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The Rhactic — Jurassic— Lower Cretaceous sediments from the Bgrglum 1 and Uglev 1 wells have been in-
vestigated by coal petrographical methods to evaluate their hydrocarbon source rock potential. The met-
hods include vitrinite reflectance analyses of maturity, optical qualitative rating of the composition of the
dispersed organic matter in the sediments, along with an estimation of the total organic carbon content of
the sediments. :

The composition of the sedimentary organic matter is highly influenced by the palaeogeographic condi-
tions. In the Borglum 1 well the organic material is dominated by land-derived (mainly gas-prone) plant
matter; this is also the case for the marine sediments due to introduction of plant material from the adja-
cent Fennoscandian Border Zone. The sediments in Uglev 1 also have a high content of terrestrial plant
material, although there is more marine dominated (oil-prone) organic matter in the deposits of the
Bream Formation.

The most promising conditions for generation of liquid hydrocarbons have been found in the Bream
Formation in Uglev 1, but the investigated sediments are generally thermally immature, with a restricted
potential for hydrocarbon generation.

The rank gradient for Uglev 1 (0.20 % Ro/km), which is situated over a deep-seated salt diapir is more
than three times that of Bgrglum 1 (0.06 % Ro/km), which is placed more marginally in the Danish Sub-
basin. This is attributed to differences in the geothermal gradients (Bgrglum 1: 19°C/km, Uglev 1: 32 and
37°C/km, uncorrected).
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Introduction

Oil and gas is formed from the disseminated or-
ganic matter .in sedimentary rocks by complex
physico-chemical reactions (Philippi 1965, Dow
1977).

During burial, organic matter matures with in-
creasing temperature and duration of heating,
and provided that the organic matter in the sed-
iment makes up an adequate amount and has a
suitable composition, it will be able to generate
and release oil or gas at an appropriate depth.

Since disseminated organic particles in sed-
iments principally consist of the same compo-
nents as coal, and the biochemical and geochem-
ical reactions during maturation of the organic
matter are analogous to coalification processes
(Stach et al. 1975, Dow 1977), coal petrograph-

- ical nomenclature can be used.
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Teichmiiller & Teichmiiller (1958) discussed
the relationship between coal rank and gener-
ation of oil and gas, and since then coal petro-
graphical methods have been widely used for ma-
turation analysis of dispersed organic matter.
Huminite/vitrinite reflectance is today the most
widely used optical technique for determining
maturity (Tissot & Welte 1978, Stach et al. 1975,
1982, Durand 1980, Hunt 1979 a.o0.). For the de-
scription of the coal components of the organic
particles in the sediments see appendix I.

In Denmark, Rhaetic — Jurassic — Lower Cre-
taceous deposits are especially interesting con-
cerning possible oil and gas occurrences because
of their often large content of organic matter,

~ thickness and good reservoir properties. Com-

parison with areas adjacent to Denmark indicates
that the most likely source rocks are shales of Ju-
rassic and Early Cretaceous age (Schott 1982).

.
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The principal source rock of the North Sea is of
late Jurassic — Early Cretaceous age, known as
the Kimmeridge Clay Formation and its lateral
equivalents, the Barglum Member of the Bream
Formation in the Norwegian Danish Basin (Bar-
nard & Cooper 1981) and the J—4 unit in the Cen-
tral Graben (Michelsen et al. 1982).

Source rock analyses of Rhaetic — Jurassic —
Lower Cretaceous deposits from the Danish on-
shore area outside the basinal depocentre in
North Jutland with the greatest sedimentary se-
quences and many saltdiapirs have been carried
out by Thomsen (1980), Lindgreen & Thomsen
(1982) and Thomsen et al. (1983) using miner-
alogical, coal petrographical and organochemical
methods. They showed that deposits from this se-
quence are premature — immature with respect to
oil generation and dominated by unfavourable
types of organic matter in the premature inter-
vals.

The purpose of this investigation is to evaluate
the hydrocarbon potential of equivalent deposits
from two onshore wells, Bgrglum 1 and Uglev 1,
which have not been previously investigated.

Geology

Concerning the regional geological and strat-
igraphical aspects and environments of deposi-
tion of the Mesozoic sequence in the Danish
area, reference is made to the papers by Larsen
(1966), Christensen (1974), Michelsen 1975,
1978), Bertelsen (1978, 1980) and Koch (1983).
The locations of the Bgrglum 1 and Uglev 1
wells in the Danish Subbasin are shown in figure
1. Well data are published by Sorgenfrei & Buch
(1964) and in the Well Data Summary Sheets vol.
2 (1981). A brief characterization of the sedimen-
tary sequences in the wells is presented below.

Bgrglum 1

The well has been drilled to a depth of 1254 m
into the Gassum Formation. This formation
(here represented by at least 155 m) is diachro-
nous from Upper Triassic to late Sinemurian
(Bertelsen 1978, 1980), but in this marginal north
eastern part of the basin it is mainly of Lower Ju-
rassic age. The deposits are dominated by light
grey sand- and siltstones, interbedded with clays-
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tone, deposited in a deltaic to shallow-water litto-
ral environment. Scattered lignite particles and
coal beds occur (Bertelsen 1978, 1980). The over-
lying Lower Jurassic Fjerritslev Formation (296
m thick) consists mainly of marine claystone and
shale, representing changing energy levels on the
marine shelf. The formation can be subdivided
into four members (Michelsen 1978). In this sec-
tion the sediments are relatively coarse grained,
locally with a rather high content of silt and sand.
The uppermost part in particular consists of
coarse grained fluviatile deposits which interfin-
ger with the subsequent Haldager Formation
(Michelsen, pers. comm.). The Haldager Forma-
tion (63 m) is of Middle Jurassic to Oxfordian
age. The lower part (Haldager Sand Member)
consists of deltaic coarse grained deposits con-
taining carbonized plant remains and coal inter-
bedded with thin layers of claystone. The upper
part (Flyvbjerg Member) consists of marine het-
erolithic shallow water sediments (Michelsen
1978)). The Bream Formation (241) is of Upper
Jurassic to lowermost Lower Cretaceous age and
comprises low energy marine sediments, deposi-
ted on the deeper part of the shelf (Bgrglum
Member) overlain by high energy near shore sed-
iments (Frederikshavn Member) (Michelsen
1978). In this section low energy conditions ex-
isted briefly followed by littoral/deltaic condi-
tions. The deltaic/littoral nature of these depos-
its, formerly known as the “Skagen Delta” in the
northern part of Jutland (Larsen 1966), is clearly
reflected by the rather coarse grained nature of
the glauconite-bearing sediments which contain
lignite and thin coal beds. The overlying Vedsted
Formation (283 m) is of Lower Cretaceous age
and consists of marine claystone and siltstone
(Larsen 1966). Sandy intercalations also occur in
this part of the section.

Uglev 1

This well is situated more centrally in the Danish
Subbasin. It has been drilled to a depth of 1240 m
into a salt diapir whose caprock has been pierced
at a depth of 943 m. Triassic and Lower Jurassic
deposits are missing due to halokinetic move-
ments (Larsen 1966). The caprock is overlain by
the Haldager Formation (Michelsen 1978) (61 m)
which is fractured and shows vertical clay-slick-
ensides in response to the halokinetic move-
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Fig. 1. Location map (modified from O. Michelsen 1978).

ments. The formation is subdivided into two
members. The lower (Haldager Sand Member)
comprises fluviatile/deltaic sand and siltstone in-
terbedded with thin layers of claystone. Lignite
particles, thin coal beds and local root horizons
are observed in this section. The upper (Flyv--
bjerg Member) consists of marine heterolithic

16*

shallow water sediments. The Bream Formation
(69 m) is thinner than the general regional thick-
ness of 125 m (Michelsen 1978). Whether this is
due to synsedimentary salt movement or to later
erosion can not be established (Larsen 1966).
The formation has not been subdivided because
it does not show the typical development de-
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scribed by Michelsen (1978). The sediments con-
sist of dark marine claystone and shale. The over-
lying Vedsted Formation (278 m) consists of uni-
form dark marine claystone with a low content of
silt. The formation is more fine grained here than
in Bgrglum 1.

Materials and methods

The investigation is based on the core material
available from the Rhaetic — Jurassic — Lower
Cretaceous sequence in the wells Bgrglum 1 and
Uglev 1, where the intervals between the cores
determined the frequency of sampling. '

For carbon analysis 26 samples were taken
from Berglum 1 and 16 samples from Uglev 1 (ta-
ble 1). For the optical analysis only one sample
per core was selected from horizons with the
highest organic matter content.

The amount of organic matter is expressed as
the total organic carbon content in the samples.
The total carbon content was calculated from the
CO, formed by combustion of finely ground sam-
ples in a Leco-induction furnace. The total or-
ganic carbon is determined in a similar way after

 pretreating the pulverised samples with hot, con-
centrated hydrochloric acid to remove any carbo-
nates present (Tissot & Welte 1978).

For the optical investigations, core samples are
crushed to a 2-5 mm size to obtain representative
whole rock samples. The crushed rock chips are

. imbedded in Araldite which hardens without
heating, ground and finally polished with Ton-
erde 1 and 3 (Jean Wirtz, Diisseldorf).

The type of organic matter was rated qualita-
tively using normal reflected light supplemented
with observations of the blue light induced fluo-
rescence. Maturity og the organic matter was
evaluated by huminite/vitrinite reflectance meas-
urements. A description on methods and instru-
ments is presented in the appendix II.

Results and Discussion
Amount of organic matter )
“Total carbon and total organic carbon data are

presented in table 1. It is generally considered
that an organic carbon content of 0.5% repre-
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sents a lower limit for a source rock to generate a -
significant amount of hydrocarbons (Ronov 1958,
Tissot & Welte 1978). Most samples in this study,
with a few exceptions mainly from the Vedsted
and Gassum Formations, seem to comply with
that requirement. However, the stated amounts
can not be considered as mean values for the core
intervals of formations in question; they repre-
sent point measurements with large interspaces,
and several samples were selected on a basis of
assumed maximum organic content.

The quality of organic matter in the sediments
depends on the interaction between a number of
factors like organic productivity, accumulation
rate and degree of preservation of the organic
matter (Dow 1977b, Demaison & Moore 1980),
which have been highly variable in the sediments
investigated here.

. The sediment samples from the Gassum For-
mation show a very variable content of organic
carbon (from 0.11 to 3.65% organic carbon) that
reflect rapidly changing sedimentary conditions
in the fluviatile/deltaic environment (Bertelsen
1978, 1980). The sediments consist mainly of
clean sandstone with very low contents of car-
bon, but thin beds of carbonaceous sandstone oc-
cur (Bg 26) with carbonized plant detritus and
lignite particles. The thin, dark shale sequences
(B¢ 29) have a somewhat higher content of or-
ganic carbon. Large variations in the carbon con-
tens of deltaic sediments, with up to four times
more organic carbon in the clay-rich parts than in
sandy channels have been noted by Huc (1980).

A large variation in the carbon values is also
found in the samples from the Haldager Forma-
tion in both wells: Bg 8: 0.55% to B¢ 10: 10.27%
and Ug 36: 0.74% to Ug 39: 6.78%, which like-
wise were deposited in a deltaic, locally non-ma-
rine environment (Michelsen 1978, Koch 1983).
Thin coal beds and lignitic horizons again indi-
cate high production, or supply of organic mate-
rials from other areas, and often excellent con-
servation under lowenergy, anoxic conditions.
However, the sediments are very inhomogeneous
and the organic matter is irregularly distributed.

Carbon values from claystone and shale sam-
ples from the marine Fjerritslev, Bream and
Vedsted Formations show less fluction and values
for organic carbon mainly lie between 0.5 and

+1.5%. As the sediments are more homogenous,

these analyses are considered representative for
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Table 1.
Core
interval
Lithostratigraphy (ft.b.KB) Sample TC TOC
Vedsted Formation 1800°-1820’ Bo 1 0.97 0.84
- - 2018"-2038’ Bg 2 3.03 0.79
- - 22602280’ B¢ 3 2.15 0.53
Bream Formation (Fr. M) 2505'-2525' Bo 4 0.50 0.46
- - - 2750'-2770' Bs 5 1.54 1.35
- - - 3000-3010’ Bg 6 1.84 1.24
- - (Bs. M) 3235'-3255" Be 7 1.12 0.76
Haldager Form. (F1. M) 3361'-3370" Bg 8 - 3.22 0.55
- - - 3423'-3433' Bs 9 2.87 2.79
- - (H.S. M) 3433'-3439' Bo 10 9.78 10.27
Fjerritslev Form. M.F-4) 3655"-3675" Bg 11 0.69 0.61
- - -—— 3655'-3675' Be 12 0.71 0.65
- - —— 3874'-3884' Bp 13 0.43 0.41
- - -—— 38743884’ Bg 14 1.44 0.17
- - (M.F-3) 4095'—4105' Bp 15 1.29 1.08
- - M.F-2) 4294'4316' Bo 16 2.03 0.86
- - M.F-1) 4494'4513' Bo 17 1.58 1.27
Gassum Formation 4494'—4513' Bp 18 0.65 0.46
- - 4697'-4717" Bo 19 1.72 1.69
- - 46974717 Bg 20 0.53 0.48
- - 4798'-4815' Bp 2l 2.32 0.31 .
- - 4798'-4815' Bo 22 1.50 1.41
- - 4900'—4918’ Bg 23 0.88 0.85
- - 4900'—4918’ Bg 24 0.12 0.13
- - 4990°-5010' Bp 25 1.13 0.11
- - 4990'-5010' Bg 26 3.90 3.65
Vedsted Formation 1780'-1800 - Ug?27 0.82 0.13
- - 1780°'-1800" Ug 28 1.04 0.50
- - 2145'-2165" Ug29 2.69 0.48
- - 2268'-2288' Ug 30 0.56 0.42
- - 2329'-2349' Ug3l 0.46 0.39
- - 2450°-2470' Ug32 0.78 0.69
- - 2570°-2590 Ug33 1.36 1.06
Bream Formation 2690'-2710' Ug 34 3.01 1.04
- - 28102830’ Ug35 3.46 3.01
Haldager Form. (F1. M) 2930'-2950" Ug 36 0.82 0.74
- - - 2930°-2950 Ug 37 5.44 5.16
- - (H.S. M) 3010"-3030' Ug38 4.10 4.17
- - - 30103030’ Ug 39 6.52 6.78
- - - 3010"-3030" Ug40*
- - -—— 3070'-3090 Ug4l 0.84 0.77
- - -—— 3090'-3110 Ug42 1.60 1.48

TC: Total carbon (weight percent).
TOC: Total organic carbon (weight percent).
*: not determined.

larger intervals. The highest value, 3.5% organic
carbon, is from Ug 35 in the Bream Formation,
whereas the sediments of the Vedsted Formation
in Uglev 1 have comparatively low contents of or-
ganic carbon, with values below 0.5% organic
carbon in the upper part (Ug 27-31), which is of
the same sediment type as the underlying Bream
Formation. The content of organic carbon thus
apparently decreases upwards from the Bream
through the Vedsted Formation in Uglev 1, which

possibly indicated changes in the interaction be-
tween depositional rate of mineral particles and
production of organic matter.

The tendency for organic carbon content in
fine grained sediments is well known for both old
rocks (Hunt 1972, Ronov 1958, Bitterli 1963) and
recent sediments (Thomas et al. 1972). The se-
lective choice of samples makes it difficult to
draw significant conclusions about this relation-
ship here.
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Compared with values of total organic carbon
in the Late Jurassic — Early Cretaceous source
rocks from the North Sea area, the carbon values
recorded in equivalent deposits in this study are
low. Weighted average values of organic carbon
for a section of black shales from the Kimme-
ridge Clay Formation are usually between 5%
and 10%, with extremes of 1% and 30% (Bar-
nard & Cooper 1981), but the values vary rapidly
both vertically and laterally, tending to higher
values in graben depocentres. Depositional
and/or preservational conditions in the investi-
gated wells Bgrglum 1 and Uglev 1 were appar-
ently less favourable.

Type of organic matter

Estimations of the composition of the organic
matter are only based on the rating of the relative
amounts of huminite/vitrinite, inertinite and lipti-
nite/exinite, the latter identified using blue light
induced fluorescence (Stach et al. 1975, 1982).
Therefore, and because of the limited number of
samples investigated, only tentative conclusions
concerning the hydrocarbon potential are permit-
ted.

Land-derived organic matter is generally found
in near-shore areas and deltas, while phytoplan-
kton represents the main source of organic mat-
ter in marine sediments, as noted by many au-
thors (Dow 1977b, Tissot & Welte 1978, Bostick
1979, Brooks 1980, Huc 1980 a.o.). This is also
valid for the composition of the organic matter
encountered in the Danish Subbasin {Lindgreen
& Thomsen 1982).

The organic matter in the deltaic/fluviatile sed-
iments from the Gassum Formation (in Bgrglum
1) is dominated by terrestrial huminite/vitrinite.
This is clearly seen in the sandstone samples (Bg
26, Bg 22) which contain only very few terrestrial
liptinite particles as cutinite and sporinite, and al-
most no inertinite. In the shaly samples (Bg 19,
B¢ 23) the composition is more variable but diffi-
cult to estimate because of the small size of the
particles. The humic composition of the organic
matter has only a low potential for liquid hydro-
carbons but a definite potential for gas.

The organic matter in the sediments from the

_Fjerritslev Formation also contains a large ter-
restrial component. Huminite/vitrinite macerals
dominate, but many of the particles are re-
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worked, especially in Bg 13, but also to some ex-
tent in B 15 and B¢ 16. The same tendency has
been observed by Lindgreen & Thomsen (1982).
This can possibly be attributed to the near shore
depositional environment, with oxidation of the
land derived plant material occurring during
transport or bioturbation (Hood & Castano
1974). Bituminite is the dominant liptinite mac-
eral (particularly in Bg 12) though it has a lower
absolute abundance. The hydrocarbon potential
is therefore difficult to estimate. The hydrocar-
bon potential can be reduced because of the large
content of reworked huminite/vitrinite, while the
locally observed content of bituminite implies a
good oil potential.

Samples from the deltaic/littoral sediments
from the Haldager Formation are characterized
by non-marine conditions, as seen in Ug 40
where exclusively autochtonous huminite/vitri-
nite (rootlets) are observed. As in the Gassum
Formation all the samples are dominated by large
huminite/vitrinite particles, but often with a
higher content of terrestrial liptinites, especially
of cutinite fragments and sporinite (in Bg 10, Bg
8, Ug 36), while other liptinite macerals are rare.
In B¢ 10 cutinite is even seen associated with flu-
orinite. Inertinite and reworked huminite/vitri-
nite are observed in large amounts in B¢ 10, oth-
erwise the inertinite content is minor. The hydro-
carbon potential must mainly be gas, though the
relatively large content of liptinite can locally
contribute with waxy oil components in the
higher molecular weight range (Tissot & Welte
1978).

In the Bream Formation deposits the composi-
tion of the organic matter is different in the two
wells. In Borglum 1 marine sediments from the
lower part of the formation (B¢ 7 — Bgrglum
Member, Bd 6 — Frederikshavn Member) contain
huminite/vitrinite and liptinite in about equal

“amounts. The relatively high content of liptinites

is dominated by small fragments of liptinite (lip-
todetrinite), possibly marine singlecelled algae
(Teichmiiller & Ottenjann 1977). The upper part
of the formation, comprising deltaic sediments
(B¢ 4, Bo 5 — Frederikshavn Member), is, like
the sediments in the Haldager Formation, and es-
pecially the Gassum Formation, dominated by
terrestrial organic matter, principally again large
huminite/vitrinite particles with small amounts of
liptinite (cutinite, sporinite). In Uglev 1 samples
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from the Bream Formation are unambiguously
dominated by liptinite, seen as bituminite with a
finely dispersed streaky appearance in the sed-
iments (especially Ug 35). In Ug 35 even the sed-
imentary matrix is fluorescent, due to lipoid sub-
stances adsorbed to the clay minerals (Teich-
miiller & Ottenjann 1977}. According to
Teichmiiller (1982) the liptinite macerals bitumi-
nite, alginite, liptodetrinite and resinite are par-
ticularly good precursors for oil, and bituminite
is the predominant maceral of oil source rocks.
The potential for both oil and gas is consequently
rated high in the sediments comprising the ma-
rine claystones in the lower part of this forma-
tion. As the huminite/vitrinite content is rather
high in the Bgrglum 1 deposits the most promis-
ing source-rock potential with respect to oil gen-
eration is in the organic-rich sediments from Ug-
lev 1. The dominant maceral bituminite resem-
bles the brown, fluorescent, structureless organic
matter (sometimes associated with minor mac-
erals such as reworked vitrinite and/or liptinites)
seen in bacterially derived source rocks (Gutjahr
1983). The Kimmeridgian oil source rocks of the
North Sea belongs to this source rock gréup.

In the Vedsted Formation the composition of
the organic matter is uniform (especially in Uglev
1) and characterized by a low content of organic
particles, in accordance with the carbon analyses.
Quantitative rating of the maceral types is there-
fore difficult, generally consisting of huminite/vi-
trinite with a somewhat varying content (espe-
cially in Bgrglum 1) of liptinite. Many huminite//
vitrinite particles show a clear evidence of re-
working with rounded edges, oxidation rims and
drying cracks. Because of the low content of or-
ganic matter and extensive oxidation the hydro-
carbon potential is considered to be low.

The distribution of the various maceral types
described above is in good agreement with that
found by Lindgreen & Thomsen (1982) who sup-
port their results with organo-chemical analyses.

Maturity

The result of the vitrinite reflectance analysis is
shown in figs. 2 and 3. The mean values og R,
(average of the lowest reflecting huminite/vitri-
nite population chosen as the indigenous auto-
chtonous material for the series of measurements
for each sample) are plotted against depth, giving

a so-called maturation profile for each welil (Dow
1977). Reflectance measurements were not made
on samples Bg 13, Bg 26 and Ug 29. The organic
matter in Bg 13 consists almost solely of recycled
huminite/vitrinite. The content of organic mate-
rial is very low in Ug 29 and particles are too
small for reliable measurements. Bg 26 exclu-
sively contains a very low Tteflecting ulminite
“A”-type (Stach et al. 1975) unsuitable for rank
determination. Only mean random reflectance
measurements have been recorded and the ani-
sotropy, which increases with rank but first be-
comes pronounced above approximately 1.2%
R,, has been neglected (Stach et al. 1975, Tissot
& Welte 1978). Preliminary investigation showed
that particles with reflectance values above 1.2%
R, were reworked in all samples.

The chemical reactions responsible for matu-
ration of the organic matter are governed primar-
ily by rise of temperature and the time during
which this occurs, while pressure retards the
chemical reactions (Stach et al. 1975, 1982).
These reactions vary linearly with time and in-
crease exponentially with temperature (Phillippi
1965, Dow 1977). An exponential increase in ma-
turity as expressed by vitrinite reflectance with
depth is therefore predictable (assuming a con-
stant geothermal gradient) (Dow 1977). At re-
flectance values below 0.6% R, semilogaritmic
and linear plots of the variation of these values
against depth will coincide, and only linear re-
gression analysis has been undertaken, giving the
rank gradient from each well. Computation of re-
gression is performed by the method of least
squares.

The results show a high degree of correlation
with increasing reflectance of 0.06% R /km (r =
0.91) in Bgrglum 1 and 0.20% R/km (r = 0.79)
in Uglev 1. In Bgrglum 1 the line intersects the
surface at 0.38% R, whereas in Uglev 1 it inter-
sects the surface at 0.30 R,. The reason for the
values being above 0.18-0.20% R, which are the
lowest measurements obtained in low rank hu-
minite material, may be that the area ceased to
be a major depositional area during Upper Cre-
taceous times and that part of the upper succes-
sion of strata has been removed by later glacial
erosion. Another possibility for this may be dif-
ferential movements in Upper Cretaceous — Ter-
tiary or salt movements.

Since it is generally accepted that coalification
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Fig. 2 & 3. Plot of huminite/vitrinite reflectance values against depth and calculated rank gradient. H. S. M. = Haldager Sand Mem-
ber, Fl. M. = Flyvbjerg Member, B. M. = Bgrglum Member.
(The lithology is modified from G. Larsen 1966 and O. Michelsen 1978).
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is mainly a result of the temperature to which the
sediments were exposed, the geothermal gra-
dient, or more precisely the heat flow, is, in addi-
tion to the depth of burial, decisive for the matu-
rity attained (Teichmiiller & Teichmiiller 1966;
Doebl et al. 1974). Changes in geothermal condi-
tions in an area during burial history can be
traced as irregularities in reflection profiles
(Robert 1980, Dow 1977).

In the Danish area the geothermal conditions
and their regional variations have been described
by, amongst others Madsen (1975, 1977), Balling
(1978, 1979) and Michelsen et al. (1981) who
used bottom hole temperatures from a series of
deep boreholes. Their investigations show that
the highest temperatures are found in those parts
~of North Jutland where the thickest sequences of
sedimentary rocks occur and that the temper-
ature decreases above the Ringkgbing-Fyn High
and towards the Fennoscandian Border Zone.
Computations yield an average value of 23.5°C/
km (uncorrected) for the geothermal gradient in
Denmark (Madsen 1975, 1977).

In the regional investigation of rank condi-
tions, Thomsen et al. (1983) determined the rank
gradient in several boreholes in the Danish Sub-
basin and compared these with the geothermal
gradients. In this way a minimum average value
for regions outside the basinal depocentre has
been determined to be 0.09% R/km for the
Rhaetic — Jurassic — Early Cretaceous sequence.
Similar results with rank gradients of 0.06-0.09%
R/km for geothermal gradients of 23-25°C/ km
have been estimated for Mesozoic-Cenozoic mo-
lasse sediments in the Alpine foredeep (Stach et
al. 1982).

A rank gradient of 0.06% R /km for Bgrglum 1
is only in slight diseagreement with the average
value determined by Thomsen et al. (1983) and is
explained by the temperature gradient in
Borglum 1 of only 19°C/km (uncorrected). Fur-
thermore, huminite/vitrinite is generally not con-
sidered to be a sensitive rank parameter for rank
values below 0.50% R, (Stach et al. 1975, 1982).
The rank gradient of 0.20% R/km determined
for Uglev 1 is more than three times as great as
for Barglum 1. The geothermal gradient for the
well is very high, varying from 32°C/km to 37°C/
km (uncorrected) at different depths (Madsen
1977), which is attributed to its location over a
salt diapir. Anomalous temperature gradients
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have also been recorded in other wells lying over
salt structures (Gassum 1 (36°C/km) and Thisted
1 (33°km)) (Madsen 1977), because of the sub-
stantially greater heat conductivity of salt relative
to sedimentary material. Model-based computa-
tions by Balling (1977) show that this, in connec-
tion with morphology of the salt structures, may
result in substantial temperature and heat flow
anomalies in and around salt structures. Reflec-
tance analyses of Gassum -1 (Thomsen et al.
1983) thus show a correspondingly high rank gra-
dient (0.21% R /km).

Reflectance analyses show that the investi-
gated materials are immature in both wells, with
R, -values below 0.50% R, which, according to
Tissot & Welte (1978), is the minimum value for
onset of oil genesis. This is-confirmed by other
microscopic observations which show a low de-
gree of coalification of the primary organic mate-
rial with appearance of brown coal. The samples
with the highest degree of coalification are
equivalent to the subbituminous B/A coal rank,
which in a coal petrographic sense indicates the
transition between lignite and bituminous coals
(Stach et al. 1975). The results are supported by
the observation that the mineral-bituminous ma-
trix in Ug 35 shows a strong positive alteration
(increased fluorescence intensity) after 30 min-
utes irradiation with blue light, indicating immat-
ure material with reflectance values lower than
0.50% R, (Teichmiiller & Ottenjann 1977). No
marked change in the fluorescence colour of spo-
rinite has been observed. Finally, no traces of hy-
drocarbons have been found in the wells (Sorgen-
frei & Buch 1964).

Investigations by Thomsen et al. (1983) also
show that the organic material in the Rhaetic —
Jurassic — Early Cretaceous sequence is mainly
immature to premature with respect to oil gener-
ation, with reflectance values between 0.36 and
0.58% R,. Their results are confirmed by fluo-
rescence measurements (red/green ratio determi-
nations) and spore colouration (TAI index).

Different types of organic matter have differ-
ent compositions and different rates of transfor-
mation in response to temperature increase
(Brooks 1981, Hunt 1979, Tissot & Welte 1978).
There are no distinct limits for the onset of hy-
drocarbon generation in terms of vitrinite reflec-
tance values. A comprehensive literature survey
by Héroux et al. (1979) indicates that the limits
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vary rather widely, especially for the oil “birth”
line. Experience from the North Sea (Thomsen
et al. 1983) shows that the composition of source
rock hydrocarbons only becomes crudelike in a
reflectance range of 0.60-0.70% R,.

The organic matter in the sediments of the
Gassum Formation in Bgrglum 1 is dominated by
huminite/vitrinite. Vitrinite has a chemical com-
position comparable to type III kerogen, which
reaches maturity at a reflectance level of 0.60%
R, (Tissot & Welte 1978). By extrapolation of the
rank gradient, organic matter with reflectance
values of 0.60% R, can be expected in Bgrglum 1
at a depth of 3350 m. However, at this depth Tri-
assic sediments with an exceedingly limited hy-
drocarbon potential probably occur. Apart from
the Rhaetic, they most likely consist of conti-
nental redbed sequences and evaporites with a
low content of organic matter (Bertelsen 1980).
In the marginal area, even older deposits may be
present at this depth. However, the rank gradient
need not be constant as changes in the geother-
mal gradient may have taken place during the
burial history. -

The geothermal relations are anomalous
around the salt structures, with positive temper-
ature anomalies above the structure. More fa-
vourable source rock sediments may be found
here which have experienced local heating and
maturation (cf. Uglev 1), but the geothermal gra-
dient will not increase with depth because of
negative temperature anomalies within and near
the flanks of the salt structure (Madsen 1977).

Conclusion

Because of the limited number of samples inves-
tigated only tentative conclusions are permitted
and are made with reservations.

The lack of hydrocarbons must primarily be at-
tributed the type and maturity of the organic
matter as the amount of organic carbon in the
analyzed samples from the Rhaetian — Jurassic —
Early Cretaceous sequence seems to be sufficient
for the sediments to be potential source rocks,
with a few exceptions mainly from the Vedsted
and Gassum Formation.

The composition of the organic matter in the
sediments from Bgrglum 1 is distinctly domi-

nated by terrestrial plant material with a very re-
stricted oil potential in most of the investigated
sequence. Thin intercalations of sediments con-
taining some marine material only occur in the
lower part of the Bream Formation. This also
seems to apply to the deposits from Uglev 1, but
with a dominance of marine material with a fa-
vourable oil potential in the lowermost part og
the Bream Formation. The large contens of ter--
restrial organic matter in Bgrglum 1, also in the
marine sediments, reflects its proximity to the
Fennoscandian Border Zone. The difference in
the composition of the organic matter between
the wells is governed by paleogeographic condi-
tions during the sedimentation (Lindgreen &
Thomsen 1982). It seems to follow the regional
trend showing a decreasing potential for liquid
hydrocarbons in near-shore sediments. The most
promising source rock potential with respect to
oil generation in the two wells is thus found in the
sediments of the Barglum Member in the Bream
Formation (lateral equivalent to the Kimmeridge
Clay Formation). They have a relatively high
content of organic matter principally originating
from liptinite, which resembles the brown fluo-
rescent, structureless organic matter known from
the so-called “bacterial source rock type” com-
prising the Kimmeridgian oil source rock of the
North Sea (Gutjahr 1983).

However, maturation studies have shown that
the sequence is immature, with reflectance values
below 0.5% R,. Immaturity has ben stressed by
other microscopical observations such as the
brown coallike appearance of most primary hu-
minite macerals, no marked changed in the fluo-
rescence colour of sporinite, and strong positive
alteration of the mineral-bituminous matrix.

Uglev 1 has a much higher rank gradient than
Bgrglum 1. Since coalification is primarily de-
pendant on heating, the rank gradient is a func-
tion of the geothermal gradient. The higher val-
ues of both rank gradient and geothermal gra-
dient for Uglev 1 are due to heat conduction from
the underlying salt diapir. The lower values esti-
mated for Bgrglum 1 are in accordance with re-
gional values outside the basinal depocentre
(Thomsen et al. 1983).

Mature Mesozoic source rock material may
therefore be found at different levels in the Dan-
ish Subbasin, depending on the type of organic
material and the geothermal gradient, but the
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depth at which mature organic material may be
found is not readily predictable.
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Dansk sammendrag

Rhet-Jura-nedre Kridt lagserien fra boringerne Barglum 1 og
Uglev 1 er undersagt kulpetrografisk med henblik pa sedimen-
ternes eventuelle rolle som source-rock for kulbrinter. Hertil er
anvendt vitrinitreflektionsanalyse til modenhedsbestemmelsen,
en optisk kvalitativ vurdering af det organiske indhold samt en
kulstofanalyse af sedimentet.

Sammensztningen af det organiske materiale er sterkt pavir-
ket af de palzogeografiske forhold p4 sedimentationstidspunk-
tet. I aflejringerne fra Bérglum 1 er det organiske materiale
domineret af terrestrisk (fortrinsvis gasdannende) plantemate-
riale, selv i de marine sedimenter pa grund af tilfgrsel af plante-
materiale fra den nzrliggende Fennoskandiske Randzone. Sed-
imenterne fra Uglev 1 viser ligeledes et stort terrestrisk indh-
old, dog med tydeligt mere marint domineret (olicdannende)
organisk materiale i Bream Formationens aflejringer, hvor de
gunstigste betingelser for oliedannelse findes. Modenheds-
underspgelserne viser imidlertid, at det undersggte sediment-
materiale er umodent med et meget begranset kulbrintepoten-
tiale.

Ranggradienten for Uglev 1 (0.20% R /km), placeret ovenpa
en saltdiapir, er mere end tre gange s stor som for Bgrglum 1
(0.06% R /km), der er mere randnert beliggende i Det danske
Subbassin, Forskellen henfgres til forskelle i de geotermiske
gradienter.

Appendix 1

Coal consists of physically and genetically different organic
components known as macerals. Under the microscope these
can be distinguished as petrographically distinct constituents of
the dispersed organic particles of the sediment. They can be
classified into three main types. For detailed descriptions refer-
ence is made to the International Handbook of Coal Petrology
(1963, 1971, 1975).

Liptinite/exinite: This group covers temperature-reactive, hy-
drogen-rich macerals, including alginite, sporinite, cutinite flu-
orinite and resinite, as well as bacterial lipids and bacterial de-
composition products of protein and carbohydrates (bitumi-
nite}. They are often non-structured and constist of
indistinguishable masses. Most liptinites/exinites are considered
to be the precursors of oil and gas. Lipitinite/exinite can be
characterized by their low (black) reflectance and intense fluo-
rescence at lower levels of maturity.

Huminite/vitrinite: This group covers relatively oxygen-rich
macerals, whose components are derived principally from
higher land plants and essentially represent the humified re-
mains of the lignin and cellulose of cell walls. The group in-
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cludes telinité and collinite. The huminite/vitrinite macerals are
predominantly precursors to gas, and only minor oil precursors.
Huminite/ vitrinite is characterized by an intermediate (gray)
reflectance; fluorescence is usually absent.

Inertinite: Covers relatively carbon-rich and very hydrogen-
poor macerals derived from the same plant materials as humin-
ite and liptinite, but they are oxidized prior to incorpotation in
the sediment. The inertinite macerals are inert and essentially
unaffected by heating, so their convertibility to hydrocarbons
may be zero. Inertinite is characterized by a high (white) re-
flectance and no fluorescence -

Appendix II

The type of organic matter was qualitatively rated using normal
reflected light, supplemented with observations of the blue light
induced fluorescence. Methods and terminology are according
to Stach et al. (1975, 1982). .

The maturity of the organic matter is evaluated from re-
flectance measurements of huminite/vitrinite, where reflected
light from the surface of a vitrinite grain is compared with that
from a glass standard with known reflectance under identical il-
lumination conditions.

By using whole rock samples and not organic matter concen-
trates the relationship between organic and mineral matter
could be studied and fluorescence is also unaffected by chemi-
cals. The dispersed organic matter in the sediment usually com-
prises a mixture of allochtonous and autochtonous materials, as
well as various types of reworked and in other ways altered
products, often with a very wide range of reflectance. So those
particles which had the lowest degree of alteration when incor-
porated in the sediment must be selected if maturation indigen-
ous to the rock is to be measured. Organic matter that has been
altered prior to incorporation into the sediment or redeposited
from older rocks, yield too high reflectance values and must be
excluded. Bituminous huminite/vitrinite particles yield too low
reflectance values and the darkest particles have therefore not
been subjected to reflectance measurements. Instead, meas-
urements have been concentrated on grains with a preserved
tissue-structure. The reflectance of the highest possible number
of low reflecting huminite/vitrinite grains on the polished sur-
face has been recorded (Stach et al. 1975, Lindgreen & Thom-
sen 1982). The difficulties involved in the choise of particles for
measurements have been discussed in some detail by Bostick
(1979).

Instruments

Al polished sections were studied in reflected light by means of
a “Zeiss Photomicroscope” equipped with a x40 “Epipol” oi-
limmersion objective, an adjustable lamp current stabilizing
transformer with a 100 W halogen lamp, filters for polarized
light/green light (546 nm), and a MP03 photomultiplier with
digital read-out. “Zeiss” immersion oil (Ny = 1.515) was used
throughout the study. The photomultiplier was calibrated on
the microscope by measurements on a polished glass-standard
of constant known reflectance. For qualitative fluorescence-mi-
croscopic observations the microscope was equipped with a
HBO 50 W mercury lamp, a KP 500 exciting filter (Zeiss) was
used to provide the blue light excitation, a FT 510 dichroic
beam splitting mirror (Zeiss) and a LP 520 barrier filter (Zeiss)
was placed in the light path to the observer.
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