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Archaeocyathids are described for the first time from Norway, from the
metamorphosed Caledonian rocks of Sørøy. The large collection of material
comprises poorly preserved, unidentified ajacicyathids showing the unusual
feature of increase by budding or fission. Thus, while the forms described
indicate most broadly speaking a Lower to early Middle Cambrian age,
it is at !east likely that their age is late Lower Cambrian or possibly early
Middle Cambrian. This stratigraphical age for part of the SØrØy succes
sion has a considerable import in the dating of the great zone of meta
morphic rocks throughout the western part of Northern Norway. This is of
further significance in providing a lower age limit to the maximum expres
sion of Caledonian orogenic metamorphism in the region.
C. H. Holland, Department of Geology, Trinity College, Dublin 2, Ire/and.
B. A. Sturt, Geologisk Institutt, University of Bergen, Joachim Frieles Gt.
l, Bergen, Norway.

Introduction
One of the major difficulties in the· correlation of stratigraphical sequences
and structural units in the extensive tract of highly deformed 'Eo-Cambrian'
and 'Cambro-Silurian' rocks in the western zone of the Caledonides of nor
them Norway is the lack of fauna! remains in these sequences. The only
described fossil assemblages are, in fact, the mid-Ordovician fossils found
at the Furulandfeastem Sjønstå Group junction of the Lomivann tract in
the Sulitjelma area of Nordland (Nicholson 1966, Nicholson & Rutland
1969), and the Silurian fauna in the low-grade rocks of eastem Magerøy,
Finnmark (Henningsmoen 1961, Føyn 1967a). In the great extent of the
Norwegian Caledonides, however, between these two localities, no fossils
have been described from the metamorphic rocks. The Caledonian meta
morphic rocks Iie in a series of nappe units on an autochthonous zone of
Eo-Cambrian and Cambrian rocks referred to as the 'Hyolithus zone'
(Holtedahl 1960, Føyn 1967b) and in these latter autochthonous sequences
well-documented fauna! assemblages of Cambrian age ranging up into the
Tremadoc (Holtedahl 1960, Reading 1965) are present. It is evident that
in the great tract of metamorphic rocks, designated as 'Eo-Cambrian' and
'Cambro-Silurian' on the N. G. U. 1:1,000,000 'Geologisk Kart over Norge',
although there are many comparisons between stratigraphical sequences in
different parts of northem Norway, it is not possible to establish viable
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correlations throughout the whole region except in general terms of litho
facial similarities, and, what is more, impossible to give definitive ages to
the different formational units.
In a recent paper, Sturt, Miller & Fitch (1967) presented a group ot
potassium-argon age determinations of minerals (and one whole rock) from
alkaline rocks in West Finnmark. These alkaline rocks were emplaced late
in the sequence of orogenic deformation and metamorphism on the islands
of Sørøy and Seiland, and post-date the maximum expression of the oro
geny. The results of this investigation suggested that the minimum age
of emplacement of alkaline pegmatites in the region was around 490 m. y.,
and that the area bad in fact been subjected to the thermal effects of
two main orogenic phases. The first of these, in Late-Cambrian to Early
Ordovician times, is shown by a group of ages in the range 480-491 m. y.,
and the second, in Late Silurian-Early Devonian times, by a large concen
tration of ages in the range 384-420 m. y. Correlations with other parts of
Scandinavia were presented, and Sturt et al. concluded that the earliest of
these two phases probably corresponds to the Trondheim orogeny. This
was further correlated with the late Cambrian- early Ordovician orogeny
affecting the Dalradian Series of the British Isles (see also Skevington &
Sturt 1967, Berry 1968). Confirmation of an early phase of the Caledonian
orogeny in West Finnmark has recently come from Pringle & Sturt (1969),
who present an Rb-Sr isochron from an anatectical aplo-granophyre sheet
in the aureole of the syn-regional metamorphic Hasvik Gabbro on the
island of Sørøy, which gives an age of 530 ± 35 m. y. for the emplacefnent
of the gabbro and its contact metamorphism. The younger group of ciates
was correlated with the 'main' Caledonian orogeny at the close of Silurian
times, and was further correlated with the 'mise en place' of the main
nappe sheets in the thrust-front of Norway and Sweden (see also Nicholson
& Rutland 1969) and with the low-grade metamorphism of the Silurian
rocks of Magerøy.
Recently, specimens of archaeocyathids were discovered by one of us
(B. A. S.) in same impure limestones on Sørøy (Sturt & Ramsay 1965), thus
giving a definite Cambrian age to the part of the Sørøy succession, and in
doing so a maximum age for the orogenic deformation. As will be shown
subsequently, it is possible to ascribe these more closely to the upper part
of the Lower Cambrian or to the lower part of the Middle Cambrian. The
archaeocyathids from Sørøy are the first to be recorded from Norway.

The geological setting of the archaeocyathids
The stratigraphy of Sørøy has been discussed in some detail in recent papers
by Roberts (1968a, 1968b). Roberts shows that the succession is domi
nantly of a shallow water type consisting of psammites, pelitic and semi
pelitic schists, calc-silicates and limestones; the upper part of the sequence,
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viz. the Hellefjord Schist, represents deeper water conditions in 'an altema
tion of pelagic sediments and distal turbidites' (Roberts 1968b).
The succession on Sørøy is as follows (Sturt & Ramsay 1965, Roberts
1968a)
Hellefjord Schist
Breivik Group
Falkenes Limestone Group
Storelv Schist
Transitional Group

Top

}

Klubben Quartzite Group

Base

l

Roberts combines them
as
Falkenes Limestone Group

3:���:�

i-Pelite
Quartzite 2
Lower Semi-Pelite
Quartzite l

This succession can be mapped throughout Sørøy and in many places can
demonstrated to have been deposited in the sequence shown above on
the basis of the locally abundant sedimentary structures preserved in the
Klubben Quartzite Group and in the Hellefjord Schist. It also seems pos
sible to correlate this succession with one developed further south in North
be
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Fig. l. Sketch-map showing the distribution of major igneous bodies in SØrØy and the
locality

(X), from which archaeocyathids have been collected.
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Fig. 2. Sørøy archaeocyathids: this part of a 'garden' of archaeocyathids shows poorly
preserved specimens of various sizes, flattened and elongated to ellipsoidal shapes. The
locality at which the photographs shown in Figs. 2 and 3 were taken, and from which
all the specimens illustrated in Figs. 4 to 8 were collected, is that shown on Fig. l,
and referred to on page 346.

Troms at Loppa-Andsnes (Ball et al. 1963, Roberts 1968a). The precise po
sition of the archaeocyathids in this sequence is, however, a little uncertain.
They come either from a limestone horizon near the top of the Klubben
Quartzite Group of from the Falkenes Limestone Group.
The fossils were discovered on a reconnaissance traverse over Folkefjell,
between Oyfjord in S. Sørøy and Breivikbotn in W. Sørøy (Fig. 1), which is
an area still not mapped in detail. The fossils in fact occur in a series of
rafts of calc-silicate rocks and limestones within the Storelv Gabbro. This
gabbro is a thick sheet at least 40 km along its outcrop, reaching a
maximum thickness of 2-3 km.
The structural sequence is complex on Sørøy, but basically there appear
to be two major stages in the deformational history (for convenience de
signated D-1 and D-2). Bach of these stages is composed of a number of
deformational phases. The regional metamorphism of the area is of mid
to high-almandine amphibolite facies and reaches its maximum expression
between D-1 and D-2 (Roberts 1968a, Sturt 1969). The Storelv Gabbro
was emplaced during D-1 and there is evidence that it was transgressive
to the early fold structures (F-1) and that its contact metamorphic effects
were superimposed upon the fabric of this fold episode. The gabbro was,
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Fig. 3. Sørøy archaeocyathids flattened, but otherwise largely undistorted. The charac
teristic variation in size of the cups is shown, as are examples of invagination and
budding. One specimen in the top right hand corner Iies along the original bedding.
The right hand side of this surface is now preserved as TCD 9516.

however, strongly flattened during the later stages of D-1 and locally a
penetrative foliation developed. The gabbro was further folded during D-2
into large antiforms and synforms ( Ramsay & Sturt 1963). The limestone
and calc-silicate rafts, in which the fossils occur, were strongly recrystallised
as the result of incorporation into the gabbro and the subsequent alman
dine amphibolite facies metamorphism. In many places the limestones were
were converted into calcite-diopside, calcite-diopside-forsterite marbles and
diopside-forsterite rocks, due to the contact effects of the gabbro. Tremo
lite, phlogopitic biotite, and scapolite frequently developed from these as
retrogressive products during the subsequent almandine amphibolite facies
metamorphism. The main deformation suffered by the archaeocyathids
was during the F-1 folding and this varied from flattening with elongation
of the near-circular cross-sections to give ellipsoidal shapes (Fig. 2), to
simple flattening in which the original cross-sectional shapes are preserved
(Fig. 3). The fossil-containing rafts are fortunately preserved in a part
of the Storelv Gabbro which has suffered very little intemal penetrative
deformation subsequent to its intrusion, and hence they have been pro
tected from the post-gabbro emplacement strains.
The mapping to date shows that the Klubben Quartzite Group can be
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traced right up to the western boundary of the Storelv gabbro in this area,
but unfortunately it is impossible to ascertain at what level in the group these
rocks occur owing to their highly migmatitic nature. At first is was felt by
Sturt et al. (1967) that the limestonejcalc-silicate rafts, containing the
archaeocyathids, were from a thin limestone horizon near the top of the
Klubben Quartzite Group, but more recent reconnaissance work has revealed
that such rafts are extremely abundant and of considerable size in the south
ward extension of the gabbro. Thus the rafts would more logically be con
sidered as part of an extensive Iimestone-calc silicate group; also rafts of
homfelsed graphitic schist have been observed, which taken together are
more suggestive of the Falkenes Limestone Group. If this is the case, the
gabbro would appear to be following the core of an F-1 synform for much
of its course, but this must be verified in the subsequent mapping programme.
Collaboratory evidence that these rocks may be of the Falkenes Limestone
Group was found in the nearby Husfjord area (Speedyman 1967) where the
upper part of the Sørøy succession could be traced into the S. Sørøy igneous
complex and the limestones and calc-silicates of the Falkenes Limestone
Group made similar rafts.

Systematic description
Phylum Archaeocyatha Vologdin, 1937
Class Regularia Vologdin, 1937
Order Ajacicyathida R. and J. Bedford, 1939
Unidentified ajacicyathids
Material. Over 750 specimens in various degrees of poor preservation.
Figured specimens and certain others referred to in the text have been depos
ited in the Geological Museum of Trinity College, Dublin, Ireland, and TCD
numbers are given. Other representative material is in the Palaeontologisk
Museum, Sars gate l, Oslo 5, Norway.

The fossils described occur in banded impure Iimestone and calc
silicate rocks within a large raft (measuring 17 X 5.4 m) in the Storelv
gabbro. The best preserved specimens were collected from at least four bed
ding surfaces within the raft. Other specimens were collected from two fur
ther rafts but these were very poorly preserved, mainly as a result of more
intense local deformation. The locality {National Grid reference 545316]
is indicated in Fig. 1.
Locality.

The state of preservation of this material, involving silicification
within a metamorphosed matrix, has resulted generally in a kind of dense,
white, ring-like structure (Figs. 7 and 8), which may represent not only the
intervallum but also part or the whole of the outer and inner walls of the

Dimensions.
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original calcareous skeleton. Furthermore, though the outer boundary of the
ring of silicification is often seen sharply against the more or less hollowed
out matrix (Fig. 7e), the inner margin, in particular, may be obscured by a
streaking or spreading of the silicified material until, in the extreme, the fossil
may appear simply as a vague light coloured 'cap'. Thus, attempts to provide
a range of measurements for the intervallum (and hence values for the

valium

coefficient)

inter

would result in a spurious accuracy.

The diameter of the whole fossil is frequently easier to measure and the
proportionate error resulting from silicification and metamorphism is likely
to be considerably smaller. Diameters of 484 specimens are recorded in
Fig. 4. Measurements of the width of the silicified ring (and hence, as ex
plained, only very approximately that of the intervallum) were plotted in the
same way. Though there is more irregularity of distribution, the frequency
polygon (not reproduced here) is of similar form. A reasonable impression of
the relative proportions of the silicified ring may be obtained from Figs. 5,
7, and 8.
Only a few specimens permit observation of longitudinal sections such
as that of Fig. 7c. In such cases, though thin-sectioning reveals but a 'ghost'
of the original fossil, disrupted and streaked-out, there is clear enough evi80
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dence of a cup-like form a few mm deep. In other specimens the outer margin
is seen to disappear vertically into the matrix for distances of several mm.
One specimen (TCD 9517) shows a portion of a wrinkled silicified wall, in
complete both circumferentially and longitudinally, but reminiscent of that

b

c

Fig. 5. Camera lucida drawings of speciments of silicified archaeocyathids from SØrØy,
showing various stages and forms of invagination and budding: (a) TCD 9518, (b)
TCD 9519, (c) TCD 9518, (d) TCD 9520, (e) TCD 9518, (f) TCD 9521, (g) TCD 9518,

(h) TCD 9522, (i) TCD 9523, (j) TCD 9516; approximate magnifications (a)-(c) X 5,
(d)-(j) X 2.5.
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seen in hetter preserved material (as, for example, McKee & Gangloff 1969,
Pl. 92, fig. 2). The preserved length of this specimen is approximately 35
mm. The characteristic 'garden' of archaeocyathid cups illustrated in Fig. 3
shows but ane specimen in which a longitudinal portion of a more or less
cylindrical skeleton is represented approximately along the original bedding
plane to a length of same 50 mm. Such cases are exceptions within this very
extensive collection of material.

Description. Shallow to cylindrical cups. Increase by budding or fission is
common and there are all stages from paired invagination to colonial (pre
sumably dendroid) form (Figs. 5 and

7).

Budding is developed in smaller and

larger specimens alike and is clearly and closely reminiscent of that illustrated
by Zhuravleva (1950) in Ethmophyllum grandiperforatum Vologdin from
Tuva. Structure of outer and inner walls unknown. Although the siliceous
replacement and infilling of the intervallum is frequently compact and uni
form in structure, there are many specimens in which it is partly or comple
tely crossed by more or less irregular cracks or indentations. In same cases,
as for example in that illustrated in Fig. 8b, some at least of these are evi-

c

Fig. 6. Camera lucida draw
ings of SØrØy archaeocya
thids preserved as silicified
rings

but

showing

radial

slits, cracks, and indenta
tions regarded as represent
ing a relationship with the
original septal pattern: (a)
and (b) parts of same spe
eimen

-

TDC

9524,

(c)

TCD 9525, (d) TCD 9524,
(e) TCD 9522; all approxi
mately X 2.5.
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b

a

d

e

Fig. 7. SØrØy archaeocyathids: (a), (b), and (d) showing stages of invagination and bud
ding; (c) longitudinal section of preserved portion of cup; (e) specimens of various sizes,
the larger showing hollowed-out matrix outside silicified ring, and traces of radial septa.
(a) TCD 9516 X2.25, (b) TCD 9516 X 1.5, (c) TCD 9526 X 3, (d) 9521 X 4.5,
(e) TDC 9518 X 3.25.
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dently part of one or more systems of parallel fractures which are to be seen
elsewhere outside the specimen, for instance in their effect upon sheets or
veins of siliceous material. There are, however, various cases in which the
naked eye detects a clear radial pattern. Such radial structures do not always
show up well in photographs though they can be seen in Fig. 8 (a, c, d).
Such details are sometimes, but not always, hetter revealed under the bino
cular microscope and a few such examples have been drawn with the aid
of a Wild drawing tube (Fig.

6).

In rare specimens there are parts of the

silicified ring in which these radial structures are actually seen to be fairly
regularly placed at a separation of approximately 1 mm. They are reasonably
to be regarded as septa, or rather the positions of these before solution and
silicification. In certain cases in which the silicified ring was capped by cal
careous matrix, etching with dilute hydrochloric acid, stopped at a critical
point, aided the recognition of this septal pattern (see, for example, the
indented pattern in Fig. 6c).
Discussion. Zhuravleva (1950) made it clear that the development of a colon
ial skeleton in the archaeocyathids, though rare, is to be found in various
members of the group. What is more, Ethmophyllum grandiperforatum, in
which there is colonial development, was found to be identical in internal
structure with solitary species of the same genus. Hence the earlier tendency
to erect separate genera for these colonial forms is to be deplored. So that,
even if it could be shown that the Sørøy specimens do not belong to one of
those genera already known to have developed budding, it would be inadvis
able to provide a new generic name. The erection of a specific name would,
of course, have been possible, and, because of the geographical isolation and
stratigraphical importance of the record, has been seriously considered. But
when the state of preservation of this material is compared, for example,
with the kind of exquisite detail of skeletal morphology recently described
by Debrenne (1969) in South Australian archaeocyathids deposited in the
British Museum (Natura! History), such a course of action is seen to be with
out justification.
Reference of the material to Class Regularia and Order Ajacicyathida can,
however, be justified. The radial structures crossing the silicified intervallum
are reasonably to be regarded as representing radial septa of the kind found
in the Regularia rather than the rods, taeniae, or tubules which are the
equivalent skeletal elements in the Irregularia. Within the Regularia, assign
ment to the one-walled cups of the Monocyathida is rejected, thus leaving
the identification as of the two-walled Ajacicyathida. In addition we may
note that according to Zhuravleva (1950) the colonial archaeocyathids be
lang 'in the main to the Class Regularia', though a qualification is added
that 'the Class Irregularia has on the whole been less studied'.
There is certainly a similarity between the budding and colonial forms
from Sørøy and Ethmophyllum grandiperforatum as illustrated by Zhurav
leva (1950, figs. 1-3). Sajanocyathus ussovi Vologdin (Okulitch 1955, p.
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d
Fig. 8. SØrØy archaeocyathids in characteristic modes of preservation: (a), (c), and (d)
showing indications of radial septal pattern; (b) showing effect of parallel fracturing
of silicified ring. (a) TCD 9524 X 4.5,

TCD 9528 X 3.5.

(b) TCD 9527 X 3, (c) TCD 9524 X1.5,
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E13 fig. 9; Vologdin 1962, Pl. 3 figs. 3 and 4, p. 102 fig. 36) is also simi
lar, though the intervallum width appears to be relatively greater than that
of the Sørøy material. Sajanocyathus Vologdin 1940 was itself erected for
archaeocyathids like Ethmopyllum but colonial in form and with budding
produced by invagination of both walls. Zhuravleva (1950), for reasons
already mentioned, placed this genus in synonomy with Ethmophyllum.
Erbyocyathus Vologdin 1940 (see for example Vologdin 1962, Pl. 3 fig. 5),
which shows a similar mode of fission, was also reassigned to Ethmophyllum
in Zhuravleva's (1950) rationalisation of the taxonomy of these colonial
forms. Thus, it is certainly possible that the Sørøy material belongs to the
genus Ethmophyllum Meek 1868, though confirmation of the nature of the
inner wall is clearly impossible.
Though archaeocyathids characteristically occurred as gardens developed
on shallow (possibly less than 100 m) calcareous sea bottoms, various taxa
were frequently present together there. Hence the possibility cannot be over
looked that more than one species are represented in the abundant Sørøy
material. The frequency polygon for diameter (Fig. 4) suggests that this may
not be the case as it has the appearance of a typical 'survivorship curve' for
a biocoenosis of a single species. It has also already been remarked that the
characteristic mode of fission, rare as it is in the archaeocyathids as a whole,
is here found in forms of very varied size (see for example Figs. 5 and 7).
Archaeocyathids have now been recorded from a second locality only 0.5
km from the main occurence already referred to above. The additional
material is very poorly preserved and has suffered severe deformation.
However, it is quite possible that the two occurrences represent small parts
of the same original sheet of living animals. Okulitch (1969) has noted that
the lateral extent of such archaeocyathid 'colonies' may be 'several miles',
though their vertical dimension is usually only 'a few feet'. Okulitch (1955,
p. E2) earlier stated that 'apparently they lived in relatively narrow beits
parallel to coastlines of the Cambrian shallow seas'. The very limited ver
tical extent of the present occurrences is no doubt also a matter of preserva
tion in this remarkably unpromising tectonic and metamorphic environment.
The scarce longitudinally arranged specimens, such as that already referred
to on Fig. 3, must represent a relatively early falling-over of a few individual
members of the garden.

Stratigraphical implications
It is now accepted that the archaeocyathids are confined to the Cambrian.
They are characteristic of the Lower Cambrian though a few species extend
into the early Middle Cambrian (Hill 1967). They are known from all con
tinents except South America. There are particularly rich faunas in Siberia,
Australia, and North America. European occurrences are rare though there
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are previous records from Spain, France, Sardinia, Czechoslovakia, and the
Urals (Hill 1964). However, Zhuravleva (1950), in reviewing the colonial
forms assigned to that date, found all these to be from the very highest
levels of the Lower Cambrian. Thus, while the forms described here indicate
at broadest a Lower to early Middle Cambrian age, the presence of budding
suggests at !east the likelihood that their age is late Lower Cambrian. The
genus Ethmophyllum, which has been suggested as a possible identification,
itself ranges from Lower to Middle Cambrian (Hill 1967), and the Sørøy
material may well belong to a colonial species of this genus not previously
described.
The finding of archaeocyathids within the Sørøy succession therefore
proves that this is at least in part of Cambrian age. If, as seems possible, the
limestones containing these fossils are of the Falkenes Limestone Group, this
would imply that the Breivik Group and Hellefjord Schist are Middle to
Upper Cambrian in age and the Storelv Schist of Lower Cambrian age, with
the Klubben Quartzite Group being Eo-Cambrian to Lower Cambrian. In
terms of lithofacies types it is difficult to make comparison with the autoch
thonous successions of the Vestertana and Digermul Groups of Eastern
Finnmark (Reading 1964), though it would appear on the palaeontological
evidence available that the archaeocyathid bearing

limestone of Sørøy

would fit around the junction of the Duolbasgaissa and Kistedal formations
of the Digermul Group. The Klubben Quartzite Group has in many parts of
its sequence the appearance of rocks of typical sparagmitian aspect, a feature
commented on by Roberts (1968a, p. 15). Rocks of this type are found
throughout the western belt of the Scandinavian Caledonides and are gener
ally regarded as Eo-Cambrian, ranging up into the lowest part of the Cam
brian. The Klubben Quartzite represents an extremely thick group of sand
stone over 2,000

m

in thickness (Roberts 1968b), though nowwhere in its

development on Sørøy are tillite horizons developed. This may be due either
to the succession being entirely post-tillite, or to the tillites not being devel
oped in the marine sequence of Sørøy. Hence it is impossible to ascribe a
lower stratigraphical limit within the Klubben Quartzite Group.
On stratigraphical grounds it can be argued that the age of the early
Caledonian orogeny in the Sørøy region must, at the earliest, be late in the
Cambrian Period. The archaeocyathids give a possible Lower to Middle
Cambrian age to a part of the succession, which is succeeded by the thick according to Roberts (1968b) at least 700 m - sequence of the Hellefjord
Schist. Such an observation is in good accord with the conclusion reached
by Sturt et al. (1967) of a late TremadocfArenig age for orogenic deforma-
tion and metamorphism.
30 October 1969
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