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This Geological note presents petrophysical and thermal properties of pre-Devonian basement

rocks along the Norwegian continental margin. The dataset is the first to present ground-truth

data from basement rocks along the continental margin, and can be used to constrain future

geophysical and thermal models of the margin’s structure.

Introduction

Gravimetric and magnetic surveys along the Norwegian
continental margin hassignificantly improved our understanding
of the margin’s crustal architecture and has allowed correlations
between the onshore and offshore realms (e.g., Doré et al.
1997, Olesen et al. 2002, Skilbrei et al. 2002, Lyngsie et al.
2006), in addition to yielding important information to the
petroleum industry. Furthermore, the location of hydrocarbon
accumulations is believed to depend on the temperature
structure of the subsurface (e.g., Bjorkum and Nadeau 1998),
which in turn varies with variations in thermal conductivity
and radiogenic heat production. However, models based on

gravimetric, magnetic and thermal methods are hampered by

a lack of ground-truth data, and at present, the petrophysical
and thermal properties of basement rocks along the Norwegian
continental margin have to be inferred from onshore datasets
and educated estimates. Here, we present new data that help
characterise the basement along the Norwegian continental
margin (defined here as the dominantly pre-Devonian crystalline
rocks underlying the ubiquitous Mesozoic cover) in terms of
mineralogical and chemical composition, and petrophysical/
thermal properties. The work is based on samples from 22
wells that have penetrated basement rocks, made available
by the Norwegian Petroleum Directorate and Statoil. The
purpose of this brief communication is to present petrophysical
data from 12 wells (15 samples) in the North Sea, 4 wells (6

samples) in the Norwegian Sea and 6 wells (12 samples) in the
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Barents Sea (Figure 1). The analyses include determination of
density, magnetic remanence, magnetic susceptibility, thermal
conductivity and radiogenic heat production. The samples are
described in Appendix 1 and a discussion on the geological
significance of a subset of the samples is presented by Slagstad
and Davidsen in Olesen et al. (2007). A few super-basement
samples were also analysed for petrophysical properties. These
samples are described in Appendix 2 and the data presented in

Table 1.

Analytical methods

Petrophysical properties
Measurements of density, remanence and magnetic susceptibil-
ity are conducted following procedures described by Torsvik

and Olesen (1988) and Olesen (1988).

Thermal conductivity

Measurements of thermal conductivity are conducted on 2 cm-
thick circular disks. A constant heat flow is induced to the top
of the sample by placing a heat source with a constant tempera-
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— ture approximately 10 mm above the top surface of the sam-
T
gs £ 68 8 © ple. The heat is transferred as radiation. The sample is insulated
E &% € cc ¢ c < on all other surfaces and the temperature is measured at the
we= base of the sample. The thermal conductivity (K) is calculated
y § = from Equation 1 based on measured thermal diffusivity (a) and
e E 5 % ° density (p), and assumed specific heat (Cp) of the sample. The
g gy |- specific heat capacity is assumed to be 850 J kg™ K for all rock
&= types.
v .,
$5 com n o <
g3z 3858 8 2 % K=pCha 0
> . . .
G E § § % § § § Radiogenic heat production
g2 | & NN Radiogenic heat production is calculated from U, Th and K
concentrations determined by standard XRF and LA-ICP-MS
_ techniques at NGU and measured densities (p) using Equation
gege g g 2 (Rybach 1988).
RIS
5 £2g&z 2 * *107
8 Ss86 5 @ A =p*(9.52C, +2.56C, +3.48C,)*10 )
£ EffiPcts
3 5 }_,; 5 g _g % % E ) where C and C represent U and Th concentrations in ppm,
EEEGLE DT respectively, and C, represents K concentration in wt.%.
>>>3££ 2T g Y K
L5288 a
W w w [SN]
2 2 & & Petrophysical and thermal properties
- e Qe Q Q Qe <
w n n wn un un N
g @88 8 R A
VR K Q ® The petrophysical and thermal data are presented in Tables 1
585 9 5 5 and 2, respectively. Compilations of onshore petrophysical data
> > > = - = show th.at mos.t geologlca'l units display highly varied magnetl.c
Yok b i T properties, typically ranging between 2 and 3 orders of magni-
K= . . .
£ :,\: :,\: ;:; E E E tude .(Skllbrel 1989),. greatly limiting the fzalu? of a small data-
2 o o o o o o set with poor geological control (due to pinprick offshore sam-
- oS pling). However, despite the difficulties in extending these very
> N~ ~on localised measurements to a larger rock volume, they represent
@2 ¢¢ additional information to the onshore petrophysical database
%_; % g 222 02 2 2 at NGU. The main purpose of this contribution is therefore to
nwao e disseminate the available data so that they are available to other
-5‘_, _ researchers who may find them useful. For the same reason, we
o SE . limit ourselves to a very brief and general discussion.
ofc |9 T« S S «© . .
k%3 |c c<c ¢ c < Most of the offshore samples are relatively low magnetic,
© S . . . . .
QT which is compatible with the geological information (Slagstad
and Davidsen, in Olesen et al. 2007) suggesting that the shallow
. o o basement along much of the continental margin consists of rock
g AA&E & s & types that may be correlated with the Caledonian Uppermost
< % g g % % % Allochthon on land (cf., Olesen et al. 2002). In particular,
E8 & 8 & = the granites encountered in wells 16/3-2, 16/4-1, 16/5-1 and
3 T 6407/10-3 yield Caledonian ages and may be correlated with
g’ %_z § 5 § ) 0 @ the low-magnetic Bindal batholith (Olesen et al. 2002). The
a E s a § a N < § diabase from well 7120/2-1 confirms the presence of thick
3 é © mafic dykes within the basement of the Loppa High. This is
U§ o g - - - _ in agreement with the joint interpretation of potential field
= 9 g g' g' g' g' g' g' modelling (Barrére et al. 2007) that proposes a tongue of
385 g oo o o o basement affected by mafic dykes all along the fault complexes
= 2 = NONON ~ NN

bordering the west of the Loppa High.
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