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Fig. 1: Paleeogeografisk rekonstruktion af Danmark for ca. 22 millioner ar siden i Mioczen.



Odderup Formation - brunkul

A. 15 millioner ar

100 km

L ]

Fig. 2: Palaeogeografisk rekonstruktion af Danmark for ca. 15 millioner ar
siden i Mioczen.
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Fig. 3: Paleeogeografisk rekonstruktion af Danmark for ca. 12 millioner ar
siden i Miocaen.
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Fig. 4: Palaeogeografisk rekonstruktion af Danmark for ca. 10 millioner ar
siden i Mioczen.
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Fig. 5: Paleeogeografisk rekonstruktion af Danmark for ca. 7 millioner ar
siden i Miocaen.
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Fig. 6: Korrelationspanel af boringer fra Senderjylland og det centrale Jylland.
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Fig. 8: Placering af korrelationspaneler i amtet.
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Fig. 10: R7-korrelationspanel.

ENGESVANG
g 86.2050
e
]
10
20
30
50 =
=
60
80
%0
100
110
130
140
1
/ Kvartar grense
160
£ B Gram Fm
[ ] Hodde Fm
1 -
- Sandgus i
]
------ Basis mioczn
sassenua rssssaumsRENEREE T LI = Lignit



R8

Vest
N@VLING-1

ENGESVANG
86.2050

STUDSGARD

Fasterholt
s ISENVAD

P 10

86.2056

© mut

© mut

30

=  @vre Arnum 10

8
o mut

® A
Bastrup 20-

%0 30-
70 100 401
80 110 ’a'”-

st

= ADDIT MARK

97.928

[T L s I RS TR R R T T (N G R S B T I TR S 1y % TS R O et S A B Rt |

5
]

Fig. 11: R8-korrelationspanel.
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.ig. 12: Kort over seismiske linier syd for Herning (Herning — Hoven).
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Fig. 13a: Nord — syd-gaende Seismisk linie (HN1). Bemaerk at tolkningen er korreleret til
Studsgard og Eg-3 boringerne. Klinoformt reflektionsmenster er markeret med guit.
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Fig. 13b: Nordvest — sydest-gaende linie ved Kibaek (KB1). Bemeerk at det gule felt markerer omradet,
som korrelerer det klinoforme reflektionsmenster pa HN1.
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Fig. 13c: Seismisk linie ved Kibaek (KB2).



4: Kort der viser udbredelsen af det klinoforme reflektionsme@nster, der er erkendt i Billund sandet.



Fig. 15: Kort over seismiske linier ved Raekker Malle.
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Fig. 16a: Nord — syd-gaende seismisk linie, der ga gennem Stensig boringen.
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Fig. 16b: Seismisk linie syd for Raekker Melle.




Fig. 17: Kort over seismiske linier ved Ikast.
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Fig. 18: Nord — syd-gaende seismisk linie syd for lkast. Linien forbinder Isenvad boringen neer grusgraven og omradet ved Fasterholt med brundkulslejrene. Boringen, Lavsbjerg, er
indsat pa linien. Bemaerk det klinoforme reflektionsmenster, der er markeret med gult og markante erosionsflader i sekvens B.
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Fig. 19: Nord — syd-géende seismisk linie ADK85-149 lige vest for Ikast. Bemaerk at der er en antydning af et
parallelt-klinoformt reflektionsmenster i sekvens B.
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Fig. 20: Kort over udbredelsen af parallelt-klinoformt
reflektionsmenster.
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Fig. 21: Kort over seismiske linier ved @mhaj.
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Fig. 22a: Nord — syd-gaende seismisk linie nord for @mhej. Linien korrelerer @rnhegj (Vind)
boringen. Bemeerk at sandlaget anboret i 125 — 1565 korrelerer til klinoformer angivet med
gule streger og at det nederste sandlag ved ca. 180 m korrelerer til hajamplitude
reflektionsmenster.



2900 2600 2101 1850

od 1 600 1350 110(
e A i 1 o oo o

100 psec

e Baisis Kvartaer
- Top Bastrup
Top Billund
= Basis Miocaen
Intern reflector/flade

Fig. 22b: Nord — syd-gaende seismisk linie nordast for @rnha;j.
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Fig. 22¢: Nord — syd-gaende seismisk linie nord for @rnhaj.
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Fig. 22e: Nord — syd-géende seismisk linie ost for @rnha;j.
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Fig. 22d: Ost — vest-gaende seismisk linie ost for Drnhaij.
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Fig. 23: Kort over seismiske linier ved Aulum.
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Fig. 24a: Nord — syd-géende seismisk linie ved Aulum (AL1). Bemaerk de konkave opad strukturer averst i sekvens C. Dette kan folkes
som kanaler gverst i Bastrup sandet.
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Fig. 24b: Sydvest — nordest-gaende seismisk linie ved Aulum (AL2).
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Fig. 24c: Nordvest — sydest-gaende seismisk linie ved Aulum (AL3).
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Fig. 25: @st — vest-gaende seismisk linie, der korrelerer til Vinding-1 boringen.
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Fig. 26: Sammensat seismisk linie, der viser korrelationen mellem ny og gammel seismik, samt Vinding-1 boringen.



Fig. 27: Kort over deltalober og oddekomplekser i Billund sandet (sekvens B), samt placeringen af kystlinien under den sidste fase af Billund sandet.
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Fig. 28: Kort over deltalober i Bastrup sandet (sekvens C), samt placeringen af kystlinien under den sidste fase af Bastrup sandet.
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Fig. 29: Sammensat kort over sandrige enheder i Billund og Bastrup sandet. Bemeerk at et parallelt klinoformt reflektionsmenster er
angivet med henholdsvis rede og gule streger.



















proximately 10 km. Two other, significantly smaller, facies packages are recognized north
of the first facies area. All the three packages are separated by areas of sigmoidal clino-
form facies and are jointly referred to as the Brande lobe.

Lithology

The Billund complex has been penetrated by six new boreholes (Fig. 1). A few older water
supply boreholes and oil wells penetrated the delta complex both onshore and offshore.
The associated spit system east of the Billund area outcrops along fjords in east Jylland.
This system has recently been intensively studied with respect to sedimentology and paly-
nofacies (Dybkjeer & Rasmussen 2000, Dybkjeer 2004).

Borehole and well description

The Brande lobe, which formed the eastern part of the delta complex, is penetrated by the
Engesvang, Isenvad, Store Vorslunde, Billund, Vandel Mark and Lgvlund Boreholes (Fig.
1). Sands of varying thicknesses and quality have been found in these boreholes.

The Engesvang borehole penetrates 60 m of medium to coarse sand with some intercala-
tion of clayey silt layers (Fig. 9). In the Isenvad borehole ca. 100 m of deltaic deposits has
been penetrated. The lowermost 30 m consists of clayey silt which is capped by 70 m of
medium to coarse sand interval. The lower part of the sand interval shows a clear coars-
ening upward trend.

The succession penetrated at Store Vorslunde is 80 m thick. The lower part is character-
ised by 50 m of clayey silt and the upper part by clayey silt intercalated with sand stringers.
The deltaic succession is here capped by 30 m of medium- to coarse-grained sand. The
uppermost sand-rich part correlates with the parallel clinoformal reflection pattern on the
seismic section (Fig. 8A). In the Billund borehole the succession is characterized by 40 m
of medium to coarse-grained sand sharply overlies older Eocene deposits. This sand-rich
succession correlates with the parallel clinoform facies on the seismic section (Fig. 8B). At
Vandel Mark the lower part consists of ¢. 10 m silty clay with thin fine- to medium-grained
sand beds (Fig. 9). This is sharply overlain by 30 m of medium-grained sand with a few
intercalations of clay layers. The succession at Leviund is characterised by fine- to me-
dium-grained sand interbedded with thin clay layers (Fig. 8C). This is topped by approxi-
mately 15 m of alternating clayey silt and sand layers. The succession at Levlund corre-
lates with the sigmoidal clinoform facies on the seismic section (Fig. 8C).

West of the Brande Lobe in Stensig borehole penetrate the deltaic succession character-
ised by parallel horizontal facies. The succession here correlates to clayey silt with in-
creasing intercalation of sand layers upwards.

East of the Brande lobe the Gadbjerg and Remmerslund boreholes penetrate a distinctively

thinner succession of the Billund complex. The succession at Remmerslund is 31 m thick
and is composed of organic-rich, clayey silt with few sand lenses (Fig. 10). A 42 m thick
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succession has been penetrated at Gadbjerg. The sequence is characterised by laminated
clayey silt capped by 2 m of medium- to coarse-grained sand (Fig. 11).

Data from two older hydrocarbon exploration; Eg-3 and C-1 (Fig. 11), have been used to
confirm the deposits of the Billund complex in the central and western part of the study
area. However, the description of the lithology is speculative as the main target of these
wells was deeper-seated Paleocene and Cretaceous deposits. Approximately 100 m of
sand have been reported in the Eg-3 well (Completion report Eg-3). This thick sandy inter-
val correlates with a clinoformal reflection pattern on older seismic data (Rasmussen &
Dybkjeer in press). The succession in the C-1 well consists of alternating clay and sand,
which become slightly coarser and thicker upwards. This part correlates to a clinoformal
reflection pattern which however has only been observed on older multi-channel seismic
data with low resolution.

Outcrop desciption

A detailed study of the outcrops is given by Rasmussen & Dybkjeer (in press); a summary is
presented here:

The succession that outcrops at Dykjeer in east Jylland, in the northern part of the study
area, is characterised by organic-rich, clayey silts, with some intercalations of fine-grained
sand. Thick sands and gravel may occur locally (Fig. 12A and B). In the central part of the
Hvidbjerg locality, the succession is dominated by thick sand, in places up to 26 m thick
(Fig. 12C). The sand is clean and medium-grained and dominated by thick to planar sand
beds capped by wave ripples and the beds are dipping gently towards the south-east (Fig.
12D). The sedimentary structures at the Pjedsted locality are dominated by thick to planar
sand beds locally with tidal bundles and double clay layers are common (Fig. 12E). The
cross-beds of the tidal bundles dip towards the south-west. Alternating sand and clay beds
dominate in the southern part of the study area, represented by a compound section re-
ferred to as Lillebzelt (Fig. 12F). The succession here shows a thickening- and coarsening-
upward trend and amalgamation of sand layers is common in the upper part of the interval
(Fig. 12G). Sedimentary structures in the sand beds are dominated by hummocky and
swaley cross-stratification; gutter casts occur in the upper part of the succession. The suc-
cession that outcrops in east Jylland is erosively capped by a gravel layer with lasts up to 3
cm. The thickness of the gravel layer varies but it rarely exceeds 1 m.

Interpretation

Correlation of seismic facies with boreholes indicates that the parallel clinoform facies ties
to sand-rich sediments, as in the upper part of the complex in the Store Vorslunde and Bil-
lund boreholes (Figs. 6A, and B). The sigmoidal reflection pattern correlates with alternat-
ing sand and clay layers, as best demonstrated in the Lgviund borehole (Fig. 8C), but also
in the lower part of the Store Vorslunde borehole (Fig. 8A). The succession penetrated in
the boreholes show an overall coarsening-upward trend. In the Store Vorslunde borehole
the palynomorphs indicate progressively decreasing marine influence upwards. The influx
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Figure 10. N--S trending correlation panel of the Remmerslund borehole (gamma log), the
Morsholt borehole and the two outcrops at Hvidbjerg and Lillebeeit. Note that the succes-
sion of the Billund delta complex is distinctively thinner than in the section in Figure 9. Note
also that the succession in this part of the study area is capped by a gravel layer. Location
of correlation panel is shown in Figure 1.

Figure 11. E-W trending correlation panel of the Billund delta. Note that thick deltaic sands
were laid down west of the main Brande Trough fault and dominantly clayey sediments with
some thicker sand bodies (Hvidbjerg spit system) east of the fault. The Billund delta com-
plex pinches out towards the west approaching the R-1 well.

Figure 12. Photographs of Billund delta outcrops in east Jylland. A) Lagoonal muds and
upper shoreface sands at Dykjeer. B) Flood-dominated tidal bar (main current direction to-
wards the NE) deposited north of the spit system. C) Panorama view of the Hvidbjerg spit
system. D) Details of the Hvidbjerg sand showing a planar-laminated sand bed capped by
wave ripples. E) Tidal bundles from the sand pit just south of Hvidbjerg. The cross-stratified
sand beds dips SW, perpendicular to the strike of the shoreline. Note the three double clay
drapes in the exposed section. F) Hummocky cross-stratified sand beds at Lillebzelt depos-
ited in the lower shoreface in front of the Hvidbjerg spit. G) Swaley cross-stratified sand
beds in the outcrop at Lillebeeit.

Figure 13. Schematic illustration of development of the Billund delta complex during rising,
stable and falling sea level. The progradation of the delta is reflected by alternation of par-
allel clinoformal seismic reflection patterns and sigmiodal seismic reflection pattern, which
is interpreted as due to delta lobe switching. Ascending shoreline trajectory indicates pro-
gradation under rising sea level. A stable shoreline trajectory indicates no change in sea
level and a descending shoreline trajectory indicates progradation under falling sea level.
Extensive and thickest sands were deposited during falling sea level that is indicated by a
descending shoreline trajectory and deep erosion into the unconsolidated Miocene sub-
stratum and incision into the proximal part of the delta complex. Based on the concepts of
Helland-Hansen & Gjelberg (1994).

Figure 14. A sketch of the seismic section through the Brande lobe (Fig. 3c), showing the
alternation of the two seismic facies during progradation. Note that the initial progradation
occurred during rising sea level as indicated by ascending shoreline trajectory and the sim-
ple alternation between the two facies. The final progradation (south of Store Vorslunde
borehole) occurred under falling sea level as shown by a descending shoreline trajectory.
Note also the marked erosion into the Miocene substratum and amalgamation of the paral-
lel clinoform facies that occurred during this stage.

Figure 15, Sand-rich lobes of the Billund delta superimposed on the structural framework
from Vejbaek & Britze (1994). Note that the Ringkebing and Brande lobes are confined to
Structural lows. Note also that the trend of the Hvidbjerg sand in eastern Jylland is similar to
that of minor faults on the Ringkebing—Fyn High.
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Figure 1: Study area with location of boreholes and wells (white dots). Locations of correlation panels are indicated by a stippled line.
Main structural elements are from Vejbzek & Britze (1994).
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lower Miocene Billund sand is indicated in bold.
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Figure 3: Three N-—S orientated seismic lines through the Billund delta complex. The parallel clinoformal seismic facies is shown in
orange and the sigmiodal facies in yellow. For location of the seismic section see Figure 4. (Seismic data courtesy of COWl and
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Figure 4: Isochore map of the Billund delta. Note that the thickest part of the delta is located in the north-western part of the study area. Much
thinner deltaic deposits cover the eastern part of Jylland. The deltaic succession pinches out to-wards the south, Seismic sections in Figure 3 are
shown as bold lines.
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Figure 5: Enlarged seismic sections showing the three seismic facies. (A) Note the dense pattern of dipping reflectors
within the parallel clinoformal seismic reflection facies (orange). The dip of the reflectorsis ¢. 150. (B) The maximum dip
of the clinoforms within the sigmoidal seismic reflection facies (yellow) rarely exceeds 50.(C) The parallel horizontal facies
is shown in green. The location of the seismic line isillustrated in Figure 4 (Seismic data courtesy by COWI and
H.Lykke-Andersen).
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Figure 6: Details of seismic sections from the Billund delta. The upper section shows erosion of the delta front of the
Ringkebing lobe. The lower shows a horizon-flattened seismic section at Levlund. The influence of the antecedent topography
is evident on the horizon-flattened section can be seen. The structural elevation in the southern part is the Ringkebing-Fyn High,
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Figure 7: Thicknesses of the sand within the delta complex as indicated from measurements of the height of the clinoforms with parallel
clinoform facies (from seismic cross-sections). Sand thicknesses in selected boreholes are also indicated.
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Figure 8: Lithological section and gamma log data from the Store Vorslunde, Billund and
Leviund stratigraphic boreholes compared with the seismic section which runs through
the borehole. Correlation of sand-rich intervals within the bore-hole with seismic facies is

indicated with a red line. (Seismic data courtesy COWI).
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Figure 9: N--S gamma log correlation panel from four bore-holes. Engesvang, Isenvad, Store Vorslunde, Billund and Vandel Mark are

located on the Brande lobe and the Almstok borehole in front of the Billund delta. Note the influence of the Ringkebing-Fyn High
(elevation towards Almstok) also shown in Figure 6.The location of the correlation panel is shown in Figure 1.
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Figure 10: N-S trending correlation panel of the Remmerslund borehole (gamma log), the
Morsholt borehole and the two outcrops at Hvidbjerg and Lillebzelt. Note that the succession
of the Billund delta complex is distinctively thinner than in the section in Figure 9. Note also

that the succession in this part of the study area is capped by a gravel layer. Location of
correlation panel is shown in Figure 1.
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Figure 11: E-W trending correlation panel of the Billund delta. Note that thick deltaic sands were laid down west of the main Brande Trough

fault and dominantly clayey sediments with some thicker sand bodies (Hvidbjerg spit system) east of the fault. The Billund delta complex
pinches out towards the west approaching the R-1 well.
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Figure 12: Photographs of Billund delta outcrops in east Jylland. A) Lagoonal muds and upper shoreface sands at Dykjzr. B) Flood-dominated
tidal bar (main current direction towards the NE) deposited north of the spit system. C) Panorama view of the Hvidbjerg spit system. D) Details
of the Hvidbjerg sand showing a planar-laminated sand bed capped by wave ripples.E) Tidal bundles from the sand pit just south of Hvidbjerg.
The cross-stratified sand beds dips SW, perpendicular to the strike of the shoreline. Note the three double clay drapes in the exposed section. F)
Hummocky cross-stratified sand beds at Lillebeelt deposited in the lower shoreface in front of the Hvidbjerg spit. G) Swaley cross-stratified sand
beds in the outcrop at Lillebeelt,
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Figure 14: A sketch of the seismic section through the Brande lobe (Fig. 3c), showing the alternation of the two seismic facies during progradation.
Note that the initial progradation occurred during rising sea level as indicated by ascending shoreline trajectory and the simple alternation between
the two facies. The final prograda-tion (south of Store Vorslunde borehole) occurred under falling sea level as shown by a descending shoreline
trajectory. Note also the marked erosion into the Miocene substratum and amalgamation of the parallel clinoform facies that occurred during this
stage.
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Figure 15: Sand-rich lobes of the Billund delta superimposed on the structural framework from Vejbaek & Britze (1994). Note that the Ringkebing

and Brande lobes are confined to structural lows. Note also that the trend of the Hvidbjerg sand in eastern Jylland is similar to that of minor faults
on the Ringkebing-Fyn High.












Type locality. The cliff of Skansebakke at Brejning on the southern side of the Vejle Fjord

Thickness. The is 9 m at the type locality Skansebakke and 13 m a Dykjeer. In boreholes up
to 90 m has been penetrated e.g. at Stensig.

Lithology The formation consists of dark brown, cleyey silt with a high content of organic
matter. Locally fine-grained, yellowish sand is intercalated in the formation.

Boundaries The lower boundary is often characterised by a gravel layer. It may also be
marked by a marked decrease in the content of glaucony.

Distribution The formation is distributed most of central and southern Jylland.
Geological age Aquitanian (Dybkjeer and Rasmussen 2000).

Subdivision The formation is subdivided into two members: The Vejle Fjord Clay Member
and The Vejle Fjord Sand Member.

Vejle Fjord Clay Member (Fig. 10)
History. The Vejle Fjord Clay Member is defined by Larsen and Dinesen (1959).

Name. The named is after the two outcrops at Vejle Fjord: Skansebakke and Brejning Ho-
ved.

Type locality. The Member is exposed at the type locality at Skansebakke, Brejning.
Thickness. The Vejle Fjord Clay is 6 m at Skansebakke, but the thickness is up to 31 m in
the borehole of Remmerslund. The thickness of the Vejle Fjord Member is up to xx m in the
Brande Trough.

Lithology. Brownish to black, micareous, silty clay with some fine-grained sand. Laterally it
pass into a heterolitic tidal influenced sediments in the northeastern part and towards the
southwest it pass into hommucky cross-stratified, fine-grained sand alternating with wave-
influenced heterolithic beds.

Boundaries Same as the Vejle Fjord Formation.

Distribution The Vejle Fjord Clay Member is present in most Jylland and the north and
eastern boundary follows the lower boundary of the Miocene deposits (Fig. )

Geological age. Aquitanian (Dybkjeer and Rasmussen 2000; Karen Dybkjeer..)

Vejle Fjord Sand Member (Fig. 10)
History. The Vejle Fjord Sand Member is defined by Larsen and Dinesen (1959).
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Name. The named is after the two outcrops at Vejle Fjord: Skansebakke and Brejning Ho-
ved.

Type locality. The Member is exposed at Skansebakke, Brejning Hoved, and Sanatoriet.

Thickness. The thickness at Skansebakke is 17 m, Brejning Hoved ca. 12 m and at Sanato-
riet 7 m.

Lithology. The Vejle Fjord Sand consists of alternating layers of fine-grained, velsorted,
yellowish sand and brownish clay.

Boundaries. The formation overlies the Vejle Fjord Clay Member and the boundary is pla-
ced where the first occurrence of an extensive sand layer occurs. The upper boundary is
characterised by a change from yellowish sand alternating with thin silt layers to clean
white sand of the Hvidbjerg member.

Distribution. The Vejle Fjord Sand Member is present along the coast of Vejle Fjord and
has been penetrated by the Morsholt borehole south of Odder.

Geological age. Aquitanian (Dybkjeer and Rasmussen 2000; Karen Dybkjeer pers. Comm.)

Ribe Formation

Hvidbjerg Sand Member (Fig. 11)

New Member

History. The white sand at Hvidbjerg was studied by Larsen and Dinesen (1959). The
Hvidbjerg Sand was not included in the Vejle Fjord Formation due to a different heavy mi-
neral association.

Name. The Hvidbjerg Sand Member is named after the Outcrop at Hvidbjerg Strand on the
south coast of Vejle Fjord.

Type locality. The Formation is exposed at Hvidbjerg on the south coast of the Vejle Fjord.
Other exposures in the Vejle Fjord area are the Sanatoriet, Fakkegrav, and Dykzer. At
Pjedsted west of Fredericia. In the Lillebeelt area at Hindsgavl, Bgrup and Renshoved. The
sand crops out at one locality in the Limfjord area at Sgndbjerg.

Thickness. The Thickness is 24 m at Hvidbjerg. In the Lillebaelt area it reaches 13 m but at
most outcrops it is rarely thicker than 6 m.
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Fig. 2: Palaeogeographic reconstruction of the depositional environments during the latest Late Oligocene — Miocenen
times (Modified from Rasmussen 2004).
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Fig. 3: North — south striking correlation panel of boreholes in central Jylland.
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Fig. 6: North — south trending seismic section from central Jylland.
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Fig. 19: The lithostratigraphy of the uppermost Upper Oligocene — Miocene in Danmark. Note that
the section shows a north — south striking section.





