Geological mapping of Mesozoic deposits along the
eastern margin of the Rgnne Graben, offshore
Bornholm, Denmark
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Detailed shallow seismic investigations of the eastern Rgnne Graben, offshore Bornholm have resulted in
the recognition of characteristic seismic facies which are subdivided into seismostratigraphic units.

The seismostratigraphic units are correlated with known lithostratigraphic units on Bornholm, thus
permitting detailed geological mapping along the eastern margin of the R¢nne Graben.

In contrast to the sequence on Bornholm, it appears that there was continuous sedimentation from the
Regnne Formation (Lower Jurassic) to the Rabekke Formation (Lower Cretaceous), while the Robbedale
and Jydegard Formations (Lower Cretaceous) are absent in the Rgnne Graben. In the area mapped in
detail the youngest Pre-Quaternary sediments are the Arnager Greensand, the Arnager Limestone and
the Bavnodde Greensand Formations (Upper Cretaceous).

All the Mesozoic deposits were affected by transpressional tectonic activity during the Upper Cretace-
ous — Lower Tertiary.

The structural relationships show a characteristic pattern consisting of the main fault on the eastern side
of the Rgnne Graben and a system of en échelon reverse faults. This pattern probably formed as a result
of northeast-southwest wrench movements in a compressional dextral strike slip system.
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20th 1988.

Introduction

The geology of Bornholm has long attracted at-
tention and, in particular the Mesozoic sedimen-
tary succession has been studied in some detail.

The Mesozoic stratigraphy was studied by Gry

(1956, 1960, 1968 and 1969), while the present
lithostratigraphic subdivision was established by
Gravesen et al. (1982). The literature on the
Mesozoic deposits of Bornholm is extensive, as
can be seen from the reference lists in earlier
publications (Gry, 1969; Gravesen et al., 1982).

The results of general investigations of the
block units around Bornholm have been pub-
lished by Andersen et al. (1975), but offshore
studies were not intensified until deep seismic
studies were carried out in the search for oil

(Vejbzk, 1985; Liboriussen et al., 1987).

_In addition, shallow seismic studies have been
carried out in connection with the search for sand
and gravel deposits. These studies have included
both general investigations (Larsen, 1986; Ha-

mann, 1987a; Hamann, 1987b) and detailed stud-
ies (Jensen, 1988a; Jensen, 1988b).

This paper presents results from a detailed
study on the eastern flank of the Rgnne Graben.

Bornholm - Part of the Fennoscandian
Border Zone

The Fennoscandian Border Zone is a complex
tectonic zone (fig. 1 & 2) along which there has
been tectonic activity from Late Carboniferous
times to the present day.

Bornholm is located on the southern margin of
the Fennoscandian Border Zone, and the exist-
ence of Bornholm as an island can be ascribed to
movements along this zone. Deep seismic studies
(Liboriussen et al., 1987) show that the Rgnne
Graben was initiated between Carboniferous and
Permian times and developed as a pull apart ba-
sin, formed by right stepping associated with dex-
tral wrench along the Fennoscandian Border
Zone (Vejbzk, 1985).
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Fig. 1. Tectonic map of the Fennoscandian Border Zone (after Liboriussen et al., 1987).

The Fennoscandian Border Zone was activated
several times during the Mesozoic rift phase
(Triassic — Jurassic), resulting in differential sub-
sidence of the Rgnne Graben. This subsidence,
in combination with eustatic sea level variations,
were the dominant factors controlling of deposi-
tion during this period (Gravesen et al., 1982).

Transtensional movements in Triassic-Early
Cretaceous times were replaced in the latest Cre-
taceous — Early Tertiary by transpressional move-
ments, probably related to early Alpine plate
collision (Ziegler, 1981).

The transpressional movements reactivated

faults along the Fennoscandian Border Zone,
mainly as reverse faults in a dextral strike-slip
regime, resulting in partial uplift of the Fennos-
candian Border Zone (Liboriussen et al., 1987).
This inversion is clearly shown by deep seismic
studies in the Rgnne Graben (fig. 1).

The shallow seismic studies show that this in-
version phase occured after deposition of the
Bavnodde Greensand Formation (fig. 5 & 11)
since these deposits were folded during reverse
fault movements.

It is also clear that the Bavnodde Greensand
Formation is present over a large area of the sea
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Fig. 2. Interpreted deep seismic profiles across the Rgnne Graben (after Liboriussen et al., 1987).

floor (Hamann, 1987a), whereas the Pre-Qua-
ternary deposits elsewhere are discordantly over-
lain by Quaternary deposits which are apparently
undeformed (fig. 14).

Shallow seismic studies

Marine geological mapping in the area south of
Bornholm (fig. 3a) was carried out in 1983 as part
of a project to map the distribution of sand and
gravel around Denmark. The mapping involved
shallow seismic reflection investigations and sam-
pling.

The aim was to establish the distribution of

quartz sand, and detailed geological mapping of
the Mesozoic deposits was carried out in a small
area on the Arnager-Sose block (enclosure A5 in
Larsen, 1986).

A series of sand excavations were carried out
on the basis of the general mapping. Together
with reinterpretation of the seismic data, this led
to the publication of a regional geological map
showing the distribution of Mesozoic deposits in
the area (Hamann, 1987a).

Study of this geological data showed however,
that the structure was so complicated that de-
tailed reflection seismic prospecting was required
to map the distribution of quartz sand resources
in the area west of the town of Rgnne (fig. 3a).

This investigation was carried out in the sum-
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Fig. 3b. Detailed investigations (echo sounding, pinger,
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The lines numbered 304, 306 and 313 refer to figures 1
and 14 respectively.
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Fig. 4. Block units I - VIII and fault pattern in the area southwest of Bornholm.

mer of 1987, involving a closely spaced sailing
grid (300 m X 1 km) taking echo soundings,
pinger (subbottom profiles), boomer and side-
scan sonar records (fig. 3b). Air gun determina-
tions and subbottom profiles were carried out on

a wider net (3 km x 3 km) (fig. 3c). These in-
vestigations, together with sampling, formed the
basis for the detailed mapping (Jensen, 1988a;
Jensen, 1988b).

The air gun data was used to provide a general
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Fig. 5. Mesozoic stratigraphy of Bornholm and the north-eastern part of the Rgnne Graben.

interpretation of faults and the orientation of
bedding down to a maximum depth of 100 m (fig.
11). Boomer- and side scan sonar data show a
characteristic pattern of reflectors (seismic facies)
which allow the identification of seismostrati-
graphic units. These units have been correlated
from one seismic record to the next, allowing
detailed mapping of the units.

The seismostratigraphic units reflect character-
istic lithologies which, when correlated with
known lithostratigraphic units on land, resulted
in the construction of the detailed geological map
of the area (Jensen, 1988a).

Mesozoic deposits in the Rgnne
Graben

The Mesozoic deposits in the Nyker-, Knudsker-,
Vellensby-, Arnager-Sose- and South Bornholm
Blocks (fig. 4) have been described in detail by
Gry (1960, 1969), Gravesen et al. (1982) and
Hamann (1987b).

This description therefore concentrates on the
northeastern part of the Rgnne Graben area. The
mapping showed that the structure here was dif-
ferent from that described in earlier publications.
This can clearly be seen in map 1 which has been
compiled using the new data presented here to-
gether with existing maps of Mesozoic deposits
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Fig. 6. Seismic reflection pattern (Boomer) of the Rgnne Formation.

on land (Gry, 1960, 1969) and at sea (Vejbazk,
1985; Hamann, 1987a).

The Rgnne Graben consists of several blocks
(fig. 4; blocks I to VIII) containing outcropping
tectonised Mesozoic deposits belonging to the
Bornholm Group and parts of the Nyker Group
and the (informal) Marine Cretaceous Group
(fig. 5 and Map 1).

An en échelon pattern of reverse faults with a
northwest-southeast orientation has resulted in a
large degree of repetition from block to block
(Map 1).

The Rognne Formation

The oldest Mesozoic deposits exposed on the sea
floor in the area of the Rgnne Graben belong to
the Regnne Formation (fig. 5), occurring in blocks
IIT and VI (fig. 4 and Map 1).

The characteristic seismic facies consists of a
pattern of many closely spaced weak reflectors in
a generally massive — appearing reflection pattern
containing a few good reflectors (Jensen, 1988a).

Sampling and diving investigations reveal that
the seismic picture can be related to the litholog-
ical development. The area with closely spaced,
weak reflectors and the massive reflector pattern
is identified with cross-bedded and massive sand
deposits. Where localy cemented, they form
marked topographical features on the sea floor
(fig. 6). -

The strong reflectors are believed to represent

clay ironstone beds, massive beds of clay, and
heterolithic units.

The lithological facies development of these
deposits, together with their areal location (Map
1) suggest that they belong to the Galgelgkke
Member of the Rgnne Formation which has been
interpreted as representing a tidal deposit (Gra-
vesen et al. 1982, fig. 15).

The base of the Rgnne Formation has not been
observed since the seismic data only shows the
uppermost ca. 125-150 m of the formation (the
Galgelgkke Member) which is estimated to have
a thickness of 350480 m (Gry, 1960, 1969; Ha-
mann, 1987b).

The upper boundary with the Hasle Formation
is marked by a transition from sandy, clayey and
carbonaceous sediments to limonite-cemented,
micaceous fine sand and clay ironstone beds. The
seismic data suggest that the boundary is con-
cordant.

Hasle Formation

The Hasle Formation is exposed on the sea floor
in blocks III, IV, V, VI and VIII (fig. 4 and Map
1) and is continuous from the blocks to onshore
exposures.

The seismic reflection pattern consists of
strong, parallel reflectors with a constant spacing
of 2-5 m (fig. 7). These reflectors form ridges on
the seafloor but the ridges are often camouflaged
by accumulations of pebbles.
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Fig. 7. Seismic reflection pattern (Boomer) of the Hasle Formation.

The reflection pattern corresponds to alternat-
ing beds of fine grained, muscovite-bearing ce-
mented sand and clay ironstone; the clay iron-
stone beds are responsible for the strong reflec-
tions.

Sedimentological studies of eqquivalent depos-
its on land (Surlyk & Noe-Nygaard, 1986) have
demonstrated that they represent marine coastal
deposits which, apart from the uppermost part of
the formation, are limonitized with a redbrown
colour.

In the area of investigations the Hasle Forma-
tion is overlain by the Bagd Formation. The

Upper Zone

boundary is seismically concordant but diffuse
because of only minor lithological differences be-
tween the two formations at the boundary. Sedi-
mentological studies in a coastal outcrop at Kor-
sodde (Hamann, 1987b) confirms the seismic ob-
servations indicating continuous sedimentation.
Lithologically the boundary is defined by the first
occurence of thick clay units above fine grained
micaceous sand.

The exact location of the upper boundary is
thus uncertain and consequently the thickness of
the Hasle formation is estimated to be between
150-180 m.
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Fig. 8. Seismic reflection pattern (Boomer) of the Bagd Formation. The boundary is shown between the lower zone consisting of
closely spaced reflectors and the upper zone with a generally diffuse reflection pattern.
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Baga Formation

The most extensiv formation in the area studied
is the Bagd Formation. It is present in all the
blocks I-VIII (fig. 4) and in addition it has the
widest areal extent (Map 1). '

The seismic data allow a subdivision of the
formation into a lower and an upper unit.

The lower unit has a reflection pattern (fig. 8)
consisting of zones with parallel, closely spaced
reflectors which often produce ridges on the sea
floor. These zones alternate with zones showing a
diffuse pattern. The thickness of the individual
zones varies from a few metres to 15-20 m.

The upper unit produces a dominantly diffuse
reflector pattern (fig. 8) with a few very strong
reflectors.

Offshore the lithology of the lower unit con-
sists of alternating layers of sand, clay and coal.
On land, similar layers are often developed as
cyclic fining-upward sequences (3-5 m thick) con-
sisting of silt or clay (sometimes heterolithic)
overlain by coal-bearing clay, sometimes termi-
nated by a root horizon and a coal layer (Hoel-
stad, 1985). This pattern is interrupted by sand
beds up to 5-10 m thick. This lithological devel-
opment has been interpreted to represent deltaic
deposits or flood plain deposits on a coastal delta
plain (Gravesen et al., 1982; Hoelstad, 1985).

The seismic and lithological features are con-
sistent since the clayrich, coal-bearing sequences
correspond to the seismic zones with the closely
spaced reflectors, whereas the sandy zones pro-
duce the diffuse seismic reflection patterns (Jen-
sen, 1988a).

The upper unit of the Bagi Formation does not
outcrop on land and it can therefore only be
interpreted on the basis of the marine geological
investigations.

The diffuse reflector pattern, supplemented by
sampling and suction dredging in the area, show
that the deposits consist mainly of sand. The dep-
ositional environment for these sandy sediments
may have been fluviatile with continuous progra-
dation of the delta sequence developed in the
lower part of the Bagd Formation.

Studies on Bornholm (Gry, 1960) imply that
the formation has a thickness of more than 270 m
but the marine geological studies show that it is
more than 450 m thick in the Rgnne Graben
area.
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The boundary between the Bagd Formation
and the Rabekke Formation is difficult to locate
precisely since the lower part of the Rabekke
Formation also consists of sandy deposits.

The Rabekke Formation

The Rabekke Formation is the oldest unit of the
Lower Cretaceous (fig. 5) and in the Rgnne Gra-
ben it is the only representative of the Nyker
Group; it is present in blocks I, IT and VII (fig. 4
and Map 1).

The formation can be subdivided into a lower
and an upper unit which have very distinctive
seismic reflection patterns.

The lower unit has a reflection pattern very
similar to that in the upper Bagd Formation al-
though the Rabekke Formation has local, closely
spaced weak reflectors in a generally diffuse re-
flection pattern (figs. 9a & 9b).

Equivalent deposits on land have been de-
scribed as a separate member Homandshald
Member; (Gravesen et al., 1982) which has been
interpreted to represent a fluviatile deposit.

The upper unit can be characterized seismically
by the presence of a series of 812 strong, parallel
reflectors which form ridges on the sea floor (figs.
9a & 9b) with a constant spacing of 20-30 m.
Weak reflectors which often occur between these
are likewise parallel.

The upper unit of the Rabekke Formation is a
most impressive seismic unit which can be traced
across many seismic lines without significantly
changing character. The seismic pattern is due to
kaolinitic clay and coal-bearing clay horizons in-
terbedded with fine-grained sand units. Equiv-
alent deposits on land have been interpreted as
lacustrine to marginal marine deposits (the Skyt-
tegard Member; Gravesen et al., 1982).

The thickness of the Rabekke Formation on
Bornholm has been estimated to be 45-105 m
(Gravesen et al. 1982). In the Rgnne Graben it is
estimated to be 100-120 m thick, with some un-
certainty because of the difficulty of locating the
boundary between the Bagd and Rabekke For-
mations.

The top of the Rabekke Formation is clearly
seen as a powerful reflector on the boomer rec-
ord where the reflector can be followed below the
first multiple (fig. 9a). This is correlated with a
major conglomerate bed that occures just above
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Fig. 9a. Seismic reflection pattern line 111 (Boomer and side scan sonar).
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the base of the Arnager Greensand Formation,
onshore Bornholm.

This well consolidated phosphorite conglomer-
ate forms a feature on the sea floor, and on the
seismic sections it forms a well-defined dipping
layer which sometimes produces a seismic diffrac-
tion pattern. This can be seen in fig. 9a where
diffractions are present as branches below the
reflector.

The presence of this phosphorite conglomerate
indicates that there was a hiatus between the
Rabekke Formation and the overlying Arnager
Greensand Formation (Kennedy et al., 1982),
but the seismic results do not suggest the pres-
ence of an angular discordance.

The Robbedale- and Jydegérd Formations

These formations form extensive coastal seg-
ments on the Arnager-Sose Block and the Nyker
Block (fig. 4) (Gravesen et al., 1982) but they are
not present in the Rgnne Graben where the Ra-
bekke Formation is in contact with the Arnager
Greensand Formation (fig. 5 and Map 1).

Their absence in the Rgnne Graben is consis-
tent with the model proposed by Noe-Nygaard &
Surlyk (1988), in which the position of the coast-
line, and hence the coastal facies (Robbedale and
Jydegard Formations) was tectonically anchored.

The Arnager Greensand Formation

The Arnager Greensand Formation, which is the
oldest unit in the Marine Cretaceous Group (fig.
5), is present in blocks I and II in the Ronne
Graben (fig. 4 and Map 1).

As mentioned above, its seismic reflection pat-
tern is dominated by the diffraction pattern gen-
erated by the near base conglomerate. In addi-
tion to this there are a few strong reflectors in the
lower part of the formation, while the remaining
part shows a rather diffuse reflection pattern
(figs. 9a & 9b).

From submarine sampling it appears that the
lithological features which give rise to these
strong reflectors, in addition to the phosphorite
conglomerate, are zones of cemented glauconite-
bearing quartz sandstone with phosphorite nodu-
les. _

The Amnager Greensand Formation has been
interpreted to represent coastal marine deposits

(Kennedy et al., 1980) which have a thickness of
80-90 m in the Rgnne Graben (Hamann, 1987b).
The upper boundary of the formation with the
Arnager Limestone Formation does not appear
to be discordant on the seismic record, but in-
vestigations on Bornholm show that it is an ero-
sion surface (Noe-Nygaard & Surlyk, 1985).

The Arnager Limestone Formation

This formation, belonging to the Marine Cretace-

‘ous Group (fig. 5), is exposed in blocks I and II in

the Rgnne Graben (fig. 4 and Map 1).

The presence of siliceous limestone in this for-
mation results in a readily recognizable seismic
reflection pattern; it consists of a series of closely
spaced, strong reflectors which together form a
“plateau”-like feature in the sea floor (figs. 9a &
9b). ‘

The lithology of the Arnager Limestone has
been studied in detail along the coastal profile in
Arnager Bay (Noe-Nygaard & Surlyk, 1985).
This study showed that the unit consists of a hard,
siliceous limestone (55-65% carbonate) with a
sparse macrofauna. .

The basal part contains a thin conglomerate,
while the rest of the formation consists of an
overlapping reef complex formed by siliceous
sponges that served as traps for fine grained sedi-
mentary particles (Noe- Nygaard & Surlyk,
1985). ,

The Arnager Limestone, which has a thickness
of 10-20 m, has a concordant upper boundary
with the Bavnodde Greensand Formation. The
greensand rests on an uneven nodular surface of
Arnager Limestone (Hamann, 1987b).

The Bavnodde Greensand Formation

The Bavnodde Greensand Formation is the
youngest Mesozoic formation exposed in the
Bornholm region; in the Rgnne Graben it is pre-
sent in blocks I and II (fig. 4 and Map 1).

The seismic reflection pattern is similar to that
produced by the Arnager Greensand Formation,
with a generally diffuse pattern interrupted by a
few strong reflectors (figs. 9a & 9b).

Only the lowest part of the Bavnodde Green-
sand outcrops in the detailed mapped area of the
Rgnne Graben, but previous investigations (Ha-
mann, 1987b) show that the upper part consists
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entirely of weak reflectors. The lithology repre-
sented by the strong reflectors consists of ce-
mented glauconitic quartz sandstone (and occa-
sional conglomerates) which form ridges on the
sea floor; unconsolidated glauconitic sand gives
rise to the weak reflectors.

Briisch (1984) has interpreted the formation as
representing shallow water shelf sediments, de-
posited in water depth of 40-120 m. ,
~ Only the lowest part of the Bavnodde Green-
sand Formation is exposed in the Rgnne Graben,
with a thickness of about 150 m. The whole for-
mation may be as thick as 800 m (Hamann,
1987b).

The geological structure in the Rgnne
Graben area

The main structural relationships in the Born-
holm area have been described previously on the
basis of deep seismic studies (Vejbak, 1985; Li-
boriussen et al., 1987) and general shallow seis-
mic investigations (Hamann, 1987b). The shallow
seismic studies presented here allow more de-
tailed description of the structure in the Rgnne
Graben area, especially concerning the late Cre-
taceous — early Tertiary period.

It is therefore possible to describe the struc-
tural style in the area as a basis for interpretation
of the development of the Laramide orogenic
phase.

The dominante structural feature in the area is
" a major roughly north-south trending reverse
fault (fig. 10 and Map 1). This fault separates the
Rgnne Graben from the blocks to the east (the
Nyker, Knudsker, Arnager-Sose and South
Bornholm blocks) (fig. 4). .

Reverse movement along this major fault pro-
duced anticlinal flexure folds (fig. 11) in the
Rgnne Graben whose axes are roughly parallel
with the major fault (fig. 10).

Another structural feature of the Rgnne Gra-
ben is the presence of a number of en échelon
reverse faults approximately perpendicular to the
main north-south reverse fault. These mutually
parallel faults are spaced at intervals of about 14
km along the main north-south reverse fault. A
series of flexure folds are related to these faults
(figs. 10 & 12).

The development of these two sets of flexure
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folds has resulted in fold interference in the vicin-
ity of the main fault where the en échelon fold
axes change their plunge directions from north-
west to southeast (fig. 13).

Near the main fault the en échelon reverse
faults curve towards the south, implying a lateral,
northwards component of movement of the
Rgnne Graben Blocks (fig. 10 and Map 1). The
main fault can therefore be classified as a dextral
wrench fault with a reverse component.

The structural style changes from the southern
to the northern part of the area in that the main
fault changes direction to a more north-south
trend in the vicinity of the crystalline basement
on Bornholm. This is accompanied by a change in
direction of the en échelon faults and a reduction
in their spacing (fig. 10 and Map 1).

Furthermore, the pattern of the blockmove-
ments varies from south to north. The southern
blocks become relatively elevated towards the
south (fig. 12) while the north of Rgnne, graben
and horst features are developed in addition to
this (fig. 14).

The structural pattern illustrated by the Rgnne
Graben is equivalent to that developed along a
strike-slip fault system formed by simple shear
(Wilcox et al., 1973; Atilla & Benjamin, 1984).

Model experiments of simple wrench tectonics
carried out using clay models (Wilcox et al.,
1973) show a characteristic pattern of deforma-
tion which is similar to that developed in the
Regnne Graben area.

According to this model a possible strain elip-
soid for wrench movements in the Rgnne Graben
area (fig. 15) shows that a dextral fault forms first
(synthetic fault in fig. 15), equivalent to the ma-
jor eastern fault of the graben structure. Further
wrench movement can give rise to antithetic
faults (fig. 15) which have not been observed in
the area studied. A feature typical of the simple
shear model which then can develop is a series of
en échelon reverse faults orientated normal to
the direction of maximum compression (figs. 10
& 15), and possibly also normal faults at right
angles to the direction of maximum extension.

This structural analysis implies that the eastern
margin of the Rgnne Graben was subjected to
simple shear with wrench movement during the
Laramide orogenic phase, as shown in fig. 15.
The presence of anticlinal flexural folds adjacent
to the main fault requires a compressive compo-



250 Jensen and Hamann: Geological mapping of Mesozoic

BORNHOLM STRUCTURES

/
/

Coastline
Reverse Faults
Normal Faults
Anticline 2'order
Syncline

Antlcline |
1'order

RSPER

S/

A

Syncline

Fig. 10. Geological structure of the north-eastern part of the Rgnne Graben.
The figure shows faults as well as hinge lines along the major fault (called 1 order hinge lines) and hinge lines along the en échelon

faults (2" order hinge lines).
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Fig. 11. Seismic line 304 (subbottom profile and air gun). See fig. 3c. for location of the sailing line.

ba = Bagi Formation.

ra = Rabekke Formation.

ar g = Arnager Greensand Formation.
ar k = Arnager Limestone Formation.
ba g = Bavnodde Greensand Formation.
ML = till clay.

TG = late glacial gravel.

Other symbols as on Map 1.
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Fig. 12. Seismic line 306 (subbottom profile and air gun). See fig. 2c. for location of the sailing line.

ba = Bagd Formation.

ra = Rabekke Formation.

ar g = Arnager Greensand Formation.
ar k = Arnager Limestone Formation.

ba g = Bavnodde Greensand Formation.
Other symbols as on Map 1.
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Fig. 13. Seismic line 101. See fig. 2c. for location of the sailing line.
Fig. 13a. Seismic reflection pattern line 101 (Boomer & side scan sonar).
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Fig. 13b. Interpretation of seismic reflection pattern line 101.
ra = Rabekke Formation.

ar g = Arnager Greensand Formation.

Other symbols as on fig. 4.
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Fig. 14. Seismic line 313 (subbottom profile and air gun). See fig. 2c. for location of the sailing line.
o = Rgnne Formation.

ha = Hasle Formation.

ba = Bagd Formation.

ra = Rabekke Formation,

ML = till clay.

FL/FS = post glacial fresh water clay & sand.

[}

HS post glacial marine sand.
Other symbols as on fig. 4.
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Fig. 15. Wrench movement along the eastern margin of the Rgnne Graben and the resulting strain elipsoid.

nent to the fault which suggests that the system
involved compressive dextral strike slip move-
ment.

The shallow seismic data presented here show
that the fault system was effective down to at
least 100 m below sea level. However, compari-
son with previous deep seismic studies (Vejbzk
1985) shows that these faults can be traced at
least two kilometers down into the subsurface
(figs. 16a & 16b).

The distribution of mesozoic strata in
the Bornholm area

The detailed geological mapping of the Rgnne
Graben area (Map 1) has changed the interpreta-
tion of the distribution of Mesozoic deposits in
the Bornholm area.

Earlier data (Gry, 1969; Vejbak, 1985; Larsen
1986; Hamann, 1987a) has therefore been com-
bined with the new information from the Rgnne
Graben to produce a map of Mesozoic forma-
tions at the base of the Quaternary in the Born-
holm area (fig. 17).

This map shows how the Mesozoic formations
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Fig. 16. Fault pattern
in the Rgnne Graben. -
Fig. 16a. After
Vejbzk, 1985.

Fig. 16b. According
to the data presented
in this article.
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Fig. 17. The pre-Quaternary Mesozoic surface of the Bornholm area. Outside the Ronne Graben, map compilation includes data
from Gry (1960, 1969, Vejbak (1985) and Hamann (1987a).

are distributed on the individual blocks (fig. 4). ceous) (fig. 5). While the Robbedale and Jyde-
The Pre-Quaternary surface in the Rgnne Gra- gard Formations are developed on the Nyker,
ben consists of Mesozoic deposits ranging from Knudsker, Vellensby and Arnager-Sose Blocks,
the Rgnne Formation (Lower Jurassic) to the they are absent in the Rgnne Graben and on the
Bavnodde Greensand Formation (Upper Creta- South Bornholm Block.
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Concluding Remarks

Detailed shallow reflection seismic investigations
along the eastern margin of the Rgnne Graben
have provided precise data which, based on char-
acteristic reflector patterns, have been correlated
with known lithostratigraphic units on land.

All of the formations which have been recog-
nized in the area are present on Bornholm, but
there appears to have been continous sedimenta-
tion in the Rgnne Graben from Early Jurassic til
Early Cretaceous times (fig. 5).

The transition from the Hasle to the Bagé For-
mation (fig. 5) does not appear to represent a
hiatus but a gradual transition from marine coas-
tal deposits to deltaic and flood plain deposits.

The upper part of the Baga Formation is not
exposed on Bornholm and its thickness in the
Regnne Graben is about 450 m, which is consid-
erably greater than has been estimated previ-
ously. The boundary between the Bagé and Ra-
bekke Formations is gradational; there does not
appear to be a hiatus.

In the Rgnne Graben, the Rabekke Formation
is overlain by the Arnager Greensand Formation;
thus the Robbedale and Jydegard Formations as
recognized on Bornholm, are absent. This fea-
ture is due to differential subsidence of the blocks
which has either allowed erosion or removed the
Rgnne Graben area from the coastal zone of
sedimentation during Ryanzonian and Valangi-
nian times (fig. 5).

The structural relationships are the result of
transpressional movements which took place dur-
ing the latest Cretaceous — early Tertiary, after
deposition of the Bavnodde Greensand Forma-
tion. The movements resulted in inversion of the
Rgnne Graben and the development of a charac-
teristic structural pattern consisting of the main
eastern fault of the graben and a number of asso-
ciated en échelon reverse faults. Such a structural
pattern is typical of a compressive dextral strike
slip regime.
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Dansk sammendrag

Reflektionsseismiske undersggelser (offshore shallow seismik)
har dannet grundlaget for en detaljeret geologisk kortlegning
langs den gstlige margin af Rgnne Graven ved Bornholm.

De seismiske data er korreleret med den kendte lithostra-
tigrafi pA Bornholm, og Rgnne Gravens specielle aflejring-
sforhold er belyst.

Ronne Gravens strukturelle forhold er ligeledes behandlet,
da de detaljerede undersggelser har givet verdifulde oplysn-
inger, omhandlende det strukturelle m@nster. Dette monster
bestar af Renne Gravens gstlige hovedforkastning, og et antal
en échelon placerede reverse forkastninger, dannet i et dextralt
strike slip system.

Endelig danner de indsamlede data, suppleret med eksiste-
rende viden, grundlag for udfardigelsen af et kort, som viser
udbredelsen af de mesozoiske formationer ved basis af kvartz-
ret i Bornholmsomr&det.
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