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ABSTRACT

Eriksson, C.-O. & Laufeld, S.: Philip structures in the submarine Silurian of northwest
Gotland. Manuscript delivered 12th May, 1977.

The Silurian succession of the northwest coast of the island of Gotland includes the
Lower and Upper Visby Beds and the Hogklint Beds. Aerial photographs have revealed
the occurrence of 108 concentric and semicircular structures — between 10 and 80 m
wide — in the submarine wave-cut platform outside the cliff. The structures were caused
by the sagging of Hogklint reefs of Cyrtograptus murchisoni Zone, i.e. earliest Wen-
lockian, age into the semiconsolidated Visby Beds. A structure of this kind is named
“Philip structure”, which is defined as “a circular or ellipsoidal depression beneath and
caused by a reef or bioherm”. The new term ”Cumings structure” is introduced for “a
circular or ellipsoidal domelike structure consisting of the quaquaversally dipping beds
immediately overlying and adjacent to a reef or bioherm”. Maps show the geographical
distribution of the 108 Philip structures encountered and their relation to the Hogklint
reefs exposed in the supramarine rocks. The palaeogeography of the Hogklint reefs is
discussed and it is concluded that the submarine Philip structures represent the land-
ward part of a 2—3 km wide zone of comparatively small subcircular reefs located lee-
ward of a string of fairly large reefs that were elongated along, and grew parallel with,
the coast in Hogklint time.



PREFACE

When the junior author visited Gotland in the spring of 1973, Arne Philip — architect,
photographer, aviator, and geologist — of Visby showed him a great number of aerial
photographs of the Isle of Gotland taken from a small fixed-wing aircraft at low altitudes.
Philip demonstrated several interesting geological structures on his photographs and
asked about the probable nature of some of these. At least two kinds of features in the
Silurian bed-rock were not recorded on Gotland earlier and, as far as we are aware,
the concentric depression structures described in this publication and named Philip
structures in honour of their discoverer are nowhere as well developed as on Gotland.

At the time of Philip’s discovery of the concentric structures in the shallow sea im-
mediately outside the northwest coast of Gotland, it was only possible to speculate on
their origin. The most probable explanation, however, was one that involved differential
compaction of the bedded sediments adjacent and subjacent to the massive reef bodies in
the uppermost Llandoverian—lowermost Wenlockian of Gotland. Because the junior author
suspected that the concentric structures could be used for a reconstruction of a hitherto
unknown string of reefs northwest of, but contemporaneous with, the Hogklint reefs
that nowadays are exposed in the cliff along the coast, he suggested to the senior author
to make a detailed analysis of these structures as the subject of his Master’s thesis. The
Geological Survey of Sweden granted financial support for the aerial photographing of
the entire cliff and wave-cut platform along the northwest coast of the island. Ge-
nerously, the Geological Survey also defrayed the costs of the senior author’s field work.

In August 1973, Arne Philip shot more than 1500 aerial photographs which the senior
author mounted in strips to produce a composite image of the entire coastal area. Fol-
lowing identification and delineation of all concentric structures discernible on the
photographs, the location of each structure was marked on the topographical and econo-
mical map sheets. The field work was done in the late autumn of 1973 and several
times under adverse weather conditions such that the senior author once escaped from
drowning only by luck.

Later, Ame Philip shot a new series of photographs in colour and black and white of
some of the more conspicuous concentric structures, partly for educational purposes, part-
ly for evaluating various films in connection with work on other structures in the shallow
waters visible from the air. Some of this later work was partly paid for by grant to
the junior author from the Royal Swedish Academy of Science. Some of these photo-
graphs of the Philip structures have been used by us in lectures given in Scandinavia
and North America and by A. Martinsson (1975). Further, Arne Philip used some of
them as a part of his magnificent photo exhibition “Gotland in bird’s eye view” that
was on display in Sweden and in the UNESCO-house in Paris (1974—75).




INTRODUCTION

Gotland is situated in the Baltic about 100 km east of the mainland of Sweden
(Fig. 1). Silurian marine sedimentary rocks of latest Llandoverian through Lud-
lovian age form the supramarine bedrock of the island. The strike of the Silurian
strata is roughly northeast-southwest and the general dip is about 0.25 degree to-
wards the southeast. Hence, the oldest rocks are exposed along the northwest
coast of the island and the youngest in the southeast and south. The Silurian
System is underlain disconformably by a sequence of marine Ordovician lime-
stones, shales and subordinate siltstones of a total thickness of 75—100 m. The
Ordovician-Silurian boundary is situated about 150 m below sea level at the
northwest coast and about 500 m below sea level in the Holmhillar—Hammars-
hagehillar area in the extreme southeast of the island.

The Silurian of Gotland was subdivided into 13 major topostratigraphic units
by Hede (1921, 1925). The chronostratigraphic framework of these units, their
thicknesses and main lithologies are compiled in Fig. 2. For elaborate discussions
of the local stratigraphy and correlations, reference is made to Hede (1958,
1960), Martinsson (1967), Laufeld (1974a), and Laufeld and Jeppson (1976,
Fig. 4).

With a slight overgeneralization it can be stated that the Silurian bed-rock on
Gotland consists of three rock types, viz. limestone, calcareous mudstone and sub-
ordinate sandstone (Fig. 1). The various types of bedded and reef limestones are
comparatively resistant to weathering and erosion and form the topographically
high areas on the island. All parts of Gotland 40 metres or more above sea level
are located in areas where the bed-rock consists of limestones (Munthe 1913:8).
The topographically low parts of the island are, by and large, underlain by cal-
careous mudstones and shales. As may be gathered from the map, Fig. 1, the
main topostratigraphic units cut across the boundaries between the two major
rock types.

The soil cover in the topographically high limestone areas is very thin or
missing, because the limestones are pure and contain only very small amounts
of soil-forming clay minerals, and the drainage is very effective, taking place
through karst fissures in the limestones. Vegetation is consequently less dense so
it is not surprising that the bed-rock structures on Gotland described in earlier
literature are confined to the limestone areas. Comparatively few such structures
have been described, however, despite the fact that they are both common and
widespread in the highest limestone areas. As the structures in the highest lime-
stone areas are unrelated to the structures to be described here, they are not
dealt with further in the present paper.
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Fig. 1. Map of the Silurian of Gotland showing main lithofacies. The dashed lines show
the boundaries between some of the 13 topostratigraphic units. The areas marked along the
northwest coast are those shown in Figs. 4—6. Simplified after Hede (Munthe, Hede &

von Post 1925, PL. 4),




GEOLOGY OF THE NORTHWEST COAST

The northwest coast of Gotland is almost entirely a steep cliff coast where the
oldest three supramarine Silurian units are exposed. The cliff, which in some
places attains a height of 45 m, forms an abrupt transition between the north-
westernmost Wenlockian limestone area of Gotland and the Llandoverian, chiefly
submarine, area of calcareous mudstones and shales to the northwest. In most
places along the northwest coast there is a narrow beach that is paved by beach
pebble or gravel, but in a few places the steep cliff plunges directly into the sea.
Immediately outside the beach the bed-rock is in many places exposed in a
wave-cut platform (pallen in Gotlandian) that extends 50-—500 m towards the
northwest. The water depth increases slowly towards the outer edge of the plat-
form, where it is 3—5 m, then very rapidly so that the edge in some areas forms
the uppermost part of a small but fairly steep submarine cliff. There are very few
islets and skerries along the northwest coast of Gotland. Accordingly, the coast
is exposed to waves that break at the edge of the submarine platform thus abra-
ding the local bed-rock and extending the platform.

The three topostratigraphic units exposed in the cliff and wavecut platform
along the northwest coast are, in ascending order, the Lower Visby Beds, Upper
Visby Beds and Hogklint Beds (Fig. 2).
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Fig. 2. Stratigraphy, maximum thickness and main lithologies of the 13 topostratigraphic
units in the Silurian of Gotland. Note the occurrence of reefs or bioherms in all units ex-
cept for the Lower Visby and Mulde Beds. Simplified from Hede (1960:47—52) and Lau-
feld & Jeppsson (1976, Fig. 4).











































































