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Abstract
Source-to-sink sedimentary systems associated with volcanic rifted margins serve as 
important archives for basin development by recording lithospheric changes affect-
ing the depositional systems. Distinguishing between sediment transport processes 
and their sediment source(s) can guide the interpretation of a basin's history, and 
thereby inform regional paleogeographic reconstructions. In this contribution, we 
integrate and utilize wireline geophysical logs, detailed petrographic observations 
from side-wall cores, and seismic analysis to describe and decipher a Maastrichtian 
to Danian-aged basin-floor depositional system in the deep outer Møre Basin, mid-
Norwegian margin. Well 6302/6-1 (Tulipan) is a spatially isolated borehole drilled 
in 2001 that penetrates Maastrichtian and younger strata. A succession of hitherto 
undescribed carbonates and sandstones in the outer Møre Basin was discovered. It 
is investigated for sediment transport, provenance, and depositional processes on 
the basin floor surrounded by structural highs and ridges. The strata from the lower 
parts form a basin-floor apron consisting of redeposited carbonate sourced from a 
westerly sub-aerial high. The apron transitions vertically from mixed siliciclastic 
and carbonate into a purely siliciclastic fan with intercalated sandstone and mud-
stone, providing a rare high-resolution record of how depositional environments 
experience a complete shift in dominant processes. The development coincides 
with similar latest Cretaceous-earliest Palaeocene sequences recorded south of this 
region (e.g., well 219/20-1) and may have been influenced by regional uplift associ-
ated with the onset of magmatism in the Northeast Atlantic. This study improves 
our understanding of a late, pre-breakup source-to-sink sedimentary system devel-
oped near the breakup axis of an infant ocean, and documents what is possibly the 
northernmost chalk deposit in the Chalk Group.
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1  |  INTRODUCTION

The evolution of source to sink systems on rifted mar-
gins can be complex due to structural elements, such as 
elongated rotated fault blocks, and isostatic adjustments 
related to stretching (e.g. Helland-Hansen et  al.,  2016; 
Podladchikov et al., 2006; Polanco et al., 2023). For vol-
canic rifted margins, unravelling sediment routing path-
ways from shallow waters to deep basins can be even 
more complex considering the potential role of thermal 
uplift caused by elevated mantle temperatures, which 
may expose large areas in the rift axis to sub-aerial erosion 
(Planke et al., 2022; Walker et al., 2022). Furthermore, late 
volcanic activity often blankets the outer parts of volcanic 
rifted margins making seismic imaging in these areas 
challenging (Millett et al., 2022).

Rift basin architecture affects sediment transport and 
how sediments accumulate in the sinks as the basin axes 
are typically parallel to the continent-ocean transition 
(e.g. Ravnås & Steel, 1998). The source is also important 
as the distal basins often are cut off from alluvial influx 
sources, but rather rely on locally sourced sediment with 
turbidity currents, wind-blown dust, and/or sediments 
brought in by bottom currents (Ravnås & Steel, 1998). In 
narrow rift basins, these processes may be overlapping 
and overprinting, complicating the resultant deposit (e.g. 
Fonnesu et al., 2020). One of the keys to understanding 
the sediments accumulated in the sinks is therefore the 
surrounding bedrock and architectural elements of the 
rifted margin.

In favourable climatic conditions, a significant sedi-
ment component can comprise carbonate material, which 
can be transported into the deep ocean and accumulated 
either as pure carbonate or as mixed or hybrid sediment 
with siliciclastic material (e.g. Mount, 1985; Zuffa, 1980). 
Chiarella et  al.  (2017) subdivide the mixing of material 
from active carbonate and siliciclastic systems into (1) com-
positional mixing and (2) strata mixing. Compositional 
mixing is found on the scale of a bed when the grains and 
clasts consist of both carbonate and siliciclastic material. 
This occurs when the carbonate production is active si-
multaneously with the influx of siliciclastic material. The 
latter, i.e. strata mixing, occurs at a larger scale and relates 
to lithofacies and/or stratigraphic mixing, with an alter-
nation in carbonate/siliciclastic productivity. Lithofacies 
mixing would occur on an intermediate scale with in-
dividual beds of different materials, while stratigraphic 
mixing occurs on a seismic scale with bed-set packages of 
alternating carbonate and siliciclastic material.

Carbonate gravity flows are, in contrast to siliciclastic 
endmembers, generally thought to be triggered from a 
line of sources fringing the outer platform and accumu-
late as an apron along the slope of the basin floor (e.g. 

Mullins & Cook, 1986). Some exceptions occur and, espe-
cially in mixed carbonate-siliciclastic systems, calciclas-
tic seafloor fans may develop (Payros & Pujalte,  2008). 
The fine-grained end-member of the calciclastic sea-
floor fans can be large (>100 km) and often show poor 
development of channels as the sediment is often dis-
tributed as sheets. Point-sourced carbonate aprons have 
also been described where the material was channelled 
from shallow water through gullies and onto the basin 
floor (Eberli et  al.,  2019; Reolid et  al.,  2019; Slootman 
et  al.,  2019) in “isolated base-of-slope aprons” (e.g. 
Tropeano et al., 2022).

The Møre Basin on the mid-Norwegian margin is 
part of a volcanic rifted margin that underwent several 
phases of deformation prior to the formation of the vol-
canic margin and break up in the Palaeocene-Eocene; 
thus, it had inherited architectural elements from the 
early rifting as well as the influence from volcanic sys-
tems (e.g. Grunnaleite & Gabrielsen,  1995; Skogseid 
et  al.,  2000; Theissen-Krah et  al.,  2017). Three wells 
penetrate strata in the outer Møre margin (Figure  1), 
leaving the basin-fill history poorly constrained. Well 
6302/6-1 (Tulipan) is located within the center of the 
basin and penetrates the Cretaceous-Paleogene bound-
ary, which in the mid-Norwegian margin represents the 
waning stage of a Cretaceous rift episode and the incip-
ient Palaeocene rift stage (e.g. Zastrozhnov et al., 2020). 
The strata sampled by the Tulipan well presented here 
documents a significant change in sediment composi-
tion and provenance as it shows the evolution from a 
line-sourced mixed carbonate-siliciclastic system to a 
point-sourced pure siliciclastic system.

This study documents a hitherto undescribed re-
deposited carbonate apron in a spatially isolated well 
on the mid-Norwegian margin and proposes a deposi-
tional model. The model places the spatially isolated 

Highlights

• Remobilized mixed carbonate-siliciclastic de-
tritus formed a basin-floor apron in the distal 
Møre Basin.

• A westerly source was likely isolated and shal-
low marine in the Latest Maastrichtian to 
Earliest Paleocene during carbonate deposition.

• Carbonate apron was abruptly replaced by a si-
liciclastic, mud-dominated (Sauetang Member) 
and sand-rich fan.

• This is the first description of Chalk Group-type 
sediments in the Møre Basin and extends the 
chalk group >100 km north.
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well data in a regional context and improves under-
standing of the basin history. We integrate petro-
graphic analyses of side-wall cores with interpretations 

of geophysical wireline logs and seismic data from the 
basin-floor sediments that span the Late Cretaceous 
to early Palaeocene. A new facies assemblage from 

F I G U R E  1  (a) Distribution of Cretaceous highs (both shallow and deep) and basins. The map is modified from Gernigon et al. (2021), 
Millett et al. (2022), and Zastrozhnov et al. (2020). Inset shows the location of the Møre Margin in the North Atlantic realm. The green 
dashed line on the inset represents the approximate northern extent of chalk deposition in the Late Cretaceous after Surlyk et al. (2003). (b) 
Lithostratigraphic log based on gamma ray that shows the distribution of lithologies and the new lithostratigraphic subdivision proposed 
in this contribution as well as sample locations in the well. COB, continent-ocean boundary; FSB, Faroe-Shetland Basin; JL, Jameson Land; 
JML, Jan Mayen lineament; JMMC, Jan Mayen micro-continent; LL, Liverpool Land; MOR, mid-ocean ridge; NS, North Sea; SWC, side-wall-
cores.
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the mid-Norwegian margin is described, consisting of 
mixed siliciclastic and carbonate sedimentary rocks  
interlayered with mudstone. In addition to constrain-
ing the depositional processes, we subdivide the suc-
cession into three new lithostratigraphic members 
(Grisetang, Sauetang and Sagtang—Norwegian names 
for varieties of seaweed; Figure  1; Appendices  1–3) 
that are assigned to the Tang (Norwegian name for sea-
weed) formation.

2  |  MØRE BASIN GEOLOGICAL 
SETTING

The mid-Norwegian margin has experienced extension 
from the collapse of the Scandinavian Caledonides in 
the Devonian to the final opening of the Norwegian-
Greenland Sea in the Eocene (e.g. Mosar et al., 2002). 
The last phase was accompanied by significant mag-
matism related to the North Atlantic Igneous Province 
leading to continental breakup between Greenland 
and Norway in the Early Eocene (Eldholm,  1991; 
Eldholm & Grue,  1994; Gernigon et  al.,  2019). Three 
main rift episodes are commonly recognized, a 
Devonian-Carboniferous, a Permian–Triassic, and a 
final Cretaceous-Paleogene event (e.g. Brekke,  2000; 
Doré et al., 1999; Peron-Pinvidic & Osmundsen, 2018; 
Zastrozhnov et al., 2020). The mid-Norwegian margin is 
commonly subdivided into three segments, the Møre-, 
Vøring- and Lofoten margins (Figure 1). The Møre mar-
gin is separated from the Vøring margin in the north 
by the Jan Mayen Lineament (JML). The JML stretches 
from mainland Norway to E. Greenland (Figure  1). 
This fracture zone is also the northern border of the Jan 
Mayen Microcontinent (JMMC)—a continental sliver 
consisting of crystalline basement and a cover sequence 
preserving a Permian/Triassic to Eocene sedimentary 
succession (Brekke,  2000; Gaina et  al.,  2009; Peron-
Pinvidic et  al.,  2012; Polteau et  al.,  2019; Skogseid & 
Eldholm, 1987). The JMMC rests outboard of the Møre 
margin, separated by the extinct Ægir Ridge, which 
initiated in the Eocene at magnetic anomaly C24r 
(Figure 1; Gernigon et al., 2012). To the south, the Møre 
margin borders the Northern North Sea and the Faroe-
Shetland Basin (FSB; Figure 1).

Through the Cretaceous, the Møre Basin gener-
ally consisted of deep sub-basins separated by narrow, 
elongate structural highs that locally are thought to 
have been exposed above sea level (e.g. the Kolga High; 
Gernigon et al., 2021; Planke et al., 2022; Figure 1). The 
sub-basins locally host thick Cretaceous strata of >8 km 
thickness, primarily mudstone with minor turbiditic 

sandstones and carbonate stringers (Blystad et al., 1995; 
Brekke, 2000; Dalland et al., 1988; Vergara et al., 2001). 
Two prominent ridges, the Bylgja Ridge and the Ervik 
Ridge, separates the Bylgja Sub-basin to the west from 
the Ervik Sub-basin in the center and the Runde Sub-
basin to the east (Figure  1). Paleo-bathymetric studies 
suggest that the water depth around the late Cretaceous 
to Early Paleogene ranged around 150–300 m, but is 
complicated by the uncertainty regarding the effect 
of dynamic support from an anomalously hot mantle 
(Kjennerud & Vergara, 2005; Roberts et al., 2009; Sømme 
et al., 2023; Wien & Kjennerud, 2005). The mid-Norwe-
gian margin underwent basin inversion throughout the 
Cenozoic which formed domes, such as the Helland-
Hansen Arch (e.g. Doré et al., 2008).

The Cretaceous succession is abruptly terminated 
in a margin-wide unconformity, the Base Paleogene 
Unconformity (BPU), which, in the FSB has been at-
tributed to either inversion structures in the late 
Cretaceous/early Palaeocene (Booth et  al.,  1993) or 
caused by transpressional reactivation of major NE trend-
ing faults (Goodchild et al.,  1999). Stoker  (2016) further 
suggests that the BPU is an erosional boundary, but that 
a local conformable transition cannot be ruled out in 
the FSB area (Lamers & Carmichael, 1999). In the Møre 
Basin, the BPU is overlain by the Paleocene-Eocene-aged 
Tang Formation, which is described as primarily consist-
ing of mudstones with locally some turbiditic sandstone 
units (Dalland et al., 1988). Paleogene limestone, on the 
other hand, have not been previously reported in the Møre 
Basin, as the Maastrichtian Chalk Group is commonly ac-
cepted to terminate in the northern North Sea (Figure 1; 
e.g. Surlyk et al., 2003).

Three wells are drilled in the distal Møre basin: 6302/6-1 
(Tulipan), 6304/10-1 (Solsikke) in the Norwegian sector 
and 219/20-1 in the UK sector (Figure  1). The Tulipan 
well is one of the few wells in the Norwegian Sea drilled 
in a basin depocenter rather than on an underlying struc-
tural high, which has yielded an expanded Palaeocene 
stratigraphy.

3  |  DATA AND METHODS

3.1 | Well data

The Tulipan well, a vertical exploration well drilled 
in 2005, penetrates down to Maastrichtian mudstones 
at 4234 m MD RKB (measured depth below the ro-
tary kelly bushing, 29 m above mean sea level), ter-
minating c. 400 m above a saucer-shaped sill (Kjoberg 
et al., 2017; Schmiedel et al., 2017). All depths referred 
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to within this contribution are MD RKB unless other-
wise stated.

The available sampling program from the drilling op-
erations included a full conventional wireline logging 
suite including calliper, natural gamma ray, resistivity, 
neutron porosity, density, and sonic tools, along with 
Formation Micro Imager (FMI) data. The wireline data 
coverage and quality is generally very good; however, 
minor exceptions occur leading to data gaps, especially 
for the FMI log. Image log data are susceptible to bore-
hole wall artefacts, such as drilling-induced fractures 

and drill bit marks, which can complicate interpretation. 
Care was taken to avoid obvious artefacts; however, the 
potential for interference from such features when in-
terpreting geological features cannot be fully mitigated. 
Where the FMI data are missing, other geophysical data 
are present. Depth-matching and correlation between 
logging tools is generally good with only minor depth-
shifts required over the investigated interval. The litholo-
gies in the lithological column was interpreted based on 
a simple gamma ray cut-off for ‘sand-prone’ versus ‘mud-
prone’ lithologies. The cut-off value was set at 25% of the 

Formation and member
Well tops 
TVDss (m)

Average interval 
Vp (m/s)

Seawater 1482

Seafloor (top Naust Formation) 1286 1957

Kai Formation 2463 1957

Brygge Formation 2582 1957

Tare Formation 3223 2317

Tang Formation 3395 2346

Sagtang, Sauetang and Grisetang Member 3901 2738

Springar Formation 4080 3004

Note: Depths are given in true vertical depth subsea (TVDss).

T A B L E  1  Average P-wave velocities 
used in the time-depth conversion.

F I G U R E  2  (a) Detail of a 2D seismic line crossing the Tulipan well 6302/6-1 (see Figure 1 for location), where the seismic facies 
are defined. White arrow highlights transparent areas in the top of the Grisetang Member, whereas thin, white dashed lines within the 
Grisetang Member show discordant internal reflections. The white lines below the BPU show small-scale faulting in the Cretaceous 
mudstones, locally offsetting the Tulipan sill. (b) Depth converted seismic section of the key area. The Sauetang Member is poorly defined 
in the seismic section since it is defined primarily due to the higher abundance of mudstones than the overlying Sagtang Member. The top 
of the Sagtang Member is defined to be the reservoir sandstone, which is an intra-Tang Formation reflector. Top of Grisetang is defined as a 
hard reflector at the occurrence of the first mixed carbonate siliciclastic bed. BPU, Base Paleogene Unconformity.
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maximum GR value and compared and adjusted accord-
ing to the lithologies from the sidewall cores (SWC).

Cuttings were sampled by the operator at 10 m in-
tervals from 3150 to 3850 m and at 3 m intervals from 
3850 m to terminal depth. A total of 15.7 m of discon-
tinuous core was recovered between 3903 and 3942 m 
(Figure 1). All three core segments are from the reservoir 
unit, a Danian-aged sandstone interval from the Sagtang 
Member. The core has not been studied in detail for 
this contribution. 121 SWC were collected mainly from 
the reservoir level (3901 m) and down to Top Springar 
Formation (4080 m; Figure 1), from which thin sections 
were made available.

Micropaleontologic and palynologic analysis has been 
carried out for the entire well (Mahdi & Ayress, 2006) and 
is available from the Diskos database (The Norwegian 
National Data Repository for Petroleum Data). The 
Cretaceous-Paleogene boundary is proposed to be be-
tween 4098 and 4089 m, as constrained by the first occur-
rence of a persistent Palaeocene agglutinated foraminifera 
and the last occurrence of two latest Maastrichtian fora-
minifera (Mahdi & Ayress, 2006; Figure 1).

The well data and samples presented in this contribu-
tion are from a 331 m thick interval, between 4231 and 
3900 m. Petrographical and petrological investigations 
were performed on thin sections and from cuttings sam-
pled specifically for this study. Both optical microscopy 
and scanning electron microscope—energy dispersive 
spectrometer (SEM-EDS) analyses were used to character-
ize the thin sections and for mineral identification.

3.2 | Seismic data

The seismic data used for this study is the 3D cube 
ST0105—a full-stack, time-migrated, zero-phase data set 
processed in 2001. It covers an area of 1610 km2 within 
the western Møre margin (Figure 1) with a line spacing 
of 12.5 m. It was recorded to a depth of 7 s two-way travel-
time (TWTT). In the presented seismic lines, an increase 
in acoustic impedance (i.e. hard reflections) are black, 
whereas a decrease in acoustic impedance (i.e. soft reflec-
tions) are white. Down well-bore geophones was used to 
generate a vertical seismic profile (VSP) time-depth curve 
(Table  1; Figure  2), which in turn was used to develop 
a layered velocity model based on the interval veloci-
ties. This was later used to convert key seismic horizons 
from time to depth and produce thickness maps (Table 1; 
Figure 2). The area of interest for this study is relatively 
deep at c. 3600 to 4100 m depth.

The vertical seismic resolution was calculated 
using the dominant frequency volume attribute in the 
Petrel software (SLB). Furthermore, by using the mean 

amplitude attribute between Top Sagtang and the BPU, 
a mean amplitude value of 29,58 Hz was extracted from 
the surface statistics. The vertical resolution was thereby 
deduced using the relationship λ = v/f, where λ is the seis-
mic wavelength in meters, v is the interval velocity in m/s 
and f is the frequency in Hz (1/s). The interval velocity at 
the depth of interest is 2738 m/s and the mean amplitude 
is 30 Hz, which gives a wavelength of 93 m. By using the 
definitions of vertical seismic resolution given in Simm 
and Bacon (2014) of tuning limit at λ/4 and detection limit 
at λ/30 we have vertical resolutions at 23 and 3 m, respec-
tively. The horizontal resolution is generally taken as the 
larger value of λ/4 or the line spacing; thus, for this study, 
the horizontal resolution would be 23 m (e.g. Lebedeva-
Ivanova et al., 2018).

4  |  RESULTS

4.1 | Thin sections and wireline logs

4.1.1 | Springar Formation

The upper Springar Formation (Figure  1) was sam-
pled by the Tulipan well and the wireline logs show 
geophysical characteristics, such as an average Vp of 
2.81 ± 0.1 km/s, average GR of 99.7 ± 9.2 API and den-
sity averaging at 2.49 ± 0.03 g/cm3 (Figure 3a; Table 2), 
consistent with their mudstone nature. The FMI data, 
together with the other wireline logs suggest laminated, 
fine-grained and clay-rich sediments (Figure 3a,b) that 
are locally affected by bioturbation. Locally the FMI re-
veals a discordant fabric in the mudstones (Figure 3b). 
Although the Springar Formation is relatively homog-
enous, the uppermost 7 m shows a slight increase in Vp 
towards the BPU (Figure 3a).

In total, seven thin sections from SWC were investi-
gated revealing mudstones with some silt-sized clastic 
domains primarily comprised of angular to sub-angular, 
fine-grained (100-200 μm) quartz grains with minor feld-
spar, muscovite and biotite suspended in a muddy matrix 
(Figure 3c–e). Locally, abundant euhedral pyrite is pres-
ent. Glauconite pellets are also common and in one thin 
section, they show a wide range of grain sizes and shapes 
(Figure 3e). In sample 4150.2, the clasts are embedded in 
a chert matrix (Figure 3c,d).

4.1.2 | Interpretation of the data from the 
Springar Formation

The sampled part of the Springar Formation is inter-
preted as the distal part of a siliciclastic turbidite system 
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in accordance with, e.g., Dalland et al. (1988), where most 
of the detritus is siliciclastic mud with minor input of si-
liciclastic grains (Figure 3c–e). The discordant fabric ob-
served in the FMI data may represent the erosion between 

two turbidite flows or post-depositional soft-sediment 
deformation (Figure  3b). The glauconite grain size- and 
shape variation (Figure 3e) indicate periods of non-depo-
sition in the area (Amorosi, 1997).

F I G U R E  3  Overview of the Springar Formation (a) Vp and GR show typical mudstone characteristics (high GR and low Vp compared 
to carbonate). Note the slight increase in Vp for the upper 7 m of the Springar Formation. The location of SWC samples and FMI data are 
shown next to the lithostratigraphic column. (b) FMI data from the well shows typical resistivity textures from the Springar Formation. 
The boundary between the two is irregular and perhaps reflects erosion during deposition of the upper facies or post-deposition soft 
sediment deformation. Note the red circle, which indicates the location of SWC 4150.2, presented in b. (c) Photomicrograph from a SWC 
sample shows a feldspar and biotite grain embedded in a matrix of chert and with secondary euhedral pyrite crystals. (c) Photomicrograph 
that shows a muscovite grain with fringed edges, typical for detrital muscovite. It is set in a cherty matrix with silt-sized quartz grains. (d) 
Photomicrograph displaying a relatively large muscovite grain with fringed edges typical of detrital mica. (e) Photomicrograph showing a 
layered sequence rich in complex glauconite pellets. Yellow arrows indicate craquelures. The lower part is a silicified domain rich in silicic 
microfossils and pyrite in a chert matrix. xpl: crossed polarized light, ppl: plane polarized light.
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4.1.3 | Grisetang Member (Lowermost Tang 
Formation)

The Grisetang Member is mixed, consisting of carbon-
ate, mudstone and minor fine-grained arkosic sand-
stone. It has a total thickness of 68 m in the Tulipan 
well. Internally, it contains four intervals of distinct 
geophysical properties, each between 0.6 and 19 m thick 
(Figure  4). These intervals are composed of carbonate, 
mainly very fine-grained micritic limestone (wacke-
stone) and sandstones interlayered by mudstone. The 
sandstones become more frequent up section together 
with the demise of the micritic limestone. For conveni-
ence, the two uppermost carbonate layers are described 
as C4 and the carbonate layers are referred to as C1–C4. 
C3 and C4 are directly overlain by sandstone (Figure 4). 
The rocks present in the Grisetang Member can be sub-
divided in 4 lithofacies (Table 3).

4.1.3.1 | C1 carbonate layer 1
The lowermost carbonate unit (C1) is 20.75 m thick 
(4141.75–4121.00 m) and represented by ten SWC (Table 2 
and Figure 4a). It is deposited directly onto the BPU. The 
average Vp and GR is 4.17 ± 0.08 km/s and 21.51 ± 2.49, 
respectively (Table  2). There is some variability within 
the unit especially in the lower 4 m (4142–4138 m) where 
there are two distinct positive peaks in resistivity and den-
sity with corresponding negative peaks in neutron poros-
ity (Figures 4a and 5a).

The central part of C1 is poorly mapped by the FMI 
due to tool sticking, but the lowermost and uppermost 
parts are mapped and allows FMI interpretation. The 
lowermost part shows alternating, thick (dm-scale) bands 
of low and high resistivity. Locally, at c. 4138.5 m a fea-
ture resembling cross stratification or soft sediment de-
formation can be observed. The feature is truncated at the 
top by a conductive layer (Figure 6a). At 4138 m, a tran-
sition to a more homogenous FMI signal occurs. Here, 
the carbonate appears to be divided into decimetre- to 
meter-thick beds separated by thin layers with low resis-
tivity. Internally, the beds are rather uniformly resistive, 
but commonly with thin lamination. The thickness of the 
beds in the C1 layer increase upward and range from 0.1 
to 1.8 m (Figure 6e).

Based on observations of SWC and wireline log pat-
terns the lower two meters are a normal graded section 
of packstone overlain by an 18 m thick homogenous mi-
critic limestone, of which the uppermost 5 m are normally 
graded (Table 3; Figure 5). SEM reveals that the micritic 
component consists of partially recrystallized very fine-
grained fossil fragments, such that the state of fossil 
preservation is poor but a few identifiable coccoliths and 
echinoids occur (Figure 4f).

C1 show a clear homogenization trend where the va-
riety of fossils transition from a rich fauna including 
bryozoans, foraminiferas and bivalve fragments to a less 
diverse fauna only including calcispheres and some bi-
valve fragments (Figure  5b–e). In the lower part, in ad-
dition to the diverse microfossil fauna, it also consists of 
relatively coarse (<2 mm) and well-rounded sand grains 
mainly consisting of quartz (Figure 5b,c). Towards the top 
the fossil fauna is virtually only composed of foraminifers 
with some sparse bivalve fragments defining a fabric in 
the rock (Figure 5d). The calcispheres sizes decrease to-
wards the top of the sub-unit. Siliciclastic grains become 
less abundant towards the top (from c. 20% in the lower 
part to <1% in the upper part) and in the uppermost sam-
ple they are scarce. The same pattern can be observed for 
glauconite pellets which are common in the lower part of 
the sub-unit but disappears towards the top (Figure 8).

The upper sub-unit consists of a homogenous package 
of very fine-grained micritic limestone (Table 3). The mi-
crofossils are primarily calcispheres or fragments thereof, 
fragments of echinoids, including spines, and agglutinated 
foraminiferas suspended in the micrite (Figures 4f and 7a).  
Half-circle fragments of calcispheres show a preferred ori-
entation and form a fabric in some of the thin sections, 
but no consistent convex/concave up/down distribution is 
recorded (Figure  4f). Only a handful of microfossils are 
crushed in situ, i.e. most of the microfossils were either 
crushed before they reached their final resting place or are 
intact. Most of the calcispheres and other foraminifers are 
completely or partially filled with framboidal pyrite, with 
no observed consistent up/down pattern (Figure  5). Silt 
to fine sand-sized siliciclastic fragments, primarily com-
posed of quartz, feldspar (both K-feldspar and plagioclase) 
and mica (primarily white mica), are most common in the 
lower part and decrease in abundancy towards the top of 
this upper sub-unit, but small (<30 μm) siliciclastic grains 
and <50 μm bioclastic grains are observed throughout 
(Figure 5e). SEM studies show that there is a very low con-
centration of clay minerals in the micritic limestone, as 
also indicated by the GR signal (Figures 4a and 7a).

Locally, the SWC sample thin (from c. 2 mm to >1 cm) 
internally persistent argillaceous horizons. These con-
tain silt-sized angular siliciclastic grains, primarily com-
posed of quartz and feldspar, as well as small (<100 μm 
long axis) flakes of white mica (presumably muscovite), 
calcispheres and elongated fossil fragments, possibly bi-
valves (Figures 4d and 5c). These grains are both more 
abundant, but also larger than those in the micritic 
limestone.

4.1.3.2 | C2 carbonate layer
Carbonate layer C2 occurs between 4114.1 and 4108.3 m 
and is 5.8 m thick (Figure  4). It consists of fossiliferous 
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micritic limestone. The wireline logs show a basal interval 
characterized by low GR, resistivity, porosity, and density 
overlain by an approximately 5 m thick interval with an 
upward increasing porosity accompanied by decreasing 
acoustic velocity (Vp) and density (Figure  4). These ob-
servations suggest a basal, coarse-grained (poor in clay 
minerals) bed succeeded by a fining-upward succession or 
normal graded bed.

The top and base of the carbonate layer suffered 
tool-sticking and the contacts are therefore not covered 
by FMI. Similarly to C1, this carbonate layer is based by 
dm-scale alterations between conductive and resistive lay-
ers before transitioning abruptly upwards into homoge-
nous beds separated by conductive boundaries. Locally the 
boundaries show a sinusoid geometry, indicating that they 
are inclined (Figure 6b). The thickness of the beds increase 
upward in the carbonate layer and range from 0.2–0.9 m 
(Figure 6e).

Two SWC were collected and revealed a composi-
tion of very fine-grained micritic limestone with argil-
laceous horizons (Figure  4d). The fossils are primarily 
calcispheres, agglutinated foraminifera and fragments 
of echinoids along with fragments of the above-men-
tioned microfossils (Figure  4). Minor occurrences of 
siliciclastic grains mostly comprising very fine-grained 
(<30 μm) quartz, rutile and muscovite are recorded 
(Figure 4). Some larger (<0.5 mm) fossil fragments are 
also observed, oriented parallel to the boundary of the 
argillaceous horizon.

4.1.3.3 | C3 carbonate layer and accompanying 
sandstone
Carbonate layer C3 is 5.8 m thick (4099.2–4093.3 m) and 
consists primarily of fossiliferous micritic limestone, 
which is sampled by 3 SWC. It is overlain by 1.2 m of a 
siliciclastic sandstone with no mud (4092.1–4093.3 m) 
sampled by 1 SWC (Figure  4). The average Vp and GR 
signal is 3.95 ± 0.35 km/s and 54.80 ± 21.50 API, respec-
tively. GR displays a minor increase upwards, which 
probably reflects the increasing siliciclastic or glauconite 

content. Neutron porosity increases upwards and is ac-
companied by decreasing resistivity, density and Vp.

The data from the lower half of C3 are obscured 
by tool sticking and hinder analysis. It does, how-
ever, appear to be relatively conductive and resembles 
the same pattern observed in the lower part of C1 and 
C2. The upper part of C3 consists of similar beds as de-
scribed above with thin resistive boundaries. Some of 
the beds also have internal laminations. Locally these 
laminations are inclined giving a resemblance to small-
scale dunes or cross-stratification (Figure  6c insert 3).  
The bed boundaries are locally inclined and in one in-
stance truncated by the boundary above (Figures 6c insert 
1 and 2). In the uppermost part of C3, a 1 m thick calcite 
cemented sand layer reveals a very similar FMI signature 
and is indistinguishable from the underlying carbonates in 
terms of resistivity. The beds thicken towards the top of C3 
with thicknesses ranging from 0.1 to 1 m (Figure 6e).

The lower part of C3 consists of micritic limestone 
with some siliciclastic grains primarily comprising 
quartz, feldspar and mica. Calcispheres are also com-
mon. Siliciclastic grains are more abundant higher in 
the section. The uppermost part of C3 consists of a rel-
atively coarse-grained sandstone with siliciclastic frag-
ments consisting of quartz, feldspar (both plagioclase 
and K-feldspar) as well as lithic fragments. The grain-
size distribution is roughly bimodal with coarse-grained 
(>500 μm), rounded clasts and finer-grained (<200 μm) 
angular clasts. Accessory detrital clasts/minerals are 
carbonate, chert, biotite, muscovite, rutile and rela-
tively coarse (100-200 μm long axis) idiomorphic zircon. 
Glauconite pellets (<500 μm) are also present. The sam-
ple shows low compaction and is clast-supported. The 
porosity is, however, entirely occluded by a micritic ma-
trix, which is partially recrystallized as sparry carbonate 
cement (Figure 7d). Some of the feldspar grains are partly 
dissolved. The voids created by this dissolution are filled 
by sparry carbonate (Figure 7d). No argillaceous mud has 
been observed in this sample, except for mm-sized clasts 
of clay-rich material, resembling rip-up clasts (Figure 7b).

F I G U R E  4  Wireline geophysical properties and photomicrographs of lithologies for Grisetang Member. (a) Carbonate layers are 
denoted C1–C4. Arrows indicate trends in data. Dashed lines indicate sample location of thin section with photomicrograph b–e. (b) 
Photomicrograph of calcite cemented sandstone with low GR and relatively high Vp. Note the bimodal clast shape distribution with both 
angular and rounded grains. Sparry calcite cement with single crystals encapsulating several detrital grains. (c) Photomicrograph of the 
same sample as in b. Zircon and rutile are accessory minerals. Glauconite pellets are common. Feldspars are partially dissolved and filled 
with calcite. (d) Backscattered electron image of the micritic limestone with a coccolith fossil and crossectional cut of echinoid spine. (e) 
Photomicrograph taken with reflected light displaying very fine-grained micritic limestone with crescent-shaped calcispheres fragments. 
Detrital quartz grains are present together with framboidal pyrite and other sulphides. (f) Thin bed of siliciclastic material in the micritic 
limestone. The siliciclastic layer is c. 5 mm thick. Yellow arrows indicate grains with a high aspect ratio that define the bedding in the 
sample. Note that fossil fragments and detrital grains generally are larger in the siliciclastic bed. GR, gamma ray; PPL, plane polarized light; 
Res, resistivity; RL, reflected light; SWC, side-wall core; XPL, crossed polarized light.
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4.1.3.4 | C4 carbonate layer and accompanying 
sandstone
The two micritic limestone layers that constitute C4 has 
an accumulated thickness of c. 2 m of micritic limestone 
(between 4085.1 and 4084.5 m and 4080.2 and 4079.1 m for 
the lower and upper layers, respectively) and is sampled 
by 1 SWC. It is overlain by c. 4.6 m of siliciclastic sand-
stone with little mud (4079.1–4074 m), sampled by 2 SWC 
(Figure 4).

The wireline logs from the lowermost carbonate layer 
in C4 show a distinctive reduction in GR and increase 
in Vp. The FMI reveals that the lowermost carbonate 
layer in C4 has two beds, with a relatively resistive na-
ture compared to the beds in, e.g., C3. The two beds are 
separated by a thin (c. 10 cm) layer of more conduc-
tive lithology. The FMI for the C4 shows a weak dm-
scale resistive banding and sinusoidal conductive bed 
boundaries, which increase in amplitude towards the 

F I G U R E  5  Base of the Grisetang Member shows a transition from massive packstone to laminated packstone to very fine-grained 
micritic limestone. (a) Wireline log shows the geophysical character of the lowermost part of the Grisetang Member. Note the complex 
pattern of the graphs for the lowermost part which is depicted in the log to the right. (b) to (e) Photomicrographs displaying the mineral 
assemblages from the lowermost part of the unit where it develops from a mixed carbonate and siliciclastic to micritic limestone. (b) 
Packstone with c. 20% siliciclastic grains and a plethora of microfossils including fragments of bryozoans and bivalves. (c) Locally 
argillaceous horizons are present. These are rich in siliciclastic grains primarily quartz, but also detrital muscovite. (d) Packstone primarily 
consisting of calcispheres and bivalve fragments defining a fabric. (e) Micritic limestone (wackestone) with abundant calcispheres, both 
intact and half-circle fragments. Some siliciclastic grains are present.
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top (Figure  6d). The base of the layer shows a discor-
dant relation to the underlying mudstones (Figure 6d). 
The beds thicken upward and range from 0.25 to 1 m 
(Figure 6e).

The GR and Vp signal for the upper C4 carbonate layer 
increase and decrease, respectively, towards the top of the 
layer (Figure  4). The lowermost 1.4 m show an increase 
in resistivity as well as a decrease in neutron porosity 
to below the density curve (Figure  4). The FMI shows 
an irregular and discordant boundary between the un-
derlying mudstones and the carbonate, suggesting that 
the substratum may have been eroded. The lowermost 
meter shows a clear dm-scale resistive banding before 
transitioning sharply into the homogenous pattern with 
well-defined beds (Figure 6d). This transition apparently 
also corresponds to the lithological change from micrite 
to carbonate cemented sandstone. The boundaries in the 
sandstone are generally not defined by one thin line, but 
rather by numerous densely spaced conductive boundar-
ies (Figure 6d). The homogenous, internal domains show 
a faint discordant fabric (Figure 6d).

Both of the carbonate layers of C4 are composed of fossil-
iferous micritic limestone, relatively rich in microfossils such 
as calcispheres and agglutinated foraminifera. Elongated 
fossil fragments define a planar fabric in the sample.

Seemingly conformably above the micritic limestone 
rests the sandstone with similar features as described for 
the sandstone above C3. The main clast types are quartz 
(sometimes with textures indicating dynamic recrystal-
lization; Figure  7b,d) and feldspar (both K-feldspar and 
plagioclase). Accessory clasts and minerals are biotite, 
muscovite, chert, rutile and idiomorphic and rounded 
zircon (Figure 4b,c). Glauconite is present in all thin sec-
tions Figure 4c. Feldspar grains are partly dissolved and 
filled with single crystals of carbonate (Figure 7d). These 
sandstone samples also have a clear bimodal grain-size 
distribution where the large grains appear more rounded 
than the fine-grained fraction (Figure  7b). The samples 

are partially cemented, and the cement is composed of 
sparry carbonate forming large, single carbonate crystals, 
which encapsulate several 10's of siliciclastic and carbon-
ate grains (Figure 7d), or fine-grained (<5 μm) quartz and 
clay minerals (perhaps illite; Figure 7c).

4.1.4 | Interpretation of the data from the 
Grisetang Member

The carbonates of Grisetang Member are primarily chalks, 
with subordinate packstone dominated by similar micro-
fossils assemblage as in the chalk. The benthic microfos-
sils, such as bivalves and echinoids found in C1–C4 suggest 
a shallow marine origin (e.g. Surlyk,  1997). The trends 
observed in the wireline logs probably represent a thick-
ening- and fining-upward stacking pattern of micritic lime-
stone beds separated by thin layers of argillaceous material 
interpreted as hemipelagic mudstone beds (Figure  6e). 
Alternatively, each carbonate bed could be interpreted as 
representing a single depositional event resulting in thick 
normal graded units. The FMI data reveal a faint lamina-
tion fabric internally in some of the beds which probably 
formed by deposition from turbidity currents (Anderskouv 
& Surlyk, 2011; Damholt & Surlyk, 2004). This fabric is lo-
cally discordant to the bed boundaries and is interpreted 
to potentially represent bed forms (Figure 6c). The pres-
ervation of lamination suggests that the material was not 
affected significantly by bioturbation and thus either sug-
gests dysoxic conditions at the sea floor during deposition 
(Damholt & Surlyk, 2004) or rapid deposition, which im-
peded bioturbation (Scholle et al., 1998).

Calcispheres are either intact or half-moon shaped, but 
they are rarely observed to be crushed in situ, suggesting 
that there has been a component of post-mortem trans-
port. Glauconite pellets are abundant in the coarser lime-
stones at the base of C1, in the argillaceous horizons that 
define the beds and in the siliciclastic sandstones in the 

F I G U R E  6  Key FMI observations from the Grisetang Member. The FMI scale is the same for all the subfigures and is given in C. 
(a) FMI data from C1 show what resembles climbing ripples truncated by an erosional bed boundary. (b) FMI data from C2, displays 
different facies of FMI signal that can be observed. Note the more conductive bands in the lower part before transitioning into the 
homogenous domains separated by thin resistive bands. There is no apparent change in lithology and the different signal is possibly related 
to cementation of the micritic limestone or potential fracturing. Sinusoidal geometry is highlighted with a dashed white line. (c) The 
FMI data from C3 display two conductive bed boundaries where the upper boundary is truncating the lower. See enlarged inserts 1 and 
2. Below this, at c. 4094.2 m an inclined fabric can be observed within the domain confined by two conductive bands. We interpret these 
features to represent cross-stratification as can be observed in the enlarged area 3 with interpretation of the FMI data below. An impact 
of drilling artefacts cannot be fully ruled out. (d) The transition from a conductive domain into a thick, resistive homogenous domain. 
This corresponds to a lithological change from sandstone to carbonate. The top of this domain, at c 4078 m, shows that the resistive band 
comprises several thin discontinuous bands. Black arrows point towards a faint discordant fabric internally in the beds. (e) Thickness 
distribution of the carbonate beds derived from the FMI data. The thin red conductive lines define each layer's top and base as seen in 
the other subfigures. Each carbonate layer shows a thickening of the individual beds towards the top of the layer. The FMI data are too 
uncertain to estimate thicknesses from the carbonate part of C4.
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upper part of Grisetang Member. They are, however, un-
common in the intervals that contain micritic limestone, 
although with some minor exceptions. Their rounded 
nature and similar size to the detrital quartz grains in-
dicate that some transport prior to deposition was likely 
(e.g. Amorosi,  1997; Triplehorn,  1966). The sparse ob-
servations of craquelures (Figure 7b) could indicate that 
some glaucony production took place in  situ as well or 
that these fragile features indeed did survive the transport 
(Amorosi, 1997).

Some of the SWC thin sections contain thin argilla-
ceous horizons, these are generally interpreted to rep-
resent stylolites. Where the argillaceous horizons are 
thicker (cm-scale) and with a different fossil content 

than what is observed for the stylolites, they are inter-
preted to represent hemipelagic background sedimen-
tation during quiescence in the carbonate deposition. 
These thicker argillaceous horizons are likely to corre-
spond to the thin conductive lines in the FMI and fur-
ther substantiate the interpretation that these thin lines 
represent bed boundaries.

4.1.5 | Sauetang Member

The Sauetang Member is 76.3 m thick in the well (4074–
3997.7 m). It has been sampled by 9 SWC that reveal a 
mixture of sandstone and mudstone.

F I G U R E  7  Photomicrographs from SWC from well 6302/6-1. (a) SEM BSE image of the very fine-grained micritic limestone. Some fossil 
fragments (echinoid spines, clay minerals and framboidal pyrite can be seen. Note that the carbonate is locally partially recrystallized. (b) 
Photomicrograph in plane polarized light of sandstone with a mudstone (Mst) rip-up clast. Inset shows a photomicrograph taken with crossed 
polarized light of a well-rounded and dynamically recrystallized quartz grain (i.e. metamorphic origin) from a different part of the same sample. 
(c) SEM BSE image of a filled foraminifera, the cement and siliciclastic grains and diagenetic products. Note the two-fold pore-space fill: (1) 
sparry calcite cement and (2) fine-grained quartz and possibly illite with intra-grain porosity. Insert show a zoom of the latter pore fill from a 
different part of the thin section. (d) Photomicrograph taken under crossed (left) and plane (right) polarized light. Note the dissolution of the 
feldspar grain, which has been filled with secondary calcite. Both zircon and rutile are present as well as dynamically recrystallized quartz.
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A transition between the Sauetang Member and the 
Grisetang Member is found from 4047 to 4003 m. The 
wireline log responses are mainly characterized by high 
GR, low resistivity and a low Vp sonic response, consis-
tent with their mudstone dominated nature (Table  2; 

Figures 1 and 2). This monotonous pattern is locally in-
terrupted by a distinct decrease in GR (from c. 80–100 to 
c. 36–38 GAPI), a slight decrease in density (from c. 2.4 
to 2.3 g/cm3) and an increase in Vp (to c. 3.1 km/s), inter-
preted to represent sandy domains. These sand domains 

F I G U R E  8  Overview of Sauetang Member. (a) Geophysical properties from the wireline log data. Spikes in gamma ray, resistivity, 
density and neutron can be seen where there are sandstones. In some cases, there is also an increase in Vp, where there are sandstones. 
This is usually due to carbonate cemented sandstones. (b) FMI of a 1 m section of the well where a 0.7 m thick sandstone layer occurs. The 
resistivity structure of the sandstone layer indicates that it is represented by two sandstone beds that appear to be normally graded, possibly 
indicating that it formed from a gravity flow. (c) Insert shows a zoned zircon wrapped in a glauconite pellet. Several of the samples contain 
euhedral zircon, but they have not been dated. (d) Pocket of cemented, fine-grained sand-siltstone in a mudstone. The abundances of 
glauconite and microfossil fragments are generally high in these distorted pockets. (e) Photomicrograph taken under plane polarized light 
displaying a poorly cemented sandstone primarily consisting of quartz and feldspar with a minor contribution from microfossils, mica and 
glauconite. The pore filling is similar to what is presented in Figure 7c.
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are most frequent in the lowermost c. 14 m of the transi-
tion zone. The sandstone layers range in thickness from 
c. 0.5 to 1.6 m. The FMI images show disturbed beds in-
dicating soft sediment deformation and locally extensive 
burrowing in the mudstones (Figure  8b). Locally, the 
mudstone displays a fine lamination (Figure 8b). A 1 m 
thick sandstone layer at 4050 m has an FMI signature 
that shows two stacked domains interpreted as beds. 
Both beds have a gradual decrease in resistivity towards 
the top. The boundary between the two beds is abrupt 
(Figure 8b).

Lithologically, the Sauetang Member is dominated 
by mudstones and silty mudstones with minor sand-
stone layers, as constrained from the SWC and the 
geophysical well logs (Figure 8a). The sampled mud-
stones show that they are primarily composed of  mud 
with some suspended silt-size, angular fragments of 
quartz and feldspar. Locally, small (<1 cm) pockets of 
siltstone are present (Figure 8d). These pockets often 
have rounded shapes, presumably caused by fluid 
escape during compaction and/or bioturbation. The 
pockets contain a higher abundance of  mica, glauco-
nite and microfossils.

The sandstone layers in the Sauetang Member are 
similar to those found in the Sagtang- and Grisetang 
members. They are composed of quartz, feldspar, lithic 
fragments as well as carbonate clasts all of which are 
variably rounded and generally with a bimodal grain 
size distribution (Figure 8e). Some of the sandstones 
show a matrix consisting of argillaceous mud, and 
these are generally mud-supported. Plagioclase feld-
spar grains often show partial dissolution and partial 
replacement by carbonate. Accessory minerals in-
clude rounded glauconite pellets, detrital muscovite 
flakes, rutile, zircon, and microfossils (Figure  8e). 
The cement varies from only minor carbonate (likely 
calcite) cement, to completely cemented sparry car-
bonate. Locally, fine-grained (<5 μm) quartz and clay 
minerals (perhaps illite) are present similar to what 
can be observed in Figure 7c.

4.1.6 | Interpretation of the data from the 
Sauetang Member

The FMI data show trends that are similar to upwards 
fining sequences with sharp transitions to new se-
quences in some of the sand layers, indicating that these 
are stacked sandstone beds with increasing mud content 
towards the top of the individual beds, i.e. they show 
a normal grading, suggesting that they deposited by 
a gravity flow (e.g. Talling et  al.,  2012). The type and 
shape of glauconite is consistent with an allochthonous 
origin and it is further corroborated by the presence of 
detrital muscovite grains. Where the mudstone samples 
are homogenized by bioturbation it is indicated that 
the sediment was deposited in an oxygenated bottom-
water environment with low sedimentation rate (e.g. 
Boulesteix et al., 2019).

4.1.7 | Sagtang Member

The Sagtang Member measures 96.3 m in the well (3997.7–
3901 m) and is sampled by 30 SWC (Figures 1, 2 and 9). 
It is composed of two primary lithologies: mudstone and 
sandstone where the mudstone dominates and the sand-
stone occurs as evenly distributed beds throughout the 
member. The sandstone layers range in thickness from 
>10 cm to c. 7 m (Table 2; Figure 9).

From the wireline logs, it is calculated that the upper 
Sagtang Member contains c. 20% sand-dominated lithol-
ogies and 80% mud-dominated lithologies (Figure  9a). 
The sandstone layers have an average thickness of c. 
1.1 m with a range from 0.2 to 4.7 m in thickness (Table 2). 
Their GR signal averages at 46.5 ± 1.5 GAPI and average 
neutron porosity of 0.25 ± 0.02 (Table 2). The average Vp 
is 2.97 ± 0.05 km/s (Table  2). The same pattern can be 
observed for the density where the two uppermost sand-
stone units have an average density of 2.23 ± 0.08 g/cm3, 
whereas the rest of the sandstone layers have densities of 
2.35 ± 0.03 g/cm3. The mudstones on the other hand have 

F I G U R E  9  Overview of the Sagtang Member. (a) Wireline logs from well 6302/6-1. Note the characteristic pattern of the sandstones 
with low Gamma ray, low resistivity, and decrease in density, especially where the sands are charged with hydrocarbons (yellow area on 
the neutron, density graph). (b) GR and FMI log that shows stacked sandstone beds. Arrows point towards conductive bed boundaries, 
presumably more clay-rich and black bars indicate mud content. (c) Photomicrograph taken under plane polarized light of sandstone with 
rounded glauconite pellets and angular grains, primarily quartz. The sample is partially cemented by euhedral siderite rhombs and shows 
some indications for quartz dissolution-precipitation at quartz grain contacts. (d) SEM-BSE image from the same sample as in c. The image 
shows a party dissolved K-feldspar grain with some mixed clays present inside the dissolved grain, whereas siderite rhombs are only present 
outside the dissolved grain (yellow dashed line). (e) Photomicrographs taken with plane polarized light of sandstone with glauconite, 
quartz grains and dissolved feldspars. The blue in the photograph is open porosity. The photomicrograph shows very little cement. (f) 
Photomicrograph with crossed polarized light shows the same sample as in F, but in this part of the thin section the sample is completely 
cemented by sparry calcite. Note the diversity of grains, including possibly an amphibole grain and dynamically recrystallized quartz, 
highlighted by a yellow dashed line.
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an average GR of 77.4 ± 14.0 GAPI, neutron porosity of 
0.30 ± 0.03 and Vp of 2.84 ± 0.08 km/s. The FMI logs cover 
most of the Sagtang Member, but above 3910.7 m, the data 

are not available. Some of the sandstone layers represent 
multiple stacked beds that show thin (c. 20 cm) conduc-
tive bands separating more resistive domains. Some of the 
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resistive domains show a gradual change in conductivity 
towards the conductive bands (Figure 9b).

The sandstone layers in the Sagtang Member consist of 
fine to medium-grained sandstones with grains of quartz, 
feldspar and some lithic fragments with minor amounts of 
microfossils (Figure 9c–f). The feldspars are generally al-
most completely dissolved, and it varies whether the voids 
are filled with clays, sparry calcite cement or open voids 
(Figure 9d,e). Some dissolution and precipitation of quartz 
can be observed between neighboring quartz grains but is 
minor (<5%; Figure  9c). Rounded glauconite pellets are 
common (Figure 9c,e,f). The cement varies between sparry 
calcite and euhedral siderite rhombs (Figure 9c,d,f). The 
degree of cementation varies with some samples displaying 
very little cement (ca <5%), while some are completely ce-
mented (Figure 9c–f). Mudstone rip-up clasts are observed 
in some of the thin sections. The mudstone layers are lo-
cally sampled by the SWC and show similar characteris-
tics as the mudstone layers in the Grisetang and Sauetang 
members. The silt-sized grains occur both as grain-sup-
ported pockets and/or as more distributed silty mudstones. 
The grains are primarily composed of quartz and feldspar 
with some muscovite flakes with fringed edges. Fossils, 
such as calcispheres, bivalve fragments and radiolarian as 
well as rounded glauconite pellets, are abundant.

4.1.8 | Interpretation of the data from the 
Sagtang Member

The pattern observed in the FMI data suggests that the 
sandstone beds in the Sagtang Member show an internal 
normal grading. This together with the presence of rounded 
glauconite pellets and mudstone rip-up clasts suggests an 
allochthonous origin of the sandstone beds. The grain size 
of the sandstone and the lack of mud indicate that the sand 
was deposited from gravity flows, such as turbidite flows 
(Talling et al., 2012). The source area of the sands included 
metamorphic terrane or sandstone that had previously 
sampled a metamorphic terrane as seen from the presence 
of dynamically recrystallized quartz. The partial calcite 
cementation indicates that the concentration of dissolved 
calcite was too low to completely cement the sample and 
that the samples likely represent distributed concretions 
(Bjørkum & Walderhaug, 1990; Dutton et al., 2002).

4.2 | Seismic interpretation

A total of four horizons were picked using guided au-
totracker where possible and manual picking where nec-
essary (Table 4). The horizons have not been picked below 
volcanics because of the low confidence.

4.2.1 | Seismic expression of the Base 
Paleogene Unconformity (BPU)

The Base Paleogene Unconformity, also marking the base 
Tang Formation, is present across the entire 3D cube, but is 
locally masked by lavas and shallow intrusions in the south 
and western parts. The BPU is generally present as a broad, 
coherent and continuous, high amplitude, soft reflection 
caused by the lithological change from carbonate to mud-
stone (Figure 3), in contrast to other parts of the Norwegian 
Sea where it is characterized as a clear hard reflection within 
siliciclastic strata (e.g. Zastrozhnov et al., 2020). In the eastern 
part of the cube, however, the BPU is diffuse, semi-coherent 
and challenging to follow with high confidence (Figure 10).

Internally, the Springar Formation is homogenous 
(Figures 2 and 11). It can be followed down to an under-
lying saucer-shaped Tulipan Sill (e.g. Kjoberg et al., 2017; 
Schmiedel et al., 2017), without any high amplitude reflec-
tions (Figure  2). The succession displays semi-coherent, 
low amplitude reflections, which brighten towards the top 
of the sill, potentially related to gas. East of the Tulipan Sill 
area, the Cretaceous succession is weakly reflective, and is 
offset by numerous small-offset normal faults (Figure 10).

4.2.2 | Grisetang Member seismic expression

The top of the Grisetang Member corresponds to a coher-
ent, medium amplitude, hard reflection that can be traced 
eastward to where it converges with the BPU (Figure 10). 

T A B L E  4  Seismic characteristics and confidence in 
interpretation for the picked horizons.

Horizon Seismic character Confidence

Top Tang Fm. High amplitude, 
hard reflection

High

Top Sagtang 
Mb.

High amplitude 
where gas-
charged and 
moderate 
amplitude 
elsewhere. 
Generally soft 
reflection

High in the west, low 
in the east

Top Grisetang 
Mb.

High to moderate 
amplitude, hard 
reflection.

High in the west, low 
in the east

BPU (Base 
Grisetang 
Mb.)

High amplitude 
and soft where 
Grisetang Mb. 
is present. Low 
amplitude, to the 
east

High where overlain 
by Grisetang, 
moderate to low 
elsewhere
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Above the Tulipan sill, the Grisetang Member is suffi-
ciently thick to resolve some discordant and concordant 
internal reflections, with respect to the base and top of the 
member (Figure  2), however, as the Grisetang Member 
thins towards the east, internal details are unresolvable. 
Around 20 km to the east-southeast of the Tulipan well, 
the Grisetang Member thins to below seismic resolution 
and is not mappable. The western and southern continu-
ation of the carbonate layer is obstructed by numerous in-
trusions and can only locally be mapped.

4.2.3 | Sauetang Member seismic expression

Top Sauetang Member has not been confidently mapped 
in the 3D cube, due to too subtle lithological features that 
are unresolvable by the seismic cube at hand (Figures 2 
and 10). Internally, the Sauetang Member has a weakly re-
flected signature without any strong reflections, except for 
the base, which is the top of the carbonates and displays 
a hard reflection caused by the positive change in imped-
ance (Figures 2 and 10).

F I G U R E  1 0  Overview of a key seismic cross section. (a) Uninterpreted seismic cross section. Red arrow shows the approximate extent 
of the Grisetang Member in this seismic section and the decrease in amplitude for the BPU is shown by the yellow arrow. See insert for 
details (b) Interpreted seismic section. Note the thinning of the Tang Formation and all of its members towards the southeast. Inserts show 
rotated reflections in the Upper Cretaceous overlain by a seismically transparent domain below the BPU. The BPU is locally cut by normal 
faults, which also delineate a soft spot just above the top Sagtang reflection. Also note the very subdued reflection of the Top Sagtang 
reflection where it is not gas-charged. Sauetang Member is located between Sagtang and Grisetang Member. The sills interpreted in the 
seismic section are volcanic intrusions related to the break-up of the NE Atlantic in the Eocene.
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4.2.4 | Sagtang Member Seismic expression

The top Sagtang Member is mappable in most of the 
seismic 3D volume, mainly as a coherent, medium am-
plitude, soft reflection, but the amplitude changes sig-
nificantly throughout the volume (e.g. Figure 10). Above 
the Tulipan sill, the reflection is a high-amplitude reflec-
tion that corresponds to the gas-charged reservoir at the 
Tulipan well, which is hosted by the topmost layers of the 
Sagtang Member. Like the other horizons, it is masked 
by volcanics to the west but is traceable eastwards. The 
Sagtang Member thins towards the east, and downlaps 
onto the BPU c. 45 km east of the Tulipan well.

A gentle high, c. 34 km east of the well the top Sagtang 
Member reflection becomes a high amplitude, soft 

reflection. In map view, these high amplitude domains 
are cut by numerous normal faults (Figure 11). Given the 
similarities in amplitude with the Tulipan discovery, it is 
possible that some of these high amplitude domains also 
represent gas-charged sandstones, and thus represent sev-
eral small (accumulated 27 km2) gas pockets with struc-
tural and/or stratigraphic traps (Figures 10b and 11).

4.2.5 | Seismic expression of the Top 
Tang Formation

The top of the Tang Formation corresponds to a high-ampli-
tude hard reflection that can be traced with good confidence 
throughout the seismic cube. The topmost c. 150 ms of the 

F I G U R E  1 1  Oblique view of thickness maps and an attribute map of top Sagtang Member. (a) RMS map of the top Sagtang Member 
(+60 ms above and 5 ms below) shows clearly where the transgressive sides of the Tulipan Sill penetrate the BPU (Yellow—very high 
variance). The Tulipan gas discovery can also be seen as a high variance (red and black) domain surrounding the Tulipan well. Similarly, we 
can see the small, soft amplitude anomaly in the south eastern part of the cube. (b) Thickness map between the top of the Sagtang Member 
and the BPU. Note thinning towards the right (southeast). (c) Thickness map of the Grisetang Member above the BPU topography in time. 
It shows that the Grisetang member thins towards the southeast but also that there are some internal thickness variations. Stippled line in b 
and c shows the extent of the map in a. Inserted map shows the study area and the c. extent of the Grisetang Member as mapped out by the 
seismic interpretation. The figure is not to scale in the vertical dimension.
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Tang Formation is characterized by several high-amplitude 
events that are locally affected by extensional faults. The re-
flections in this domain are generally semi-continuous, and 
not parallel to the top horizon everywhere (Figure 10), form-
ing shallow depositional basins between local highs. This 
is the unit with hydrothermal vents as described in Kjoberg 
et  al.  (2017). Below this uppermost domain and above the 
Sagtang Member, the Tang Formation is transparent with 
only some amplitude variations. The entire Tang Formation 
thins from c. 800 to c. 300 m towards the southeast (Figure 10).

5  |  DISCUSSION

5.1 | Depositional model

The stratigraphic information in the dataset in context 
with a regional understanding allows a first-order recon-
struction of basin development and sedimentary response. 
The stratigraphic units and the major boundaries in the 
succession are discussed in chronological order.

The open marine Cretaceous Springar Formation in 
the Norwegian Sea episodically received sediment turbid-
ite flows from the basin edges (e.g. Dalland et al.,  1988; 
Southern et al., 2017). This is corroborated by SWC sam-
ples, containing silty mudstones with abundant angular 
to sub-angular silt-sized quartz and feldspar grains, as 
well as detrital mica and rounded glauconite pellets with 
a similar size range as the detrital grains (Figure 4). This 
suggests that gravity flow systems were active as early as 
the Late Cretaceous and that their distal parts, including 
the waning mud plumes, reached the study area.

The Base Paleogene Unconformity (BPU) represents 
the basin floor for the uppermost Cretaceous to Lower 
Palaeocene succession (Figure  2) and marks the onset of 
compositionally mixed carbonate-siliciclastic deposition in 
the area (sensu Chiarella et al., 2017). The biostratigraphic 
report from the Tulipan well suggests that the BPU does not 
represent a significant hiatus (Mahdi & Ayress, 2006), rather, 
it is either a short depositional hiatus and/or a shift in tec-
tonic style/environment that led to a margin-wide change in 
the rifting style as described for the FSB (Booth et al., 1993; 
Goodchild et  al.,  1999; Lamers & Carmichael,  1999). The 
change from pure siliciclastic detritus in a distal turbidite 
system below the BPU to deposition of compositionally 
mixed carbonate and siliciclastic deposits occurs at the BPU, 
thus marking a significant change in the basin fill history.

5.1.1 | Depositional model for the 
Grisetang Member

The compositional- and strata-mixed Grisetang Member 
(sensu Chiarella et  al.,  2017) has a vertical transition 

where the base of C1 comprises a mixed carbonate silici-
clastic packstone, which grades into a laminated pack-
stone with little (<10%) siliciclastic material. However, 
the entire Member shows strata mixing with alternating 
bed-sets of carbonate dominated material (micritic lime-
stone) interlayered by siliciclastic mudstones (Figure 4). 
Such stratigraphic mixing of carbonate and siliciclastic 
bed-sets is common in distal portions of fine-grained cal-
ciclastic basin floor strata as the deposit grades into the 
basinal deposits (e.g. Payros & Pujalte,  2008). The loca-
tion of the Tulipan well with respect to the depositional 
complex is corroborated by the seismic analyses, which 
clearly show the Grisetang Member pinch-out and down-
lap towards the east, onto the BPU, c. 45 km east of the 
well (Figure 11). Because of the lack of siliciclastic mud 
in the fine-grained, allochthonous micritic deposits, it is 
generally agreed that such detritus can be transported 
large distances onto the basin floor and form unconfined 
sheets intercalated with hemipelagics (Loucks et al., 2011; 
Payros & Pujalte, 2008). For the Grisetang Member, this is 
observable due to the impedance contrast between dense 
carbonate above underlying mudstones of the Springar 
Formation, resulting in a strong negative, soft reflection 
(Figure  2), in contrast to the regional description of the 
BPU by e.g. Zastrozhnov et  al.  (2020), highlighting the 
local nature of the carbonate deposit. Where the Grisetang 
Member pinches out to below seismic resolution, the BPU 
reflection becomes weak and mottled (Figure  10) due 
to juxtaposition of mudstone in the Springar Formation 
below primarily mudstones in the Sauetang- and Sagtang 
members.

The wide (>30 km) depositional front with a lobate 
shape, together with the thickening of the sediment 
wedge towards the west suggests that the carbonate mate-
rial likely originated from a line source, originating to the 
west of the study area (Figures 10 and 11). This is corrob-
orated by the distinct lack of observable channels or lobes, 
which is a common feature in very fine-grained carbon-
ate apron deposits. The relatively flat base of the deposit 
and its distance from the nearest structural high suggests 
that it is not a base-of-slope apron, but rather a basin-floor 
apron with some similarities to the fine-grained calciclas-
tic seafloor-fans as described by Payros and Pujalte (2008).

The thickening upward pattern observed in the 
Grisetang Member wireline data together with the ob-
servations of thin mudstone veneers and thicker mud-
stone deposits deposited between the carbonate layers 
(Figure  6c,e) is interpreted to represent the internal ar-
chitecture of the apron (Figure  12). Because the source 
area is masked by significant extrusive and intrusive vol-
canic products, it is challenging to constrain the nature 
of the carbonate-producing system, but the interlayering 
of hemipelagic mudstones and the very fine-grained, 
laminated micritic limestone suggest that the sampled 
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stratigraphy is in the seaward fringe of the apron (Loucks 
et al., 2011; Mullins & Cook, 1986; Payros & Pujalte, 2008; 
Playton et  al.,  2011). Sømme et  al.  (2019) report a peak 
in relative sea level for the Northern North Sea during 
the Maastrichtian and Danian which presumably would 
also affect the Møre Basin and surrounding structural el-
ements, leaving the possibility that the described carbon-
ates are a result of highstand shedding from a nearby high 
(e.g. Loucks et al., 2011; Schlager et al., 1994).

Contributions from hypopycnal flows and wind-borne 
hemipelagic dust may have contributed to the minor clay 
content within the micritic limestone and the hemipe-
lagic mudstones between the carbonate beds, however, 
it is the lack of mud within the carbonates that appears 
to be the most important feature. Carbonate drifts are 
deemed unlikely to have contributed significantly to the 
deposition of the micritic limestone in the Grisetang 
Member, primarily because we do not see any evidence 
for contourite drift deposits in the seismic data, such as 
sediment waves, along with the dominant lack of mixing 
with siliciclastic material (e.g. Anderskouv et al., 2010; 
Eberli & Betzler,  2019). A more local influence from 

bottom currents, such as reworking of the turbidite de-
posits (Faugères & Mulder,  2011; Rebesco et  al.,  2014) 
or of the hemipelagic suspension fall-out appears 
more likely. The Early Palaeocene increasingly warmer 
and wetter climate (Stokke et  al.,  2021 and references 
within) is likely to have caused elevated weathering and 
runoff rates in the sediment source areas (e.g. Sømme 
et al., 2019). This would have enhanced the terrigenous 
extrabasinal sediment supply and may have blanketed 
and shut off the carbonate factory that fed the Grisetang 
Member and thus caused the transition into a pure si-
liciclastic system.

5.1.2 | Depositional model for the 
Sauetang and Sagtang Members

Sand and silt is common throughout the Sauetang 
Member, but the abundance increase during deposi-
tion of Sagtang Member. A wide depositional front is 
also observed for the Sauetang and Sagtang Members, 
similar to that of the Grisetang Member. Line sourced 

F I G U R E .  1 2  Simplified Tulipan depositional model based on concept from Payros and Pujalte (2008) and Mullins and Cook (1986). 
(a) Depicts a carbonate apron where the allodapic sediment is partly channelized in numerous shallow canyons and runs out onto the basin 
floor, primarily as calciturbidites. Hemipelagic material is constantly deposited on the basin floor and covers non-active parts of the apron. 
The input of sandy material could stem from, e.g., sub-aerial erosion of a basement complex to the west. (b) After deposition of the Grisetang 
Member the system becomes a pure siliciclastic system, and point-sourced sand is deposited in a basin-floor fan by gravity flows.
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apron-type deposits for pure siliciclastic material are, 
however, generally related to very coarse and proxi-
mal deposits (Ravnås et al., 2000; Ravnås & Steel, 1997; 
Ravnås & Steel, 1998), in contrast to the strata studied 
here. We, therefore, propose that they belong to a point 
sourced fan, fed from the west (Figures  11 and 12b). 
The absence of discernible channel features in the seis-
mic data suggests a distal fan setting. Alternatively, the 
primary transport features, such as channels and lev-
ees, are flattened/smoothed out by secondary processes 
in the basin such as contourite currents (e.g. de Castro 
et  al.,  2020; Fonnesu et  al.,  2020; Moraes et  al.,  2007; 
Rebesco et al., 2014). Recent studies of structural highs 
fringing coastal environments from 3D seismic data in 
the Faroe-Shetland basin to the south have documented 
multiple strand-plane type coastal deposits associated 
with channel incision systems within the Palaeocene to 
Eocene (Walker et al., 2022). However, to date, imaging 
of the slope and extent of the coastal transition to the 
west of our study areas remains complicated by the im-
pact of later volcanic rocks on seismic imaging.

5.2 | Sediment sources

The velocity, GR, and resistivity for the carbonate and si-
liciclastic sandstones in the Grisetang Member are rather 
similar, therefore the actual boundary can be challenging 
to pick from the wireline data alone. However, by utilizing 
the FMI data the boundaries between the carbonate and 
sandstone appear to be conformable. These two litholo-
gies, in such close stratigraphic proximity, suggest strongly 
contrasting sediment sources. The sandstone, with its low 
GR signal and some indications for formation of cross-
beds (10–20 cm-scale; Figure  6a,c), further suggests that 
these lithologies are allochthonous, i.e. have been trans-
ported into the deeper part of the basin and presumably 
derived from a clay-poor proximal source and then remo-
bilized and deposited on the basin floor. Alternatively, 
the mud component was removed by hydrodynamic pro-
cesses during transport (e.g., Talling et al., 2012).

Based on the mineralogy of the sand grains, it is likely 
that the sand fraction is sourced from two different 
sources; one either with metamorphic rocks or already 
reworked metamorphic rocks (dynamically recrystal-
lized quartz) and one with a possible magmatic origin 
(non-recrystallized quartz, euhedral zircons, K-feldspar 
and plagioclase). Furthermore, there are also two frac-
tions of size and rounding of the grains (Figure 7). The 
rounding suggests some transport prior to deposition, or 
that they are reworked sedimentary rocks, whereas the 
more angular silt-sized grains experienced shorter trans-
port. This implies at least two sources for the siliciclastic 

sand grains, where one involves metamorphic base-
ment. The source area is challenging to constrain, but 
metamorphic basement rocks were likely exposed on 
Greenland and Norway during the time of deposition 
(Fonneland et al., 2004; Martinsen et al., 2005). Due to 
the shape of the deposit as constrained from the seismic 
interpretation in this contribution as well as the basin 
topography at the time, we deem it unlikely that either 
the carbonate or the sands were sourced directly from 
the east, i.e., mainland Norway. Heavy mineral analysis 
will enable greater insights into sand sourcing in future 
studies.

The interlayered mudstone that separates the C1-C4 
carbonate layers in the Grisetang Member and the sand-
stone beds in Sauetang- and Sagtang-Member, generally 
contain silt-sized detrital grains as well as microfossil 
particles (Figure  7). Consequently, no carbonate mate-
rial or sand reached the sampled well area during these 
times. One reason could be avulsion at the apex such 
that the material was transported elsewhere on the apron 
and fan and that the silty mudstones represent the back-
ground sedimentation in the basin (e.g., Picot et al., 2016). 
Alternatively, they could indicate changes in relative 
sea level, which is known to influence both carbonate 
production and allodapic shedding (e.g., Handford & 
Loucks, 1993; Reijmer et al., 2015).

Sediment source areas would be a local structural 
high, such as the Bara High or the more extensive Bylgja 
Ridge, a part of the Møre Marginal Plateau (Figure 1). 
Alternatively, the larger Jan Mayen Block, which was lo-
cated outboard of the study area and connected the Møre 
Basin with Greenland prior to break-up (Figure 1) could 
be the source of the sandstone beds in the Sauetang 
and Sagtang Member as these areas have Proterozoic-
Archean basement rocks (Polteau et al., 2019; Theissen-
Krah et  al.,  2017). The distance from the Bylgja Ridge 
(Figure 1) to the Tulipan well today is roughly 130 km, 
a distance which is within range for fine-grained cal-
citurbiditic flows (e.g. Amy & Talling,  2006; Andresen 
et al., 2003; Dade & Huppert, 1994; Talling et al., 2012). 
Distinguishing these candidates is, however, challeng-
ing as they were all part of the same terrane prior to 
break-up.

A recent IODP cruise (Expedition 396; Planke 
et al., 2022) revealed that a similar structural high at the 
Vøring Margin (the Kolga High; Figure 1) is composed 
of weathered granite and flanked by sub-aerial basalt, 
indicating that the high was exposed above sea level at 
the time of the basaltic eruptions likely in the Eocene 
(Planke et  al.,  2022). Such a weathered granite could 
have sourced the sandstones studied here but whether 
it was exposed during the time of sediment shedding is 
unclear. Seismic evidence for the Bara and Bylgja High, 
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are, however, somewhat poor due to the challenges of 
sub-basalt seismic imaging. They have nevertheless 
been mapped in some detail (Zastrozhnov et al., 2020). 
Significant topographic variations mapped within the 
volcanic-covered areas to the west of Tulipan reveal po-
tential pathways for sediments to enter the Møre Basin 
from the west prior to continental breakup (Millett 
et al., 2022).

The nearest known chalk is in the Northern North Sea, 
to the south of the Møre Basin (Figure 1). Although it is 
within plausible distance for gravitational flows to reach 
the study area, the paleo-bathymetry of the Møre Basin, 
with elements such as the Ervik High, would likely re-
strict sediments from reaching the Tulipan area. It is more 
likely that there was a carbonate source somewhere to the 
west of the Tulipan area and Polteau et al. (2019) do in-
deed report finding carbonate rocks from a dredge sample 
from the Jan Mayen escarpment. They do, however, not 
report an age of the carbonate, nor its composition. The 
presence of the micritic limestone of Late Cretaceous to 
Early Palaeocene age in the central part of the Møre Basin 
suggests that the chalk province of the North Sea could be 
extended several 100 km to the north from its current lo-
cation. It should be emphasized, however, that there is not 
necessarily a lateral continuity between the Chalk Group 
in the Northern North Sea and the micritic limestone de-
scribed herein.

6  |  CONCLUSIONS

• During the Late Maastrichtian, the Møre Basin transi-
tioned from siliciclastic- to carbonate-dominated across 
the Base Paleogene Unconformity (BPU).

• This is the first detailed description of Chalk Group-
type sediments in the Møre Basin and thus extends the 
Late Cretaceous-Early Palaeocene Chalk Group several 
100 km north from previous studies.

• Directly above the Base Paleogene  Unconformity 
(Grisetang Member), a basin-floor carbonate apron 
formed by carbonate sheet flows and calciclastic turbid-
ites developed. It was composed of fine-grained remo-
bilized mixed carbonate and siliciclastic detritus, chalk 
and siliciclastic sand.

• The carbonate apron was abruptly replaced by a silici-
clastic, mud-dominated (Sauetang Member) and sand-
rich fan (Sagtang Member) in the Early Palaeocene.

• The carbonate sediment was formed in shallow water, 
fringing structural highs before remobilization into the 
deep basin.

• The siliciclastic sediments were westward sourced, 
from the Møre Marginal Plateau or sediment pathways 
crossing it from Jan Mayen and/or East Greenland.
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APPENDIX 1

Formal Definition of the Grisetang Member

Occurrence Møre Basin, Norwegian Sea

Status of unit Formal

First use of name This contribution

Current definition Present paper based on data from well 6302/6-1

Synonym and reference None

Origin of name Norwegian name for a specific seaweed (tang)

Type section Well 6302/6-1

Hypostratotype …

Depositional age Maastrichtian—Danian

Dating methods and reference(s) for age Biostratigraphy presented in Mahdi and Ayress (2006)

Overlying unit Mudstone of the Sauetang Member (see Appendix 2, this contribution)

Underlying unit Mudstones of the Springar Formation

Superior unit Tang Formation

Other use of name Seaweed

Thickness 65 m in well

Main lithologies Chalk, sandstone, mudstone

Lower boundary definition The lower boundary is defined by the Base Paleogene Unconformity and the mudstones of 
the Springar Formation, which in the type locality corresponds to a negative impedance 
contrast

Description The Grisetang Member is recognized in well 6302/6-1 in the Møre Basin in the Norwegain 
Sea. It can be mapped in the 3D seismic cube ST0105, BG0805 and AMS-18. At the time 
of writing the Grisetang Member has only occurred in the reference well. The member 
comprise 5 carbonate beds thicker than 1 m, interlayered by mudstones. The base of 
the lowermost carbonate bed comprise coarser fossiliferous limestone, whereas the 
remainder of the bed, like the other beds comprise very fine grained micritic carbonate. 
The top of the two topmost carbonate beds comprise clean, quartz-rich sandstones with 
wireline log characteristics similar to the carbonates

APPENDIX 2

Formal Definition of Sauetang Member

Occurrence Møre Basin, Norwegian Sea

Status of unit Formal

First use of name This contribution

Current definition Present paper based on data from well 6302/6-1

Synonym and reference None

Origin of name Norwegian name for a specific seaweed (tang)

Type section Well 6302/6-1

Hypostratotype …

Depositional age Danian

Dating methods and reference(s) for age Biostratigraphy presented in Mahdi and Ayress (2006)

Overlying unit Sandstones of the Sagtang Member (see Appendix 3, this contribution)

Underlying unit Carbonates of the Grisetang Member
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Occurrence Møre Basin, Norwegian Sea

Superior unit Tang Formation

Other use of name Seaweed

Thickness 77 m in well

Main lithologies Mudstone and minor sandstone

Lower boundary definition The lower boundary is defined by the first occurrence of a carbonate bed belonging 
to the Grisetang Member (see Appendix 1, this contributon)

Description The Sauetang Member is recognized in well 6302/6-1 in the Møre Basin in the 
Norwegain Sea. It can be mapped in the 3D seismic cube ST0105, BG0805 and 
AMS-18. The member is primarily comprised of mudstone with sandstone 
stringers that range in thickness in the reference well from c. 1.5 to 0.3 m. The 
sandstone stringers have erosional bases and often display dewatering structures. 
The mudstones are generally laminated and/or bioturbated

APPENDIX 3

Formal Definition of the Sagtang Member

Occurrence Møre Basin, Norwegian Sea

Status of unit Formal

First use of name This contribution

Current definition Present paper based on data from well 6302/6-1

Synonym and reference None

Origin of name Norwegian name for a specific seaweed (tang)

Type section Well 6302/6-1

Hypostratotype …

Depositional age Danian

Dating methods and reference(s) for age Biostratigraphy presented in Mahdi and Ayress (2006)

Overlying unit Mudstones of the Tang Formation (see Appendix 3, this contribution)

Underlying unit Mudstones of the Sauetang Member

Superior unit Tang Formation

Other use of name Seaweed

Thickness 96 m in well

Main lithologies Sandstone, mudstone

Lower boundary definition The lower boundary is defined by the first occurrence of a mudstone bed belonging to the 
Sauetang Member (see Appendix 2, this contribution)

Description The Sauetang Member is recognized in well 6302/6-1 in the Møre Basin in the Norwegain 
Sea. It can be mapped in the 3D seismic cube ST0105, BG0805 and AMS-18. The 
member is primarily comprised of sandstone beds interlayered by mudstones. The 
sandstone beds range in thickness in the reference well from c. 1.5 to 0.3 m. The 
sandstone beds have erosional bases and often display dewatering structures. The 
mudstones are often present as heterloliths. Proper mudstone beds in the member 
are generally laminated and/or bioturbated. The uppermost sandstone beds are, in 
the study area, often gas-charged and can be mapped based on the negative change in 
acoustic impedance from the overlying mudstones to the gas-charged sandstones

 13652117, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/bre.12827 by U

niversity O
f O

slo, W
iley O

nline L
ibrary on [06/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	The interplay between siliciclastic and carbonate depositional systems: Maastrichtian to Danian basin-floor sediments of the mid-Norwegian Møre Basin
	Abstract
	1|INTRODUCTION
	2|MØRE BASIN GEOLOGICAL SETTING
	3|DATA AND METHODS
	3.1|Well data
	3.2|Seismic data

	4|RESULTS
	4.1|Thin sections and wireline logs
	4.1.1|Springar Formation
	4.1.2|Interpretation of the data from the Springar Formation
	4.1.3|Grisetang Member (Lowermost Tang Formation)
	4.1.3.1|C1 carbonate layer 1
	4.1.3.2|C2 carbonate layer
	4.1.3.3|C3 carbonate layer and accompanying sandstone
	4.1.3.4|C4 carbonate layer and accompanying sandstone

	4.1.4|Interpretation of the data from the Grisetang Member
	4.1.5|Sauetang Member
	4.1.6|Interpretation of the data from the Sauetang Member
	4.1.7|Sagtang Member
	4.1.8|Interpretation of the data from the Sagtang Member

	4.2|Seismic interpretation
	4.2.1|Seismic expression of the Base Paleogene Unconformity (BPU)
	4.2.2|Grisetang Member seismic expression
	4.2.3|Sauetang Member seismic expression
	4.2.4|Sagtang Member Seismic expression
	4.2.5|Seismic expression of the Top Tang Formation


	5|DISCUSSION
	5.1|Depositional model
	5.1.1|Depositional model for the Grisetang Member
	5.1.2|Depositional model for the Sauetang and Sagtang Members

	5.2|Sediment sources

	6|CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


