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ABSTRACT

The Paleocene and Eocene cores have been described and investigated comprising textural, mineralogical and geochemical analyses. A
correlation with the detailed established lithostratigraphy has been performed.

The Paleocene section of the Harre cores represent an almost complete section and comprises the formations; Danian Limestone (not pe-
netrated), Kerteminde Marl, "grey slightly to non-calcareous clay", Holmehus Formation, @lst- and Fur Formations.

The Eocene section represents only fragments of the section known from other localities and comprises the following units; Resnas Clay
Formation - Beds R1, R3 and R4 - and Lillebalt Clay Formation - Bed L5. Major hiati are located in the Eocene comprising i) Beds RS
and R6 of the Resnas Clay Formation and L1, L2, L3 and L4 of the Lillebzlt Clay Formation and ii) Bed L6 of the Lilleb&lt Clay Forma-
tion and the Sgvind Marl. Minor hiati are present at the transition Danian Limestone/Kerteminde Clay, Holmehus/@lst Formation and
Qlst/Resnazs Clay Formation. Movements of salt in the salt structures surrounding the site, is believed to be the major cause of the diffe-
ring degrees of completeness of the Paleocene and Eocene sections. Reworked sediment is especially found immediately above these hiati.
The Paleocene and Eocene interval is characterized by very finegrained marine deposits. Sand-sized and most coarse silt-sized particles
are either of biogenic origin (coccoliths, foraminifers and faecal pellets or of authigenic origin (pyrite, glauconite and zeolites). In the @lst-
and Fur Formations eolian transported sand-sized ashparticles of volcanic origin are frequent in distinct layers, often with graded bedding.
Lateral facies-variations are very small within the onshore Danish area. Coarser grained nearshore sediments are not found, but occa-
sionally slightly decreased contents of clay-sized particles and smectite, and corresponding increases in siltgrades, kaolinite and illite,
might indicate dispersal patterns of detrital supplied material.

Oxic bottomwater conditions dominated during deposition of the Resnas Clay Formation, while anoxic conditions prevailed during depo-
sition of the lower @lst- and Fur Formations. In the other formations less favourable conditions dominated with intercalations of true ano-
xic and true oxic events. }

Except for porewater expulsion and related precipitation of part of the dissolved material in concretions, no diagenetic mineral transforma-

tions have been observed.

O.B. Nielsen, Department of Earth Sciences, Aarhus University, DK-8000 Arhus C, Denmark.

INTRODUCTION

The Paleocene section of the Harre borehole (Fig. 1
in the introductory chapter) is well-developed and
comprises three lithostratigraphic units: the Kerte-
minde Marl, the "grey slightly to non-calcareous
clay" and the Holmehus Formation (Nielsen, et al.,
1994, this volume). At the transition between Paleo-
cene and Eocene the @lst and Fur Formations are pre-
sent almost as complete as known from other Danish
localities and with a very characteristic interfingering
between the two different facies represented by the
two different but comtemperaneous formations. The
Eocene section is rather incomplete, but contains li-
thostratigraphic units easy to identify according to the
subdivision of Heilmann-Clausen et al. (1985). The
section comprises parts of the Rgsnas Clay Formati-
on and parts of the Lillebzlt Clay Formation, while
Sevind Marl is absent. The Rasnas Clay Formation is
represented by Beds R1, R3 and possibly R4, while
the Lillebzlt Clay Formation is represented only by
Bed L5. The Oligocene/Miocene part of the Harre co-
res is investigated by Friis (1994, this volume).

METHODS

Based on the detailed lithologic descriptions of the
different lithostratigraphic units 47 samples were se-
lected for further sediment petrographic analysis
comprising texture, mineralogy and geochemistry.
Samples of 5 grams for grain size analysis were dried
at 105° C for 24 hours, weighed, suspended in distil-
led water and sieved through a 63 pum sieve. The >
63 um fraction (the sand range) was dried and
weighed. 10 milliliters of .01 M NagP,O7 * 10H,O
was added to the < 63 um fraction and the suspension
was grain size analysed in an Andreassen pipette. Ap-
proximately 5 grams of each sample was dried at 50°
C for 72 hours, weighed and suspended in distilled
water and sieved through a 63 pm sieve. The sand
fraction was dried and weighed. The fraction from 2-
63 microns (the silt range) was produced by repeated
decanting of the clay fraction (< 2 um) in distilled
water. The silt fraction was dried and weighed. The
clay fraction was concentrated by centrifugation and
oriented glass plate-preparations were X-rayed on a
Philips diffractometer with Cu, K-alpha radiation.
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Fig. 1. Grain size distribution of the Paleocene and Eocene section in the Harre borehole.
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Records were made of air-dried, of glycollated and of
heated preparations respectively. Bulk mineralogical
analysis was performed on subsamples dried at 105°
C for 24 hours, ground in a mortar and mounted in an
Al-preparation without preferred orientation. The
preparations were X-rayed from 2-65° 2@ in the
same diffractometer and conditions as the clay frac-
tions (see above). Clay- and bulk minerals were iden-
tified and quantified (Schultz, 1960; Brindley &
Brown, 1980). The content of carbonate and Org. C
was calculated using a LECO induction furnace. The
chemical analysis were performed on totally dissol-
ved samples (HF solvent) on a Perkin-Elmer atomic
absorption spectrophotometer.

RESULTS
DANIAN LIMESTONE

Lithology and lithostratigraphy

The Danian Limestone (below 256.9 m.b.s.) is a light
grey sandy calcisiltite with some flint bands, which,
together with the section in the borehole Viborg 1, re-
presents a younger period of the Danian than known
from other localities in Denmark. (Thomsen & Heil-
mann-Clausen, 1985). The uppermost 0.5 m is inten-
sely bioturbated.

Texture

The few grain size analyses carried out in this unit de-
monstrate that the lithology is a calcisiltite, as also in-
terpreted from the macroscopic description (Fig. 1).
Sand-size particles comprise 13%, silt-size 69% and
clay-size 18% of the material.

Mineralogy and geochemistry

Calcite is the dominant mineral and smectite do-
minates the non-carbonate fraction. (Figs. 2 & 3). The
chemical composition (Fig. 4) supports the mineralo-
gical quantification based on X-ray diffraction
(XRD).

Data for the Danian Limestone are very sparse and
only available for the uppermost part. No attempt is
therefore made to carry out comparisons with other
localities and detailed interpretations.
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KERTEMINDE MARL

Lithology and lithostratigraphy

The Kerteminde Marl is 12.4 m (244.5-256.9 m.b.s.)
thick, light grey and silty, and is characterized by a
smaller grain size of the authigenic and biogenic par-
ticles than the underlying Danian deposits and by a
lower and an upwards decreasing carbonate content.
The contact with the Danian Limestone is not very
sharp because of intense bioturbation. (See also
Thomsen & Heilmann-Clausen, 1985). The burrows
are rich in glauconite, but a proper layer of Lellinge
Greensand, present in some other localities, mostly
more to the east in Denmark, is not present. In the up-
per part there is a level with a lower carbonate con-
tent, also found in other localities, even if some of
these localities have a much greater thickness of marl.

‘(see Skovbjerg, 1988 and Steensen-Bach er al,

1988). Just above the low-carbonate level the marl
becomes slightly silicified. It is not possible to tell
whether the Kerteminde Marl in the Harre borehole
represents the complete sequence in a very condensed
version, or represents only a limited part of the whole
period with marl deposition.

Texture

The lowermost sample is slightly more sandy than the
remaining part of the marl (Fig. 1), probably due to a
higher content of glauconite. The marl contains gene-
rally very little sand, approximately 1%, 38% silt and
61% clay with only small variations.

Mineralogy and geochemistry

Carbonate minerals, mainly calcite, are the dominant
constituent, with an upwards decreasing tendency.
Their origin is mainly from reworking of Maas-
trichtian microfossils (von Salis Perch-Nielsen, 1994,
this volume). Clay minerals make up the second most
frequent mineral group (Fig. 2) with smectite as the
dominant component (78%) and an illite content of
22%. (Fig. 3) Kaolinite is absent. The quartz and feld-
spar contents increase upwards, and zeolites of the
heulandite-clinoptilolite type are present throughout
the interval. Cristobalite is only present in one sample
in the upper part. Other localities, as f. ex. Boulstrup
(see Fig. 1 in the introductory chapter) contain only
cristobalite and zeolites in the upper part and it is thus
possible that in the Harre cores there is a hiatus
comprising the lower part of the Kerteminde Marl.
The lower part of the marl at Harre belongs to NP Zo-
ne 4/5 (von Salis Perch-Nielsen, 1994, this volume)
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Fig. 2. Bulk mineralogical composition of the Paleocene and Eocene section in the Harre borehole.
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while the underlying limestone belongs to NP Zone 3
and 4/5. The content of Org. C is generally close to
3/4% and surprisingly constant through the formation
(Fig. 4). The Mn content is low and the other ele-
ments measured reflect the content of carbonates, i.e.
in carbonate richer intervals the Ca content is high
and the other elements are low because of the dilution
effect of the carbonates. This is distinct for the Fe
content and less distinct for K and Mg (Fig. 4). The
content of sulphur is generally below 1/2%, suppor-
ting the fact that the pyrite content is below the de-
tection limit on XRD.

Depositional environment, provenance and lateral va-
riations

During the deposition of the Kerteminde Marl the
environment was marine and generally oxic with a
high degree of bioturbation. The transgression which
followed the regression at the end of the Danian has
led to a strong reworking of older sediments, mainly
of Danian and Upper Cretaceous age. The reworking
was especially favoured by the uplift of a narrow
NW-SE trending belt in Kattegat in Upper Cretaceous
and Paleogene. The thickness of the formation is
greatest in eastern Denmark and there are both lateral
and vertical compositional variations (Skovbjerg,
1988).

"GREY SLIGHTLY TO
CLAY"

NON-CALCAREOUS

Lithology and lithostratigraphy

The "grey slightly to non-calcareous clay" is silty,
14.6 m thick (229.9-244.5 m.b.s.) and is olive black
or greenish to greyish black. The interval from 240.56
to 241.40 m.b.s. has a very characteristic light grey
colour. The unit is bioturbated and contains varying
amounts of pyrite, especially in the upper part, glau-
conite, especially in the lower part, and zeolites,
which appear as whitish specks. Some intervals are
partly silicified, especially from 234.35-234.50,
234.71-234.86, 235.12-235.20 and 236.07-236.70
m.b.s., of which the interval 236.17-.22 contains se-
veral well-preserved burrows with spreiten type of
backfill. Weakly silicified horizons appear from
237.15-237.25 and from 238.25-238.45 m.b.s.. A few
cm thick interval at 240.75 m.b.s. is strongly silici-
fied, almost like chert, and the interval from 240.50-
240.65 m.b.s. is "normally" silicified. No formal nan-
nofossil zonation has been assigned to this formation.
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Texture

The sand content is very low (Fig. 1), between .25
and 1.25% while the clay content is high, from 50 to
75 %. Only the Holmehus Clay and the Resnas Clay
are more fine grained. Except for the sample at
240.40 m.b.s., which has an extraordinary high clay
content of 75%, there is no significant variation in the
grain size distribution.

Mineralogy and geochemistry

In the clay fraction smectite dominates (ca. 80%) and
kaolinite is only sporadically present (Fig. 3). There
are no systematic variations through the formation.
Clay minerals also dominate the bulk mineralogical
composition (Fig. 2). Quartz, heulandite, calcite and
feldspars are present in all samples in amounts up to
10 %. Cristobalite, siderite/rhodocrosite, jarosite and
pyrite are present in some samples. Quartz, feldspars
and clay minerals are probably mostly of detrital ori-
gin, while heulandite, cristobalite, siderite/rhodocro-
site and pyrite are of authigenic origin. Jarosite is pro-
bably a result of a recent to subrecent weathering of
part of the original pyrite content. The content of Org.
C is about 3/4% like the underlying Kerteminde Marl,
but it varies a little. There is no significant variation
in the analysed elements. (Fig. 4). The content of
sulphur is occasionally above 1%, pyrite is identified
in these samples on XRD.

Depositional environment and lateral variations

The boundary between the Kerteminde Marl and the
"grey slightly to non-calcareous clay" is gradual. The
composition and thickness of the unit is rather uni-
form (Fig. 5). The unit is a marine low energy deposit
and generally the bottomwater was oxygenated, but
shorter periods with oxygen deficiency existed.

HOLMEHUS FORMATION

Lithology and lithostratigraphy

The Holmehus Formation is 7.9 m in thickness (222-
229.9 m.b.s.) and is a very fine-grained waxy gree-
nish black to dark greenish grey non-calcareous clay
with scattered white specks and pyrite of sand size.
Especially the lower part is somewhat bioturbated
and contains small amounts of carbonate minerals. A
few thin zones appear finely laminated. The lower
boundary is relatively sharp, while the upper one is
located between 2 cores. Based on the gamma re-
sponse on the wireline log, the upper boundary seems
to be very sharp, as also seen in outcrops. At ca.
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Fig. 3. Clay mineralogy of the clay fraction (<2 pm) from the Paleocene and Eocene section at Harre.
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227.5 m.b.s. a 7 cm thick, light grey bioturbated car-
bonate concretion is present, and at 228.5 m.b.s. a 3
cm thick light grey non-calcareous concretion is seen.
No formal nannofossil zonation has been assigned to
this formation.

Texture

The sand content is relatively high (up to 9%) (Fig.
1), but also the clay fraction is relatively high (up to
80%). Silt is consequently sparcely represented. The
sand sized particles are most likely mainly of authige-
nic origin, as heulandite, carbonates and pyrite make
up up to 20% of the samples, while the detrital com-
ponents, as quartz and feldspars, only constitute up to
15% and often are clearly identified in the silt- and
the coarser part of the clay fraction. At most localities
sand-sized glauconitic grains appear in the uppermost
part of the formation, leading to a small but distinct
increase in the gamma-response just below the large
increase at the transition to the laminated lower part
of the @lst Formation. On spectral natural gamma
logs (SNG logs) it is evident that the gamma signal
mainly originates from K, probably in glauconites, in
the upper part of the Holmehus Formation and from
U, related to the organic matter, in the lower part of
the @lst Formation. Unfortunately no SNG log has
been performed in the Harre borehole. As in most
carbonate-poor mud rocks there is a good correspon-
dence between the size of the clay fraction and the
amount of clay minerals defined by XRD, i.e. that the
amount of non-clay minerals of the clay fraction cor-
responds to the amount of clay minerals greater than
2 um . In carbonate-rich mud rocks biogenic carbona-
te particles may destroy this correspondence because
they sometimes (see the Kerteminde Marl) contribute
substantially to the clay fraction. Detailed analyses
of the grain size distribution indicates that 52.7% of
the particles are smaller than 1 um and 6.4% of the
particles are smaller than 0.125 um. After settling in
320 days (corresponding to .0063 pum according to
Stoke's law) no particles were found in suspension.
Only sediments from the Lillebzlt Clay Formation,
L3 and L4 are found to be more fine-grained amongst
the Danish Palaeogene clays.

Mineralogy and geochemistry

Clay minerals are the dominant mineral group (Fig.
2). Authigenic minerals, such as jarosite, pyrite, heu-
landite and different carbonates, and other detrital
minerals, such as quartz and feldspars, make up ap-
proximately 15 % each. Quartz and feldspars are mo-
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re frequent in the silt- and clay fractions, than the au-
thigenic minerals, which consequently make up a
greater percentage of the sand fraction. As in most of
the Paleocene and Eocene clays in this borehole
smectite is the dominant clay mineral in the clay frac-
tion, illite comprises almost entirely the remaining
part, while kaolinite consequently is only sporadic
present. Other clay minerals are absent. (Fig. 3) The
content of Org. C is very low (Fig. 4), while the Mn
and Fe contents are high or very high. Normally these
two elements show parallel distributions, as f. ex. a
higher content in reddish (oxic) sediments probably
due to the presence of stable oxides of these elements
in their highest oxic state. The Holmehus clay here is
greenish and consequently ferric and manganic oxi-
des are absent. The high content of smectite is be-
lieved to originate from the volcanic activity present

"in the area at this time. In all equivalent sediments the

same relatively high Fe and Mn concentrations are
observed and similar results are found in other basins
and at other periods where volcanic activity is de-
monstrated. (see f. ex. scientific reports from
DSDP/ODP). The sulphur content is generally very
low (below 1/2%), but in some samples the content
may exceed 2%. In these samples pyrite is identified
on XRD.

Depositional environment and lateral variations

The appearence, thickness and composition of the
Holmehus Formation is very uniform in the entire
Danish onshore area, and where cores are present and
analysed from the Central Graben of the North Sea
almost the same parameters are found (Fig. 6). The
typical gamma log marker is not seen in all North Sea
wells, but as cores are not available from these wells,
it may be that Holmehus clay has a different compo-
sition and/or gamma response in some areas in the
North Sea.

The thickness is not always known, as the upper
and/or lower boundary might not have been identified
in all boreholes because of lack of good cores or logs.
The thickness is, however, always between 5 and 12
meters.

Variations in grain size are present (Fig. 6) but small,
probably representing variations in the content of au-
thigenic components such as cristobalite, pyrite and
heulandite. These minerals are most frequent in the
sand and coarse silt fractions. Thus, these grain size
variations were probably not present at the time of
deposition. At Redbyhavn, which is situated in the
North German Basin and is the easternmost locality
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Fig. 4. Bulk geochemical composition of the Paleocene and Eocene section in the Harre borehole.
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Fig. 5. The amount of clay sized particles, clay minerals and smectite of the clay fraction in the "grey slightly
to non-calcareous clay" from Danish localities. Their position is shown in Fig. 1 in the introductory chapter.
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Fig. 6. The amount of clay sized particles, clay minerals and smectite of the clay fraction in the Holmehus
Formation from Danish localities. Their position is shown in Fig. 1 in the introductory chapter. Abbreviations
see Fig. 5.

with Holmehus clay, the silt content is somewhat Illite is the only other clay mineral present while kao-
higher and the clay content correspondingly smaller linite is absent or present in small quantities. Chlorite
(Pedersen, 1992). The amount of clay minerals mea- is never identified. The reason for the difference in
sured by XRD is also smaller than elsewhere and so composition at Redbyhavn is believed to be that the
is the amount of smectite of the clay fraction (Fig. 6). locality is situated closer to the eastern margin of the
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basin, and thus received denudation products of diffe-
rent composition and size from the inversion zone
and southern Sweden.

The formation is normally characterized by the pre-
sence of both thin laminated intervals and bioturbated
horizons (Zoophycos and Chondrites), containing also
agglutinated benthonic foraminifers (Heilmann-Clau-
sen ef al., 1985 and Nielsen & Heilmann-Clausen,
1986). The Org. C and pyrite contents are
intermediary (0.09-0.66% and 0-5% respectively). In
some localities red intervals are distinct, but the green
colour is the most frequent. The depositional environ-
ment is thus marine and generally less well-oxygena-
ted than f. ex. during deposition of the Rasnas Clay
Formation, but also less stagnant than during the de-
position of the @lst- and Fur Formations.

QLST- & FUR FORMATIONS

Lithology and lithostratigraphy

The Qlst- and Fur Formations have a thickness of
31.12 m (190.88-222 m.b.s.). The Fur Formation re-
presents the diatomite and diatom-dominated clay in-
terlayering the volcanic ash-layers in sediments from
the transition between Paleocene and Eocene and si-
tuated between the Holmehus and Resnas Clay For-
mations. The @lst Formation represents the generally
much thinner diatom-poor and non-diatomaceous
clay interlayering the ash-layers, while the Fur For-
mation represents the diatom-rich facies. These two
formations are mostly both geographically and stra-
tigraphically separated, i.e the Fur Formation in NW-
Jylland and the @lst Formation in the remaining Da-
nish area and only represented in NW-Jylland in the
lowermost part of the interval (Heilmann-Clausen et
al., 1985). In this borehole, however, the two forma-
tions are more intensively interfingering and an inter-
mediate facies with gradual transitions between the
two end members is also present. From the upper
boundary at 190.88 m.b.s. down to 196.5 m.b.s., equi-
valent to ash layer No. +4 the clay layers are non-dia-
tomaceous and consequently referred to the @lst For-
mation. Many ash layers are identified, with varying
certainty, according to the system defined by Boggild
(1918), and the thicknesses of the interlayered clay
layers are equivalent to the outcrop at @lst. The Fur
and lower part of @lst Formations are generally lami-
nated and without burrows, while in the upper part of
the @lst Formation laminations are generally absent
and burrows are occasionally identified.

Nielsen: Paleocene & Eocene petrography

Below is a list of observations concerning the ash
layers with a characteristic appearance (see Fig. 3 in
Nielsen et al., 1994, this volume):

Ash layers No. +129 and No. +130 are probably iden-
tified as the youngest ashes in the borehole although
their thicknesses and the interlayer thickness differ
somewhat from the expected values, but their charac-
teristic appearances are quite similar to the appearan-
ces of these ashes at other outcrops where the upper
@lst Formation is exposed. Furthermore, these two
ashes are the youngest ashes found in the @lst Forma-
tion. Younger ashes are thus only found in the Fur
Formation (Heilmann-Clausen et al., 1985). Ca. 35
cm below the presumed ash layer No. +129, a very
characteristic black, distinctly streaked 13 cm thick
ash layer is found. At outcrops in NW-Jylland layers
Nos. +114 and +118 have similar appearances. Based
on its thickness and position it is most likely that the
layer in the Harre borehole is No. +114. A rather
thick dark grey ash layer with a brownish grey lower
separate part, i.e. a so-called double layer, is found at
the expected position for ash layer No. +90D. Below,
relatively thick ashes are present with thicknesses and
positions as expected for the ashes Nos. +79, +62 and
+51. Double layers at the expected positions for ashes
Nos. +18D, +16D and +14D are identified. The re-
maining ashes are mostly identified based on their
thicknesses and positions. The lowermost ash layer of
the upper part of the @lst Formation is believed to be
No. +4 based on its thickness, position and colour. Its
feldspar-composition, however, might indicate that it
could be ash layer No. -11 (Knox, 1994, this volume).
The underlying, uppermost ash of the Fur Formation,
which, in Fig. 3 (Nielsen ef al., 1994, this volume), is
considered to be either No. -11 or -12, is assigned to
No. -12 due to its feldspar composition (Knox, 1994,
this volume). The following ash downwards might
consequently most likely correspond to ash No. -13.
Realizing that the two uppermost ashes of the Fur
Formation in the Harre borehole most likely are Nos.
-12 and -13 respectively, the identity, based on thick-
ness and position, of the overlying ash might be ash
No. +4 or ash No. -11. Yet, the colour of the ash in
question is more in accordance with +4 than -11, and
it is thus impossible so far to make a final and correct
interpretation of the identity of this specific ash layer.
Anyway, there seem to be missing strata close to the
transition from the Fur- to the @lst Formation, which
are recognised in outcrops, but the precise location
and duration of this hiatus is not possible to figure
out.
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Fig. 7. The amount of clay sized particles, clay minerals and smectite in the clay fraction from clay layers in
the lower part of the @lst and Fur Formations from danish localities. Their position is shown in Fig. 1 in the

introductory chapter. Abbreviations see Fig. 5.

From 196.5 down to 218.5 m.b.s. the appearance and
thicknesses of the clay layers are similar to the equi-
valent layers on the island of Fur, and they are thus
referred to the Fur Formation. The ashes are similar
to the ashes from localities in NW-Jylland, and espe-
cially distinct is the occurrence of the very characteri-
stic layer No. - 33, which also here is very light grey,
almost white, and with a thickness and location as
would be expected. In some levels, as for instance at
204.1 m.b.s. and 208.5-210 m.b.s., the clay layers
seem to be less diatom-rich, and look similar to layers
from the @lst Formation. The lower part of the inter-
val, from 218.5-222 m.b.s., is non-diatomaceous and
almost black and is thus referred to the @lst Forma-
tion. As in other sections of the Fur Formation silici-
fied horizons occur in the lower part, at 214.7, 215.2,
216.5,216.9 and 217.52-217.77 m.b.s.. They look si-
milar to the "Skifferserien" as defined by Beggild
(1918). Poorly laminated, mostly distinctly bioturba-
ted horizons are present at 199.5-199.73, 200.0-200.1,
201.0-201.35, 202.6-202.8, 203.73-204.75 and
206.32-206.48 m.b.s.. Besides these horizons the en-
tire interval from 196.5-218 m.b.s. is well laminated
and non-bioturbated. Partly carbonate cemented hori-
zons occur at 200.1-200.2 and 204.1-204.28 m.b.s.. In
the series with positive numbered ash layers no car-
bonate cemented intervals are present at ashlayer No.
+77, +86 and +95, intervals, where carbonate precipi-
tation normally is seen, but the interval known to be

carbonate cemented from other outcrops at ash layer
No. +30, (Boggild, 1918, Andersen, 1937 and Niel-
sen, 1974) have not been recovered in this borehole.
No formal nannofossil zonation has been identified in
these formations.

Texture

Clay layers

The grain size distribution in the lower @lst- and Fur
Formations is relatively uniform (Fig. 1), dominated
by silt and with only small amounts of sand sized par-
ticles. There is no obvious difference between the di-
atom-rich Fur Formation and the diatom-poor lower
Qlst Formation, although the grain size in the Fur
Formation is highly influenced by biogenic silt par-
ticles. In the upper @lst Formation, corresponding to
the series containing ash layers above +19 the sand
content increases abruptly and dramatically from al-
most 0 to ca. 40%. From Fig. 3 in Nielsen et al., (this
volume) it it obvious that the percentage of ash-layers
increases distinctly in this series. Burrows, which oc-
casionally are seen, and other post-depositional di-
sturbances might have caused a mixture of the thin
and frequent silt-dominated interlayers and sand-do-
minated ashes. At other localities, however, the grain
size of the clay layers in the upper part of the Qlst
Formation is also somewhat coarser than in the lower
part. Yet the differences in grain size between upper
and lower parts of the interval at f. ex. @lst is not
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Fig . 8. The average contents of sand, silt and clay in
volcanic ash layers in the lower part of the @lst- and
Fur Formations from Danish localities. Their position
is shown in Fig. 1 in the introductory chapter. Abbre-
viations see Fig. 5.

large, and the magnitude of the sand fraction at these
localities is considerably smaller, rarely up to 14%
(Heilmann-Clausen et al., 1985). It is not possible to
prove the reason for these variations, as both ashes
and interlayer-clays become gradually thinner and
finer from the north towards the south (see Nielsen &
Heilmann-Clausen, 1988). The main source for the
ash is probably situated to the north of the Harre
borehole, explaining the southward decrease in grain
size. The provenance of the interlayer sediment and
its dispersal might follow the same direction, but it is
also possible that the above mentioned mixing
mechanism between ashes and clays in intervals with
frequent ashes, as in the upper @lst Formation in this
borehole, highly influences the grain size of the clay
layers. Comparison with localities nearby does not
give conclusive answers as all of these have diatom-
rich interlayers, which are influenced by the "growth"
size of diatoms and which all are considerably thicker
than the diatom-poor interlayers at Harre, and thus
much less sensitive to mixing with sand-sized ash-
particles from neighbouring ash-layers.

Nielsen: Paleocene & Eocene petrography

Ash layers

Grain-size analyses of several individual ash-layers
demonstrate (Figs. 8 & 10) i) that the younger and ge-
nerally basaltic ashes from the upper part are coarser
than the older more Si-rich ashes from the lower part,
ii) that their graded bedding can be proved by mul-
tiple grain size analyses from different positions
within individual layers, and iii) that they are coarser
than the clay-layers above and below them. The
coarseness is seen both in a higher sand-fraction, up
to 85 %, but even more distinctly by a very small pro-
portion of clay-sized particles. The coarsest locality is
Fur, both in the lower and upper part. To the west,
east and south the grain size decreases distinctly
(Figs. 8 & 10) indicating a northerly supply. The ma-
ximal grain size for many ashes, in the western Lim-
fjord area where they are coarsest, is ca. 400 um; oc-
casionally particles between 1 and 2 mm are found.
As the ashes are relatively coarse grained and as the
grain size decreases rapidly within a distance of only
few tens of kilometers, it is believed that the source
for the volcanic material is relatively close. Intense
seismic investigations, however, in the Skagerrak and
North Sea have so far not been able to locate the site
of eruptions.

Mineralogy and geochemistry

Clay layers

Clay minerals are the dominant group of minerals al-
though less dominant than in formations below and
above (Fig. 2). Pyrite is frequent, especially in the lo-
wer Qlst- and Fur Formations. Weathering of some of
this pyrite is the most likely explanation for the pre-
sence of jarosite. Diagenetically formed carbonates,
some of them Fe and Mn rich, and cristobalite are
present in small but distinct amounts, like the detrital
minerals quartz and feldspars. The clay fraction is do-
minated by smectite, but there seem to be some subtle
but characteristic variations (Fig. 3). In the lower @lst
Formation the smectite % is below 100 and accompa-
nied entirely by illite. In the lower part of the Fur For-
mation the smectite % is close to 100. Upwards the
smectite decreases to the same level as in the lower
@lst Fm. and is accompanied by illite in the lower
part, while kaolinite appears with percentages up to
14 % in the upper part of the Fur Fm. and the lower
part of the upper Qlst Fm., where the smectite de-
creases slightly. In the remaining part of the @lst Fm.
(i. e. from ash layer no. + 62 and upwards) smectite
again is the only clay mineral present.
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Fig. 9. The amount of clay sized particles, clay minerals and smectite in the clay fraction from clay layers in
the upper part of the @lst and Fur Formations from Danish localities. Their position is shown in Fig. 1 in the

introductory chapter. Abbreviations see Fig. 5.

Ash layers

The ashes contain a dominance of smectite amongst
the clay minerals, but often the quality of analyses is
poor because’ the presence of non-crystalline compo-
nents causes a lower signal to background ratio. High
contents of diatoms play the same role in the Fur Fm.
Besides smectite, plagioclase, quartz and heulandite
are often found in the ashes. As the ashes often are re-
latively well-sorted finesand beds with a low content
of fine grained particles, they often have a higher per-
meability than the clay layers. Therefore authigenic
components such as carbonates and pyrite are first
formed in ashes, sometimes acting as condensation
nuclei for bigger concretions, f. ex. the well-known
so-called cementstone horizons, (i. e. carbonate ce-
mented clay- and ash-layers). The mineralogical ana-
lyses fully support this.

The content of Org. C. is high in the lower @lst- and
the Fur Formations, often between 1,5-2% (Fig. 4),
while it is distinctly below 1% in the upper @lst Fm.
The concentration of the metallic elements (Fig. 4) is
clearly influenced by the dilution effect caused by the
dominance of diatoms in the Fur Fm., which leads to
high Si contents and correspondingly low contents of
most other metallic elements.

UPPER @LST & FUR FM’S
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Fig. 10. The average contents of sand, silt and clay in
volcanic ash layers in the upper part of the @lst- and
Fur Formations from Danish localities. Their position
is shown in Fig. 1 in the introductory chapter. Abbre-
viations see Fig. 5.
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Depositional environment and lateral variations

The boundary between the Holmehus Formation and
the @lst/Fur Formations is very sharp, probably repre-
senting a hiatus. The Fur Formation and the lower
part of the @lst Formation (see Fig. 3 in Nielsen et
al., 1994, this volume) as present in this borehole are
equivalent to the Sele Formation of the North Sea
(see Deegan & Scull, 1977). Its thickness is not
known in all localities, but it is evident that the inter-
val is very thin or absent in the Ringkebing Fyn High
area and in the southern part of Jylland, and that it
reaches its greatest thickness, where it is almost
completely developed as a diatomite, i.e. in NW Jyl-
land.

The grain size distribution (Fig. 7) indicates that the
localities to the NW in Jylland have the coarsest sedi-
ment and that it becomes succesively more fine grai-
ned towards the SE. In the Central Graben area the
clay content is also very high (see E-1, Fig. 7). Du-
ring the deposition of this interval the sea bottom ha-
ve been inhospitable for benthic organisms or even
totally anoxic as also described at other diatomite lo-
calities (Pedersen, 1981) in NW Jylland and in the
North Sea (Deegan & Scull, 1977).

The upper part of the @lst Formation (Fig. 9) is equi-
valent to the Balder Formation (Deegan & Scull,
1977). In localities northwest of the Harre borehole
the formation is developed as a diatomite, and defi-
ned as the Fur Formation (Pedersen & Surlyk, 1983).
At Harre and localities to the south/southeast diatoms
are less frequent. The sediments contain less Org. C
than the underlying sediment and more frequent bur-
rows are present, indicating less inhospitable bottom
waters.

ROSNAS CLAY FORMATION

Lithology and lithostratigraphy

The Rosnzs Clay Formation is 4.88 m thick (186-
190.88 m.b.s.). Only nannofossils belonging to NP 11
have been identified in the calcareous parts of the
formation (von Salis Perch-Nielsen, 1994, this
volume).

The lower boundary with the Dlst Formation is very
sharp, and marked by a change from a grey clay of
the @lst Formation to a greenish grey clay of the Ros-
nzs Clay Formation. The greenish grey clay is 53 cm
thick (190.88-.35 m.b.s.), non-calcareous and con-
tains (especially in the lower part) several layers rich
in sand-sized glauconitic particles alternating

Nielsen: Paleocene & Eocene petrography
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Fig. 11. The amount of clay sized particles, clay
minerals and smectite of the clay fraction in the
Rosnes Clay Formation, Bed R1/2 from danish
localities. Their position is shown in Fig. 1 in the
introductory chapter. Abbreviations see Fig. 5.

with greyish clay layers with only few glauconitic
particles. At 190.70 m.b.s. a greenish grey argillized
volcanic ash layer with a sandy appearence is present.
This interval is referred to Bed R1 of Heilmann-Clau-
sen et al. (1985). Sediments similar to Bed R2, i.e. fi-
ne-grained brownish clay with scattered glauconitic
grains, have not been observed in this well, but there
is no indication of a hiatus. The absence of Bed R2 is
therefore believed to indicate that its typical litholo-
gic appearence is not developed here. Above Bed R1,
a 135 cm thick (190.35-189 m.b.s.) very characte-
ristic unit of strongly bioturbated (amongst others
Zoophycos) and calcareous yellowish to light olive
grey clay is present. Its appearance is very similar to
Bed R3 of Heilmann-Clausen et al. (1985), and is
consequently referred to this unit. Its upper boundary
is not known, as the 2 overlying cores consist of enti-
rely non-calcareous fine-grained dark yellowish to
moderate brown clay. No glauconite has been found,
but intervals of greenish to bluish grey clay are pre-
sent at 188.93 m.b.s., 188.55-188.74 m.b.s., 187.71-
187.81 m.b.s., 187.15-187.20 m.b.s. and 186.56
m.b.s.. These layers are probably argillized volcanic
ash-layers (see Nielsen & Heilmann-Clausen, 1988).
This interval, which has a thickness of 3 m (186.00-
189.00 m.b.s.) has an appearence similar to Bed R4,
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but as the 2 overlying beds of the Rasnas Clay For-
mation, the strongly calcareous beds R5 and R6, are
absent, it is not possible by sedimentological means
alone to decide whether the interval, or part of it, be-
longs to Bed L1 of the overlying Lillebeelt Clay For-
mation. The biostratigraphic results (King, 1994 &
von Salis Perch-Nielsen, 1994, this volume) are not
conclusive either, but the most reasonable and simple
interpretation seems to be that the entire interval be-
longs to Bed R4, and that Bed R5, R6 and L1 are mis-
sing.
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Fig. 12. The amount of clay sized particles, clay mi-
nerals and smectite in the clay fraction in the Resnas
Clay Formation, Bed R3 from Danish localities. Their
position is shown in Fig. 1 in the introductory chap-
ter. Abbreviations see Fig. 5.

Texture

The sand content of Bed R1 is generally between 3
and 6 % (Fig. 1) with an upwards decreasing ten-
dency. This is the same range as at @lst (Heilmann-
Clausen ef al., 1985). At both localities most sand
particles consist of glauconitized pellets and/or fora-
minifers. Bed R2 at @lst is distinctly more fine grai-
ned than R1. The uppermost part of Bed R1 in Harre
is also more fine grained, but its appearance is quite
different from that of R2. The sand content of Bed R3
in Harre is between 3.5-1 %, upwards decreasing.
This is somewhat smaller than at @lst, but at both lo-
calities the sand grains are mainly faecal pellets. Abo-
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ve Bed R3 the clay becomes distinctly more fine grai-
ned with sand contents of .01 to .06 %. At all other
known outcrops Bed R4 is the most fine grained Bed
of the Resnes Clay Formation, probably because of
the absence of burrows (and consequently of faecal
pellets), and of benthic calcareous organisms of sand
and coarse silt sizes.

Mineralogy and geochemistry

The mineralogical composition of the Rasnas Clay
Formation in the Harre borehole is characterized by
carbonates, up to 40 % (mainly calcite) in Bed R3
(Fig. 2). Above and below Bedc R3 clay minerals,
and amongst these, smectite, dominate (Figs. 2 and
3). The Org. C content is relatively small (Fig. 4) and
the Fe and Mn contents are higher in these reddish or
brownish sediments than in the over- and underlying

“more greyish sediments. The Ca content clearly re-

flects the section with dominance of carbonates, i.e.
Bed R3.

Depositional environment and lateral variations

At all outcrops known, there is a hiatus between the
@lst/Fur Fm. and the Resnzs Clay Fm.. At Knuden,
(Fur) this hiatus is smaller and the gap is partly filled
by the Knudshoved Member (Heilmann-Clausen et
al., 1985) The deposition of the Rosnas Clay Forma-
tion took place in a generally well-oxygenated marine
environment with a rich benthonic fauna, including
burrowers. The lateral variations are small within the
onshore Danish area in the lowermost 2 beds (Fig.
11). Bed R3 is only found at a few localities, but a ti-
me equivalent sediment in another facies is probably
present at other localities (Chris King, pers. comm.)
Lateral variations in texture and carbonate content
(mainly biogenic) are present and therefore also other
parameters vary (Fig. 12). The smectite content, ho-
wever, representing the detrital input, is rather similar
at all localities.

The overlying three beds of the Resnzs Clay
Formation exhibit much greater variations in the
detrital input. Bed R4 is much thicker and contains
much more kaolinite in localities around Vejle Fjord
and Lilleblt compared to all other localities (Fig.
13).

LILLEBZLT CLAY FORMATION

Lithology and lithostratigraphy
The Lilleblt Clay Formation is 8.5 m thick (177.5-
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Fig. 13. The amount of clay sized particles, clay minerals and smectite in the clay fraction of the Resnaes Clay
Formation, Bed R4 from Danish localities. Their position is shown in Fig. 1 in the introductory chapter. Ab-

breviations see Fig. 5.

186 m.b.s.). The uppermost part of the formation is
referred to NP 15 (von Salis Perch-Nielsen, 1994, this
volume). The lower boundary is defined between two
cores, and consequently the nature of the boundary
between the two lithologies, which here appear sharp,
is not known. The lowermost interval (178.85-186
m.b.s.) is a fine-grained dark greenish grey (5 GY
4/1) clay, varying to greenish grey (5 G 5/2) in va-
guely defined intervals in the lower 1.5 m, generally
non-calcareous and with scattered sand-sized forami-
nifers. Fissility, probably due to lamination, is present
in varying degree throughout the interval. Glauconite
is especially distinct at 184.65-.80 m.b.s. and in a 15
mm thick layer at 178.85 m.b.s.. The overall lithology

is rather similar to Bed L2 or L5 of Heilmann-Clau-

sen et al. (1985) and the thickness corresponds to the
thickness of Bed L2 in the Viborg 1 borehole and to
outcrops and boreholes in the Lillebalt area. It is no-
teworthy, however, that in Bed L2 in other localities
no glauconite is present; also, in the Harre cores, py-
rite has not been identified and no black layers or vol-
canic ash layers have been observed, as would have
been expected for Bed L2. The interval from 177.5 to
178.85 mb.s. is varying in color from moderate
brown (5 YR 3/4-4/4) to dusky blue green (5 BG 3/2)
and to olive grey (5 Y 4/1) and the unit might belong
to the brownish grey to olive grey fine-grained non-

calcareous clay of Bed L3. King (1994, this volume)
refers, by means of foraminiferal zonation, the entire
Lillebzlt Clay Formation of the Harre borehole to
Bed L4, but this interpretation seems to disagree so-
mewhat with the lithology. The most reasonable li-
thostratigraphic interpretation is probably to refer the
entire Lillebzlt Clay Formation in this borehole to
Bed LS. Consequently, the hiatus between the Ros-
nes- and Lillebzlt Clay Formations comprises the
upper part of Bed R4, Beds RS, R6, L1, L2, L3, L4
and probably the lower part of Bed L5. At 177.5
m.b.s. the lithology changes distinctly to dark
greenish grey, slightly calcareous, micaceous, silty
clay with glauconite and phosphorite, characteristic
of the Oligocene Viborg Formation (see Friis, this vo-
lume for further details). The upper part of Bed L5
and Bed L6 of the Lillebelt Clay Formation and the
Sevind Marl Formation are absent. It is not known
whether the hiatus in this borehole represents a period
of non-deposition or an erosion (or a combination of
these), but in this borehole (von Salis Perch-Nielsen,
1994, this volume), as in other localities, the over-
lying Oligocene layers contain a distinct, in lower
part even an abundant, reworked Eocene microflora
and microfauna, indicating that regionally, erosion of
Eocene strata was a normal event, at the Eocene/Oli-
gocene transition. In the most complete section
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through this interval, i.e. in the Viborg 1 cores, the
presence of a hiatus has been discussed by Mikkelsen
(1975).
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Fig. 14. The amount of clay sized particles, clay mi-
nerals and smectite in the clay fraction in the Lille-
bzlt Clay Formation, Bed L4 from Danish localities.
Their position is shown in Fig. 1 in the introductory
chapter. Abbreviations see Fig. 5.

Texture

The grain size is rather similar in the entire interval
with sporadic amounts of sand-sized particles, pro-
bably all of biogenic origin, i.e. partly glauconitized
foraminifers and faecal pellets.

On average the clay fraction makes up two thirds of
the sediment, i.e. twice as much as the silt fraction.
This is a rather coarse grained character for the Lille-
bzlt Clay Formation, and at other localities this grain
size distribution is only seen in the upper Lillebelt
Clay, Beds L5 and L6.

Mineralogy and geochemistry

Clay minerals dominate (80 %) (Fig. 2) with smectite
as the most frequent one (64 %) followed by illite (10
%) and kaolinite (6 %). Quartz and different carbona-
tes are the main non-clay minerals. A small and spo-
radic content of cristobalite and heulandite are pre-
sent in the sequence. In the clay fraction (Fig. 3)
smectite makes up 80 %, while illite and kaolinite
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make up 13 % and 7 % respectively. The high per-
centage of smectite and the presence of heulandite is
normally only recognized in Bed L5. For Bed L5 the-
re is a tendency for smectite to increase towards the
north (Fig. 15). (see Heilmann-Clausen et al., 1985
and Thiede et al., 1980). The lithostratigraphic inter-
pretation of the Lillebelt Clay in the Harre borehole
as here suggested, would fit into this regional tenden-
cy. At Qlst the transition between Beds L4 and L5 is
sharp, representing a hiatus, and might correspond to
a sea level decrease, exposing older Tertiary smectite-
rich and zeolite-containing sediments in the eastern
margin of the basin to erosion and reworking.

The chemical analyses (Fig. 4) support the minera-
logical XRD interpretation. The difference in che-
mical composition between the individual Beds of the
Lillebzlt Clay Formation are, however, too small to
be used as a stratigraphic tool. The Fe content corre-
sponds to that of other grey Beds in this formation,
i.e. distinctly smaller than in red and brown units. The
content of Org. C in the analysed samples is never as
high as in parts of the Bed L2. Thus, the chemical da-
ta do not contradict the lithostratigraphic interpreta-
tion here suggested.

Depositional environment and lateral variations
During deposition of the Lillebzlt Clay Formation
the water depth of the sea was probably somewhat
greater than during the Rosnas Clay deposition. The
grain size is normally smaller and the content of bio-
genic components is much smaller, especially of or-
ganisms with carbonate shells. There have probably
been less favourable bottom conditions in certain pe-
riods during the deposition of the Lilleblt Clay. This
might explain the impoverished benthic fauna, but al-
so very few calcareous planctonic microfossils are
present. There are not many carbonate concretions
present, which could lead to the interpretation, that
diagenetic dissolution was the major cause for the al-
most complete absence of calcareous fossils. It is also
not very likely that the primary production of plancto-
nic organisms was almost ceased. One explanation
could be that the calcareous planctonic organisms we-
re dissolved in the bottomwater prior to deposition.
Aggressive cold seawater might have been supplied
from the Atlantic through the Viking Graben. It is ve-
ry difficult to find a definite proof for this. It seems,
however, that the absence of carbonate is more cha-
racteristic of sediments deposited in the deepest and
central part of the North Sea.
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Fig. 15. The amount of clay sized particles, clay mi-
nerals and smectite in the clay fraction of the Lille-
balt Clay Formation, Bed L5 from Danish localities.
Their position is shown in Fig. 1 in the introductory
chapter. Abbreviations see Fig. 5.

From the @lst Formation and upwards the sediments
normally become successively more rich in kaolinite
and consequently poor in smectite. This tendency is
most clearly seen in the Lillebzlt/Vejle Fjord region
(see Fig. 14). At the transition to Bed L5 (Fig. 15) the
smectite content increases abruptly. The reason for
this is believed to be supply of reworked older Tertia-
ry smectite-rich sediments now exposed to erosion,
caused by a drop in global sea level. Occasionally al-
so zeolites are present in sporadic amounts in the lo-
wer part of Bed L5. Presence of zeolites is normally
restricted to the @lst/Fur Fm. or older layers. Their
presence in L5 might support the interpretation of re-
working of older sediments.

CONCLUSION

The Paleocene section of the Harre cores comprises
the formations: Danian Limestone (not penetrated),
Kerteminde Marl, "grey slightly to non-calcareous
clay", Holmehus Formation, Qlst- and Fur Forma-
tions.

The Eocene section comprises; Resnzs Clay For-
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mation - Beds R1, R3 and R4 - and Lillebzlt Clay
Formation - Bed L5.

Major hiati are present in the Eocene, comprising i)
Beds RS and R6 of the Resnzs Clay Formation and
L1, L2, L3 and L4 of the Lillebzlt Clay Formation
and ii) Bed L6 of the Lillebzlt Clay Formation and
the Sgvind Marl.

Minor hiati are present at the transition Danian Li-
mestone/Kerteminde Clay, Holmehus/@lst Formation
and @lst/Resnzs Clay Formation.

Reworked sediments are especially found imme-
diately above these hiati.

The Paleocene and Eocene interval is characterized
by very finegrained marine deposits. The sand-sized
and most of the coarse silt-sized particles are either of
biogenic origin (coccoliths, foraminifers and faecal
pellets) or of authigenic origin (pyrite, glauconite and
zeolites). In the Qlst- and Fur Formations eolian
transported sand-sized ash-particles of volcanic origin
are frequent in distinct layers, often with graded bed-
ding.

Lateral facies-variations are very small within the
onshore Danish area. Coarser grained nearshore sedi-
ments are not found, but occasionally slightly decrea-
sed contents of clay-sized particles and smectite, and
corresponding increases in silt grades, kaolinite and
illite, might indicate dispersal patterns of detrital
supplied material.

Oxic bottomwater conditions dominated during de-
position of the Resnzs Clay Formation, while anoxic
conditions prevailed during deposition of the lower
@lst- and Fur Formations. In the other formations less
favourable conditions dominated, with intercalations
of true anoxic and true oxic events.

Except for porewater expulsion and related precipi-
tation of part of the dissolved material as concretions,
no diagenetic mineral transformations have been ob-
served.
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program, omfattende teksturelle, mineralogiske og
kemiske analyser, er den Paleocene og Eoczne lag-
serie blevet korreleret til den eksisterende litho-
stratigrafi. Boringen stoppede i Danien kalksten. Her-
over er der identificeret Kerteminde Mergel, "gra
kalkfattig til kalkfri ler", Holmehus Formation, @lst-
og Fur Formationerne, enhederne R1, R3 og R4 fra
Rosnzs Ler Formationen, samt enhed L5 fra Lille-
bzlt Ler Formationen. Der er konstateret sterre hiati i
Eocen omfattende enhederne RS, R6, L1, L2, L3 og
L4 samt L6 og Sevind Mergel. Der er mindre hiati p&
overgangen Danien kalksten/Kerteminde Mergel,
Holmehus-/@l1st Formation og @lst-/Resnas Ler For-
mation. Erosion og genindlejring af det eroderede
materiale er konstateret i Kertemindemergelens kalk-
indhold, som primert stammer fra skrivekridt af
Maastricht alder. Dette fremgar af von Salis Perch-
Nielsens artikel om coccolither i dette bind. L5's heje
indhold af smectit og tilstedeverelsen af zeoliter
stammer formentlig ogsa delvist fra erosion af @ldre
eocene eller paleoczne sedimenter.

Bortset fra askepartikler i de vulkanske lag er de pal-
eoczne og eocene primare sedimentpartikler meget
finkornede, med dominans af fraktionen mindre end 2
um. En del af siltfraktionen og den vesentligste del af
den beskedne sandfraktion er enten af biogen oprind-
else (coccolither, foraminiferer og faecale pellets) el-
ler authigene (pyrit, glauconit og zeoliter). Det aller-
mest dominerende mineral er lermineralet smectit,
der primert stammer fra omdannelse af vulkanogent
materiale. De kemiske analyser understetter de fore-
tagne kvantitative mineralbestemmelser og aflejrings-
miljeinterpretationer.

Gennem Paleocan synes der kun at have veret meget
smé laterale faciesvariationer indenfor det danske
omrade. Ved Radbyhavn er Holmehusleret mere siltet
og mindre smectitisk end de fleste andre steder. Der
ses ogsé tydelige reduktioner af tykkelser og korn-
storrelser af béde aske- og lerlag i @lst-og Fur Forma-
tionerne i sydlige retninger bort fra det vestlige Lim-
fjordsomrdde. De meget sporadisk tilstedevarende
eocane aflejringer i Harre boringen giver ikke anled-
ningen til revision af de allerede kendte, sma laterale
faciesvariationer.

Hele den undersogte lagserie er marin. Partiklerne er
overvejende transporterede i suspension, og der er in-
gen indikationer p& hej-energetiske aflejringsforhold.
De sandede lag i Qlst/Fur Formationemne er af vul-
kansk oprindelse og transporteret @olisk. Aflejrings-
forholdene for Resnas Ler Formationen har vearet
gennemiltede, medens der herskede anoxiske be-
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tingelser ved havbunden under aflejring af Fur- og
den nedre del af Qlst Formationerne. De gvrige for-
mationer er preget af generelt mindre favorable oxi-
dationsforhold med lejlighedsvise mindre indslag af
béde egentlige anoxiske og veliltede forhold.

Der ses ingen tegn pd omfattende diagenetiske mi-
neralforandringer af sedimenterne.
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