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Approximate geothermal gradients in Den-
mark and the Danish North Sea sector

Lars Madsen

Madsen, Lars: Approximate geothermal gradients in Denmark and
the Danish North Sea sector. Danm. geol. Unders., Arbog 1974,
pp- 5-16. Kgbenhavn, 18. september 1975.

Approximate values of the geothermal gradient are calculated from
temperature measurements in thirty onshore exploration wells and
thirteen Danish North Sea exploration wells. A regional contour map
is presented and discussed in relation to the major geological features
in the area. Estimates of the thermal conductivity and the heat flow
are given. Average values for the geothermal gradient, the thermal
conductivity and the heat flow in the onshore area are determined
to 23.2°C/km, 0.0058 cal cm™s1°C™ and 1.34 ucal cm™2s™! respec-
tively.

With the intention of investigating the regional variation of the geothermal
gradient in Denmark and the Danish North Sea sector, approximate values
of this gradient have been calculated for thirty of the deepest onshore
exploration wells (drilled in the period 1950-1968) and thirteen Danish
North Sea exploration wells (1966—1970). The area in which the well
Dansk Nordsg B-1 (1967) is located has belonged to the German sector
since the border treaty of 1971.

A few relatively deep wells in the central part of the North Jylland Salt-
dome Province have been omitted. These wells were all terminated in the
rocksalt of salt structures, and were excluded from the regional analysis by
reason of the anomalous temperature fields which exist in and around salt-
domes.

The temperature data were mainly obtained during runs of electrical logs
by the firm Schlumberger for the Danish American Prospecting Company
and since 1962 for Dansk Undergrunds Consortium.

The temperature data

Single temperature measurements in boreholes are usually made with mer-
cury thermometers, which for absolute measurements have an accuracy in
the order of 0.01°C. The temperature data from the wells in question are
bottom hole and/or maximum temperatures, the latter also normally cor-
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Danm. geol. Unders., Arbog 1974

responding to the temperature close to the bottom of the borehole. Besides
measurements at the final depth, data were often available of intermediate
log runs from the most recent wells.

Temperatures measured at the bottom of boreholes a relatively short
time after cessation of the drilling activities do not represent the temperature
of the undisturbed formation. The circulating drilling mud will have a
cooling effect, while the mechanical action of the drilling bit will have a
tendency to increase the temperature. Geothermal gradients calculated from
temperatures which have not been corrected for these factors are probably
lower than the true gradients by 10-15 °/ (Evans and Coleman 1974).

Only for a minority of the wells under consideration is there information

Table 1. Onshore temperatures and temperature gradients.

Well Depth ?ﬁ];:tingace Temgirgéure Geoth?:maé/ggadient EeEE R
Aabenraa 1 2342 65.5 25.3 Pre-Zechstein
Arnum 1 1829 54.5 282 Pre-Zechstein
Borglum 1 1516 37.0 19.1 Rhaetic
Fjerritslev 1 907 30.0 24.3 Lower Jurassic
Fjerritslev 2 2059 55.0 22.8 Lower Jurassic
Flyvbjerg 1 1695 40.0 18.9 Keuper
Frederikshavn 2 1026 32.0 23.4 ? Triassic
Frederikshavn 3 1003 32.0 23:9 ? Triassic
Gassum 1 3036 1.:0:5:4:5: 35.4 Bunter
Glamsbjerg 1 905 28.0 22.1 Pre-Cambrian
Grindsted 1 1647 67.0 35.8 Pre-Cambrian
Haldager 1 1517 710 41.5 Lower Jurassic
Horsens 1 1726 44.0 208 Keuper
Henning 1 1922 44.0 18.7 Bunter

Lavg 1 2438 51.0 17..6 ? Keuper

Mors 1 5215 133.0 23.1 Triassic
Nevling 1 3669 95.0 23-1 Silurian
Ringe 1 1435 40.5 22.7 tg’;:;bifg‘:‘a" or
Redby 1 1530 41.0 21.6 Bunter

Redby 2 2720 74.5 26.0 Rotliegendes
Rgdekro 1 1645 39.0 18.9 Pre-Zechstein
Rande 1 5237 138.0 23.2 Silurian
Slagelse 1 2972 87.0 26.6 FONER, Eambirimi gF
Thisted 1 908 38.0 3340 Triassic
Tonder 1 3085 71.0 21.1 Zechstein
Tender 2 3194 93.0 24 .1 Rotliegendes
Uglev 1 1240 54.0 35.3 Rock Salt
Ullersiev 1 1058 34.5 25.1 Triassic
Vedsted 1 2065 53.0 22.3 Rhaetic
Orslev 1 2564 74.0 2571 Lower Carboniferous
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Madsen: Geothermal gradients

available about the elapsed time between cessation of circulation and
temperature measurement. The given times lie in the interval 3-30 hours,
with the majority below 10 hours. This distribution can also be assumed to
be representative for the remaining wells.

For the wells where at each depth of measurement a registration has
been made at more than one time after cessation of circulation, e.g. after
3 hrs. 5 hrs. 13 hrs. and 25 hrs., it has been possible to plot the tempera-
tures versus time and draw a smooth curve through the points. The asymp-
totic value of this curve will give a better approximation to the true forma-
tion temperature (see e.g. Hedemann 1967). It has been possible to use
this method for a few of the most recent onshore wells and for nearly all
the North Sea wells. For the remaining wells, the measured temperatures
have been used without any correction.

Another uncertainty factor for the determination of the undisturbed for-
mation temperature is that palaeotemperatures may be expected in the
underground, stemming from previous periods of glaciation. From models of
the temperature variation at the surface it is possible to calculate the re-
sulting decrease in the geothermal gradient. A maximum influence of about
109 can be expected for a depth of 1000 m, and the influence can be
neglected for depths exceeding 1500 m (Kappelmeyer and Haenel 1974,
p. 95). As the decrease in the gradient depends on the local variation in
surface temperature in the past, it is not possible to make a general cor-
rection. Of the wells under consideration, seven have depths of 900-1200
m, and the remaining ones are about 1500 m or deeper. For these reasons
no attempt has been made to correct for palacotemperatures.

Table 2. Offshore (in the North Sea area) temperatures and temperature gradients.

Depth below sea bottom Tempergture Geothgrma] gradient

Hell in metres ¥ PE in 0C/km

Formation

A-1 1740 52. Danien

A-2 1965 74. Upper Cretaceous

5 3
5 9
B-1 3497 118:8 31.6 Rotliegendes
c-1 3142 87.5 26.8 Pre-Zechstein
D-1 3477 75..5 22.4 Rotliegendes
E-1 4011 Vegub 30.6
E-2 2123 72.0 31.6
F-1 2342 81.0 33.4
6-1 3731 118.5 30.6
H-1 2079 72.0 31.8
I-1 3820 132.0 31.8
J-1 1906 76.5 38,5
K-1 2198 74.0 35,2
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Calculation of the geothermal gradients

For the calculation of the onshore gradients a surface temperature of 8°C
has been applied, representing the average mean annual temperature for the
whole country. Offshore, the sea bottom temperatures have been determined
from the temperature versus waterdepth curve given in Evans and Coleman
1974.

The depths have been corrected to ground level and sea bottom for
onshore and offshore wells respectively. With the exception of Rgnde No. 1
and Ngvling No. 1 (Henriksen in Rasmussen ez al. 1971 and 1973) these
depths have not been corrected for the deviation of the borehole from the
vertical. This implies that the applied depths are somewhat too high, but
as the deviation from the vertical is mostly of a relatively small order, it is
estimated that the resulting uncertainty in the gradients is of a lower order
than the error stemming from the temperatures. However, both factors tend
to give too low gradients.

If only one temperature measurement is available from a well, the cal-
culated gradient must be regarded as an average gradient between the
surface (or sea bottom) and the depth of that measurement. If more than
one temperature determination was available an average gradient was cal-
culated by fitting a regression line to the values with the condition, that it
should have an intercept with the temperature axis equal to the surface or
sea bottom temperature at the well location.

Table 1 and 2 show the calculated geothermal gradient and the value of
the deepest temperature determination for each well together with the depth
and stratigraphical position of this determination (further information about
the stratigraphy and lithology of the wells can be found in Sorgenfrei and
Buch 1964, Rasmussen et al. 1971 and 1973, Rasmussen 1972 and 1974).
A description of the stratigraphy and lithology of the eight most recent
wells in table 2 is being worked out by the geologists at the Geological
Survey and will be published by Rasmussen in Danm. geol. Unders., IIL
rekke, 44 (in preparation).

The calculated gradients together with the position of the wells are
shown in fig. 1.

Discussion of the geothermal gradients

As the geothermal gradient is a function of depth, and the gradients have
been determined from wells of different depths, they are not strictly com-
parable. However, if the relatively high values for the wells Gassum No. 1,
Grindsted No. 1 and Haldager No. 1 are considered to be caused by local

10 D.G.U. arbog 1974



Madsen: Geothermal gradients

(Km.)
N

DEPTH
w

0 ~  s0 10 150
TEMPERATURE (°C)
Fig. 3. A plot of temperature versus depth for the thirty onshore wells. The regression
line has a slope of 23.2 °C/km and an intercept of 8.2 °C. Data from the Uglev 1

(+1), Grindsted 1 (+2), Haldager 1 (+3) and Gassum 1 well (+4) have been excluded
from the analysis.

features, and if for the onshore area the main weight is put on the wells
which have been drilled to depths below the Zechstein salt, or which have
been drilled where the salt is thin or absent, it is possible to see a
regional distribution of the values for the geothermal gradient. A tentative
contouring is shown in fig. 2 together with the main structural elements in
the area (mainly from Sorgenfrei 1966 and 1969). The general trend of the
contours is northwest-southeast.

Low geothermal gradients often correspond to positive structural ele-
ments, while high values are found in deep sedimentary basins. It can be
seen that an elongate minimum zone is situated on the Ringkgbing-Fyn-Fal-
ster High, while the Danish Embayment and the East Dogger Bank Graben
represent areas of maximum values.

Considering the onshore area the gradient decreases regionally from
about 25°C/km to lesser than 20°C/km in the direction southsouthwest-
northeast towards the Fennoscandian Shield. The maximum indicated by
the wells Frederikshavn No. 2 and 3 may be relatively local.

Fig. 3 shows a plot of temperature versus depth from all wells in table 1.
Data from intermediate log runs have also been included. A standard
program has been used to fit a regression line to the points (Gassum No. 1,

D.G.U. irbog 1974 11
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Fig. 4. A plot of temperature versus depth for the wells Dansk Nordsg F-1, J-1 and
K-1. The regression line has a slope of 17.5 °C/km and an intercept of 39.5 °C.

Grindsted No. 1, Haldager No. 1 and Uglev No. 1 have been excluded as
representing local anomalies). The line has an intercept with the tempera-
ture axis of 8.2°C * 1.9°C and a slope of 23.2°C/km + 0.7°C/km, which
can be regarded as a minimum average value for the geothermal gradient in
Denmark.

The maximum zone of the Danish Embayment continues with increasing
values towards the northwest in the North Sea area. The temperatures for

09
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Fig. 5. A plot of temperature versus depth for the eight wells in the East Dogger Bank
Graben (Dansk Nordsg A-1, A-2, B-1, E-1, E-2, G-1, H-1 and I-1). The regres-

sion line has a slope of 29.2 °C/km and an intercept of 12.9 °C.
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the three wells Dansk Nordsp F-1, Dansk Nordsg J-1, and Dansk
Nordsp K—1 are plotted versus depth in fig. 4. A regression line fitted to
the points has an intercept of 39.5°C * 6.2°C and a slope of 17.5°C/km =+
3.8°C/km; if the line is determined with the condition that the intercept
with the temperature axis must be 7.2°C (average sea bottom temperature
at the three wells) it will have a slope of 35.5°C/km. It is obvious that the
straight line is not an appropriate model for these data. There must be a
high gradient in the upper layers relative to the deeper ones. Concerning the
geology of the area it is known that several saltdomes and saltwalls are
present and that the wells Dansk Nordsg F—1 and K-1 are situated on or
near such structures. The well Dansk Nordsg J—1 is located in the area
where the Triassic to Lower Cretaceous sequence reaches its maximum value
in the Danish North Sea area with values exceeding 6 km (Childs and Reed
1975, fig. 4).

The minimum of the Ringkgbing-Fyn-Falster High continues in a north-
west direction along the High. From here the geothermal gradient increases
towards the southwest and reaches a maximum of about 33°C/km in the
East Dogger Bank Graben. The order of the contour values for this area is
in good accordance with earlier published data for other sectors in the
North Sea (Harper 1971 and Evans and Coleman 1974).

In fig. 5 is shown a plot of temperature versus depth for the eight wells
in the East Dogger Bank Graben. The line fitted to the points has an inter-
cept of 12.9°C £ 1.7°C and a slope of 29.2°C/km * 0.7°C/km. If the con-
dition is made that the intercept must be 7.3°C (average of the sea bottom
temperatures) then the slope will be 31.2°C/km. This implies that the gra-
dient is higher in the uppermost layers than indicated by the line model.

The East Dogger Bank Graben as a part of the Central Graben is an
area characterized by a very thick sequence of Tertiary sediments (low
thermal conductivity) and by salt piercement structures. These are probably
the main reasons for the high gradient values in this area.

The as yet sole Danish productive oil field, the Dan field is located in
the area of maximum gradient values. In this connection it is interesting to
note the theories of Klemme 1972 (see Evans and Coleman 1974) that
high geothermal gradients enhance petroleum mobility and therefore also
enhance migration to structural traps.

Estimation of the heat flow

No Danish determination exists of thermal conductivities for the sediments in
the area under consideration. Therefore an estimate of thermal conduc-
tivities for the North Sea sediments (Evans and Coleman 1974) has been

D.G.U. arbog 1974 13
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applied. For each of the onshore and offshore wells the average thermal
conductivity and the heat flow have been estimated.

The estimated values of the thermal conductivities for the onshore wells
(Gassum, Grindsted, Haldager and Uglev have been omitted) have an
average of 0.0058 cal cm™s™*°C™* and a standard deviation of 0.0007
cal cm™'s1°C™,

The average of the values for the wells in the East Dogger Bank Graben
is 0.0046 cal cm™s°C! with a standard deviation of 0.0005 cal
ems1°CH,

The corresponding values for the heat flow are 1.34 ucal cm™s™ + 0.27
ucal cm™s™ for the onshore wells and 1.43 ucal cm™s™ + 0.16 ucal
cm?s™ for the wells in the East Dogger Bank Graben.

It is seen that there is a significant difference between the thermal con-
ductivity for the onshore and the East Dogger Bank Graben area. The
relatively low value for the latter is explained by the fact that the Tertiary
and Cretaceous sediments, which have a low conductivity, constitute the
main part of the stratigraphy in the wells located in this area.

The average values for the heat flow in the two areas indicate a de-
crease towards the onshore area, but it must be noted that the standard de-
viations are relatively large and that the temperatures from the offshore
wells are to some degree corrected to higher values closer to the true forma-
tion temperatures while this is only done for a couple of onshore measure-
ments.

Values of 0.90-1.00 wucal cm™s™ are common for the heat flow in
Precambrian areas; therefore a decrease towards the Fennoscandian Shield
could be expected.

A trend analysis of 7th order has been made by Haenel 1974 based on
heat flow data from a large part of Europe (however none from the area
of Denmark and the North Sea). On his map the contours representing
heat flow values of 1.2 and 1.4 ucal cm™s™ cross Denmark and the North
Sea, thereby showing an agreement with the figures estimated above.

Conclusions

Despite the uncertainty factors in the data and the calculations it seems
justified to conclude that the order of the values for the geothermal gradient
and the heat flow in the Danish area is as could be expected regarding
its location relative to the Fennoscandian Shield and the North Sea area.

14 D.G.U. 4rbog 1974
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Dansk sammendrag

For 30 af de dybeste efterforskningsboringer indenfor dansk landomréde (perioden
1950—68) samt 13 danske Nordsgboringer (1966-70) er der pa grundlag af tempera-
turer, malt i borehullet, beregnet tilneermede verdier af den geotermiske gradient.
Tabel 1 og 2 giver for hver boring den beregnede gradient og den dybeste temperatur-
bestemmelse, samt dybden og det stratigrafiske niveau for sidstnevnte. Pa fig. 1 er
vist placeringen af boringerne sammen med vardien af den geotermiske gradient.

Et regionalt konturkort over den geotermiske gradient (fig. 2) viser, at en minimums-
zone er beliggende over Ringkgbing-Fyn-Falster Hgjderyggen, mens Det danske Senk-
ningsomrade og @st Dogger Banke Graven udggr omrdader med relative maksima.
Indenfor det danske landomrade aftager gradienten regionalt fra omkring 25 °C/km
mod sydsydvest til mindre end 20 °C/km mod nordgst i retning mod Det fennoskan-
diske Skjold. Et plot af temperaturerne mod dybderne for landboringerne er vist pé
fig. 3. En ret linie tilpasset punkterne efter mindste kvadraters metode har en h@ldning
pa 23,2 °C/km, hvilket kan opfattes som en mindste middelvardi for den geotermiske
gradiant i Danmark. I det veldefinerede maksimum over @st Dogger Banke Graven
antager gradienten verdier pa mere end 33 °C/km.

Udfra publicerede data for varmeledningsevnen for Nordsgsedimenter er der bestemt
en middelverdi for varmeledningsevnen pa 0,0058 cal cm™ s 1°C1 og 0,0046 cal
cm1s71°C ! for henholdsvis det danske landomrade og @st Dogger Banke Graven.
Den relativt lave vardi i @st Dogger Banke Graven skyldes, at hovedparten af de
gennemborede lag udggres af tertizere og kretaciske sedimenter, der har en forholdsvis
lav varmeledningsevne. Der er endvidere bestemt en middelverdi for varmestrégmningen
pa 1,34 ucal cm™2st og 1,43 ucal cm™2s7t for henholdsvis landomradet og @st Dogger
Banke Graven. Dette indicerer med forbehold for usikkerhed ved bestemmelserne, at
varmestrgmningen aftager i retning mod det danske landomrade. Da vardier i stgrrel-
sesordenen 0,90-1,00 ucal cm™s™! er almindelige for prekambriske omréader, kunne det
forventes, at vardierne for den geotermiske gradient og varmestrgmningen aftog i ret-
ning mod Det fennoskandiske Skjold.
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Triassic palynology and stratigraphy of
some Danish North Sea boreholes

Finn Bertelsen

Bertelsen, Finn: Triassic palynology and stratigraphy of some Danish
North Sea boreholes. Danm. geol. Unders., Arbog 1974, pp. 17-32,
pl. 1. Kgbenhavn, 18. september 1975.

Palynofloras ranging in age from Anisian to Rhaetian are described
from the Danish North Sea sector. Anisian-Ladinian (Muschelkalk)
assemblages were recovered from the basal part of the Dansk Nordsg
A-2 borehole situated in the Central Graben. Rhaetian assemblages
occur in the Dansk Nordsg F-1 and the Dansk Nordsg K-1 bore-
holes drilled in the northwestern part of the Danish Embayment.
The Triassic red beds are generally non-palyniferous with rare po-
ductive horizons.

Triassic palynological information from the North Sea offshore area has
hitherto been limited to some profiles lying on an E-W directed line
through the southern part of the North Sea Basin (Geiger & Hopping 1968).
The present study intends to extend the published knowledge of the offshore
Triassic deposits by giving the results of palynological investigations carried
out within the Danish sector. Due to the rapidly developed palynological
research on the British onshore Triassic (Warrington 1974) the stratigraphi-
cal “breakdown” of the offshore mainly non-marine deposits has to some
degree been successful. However, the occurrence of vertically limited paly-
niferous sequences, which cause serious trouble in British onshore Triassic
correlations seems to be repeated as a norm of the offshore area too.

The Danish offshore area comprises parts of four structurally determined
deposition centre during the Triassic (Text-fig. 1): 1) To the north the
northwesterly extension of the Danish Embayment, 2) to the west, part of
the Central Graben, 3) to the south, a northern part of the North German
Basin and 4) the Horn Graben connecting the Danish Embayment with the
North German Basin (Childs & Reed 1975).

The Triassic deposits generally show a change from continental arenace-
ous red beds in the Early Triassic to a more pelitic red bed facies in the
Middle-Late Triassic. During the Middle-Late Triassic, evaporitic carbo-
nates, anhydrite and rock salt were also deposited. The climatic change

2 D.G.U. arbog 1974 17
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from arid to humid conditions at the beginning of Rhaetian time, which
led to formation of extensive greyish arenaceous and pelitic deposits in
northwestern Europe, is also traced in the offshore area (Larsen 1966,
Childs & Reed 1975 a.o.).

The present investigation deals with the Triassic sequence of the Dansk
Nordsg A-2 borehole situated in the Central Graben (Text-fig. 1), and
the Dansk Nords¢g F—1 and the Dansk Nordsg K—1 boreholes drilled in
the western extension of the Danish Embayment (Text-fig. 1). The materials
investigated are almost exclusively in the form of ditch sample cuttings.
The profiles have therefore been analyzed and described in descending
order to exclude contaminants from the results as far as possible.

Depths are given in feet below Kelly Bushing or in metres below the Mean
Sea Level. If the depths have been corrected by means of Schlumberger
logs these statements are printed in italics.

Dansk Nordsg A-2: 10050" — 11143 (3027 m — 3360 m)
Geology

The geology of the Triassic section is in a shortened version given in
Rasmussen (1974). The section is composed predominantly of redbrown
continental claystones with anhydrite. Near the base of the section (base of
borehole) a rock salt bed occurs. The Triassic sequence is abruptly overlain
by Middle Jurassic sandstones and shales.

Miospores are found to occur in the lower part of the sequence only and
a more detailed lithological description of this palyniferous section is given
below. The description is made by Michelsen (1967) and is based on a
semiquantitative analysis of cuttings. Unfortunately, no electrical logs have
been measured in this section.

10750’-=10792” Claystone, sticky, brown, slightly calcareous (see 10480'—
10580’) dominates in 10750’—-10770’. Anhydrite dominates
in 10770’-10792’. Presumably there is an even transition.
Claystone, light greenish grey, occurs subordinate with
20 /030 °/o, increasing downwards.

10792-11070” Rock salt, clear, white, dominates with minor inclusions
of anhydrite.

1079210830 and 10850’-10870": Anhydrite slightly
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10000'-20000'

>20000"

7 5000

Text-fig. 1. Map showing Triassic-Lower Cretaceous offshore isopachs, main structural
features and location of the discussed boreholes (after Childs & Reed 1975 a.o.).

increasing. Random occurrence of light greenish grey
claystone.
10940’-11070": Redbrown claystone increases downwards;
random occurrence of anhydrite and light greenish grey
claystone.

11070’-11110" Claystone, redbrown, dominates with 40 %0-50 . Clay-
stone, light greenish grey, increases to 25 %0-30 °o. Anhy-
drite somewhat increasing in proportion to the above sec-
tion; rock salt decreases to ca 10 . There is no distinct
lithological boundary at 11070".

Materials and methods

To reduce the content of Jurassic contaminants in the slides the following
technique was found to give good results. Initially conc. HCl was added to
the sample consisting of washed cuttings 0.1 mm—1 mm in size. The slightly
calcareous palyniferous Triassic cuttings broke down immediately, whereas
the rather hard Jurassic cuttings reacted more slowly. By decanting the
suspension after some minutes the majority of the caved material was
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retained in the beaker. The suspension was processed by standard methods
without using oxidizing agents.

The following ditch samples (10’ intervals) were investigated without
HCI separation —10020’, —10080’, —10160’, —10280", —10400’, —-10520’,
—-10640°, —10760°, —10880" and —11080’. Having proved the presence of
miospores in the latter sample only, the following samples were processed
with use of the primary HCI separation: —10770", =10780’, —10790’, —11070’,
—11090°, —11100" and —-11110". A test preparation of isolated cuttings of
a redbrown claystone from sample —10760" proved to be barren.

Results

Two distinct miospore assemblages have been recovered. The youngest one
occurs in the sample interval 10760-10790" just above the rock salt bed.
Single specimens from this assemblage are found in the sample interval
11070'-11090" as contaminants. The oldest assemblage was recovered from
the two deepest available samples of the borehole, sample interval 11090
11110

The younger assemblage: 10760'=10790" (3244 m—3253 m)

The following taxa were recovered:

Sample: —10770" MICIOSPOIES: «.. . ¢ v vios s cwmns samis sdmnsssesans 4
Apiculatasporites plicatus Visscher, 1966 (3)
Porcellispora longdonensis (Clarke)
Scheuring 1970 (1)

Bisaccate pollen Sraifs «ass: sssoavssmsnos s sumes 4
Lunatisporites sp. (1)
VRGBT im0 5 o0 s ot o i v o o i 0 . B8 6 5 G 3
Total L1
Sample —10780" MICTOSPOIES . .. vt v vvneeeneaee e ee e 39

Apiculatasporites plicatus Visscher, 1966 (14)

Porcellispora longdonensis (Clarke) Scheuring,

1970 (11)

Aratrisporites saturni (Thiergart) Maedler, 1964 (5)
Bisaceate pollen BEAMS : so s vww s xe owe wme v ommn o 40
Illinites chitonoides Klaus, 1964 (1)

Triadispora spp. (8)
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Caytonipollenites pallidus (Reissinger)

Couper, 1958 (3)

Sulcatisporites kraeuseli Maedler, 1964 (1)
Umbrososaccus keuperianus Maedler, 1964 (3)
Protodiploxypinus spp. (1)

WEALTL . con i o e o e el % 6 el Bk § 2 S Bl & 2515 3
Total. 82
Saniple =10790" MICTOSPOTES «wis swavss s sus s om 5o baes & w Sman o s s 6
Porcellispora longdonensis (Clarke) Scheuring,
1970 (2)
Bisaccate pollen Sraing « o csspssevonwsvesnsisse 28

Illinites chitonoides Klaus, 1964 (3 or 4)
Striatobietites aytugii Visscher, 1966 (1)
Triadispora spp. (3)

Alisporites spp. (2)

Umbrososaccus keuperianus Maedler, 1964 (1)

Total.... 34

The assemblage shows an interesting co-existence of typical Neotriassic
taxa such as P. longdonensis and A. saturni (cf. Midler 1964, Geiger &
Hopping 1968 and Scheuring 1970) and a Palaeo-Mesotriassic form, Api-
culatasporites plicatus (Visscher 1966, Visscher & Commissaris 1968, War-
rington 1974). Important also is the absence of Ovalipollis ovalis Krutzsch,
1955, which is a very frequently recorded and common species in the Middle
and Upper Keuper deposits of Northwest Europe. This species has also
been recovered from another borehole in the Central Graben, the Dansk
Nordsg 0-1 borehole (Text-fig. 1) where together with P. longdonensis
it forms a typical Carnian “Gipskeuper” assemblage, both taxa being abun-
dant. O. ovalis is therefore present regionally and would be expected to
occur in the samples in question if the assemblage is younger than Late
Anisian/Ladinian, which seems to be the most reasonable stratigraphical
designation on the basis of the above given information. The bisaccate pollen
grains, of which only a minor portion has been identified, have so far not
been found to be stratigraphically indicative.

The older assemblage: 11090'-11110" (3344 m—3350 m)
The following taxa were recovered:
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Sample =1 L100° MICLOSPOIES +osmus s sommmsicmss smsanes s swass i s 28
Apiculatasporites plicatus Visscher, 1966 (7)
Bisaccate pollen grains . ....................... 7

Illinites chitonoides Klaus, 1964 (1)

I. kosankei Klaus, 1964 (2)

Striatobietites aytugii Visscher, 1966 (1)
S. balmei Klaus, 1964 (1)

Lunatisporites spp. (9)

Triadispora spp. (10)

Alisporites spp. (5)

Protodiploxypinus potoniei (Maedler) Scheuring,
1970 (1)

P. sittleri (Klaus) Scheuring, 1970 (3)
Granosaccus cf. sulcatus Maedler 1964 (9)

Sample —11110" Microspores . .. .. S 0 ) s ) Gt 5 S e e 10
Cyclotriletes granulatus Maedler, 1964 (2)
Apiculatasporites plicatus Visscher, 1966 (7)
cf. Aequitriradites minor Maedler, 1964
Bisaccate pollen grains . ....................... 17
Illinites kosankei Klaus, 1964 (1)

Angustisulcites klausii Freudenthal, 1964 (1)
Striatobietites balmei Klaus, 1964 (1)
Triadispora spp. (2)

Protodiploxypinus fastidioides (Jansonius)
Warrington, 1974 (1)

P. sittleri (Klaus) Scheuring, 1970 (1)
Granosaccus cf. sulcatus Maedler, 1964 (1)

Total. ... 27

The older assemblage is seen to be composed of 65 %—75 % bisaccate
pollen taxa. Stratigraphically important is the occurrence of such taxa as
Striatobietites balmei and Protodiploxypinus sittleri, which according to
Geiger & Hopping (1968) are reported from deposits referred to Upper
Buntsandstein and Lower-Middle Muschelkalk. Thus, referring to S. balmeli,
they state (p. 30): “Its ‘top occurrence’ has been taken in operational
petroleum geology as marking the top of the Middle Muschelkalk”.

Among the various palynofloras described from Upper Buntsandstein
and Muschelkalk successions within the North Sea Basin, special attention
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is paid to the assemblages of the West Lancashire Kirkham Mudstones
recently described by Warrington (1974). It is seen, that all of the above
listed species, with the exception of Cyclotriletes granulatus, are recorded
within the range zone of Aequitriradites minor. Most of these taxa are
long-ranging, but noteworthy however is the range of the morphologically
distinctive species Granosaccus cf. sulcatus. This species appears within the
range zone of A. minor and persists above the upper range limit of the
latter, and it has been proven identical with the Danish specimens (Pl 1)
attributed to this taxon (Warrington in correspondance). Warrington does
not discuss the correlation of the section to the European standard zona-
tion. However, the range of 4. minor still seems at present to be known to
be restricted to Muschelkalk equivalents (Taugourdeau-Lantz 1974) and
the assemblage recovered in the Dansk Nordsg A-2 borehole is therefore
most probably not older than these Muschelkalk assemblages. As the major
lower and middle parts of the Northwesteuropean Muschelkalk sediments
arc traditionally referred to the Anisian stage, the older assemblage is
tentatively referred to the Anisian.

Concluding remarks on the studied interval of the Dansk
Nordsp A-2 borehole

It seems reasonable on the basis of the palynological results obtained to
compare the salt bed member and the surrounding miosporebearing beds
with the halitic Muschelkalk sequences published from the southern North
Sea area by Geiger & Hopping (1968).

There is a good correlation, both lithologically and palynologically, with
the sequences referred to the Middle Muschelkalk in the Leman Field and
“North Holland” (composite profile).

The prevailing red bed facies in the three profiles indicate corresponding
marginal environments in the three areas during the Mesotriassic. The facial
development of the Dansk Nordsg A-2 sequence is therefore in accordance
with the idea of a restricted Muschelkalk transgression from S-SE into the
North German Basin as expressed by Sorgenfrei (1969) a.o. The profiles
from the southern part of Jutland (Sorgenfrei & Buch 1964) show that the
sequences here referred to the Muschelkalk are developed as grey claystones,
marls and limestones without rock salt, i.e. in a more “Muschelkalk-like”
facies, and that they are not comparable lithologically with the Dansk Nord-
sp A-2 profile.

The grey shales and sands etc. which abruptly overlay the studied red
beds are of Middle Jurassic age, and Rhaetic elements have at least not
been traced. There seems, therefore, to be an important hiatus between the
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studied section, of which the uppermost barren part for lithological reasons
is compared with the German Lower or Middle Keuper, and the Jurassic
series. However, this hiatus is most certainly to be regarded as a local erosion
phenomenon, which may be explained by local halokinetic movements in
the structure. In this connection it may be added that the presence of Rhae-
tic and Liassic shales has been demonstrated in other boreholes in the
Danish part of the Central Graben.

Dansk Nordsg F-1: 6820" — 7945’ (2042 m — 2384 m)
Geology

The pre-Jurassic sequence of the Dansk Nordsg F—1 borehole was original-
ly referred to the Upper Triassic in internal reports by Stenestad (1969)
and Michelsen (1969). This assumption was based on lithostratigraphical
reflections alone, as marine Rhaetic deposits were not proved in this bore-
hole (Christensen 1969), contrary to expectations. The “Triassic” sequence
is overlain by marine Lower Jurassic shales with L. Sinemurian ostracod
faunas (Michelsen 1975).

The sequence, which is briefly described lithologically in Rasmussen
(Danm. geol. Unders., III. rekke, 44. — In preparation) is built up mainly of
alternating argillaceous and arenaceous red beds. Only the uppermost 250
show a different (‘Rhaetic’) lithological character. As part of the latter beds
proved palyniferous, a full lithological description of these beds (Stenestad
1969) is cited below.

6820 — 6845 Sandstone, fine-grained, light grey, with glauconite, pyrite
2042 m — 2049 m and calcitic matrix. Beds of limestone, fine-grained, light
grey, with glauconite and mica, probably occur.

6845 — 6940’ Shale, blackgrey, micro-micaceous, non-calcareous. Silt-
2049 m — 2078 m stone, grey, micro-micaceous, non-calcareous. Siltstone,
purple, rich in mica, slightly calcareous to non-calcareous.

6940’ — 7070’  Sandstone, coarse-grained, light grey, quartzitic, with
2078 m — 2118 m subordinate beds of claystone and siltstone, greybrown,
with lignite and mica, slightly calcareous.

Materials and methods

Cuttings (0.1-1 mm) of the following ditch samples were processed by
standard methods:
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6800"-6820’, 6820"-6840’, 6880"-6900’, 6940’—6955", 6980—7000’, 7040"—
70607, 7090=71107, 7130-71607, 7260-7275’, 7310"-7340", 7360’-7380’,
742074407, 7480'-74907, 7540’-7550’, 7600'-7610’, 7630’-7640", 7680"—
76907, 772077507, and 7790’-7810’. In addition, two side wall cores were
available for preparaton: 7855” and 7905".

Results

Two assemblages have been recovered. The youngest one occurs in the
sandstone bed 6940—7070°, and the oldest one is recovered from the ditch
sample 7680'—7690°. All samples are highly contaminated by Jurassic
caved material.

The younger assemblage: 6940’~7070" (2078 m—2118 m)

It is not possible to prove the Triassic by means of palynomorphs in the
three uppermost samples, —6820, —6840" and —6900". The uppermost re-
cord of Triassic miospores is in sample —6955’, i.e. within the uppermost
part of the lower of the above described sandstone beds (6940'-7070").
The assemblage is characterized by abundant Ricciisporites tuberculatus
Lundblad, 1954, and accessory rare taxa such as Densosporites foveocingu-
latus Schulz, 1967, Aratrisporites spp. and Rhaetipollis germanicus Schulz,
1967.

Elements of this assemblage are traced in all of the subsequent samples.
It is, however, a general experience that the Triassic (and other) red beds
in the North Sea Basin are commonly non-palyniferous and the occurrence
of the assemblage below the lower grey sandstone is therefore considered
secondary. The available side wall cores were in fact barren too.

In Britain, equivalent assemblages characterized, among other things, by
an acme of Ricciisporites tuberculatus are reported from the Westbury
Beds of the Rhaetic Formation. They constitute the upper part of the
Rhaetipollis Zone of Orbell (1973). In the underlying Grey Marls member
the Rhaetipollis Zone assemblages show acmes of genera of the Circum-
polles group: Corollina, Classopollis and Granuloperculatipollis.

Identical vertical changes in composition of the palynofloras, from
dominance of Circumpolles taxa (especially Granuloperculatipollis rudis Ven-
katachala & Goéczan, 1964) to dominance of R. tuberculatus have recently
been found by the present author in boreholes in the central part of the
Danish Embayment in East Jutland. The boundary of the floral change
approximates the Lower/Middle Rhaetic boundary (sensu germanica) in
these sections, partly dated by means of ostracods. Due to the parallelism
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thus demonstrated in the uppermost Triassic microfloral development in the
British Midlands and in the northern part of Jutland it seems reasonable to
refer the recovered assemblage to the upper part of the Rhaetipollis Zone
as found in the Westbury Beds.

In recent investigations, Morbey & Neves (1974) attempt a correlation of
the British Rhaetic Formation with a proposed stratotype section for the
Rhaetian stage in the Kendelbachgraben of Austria by means of palyno-
stratigraphy. Their correlation implies that the Westbury Beds (Member)
assemblages of the Bunny Hill borehole are of Late Rhaetian to Early Het-
tangian age. A survey by the present author of the distribution of the zonal
index species of Morbey & Neves in the range diagrams of Orbell makes it
clear that most of these species are rare and rather randomly distributed
within the Westbury Beds. They are therefore not readily suitable for corre-
lative purposes. Important however, is the information in Morbey & Neves
(1974, p. 170) that Heliosporites reissingeri (Harris) Chaloner, 1969 is
abundant at the base of the FG Subzone, which in the section of Kendel-
bachgraben embraces the boundary between the Rhaetian stage sensu lato
(Morbey & Neves) and the Hettangian stage. A study of the diagrams of
Orbell shows that H. reissingeri is rare in the Westbury Beds, but abundant
in the overlying White Lias. This may indicate that the Westbury palyno-
floras as a rule are of Late Rhaetian age, if a rather diachroneous nature of
this member is accepted.

The age of the recovered microflora is therefore indirectly correlated to
the Upper Rhaetian.

The older assemblage: 7680-7690

Sample 7680'-7690" which coincides with an extreme maximum peak of
the gamma ray curve (Text-fig. 2) is unexpectedly rich in plant materials
(and ? mica), and seems to contain a primary palynoflora. Ovalipollis spp.
dominate, but rare Triadispora spp. are also observed. Ovalipollis is a typical
and common genus in Neotriassic deposits but range up into the Jurassic,
whereas Triadispora spp. as far as is known are restricted to the Triassic,
preferably to the pre-Rhaetic. The assemblage is presumed to be of Carnian
or Norian age on the basis of the known distribution pattern of the two
genera (Geiger & Hopping 1968, Scheuring 1970). However, a Ladinian age
cannot be excluded, which could imply that an equivalent to the German
Lettenkohlensandstein may occur in this borehole.

No stratigraphically indicative or believed primary specimens were ob-
served below 7690".
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Dansk Nordse K-1: 6514" — 7525" (1948 m — 2256 m)
Geology

The sequence of the Dansk Nordsg K—1 borehole compares well with that
of the Dansk Nordsg F—1 borehole discussed above. As in the latter bore-
hole, the upper beds are developed in a “Rhaetic” facies distinctly different
in colour from the subsequent red beds. The Dansk Nordsg K-—1 profile
differs however from the Dansk Nordsg F-1 profile by the presence of
ca. 40" of marly, greybrown limestones on top of the red bed section.
Miospores regarded as originating from the sequence have only been re-
covered from the upper grey coloured beds and the lithological description
given below (Bertelsen e al. 1970) is therefore restricted to comprise these
beds only. A shortened lithological description of the total profile of the bore-
hole is given in Rasmussen (Danm. geol. Unders., 11I. rekke, 44. — In prepa-
ration). The sequence studied is overlain by grey shales with Hettangian
ostracod faunas (Michelsen 1975).

6514" — 6738 Sandstone, with gravel, unconsolidated, uncoloured to

1948 m — 2017 m slightly yellowish or greyish, consisting of subangular
quarts grains and some feldspar grains. Two further types
of sandstone occur in the interval: 1) sst., fine grained,
silty, white to greywhite with matrix of illite-like mineral
and 2) sst., middle-grained, greyish, well consolidated.
At ca. 6660” occur one or more coalbeds, blackbrown,
slightly glistening.

6738" — 6822’  Claystone, silty, slightly calcareous to non-calcareous,

2017 m — 2042 m dark grey, slightly darker than above, with minor beds of
sandstone, greyish-brown and coal, blackbrown, slightly
glistening.

Materials and methods

The following ditch samples (taken out at 30" intervals) were processed by
standard methods: —6530°, —-6560", —6590’, —6620°, — 6650’, —6680,
—-6770’, —6830" and —7120". Due to the meagre results obtained in the
Dansk Nordsg F-1 red beds, only two samples from these beds were pro-
cessed.

Results

The samples -6530", —6560", —6620’, and —6650" yielded limited numbers
of Jurassic palynomorphs and the upper part of the sandstone interval
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6514'-6738" is most probably non-palyniferous, the Jurassic miospores
being considered to be contaminants.

In the samples —6680°, —6770", —6830" and —7120" was recovered an
assemblage identical with the younger assemblage of the Dansk Nordsg F-1
borehole. In addition to the dominant Ricciisporites tuberculatus, Limbo-
sporites lundbladii Nilsson, 1958 and Rhaetipollis germanicus were found.
Especially the uppermost sample is rich in lignite and the top occurrence of
the microflora is believed to coincide with the top of the coal beds at
ca 6660".

The samples —6770" and —6830" contain several specimens of the dino-
flagellate cyst Rhaetogonyaulax rhaetica (Sarjeant) Loeblich & Loeblich,
1968. The presence of this species thus indicates a marine influence during
this part of the sequence. In Britain R. rhaetica is reported from the Grey
Marls, the Westbury Beds and the Cotham Beds (Orbell 1973, Warrington
1974), and was originally described from the Cotham Beds (Sarjeant 1963).
According to Morbey & Neves (1974), R. rhaetica seems to be restricted
to the Rhaetian stage sensu lato (Morbey & Neves), at least with respect to
the extension of its lower range.

The microflora occurring in the sample —7120" is considered to be due
to contamination. Isolated cuttings of the dominant rock type of the sample,
a light greyish claystone, were found to be non-productive. Regarding the
recovery of the sample —6830" it has not yet been clarified whether this
(limestone-bearing) part of the sequence is palyniferous.

Concluding remarks on the studied sections in the Dansk Nordsg
F—1 and the Dansk Nordsp K—1 boreholes

The present investigation has proved a Triassic age for at least the upper
parts of the studied sections. It has also demonstrated that uniform Rhaetian
palynofloras occur in the two borings, and that these palynofloras compare
closely with the assemblages from the British Westbury Beds. In the central
part of the Danish Embayment in East Jutland identical assemblages referred
to the Middle Rhaetic sensu germanica have been proven too. Furthermore,
in the Dansk Nordsg F—1 borehole an older, monotoneous Ovalipollis as-
semblage of possible Ladinian to Norian age was recorded within the
generally barren red beds.

In both boreholes the uppermost arenaceous beds of the sections referred
to the Triassic seem to be non-palyniferous. In the above-mentioned sections
of eastern Jutland (which are still subject to clauses of confidentiality) a
corresponding sterility is observed in the uppermost arenaceous beds of the
Gassum Formation, which is generally referred to the Rhaetic (cf. Larsen
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Text-fig. 2. The chronostratigraphical division of the Triassic sequences of the Dansk
Nordsg F—1 and Dansk Nordsg K—1 boreholes and their correlation. The presumed
primary ranges of the recovered microfloras are also shown.

1966). These latter beds are overlain by shales of the Fjerritslev Formation
with well-defined Hettangian ostracod faunas (O. Michelsen, personal com-
munication) and their stratigraphical position is therefore restricted to the
Rhaetian/Hettangian transition.

The studied sections in the two North Sea boreholes are, as described
earlier, overlain by Lower Jurassic shales, which are included in the Fjerrit-
slev. Formation by Michelsen (1975) (see also Text-fig. 2). In the Dansk
Nordsg K—1 borehole these shales basally contain a Hettangian ostracod
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fauna, whereas the basal shales of the Dansk Nords¢ F—1 borehole are
slightly younger according to Michelsen, being characterized by a Lower
Sinemurian fauna. Chronostratigraphically the probably barren beds are
therefore to be referred to the Upper Triassic/Lower Jurassic transition, and
they are for that reason found to be more or less isochronous with the
uppermost beds of the Gassum Formation in the mentioned boreholes in
East Jutland.

Lithostratigraphically the sandstone interval /948 m-2017 m (6514'—
6738) of the Dansk Nordsg K—1 section is referable to the Gassum For-
mation. The underlying mainly dark grey, partly marine claystones of the
interval 2017 m-2042 m (6738-6822") and the subsequent, limestone
bearing interval 2042 m-2056 m (6822-6866") are considered to belong
to the Vinding Formation defined in Larsen (1966).

In the Dansk Nordsg F—1 section the interval 2042 m-2118 m (6820’
—7070’) is referred to the Gassum Formation and the Vinding Formation
is found not to be present in this borehole. It must be stressed, however,
that an alternative correlation is possible, since interval 2042 m—2078 m
(6820'-6940’) may also be regarded as part of the Fjerritslev Formation.
Due to the traces of purple siltstones described from the shaly section
2049 m-2078 m (6845-6940’), which is merely a “Triassic feature”, the
latter correlation seems less reliable.

As regards the red bed sequences, only one sample in the Dansk Nordsg
F-1 profile (-7690") proved productive. This sample of Ladinian-Norian
age indicates that at least the major part of the red beds in this borehole are
of Upper Triassic age. The proximity of the Dansk Nordsgp K—1 borehole
may justify the assumption that the corresponding beds in that borehole
are also from the Upper Triassic.

In the lowermost part of the Dansk Nordsg F—1 profile, the resistivity log
seems to indicate the presence of limestones, but such rocks are not men-
tioned in the description. The claystones, however, are described as being
calcareous and the presence of Muschelkalk equivalents is therefore a pos-
sibility, although not very likely. All red beds are for that reason referred
to the Upper Triassic, as seen in Text-fig. 2.

Dansk sammendrag

I artiklen redeggres for resultaterne af palynologiske undersggelser foretaget i de
triassiske afsnit i de tre danske Nordsg-boringer: Dansk Nordsg A-2, Dansk Nordsg
F-1 og Dansk Nordsg K-1.

I boringen Dansk Nordsg A-2 beliggende i the Central Graben, er trias-afsnittet,
3027 m—3360 m (10050’—11143") udviklet som kontinentale ‘‘red beds” indeholdende
en basal stensaltforekomst. I lagene umiddelbart over og under saltlagene pavistes
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mikrofloraer af sandsynlig Anisien-Ladinien alder. Det sporefgrende, halitiske afsnit
er som helhed sammenlignet med saltfgrende lagserier i den sydlige del af Nordsgen,
der kan korreleres til mellem Muschelkalk i Tyskland.

I boringerne Dansk Nordsg F-1 og Dansk Nordsg K—1 med position i den vestlige
del af Det danske S@nkningsomradde forekommer mikrofloraer af rhetisk alder i lag-
serier, der lithologisk m& henfgres til Gassum Formationen. I boringen Dansk Nordsg
K-1 pévistes tillige tilstedeveerelsen af marint rhet i en lagserie, der kan refereres
til Vinding Formationen. De underliggende ‘“‘red beds” fandtes generelt at vere golde,
men i en enkelt prgve i F-1 profilet lykkedes det dog at péavise en mikroflora af gvre
triassisk alder. Med forbehold er de gennemborede ‘“red beds” derfor som helhed
henregnet til @gvre trias. Unders@gelsesresultaterne fra de to sidstnzvnte boringer er
sammenstillet i tekstfigur 2.
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Triassic heavy—mineral associations
in Denmark

Gunnar Larsen and Henrik Friis

Larsen, Gunnar and Friis, Henrik: Triassic heavy-mineral associa-
tions in Denmark. Danm. geol. Unders., Arbog 1974, pp. 33-47, pl. 2.

Kgbenhavn, 18. september 1975.

The investigation comprises heavy-mineral analyses of 14 samples
from the Triassic sequence of Denmark. The geological significance
of the heavy-mineral associations is discussed. In the Bunter a “Garnet
province” including the South Danish/North German region occurs,
supposedly of Scandinavian origin. Along the margin of the basin
towards Fennoscandia a marginal facies of coarse arkoses is found.
The heavy-mineral associations of these arkoses are interpreted as
reflecting a detritus supply from locally exposed rocks. In the Keuper
associations an inkling is given of a subdivision in heavy-mineral
provinces, which locally are strongly obliterated by diagenetic de-

struction.

Gunnar Larsen, Henrik Friis, Geologisk Institut, Aarhus Universitet,

DK-8000 Aarhus C, Denmark.

Triassic deposits in Denmark are known from a few outcrops in the southern
part of the island of Bornholm (map fig. 1 b) (Hansen, 1942) and from
several borings in other parts of the country made since 1935 (Gregersen &

Sorgenfrei, 1951; Sorgenfrei & Buch, 1964; Rasmussen, 1972, 1974).

In the borings the Triassic sections have been subdivided and correlated
mainly from lithological properties. Compared with the German Triassic

four major units are recognized:

Rhaetic: dark shales and light sandstones.

Pre-Rhaetic Keuper: reddish-gray variegated claystones and marlstones

with intercalations of sandstones and evaporites.
Muschelkalk: grayish marly limestones.
Bunter: red, clayey sandstones intercalated with evaporites.

Lithologically the Rhaetic deposits differ from the other Triassic deposits
whereas they are similar to those of the Jurassic and Lower Cretaceous. For
this reason the Rhaetic has been treated in connection with the Jurassic and

3 D.G.U. arbog 1974

33



142

$L61 80qig "N'O'A

LRI |

NOVLING 1

AABENRAA 1 HARTE 2
HONNING 1 GRINDSTED 1
TONDER BY lR(DDEKRO 1 HORSEN
1 2

R(DNDE1lFLYVBJERG1 21
v l l lSKAGENZ

GASSUM 1

FREDERIKSHAVN CITY

Bunter |-

)o

Permian

NORTH GERMAN BASIN | RINGKOBING - FYN HIGH \\ \\

l
|
|

/
ok
1

/
/
W

1
N

|
i
I
|
1

ldl

(NN

EEHEIHE]

- s
. Cambrian
basement

Permian

0
1004 Vertical

2004 Scale
3001 (meters)

Location and
no. of sample
analysed for
heavy minerals

Silurian

lAI?NUM1[ l //u —/"ﬂﬂm:w

\
\

\ Per“

(NI
)

1
i e L

EFTCERRSCEERE R v il g

E/."f_'_

rmian

DANISH EMBAYMENT

3

Pre-Cambrian basement

FENNOSCANDIAN
BORDER ZONE
RHAETIC
Arkose

&

== Sandstone []
—O

Wy Claystone
T2 | =
mg Limestone
L:Jg Anhydrite
@ Halite
i

(LT)) Sediment D
gﬂ Vulcanite
O'E Gneiss &7

}_




L61 Boqre ‘N'O'q *E

S¢

‘q71 814

RODBY
12

RINGE 1
_BJERG 1

SLAGELSE 1

GLAMS- J ULLERSLEV1 |

LOCATION MAP

12\ g, ¥ /
Br  keoper i B
Muschel (&
kalk Keuper
13 Muschelkalk
Bunter
Bunter
 Permian | \ \ F’ermh
/ \
/ -
NORTH GERMAN RINGK®BING - FYN Silurian

BASIN HIGH
0 Location and
100 Vertical no. of sample
200 Scale *1 analysed for
300d (meters) heavy minerals

DANISH EMBAY-
MENT

= e —= Assumed border of the
Triassic basin




Danm. geol. Unders., Arbog 1974

Lower Cretaceous in a previous work (Larsen, 1966). In this study samples
from other parts of the Triassic sections have been analysed in a similar way.
The origin of the sediments is discussed from interpretations of the heavy-
mineral associations. Previously the subject has been briefly treated by
Larsen (1967).

The Triassic sequence and the sample material

A total of 14 samples have been analysed. This is only a very poor represen-
tation of the entire Triassic sequence which is illustrated by the cross-
sections in figs. 1 a and 1 b. These sections demonstrate the main features
of the lithology in the pre-Rhaectic sequence as it appears from a number of
deep borings. Compilation has been made from Sorgenfrei and Buch (1964)
and Dinesen (1971, 1973). The surface of the pre-Rhaetic Keuper was used
as base-line.

Some features of the regional development which may be seen from the
figures will be pointed out briefly.

The deep structure (The North German Basin, The Ringkgbing-Fyn
High, The Danish Embayment, The Fennoscandian Border Zone) is clearly
reflected.

The southernmost borings represent the conditions in the northern parts
of the North German Basin. Here Triassic is found resting on Permian de-
posits. The Bunter, which makes up a considerable part of the sequence,
contains a well developed horizon with evaporites, referred to the Rot.
Muschelkalk is represented by marine deposits which in the Rgdby 1 boring
are fossiliferous (Sorgenfrei & Buch, 1964). To the east the Keuper depo-
sits, which are mainly claystones, are rather thin. In the western part the
thickness increases and beds of sandstone occur as intercalations in the
clayey sequence.

From the North German Basin the thickness of the Triassic sequence de-
creases towards the Ringkgbing-Fyn High where in the most elevated parts
Precambrian gneisses form the substrate.

In the Danish Embayment a very thick sequence of Triassic deposits were
laid down on a substrate of Permian sediments. The stratigraphic subdivision
seems to be reliable as far as the southern parts are concerned as here parts
of the sections are referred to Muschelkalk. In the central parts of the
Danish Embayment the subdivision is less certain, as no beds are referred to
Muschelkalk with certainty. According to Sorgenfrei (1969) and Dinesen
(1971) the thick salt layers may correspond completely or partially to the
German Muschelkalk, but this has not yet been verified.

Towards the Fennoscandian Border Zone the Triassic sequence thins out
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Table 1. Localization of analysed samples. Depths are below rotary table.

Sample no. Boring Core depth
1 Skagen 2 1850'-1860"
2 » 1960'-1967"
3 Frederikshavn City 1 34503460’
4 » 3460-3470"
5 Frederikshavn City 2 3175-3178'
6 » 3380'-3386’
7 » 34483468’
8 Flyvbjerg 1 1483 —1489 m
9 Tonder By 1 35273537

10 » 7053’-7056’
11 Rgdby 1 22372257
12 » 2301'-2314"
13 » 37753790’
14 » 4486'-4506’

Table 2. Composition of non-opaque heavy-mineral fraction.

g £ 2 RS-
s 5 o, % E 2 2 % 3 g =2 ¢
& 8§ £ % 5 &8 § § g =2 § &
b .= = S o = > < < o, ) o)
7] N ~ < = = M 7] Q 43 et o
1 9 9 - 8 6 1 i 16 42 6 2
2 i 3 - 4 19 — - 67 3 + 3
3 17 12 - 9 37 - 24 1 - -
4 15 8 —_ 9 24 — - 43 1 - -
5 78 (84 2 il 3 - - 2 1 -
6 9 1 - 2 17 - - 71 - - -
7 19 - 1 5 36 — — 39 - - -
8 43 20 8 11 - - - 17 - - 1
9 1 7 - 19 43 - <} 27 - - 3
10 37 4 — 8 - - - 51 - - —
11 36 20 I 22 - 1 8 7 1 - 4
12 14 28 6 42 - 2 = 6 - - 2
13 34 5 - I - - - 52 - - -
14 17 4 3 20 - - 52 - - —

rapidly. Here coarse arkoses are found directly on the Precambrian base-
ment, and Keuper-clays overly these arkoses, which are clearly a marginal
facies, probably corresponding to the Kagerod Formation in Skane
(Sweden) (Troedsson, 1942). Therefore these rocks are referred to the
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Triassic, although it must be stressed that the age of the arkoses is not
clarified.

As mentioned, the 14 samples represent a very limited part of the Triassic
sequence. Furthermore, as seen from figs. 1 a and 1 b, only the northern-
most and southernmost regions of the depositional area in Denmark are
represented by samples. The localization of the individual samples is shown
in table 1.

The heavy-mineral analyses

Heavy-mineral analyses have been made on the grain-size fraction 75-250
um from which the heavy-minerals were separated by means of bromoform
(S.G. = 2.89). Upon mounting in Clearax (R.I. = 1.666) the composition
of the non-opaque fraction was estimated by counting 200 mineral grains
from each sample. The results of the analyses are shown in table 2.

Geological interpretation of the heavy-mineral analyses

The heavy-mineral analyses of table 2 reveal some features of the genetic
history of the sediments. These features are discussed below.

1. Bunter

Bunter is represented by analyses from the borings T¢nder By 1 and Rgdby
1. In the map (fig. 2) these analyses have been put together with comparable
analyses from Helgoland and Schwedeneck in Germany (Sindowski, 1957)
and Hollviken in Sweden (Brotzen, 1950). Referring to figs. 1 a and 1 b
the stratigraphic position of the samples from the Danish localities is
assumed to be lower and middle Bunter as they occur below the evaporite
horizon referred to the Rot. The German occurences represent middle
Bunter (Sindowski, 1957). The material from Hollviken represents the
upper part of the Bunter sequence.

As seen from fig. 2 the heavy-mineral associations from Helgoland, Tgn-
der, Schwedeneck and Rgdby are so alike that they must be assumed to
represent a continuous heavy-mineral province, which might be called the
“Garnet province” as garnet constitutes more than 50 /s of the non-opaqe
heavy-minerals. The stable minerals zircon, rutile and tourmaline constitute
the remaining part of the associations.

To the south in the German Triassic basin the sediments have been
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supplied mainly from southerly and easterly directions. Here the heavy-
mineral associations are of more miscellaneous composition. As a rule the
stable minerals dominate while garnet is represented in rather small amounts
(Sindowski, 1957). According to Heim (1966) apatite is a characteristic
component in parts of the German Bunter.

These features indicate that the “Garnet province” is genetically un-
related to the southernmost occurences and as suggested by Sindowski
(1957) the material is assumed to be of northern origin. The source area
may have been parts of the Ringkgbing-Fyn High and/or Fennoscandia.

Concerning the nature of the source area it is a question whether it was
dominated by older sediments or by crystalline basement rocks. The nature
of the grain texture may yield conclusive evidence in this connection. It
should be mentioned that according to Heim (1966) many of the garnets
from parts of the middle Bunter of Helgoland are large idiomorphic grains.
In the Danish material wearing of the garnets is not pronounced. This indi-
cates that the material has not been reworked and so probably does not
originate from old sediments but from basement rocks.

According to Noe-Nygaard (1963) the basement rocks of the Ring-
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Fig. 2. Location and heavy-mineral associations of samples from the Bunter. The
analyses from Helgoland and Schwedeneck are given by Sindowski (1957), the analysis
from Hollviken by Brotzen (1950).
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kgbing-Fyn High as known from a few borings do not contain garnet in
appreciable amounts. Only in the Arnum boring was a block of garnet-
hornblende-biotite gneiss found, indicating that garnet-bearing basement is
present in the vicinity of this locality. Considering that this is the only
occurence of garnet-bearing basement rocks from the Ringkgbing-Fyn High
known at present and that considerable parts of the High were already
covered in early Bunter time (cf. Grindsted 1) it seems unlikely that the
rather widespred “Garnet province” originated from the Ringkgbing-Fyn
High. Furthermore it should be mentioned that the Rhaetic heavy-mineral
associations, which according to the distribution of sedimentary facies must
be assumed to have originated from the High, only contain small amounts
of garnet (Larsen, 1966).

Thus it is suggested that the Fennoscandian Shield was source area for
the “Garnet province” of the Bunter. However a more precise specification
is hardly possible. On the other hand it should be mentioned that an
almost identical heavy-mineral association is found in the Rhaetic of the
Gassum 1 boring (Larsen, 1966). This might reflect that the source area
of the “Garnet province” was of considerable extent. It is unlikely that the
heavy-mineral associations of the sediments reflect the composition of the
source area directly as some of the less stable minerals (e.g. hornblende)
may have been removed during the genesis of the sediments, either by
weathering or by later diagenesis.

To illustrate the effects of diagenesis it should be mentioned that the
garnet grains generally are only slightly corroded, and some completely
non-corroded grains are still present. Considering the great depth of the
samples (sample no. 10: 7053’-7056’) this feature seems surprising. In
comparison to this, sediments from corresponding depth within the Danish
Embayment display evidence of very intense diagenetic mineral destruction
(Larsen, 1970).

So far only the “Garnet province” has been discussed. As seen from
fig. 2 the heavy-mineral association of Hollviken strongly diverges from the
homogenous “Garnet province”. This is probably explained by the position
of this locality, close to the margin of the Bunter depositional basin. In
this marginal position the locally exposed source rocks may have influenced
the composition of the sediments radically, as also proposed by Brotzen
(1950).

2. Triassic marginal facies against Fennoscandia

The coarse arkose in northern Jylland (fig. 1 a) is interpreted as a marginal
facies of the Triassic basin. Probably such a marginal facies is developed

40 D.G.U. arbog 1974



Larsen & Friis: Heavy-mineral associations

along the entire border zone between the basin and the Fennoscandian
source area, cf. the Kageréd Formation in Skane (Sweden).

Analyses from Skagen and Frederikshavn, together with analyses repre-
senting the Kageréd Formation at Ottarp, Skromberga and Hollviken are
presented on the map (fig. 3). The analysis from Hollviken is given by
Brotzen (1950).

A distinctive feature of the occurences in northern Jylland is the large
amount of titanite. In the material from Skane the extremely high content
of garnet at Ottarp and Skromberga is remarkable, and the differences
between the Danish and the Swedish arkoses are conspicuous. However this
is to be expected of a coarse marginal arkose formed by detritus of mainly
locally exposed rocks.

Both old sediments and basement rocks are known to have been exposed
in the source area of the Kégerdd Formation (Troedsson, 1942). However
the heavy-mineral associations show no sure signs of contributions from

L
FENNOSCAND]A
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Fig. 3. Location and heavy-mineral associations of samples from the Triassic marginal
facies. The analysis from Hollviken is given by Brotzen (1950). (See fig. 2 for legend
to the heavy-mineral diagrams).
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recycled older sediments. This may indicate that the supply from older sedi-
ments was very poor in heavy-minerals.

Also the material from northern Jylland seems to originate mainly from
basement rocks. Garnets without signs of wear, some of them idiomorphic
(plate 2, A) are presumed to have been derived directly from the crystal-
line rocks. This feature is most pronounced in the Skagen boring. Some of
the zircons, tourmalines and garnets are rounded, especially in the Frede-
rikshavn boring, indicating that parts of the material is recycled sediments.
The large content of titanite is a peculiar feature which probably indicates
a crystalline parent material, though the grain texture indicates that the
original grain surfaces have been strongly modified by corrosion (plate 2,
B). Not only titanites are corroded. Etched epidotes (plate 2, C-E) and
staurolites have also been found from the Frederikshavn boring. In contrast
to the Frederikshavn material epidote is found to be quite fresh in the
Skagen material. Furthermore garnets from both borings are corroded to
variable degrees. Compared to the Skagen boring the Frederikshavn boring
generally shows evidence of a more intense diagenetic dissolution. As the
Frederikshavn material occurs at greater depth than the Skagen material,
this feature is in agreement with the general situation in the Danish Embay-
ment where the intensity of diagenetic dissolution increases with depth
(Larsen, 1970).

3. Keuper

From the Keuper sequence heavy-mineral analyses have been made on
samples from Skagen, Frederikshavn, Flyvbjerg, Rgdby and Tgnder. All
analyses refer to more or less sandy beds in the otherwise mainly clayey
deposits. These analyses are shown in the map (fig. 4) which also gives an
analysis of kaolinitic sand from Julegaard on Bornholm (Gry, 1936).

It is clear from the figure that the heavy-mineral associations are rather
different from one region to another. The possible origin of the individual
associations is discussed below.

The Skagen association is dominated by unstable minerals with epidote as
the main component. This association is very close to that of the over-
lying Rhaetic beds (Larsen, 1966). Supported by information from the
distribution of sedimentary facies, the Rhaetic association was assumed to
originate from an area of Fennoscandia localized E or NE of Skagen. The
same origin is suggested for the present material. The source area was
probably a gneiss-complex of mainly intermediate metamorphic facies. Dur-
ing disintegration in the source area the influence of chemical weathering
obviously was very small. Neither did diagenetic processes change the
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Fig. 4. Location and heavy-mineral association of samples from the pre-Rhaetic Keuper.
The analysis from Julegaard (Bornholm) is given by Gry (1936). (See fig. 2 for legend
to the heavy-mineral diagrams).

mineralogical composition appreciably as only few mineral grains are slightly
corroded. At Frederikshavn a stable, zircon dominated association is found.
The association from Flyvbjerg is very similar as it is also dominated by the
stable minerals, although to a lesser degree. These associations may be
regarded as the result of excessive chemical dissolution during weathering
and/or diagenesis. The study of Rhaetic-Jurassic-Lower Cretaceous sedi-
ments demonstrated that intensive diagenetic destruction of heavy-minerals
also dominates in the deeper parts in northern Jylland (Larsen, 1966,
1970). In this connection it is assumed that the strong dominance of stable
heavy-minerals in Frederikshavn and Flyvbjerg was caused mainly by dia-
genetic dissolution. Furthermore it should be pointed out that zircon occur
more frequently than tourmaline. This feature is common to the Rhaetic-
Liassic associations in the entire northern Jylland (Larsen, 1966, fig. 41).
This may suggest the outline of an extensive northern Keuper-Rhaetic-
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Liassic heavy-mineral province in which the original uniform composition
has been modified by subsequent diagenetic dissolution.

The occurence of kyanite and staurolite in the Keuper-association of Born-
holm demonstrates that the material was derived from a source area outside
Bornholm (Gry, 1936).

The heavy-mineral associations in Rgdby are very similar to those of the
Rhaetic-Liassic deposits above (Larsen, 1966). Refering to the distribution
of sedimentary facies in the Rhaetic deposits, these sediments were inter-
preted as being recycled from older sediments exposed on the Ringkgbing-
Fyn High. The Keuper-association probably originated from the same sedi-
mentary source area. Thus a southern Danish heavy-mineral province seems
to exist, reflecting a co