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The lower Miocene flint conglomerate, Jylland, Denmark: 
a result of the Savian tectonic phase
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Abstract
The early Miocene was an important period for the development of the 
eastern North Sea. Tectonism in North-West Europe resulted in uplift of 
the Scandinavian mountains, reactivation of salt structures, inversion of old 
graben structures and deposition of the most coarse-grained deposits in 
the Danish pre-Quaternary succession. Some of these deposits were later 
cemented into conglomerates. The deposits are common in the fluvial parts 
of the Billund Formation (Aquitanian) and the basal transgressive lag of the 
late  Aquitanian  – Burdigalian Klintinghoved Formation capping the Billund 
 Formation. Questions remained as to the age of these deposits and what 
they infer about tectonic events in the region. This study reviews the geology 
of the flint-dominated conglomerates and presents the first dates for a sam-
ple of these unique deposits. We observe grain sizes up to 5 cm  diameter. 
 Palynological analyses place the sample as early Miocene. Some samples 
from the area have suggested a local source near active salt structures, 
associated with the uplift of the pre-Neogene sedimentary successions. We 
suggest that the common occurrences of flint clasts in the lower Miocene 
succession reveal significant erosion of Upper Cretaceous and Danian chalk, 
likely associated with the uplift of the Scandinavian lowlands during the 
 Savian tectonic phase, early Miocene.

Introduction
The existence of a conglomerate dominated by flint in central and western 
Jylland, western Denmark, has been known for many years. Samples of it are 
commonly caught by rock dredging in the North Sea, particularly at Jyske Rev 
off the coast of Thyborøn (Fig. 1B). The conglomerate was described by Ødum 
(1968) as “et groft konglomerat […] af ganske overvejende flintrullesten i en 
grundmasse af sandsten,” translated as “a coarse-grained conglomerate […] 
consisting mainly of flint gravel in a matrix of sandstone.” He interpreted the 
conglomerate as having originated from an unknown ‘Palaeogene’ formation 
located in the Skagerrak area.

Extensive mapping of aquifers in Jylland during the past two decades 
has contributed to a wealth of information about the Neogene succession 
in  Denmark. Detailed studies of outcrops, drilling and analysis of more than 
50 boreholes, acquisition of high-resolution seismic data and the development 
of a solid biostratigraphic framework for the succession now exist (e.g.  Dybkjær 
& Rasmussen 2000, 2007; Dybkjær & Piasecki 2010; Rasmussen et al. 2010). 
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These studies revealed a number of conglomerates, 
most of which, if not all, correlate with gravel layers in the 
region. The gravel layers formed during the deposition 
of the lower Miocene Billund Formation and the basal 
part (transgressive lag) of the succeeding Klintinghoved 
Formation. The transgressive lag of the Klintinghoved 
Formation, which is commonly cemented, is thought to 
be the source for these conglomerates found in the Qua-
ternary succession in Jylland, Denmark.

In this study, we review the history of these conglom-
erates and present the first dates for a sample of the 
unique flint conglomerate first defined by Ødum (1968) 
from offshore Jylland, west Denmark. We relate these 
dates to the gravel layers from onshore Jylland. In doing 
so, we begin to unravel the geological significance of this 
conglomerate, which is a part of the most coarse-grained 
deposits of the Billund and Klintinghoved  Formations in 
the Danish stratigraphic column.

Geological setting
By the end of the Early Permian, during the final phase 
of the formation of Pangea, the North Sea area was 
characterised by strong earthquake activity and volca-
nism, and many of the structural elements, including the 
Skagerrak Platform, the Sorgenfrei–Tornquist Zone, the 
Norwegian–Danish Basin and the Ringkøbing–Fyn High, 
were formed (Ziegler 1990). This period was succeeded 
by thermal subsidence, which resulted in the formation 
of a regional depression, the so-called North Permian 
Basin (Ziegler 1990). The basin was located just north 
of the palaeo-Equator, which formed optimal conditions 
for an extremely dry climate and a desert environment. 
During the Late Permian, this basin was flooded several 
times and evaporites were deposited. The dry climate 

continued during the Triassic and was characterised by 
desert environments with the deposition of thick alluvial 
successions along the southern margin of Scandinavia. 
By the end of the Triassic, a humid climate was estab-
lished, and a regional transgression commenced. Mar-
ginal marine sedimentation dominated the Danish area 
in the latest Triassic and earliest Jurassic time, but contin-
ued transgression resulted in a fully marine depositional 
environment in the early Jurassic. The North Sea Basin 
and Scandinavia were strongly affected by mid-Jurassic 
updoming and succeeding rifting activity (e.g. Under-
hill & Partington 1993; Andsbjerg et al. 2001; Andsbjerg 
& Dybkjær 2003). In the aftermath of this tectonically 
active period, the basin underwent thermal subsidence 
during most of the Cretaceous. Consequently, the basin 
was filled with mudstone and chalk during the Creta-
ceous (Surlyk et al. 2013 and references therein). Chalk 
deposition culminated in the Late Cretaceous, where 
the influx of siliciclastic sediments to the basin was lim-
ited due to a very low relief of the hinterlands and a high 
global sea level. The relief of parts of southern Norway 
was in the order of c. 100 m (Sømme et al. 2019), and 
most of the Scandinavia was covered by marine chalk 
and mud deposits (Jarsve et al. 2014). Periodically, how-
ever, due to inversion tectonism (Alpine Orogen), local 
areas were uplifted at the margin of the Scandinavia, 
and smaller deltas prograded into the North Sea Basin 
(Erlström 1994). The overall marine depositional set-
ting established in the Cretaceous continued during the 
Paleocene. However, the portion of Scandinavia facing 
the North Atlantic was exposed to uplift associated with 
the opening of the North Atlantic and a topography of 
more than 1000 m existed by the end of the Paleocene 
(Sømme et al. 2019). Uplift resumed in the late Eocene, 

Fig. 1 Two palaeogeographic recon-
structions of the early Miocene 
eastern North Sea. Approximate 
locations of the samples used 
in this study are shown. A: Early 
part of the Miocene transgres-
sion (c. 22.5 Ma). Parts of the 
Ringkøbing–Fyn High and topo-
graphic highs above salt diapirs 
formed islands in the Miocene 
sea. On the islands formed by salt 
diapirs, Cretaceous and Danian 
chalk was exposed and formed 
coastal cliffs. B: Progradation of 
the Billund delta-system during 
the early Miocene (c. 22 Ma). The 
quartz clasts of the flint conglom-
erate were transported to the area 
of west of Thyborøn by the western 
river system that had its outlet in 
the west of Jylland. Modified from 
Rasmussen et al. (2010).
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and prograding wedges from Scandinavia formed in the 
North Sea Basin in the early Oligocene. By the end of the 
Oligocene and in the early Miocene, regional scale inver-
sion tectonism occurred in Central Europe (Pharaoh 
et al. 2010 and references therein). This inversion also 
influenced the North Sea as seen in inversion of the Sole 
Pit axis and of the Central Graben (Rasmussen 2009; 
Green et al. 2017). Uplift of the southern Scandinavia 
is also indicated by significant sediment influx into the 
basin (Rasmussen 2004) and revealed by exhumation 
studies (e.g. Japsen et al. 2007). Consequently, most of 
the present-day Denmark became land during the early 
Miocene (Fig. 1; Rasmussen et al. 2010). Major reorgan-
isation of the tectonic regime during the mid-Miocene 
resulted in flooding of the early Miocene deltas in the 
North Sea, and marine conditions were re-established. 
During the late Miocene, delta progradation from Scan-
dinavia resumed both in the North Sea and in the north-
ern North Atlantic.

Materials and methods
During numerous field campaigns in the past 20 years, 
25 outcrops have been studied and logged by conven-
tional facies analysis. In addition, a total of 50 boreholes 
across Jylland have been described for sediment tex-
ture. This resulted in the establishment of a new litho-
stratigraphy for the onshore Danish Miocene succession 
(Fig. 2; Rasmussen et al. 2010). A chronostratigraphic 
framework for the Miocene succession was established 
based on the studies of the dinoflagellate cyst (dinocyst) 
assemblages in more than 2000 sediment samples from 
both outcrops and boreholes (Dybkjær & Piasecki 2010).

For this study, we conducted palynological (dinocyst) 
analyses on a sample of flint conglomerate from Jyske 

Rev, offshore Jylland, west Denmark. The conglomerate 
contained a sea-urchin of the Late Cretaceous genus 
Galerites and both angular and rounded flint clasts. This 
piece is classed as ‘danekræ’ (DK 862; Fig. 1B), a Danish 
classification for the preservation of natural historical 
objects of unique scientific value.

In addition, several series of samples have previ-
ously been analysed from cemented sandstone from 
Brøndum gravel pit, onshore western Denmark and the 
succession comprising the flint-rich gravel layer from 
the cliff at Hostrup, north-west Jylland, and from fluvial, 
gravel-rich deposits from the Addit and Voervadsbro 
pits and the Salten section (Dybkjær and Piasecki 2010 
and references therein; Fig. 1B).

The sediment samples were processed using stan-
dard palynological preparation methods, including 
treatment with HCl to dissolve calcareous matter and 
with HF to dissolve silicates. The acid treatment was fol-
lowed by neutralisation with water, brief oxidation with 
KOH and sieving on 20 µm nylon mesh. The organic res-
idues, including the dinocysts, were then mounted on a 
glass slide using glycerin gel and studied using a normal 
light microscope.

In the following sections, we review the previously 
published understanding of the age and formation of 
the Miocene conglomerates, supplemented by our new 
observations and dates from sample DK 862.

The Miocene conglomerates
During the Oligocene–Miocene transition, a dramatic 
change occurred in the depositional environment in the 
eastern North Sea Basin. From a dominance of pelagic 
and hemipelagic fine-grained sedimentation that lasted 
from the Paleocene to the Oligocene (Heilmann-Clausen 
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Fig. 2 Lower Miocene lithostratigra-
phy of Denmark. Note that the Bil-
lund (including the Addit Member) 
and Klintinghoved Formations form 
the lowermost part of the Lower 
Miocene. Modified from Rasmus-
sen et al. (2010).
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et al. 1985; Nielsen et al. 2015), deposition of a vast sand- 
and gravel-rich delta occurred in the early Miocene 
(Rasmussen et al. 2010). In this delta, gravel and cob-
bles were transported into the marine part of the North 
Sea Basin. The gravel clasts are composed of quartz, 
quartzites and flint, some of which originate as far 
away as Jotunheim in present-day Norway and areas in 
central Sweden (Olivarius et al. 2014). The gravel clasts 
studied here are up to 5 cm in diameter (Figs 3A, B and 
C). Some of the flint cobbles are rounded and show evi-
dence of long transport (Fig. 3D), whereas flint clasts 
found in the north-western part of Denmark clearly 
indicate short transport distances, as indicated by the 
well-preserved sea urchins (Galerites) and angularity 
of some clasts (Figs 3A and B). It cannot be excluded 
that rounded flint clasts were also formed on beaches 
fringing local salt structures, but the coexistence of 
rounded flint clasts, rounded quartz and quartzites 
of the same grain size indicates that a larger source 
area, i.e. Scandinavia. As such, the wide geographical 
distribution of the rounded flint clasts points towards a 
regional source that is not restricted to local salt struc-
tures. Coarse-grained clasts are commonly found in 
channel thalweg deposits of the Addit Member of the 
Billund Formation (Fig. 2), along erosional boundaries 
within fluvial systems, or concentrated within a basal 
conglomerate of the Klintinghoved Formation that was 
formed during the early Miocene flooding of the Bil-
lund delta system.

All of the palynological samples studied here reveal 
an early Miocene age (Fig. 4). The danekræ DK 862 is 
dated to the early Aquitanian, earliest early Miocene, 
dinocyst zone Chiropteridium galea of Dybkjær and Pia-
secki (2010). The transgressive lag capping the Billund 

delta system is dated to the latest Aquitanian – earliest 
Burdigalian, early Miocene, dinocyst zone Thalassiphora 
pelagica of Dybkjær and Piasecki (2010). This places the 
conglomerate in the lower Miocene Billund and Klinting-
hoved Formations (Fig. 2).

Depositional environment
It is likely that the coarse-grained lower Miocene depos-
its were transported in fluvial systems, sourced from 
Scandinavia (present-day southern Norway and central 
Sweden). The catchment area covers c. 250 000  km2 
(Olivarius et al. 2014), and during the earliest early Mio-
cene, a predominance of braided river systems charac-
terised the landscape across Jylland (Rasmussen 2014). 
The climate was warm and humid (Larsson et al. 2011). 
The river systems were perennial with channels up to 
12 m deep and 800 m wide. The eastern portion of the 
Miocene North Sea was storm influenced, so the delta 
systems were wave dominated. The delta systems pro-
graded into a shallow sea, c. 100 m deep (Fig. 1). Locally, 
islands were present in northern Jylland (Fig.  1A). 
These islands were formed by salt diapirism, similar 
to the present-day Helgoland, German North Sea, and 
exposed Paleocene clay, diatomite and Cretaceous and 
Danian chalk.

Large-scale tectonism
The abrupt change in the depositional setting, from 
deep marine clay to deltaic deposits at the Oligocene– 
Miocene transition in the eastern North Sea, was caused 
by regional compression associated with Alpine tecto-
nism in the Savian phase (Rasmussen 2004;  Pharaoh 
et al. 2010). Regional inversion associated with this 

Fig. 3 Flint conglomerate 
(DK 862) and loose clasts found 
in the lower Miocene Billund 
and Klintinghoved Formations. 
A: Flint conglomerate with 
a well-preserved sea urchin 
(Galerites) of Late Cretaceous 
age, indicated by an arrow. 
B: Angular clast of flint c. 2 cm 
(arrow). C: Elongated flint clast 
from the fluvial Addit Member 
of the Billund Formation. 
D: Quartzites, quartz, rock 
fragments and flint found 
in the basal gravel lag of the 
Klintinghoved Formation. Note 
the diameter of the rounded 
clasts is up to 5 cm and 7 cm.
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phase in Central Europe resulted in the Weald and 
Sole Pit anticlines in the UK and up-doming of the Igor 
Ridge in the Danish North Sea (Vejbæk et al. 2006; Ras-
mussen 2009; Knox et al. 2010; Green et al. 2017). The 
formation of the salt structures, exposing chalk in the 
early Miocene, coincided with this regional inversion 
tectonism in North-West Europe. The sea urchins and 
angular flint clasts presented here, and those found 
around salt structures in northern Jylland, also place 
the formation of these structures during the earliest 
early Miocene. Therefore, it is likely that parts of the 
Norwegian–Danish Basin were also inverted during 
this compressional phase, similar to the Igor ridge in 
the Danish Central Graben and the Sole Pit and Weald 
Basin in the United Kingdom. However, due to later 
erosion, direct evidence was lost. The occurrence of 
Precambrian quartzite clasts, with a diameter of up 
to 5 cm, reveals also that parts of Scandinavia were 
uplifted during the Savian phase. Clasts of that size 
can only be transported in river systems with high flow 
velocities and a gradient higher than river systems 
filling a tectonically quiescent basin. Although there 
has not been a quantification of the content of flint 
in the conglomerates and gravel layers, the common 
occurrence of flint indicates that a significant portion 
of the deposits originated from chalk that covered 
parts of present-day Norway and Sweden. Palaeore-
lief of southern Norway estimated by Sømme et al. 
(2019) reveals a very low topography during the Late 
Cretaceous, and given higher sea-level during the Cre-
taceous, most of southern Norway was probably sub-
merged at that time (Jarsve et al. 2014).

A unique conglomerate
The conglomerate sample examined here and the 
associated gravel layers containing both flint, quartz 
and quartzite are unique in the pre-Quaternary succes-
sion of Denmark. Such mixed conglomerates or gravel 
deposits containing large clasts up to 5 cm in diameter 
do not occur at any other levels. Similarly, large clasts 
found within the basal part of the Hodde Formation 
(Koch 1989) consist solely of flint and are probably 
associated with local salt structures. The presence of 
quartzite clasts that have their origin in Scandinavia 
indicates long transport distances. This implies a high 
gradient and discharge of the river systems capable of 
transporting the clasts. In modern environments, such 
rivers are found in tectonically active areas. Low relief 
in southern Scandinavia during the Late Cretaceous 
permitted chalk and clay deposition here (Jarsve et al. 
2014). Some of this chalk was reworked during Ceno-
zoic uplift, e.g. during the Paleocene and particularly 
in the early Miocene as indicated by the conglomerate 
described here. We infer that this part of the Miocene 
seems to have experienced significant uplift of the 
Scandinavian mountains and significant erosion of 
the Cretaceous deposits comprising mainly chalk with 
flint nodules, which, at that time, covered present-day 
southern Norway and central Sweden.
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