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The fish clay (fiskeler) is a thin marl bed forming the basal layer of 
the Danian at Stevns Klint (Sjælland, Denmark). Here it occurs in 
small basins between the Cretaceous white chalk and the overlying 
calcareous Tertiary formations. The occurrence of very finegrained 
black sediments together with pyrite and a fine undisturbed lamination 
point to an euxinic depositional environment in the lower parts of the 
small fish clay basins. The material of the fish clay seems to be of 
mainly terrigenous origin, containing quartz and feldspar, while mixed-
layer clay minerals are probably of diagenetic origin. Substantial con
centrations of the trace elements Co, Cr, Cu, Li, Ni and Zn have been 
found. 

Leif Christensen, Sidsel Fregerslev & Jorn Thiede, Geologisk Institut, 
Aarhus Universitet, DK-8000 Århus C, Denmark. Anna Simonsen, Mi-
neralogisk Institut, Danmarks Tekniske Højskole, DK-2800 Lyngby, 
Denmark, lune 1st, 1972. 

At different localities in Denmark a thin clay or marl layer is found at the 
base of the Danian. It is called fish clay (fiskeler) because of its content of 
fish bone debris (Milthers, 1908). It is a clearly discernible dark layer within 
the whitish calcareous sediments of late Cretaceous and early Tertiary age 
and for many years has assumed an important part in the geological litera
ture of Denmark, despite its small thickness. The best known and most 
readily accessible fish clay outcrop, originally mentioned by Abildgaard 
(1759), is at Stevns Klint on Sjælland, south of Copenhagen (see Håkans
son, 1971). Other occurrences, although questionable, have been described 
by Rosenkrantz (1937) and Hofker (1960). 

The stratigraphic position of this bed has been discussed by, among many 
others, Forchhammer (1825), Ravn (1903), Rosenkrantz (1924, 1937 and 
1940) and Hofker (1960). Rosenkrantz (1966) summed up all the palaeon-
tological arguments and placed the fish clay at the base of the Danian. 

Microfossils from the fish clay have been investigated by Lange (1969) 
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and Wilson (1971). Bromley (1968) and Rasmussen (1971) have described 
burrows and borings from lower Danian hardground at Stevns Klint. Sedi-
mentological observations on the fish clay proper are scattered in the litera
ture and in this paper an attempt has been made to gather these observa
tions and compare them with our own studies. 

Occurrence and layering 
The major part of the Upper Cretaceous white chalk consists of horizontal 
layers thrown into relief by horizons of flint nodules (pi. 1, fig. 1). The top 
beds, however, are formed as small mounds of probable organic origin (see 
Cheetham, 1971). In shallow basins between the mounds the lowest Danian 
deposits are found, beginning with the fish clay. The greatest thickness of 
this marl bed amounts to 20 cm in the southern part of Stevns Klint (Grøn-
wall, 1899) but may amount to 35 cm at certain localities (Håkansson, 
1971).In the profiles investigated in this paper the thickness only amounts 
to 15 cm. The fish clay shows the greatest thickness in the deepest part of 
the small basins and wedges out laterally. This thinning out was first noticed 
by Forchhammer (1825), and described in detail by Ravn (1903), Milthers 
(1908), and Rosenkrantz (1937). In the basins fish clay is overlain by Ceri-
thium-limestone. Both units belong to the Danian (Rosenkrantz 1924 and 
1966, Rosenkrantz & Rasmussen, 1960). 

Sub-division of the fish clay 
The fish clay at Højerup Church, Stevns Klint, consists of several discernible 
beds which are most completely developed in the centres of the small sedi
mentary basins. A total of four beds were recognized. This internal bedding 
was first mentioned by Forchhammer (1825), who discerned two sediment 
types, and Milthers (1908) who distinguished three beds. Published sedi-
mentological results refer, however, mostly to the total fish clay (Unmack, 
1949, Valeton, 1959 and 1960, see also Tank, 1963) and only rarely are 
results about the various beds to be found. Including the underlying white 
chalk and the overlying Cerithium-limestone the following beds have been 
distinguished at Stevns Klint (described from bottom to top, see also fig. 1). 

Bed I 

The Maastrichtian white chalk is whitish with thin, parallel, light grey lami
nae, which are often clearly penetrated by burrows running parallel or per
pendicular to the layering (see Voigt & Hantzschel, 1956). The burrows are 
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Fig. 1. Section of the Maastrichtian-Danian boundary at Stevns Klint. 
20 



196 CHRISTENSEN ET AL.: Sedimentology of the fish clay 

indicated in the underlying sediments by a weak grey colouration. This 
uppermost bed of the white chalk contains scattered rare larger fossils and 
is, according to Rosenkrantz & Rasmussen (1960), mainly composed of 
remnants of bryozoan reefs, the shape of which is indicated by more or less 

\ - continuous undulating flint bands (see Fairbridge, 1967), and by the shallow 
fish clay basins. The distance between adjacent fish clay basins varies in 
this part of Stevns Klint from 10 to 50 m. Distances from 10 to 30 m were 
given by Milthers (1908). 

Bed II 

Resting directly on the Maastrichtian white chalk is a 1-2 cm thick marl 
bed. The grey colour of this bed is only slightly darker than that of the marl 
lenses in the white chalk (pi. 2, fig. 1). Although the boundary with the 
underlying bed has been described as sharp (Ravn, 1903 and Milthers, 1908), 
it is possible in certain places to discern a gradual passage from the white 
chalk to this lowermost fish clay bed. The marl bed is layered and thins out 
laterally, but is traceable to the point where the whole fish clay completely 
wedges out. 

Bed III 

A thin, almost black, but brown-weathering, bed with small pyrite concre
tions has been mentioned by Forchhammer (1825), Milthers (1908), and 
Valeton (1959). The bed itself remains only 1-2 cm thick, while the pyrite 
concretions, often somewhat flattened, can attain diameters of about 1-5 cm 
and may then be pressed down into the underlying marl bed (pi. 2, fig. 1). 
Weathering of the pyrite concretions gives the horizon a dark brown colour. 
Towards the margins of the basins the bed thins out, but it is traceable al
most to the erosional surface at top of the fish clay and the Cerithium-lime-
stone. 

Bed IV 

A 3-5 cm thick, black to light grey, streaky marl bed is only found in the 
deepest parts of the basins and wedges out laterally. The light grey marl 
streaks often terminate abruptly, giving the appearance of very flat, pulled 
out lenses, which start directly over the pyritic horizon (Bed III), with a 
thickness of 1-3 mm and a maximum length of 10 cm (pi. 2, fig. 1). There 
is a well developed cleavage along the bedding planes. Milthers (1908) men
tions this dark, clay rich bed and states a composition of 56.89 % CaCOs 
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and 0.79 % MgC03 (see also analyses presented in this paper, tables 1 & 3). 
It is remarkable that the lamination which occurs in this bed is nowhere 
disturbed in spite of the relatively small thickness, which probably means 
that there was no bottom fauna at its time of deposition. This phenomenon 
is also shown by Rosenkrantz & Rasmussen (1960, fig. 6). 

BedV 

A light-grey, clearly streaked and veined marl bed up to 7 cm thick, which 
differs from the dark clay below (see also Forchhammer, 1825). This can 
be followed clearly to the outermost margins of the fish clay basins. The 
lower boundary is relatively sharp, while the upper limit may be indistinct 
if there is a gradual upward increase in the content of larger white chalk 
fragments. This chalk debris may adopt the form of flattened lenses (pi. 2, 
fig. 2) or possess a distinctly conglomeratic character. This feature of the 
fish.clay has been described several times (Ravn, 1903; Milthers, 1908; Ødum, 
1926; Rosenkrantz, 1937; Rosenkrantz & Rasmussen, 1960). Rosenkrantz 
(1955 and 1966) mentioned the occurrence of reworked fossils from the 
white chalk. The gradual transition from the fish clay to the Cerithium-
limestone has often been mentioned in the literature (Forchhammer, 1825; 
Ødum, 1926; Rosenkrantz, 1966). 

Bed VI 

A white, often slightly yellow, indurated limestone, the Cerithium-limestone, 
overlies the uppermost bed included in the fish clay. In the deepest part of 
the basins the thickness of the Cerithium-limestone is about 50 cm. It is 
limited upwards by an erosional surface and then overlain by bryozoan 
limestone. 

This division of the fish clay into clearly separate beds is visible in all 
centrally sectioned fish clay basins in the cliff near Højerup Church and 
might be considered as a general feature for this area. 

From two different profiles (about 1 km apart) two series of 13 samples 
in total have been collected for mineralogicai and geochemical analysis. The 
southern profile is situated in the cliff directly below Højerup Church. All 
samples are taken in the central part of the basins, except No. 7, which is 
taken from bed V at the marginal part, samples 15 and D-4 are white chalk 
about 1 m below the fish clay, samples 17 and D-25 are bryozoan limestone 
1 m above the fish clay, and sample 16 is an average sample of the fish clay. 

20« 
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Experimental procedures 
Mineralogicai analysis 

X-ray analyses of the samples were performed by a Philips diffractometer 
(PW 1050/25) equipped with a proportional counter and discriminator, 
using Ni-filtered Cu-radiation at 34 kV and 22 mA. The analyses were car
ried out on the same pellets as for the X-ray fluorescence analysis (see be
low). X-ray analyses of the sand fraction were performed by a Guinier 
camera, using Cu-radiation at 40 kV and 16 mA. Additional data were ob
tained by polarisation microscopy. Analyses of the < 2 //. fraction (grain 
size distribution see fig. 2) were also performed by the Philips diffracto
meter. The analyses were carried out after removal of carbonate by a pH 5 
NaOAc buffer (Grossman & Millet, 1961). Free iron and aluminium were 
removed with buffered dithionite-citrate solution (Mehra & Jackson, 1960). 
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After washing, samples were saturated with magnesium, excess magnesium 
removed by repeated washing, and oriented slides from the < 2 / » fraction 
(equivalent settling diameter) were prepared by dispersion in distilled water. 
The < 2 | u fraction was collected by centrifuging and the clays pipetted 
on to glass microscope slides and air dried. X-ray diffraction patterns of 
the thin clay film were prepared by scanning from 2-60° 2 6 with varying 
scanning speeds. Glycol-saturated samples were prepared by placing the 
same slides in a vacuum desiccator over ethylene glycol for at least 48 hours 
at room temperature. Subsequent heat treatment to 600° C and K-saturation 
procedures of Weaver (1958) were used with X-ray diffraction to further 
characterise the clay minerals. 

Interpretation of X-ray diffractometer diagrams of the clay fraction is 
mainly based on the monograph "X-ray identification and Crystal Structures 
of Clay Minerals" (Brindley, 1951; Brown, 1961). All X-ray data used here 
without further references refer to these two monographs. 

Chemical analysis 

The samples were ground in a "Siebtechnik" Colomonoy swing mill, thor
oughly homogenized, dried at 110° C, and pelletised in a hydraulic press 
by pressing for 5 minutes at 15 tons. The powder was encased in a jacket 
of bakelite, providing both a thick backing and a supporting rim to the 
powder (Baird, 1961). 

The pellets were analysed for Si K« and Ca Ka on a Philips PW 1220 
X-ray spectrometer using a Cr X-ray tube, vacuum path and gas flow pro
portional counter. For Si Ka 50 kV, 28 mA and a 0.48 mm collimator were 
used while 15 kV, 5 mA and a 0.15 mm collimator were used for Ca Ka. 
Intensity measurements were corrected for electronic drift etc. by using the 
ratio technique. A calibration line was made using mixtures of Si02 and 
CaC03 as standards. 

The acid soluble part of the samples was determined by titration (HC1 + 
NaOH, table 3). The determination of acid soluble material calculated as 
CaC03 % was impossible for samples 2 and 10. Iron hydroxide probably 
precipitated during titration with sodium hydroxide and made it difficult to 
see the colour change. We did not have enough material of sample 13 to 
make this and the next determination. C0 2 was determined by LECO gravi
metric carbon determinator GC-90 (table 3). 

Since all the samples analysed consist mostly of Si02 and CaCOs, effects 
from other elements were ignored. Duplicate analyses were carried out on 
all samples and were never different by more than 1 % relative for SiOa 

and 0.5 % relative for CaCOs. From the mineralogicai analysis (see below) 
calcite is the only Ca-bearing mineral in the. majority of samples accom
panied by small amounts of montmorillonite in the remaining ones (tables 
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3 & 4). Since montmorillonite contains less than 3.52 % CaO (Deer et al., 
1965) and it forms such a small part of the samples compared with calcite, 
all of the Ca determined by X-ray fluorescence is calculated as CaCOs (see 
fig. 3). 

Fe, Mg, Co, Cr, Cu, Li, Mn, Mo, Ni, Sr, V and Zn were determined by 
atomic absorption spectroscopy, using a Perkin-EImer Model 303 Atomic 
Absorption Spectrophotometer equipped with deuterium background cor
rector and Hitachi-Perkin-EImer Recorder Model 159 (burner head: Three 
slot Boling burner head, flame: Air-acetylene). 1000 ppm stock solutions of 
all the elements were prepared from Merck analytical grade chemicals. From 
these stock solutions appropriate standards were prepared daily. 

The sample was decomposed by 40 % hydrofluoric acid at a temperature 
of 100° C. The HF was removed with two portions of perchloric acid at a 
temperature of 140° C. The rest was dissolved in diluted hydrochloric acid. 
In this solution Fe, Mg, Co, Cr, Cu, Li, Mn, Mo, Ni, Sr, V and Zn (see 
table 1) were determined as described in Perkin-EImer, 1966. Two interna
tional standards, GSP-1 and BCR-1, were treated and analysed in the same 
way as the fish clay as a test of the accuracy of the analyses. The results are 
given in table 2. 
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Table 1. Results from atomic absorption analyses. 
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Table 2. Analyses of selected samples. 
* Recommended values are averages of reported contents (Flanagan, 1969). Samle 15 -

white chalk about 1 m below the fish clay; 16 - dark zone in the middle of the fish 
clay; 17 - bryozoan limestone 1 m above the fish clay; D-4 and D-25 - chalk analyses 
from Honjo and Tabuchi (1970). 
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Results 
Mechanical composition 

The weights of insoluble residues and the distribution of clay, silt, and sand 
in the insoluble residues are shown in fig. 2. The amount of insoluble residue 
ranges from a maximum of 51 % in sample 2, decreasing to 1.5 % and 
0.5 % in the top (5) and bottom samples (6) respectively. The sand and silt 
fractions amount to a total of 33 % and 44 % respectively in sample 2, de
creasing upwards and downwards to silt contents of 8 % and 12 % in 
samples 4 and 1 in the fish clay. A slight increase in the silt fraction to 
14 % and 28 % occurs in samples 5 and 6. 

Mineralogical and chemical analysis 

The results for whole samples are given in table 3. A mineral with spacings 
at about 14.7, 4.48 and 1.50 Å is present in samples 2, 3, 7, 10 and 11. The 
reflections mentioned occurred in unoriented air-dried samples and are 
nearly the same as the reflections for montmorillonite in the ASTM-Index 
card no. 2-0037. The mineral content of the sand fraction from the insoluble 
residue is shown in table 4. Quartz occurs in all samples except 4 and 10. 
The quartz grains in the fish clay are well rounded (pi. 1, figs. 2-5). The 

Table 3. The minerals are identified from diffracfometer scans on the same pellets as 
for XRF. In addition barite is found in samples 12 and 13; hematite in sample 12 and 
pyrite in sample 10. 

Acid soluble 
Sample "Montmo- material C02 % 

no. Calcite Quartz rillonite" Siderite calculated as (LECO) 
CaCC, % 

5 + 98.0 38.9 
4 + (+) (+) 84.5 35.7 
3 + + + 59.5 27.5 
2 (+) + - 3.0 
1 + (+) + 90.4 36.9 
6 + 98.4 40.7 

7 + + + (+) 32£ 12.1 

13 + + -
12 + (+) 82.1 34.2 
11 + + + (+) 54.9 25.7 
10 (+) + + 2.6 
9 + (+) 89.7 35.4 
8 + + 98.5 40.0 
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quartz in the white chalk and bryozoan limestone is mainly found as small 
crystals in flint. A few rounded grains of feldspar occur in samples 2, 3, 
10 and 11. The crystals are without twins and have a mean refractive index 
close to 1.525 suggesting a potash rich feldspar. Irregular grains of pyrite 
are found in samples 2, 3, 4, 5, 10, 11, 12 and 13. In places the pyrite is 
oxidised and has a coating of limonite. A few grains of glauconite were 
detected in samples 4 and 12. The mineral assemblages of the sand frac
tions of the fish clay are very similar to those of the Upper Cretaceous of 
Middle Europe (Schoner, 1960). The <C 2 ft fraction contains different 
clay minerals. Since it is difficult to make an accurate determination of all 
clay mineral species in a mixed clay sample, attention is confined only to 
groups of clay minerals (Graff-Petersen, 1961). 

The following clay mineral groups have been identified: Montmorillonite, 
illite, and interstratified or mixed-layer minerals (fig. 1). 

A: The montmorillonite group: Montmorillonite is used in this paper as a 
term for magnesium saturated clay minerals giving a basal reflection at be
tween 16.7 and 17.1 Å with ethylene glycol, collapsing to about 10 Å by 
heating to 600° C. 

B: The illite group: Illite is used in this paper as a designation for the clay 
mineral group giving basal reflections at 10, 5 and 3.3 Å ((001), (002) and 
(003)) respectively. These basal reflections are not influenced by glycol and 
heat treatments. 

A high intensity of the (002) reflection compared to the (001) and (003) 
reflections assumes such an illite to be of muscovite-type, while a low in
tensity of the (002) reflection may indicate a content of iron instead of 
aluminum in the octahedral position (Graff-Petersen, 1961). 

C: The interstratified or mixed-layer clay mineral group has a very variable 
composition where the clay minerals are built up of two or more types of 
elementary layers. Transitions between regular and random interstratifica-
tion may be found. In this paper it has been attempted to distinguish be
tween the following two types of magnesium saturated mixed-layer clay 
minerals: 

a) Interstratified montmorillonite 
Montmorillonite-illite or montmorillonite-vermiculite gives basal reflections 
from 14-16.7 Å in glycol treated samples. Heating the mixed-layer clay 
mineral to 600° C drives off inter-layer water and causes the expandable 
basal layers to collapse to approximately 10 Å. However, some glycollated 
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interstratified montmorillonites may give basal reflections less than 14 A. 
These minerals are grouped in this paper as interstratified vermiculite. 

b) Interstratified vermiculite or mixed-layer vermiculite-illite 
GlycoUated samples give reflections between 10 and 14 A. Heating to 600° C 
results in basal reflections at about 10 A. However, it cannot be excluded 
that mixed-layer montmorillonite-illite, giving the same basal reflections, 
may be present at the same time in the sample, though the term is not used 
here. 

Precise identification is difficult and grouping into more than one class 
may give rise to errors in semiquantitative calculations. 

In the Cerithium-limestone bed VI samples 5 and 13, and in the white 
chalk bed I samples 6 and 8, the < 2 ix fraction consists of montmorillonite 
and illite. In the fish clay proper, beds II, III, IV and V, only mixed-layer 
clay minerals have been found, consisting of mainly expandable layers re
aching maximum value in bed IV and a minimum value in bed II (fig. 4). 

The results for the chemical analyses are given in figs. 3 & 5 and tables 1, 
2 & 3 . 

Sample 
5 — 13 
I 
I 
I 

4/7 — 12 
I 
I 
I 
3 — 1 1 

I 
I 
I 
2 — 1 0 
I 
I 
I 
1 — 9 
1 
I 
I 
I 
6 — 8 

i 1 1 1 1 1 1 1 1 1 1 
0/10 1/9 2/8 3/7 4/6 5/5 6/4 7/3 8/2 9/1 10/0 

Fig. 4. Expandable/non-expandable ratios in < 2 ft fraction. The two ratios for samples 
1 and 9 refer to two different mixed layer minerals (fig. 1). 
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Discussion and conclusions 
The formation of the fish clay has been explained in several different ways. 
Ravn (1903) considered the fish clay to be a residual deposit after solution 
of the chalk (see also Milthers, 1908). Rosenkrantz (1937) noted the oc
currence of autochthonous, glauconite covered, rounded pebbles in a ground-
mass mainly composed of allochthonous clay in the fish clay. On the basis 
of the occurrence of the clay mineral montmorillonite (Unmack, 1949), Ro
senkrantz (1955) mentioned the fish clay as having possibly originated from 
a volcanic ash bed (see also Valeton, 1959, 1960). Hofker (1960) thought 
from foraminiferal investigations that the fish clay was a marine deposit and 
that it may have been formed because of an increase in evaporation or be 
due to a short glacial period. From our investigations it is possible to discuss 
some of these hypotheses. 

The fish clay occurs as thin lens-shaped units in basins on the upper 
boundary of Maastrichtian white chalk. The combination of black shales 
with pyrite, the fine undisturbed lamination (pi. 2, fig. 1) and the lateral 
zonation of the individual basins are sufficient evidences for the interpreta
tion as a deposit laid down in small pre-existing sedimentary basins with an 
euxinic facies in their lower part. The presence of fish remains could indicate 
a well oxygenated upper layer of the overlying water mass during the time 
of deposition. The occurrence of glauconite in bed V may indicate an oxy
genated marine environment. The presence of hardgrounds in these forma
tions, which at Stevns Klint cut the Cerithium-limestone and the margins 
of the fish clay basins, is not an argument for emersion during short periods, 
as recent submarine formation of hardgrounds is well known from many 
parts of the world (Seibold, 1964 and Shinn, 1969). 

Another problem is the origin of the material deposited in the fish clay 
basins. Part of the calcite content might have been derived from the margins 
of the small fish clay basins (Rosenkrantz, 1966). Well rounded grains of 
quartz and feldspar in the sand fraction point to a terrigenous origin of 
these particles (pi. 1, figs. 2-5) while glauconite, barite, siderite, pyrite and 
hematite are probably authigenic minerals. Similar mineral assemblages are 
described and explained from other chalk regions (Weir & Catt, 1965). ' 
Pyrite is well-known from "black-shales", siderite is a sensitive indicator for 
low Eh conditions and is known to be found together with iron sulphides 
(Degens, 1968, p. 101), while barite deposition occurs locally in the neigh
bourhood of decomposing organic matter (Degens, 1966, p. 144). The 
presence of montmorillonite aggregates in the sand fractions is dealt with 
below. Though special attention has been attached to the sand fractions of 
the fish clay no evidence of volcanic origin has been found. Grain size distri-
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bution of the insoluble residues (fig. 2) seems to indicate that during deposi
tion of the fish clay coarser material was sedimented than before or after. 

Our investigations of the clay fractions have shown the presence of mont-
morillonite and illite in the white chalk and the Cerithium-limestoiie. No 
montmorillonite occurs in the fish clay itself. Interstratified montmorillonite 
and interstratified vermiculite mixed-layer groups of clay minerals are to be 
found in the fish clay. Two contrasting hypotheses reflect the origin of 
montmorillonite in European chalks. Heim (1957) studying Cenomanian 
and Turonian chalks of Germany considered the montmorillonite to be of 
detrital origin. Millot (1949) and Millot et al. (1957) suggested montmorillo-
nites from chalks of the Paris Basin to be authigenic. This hypothesis for 
chalk montmorillonites has been expanded by Duplaix et al. (1960), sug
gesting the montmorillonite to have been formed either at the actual mo
ment of sedimentation or slightly later during diagenesis. Weir & Catt 
(1965) consider the chalk montmorillonite from the Arundel area, Sussex 
to have been formed wholly or in part in the chalk sea environment. Jeans 
(1968) reviews different hypotheses put forward to explain the origin of 
chalk montmorillonite and concludes that the montmorillonite of the Lower 
Chalk and contemporary rocks of England were neoformed in the chalk 
sediment during diagenesis. 

It is probable that the montmorillonite in the white chalk and the bryo-
zoan limestone at Stevns Klint have been neoformed in the chalk sediment. 
The accompanying illite is a mica-polymorph intermediate between the 1 M 
and lMd mica-polymorphs of Yoder & Eugster (1955). This polymorph is 
thought to be formed during low temperatures and pressures near the earth's 
surface and thus it is probably authigenic. However, it is very difficult to 
differentiate between authigenic and detrital clay minerals (Keith & Degens, 
1959). 

It is unlikely that all the materials composing the fish clay are authigenic. 
Some components in the sand fraction point to a terrigeneous origin. Clay 
materials from nearby emerged (chalk?) areas under erosion, may have con
tributed montmorillonitic materials. 

Supposing an original montmorillonitic composition of the fish clay, later 
diagenetic processes, probably in connection with percolating waters, may 
have altered the original clay minerals from a montmorillonite assemblage 
to a montmorillonite-illite or vermiculite-illite mixed-layer assemblage, in 
which the ratio of expandable/nonexpandable layers varies from 9/1 
to 3/7 (fig. 4). 

Studies of an upper Cambrian K-bentonite (Beall & Ojakangas, 1967) 
have shown diagenetic changes of the original clay mineral assemblage from 
an assumed montmorillonite to mixed-layer assemblages. The transforma
tion involved substitution of Al3+ for Si4+ in the tetrahedral layer as well 
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Table 4. Minerals identified (by microscopy and Guinier camera) in the carbonate free 
sand fraction. In addition barite is found in sample 13 and glauconite is found in samp
les 4 and 12. 

Sample " "Montmo-
no. Quartz rillonite" Feldspar Pyrite 

5 • + + 
4 + 
3 . + + + + 
2 + + + + 
1 + 
6 + + 

7 + 

13 + 
12 + 
11 + 
10 
9 + 
8 + 

as addition of K+ in interlayer position. It is possible that the same pro
cesses might have taken place in the fish clay. 

It is more difficult to understand the distribution of single chemical ele
ments since we do not know their precise combination. Silica reaches maxi
mum values in the middle of the profiles (fig. 3, samples 2, 3, 10, 11) as 
would be expected from the quartz and clay mineral contents while calcium 
carbonate reaches minimum values. In this paper we did not attempt to 
determine calcite as a mineral, although we have given values for CaC03 % 
determined by X-ray fluorescence (fig. 3) and acid soluble material cal
culated as CaCOa (table 3). The latter values are except for samples 7, 11 
and 12, higher than the former ones, but only for sample 7 they are mar
kedly different. We assume that the excess calcium is bound to clay minerals 
(Deer et al., 1965). The mineral analysis of the whole sample (table 3) shows 
quartz and "montmorillonite" in samples 3 and 11 and only "montmorillo-
nite" in samples 2 and 10, indicating that clay minerals are concentrated in 
the middle of the profiles. 

Other elements determined during these investigations (table 1, fig. 5) can 
be divided into two groups: 

a) Mn and Sr distribution seem to have trends similar to the calcium car
bonate contents showing minimum values in the middle of the profiles 
(samples 2 and 10). 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
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Fig. 5. Some* element distributions in the fish clay. 

b) Fe, Mg, Co, Cr, Cu, Li, Mo, Ni, V, Zn distribution have trends follow
ing Si, i.e. with quartz and mainly clay minerals, showing maximum values 
in the middle of the profiles (samples 2 and 10) and decreasing in the under-
and the overlying beds. 
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It seems important to us that Fe, Mg, Co, Cr, Cu, Li, Mo, Ni, V and Zn 
distributions follow that of the insoluble component, while Mn and Sr follow 
the calcium carbonate distribution. Metals are generally highly concentrated 
in the fish clay, as in other black shales (see for example Woodland, 1963) 
and this is in good agreement with the high, but very complex, possibilities 
of substitution of elements in the montmorillonite clay mineral group (De-
gens, 1968). Some of the elements, for example Ni, are markedly enriched in 
the fish clay samples. High Li concentrations are characteristic for marine 
shales (Keith & Degens, 1959). 

Close relations appear to exist between oxygen facies and heavy metals 
(Ernst, 1970). Trace elements favoured in Oa-free environments (Ernst, 
1970) are Cu, Ni, V and Mo. In 02-poor environments the dominant ele
ments are Cr, Co and Mn. Studies of relationship between oxygen facies and 
heavy metals for example in recent marine brackish sediments (Landergren 
& Manheim, 1963 and Gross, 1964) confirm the occurrence of the above 
mentioned metals. Variations in the contents of single elements might be 
caused by grain size dependency or by the bond of for example V and Cr 
to the carbonate contents of the sediment (Baumann, 1968) though we have 
found that these elements follow Si. Great care must therefore be taken 
when comparing our results as grain size composition and carbonate con
tent vary through the profiles. 

The high concentrations of Cr, Ni, and Sr in sample 13 are probably due 
to its special composition - it has a high content of siliceous sponge spicules. 
The Zn contents of the white calk (table 1) are rather high compared with 
the values given in table 2, Zn occurring at levels below 5 ppm. in other types 
of chalk, for example that from Møn, south of Sjælland. 

We cannot exclude the possibility that some of these elements are bound 
to the contents of sulphides or organic matter. 

Pyrite for example occurs in the fish clay and may contain substantial con
tents of the elements described. Since no quantitative evalution of the mine-
ralogical composition of the fish clay has been done, we are not in a posi
tion at the present time to discuss the element distribution in great detail. 

From the results presented in this paper it is the opinion of the authors 
that the fish clay is of terrigenous origin, washed out into the sea from 
nearby land areas. The clay was deposited in small basins with euxinic facies 
(collecting its contents of rare elements from the overlying water mass) 
together with fragments of white chalk before the deposition of Cerithium 
limestone. Later diagenetic processes have probably altered the original 
mineralogicai composition of the fish clay. 
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Dansk sammendrag 
Fiskeleret er en mørkegrå til gråsort mergelaflejring fra det ældste Danien, som fin
des i Stevns Klint (Østsjælland) i små aflejringsbassiner, beliggende mellem bryozoban
ker i Skrivekridtet og overlejret af tertiær Cerithium- og bryozo-kalk. Fiskeleret opnår 
de største mægtigheder i de centrale dele af bassinerne og kiler gradvist ud mod siderne. 
Tilstedeværelse af meget finkornede, sorte sedimenter med en uforstyrret lamination 
sammen med pyrit tyder på et euxinisk aflejringsmiljø i fiskelersbassinernes nedre dele. 
Materialerne fra fiskeleret synes hovedsageligt at være af terrigen oprindelse og indehol
der for det meste kvarts, feldspat og lermineraler fra "mixed-layer" gruppen. Sporele
menterne: Co, Cr, Cu, Li, Ni og Zn findes i forholdsvis høje koncentrationer. Diagene
tiske processer har sandsynligvis ændret fiskelerets oprindelige Iermineralselskab fra et 
mere montmorillonistisk til et montmorillonit-illit eller vermikulit-illit "mixed-layer" 
Iermineralselskab. 
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Plate 1 
Fig. 1. Fish clay basin between banks of bryozoan chalk with undulating flintbands. 
The fish clay is overlain by Cerithium-limestone and bryozoan limestone with perfo
rated flint layers. Fig. 2-5. Well rounded quartz grains from sample 2. 
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Plate 2 
Fig. 1. Part section from the central part of a fish clay basin, showing beds II-V. Note 
the flattened pyrite-concretions pressed down into the underlying marl bed (II) and 
the black grey, streaky clay bed (IV) with elongate lenses. Fig. 2. Part section from the 
central part of a fish clay basin, showing a distinctly developed conglomeratic bed (V). 
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