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A detailed correlation of the lower Cambrian Læså Formation on southern Born-
holm, Denmark, is based on gamma ray and formation resistivity wireline logs 
from 25 water supply wells and 5 scientific boreholes. The interpretation hinges 
on comparison with the wireline log suite obtained in the fully cored Borggård-1 
borehole that penetrated the formation in its entirety. The Norretorp Member, 102.9 
m thick in Borggård-1, consists predominantly of intensively bioturbated siltstone. 
Several levels are strongly glauconitic and usually also contain phosphorite nodules. 
Fine-grained sandstone beds, 0.5–20 cm thick and interpreted as tempestites, occur 
throughout the unit; a few thicker sandstone layers consist of stacked tempestites. 
However, many sandstone beds, primarily in the upper 2/3 of the member, have been 
partly or totally obliterated by the pervasive bioturbation. The overlying Rispebjerg 
Member, 3.5 m thick in Borggård-1, is dominated by well-cemented medium to 
coarse-grained quartz sandstone. The variable lithology of the Læså Formation is 
illustrated by photos of core samples from Borggård-1.

The studied wells are located on different fault blocks with 18 km between the 
easternmost and westernmost well sites. The Norretorp Member is of almost similar 
thickness throughout the study area whereas the Rispebjerg Member is 2.2–5.6 m 
thick. The essentially unchanging thickness of the Læså Formation and the sheet-
like distribution of tempestites demonstrate that the intense faulting of southern 
Bornholm post-dates deposition.

The Norretorp Member is divided into a lower log-unit (57 m thick in Borggård-1) 
characterized by a moderately variable gamma ray log pattern and an upper log-unit 
(46 m thick in Borggård-1) exhibiting a more uniform gamma radiation of overall 
lower intensity. The log-units reflect a more common occurrence of glauconite and 
phosphorite in the lower part of the member and a higher sand content in the upper 
part. These lithological differences are also reflected by a generally higher resistivity 
and P-wave velocity in the upper log-unit. Seven thicker sandstone horizons (15–80 
cm thick), labelled S1 to S7, are laterally persistent within the Norretorp Member. 
Four additional horizons, referred to as MGL [multiple gamma low], MGH [multiple 
gamma high], MM [middle marker] and GH [gamma high], are also laterally wide-
spread. A readily identifiable red-brown horizon is located at 4.4–5.9 m above the 
base of the Læså Formation in Borggård-1: it appears to be developed throughout 
the study area.
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of Denmark and Greenland (henceforth GEUS), in-
cluding information on whether wireline log data are 
available (https://www.geus.dk/produkter-ydelser-
og-faciliteter/data-og-kort/national-boringsdatabase-
jupiter/). Regarding lithostratigraphic records in the 
JUPITER database, it should be noted that the ‘Green 
shales’ (the traditional name for the Læså Formation) 
in many wells are registered as ‘shale’ or ‘clay shale’.

The Læså Formation is subdivided into a lower 
Norretorp Member and an upper Rispebjerg Member 
(Fig. 2; see Nielsen & Schovsbo 2007 for details and 
older names). These subunits are, respectively, 102.9 m 
and 3.5 m thick in the fully cored Borggård-1 borehole 
(Fig. 3), which currently is the only complete section 
of the Læså Formation known from Bornholm (for 
location, see Fig. 1). The Norretorp Member consists 
of intensively bioturbated siltstone intercalated by 
common thin sandstone beds, whereas the overlying 
Rispebjerg Member chiefly consists of medium- to 
coarse grained well-cemented quartz sandstone. The 
Norretorp Member was described in some detail by 
Hansen (1936) and he enumerated 101 localities with 

Lower Cambrian strata comprise much of the pre-
Quaternary bedrock across southern Bornholm (Fig. 
1). The local succession is c. 300 m thick and divided 
into the Nexø, Hardeberga and Læså formations (Fig. 
2); for lithostratigraphic details, see Nielsen & Schovs
bo (2007). Especially the sandstone-dominated Nexø 
and Hardeberga formations are important aquifers 
and many water supply wells have been drilled into 
these units. However, approximately 125 wells pene
trate also parts of the overlying Læså Formation, the 
focus of this study, although this siltstone-dominated 
unit is less important for the local water supply as 
the produced water often contains much ochre and 
the yield is comparatively low. Most of the boreholes 
reaching the Læså Formation are shallow private wa-
ter wells where wireline logs have not been acquired, 
wherefore it is impossible to undertake detailed intra-
formational correlation. Currently, wireline logs of 
different recording age are available from 30 wells 
penetrating various parts of the Læså Formation  
(Tables 1–2). All wells on Bornholm are registered in 
the JUPITER database hosted by the Geological Survey 

Fig. 1. Location of the studied wells. They are identified by their unique DGU well number; for exact locations, see the Jupiter 
database hosted by GEUS. The informal names of the tectonic blocks introduced here for easy reference are also shown: Lobbæk 
(note that well 246.528 probably is located within the Læså Graben, see text), Læså Graben, Pedersker, Smålyngen, Sømarken, 
Stenseby and Snogebæk. The slightly modified base map is adopted from Gry (1977) with some changes in the Pedersker–Smålyn-
gen area based on unpublished revised mapping (ATN in prep.).
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Fig. 2. Litho- and chronostratigraphy of the lower Cambrian on Bornholm. Based on Nielsen & Schovsbo (2007, 2011, 2015), Weid
ner & Nielsen (2014), Nielsen & Ahlberg (2019) and Cederström et al. (2022). Approximate ages are according to Peng et al. (2020). 
Hiatuses are marked by grey shading; for remarks on the Gislöv Formation, see text. Abbreviations: Pentagn. = Pentagnostus; 
Eccapar. = Eccaparadoxides.
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were associated with precipitation of glauconite and 
phosphorite, whereas shallowings were accompanied 
by increased frequency of sandy tempestites. The 
shallowings were also accompanied by intensified 
bioturbation, which destroyed many thin sand beds 
by mixing with the siltstone. The Rispebjerg Member 
in the uppermost part of the Læså Formation signals 
a significant shallowing that eventually culminated 
with a full regression, which is traceable throughout 
Scandinavia (Nielsen & Schovsbo 2011). This craton-
wide forced regression presumably reflects a glacio-
eustatic sea level fall. This interpretation is corrobo-
rated by the observation that the regressive trend was 
interrupted by short-lived sea level rises, associated 
with precipitation of phosphorite and glauconite in 
the Rispebjerg Member (e.g. de Marino 1980). Quartz 
grains in the upper part of this member are generally 
well-rounded (Hansen 1936; de Marino 1980) and 
reworking of aeolian sand is inferred (Surlyk 1980). 
However, the presence of trace fossils (C. Poulsen 
1967; see also de Marino 1980) as well as glauconite 
and phosphorite at some levels show that the aeolian 
component must have been reworked in a marine 
environment or simply blown into the sea.

After deposition of the Læså Formation, the sea 
level rose very significantly, probably driven by de-
glaciation, and this event was associated with pre-
cipitation of phosphorite in the uppermost part of the 
Rispebjerg Member (cf. Grönwall 1916; Hansen 1937; 
Nielsen & Schovsbo 2007, 2011). This rise in sea level 
heralded a >100 Myr period where outer shelf condi-
tions generally prevailed in the Bornholm area. The 
condensed fine-grained deposits that were deposited 
initially in this deep late early Cambrian sea, in Skåne 
(southern Sweden) referred to as the Gislöv Forma-
tion (Fig. 2), were eroded away again on Bornholm 
in connection with the Hawke Bay Event around the 
early/mid Cambrian boundary (Nielsen & Schovsbo 
2015). Reworked lower Cambrian fossils incorporated 
into the overlying Forsemölla and Exsulans limestone 
beds (C. Poulsen 1942; V. Poulsen 1965, 1966) attest 
to the former presence of the Gislöv Formation also 
on Bornholm (for lithostratigraphy, see Nielsen & 
Schovsbo 2007).

Lithology of the Læså Formation
As stated in the introduction, the Læså Formation 
comprises two members (Fig. 2). The thick Norretorp 
Member forms the lower part of the formation and 
consists of siltstone intercalated by thin, mostly 1–15 
cm thick, very fine-grained sandstone beds (Hansen 
1936; C. Poulsen 1967, fig. 3; Surlyk 1980; Clausen & Vil-

‘Green shales’ on southern Bornholm and left another 
30 sites unnumbered (Hansen 1936, pl. IX). The unit 
and to some extent its fossil content have since then 
been addressed by C. Poulsen (1967), Surlyk (1980), 
Clausen & Vilhjálmsson (1986), Moczydłowska & 
Vidal (1992), Nielsen & Schovsbo (2011) and Clem-
mensen et al. (2011). The lithostratigraphy and litho
logy of the 316 m deep Borggård-1 borehole are briefly 
summarized by Nielsen et al. (2006) and Nielsen & 
Schovsbo (2007, 2011).

The aim of the present paper is to correlate the 
Læså Formation in wells with wireline logs, based 
on comparison with the gamma ray and resistivity 
logs from Borggård-1, and to investigate the lateral 
variation of the formation across southern Bornholm, 
if any. Local differences in thickness on the different 
fault blocks would be indicative of active tectonism 
during deposition.

Geological setting
Baltica was located at high southerly latitudes during 
the Cambrian and characterized by a cool temperate 
climate with very limited deposition of carbonates (e.g. 
Torsvik et al. 1990; Torsvik & Rehnström 2001; Cocks 
& Torsvik 2005; Nielsen & Schovsbo 2011). The lower 
Cambrian succession of Bornholm (Fig. 2) records 
deposition during a gradually rising sea level (Nielsen 
& Schovsbo 2007, 2011). The lower part of the Nexø 
Formation, the Gadeby Member, was thus deposited 
in a fluvial environment punctuated by at least one 
short-lived marine incursion whereas the overlying 
Langeskanse Member was deposited under fluvially 
influenced shallow marine conditions. Fully marine 
conditions prevailed during deposition of the suc-
ceeding Hardeberga Formation, which is dominated 
by clean quartz sandstones, but also includes several 
metres thick mudstone intercalations deposited in mid 
shelf settings (Hadeborg and Brantevik members). 
With a sharp boundary, most likely an unconformity 
associated with a hiatus (Nielsen & Schovsbo 2011), 
follows the Læså Formation. A basal quartz conglo
merate with glauconite and pebbles of black shales 
was reported by V. Poulsen (1966) and C. Poulsen 
(1967), but no such conglomerate is developed in the 
Borggård-1 core and no studies have reported it from 
outcrops on southern Bornholm (e.g. Grönwall 1916; 
Hansen 1936; Nielsen & Schovsbo 2011). The Norretorp 
Member records a marked deepening of the deposi-
tional environment although the area appears to have 
been continuously above storm wave-base throughout 
deposition. The sea level varied recurrently with a 
general upwards shallowing trend. Deepening events 
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Fig. 3. Log stratigraphy of the Borggård-1 borehole (DGU no. 247.627). The tentative sequence stratigraphical interpretation and 
slightly modified synoptic lithology log are based on Nielsen & Schovsbo (2011). For legend, see Fig. 9. The column with numbers 
to the left of the lithological section refers to photos shown in Figs 4–8.
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ences therein; see also Nielsen & Schovsbo 2011), but 
so far, no trilobites have been found in this unit on 
Bornholm. A rich acritarch flora was described by 
Moczydłowska & Vidal (1992), demonstrating that 
the Norretorp Member spans the Skiagia ornata–
Fimbrioglomerella membranacea and Heliosphaeridium 
dissimilare–Skiagia ciliosa acritarch zones. The zonal 
boundary is not precisely located but is assumed 
associated with the glauconite-phosphorite rich inter-
val approximately in the middle of the unit (≈40–50 m 
above the base) and the biozonal boundary possibly 
coincides with the LC1-6/LC1-7 sequence boundary 
(cf. Nielsen & Schovsbo 2011; see Fig. 3). The fossil 
evidence suggests that the lower part of the Læså 
Formation represents the Dominopolian Regional 
Stage and the upper part the Ljubomlian Regional 
Stage, i.e. Cambrian unnamed Series 2, global stage 3 
(Fig. 2; see Nielsen & Schovsbo 2011 for details). Ab-
solute dating of the Cambrian is currently imprecise 
(cf. Peng et al. 2020) and correlation of the Baltoscan-
dian regional stages with the global stages is highly 
tentative. The absolute age span indicated for the 
Læså Formation in Fig. 2 thus remains speculative, 
but loosely indicates that deposition lasted for ≈6.5 
Myr, resulting in an average depositional rate of ≈1.6 
cm/1000 yrs. This is up to 8 times higher than seen 
in the overlying Furongian Alum Shale (cf. Zhao et 
al. 2020, supplementary fig. 5), but slow enough to 
permit extensive bioturbation.

Regional distribution of the Læså 
Formation
The Læså Formation is known from Bornholm and 
Skåne (southern Sweden) as well as the offshore 
German G-14 exploration well, located some 80 km 
SW of Bornholm (Nielsen & Schovsbo 2007, 2011). 
Although it is significantly thinner in Skåne than on 
Bornholm, the exact thickness is generally unknown, 
but seems to be around 30 m in the Lund area in west-
ern Skåne and around 20 m in SE Skåne (Nielsen & 
Schovsbo 2007, 2011). The formation is even thinner, 
only 3–6 m, in deep wells in SW Skåne (Sivhed et al. 
1999). This markedly reduced thickness compared to 
Bornholm is surprising, considering that the clastics 
were supplied from the north at this stage (Nielsen & 
Schovsbo 2011), so the sediment reaching Bornholm 
must, broadly speaking, have bypassed the Skåne 
region (s.l.). A more proximal location of that region 
on the early Cambrian shelf is in accordance with the 
sandier lithology of the Norretorp Member in Skåne 
compared to Bornholm (cf. Nielsen & Schovsbo 2007, 
2011 and references therein). In some parts of Skåne, 

hjálmsson 1986; Nielsen & Schovsbo 2011). Most parts 
of this unit are intensively bioturbated, except near the 
base. The sandstone interbeds occur with variable fre-
quency through the member, but numerous beds have 
been partially or completely obliterated by the per-
vasive bioturbation. Such sand beds are now seen as 
bioturbated ‘ghost’ layers with nebulous boundaries 
or simply as an increased sand content in the siltstone; 
the latter phenomenon is especially characteristic of 
the upper ≈half of the Norretorp Member. Several 
levels are rich in glauconite, primarily in the lower and 
middle part of the unit, often accompanied by small 
phosphorite nodules, up to a few cm long; the vertical 
distribution of phosphorite and glauconite enrichment 
within the member is indicated in Fig. 3. However, 
scattered grains of glauconite are seen throughout the 
unit and small flakes of detrital muscovite are also 
omnipresent. Despite the somewhat variable lithology, 
it is generally impossible to identify which part of the 
relatively thick member that is exposed in individual 
outcrops, as the lithology overall appears quite uni-
form and most outcrops expose only a few metres. No 
distinctive, readily recognizable lithological marker 
levels are present, except for a red-brownish horizon, c. 
1.5 m thick, located at 104.6–103.1 m in Borggård-1. To 
our knowledge, this marker horizon is poorly exposed 
only in the Læså at loc. 74 sensu Hansen (1936), but it 
is recorded in several non-cored water supply wells 
(e.g. 247.390, 247.411, 247.604, 248.59) and appears to be 
developed throughout southern Bornholm. Hansen 
(1936) did not identify this distinctive horizon.

The Rispebjerg Member, forming the very top of the 
Læså Formation, consists predominantly of medium- 
to coarse-grained well-cemented sandstone (e.g. de 
Marino 1980). As the uppermost part of the Norretorp 
Member contains frequent sandstone beds, it is occa-
sionally difficult to pinpoint the boundary between 
the Norretorp and Rispebjerg members in outcrops 
and drill-cores. For description of levels with phos-
phorite and glauconite within the Rispebjerg Member, 
see de Marino (1980) and Nielsen & Schovsbo (2007, 
2011; see also Fig. 3). Note that the unit also contains 
reworked phosphorite and glauconite.

Age of the Læså Formation
A plethora of small fossils have been described from 
the Norretorp Member on Bornholm, but the great 
majority of taxa are endemic and without biostrati-
graphic significance (C. Poulsen 1967). A sparse tri-
lobite fauna, indicative of the Schmidtiellus mickwitzi 
Zone, has been recorded from the Norretorp Member 
in Skåne (Bergström 1981; Ahlberg 1984 and refer-
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Rambøll, Water Centre South and GEO using the 
same digital equipment as GEUS or similar equipment 
manufactured by Century Geophysical LLC (Table 2). 
A few older logs were obtained in the seventies and 
eighties by the Institute of Technical Geology at the 
Technical University of Denmark and by the consult-
ing company T. Sørensen (Terraqua), in both cases re-
corded by equipment with either continuous analogue 
data-print output or as discrete readings per 25 cm 
depth. Both of these older log types have subsequently 
been digitized by GEUS using the software DIDGER. 
These early recordings do not have the same resolu-
tion as the logs recorded by digital equipment, but 
even so, as can be seen from the wells that have been 
re-logged (e.g. 247.435, Fig. 11), they actually provide 
a quite accurate depiction of the overall log pattern.

All of the gamma ray logs, irrespective of their 
recording age, logging operator or equipment manu-
facturer, were measured by a NaJ-crystal scintillation 
detector that records the total radiation within a radius 
of 15–25 cm. It is emphasized that only the gamma 
radiation pattern is considered in this study, and not 
the specific values. This approach is chosen as the 
radiation level in a particular well is affected by the 
size of the NaJ-crystal, the diameter of the well and the 
logging speed. Even when the gamma radiation probe 
is calibrated to API units instead of counts per second 
(cps), the readings are still affected by the diameter 
of the well and the logging speed (API: see Table 1). 

The gamma radiation of rocks is due to a content 
of uranium and thorium and several decay products 
thereof, as well as potassium-40. The radioactive ele-
ments may be associated with organic matter or oc-
cur as trace elements in minerals, in the present case 
notably glauconite, phosphorite and clay.

Spectral gamma ray logs are recorded in Borggård-1 
and 246.795 (Table 2), but they are in need of calibra-
tion and are not shown. Like a standard gamma ray 

the Læså Formation is even absent as seen in the Al-
bjära and Tängelsås wells (Nielsen & Schovsbo 2011, p. 
237 and references therein). The Læså Formation also 
appears to be absent in the Danish Terne-1 offshore 
well in Kattegat northwest of Skåne (Schovsbo 2011), 
whereas the strong condensation of the Læså Forma-
tion in the German G-14 well south of Bornholm (for 
interpretation, see Nielsen & Schovsbo 2011) possibly 
reflects its distal position relative to the clastic source 
area. This may also be the explanation for the thin-
ness or possible absence of the Læså Formation in 
the Slagelse-1 well on Sjælland (cf. C. Poulsen 1974), 
but in both cases uplift is also possible. For further 
remarks on the thickness of the Læså Formation, see 
‘Discussion’.

Wireline logging: methods and 
data quality
This study is based on gamma radiation wireline logs 
from Bornholm supplemented in most wells by a for-
mation resistivity or induction log. To date, wireline 
logging reaching the Læså Formation on Bornholm 
has been carried out in 30 wells, mostly non-cored 
water supply wells (Table 2). However, the obtained 
logs have never been analysed to any degree of detail 
(Sørensen 1978; Pedersen & Klitten 1990; Nielsen et 
al. 2006). Wireline logging is essential for intra-unit 
correlation of the Norretorp Member; in non-logged 
wells, it is unknown which part of the member that 
is present unless the top or the base is included in the 
drilled section.

The majority of the data at hand originates from 
wireline logging conducted by GEUS, using digital 
equipment manufactured by Robertson Geo Ltd 
(Tables 1–2). Five newer data-sets were recorded by 

X: Logs recorded by GEUS using digital equipment. In the log panels these are just labelled ‘Gamma’ and ‘Resistivity’.
(X): Gamma ray spectral log, recorded by GEUS using digital equipment.
VCS: Recorded by Water Centre South using digital equipment.
GEO: Recorded by Geo using digital equipment.
RB: Recorded by Rambøll using digital equipment.
DTU: Recorded by the Institute of Technical Geology/Technical University of Denmark (digitized paper prints).
TS: Recorded by T. Sørensen (Terraqua) (digitized paper prints).
SN: Short Normal 16”; resistivity logs digitized from paper prints (see text).
LN: Long Normal 64”; resistivity logs digitized from paper prints (see text).
SL: Short Lateral 4’8”; resistivity logs digitized from paper prints (see text).
IND: Resistivity logs calculated as the inverse of conductivity logs recorded by GEUS using digital equipment.
API: Units that are based on an artificially radioactive concrete block at the University of Houston, Texas, USA, defined to have a gamma
radiation of 200 American Petroleum Institute (API) units.
CPS: Counts per second.

Table 1. Legend for Table 2 and log panels
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P-wave sonic logs have been available from two 
scientific boreholes (Table 2). This log type essentially 
shows the same variations as the resistivity log (Fig. 3).

Resistivity or conductivity logs are available from 
most of the studied wells (Table 2). They provide 
indications of the lithology, porosity and nature of 

log, a spectral gamma ray log counts the total radia-
tion intensity, but the magnitude and spectrum of the 
energy from the gamma radiation is also recorded. 
Based on this, the amount of each emitting element can 
be determined provided that the probe is adequately 
calibrated (for details, see Andersen 2001).

 

1. Lobbæk 246.613 Lobbæk Ww  2.3–36 Yes X  X  X 2001
2. Lobbæk 246.795 Lobbæk Ww  2.3–75 Yes X (X)  X   2004
3. Lobbæk ? 246.528 Gravgærde >1.4–4.3 4.3–35 No X  X  X 2006
4. Læså Graben 246.594 Bukkegård 37.8–40.8 40.8–48 No X  X  X 2017
5. Læså Graben 246.749 Skelbro-1 37.5–41.2 41.2–43.0 No  DTU  SL+SN  1985
6. Læså Graben 246.817 Skelbro-2 42.0–42.9 Not reached No X  X  X 2010
7. Pedersker 247.708 Smålyngsv. Å2  2.5–21 Yes GEO     2022
8. Pedersker 247.435 Smålyngsv. Å3  2.2–25 Yes  TS  SL  1974
       VCS     2019
9. Pedersker 247.322 Smålyngsv. Å8  2.0–52 Yes X  X   2002
10. Pedersker 247.460 Sømarken Ww  4.2–77 No X  X   2002
11. Pedersker ? 247.98 Pedersker Ww  2.0–60 No X  X   2002
12. Smålyngen 247.662 Smålyngsværket  10.0–49 Yes VCS     2019
13. Smålyngen 247.330 Smålyngsv. N1  3.0–63 Yes  TS    1976
       VCS     2018
14. Smålyngen 247.340 Smålyngsv. N2  1.0–18 Yes  TS    1976
       X  X   2002
15. Smålyngen 247.627 Borggård-1 2.6–6.1 6.1–109.0 No X (X)  X   2006
16. Sømarken 247.312 Sømarken Ww. 4 81.3–86.1 86.1–113 No   DTU  SN+SL  1988
       X     1997
17. Sømarken 247.510 Billeshøj 78.4–82.6 82.6–92 No  DTU  LN+SL  1984
18. Sømarken 248.36 Sømarken Ww. 2 139.7–144.0 144.0–147 No  TS    1978
19. Sømarken 248.39 Sømarken Ww. 3 98.7–101.7 101.7–108 No X  X  X 2002
20. Sømarken 248.61 Billegrav-2 122.2–124.8  No X  X  X 2010
21. Sømarken 248.62 Sommerodde-1 245.7–247.5 247.5–251 No RB  RB  RB 2013
       X     2013
22. Stenseby 247.349 Smålyngsv. N3  7.0–22 Yes X  X   2000
23. Stenseby 247.343 Møllevang  6.5–52 No  TS  LN+SL  1976
24. Stenseby 247.604 Bodilsker  3.5–67 No X  X  X 2002
25. Stenseby 248.40 Strandmark Ww.  3.0–87 No X  X  X 2002
26. Stenseby 248.53 Strandmark Ww.  4.0–93 No X  X   2004
27. Stenseby 247.459 Balka   4.5–32.5 Yes X  X   2002
28. Stenseby 247.455 Balka Ww.  5.5–29 Yes X  X  X 2002
29. Stenseby 247.306 Snogebæk Ww.  2.0–50.5 Yes X  X  X 2002
30. Snogebæk 247.265 Snogebæk Ww.  4.0–14 Yes X  X   2004

Additional wells with Rispebjerg Member, but without wireline-logs
31. Not named 246.372 Vasegårdsvej >?5.0–7.0 ? 7.0–9.6 No      
32. Lobbæk? 246.373 Gravgærde >3.8–4.75  ? 4.75– No     
   access road  
33. Sømarken 247.101B Eskildsgård <29.5–30.5  ? 30.5–36.5 No      
34. Not named 248.11 Dueodde hotel ~ 7.1–8.0 ? 8.0–8.2 No      
35. Not named 248.16 Dueodde hotel ~ 8.1–12.0 ? 12.0–14.8 No

Table 2. Læså Formation: Wells with wireline logs. Gamma ray logs recorded by GEUS with digital equipment are shown 
in the log panels with only the name ‘Gamma’. Gamma ray logs recorded by Water Centre South, Rambøll or GEO are 
identified by the initials VCS, RB or GEO, respectively. Old gamma ray logs digitized from paper prints are named either 
DTU Gamma or TS Gamma, referring to the logging operator. Non-logged wells with Rispebjerg Member are also listed. In 
the Jupiter database, this sandstone is furthermore registered as present in 246.533, 247.147 and 247.254. However, 
revised mapping shows that the sandstone in 246.533 and 247.254 represents the Hardeberga Formation and the Lange-
skanse Member, respectively, whereas the lithostratigraphical identification of the sandstone overlying the Norretorp 
Member in 247.147 is unresolved. It may represent the Rispebjerg Member, but alternatively it represents a veneer of the 
Lower Cretaceous Rabekke Formation.
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Results
Wireline log stratigraphy
 
The gamma ray log pattern of the Læså Formation 
is significantly more uniform with lower radiation 
intensity and absence of conspicuous peaks compared 
to the overlying Alum Shale Formation (see Pedersen 
& Klitten 1990; Schovsbo et al. 2015; Nielsen et al. 2018). 
Still, based on the gamma ray log motif supported by 
the resistivity and sonic log patterns, the Norretorp 
Member can be subdivided into a lower and an upper 
log-unit (Fig. 3). The lower log-unit is characterized by 
slightly higher average gamma radiation levels with 
oscillations of greater amplitudes while the upper 
log-unit exhibits generally lower gamma radiation 
and the oscillations are of low amplitude through-
out. Conversely, the resistivity (as well as the P-wave 
velocity log [the latter log type is available only for 
Borggård-1]) are more variable and both show gener-
ally higher average readings in the upper than in the 
lower log-unit. The combined log pattern reflects a 
higher sand content in the upper unit (mixed with the 
silt due to the pervasive bioturbation), and the more 
common presence of phosphorite and glauconite in 
the lower unit.

In addition to the two main log-units, it is also 
possible to trace seven individual, relatively thick 
(0.15–0.8 m) sandstone layers in most of the studied 
wells across southern Bornholm. These markers, la-
belled S1 to S7 (Fig. 3 and subsequent log panels), are 
characterized by gamma ray minima corresponding 
to peaks in resistivity- and P-wave velocity. Marker 
S5 forms the boundary between the lower and upper 
main log-units.

Four intervals distinguished by a characteristic 
gamma ray log motif are labelled as the MGL (multiple 
gamma low), MGH (multiple gamma high), MM (mid-
dle marker) and GH (gamma high) markers. The latter 
is located at the transition between the Norretorp and 
Rispebjerg members and serves as a marker of that 
boundary. There is no distinctive log-marker of the 
boundary between the Hardeberga and Læså forma-
tions, and the log-motifs in the uppermost part of 
Hardeberga Formation vary between wells. However, 
the boundary interval is consistently characterized by 
a significant upwards fall in resistivity, and the dis-
tinctive gamma ray log pattern in the basal Norretorp 
Member is readily recognizable. For further remarks 
on this boundary, see section on the ‘Hardeberga 
Formation’ below and ‘Discussion’.

The Læså Formation is unconformably overlain 
by the Alum Shale Formation. The sharp boundary 
is marked by a rapid, significant increase in gamma 
radiation and a concurrent upwards decline in resi

pore fluids (i.e. salinity) of the rock units. In pure 
sandstones or limestones, both usually characterized 
by low gamma radiation, a low porosity is reflected 
by low conductivity and high resistivity. Clays on 
the other hand typically have high gamma radiation 
combined with high conductivity and low resistivity 
because of the negatively charged surface of clay, 
which cause surface adsorption of cations. These 
cations are capable of dissociation making them 
prone for ionic conductance, thereby increasing the 
conductivity (e.g. McNeill 1980).

Most of the resistivity and conductivity logs at 
hand were recorded using digital tools, either a 
focusing guard resistivity probe or an induction 
conductivity probe; the former has a vertical resolu-
tion of c. 5 cm. The guard resistivity probe can only 
measure in uncased sections of a well and below the 
water table in the borehole. The content of dissolved 
ions in the stagnant fresh water in the boreholes was 
in all cases sufficient to make this log type work-
ing. The induction conductivity probe provides a 
log of the entire well profile including sections with 
PVC casing and screen as well as sections above 
the water table, but also this tool cannot measure in 
sections with steel casing. The induction probe is a 
dual induction (DUIN) tool, which in the same run 
provides two logs with different penetration depths. 
However, compared to the guard resistivity probe 
it is of lower resolution. In wells with an induction 
log covering significantly more of the upper section 
than the guard resistivity log, the induction log has 
been used for this study by calculating resistivity 
as the inverse of conductivity, based on the DUIN 
long-space conductivity log penetrating deepest 
into the formation. The resulting resistivity logs are 
illustrated using the name ‘IND’. Old resistivity logs 
digitized from paper prints are named SN, LN or 
SL, corresponding, respectively, to 16” normal, 64” 
normal and 4’8” short lateral electrode configuration. 
Of these, the 16” probe has high resolution, but short 
penetration depth, while the 64” probe has slightly 
lower resolution but higher penetration and the 4’8” 
probe even more so.

Similarly to the gamma ray logs, only the resistivity 
log pattern is considered in this study, and not the 
specific level of recorded resistivity. This approach 
is adopted because the well diameter combined with 
the conductivity of the stagnant water in the borehole 
affect the recorded resistivity to different degrees for 
different probe types. Moreover, the various types 
of probes have dissimilar penetration depths into 
the formation.

All stated thicknesses are drilled thickness and no 
attempts have been made to correct for stratal tilt. In 
most fault blocks, the strata slope 3–8°.
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Hardeberga and Læså formations is marked by the 
abrupt appearance of glauconite and the concomitant 
decrease of grain size (Fig. 4B). It is labelled as H/L in 
the log-panels and is characterized by an upwards rise 
in gamma radiation and a significant general fall in 
resistivity taking place across c. 1 m. The lower c. 6 m 
of the Norretorp Member (109.0–103.1 m) is dominated 
by non-bioturbated to slightly bioturbated, clayey silt, 
partially laminated, with frequent thin glauconitic 
sandstone interbeds (rarely > 2 cm thick) interpreted 
as distal tempestites (Fig. 4C–D). The glauconite grains 
in these thin interbeds are fairly large (probably re-
worked), so they appear coarse-grained. Despite the 
glauconite content, the upper half of this interval is 
characterized by comparatively low gamma radiation 
(the MGL log-marker, 106.2-103.1 m) combined, except 
in the uppermost part, with high resistivity, compared 
with the Læså Formation in general. The MGL log-
marker includes a distinctive red-brown horizon at 
104.6–103.1 m (Fig. 4F–G) and maybe a hematite content 
is responsible for the low resistivity at the very top of 
this interval. It is possible that the low gamma radiation 
of the MGL log-marker is caused by a diminished con-
tent of glauconite (in the thin sandstone interbeds) and 
absence of phosphorite. The overlying 4.4 m of siltstone 
(103.1–98.7 m) contains mainly very thin sandstone beds 
without coarse glauconite grains and some intervals 
of the siltstone are rather bioturbated (Fig. 4E; see also 
siltstone below and above the sandstone illustrated 
in Fig. 4H–I). One of the thicker sandstone beds from 
this interval is illustrated in Fig. 4H–I. Then follows a 
partly glauconitic horizon (98.7–95.1 m), which origi-
nally contained a few thin sandy interbeds, now rec-
ognized only as bioturbated ‘ghost’ layers (Fig. 5B). No 
surviving sand beds were observed between 97.5–95.1 

stivity and the transition is thus easily identifiable on 
wireline logs. Regarding potential minor uncertain-
ties, see ‘Discussion’.

Borggård-1: Lithology versus wireline log 
pattern
The lithology of the Læså Formation in Borggård-1 
was briefly summarized by Nielsen & Schovsbo (2011). 
Their review is here emended based on renewed in-
spection of the core. All depths stated below refer to 
levels in Borggård-1; a summary of the lithological 
characteristics is included in Fig. 3 and examples of the 
variable lithology are illustrated in Figs 4–8. The levels 
of the photographed core pieces are shown in Fig. 3.

Hardeberga Formation. The topmost part of the Har
deberga Formation contains several horizons that are 
intensively bioturbated with Skolithos, Diplocraterion, 
and Planolites as the characteristic trace fossils. These 
intervals consist of comparatively impure sandstone 
(Fig. 4A–B) and the content of clay and probably also 
organic matter (cf. Hansen 1936, p. 104) are most likely 
the reason for the gamma ray peaks associated with 
these levels. In the Borggård-1 core, the uppermost 
0.5 m of the Hardeberga Formation consists of such 
bioturbated impure sandstone, so the gamma ray log 
response of the lithologically sharp lower boundary 
of the Læså Formation (Fig. 4B) is obscured by a rise 
in gamma radiation commencing at 0.5 m below the 
boundary. For further remarks on the variable log pat-
tern in the upper part of the Hardeberga Formation 
between wells, see ‘Discussion’.

Log interval H/L–S1. The boundary between the 

 Fig. 4. Examples of lithology in the Borggård-1 core (Norretorp Member and top of the Hardeberga Formation). All core pieces 
were photographed wet; their location within the section is shown in Fig. 3. Diameter of core is 55 mm; it was not slabbed prior 
to photography and the edges of the rounded core are occasionally slightly out of focus. A. Bioturbated impure sandstone in the 
uppermost part of the Hardeberga Formation, 112.78–112.63 m. This lithology has a high gamma radiation (Fig. 3). See also the 
lower part of B. B. Boundary between the Hardeberga and Læså formations at 109.0 m (indicated by thin red line). The sharp 
contact is assumed representing an unconformity (Nielsen & Schovsbo 2011). The upper 0.5 m of the Hardeberga Formation is 
strongly bioturbated and clay-rich; the overlying Læså Formation is characterized by the appearance of glauconite and a decrease 
of grain size. The shown core represents 109.07–108.92 m. C–D. Laminated siltstone intercalated by thin, partly glauconitic sand-
stone layers, 107.23–107.13 m (C) and 106.15–106.07 m (D). The comparatively coarse-grained glauconite is probably reworked. 
Note the near absence of bioturbation. E. Thin layers of laminated siltstone, in part slightly glauconitic, interlayered by very thin 
sandstone beds. The bioturbation is modest and insufficient to destroy the layering. 102.67–102.57 m. F. Upper part of the red-
brown interval near the base of the Læså Formation (see text) with thin layers of siltstone and glauconitic sandstone, in part cross-
bedded, 103.38–103.23 m. G. Uppermost fine-grained (silty) part of the red-brown interval and basal part of overlying bioturbated 
greenish siltstone, slightly glauconitic, 103.22–103.07 m. From this level upwards, the bioturbation intensity increases through 
the Norretorp Member. H. Lower part of laminated sandstone bed (tempestite) with erosive lower boundary, overlying strongly 
bioturbated siltstone, 99.32–99.20 m. The upper part of the sandstone bed is shown in I. I. Upper part of the laminated sandstone 
bed (tempestite) shown in H, 99.20–99.05 m. The top is bioturbated and several centimetres of the bed have been mixed with the 
‘host’ siltstone. The siltstone above is intensively bioturbated (mottled appearance) and contains phosphorite nodules (black). 
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significant minima at 98.7 m (sandstone bed) and 96.0 
m (‘ghost’ sand bed), which are also reflected by resisti
vity peaks in the otherwise rather stable resistivity log.

m. The entire interval between the MGL and the S1 
marker exhibits an overall gentle upwards increase in 
gamma radiation, but this trend is punctuated by two 
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in the lower part (Figs 5E, 6D), including a couple that 
are fairly thick (up to 0.17 m). The thicker sandstone 
beds are associated with resistivity peaks and gamma 
ray minima and a relatively thick sandstone bed at 
74.1–73.9 m is laterally traceable as log-marker S3 (Fig. 
6B). Overall, the gamma radiation increases upwards 
above the S2 bed, culminating at the top of the MGH 
log-marker (71.5-67.15 m), which represents maximum 
radiation level for the entire Læså Formation. This is 
due to occurrence of phosphorite from 71.5 m and 
upwards, and a strongly glauconitic horizon with 
scattered to common phosphorite nodules between 
68.0–67.15 m (peak of the MGH marker; Fig. 6C).

Above 67 m only a few surviving sandstone inter-
beds are observed due to the intense bioturbation, 
but here and there occur small patches of sand that 
indicate the original presence of tempestites, now 
obliterated. The sand-mixing is probably the reason 
why the gamma radiation decreases through the in-
terval immediately above the MGH marker. However, 
another interval with phosphorite and glauconite oc-
curs at 65.8–65.25 m but is only associated with an 
inconspicuous gamma ray peak.

Similarly to the underlying S1–S2 interval, there 
is also in the S2–S4 log interval a tendency that the 
resistivity and gamma radiation show broad-scale 
co-variance, indicating that the variation is not only 
controlled by the sand/clay ratio, but also by the 
content of glauconite and phosphorite, and maybe by 
variability in the porosity and/or cementation (affect-
ing the resistivity).

Log interval S4–S5. A relatively thick sandstone bed 
at 65.26–65.0 m (Fig. 6F) is traceable as log-marker S4 
(Fig. 3). A glauconitic interval with some phosphorite 
is seen between 62.9–59.7 m, but at the same time 
the sand content increases upwards from 62.4 m 
with a further increase above 60.4 m, occurring as 
small patches of whitish sand, so the gamma radia-
tion is comparatively low and the resistivity high. A 
gamma ray low and corresponding resistivity peak 
are laterally traceable as log-marker MM. This is not 
a sandstone layer per se, but a c. 3 m thick interval 

Log interval S1–S2. Between 95.1–94.6 m follows a fine-
grained, intensively bioturbated sandstone horizon 
(Fig. 5A) that forms the log-stratigraphical marker 
labelled S1. It is, in turn, overlain by c. 2.6 m of siltstone 
(94.6–92.0 m), glauconitic to strongly glauconitic in the 
lower c. 1.5 m and intensively bioturbated (Fig. 5D), with 
scattered but often comparatively large phosphorite 
nodules. This lower part is characterized by relatively 
high gamma radiation (Fig. 3) that represents the peak 
of the upwards increase in gamma radiation above the 
MGL marker (see above). The high radiation is likely 
connected to the content of glauconite and phosphorite. 
Then follow c. 11 m of siltstone (92.0–80.97 m) with thin 
sandstone beds, becoming more frequent (about 10–15 
cm between the beds above level 86.5 m) and slightly 
thicker upwards, which probably is the reason why 
this interval exhibits a decreasing upwards trend in 
gamma radiation albeit with several oscillations. It is 
remarkable, however, that the resistivity log also shows 
a generally decreasing trend through this interval, 
despite the upwards increasing sand content. The 
higher resistivity in the lowermost 5 m of this interval 
is associated with a slightly higher P-wave velocity, 
which according to conventional log interpretation 
indicates lower porosity, i.e. higher cementation or 
stronger compaction. The gamma radiation minimum 
terminating this interval upwards is associated with 
a relatively thick sandstone intercalation at 80.97–80.5 
m, referred to as log-marker S2 (Fig. 6A). It consists of 
two stacked sandstone beds.

Log interval S2–S4. The siltstone lithology with frequent 
intercalations of thin sandstone beds continues above 
log-marker 2 (80.97–80.5 m) for another 2.2 m (up to  
78.3 m). This succession is capped by a thin phosphorite 
conglomerate at 78.73 m (Fig. 5C), which is not recogniz-
able on the wireline logs. It is overlain by a glauconitic 
and partly phosphoritic interval (78.73–76.8 m). This 
succession originally contained thin sand beds that are 
now mixed with the silty ‘host’ sediment; the bioturba-
tion is pervasive (Fig. 5F). Then follow another 9 m of 
intensively bioturbated siltstone (76.8–67.8 m; Fig. 5G) 
interspersed by comparatively frequent sandstone beds 

 Fig. 5. Examples of lithology in the Borggård-1 core (Norretorp Member); the location of each photographed core piece is 
shown in Fig. 3. For other photography details, see Fig. 4. A. Part of sandstone marker bed S1, slightly glauconitic (reworked?) 
and bioturbated; shown core piece represents 94.98–94.69 m. S1 comprises at least three individual beds. B. Moderately biotur-
bated siltstone with thin sandstone interbeds, in part mixed up with the host sediment due to the bioturbation, 95.93–95.75 m. C. 
Phosphorite conglomerate at 78.73 m overlying an erosive surface, suggested to represent the LC1-6/LC1-7 sequence boundary 
by Nielsen & Schovsbo (2011) (Fig. 3). The matrix is sand-mixed glauconitic siltstone. The core piece represents 78.78–78.67 m. D. 
Strongly bioturbated siltstone, slightly glauconitic with sporadic small phosphorite nodules, 92.22–92.08 m. E. Laminated sand-
stone bed (tempestite) at 75.88–75.81 m. Lower boundary erosive, upper boundary irregular due to bioturbation. The core piece 
represents 75.91–75.76 m. F. Strongly bioturbated glauconitic siltstone with scattered phosphorite nodules, 77.16–77.00 m. Patches 
of obliterated sandy light grey interbeds can also be seen. G. Strongly bioturbated heterolithic silt-sandstone, immediately below 
marked bed S3, 74.24–74.11 m.



·   187Wireline log stratigraphy, Cambrian Læså Formation, Bornholm, Denmark

strata overlying marker bed S4 up to core level 53.6 m 
are fairly fine-grained with only a few thin sandstone 
beds, although it is obvious that some tempestites have 

(62.4–59.0 m) with a higher sand content. Above this 
level and all through to log-marker S7, the occurrence 
of glauconite and phosphorite are sparse. Overall, the 
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Log interval S6–S7. A comparatively thick sandstone 
layer at 31.06–30.68 m is traceable as log-marker S6 (Fig. 
8B) and this horizon divides the upper log-unit into 
two subunits. Above S6, the gamma radiation is thus 
clearly more monotonous than between marker beds 
S5–S6. Although all three log types available from 
Borggård-1 indicate that the S5–S7 interval overall 
contains more sand than the underlying Norretorp 
Member, the detailed log pattern indicates that the 
sand is more homogeneously distributed in the S6–S7 
interval than between S5–S6. This is also observable in 
the Borggård-1 core, where the interval between S6–S7 
is a little darker (due to relatively higher silt content) 
than below S6 and more intensively bioturbated (Figs 
8C, 8D [lower part]). However, short sections of the 
succession are similar to the more silt rich facies be-
tween S5–S6 with well-defined lighter coloured sandy 
patches intercalated in the siltstone (compare Fig. 7C). 
An example of hummocky cross stratification (HCS) 
within a tempestite is shown in Fig. 7E.

Log interval S7–Alum Shale Formation A sandstone 
dominated section at 8.61–7.80 m forms marker S7 
(Figs 6E, 8D) that generates a significant low in the 
gamma ray log in Borggård-1 (Fig. 3). This horizon 
consists of several stacked sandstone beds. Above 
this layer, the gamma radiation intensity increases 
upwards to culminate in the GH log-marker, which 
is very distinct in some (incl. Borggård-1) but not all 
wells (see e.g. Fig. 10). This marker bed is located at 
the boundary between the Norretorp and Rispebjerg 
members (6.5–5.5 m in Borggård-1). The lower part is 
formed by a thin sandy siltstone containing glauconite 
just below the Rispebjerg Member and which likely is 
the reason for the high gamma radiation at this level. 
The glauconite is rather coarse-grained (probably re-
worked), like seen in the thin sandstone beds in the 
lowermost part of the Norretorp Member (log inter-
val H/L–S1). There is also surprisingly high gamma 
radiation in the basal part of the Rispebjerg Member 
(upper part of the GH marker), due to the presence of 
glauconite and scattered small phosphorite nodules 
(apparently reworked).

been destroyed by bioturbation. The interval between 
54.33–53.6 m appears a little darker, laminated, and 
includes a few thin sandstone beds; this horizon has 
low resistivity but is otherwise not obvious to trace 
on the wireline logs. Then follows more sand-mixed, 
intensively bioturbated siltstone. 

The entire log interval S4–S5 is characterized by a 
slight upwards decline in average gamma radiation 
intensity, culminating in the minimum associated 
with log-marker S5. The resistivity varies opposite 
to the gamma radiation, indicating that the varia-
tion of both parameters is mainly controlled by the 
clay/sand ratio, reflecting an increased sand content 
upwards.

Log interval S5–S6. A comparatively thick but thor-
oughly bioturbated sandstone bed between 52.19–
51.46 m constitutes log-marker S5 (Fig. 7B). The sand-
mixed, intensively bioturbated siltstone continues 
above this horizon and only the thickest storm beds 
have escaped mixing with the ‘host’ sediment (Fig. 
7D). In log interval S5–S6, forming the lower part of 
the upper log-unit, the gamma ray log pattern exhi
bits only small oscillations and no vertical changes 
in average radiation level is observed. Conversely, 
the resistivity log exhibits frequent oscillations with 
comparatively large amplitudes, reflecting a variable 
and quite high sand content. Both the resistivity and 
the P-wave velocity show higher average levels and 
higher variation amplitudes than in any other part 
of the Norretorp Member (Fig. 3). Like in the S4–S5 
interval, the gamma radiation and resistivity vary 
inversely, indicating that the log pattern reflects 
changing sand/clay ratios. The same general lithol-
ogy of strongly bioturbated and quite sandy siltstone 
continues all the way upwards to marker bed S6, but 
some variation in the silt/sand ratio is seen in inter-
vals that are too thin to be detailed here (illustrated in 
Figs 7C, 7F, 8A). The comparatively uniform gamma 
ray log pattern with low average radiation intensity 
is probably caused by the mixed sand-silt lithology in 
combination with the lower resolution of the gamma 
probe relative to the resistivity probe (see methods). 

 Fig. 6. Examples of lithology in the Borggård-1 core (Norretorp Member); the location of each photographed core piece is shown 
in Fig. 3. For other photography details, see Fig. 4. A. Sandstone marker bed S2, comprising stacked tempestites, laminated and 
cross-bedded, 80.96–80.70 m. The illustration is composed of two photos. B. Sandstone marker bed S3, 74.11–73.96 m. Base of photo 
corresponds to the base of the bed (the core piece shown in Fig. 5G is located immediately below S3). Note the bioturbated top of 
the bed. The apparent “lamination” are scratches made by the drill bit on the core surface. C. Strongly bioturbated sand-mixed 
silt with a high content of glauconite and some phosphorite, 67.70–67.60 m. D. Stacked tempestites, both with erosive bases and 
bioturbated tops and overlain by bioturbated siltstone. The core piece represents 72.00–71.80 m. E. Part of marker bed S7. Cross-
bedded medium grained glauconitic sandstone with reworked clasts of phosphorite, 8.29–8.21 m. See also Fig. 8D. F. Sandstone 
marker bed S4 and adjacent siltstone; the shown core piece represents 65.02–65.31 m. S4 consists of a lower bioturbated sand-mixed 
silt bed (with high sand content) overlain by a more clean sandstone bed, bioturbated at the top. S4 overlies highly bioturbated 
strongly glauconitic sand-mixed siltstone.
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& Schovsbo 2011), but a greater thickness, 5.6 m, is in-
dicated by the log correlation of 247.312 (Sømarken-4; 
Fig. 10). Wells penetrating the Rispebjerg Member are 
listed in Table 2.

Lobbæk block
On this fault block, only two wells with Læså Forma-
tion, 246.613 and 246.795, are wireline logged (Figs 1, 
9) and they both represent the lower part of the unit. 
Well 246.528, indicated on Fig. 1 as also situated on 
the Lobbæk block, is probably rather located within 
the Læså Graben according to revised mapping by 
the first author.

The gamma ray log motif in the two wells differs 
more from the Borggård-1 than seen in wells on other 
fault blocks. The radiation level and amplitudes are 
thus higher in 246.795, especially in the middle part 
of the Norretorp Member (Figs 9, 15). This is espe-
cially remarkable given that the well diameter is ap-
proximately three times larger than in Borggård-1 (225 
mm vs. 75 mm) and everything else being equal, the 
greater distance to the side wall should be expected 
to result in lower readings (the same logging tool and 
logging speed were used in both wells). The correla-
tion with Borggård-1 shows that there are no marked 
differences in thickness although the upper part of 
the succession in 246.795 maybe is c. 5 metres thicker 
(Fig. 9). However, log-marker S5 cannot be identified 
convincingly due to the lack of a resistivity log in 
the upper 23 m of 246.795 (due to a PVC-casing). The 
greater gamma radiation amplitudes in that well indi-
cate that the succession contains more glauconite and 
phosphorite than in Borggård-1. The reason for this 
remains unclear but must somehow relate to different 
conditions during deposition.

The gamma ray log pattern in the boundary interval 
between the Hardeberga and Læså formations, par-
ticularly in the upper part of the Hardeberga Forma-
tion, also differs slightly from that seen in Borggård-1. 
However, in both 246.795 and 246.613, the formational 
boundary is characterized by a significant upwards 
decline in resistivity (Fig. 9). At the same time, the 
gamma radiation increases into the Læså Formation, 
but as several oscillations are seen in the gamma ray 
log motif in the uppermost part of the Hardeberga 
Formation, this change is less obvious.

The Rispebjerg Member (6.1–2.6 m, Figs 8E–F) is 
in Borggård-1 characterized by a sharp upwards de-
crease in gamma radiation (Fig. 3). No resistivity log 
is available for this interval in Borggård-1 because the 
10 m long insulated bridle cable at the top of the guard 
resistivity probe had to be fully below water to ensure 
proper function. Since the top of a temporary PVC-
work-casing was 3 m above terrain to avoid artesian 
water to overflow, no readings could be obtained in 
the upper 8 m of the well. 

There seems to be a few centimetres thick horizon 
approximately 0.5 m below top of the Rispebjerg 
Member in the Øleå outcrop section containing 
non-reworked glauconite and pyrite associated with 
phosphorite (Hansen 1937, pp. 162–163; ‘phosphorite I’ 
of de Marino 1980). This thin horizon is also recogniz-
able in the Skelbro-1 core (cf. Pedersen 1989) whilst it 
is strongly weathered in the Borggård-1 core, being 
close to ground level at the well site. The horizon is 
too thin to be traced on the gamma ray log.

The top of the Rispebjerg Member in the Borggård-1 
core is impregnated by phosphorite, and the gamma 
radiation increases sharply from immediately below 
top of the sandstone. This may be the case also in other 
wells (e.g. Sommerodde-1, see section on the Sømarken 
block), but generally the boundary between the Læså 
and Alum Shale formations is readily identified on 
wireline logs by the marked upwards rise in gamma 
radiation and decrease of resistivity. For remarks on 
the thin amalgamated Forsemölla–Exsulans limestone 
bed at the base of the Alum Formation and its influ-
ence on the log pattern, see ‘Discussion’.

Wireline log correlation of the Læså 
Formation
As stated previously, the Læså Formation is penetrated 
in its entirety only by the Borggård-1 borehole (Fig. 
3). As can be seen from Figs 9–14, in combination re
presenting a c. 18 km long ESE-WNW oriented section 
across southern Bornholm from Lobbæk to Snogebæk 
(Fig. 1), the Norretorp Member is of surprisingly 
uniform thickness throughout the area (Fig. 15). The 
overlying Rispebjerg Member, which is 3.5 m thick in 
Borggård-1, reaches a verified maximum thickness of 
3.7 m in the Skelbro-1 drill core (Pedersen 1989; Nielsen 

 Fig. 7. Examples of lithology in the Borggård-1 core (Norretorp Member); the location of each photographed core piece is shown 
in Fig. 3. For other photography details, see Fig. 4. A. Sand-mixed siltstone, bioturbated, with a few phosphorite nodules in the 
middle less sandy and darker interval. The core piece represents 53.27–52.98 m. B. Bioturbated stacked sandstone, comprising 
the upper part of marker bed S5, 51.80–51.50 m. C. Sand-mixed strongly bioturbated siltstone, 46.51–46.34 m. This moderately 
silt-rich facies only accounts for c. 1/10 of the succession between markers S5–S6, but is more common between markers S6–S7. 
D. Laminated sandstone with erosive basis and bioturbated top. This is one of the few tempestites in the upper log-unit of the 
Norretorp Member that survived mixing by bioturbation, 44.59–44.52 m. E. Cross-bedded (HCS) sandstone bed, 19.13–19.07 m. F. 
Sand-dominated bioturbated sand-siltstone. This facies accounts for c. 1/7 of the succession between markers S5–S6. 45.20–44.97 m.
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Well 246.528 penetrates the lower c. 3 m of the Rispe-
bjerg Member and the upper 34 m of the Norretorp 
Member. The boundary between these members is 
readily identified by comparison with the Borggård-1 
gamma ray log. Further downhole, the gamma ray log 
pattern is indistinct, but marker bed S6 is identified by 
its resistivity peak, bounded upwards by decreasing 
resistivity and downwards by a rather fluctuating log 
response. This resistivity log motif strongly resembles 
that seen in Borggård-1. It is not possible to correlate 
convincingly between 246.528 and 246.795 (cf. Fig. 9) 
due to insufficient overlap, but the lowermost part of 
the section in 246.528 may correlate with the very top 
of the 246.795 profile, as tentatively indicated in Fig. 
9. If so, the total thickness of the Læså Formation is c. 
100 m in the area, i.e. slightly less than in Borggård-1.

Note that the upper part of the succession in 246.528 
erroneously is recorded as Nexø sandstone in the 
Jupiter database.

Læså Graben
Short sections of the Læså Formation have been 
drilled in 10 wells in this small onshore graben, but 
wireline logs have been acquired in only 246.594 
(Bukkegård) and 246.749 (Skelbro-1; fully cored) 
(Fig. 10). Of these, 246.594 reaches ~10 metres into 
the formation, whereas only 6.5 m were drilled in 
246.749 (for description, see Pedersen 1989). A third 
well, 246.817 (Skelbro-2), reached just 0.9 m into the 
Læså Formation why the wireline logs from this 
fully cored borehole are not shown (see Nielsen et 
al. 2018, fig. 10). For remarks on 246.528, presumably 
also located within the Læså Graben, see section on 
the Lobbæk block above.

The boundary between the Læså and Alum Shale 
formations is readily identified by a sharp upwards 
increase in gamma radiation and a concomitant 
lowering of resistivity in both 246.594 and 246.749 
(Fig. 10). In the former well, the upper sandstone-
dominated part of the Rispebjerg Member has a log 
motif resembling that in Borggård-1, whereas the log 
pattern around the GH marker differs. This interval 

consists of thin sandstone beds with glauconite and 
phosphorite intercalated in siltstone, so the gamma 
radiation is relatively high, but variable. The log 
pattern through the Rispebjerg Member is rather dif-
ferent in 246.749, most probably because these older 
logs are of low resolution.

Sømarken block
The pre-Quaternary bedrock in this fault block con-
sists predominantly of Silurian shales (Fig. 1) and the 
Læså Formation is comparatively deeply buried. In 
consequence, only the top part of the unit has been 
reached by a few wells (Fig. 10).

The logs from 247.312 and 247.510 indicate that the 
Rispebjerg Member at least locally is relatively thick 
in the Sømarken block, in these wells measuring c. 
5.6 m and c. 4.3 m, respectively. The resistivity logs 
from 247.312 are older than the gamma ray log and 
have been digitized from paper prints. Still, they 
are useful for identifying the Rispebjerg Member 
despite their low resolution. Both logs shown for 
247.510 are also digitized from paper prints. In this 
well, the gamma ray log has an indistinct, blurred 
motif throughout the Læså Formation, which most 
likely reflects that the intended water supply well 
was abandoned and not flushed prior to logging, 
so the lower part of the well was probably contami-
nated with material from the overlying organic-rich 
shales. The resistivity log penetrates deeper into the 
sidewall and allows recognition of the Rispebjerg 
Member. Four additional wells with wireline logs, 
248.36, 248.39, 248.61 and 248.62, only reach into the 
very top of the Læså Formation (Fig. 10); the thickness 
of the Rispebjerg Member in these wells are listed 
in Table 2. The log motif between marker S7 and the 
upper half of the Rispebjerg Member is rather vari-
able between the wells, like described for the Læså 
Graben (Fig. 10). However, the GH marker seems to 
be traceable, although its specific log response differs 
from well to well.

Only 247.312 reached a little deeper into the upper 
part of the Norretorp Member below marker bed S7 

 Fig. 8. Examples of lithology in the Borggård-1 core (Norretorp Member); the location of each photographed core piece is shown 
in Fig. 3. For other photography details, see Fig. 4. A. Bioturbated sand-siltstone with high sand content. This facies accounts 
for more than 1/3 of the succession between markers S5–S6. 37.81–37.52 m. B. Lower part of the composite sandstone marker S6 
overlying bioturbated sand-mixed siltstone; note the irregular erosive lower boundary of the marker bed. The illustrated core 
piece represents 31.06–30.75 m. C. Intensively bioturbated ‘mottled’ siltstone; this moderately silt-rich facies accounts for c. 1/8 
of the succession between markers S6–S7 (upper part of the upper log-unit). The sand content is lower than generally seen in the 
lower part of the upper log-unit (i.e. between markers S5–S6). A few black phosphorite nodules can be seen. 29.27–29.09 m. D. The 
sharp lower boundary of marker S7, which in the shown lower part consists of glauconitic sandstone. The marker bed overlies 
bioturbated sand-mixed siltstone with a few small phosphorite nodules. The shown core represents 8.70–8.55 m. See also Fig. 6E. 
E. Medium-grained sandstone, partially glauconitic and with reworked phosphorite nodules, 5.83–5.65 m. Several erosional sur-
faces can be seen. F. Medium-grained sandstone, partially glauconitic. The black layer is due to impregnation with phosphorite. 
Several erosional surfaces can be seen. 4.06–3.95 m.
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relative to faults is discussed below in the section on 
the Smålyngen block; it may alternatively be located 
on the Pedersker block.

The gamma ray log motif at the transition between 
the Hardeberga and Læså formations is somewhat 
variable between the wells on this fault block and 
identification of the formational boundary is nonobvi-
ous due to the absence of a distinct gamma radiation 
minimum (i.e. clean sandstone bed) shortly below top 
of the Hardeberga Formation like seen in Borggård-1 
(Fig. 11). Hence, it is inferred that the Læså Formation 
is underlain by 2–3 m of bioturbated, clay-rich sand-

(c. 25 m). The gamma ray log pattern in this part of 
the Norretorp Member is monotonous, and therefore 
difficult to correlate confidently, but the drilled in-
terval appears to be similar to the equivalent section 
in Borggård-1 although identification of marker bed 
S6 remains uncertain (Fig. 10).

Pedersker block
Wireline logs are available from four wells in this 
block (Fig. 11). No resistivity log has been acquired in 
247.708, and only digitized older logs cover the H/L 
boundary interval in 247.435. The location of 247.98 

Fig. 9. Log panel showing correlation of the Læså Formation in the Lobbæk block; for location of wells, see Fig. 1. The base and top 
of the Læså Formation serve as datum planes for correlation. The Quaternary section of the logs is not shown. Legend is common 
for all log panels (Figs 3, 9–14), see also Tables 1–2.
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well is situated very close to the fault separating the 
Pedersker and Smålyngen blocks according to revised 
mapping (ATN, unpublished; see Fig. 1) and a location 
on the Pedersker block cannot be entirely excluded. 
Only gamma ray logs are available from 247.662 and 
247.330. In both wells, the digital log is supplemented 
with an older log digitized from paper prints, in order 
to obtain a longer log profile.

The gamma ray log motif at the transition between 
the Hardeberga and Læså formations is somewhat vari-
able between the three wells penetrating this boundary 
(like described for the wells in the Pedersker block), 
but correlation of the gamma ray log motif above the 
boundary in combination with the upwards declining 
resistivity from the Hardeberga into the Læså Forma-
tion enable consistent recognition of the formational 
boundary in the individual wells (Fig. 12).

The upper part of the Læså Formation is wireline 
logged only in 247.98 (Fig. 12). The monotonous gamma 
ray log motif is closely comparable to the one seen in 

stone in the Pedersker block, making the formational 
boundary comparatively indistinct on gamma ray 
logs. However, correlation of peaks and troughs below 
and above the boundary assists its recognition and 
identification of the boundary is especially aided by 
the nearly similar log pattern in the lowermost part 
of the Læså Formation in all three wells penetrating 
this level, and which is straightforward to correlate 
with Borggård-1 (Fig. 11).

The middle and upper parts of the Læså Formation 
are logged in 247.322 and 247.460. The gamma ray and 
resistivity log motifs are both closely comparable to 
those seen in Borggård-1 and correlation is unambigu-
ous (Fig. 11). Likewise, there are no observable differ-
ences in thickness of the Norretorp Member between 
the Pedersker block and the succession in Borggård-1.

Smålyngen block
Wireline logs are available from five wells in this block 
including Borggård-1 and 247.98 (Fig. 12). The latter 

Fig. 10. Log panel showing correlation of the Læså Formation in the Sømarken block and the Læså Graben; for location of wells, 
see Fig. 1. The top of the Læså Formation serves as datum plane for correlation. Legend in Fig. 9 and Tables 1–2. Abbreviations: 
R: Rispebjerg Member, A: Alum Shale.
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Stenseby and Snogebæk blocks
The Læså Formation constitutes the bedrock in a 
relatively large area in SE Bornholm (Fig. 1). On the 
current geological map, this area consists of the 
Stenseby and Snogebæk blocks, but this is an over-
simplification as additional faults undoubtedly are 
present. However, due to the uniform lithology of the 
Norretorp Member and sparsity of wells with wire-
line logs in the area, these internal faults are currently 
impossible to map. There are very few exposures 
in that part of Bornholm (Hansen 1936) and those 
reported are small and not particularly informative, 
whereas the Norretorp Member is encountered in 
more than 60 wells, but wireline logs are available 
from only nine wells at present, of which 247.265 is 
located on the Snogebæk block (Fig. 1). In the Jupiter 

Borggård-1, but it is not possible to confidently recog-
nize marker bed S6. Unfortunately, the resistivity log 
does not cover this near-surface part of the well section 
due to the length of the bridle cable (10 m). The succes-
sion in 247.98 is correlated with 247.330 using marker 
bed S3 as datum (Fig. 12). The log correlation indicates 
that the lower and middle parts of the Norretorp Mem-
ber are a few metres thicker in the other wells on the 
Smålyngen block compared with the corresponding 
interval(s) in Borggård-1, with the greatest difference 
in 247.98. However, as mentioned above, this well is 
located very close to the fault separating the Smålyngen 
and Pedersker blocks (ATN, unpublished mapping; 
see Fig. 1) and it is possible that the marginally greater 
thickness is due to an increased tilt of strata associated 
with the fault.

Fig. 11. Log panel showing correlation of the Læså Formation in the Pedersker block; for location of wells, see Fig. 1. The base 
of the Læså Formation and log-marker S6 serve as datum planes for correlation. The Quaternary section of the logs is omitted. 
Legend in Fig. 9 and Tables 1–2.
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c. 10–11 m may be missing at the top, provided the 
thickness of the uppermost Norretorp Member is 
comparable between the two wells (Fig. 14). Hence, 
the total original thickness of the Norretorp Mem-
ber in the area is similar to the thickness recorded 
in Borggård-1. It is evident that the lower part of the 
Norretorp Member below marker S6 is thinner in 
248.53 than in Borggård-1, but seemingly the upper-
most part of the unit immediately above this marker 
is a little thicker, almost levelling out the thickness 
difference (Fig. 14). If that trend continues upwards, 
the total thickness of the Læså Formation in the area 
may even have been a little larger than in Borggård-1. 
Overall, the gamma ray log pattern in wells on the 
Stenseby and Snogebæk blocks is similar to Borg-
gård-1, albeit with minor internal variation in 248.40 
and 248.53 (Fig. 14).

In 247.455 and 247.306, the Læså Formation appears 
to be underlain by ‘clean’ Hardeberga Formation 

database, the entire succession penetrated by the 
latter well is registered as “Balka sandstone” (i.e. 
Hardeberga Formation), but the log correlation shows 
that the Hardeberga/Læså formational boundary is 
located at ~13.0 m in the borehole (Fig. 12).

The wells located in the northern part of the 
Stenseby block (viz. 247.343, 247.349. 247.604, 247.459 
and 247.455; Figs 13–14), together with 247.265 on 
the Snogebæk block (shown on Fig. 12 due to space 
limitations), encountered only the lower part of the 
Norretorp Member, whereas the deep 248.40 and 
248.53 in the SW corner of the Stenseby block pene
trate most of the Norretorp Member (Fig. 14). The 
latter well was deepened subsequently from 94 m 
to 116 m, reaching 19 m into the Hardeberga Forma-
tion, but this lower part of the borehole has not yet 
been wireline logged. The drilled section includes 
the lower c. 92 m of the Norretorp Member and the 
log correlation to Borggård-1 indicates that another 

Fig. 12. Log panel showing correlation of the Læså Formation in the Smålyngen block; for location of wells, see Fig. 1. Well 247.265 
located on the Snogebæk block is also included (due to space constraints in Figs 13–14). The base of the Læså Formation and log-
marker S3 serve as datum planes for correlation. The Quaternary section of the logs is omitted. Legend in Fig. 9 and Tables 1–2.
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Discussion
Log stratigraphy

 
The outlined log stratigraphy, based on 11 intrafor-
mational horizons that consistently can be recog-
nized on nearly all wireline logs, provides a detailed 
frame for correlation of the Læså Formation across 
southern Bornholm. The suite of logs available from 
the fully cored Borggård-1 scientific borehole serves 
as reference section for the outlined correlation (Fig. 
3). The Norretorp Member is divided into two log-
stratigraphical units. The lower log-unit (57 m thick 
in Borggård-1) is characterized by moderately variable 
and comparatively high average gamma radiation 
whilst the resistivity is generally low and exhibits 
little variation. The upper log-unit (46 m thick in 
Borggård-1) is distinguished by having gently fluctu-

without interbeds of impure sandstone and here 
the formational boundary is very distinct on both 
the gamma ray and resistivity logs, whereas the log 
motif in 247.349 is closer to that seen in Borggård-1 
(Fig. 13). In 247.265 on the Snogebæk block (Fig. 12), 
the gamma ray log pattern at the Hardeberga/Læså 
formational boundary is intermediate between that 
of 247.349, 247.455 and 247.306.

The steel casing dampens the gamma radiation in 
247.306 and 248.40, and thus skews the gamma ray log 
motif in the upper part of the MGH marker in 247.306 
(Fig. 14). In that well, this log-marker is identified by 
comparison with the adjacent wells in the northern 
part of the Stenseby block that have a more similar 
log pattern than the deep wells in the SW corner of 
the Stenseby block. In 248.40, the 40 m steel casing at-
tenuates the gamma radiation signal of the Norretorp 
succession down to and including the MM marker.

Fig. 13. Log panel showing correlation of the Læså Formation in the northern part of the Stenseby block (see also Fig. 14); for 
location of wells, see Fig. 1. The base of the Læså Formation serves as datum plane for correlation. The Quaternary section of the 
logs is omitted. Legend in Fig. 9 and Tables 1–2.
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an indicator for the boundary between the Norretorp 
and Rispebjerg members. In addition to the labelled 
marker levels, numerous minor log-peaks also ap-
pear traceable between the wells and which further 
support the correlation (cf. Figs 9–15). However, these 
supplementary subordinate ties, which occasionally 
are picked at different levels on the individual fault 
blocks, are not commented on any further.

In 247.306 and 247.455, the uppermost Hardeberga 
Formation consists entirely of clean sandstone and 
here the formational boundary towards the Læså 
Formation is distinct (Fig. 14) but in the other 12 
wireline logged wells continuing into the Hardeberga 
Formation, the uppermost 5–7 metres of this unit 
include 2–3 horizons, occasionally several thinner 
beds, characterized by high gamma radiation and 
low resistivity (see log panels for the individual fault 
blocks). The Borggård-1 core discloses that these high 

ating and relatively low gamma radiation throughout 
whereas the resistivity is comparatively high and more 
variable. These main log-units are further subdivided 
by recognition of seven thin sandstone horizons (la-
belled S1 to S7), marked by gamma radiation minima 
and corresponding resistivity peaks. The S5 marker 
forms the boundary between the lower and upper 
main log-units of the Norretorp Member and the S6 
marker divides the upper log-unit into a lower part, 
characterized by comparatively high and variable 
resistivity associated with somewhat variable gamma 
readings, and an upper part with slightly lower 
average resistivity and a very uniform gamma ray 
log motif. Besides, four intervals with characteristic 
high or low gamma intensity, labelled MGL, MGH, 
MM and GH, can be traced consistently in nearly all 
wells across southern Bornholm that penetrate the 
respective stratigraphic intervals. The GH marker is 

Fig. 14. Log panel showing correlation of the Læså Formation in the Stenseby block, continued (see also Fig. 13); for location of 
wells, see Fig. 1. The base of the Læså Formation serves as datum plane for correlation except for 248.40, where log-marker S1 is 
used as datum. The Quaternary section of the logs is omitted. Legend in Fig. 9 and Tables 1–2.
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cordingly, the upper boundary of the Læså Formation 
is straight forward to identify on wireline logs albeit 
with an uncertainty of a few decimetres introduced 
by phosphorite impregnation of the very top of the 
Rispebjerg Member in combination with the occur-
rence of the thin Forsemölla–Exsulans limestone bed 
(10–20 cm thick) at the base of the Alum Shale Forma-
tion. This amalgamated limestone, like the underlying 
sandstone, may be anticipated to have low gamma 
radiation response and high resistivity, and, hence, is 
difficult to distinguish on wireline logs, not least due 
to its thinness. The uncertainty regarding pinpointing 
the formational boundary on wireline logs is at the 
scale of a few decimetres.

Depositional environment
Hamberg (1991) suggested, based on studies in Skåne, 
that the intensively bioturbated clayey sandstone 
horizons in the Hardeberga Formation represent sum-
mer periods with calm weather and intense biological 
activity alternating with stormy winter seasons dur-
ing which the clean sandstones were deposited. If so, 
the palaeoenvironment must have been very shallow 
during deposition of the uppermost part of the Hard-
eberga Formation on Bornholm and deposition was 
exceedingly fast.

The shift to deposition of the finer-grained and glau-
conitic Læså Formation is indicative of a significant sea 
level rise that outpaced sedimentary supply. Although 
the Læså Formation was deposited in a moderately 
deep shelf setting, the sea-floor remained within reach 
of episodic storm activity throughout deposition, as 
indicated by the common fine-grained, thin sandstone 
beds in the Norretorp Member. It is an open question 
how deep the storm wave base was in the area during 
the early Cambrian, but storms may have been intense 
as the adjacent ocean was sizeable (e.g. Cocks & Torsvik 
2005). It is also possible that some of the sandstone beds, 
notably in the lower part of the Norretorp Member, 
were deposited by (storm generated?) bottom currents 
below the storm wave base per se. However, in order 
to investigate this speculation, more detailed studies 
of the sedimentary structures in the sandstone beds 
must be undertaken.

The depth varied during deposition of the Læså 
Formation as evidenced by the variable frequency 
and thickness of the interbedded tempestites as well 
as the recurring horizons enriched in glauconite and 

gamma radiation intervals represent impure clayey 
sandstone that is thoroughly bioturbated, and which 
most probably also contains organic matter. The 
impure sandstone horizons are separated by clean 
sandstone beds showing the reverse log motif, i.e. 
low gamma radiation and high resistivity. Due to the 
high gamma ray peaks associated with the impure 
sandstone horizons, it is not always possible to readily 
pinpoint the boundary between the Hardeberga and 
Læså formations on the wireline logs. The formational 
transition is, however, invariably characterized by 
a marked upwards decline in resistivity (typically 
across c. 1 m) and it is usually also associated with a 
rather inconspicuous minor gamma radiation spike 
exactly at the boundary (see e.g. Fig. 3). Even more 
importantly, the lowermost part of the Læså Forma-
tion has a very characteristic gamma ray log motif 
including the MGL marker that is consistently and 
routinely recognizable between wells (e.g. Fig. 15). 
Probably due to the bioturbated clayey interbeds, the 
uppermost part of the Hardeberga Formation is sig-
nificantly less hard to drill than the underlying main 
part of the unit. In fact, during drilling of Borggård-1, 
the formational boundary was recognized only after 
core take up. Probably for this reason, the boundary 
between the Hardeberga and Læså formations seems 
to be picked some metres too deep in many non-cored 
water supply wells and caution should be taken when 
using the specific depth information in the Jupiter da-
tabase on the formational boundary in wells without 
wireline logs.

Near the top of the Læså Formation, the distinctive 
GH peak serves as marker for the boundary between 
the Norretorp and Rispebjerg members. Between the 
studied wells, the gamma ray log motif around this 
boundary varies quite significantly and the Rispebjerg 
Member is most readily identified when a resistivity 
log is also at hand (see especially Fig. 10). Above the 
GH marker, the gamma radiation intensity typically 
decreases, whereas the resistivity increases markedly 
up through the Rispebjerg Member, as should be 
expected due to the sandy lithology. However, also 
this pattern is surprisingly variable between wells, 
probably due to the common presence of reworked 
glauconite and phosphorite in the sandstone (as seen 
in the drill cores from Borggård-1, Billegrav-2 and 
Sommerodde-1). Upwards, the gamma radiation 
intensity increases abruptly at the base of the Alum 
Shale Formation whilst the resistivity decreases. Ac-

 Fig. 15. Well panel showing correlation of gamma ray logs from the Læså Formation across southern Bornholm. The profile is 
oriented roughly NW–SE (compare Fig. 1), except for the short well sections in the Sømarken block and the Læså Graben that are 
shown above the Stenseby block wells due to space constraints. For details, see the individual log panels from the various fault 
blocks (Figs 9–14). The log of the Quaternary section has been omitted in all wells. Note that a few correlations are based primarily 
on the resistivity log pattern (see the individual log panels). Legend in Fig. 9.
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The deviating colour brings the approximately coeval 
‘Red and Green member’ of the Torneträsk Formation 
in northern Sweden to mind (see Nielsen & Schovsbo 
2011 and references therein), but the exact depositional 
conditions responsible for this striking intercalation in 
the lowermost part of the Norretorp Member remain 
uncertain. It may represent maximum flooding condi-
tions during deposition of the Læså Formation and if 
so, the tentative MFS interpretation of sequence LC1-5 
indicated in Fig. 3 (based on Nielsen & Schovsbo 2011) 
needs adjustment.

Syndepositional tectonism?
A significant shift in regional subsidence pattern 
occurred in southern Scandinavia associated with 
the Hawke Bay uplift event at around the early/mid 
Cambrian transition (Nielsen & Schovsbo 2015). Before 
that event, the regional slope was southwards from 
Skåne to Bornholm, whereas it reversed afterwards 
due to prolonged uplift of the southern margin of 
Baltica, lasting until around the Ordovician–Silurian 
transition (Nielsen & Schovsbo 2011, 2015). During 
this uplift interval, the southern margin of Baltica 
experienced recurrent isostatic adjustments, probably 
relating to pulses of plate tectonic reorganisation, and 
the Cambro–Ordovician Alum Shale and overlying 
Ordovician formations display thickness differences 
across southern Bornholm (Nielsen et al. 2018; see also 
Nielsen 1995, fig. 42). Still, there must have been some 
tectonic/isostatic unrest in southern Scandinavia also 
during the early Cambrian, as the Norretorp Member 
is considerable thinner and stratigraphically incomplete 
in Skåne compared with Bornholm, which is remark-
able considering that the sedimentary supply to the 
Bornholm area broadly speaking must have been from 
the north (cf. Nielsen & Schovsbo 2011). In some parts of 
Skåne, the Norretorp Member is even absent (see intro-
ductory section on the regional distribution of the Læså 
Formation). The reduced thickness and local absence in 
Skåne is suggestive of differential uplift that apparently 
took place concurrently with downwarp of Bornholm. 
Despite this evidence for syndepositional tectonic 
activity, the Læså Formation is of surprisingly con-
stant thickness throughout southern Bornholm, with 
possible variation between wells of only a few metres 
(Fig. 15). The Læså Formation may thus be only c. 100 
m thick in the Lobbæk area, but confirmed figures are 
available only from Borggård-1, where the unit is 106.4 
m thick. The possible thickness difference is not obvi-
ous from Fig. 15, using the Læså/Hardeberga and the 
Læså/Alum Shale boundaries as datums, see instead 
remarks on the Lobbæk block. The small differences in 
thickness may relate to the general clastic supply from 
the north, as it is an overall impression that at least the 

phosphorite (see also Nielsen & Schovsbo 2011). It 
should in this context be kept in mind that many sand 
beds, particularly in the ≈upper half of the Norretorp 
Member, have been obliterated by bioturbation, which 
is ubiquitous and generally extensive from immediately 
above the MGL marker and upwards. The upper ≈half 
of the Norretorp Member is thus sand-mixed and only 
a few thick tempestites have ‘survived’ bioturbation. 
The recognized lower and upper main log-units thus 
reflect the changing depth conditions during deposi-
tion of the Norretorp Member, with the lower log-unit 
being deposited in a relatively deep environment with 
repeated precipitation of glauconite and phosphorite 
due to the comparatively low sedimentary supply, 
whereas the upper log-unit signals the upwards shal-
lowing associated with increased influx of sand.

The frequent sea level changes during deposition 
of the Læså Formation are suspected to reflect glacio-
eustasy and the widespread regression, indicated by 
the Rispebjerg Member, was probably caused by an 
early Cambrian glacial interlude (cf. Nielsen & Schovs
bo 2011). This sea level fall culminated in emergence 
of even the most distal locations on the Baltica palaeo-
continent preserved in the geological record (Nielsen 
& Schovsbo 2011). The major ‘Rispebjerg regression’ 
was in turn succeeded by a very significant sea level 
rise in the late early Cambrian. This major rise led to 
deposition of the condensed, outer shelf Gislöv For-
mation (preserved only in Skåne, but inferred to have 
been originally present also in the Bornholm area) and 
the event has all the characteristics of a post-glacial 
sea level rise being rapid, significant (size order of 100 
m) and taking place in pulses (cf. Nielsen & Schovsbo 
2011). The forced ‘Rispebjerg regression’ and follow-
ing abrupt sea level rise have significant potential for 
intercontinental correlation.

Despite the variable occurrence of glauconite, phos-
phorite and sandstone interbeds in the Norretorp Mem-
ber, it is essentially impossible to identify in individual 
outcrops which part of the unit that is exposed. Hansen 
(1936) recognized five subdivisons of the ‘Green shales’ 
that broadly corresponds to the lower and upper log-
units distinguished here, separated by a middle inter-
val with glauconite and phosphorite (here assigned 
to the lower log-unit) and with thin lower and upper 
transitional units. However, most exposures could not 
be assigned to the respective subunits by Hansen (1936) 
and he also underestimated their thickness.

The only unique and readily identified lithological 
interval within the Norretorp Member is the red-
brown horizon (Fig. 4F–G), located at 4.3–5.7 m above 
the base of the Læså Formation in Borggård-1. This 
characteristic horizon seems to be present in all wells 
penetrating this level, but it is poorly exposed in natu-
ral outcrops and has not been described previously. 
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seven thin sandstone horizons (labelled S1 to S7 and 
inferred to represent tempestites), marked by gamma 
radiation minima and corresponding resistivity 
peaks. Besides, four levels with characteristic high or 
low gamma radiation, named MGL, MGH, MM and 
GH, can be traced consistently in most wells. The two 
main log-units reflect a more common occurrence of 
glauconite and phosphorite in the lower part of the 
Norretorp Member and a higher sand content in the 
upper part.

The shift to deposition of the silty and glauconitic 
Læså Formation was due to a sea level rise that out-
paced sedimentary supply and the formation was 
deposited in a moderately deep shelf setting. Even 
so, the sea-floor remained within reach of episodic 
storm activity throughout deposition, accompanied 
by deposition of thin, fine-grained sand beds. The 
depth varied during deposition of the Læså Formation 
with a general upwards shallowing. The lower and 
upper main log-units in the Norretorp Member bear 
out this shoaling, with the lower log-unit reflecting a 
relatively deep environment associated with repeated 
sedimentary starvation and precipitation of glauconite 
and phosphorite, whereas the upper log-unit reflects 
the upwards shallowing associated with increased 
influx of sand and intensification of bioturbation.

The recurring presence of glauconite and phospho-
rite and the variable occurrence of sandy tempestites 
(many of which have been mixed with the ‘host sedi-
ment’ due to bioturbation) are suggestive of minor sea 
level changes during deposition. The frequent sea level 
changes conceivably reflect glacio-eustasy and the 
significant and widespread regression, signalled by 
the Rispebjerg Member, was probably caused by an 
early Cambrian glacial interlude. This forced ‘Rispe-
bjerg regression’ was in turn succeeded by a major 
sea level rise in the late early Cambrian, plausibly 
caused by de-glaciation. The regression and following 
abrupt sea level rise have considerable potential for 
intercontinental correlation.

A conspicuous red-brown horizon, c. 1.5 m thick, 
is located shortly above the base of the Læså Forma-
tion. This characteristic horizon seems to be present 
in all wells penetrating this level. It may represent 
maximum flooding conditions during deposition of 
the Læså Formation.

The Læså Formation is of essentially uniform thick-
ness throughout southern Bornholm (100? to 106 m), 
demonstrating a post-depositional age of the many 
faults in the area. This is also in accordance with the 
sheet-like distribution of the abundant tempestites in 
the Norretorp Member. Sandstone dykes described 
from the basement at Listed have been previously 
inferred to correlate in age with the Læså Formation, 
potentially indicating syndepositional earthquake 

middle and lower parts of the Norretorp Member are 
thinning slightly in a southwards direction within the 
Stenseby block (see level of the MGH marker in Fig. 15).

On Bornholm, sandstone dykes described from the 
basement at Listed have been inferred to correlate in age 
with the Læså Formation due to their content of chlorite 
and minor glauconite (Bruun-Petersen 1975). Many of 
the sandstone dykes in the basement elsewhere on east-
ern Bornholm have also been described as greenish in 
colour (Ussing 1899, Grönwall 1916). A chlorite content 
has also been reported from a sandstone dyke at Vang 
on northern Bornholm (Katzung & Obst 1997). Other 
clastic dykes in the basement on Bornholm are seem-
ingly filled with comparatively clean quartz sand with-
out chlorite matrix (e.g. Grönwall 1916; see also Katzung 
& Obst 1997). This quartz sand presumably originates 
from the Hardeberga Formation (see also Grönwall 
1916) and if the Hardeberga sand was not lithified at the 
time of fissure formation, it is likely that also the overly-
ing Læså siltstone was not fully lithified either. Hence, 
the lithology of the sedimentary dykes on Bornholm 
may not be a valid indicator of their age. In Skåne, the 
largest of the spectacular ‘funnel grabens’ described 
from the Hardeberga Formation by Lindström (1967) 
contains disturbed Alum Shale in the centre, suggesting 
that these structures formed in the earliest late Cam-
brian (Furongian). Coeval Alum Shale fissure-fillings 
have been described from the basement near Göteborg 
(Samuelsson 1967) and this phase of disturbance may 
potentially also have affected Bornholm. In any case, 
even if the discussed clastic dykes are indicative of early 
Cambrian earthquake activity, the uniform thickness of 
the Læså Formation across southern Bornholm firmly 
establish a post-depositional age of the many faults in 
the area. The faulting likely commenced or at least had 
its main phase in the late Carboniferous–early Permian 
and was followed by several subsequent phases of fault 
activity (cf. Graversen 2009).

Conclusions
A log-stratigraphy is established for the lower Cam-
brian Læså Formation of Bornholm, Denmark, based 
on gamma ray and resistivity wireline logs from 30 
wells and shallow scientific boreholes. The suite of logs 
available from the fully cored Borggård-1 scientific 
borehole serves as reference section for the outlined 
correlation.

The Norretorp Member, comprising the greater 
lower part of the Læså Formation, is divided into two 
log-stratigraphical units, characterized by different 
gamma ray and resistivity log patterns. These main 
log-units are further subdivided by recognition of 
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