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GEOLOGICAL BACKGROUND

The Danish Basin is bordered towards the southwest by the Ringkebing-Fyn High while its
northeastern margin follows the NW-SE oriented Sorgenfrei-Tornquist Zone (STZ), a
fundamental tectonic lineament characterized by extensive block-faulting along the southwestern
margins of the Baltic Shield and transtension during the Triassic and Jurassic (Liboriussen et al.,
1987; Erlstrom et al., 1997; Mogensen and Korstgard, 2003). During the Early Mesozoic the
Danish Basin, characterized by tectonic tranquillity and a shallow marine depositional setting
(Nielsen, 2003), underwent thermally controlled post-rift subsidence receiving large amounts of
sediment (Liboriussen et al., 1987; Vejbaek, 1989; Erlstrom et al., 1997; Nielsen, 2003). The T/J-
boundary succession in southern Scandinavia is overlain by younger strata in the North Sea,
Denmark and the Baltic area between Sweden and Germany, and key outcrops occur only in
Scania in southern Sweden. At the T/J transition southern Scandinavia was situated around 45°N
(Ziegler, 1990)(Figure DR1).

In the Danish part of the basin the Rhaetian—Hettangian succession belongs to the Gassum
and Fjerritslev Formations (Pedersen, 1985; Michelsen, 1975, 1989; Nielsen, 2003). The Gassum
Formation (uppermost Norian—Lower Sinemurian) varies in thickness from 50-150m in the
central parts of the basin to as much as 300m locally within the STZ. Formed in shallow marine
to paralic environments the Gassum Formation consists of interbedded fine- to medium-grained,
occasionally coarse-grained and pebbly sandstones, heteroliths, mudstones and few thin coaly



beds (Bertelsen 1978; Hamberg and Nielsen, 2000; Nielsen, 2003). The overlying Lower
Jurassic (Hettangian—lowermost Aalenian) Fjerritlev Formation is dominated by marine
claystones and mudstones. The transition from the Gassum to the Fjerritslev Formation occurred
in several steps ranging from the latest Rhaetian in the central part of the basin to the Early
Sinemurian along its northeastern margin, reflecting the overall Early Jurassic eustatic sea-level
rise. Previous palynological studies of the Rhaetian-Hettangian in the Danish Basin and Scania
have provided a biostratigraphic zonation for Rhaetian—Hettangian strata, as well as important
information on depositional environment and palaecoclimate (Lund, 1977; Guy-Ohlson, 1981;
Dybkjer, 1991; Koppelhus and Batten, 1996; Poulsen, 1996; Lindstrom and Erlstrom, 2006).

The Stenlille Structure

The Stenlille area (Figure DR1) is a very gentle anticlinal structure formed on top of a salt pillow
and holds one of the most complete cored T/J boundary successions known, expanded in
comparison to many other areas. Approximately 20 wells have been drilled through the
Fjerritslev and Gassum Formations on the structure to assess the cap rock and reservoir quality,
respectively, as the structure is used for storage of natural gas. The well-sections have been
correlated by means of sedimentology and sequence stratigraphy, based on log-patterns, core
interpretations, and biostratigraphic analyses (Hamberg and Nielsen, 2000; Nielsen, 2003).
Based on the thick cored succession in the Stenlille-1 well supplemented with cores from the
closely located Stenlille-2 and -3 wells a composite cored succession covering most of the
Rhaetian—earliest Sinemurian is presented in this paper. The main part consists of one longer
continuous and two short cored intervals from the Stenlille-1, complemented by two additional
core sections from the Stenlille-2 and -5 (Figure DR2).

Within the Danish Basin the late Rhaetian maximum flooding event MFS7 (Nielsen, 2003)
is a useful marker that is widely recognized all over the basin (based on log-patterns,
sedimentology and biostratigraphy). In the more proximal parts of the basin it is recognized as a
marine incursion in an otherwise predominantly terrestrial environment (Lindstrom and
Erlstrdm, 2006). The MSF7 can also be used for correlation outside the Danish Basin, e.g. in
Germany where it appears to correspond roughly to the onset of the Contorta- Beds, while in St
Audrie’s Bay, Great Britain, it is correlated with the middle Westbury Formation (Lindstrém and
Erlstrom 2006; Hounslow et al., 2004; Hesselbo et al., 2004). In the Danish well Radby-1 in the
North German Basin the base of the Ogmoconchella aspinata ostracod Zone and the typical

Jurassic ammonite Psiloceras planorbis are located 2.4m and 13m above the MFS7, respectively
(Nielsen, 2003).

Correlations within the Danish Basin are based primarily on palynostratigraphic events, and
the most important are shown in Figures 2 and 3. One palynological marker that has gained
increased interest in recent years is the first occurrence (FO) of Cerebropollenites thiergartii,



which is now the accessory marker for the T/J boundary GSSP at Kuhjoch, Austria (Kiirschner et
al., 2007; Bonis et al., 2009; von Hillebrandt and Krystyn, 2009). However, at the base of its
range C. thiergartii is generally represented only by very rare specimens, thus the exact level of
its first appearance may be difficult to pinpoint.

METHODS
Sampling

A composite and almost fully cored section was built by combining good quality conventional
cores from the Stenlille-1, -2 and -5 wells (Figures DR1, DR2). The wells are closely located
within the same position in the basin and the depositional units can easily be correlated between
the wells by means of the detailed well-log patterns (Figures DR1, DR2). Core depths were
adjusted to log depths in their respective well by comparing core lithology to log interpretations.
Hereafter the cores from Stenlille-2 and -5 were placed at the corresponding log patterns in the
Stenlille-1 well so a well-constrained almost continuously cored composite section was
established (Figure DR2). The depth intervals discussed below refer to the depths in the
Stenlille-1 well. High-resolution sampling was carried out on the main cored succession of
Stenlille-1 with generally 2—4 samples per meter across the boundary interval. The
complementary cores were sampled with 1-3 samples per meter (Figure DR2).

Palynology

For palynology, ca 20 g of bulk rock was treated in alternating steps with hydrochloric (38%)
and hydrofluoric acid (40%) to remove carbonate and silicate mineral phases. After washing to
neutrality, residues were sieved with 11 pm mesh-size sieves and mounted on strew slides. Up to
300 palynomorphs were counted per slide with a compound microscope at 650x magnification.
Abundance data were calculated as percentages of total palynomorph assemblage.

Geochemistry

One hundred and twenty-seven samples from the Stenlille cores were treated with HCI prior to
carbon isotopic analysis to remove all carbonate. The residues were rinsed several times with
distilled water, dried for 3 days at 80°C and subsequently ground to a homogeneous powder
using an agate mortar. Depending on their TOC content sample aliquots of 3—10 mg were
weighed and wrapped into tin capsules. At least two aliquots were prepared per sample. Carbon
isotope analysis of TOC was subsequently performed using a Flash Elemental Analyzer 1112
(Thermoquest), connected to the continuous flow inlet system of a MAT gas source mass
spectrometer (Thermoquest) at the Institute of Geosciences (Goethe University Frankfurt).
USGS 24 standard was analyzed along with the samples in order to prove for accuracy and
precision. Both samples and standards reproduced within +0.2%o. Approximately 0.5 grams of an



additional forty-two samples where analyzed by EA-IRMS at Iso-Analytical Laboratory in
Cheshire, UK. The samples were decarbonized with 1M HCI to remove all carbonate, and the
residues were washed twice with destilled water and subsequently dried at 60°C prior to isotope
analysis.

The 8'°Coy values for the Stenlille succession are presented in Table DRI.
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Data Repository Figure DR1. (A) Location of the Stenlille area, Denmark. (B) Isopach map
over the Stenlille structure showing depth to top Gassum Formation and location of the three
wells, Stenlille-1, -2 and -5 (St-1, St-2, St-5) included in this study. (C) Palacogeographical map
over Pangea (after Tanner et al. 2004) showing the extent of the Central Atlantic Magmatic
Province, CAMP, and the location of the main localities discussed herein: 1. Stenlille, Danish
Basin, 2. St Audrie’s Bay and Doniford, UK.
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Data Repository Figure DR2. Correlation of the geophysical (gamma and sonic) logs and cored
sections (in black) of the Stenlille-1, -2 and —5 wells. On the composite log on the left the
corresponding position of the complementary cored intervals from Stenlille-2 and —5 are show in
white.



Table DR1. 8 13C-org values for the Stenlille succession.

core depthincore 6813C

core depthincore 613C

core depthin core 813C

core depthin core 613C

St-5 1419.86 -26.0
St-5 1421.03 -26.1
St-5 1421.53 -26.1
St-5 1422.15 -25.9
St-5 1422.54 -25.9
St-5 1423.33 -26.1
St-5 1423.95 -26.1
St-5 1424.99 -26.1
St-5 1425.60 -26.1
St-5 1426.15 -26.2
St-5 1426.89 -26.2
St-5 1427.20 -26.1
St-5 1427.91 -26.2
St-5 1428.44 -26.1
St-5 1428.94 -26.1
St-5 1430.08 -26.3
St-1 1411.90 -26.5
St-1 1413.38 -26.1
St-1 1414.38 -26.4
St-1 1415.28 -26.4
St-1 1416.04 -26.5
St-1 1416.89 -26.3
St-1 1418.18 -26.3
St-1 1418.95 -26.4
St-1 1447.73 -26.0
St-1 1448.46 -26.7
St-1 1450.16 -26.4
St-1 1451.06 -26.6
St-1 1451.67 -26.4
St-1 1453.21 -26.7
St-1 1455.02 -26.6
St-1 1455.12 -26.4

St-1 1483.25 -25.7
St-1 1483.55 -25.6
St-1 1485.08 -24.7
St-1 1485.88 -24.7
St-1 1486.60 -24.6
St-1 1487.26 -24.3
St-1 1487.72 -24.5
St-1 1488.22 -24.8
St-1 1488.55 -24.6
St-1 1489.05 -24.3
St-1 1489.57 -24.6
St-1 1489.57 -24.6
St-1 1489.90 -24.7
St-1 1490.50 -24.8
St-1 1490.50 -24.8
St-1 1491.01 -24.6
St-1 1491.77 -26.2
St-1 1492.43 -26.1
St-1 1492.82 -26.0
St-1 1492.82 -26.0
St-1 1493.25 -25.9
St-1 1493.63 -26.0
St-1 1494.00 -26.1
St-1 1494.17 -26.0
St-1 1494.31 -26.0
St-1 1494.44 -26.2
St-1 1494.60 -27.0
St-1 1494.64 -28.3
St-1 1494.73 -28.1
St-1 1494.90 -26.1
St-1 1494.90 -26.2
St-1 1495.03 -28.0
St-1 1495.10 -26.6
St-1 1495.10 -26.6

St-1 1495.51 -26.0

St-1 1498.57 -24.3
St-1 1498.72 -24.3
St-1 1498.72 -24.3
St-1 1499.56 -26.1
St-1 1499.79 -26.7
St-1 1500.07 -24.5
St-1 1500.07 -24.4
St-1 1500.44 -24.8
St-1 1500.70 -24.5
St-1 1500.70 -24.5
St-1 1501.00 -24.1
St-1 1501.80 -25.8
St-1 1502.24 -24.7
St-1 1502.24 -24.7
St-1 1502.62 -24.7
St-1 1503.10 -24.8
St-1 1503.10 -24.7
St-1 1503.35 -24.8
St-1 1503.70 -24.5
St-1 1503.70 -24.3
St-1 1504.21 -25.3
St-1 1504.91 -25.2
St-1 1504.91 -25.1
St-1 1505.23 -25.8
St-1 1505.81 -25.6
St-1 1506.02 -24.8
St-1 1506.02 -24.7
St-1 1506.41 -25.0
St-1 1506.41 -25.0
St-1 1506.57 -25.8
St-1 1506.57 -24.9
St-1 1506.82 -24.7
St-1 1506.82 -24.7
St-1 1507.08 -26.9
St-1 1507.10 -27.5

St-1 1512.99 -26.7
St-1 1513.53 -25.7
St-1 1513.53 -25.7
St-1 1513.76 -25.4
St-1 1514.61 -25.6
St-1 1514.81 -25.5
St-1 1515.37 -25.9
St-1 1515.37 -25.9
St-1 1515.84 -25.4
St-1 1516.61 -25.7
St-1 1517.16 -26.3
St-1 1517.77 -26.0
St-1 1518.22 -25.1
St-1 1518.74 -25.6
St-1 1519.29 -25.3
St-1 1519.29 -25.2
St-1 1519.64 -25.4
St-1 1520.08 -25.2
St-1 1520.19 -26.2
St-1 1520.19 -25.0
St-1 1521.27 -25.3
St-1 1521.91 -25.3
St-1 1522.44 -25.1
St-1 1522.89 -24.8
St-1 1523.46 -26.3
St-1 1523.46 -26.3

St-1 = Stenlille-1
St-2 = Stenlille-2
St-5 = Stenlille-5




St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2
St-2

1476.08
1477.20
1478.02
1480.79
1481.40
1482.30
1484.80
1485.80
1486.37
1487.39
1488.35
1489.80
1490.80
1491.78

-26.3
-26.3
-26.5
-26.8
-26.7
-26.9
-26.8
-26.9
-27.1
-26.5
-25.8
-25.7
-26.3
-26.1

St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1

1495.64
1495.66
1495.84
1496.00
1496.60
1496.85
1497.01
1497.17
1497.61
1497.87
1497.87
1498.09
1498.36
1498.57

-25.1
-24.5
-24.3
-24.6
-24.9
-25.1
-25.0
-26.2
-23.9
-24.8
-24.8
-24.3
-24.2
-24.4

St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1
St-1

1507.10
1507.82
1508.26
1509.14
1509.64
1509.77
1509.77
1509.77
1510.31
1510.31
1510.95
1511.73
1512.15
1512.15

-27.3
-25.4
-26.4
-26.1
-25.7
-25.7
-25.7
-25.6
-25.8
-25.8
-25.5
-25.8
-26.4
-26.0




