderite (dark) and kaolinite (light). 2 is enlargement of lower,
central part of l. White spots show intensities of Fe (3 and 4), AI (5) and Si (6).

and also sometimes predominate completely. Accordingly the source should

be local and near at hand. It could well be some specially deformed zone

in the metamorphic rocks, but perhaps a more likely hypothesis is that this

quartz is derived from hydrothermal quartz veins on faults which were later
strongly sheared by younger fault movements. In this connection it is
tempting to think of the Beitstadfjorden fault itself, but no field observations
support this possibility because the fault zone is strongly eroded and not
exposed.
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Fine-grained mixtures of quartz and sericite seem to be derived from
schists.
Finally, clastic muscovite grains appear in nearly all sections. Weathered
biotite flakes are rare.

Table l. Chemical analyses and approximate mineralogical compositions of sideritic
ironstones from Beitstadfjorden.

6921

Spee. No.
Si�
Al203
F�03
FeO
Mn O
MgO
CaO
Na�
K20
H�(+)
H�(-)
c�

11.70
9.57
3.61
44.84
0.24
0.24
0.45
0.00
0.37
1.57
0.18
27.23

100.00

Siderite
Kaolinite
Hematite
Quartz
Muscv.

75
19
4
l
l

6935

12.02
8.31
2.15
45.41
0.25
0.51
0.51
0.00
0.39
1.50
0.14
28.81

100.00
75
20
2
2
l

6945

10.47
9.17
7.83
42.33
0.23
0.27
0.41
0.00
0.34
2.15
0.13
26.67

100.00
70
21
8
l

6948

6.05
4.32
5.69
49.86
0.14
0.22
0.60
0.00
0.38
0.52
0.10
32.12

100.00
83
9
6
1
l

6963

9.36
6.94
2.53
45.36
0.33
0.70
1.80
0.00
0.57
1.84
0.14
30.43

100.00
79
15
3
1
2

Calcite
Analyser: I. Romme, Geologisk Institutt, N. T.H. August

6986

7.39
7.93
4.67
48.92
0.49
0.14
0.44
0.00
0.14
1.01
0.08
28.79

100.00
81
14
5

6987

15.44
11.68
0.80
34.03
0.20
3.25
8.78
0.04
0.42
1.17
0.08
24.11

100.00
56
24
l

2
l

16

1970.

Alkalies: Flame photometer. MgO: Atomic absorption.
C02: By difference. Other elements: Wet chemical.

Kaolinite is a third component in addition to the carbonate and clastic grains.
Particularly in sections where the siderite appears well recrystallized, some
white areas which consist of a blady mineral with low relief and low inter
ference colour appear between the carbonate grains. Electron microprobe
scanning across such white areas indicates amounts of Al and Si comparable
with those of kaolinite, but no iron. Diffractograms of the residue after the
carbonate has been leached with HCl give pattems of quartz and a member
of the kaolinite group. The amount of kaolinite varies considerably from
section to section, but it is also obvious that the kaolinite fields increase in
size in accordance with the size of the siderite grains. Accordingly the present
kaolinite was formed like the siderite, namely by recrystallization during
diagenesis.
The chemical composition and the calculated mineralogical composition of

seven specimens are presented in Table l. The high content of C02 proved
to be the most difficult to determine correctly, even after several attempts.
Therefore the C� is given by difference. With the aid of a microscope the
mineralogical compositions were calculated from the analyses. The calcula-
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tions give a surprisingly close fit for the CG.?fFeO + MnO + MgO + CaO
ratios for most analyses, proving that the C� figures are correct.
With a kaolinite content of 15-20% the ironstone should be termed
kaolinitic siderite. The occurrence of some calcite in No. 6987 was un
expected.

Other Jurassic iron formations
Iron-rich formations from the Middle Jurassic are known in many places in
Europe. The iron formations of Dogger in Germany may be ignored in the
present context, but those in Northampton in England should be compared
with the Beitstadfjorden Jurassic. A general description is presented by
Taylor (1949). Siderite mudstone and oolitic ironstone are the most usual
carbonatic types, containing siderite, chamosite and kaolinite, with clastic
quartz as the common component. According to Taylor et al. (1952) a usual
chemical composition is 81-86% FeCOs, 8-10% CaC08, 6-8% MgC08,
> 0.5% MnC03• The purest carbonatic composition, therefore, contains
more siderite than the Beitstadfjorden varieties, whereas the latter is chemi
cally a much purer carbonate of iron. Cohen (1952) reports that siderite is
not a mixed crystal but is zonal with a varying iron content. This may not be
the case with the Beitstadfjorden siderite, however, as microprobe traverses
on polished sections of three analysed specimens show an absolutely constant
iron content.
The middle Jura of Yorkshire, north of Northampton, belongs to a differ
ent facies, namely the Estuarine series with sandstones, shales and thin coal
beds. Rayner (1967) reports that this deltaic facies also at times contains
the drifted remains of fems, conifers, gingkos, and cyclade-like plants. This
compares well with the Beitstadfjorden basin where plant remains have
drifted down into the depressions where the siderite has been deposited.
The Jurassic of Spitsbergen also contains ironstones and ferruginous
carbonates (Orvin 1940). The only known area with Jurassic bed rocks in
Norway is located in northem Norway, on the east side of the island of
Andøya. Here the oldest rock is Upper Jurassic sandstone with coal beds
continuing into Lower Cretaceous (Ørvig 1960).

Origin of the Beitstadfjorden Jurassic deposits
The sideritic ironstone of Beitstadfjorden has three major components: the
siderite, the kaolinite and the clastic quartz grains. The conclusion from the
petrographic investigations is that the siderite is most likely a chemical
sediment deposited in shallow water. Since no marine fossils have been
discovered (Vigran, pers. comm.), the deposition must have occurred in
shallow lakes. A supposedly warm climate where erosion had taken place
on very flat adjacent land contributed considerable iron in solution as well
as a fine clay of kaolinite. The third component, the clastic sand grains of
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various quartz types must have come from local sources situated dose to the
deposition basin. This is indicated by the irregular distribution of the quartz
grains, and the angularity of the grains, as well as the very irregular grain
size distribution within different specimens. These features can probably be
explained by one assuming that the shallow lakes were formed where faulting
bad taken place at the same time as the deposition of the ironstone. If the
faulting occurred on older fault lines, all hydrothermal quartz in the fault
zone would have been sheared and would have eroded afterwards. This
would explain the mylonitized type of quartz grains.
It is possible that the faulting in Trondheimsfjorden may be Jurassic, but
bearing in mind the crustal tectonics, it is much more probable that it is
Tertiary. The main drifting of Greenland from northwestem Europe started
in the Tertiary and may even have bad an early phase in the Cretaceous. It
seems reasonable to connect this drifting with the elevation and tipping of
the Fennoscandian landplate (Torske 1972). Detailed, intensive local faulting
has been mapped in great detail in the Fosdalen iron ore district just north of
Beitstadfjorden (Logn 1964). This faulting may now best be considered as
being the same age as the downfaulting of the Beitstadfjorden basin, rather
than as late Caledonian which formerly seemed natura!. The tectonic picture
of the whole Trondheimsfjorden area after the discovery of a Tertiary (or
at least post-middle Jurassic) faulting will be considered by Oftedahl in the
near future.
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namely the schoolboys Jan, Åge and Svein SjØmark, as well as their late father Mr.
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