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Abstract  This work addresses geophysical aspects of Faroes basalt geology and aims to extend 
geological information onto conventional seismic data in the Faroes area. The work 
is based on VSP and surface seismic data acquired at Glyvursnes in 2003 (SeiFaBa 
project), recently reprocessed OF94/95 seismic data, and well logs from the Lopra, 
Vestmanna and Glyvursnes wells. Further, this work is intended as an aid to model-
driven processing of data. 
 
Differences in composition among the three major basalt formations lead to quite 
different seismic properties. The reflection series for the Malinstindur Fm has low 
amplitudes and appears transparent for seismic signals, with little scattering of seismic 
energy, while the overlying Enni and underlying Beinisvørð Fms have high amplitudes 
with much more apparent energy scattering. As a result, the division between the Bein-
isvørð and the Malinstindur Fms, the A-horizon, shows as a well-defined horizon on 
seismic data and it is expected that, with proper processing, it will be identifiable on a 
large part of the Faroese continental shelf and form a key seismic marker in deducing 
Cenozoic evolution.
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Introduction
Obtaining good sub-basalt seismic images is 
known to be problematic. Loss of transmitted 
seismic energy due to low transmission coef-
ficients at top- and base-basalt (e.g. Fruehn et 
al., 2001) and attenuation and scattering during 
propagation through basalts (e.g. Maresh et al., 
2006) are often referred to as the main obstacles 
in sub-basalt imaging (e.g. White et al., 2003; 
Ziolkowski et al., 2003).

However, some seismic energy is indeed trans-
mitted through basalt complexes, so the problem 
amounts to separating primary energy from noise 
(Planke et al., 1999). Gallagher and Dromgoole 
(2008) have demonstrated this by reprocessing 
a series of profiles with the main focus on filter-
ing out high frequencies, removing multiples, and 
using velocity models that take into account geo-
logical models for the areas.

The need for using geological models as con-
straints on the velocity models applied during 
processing is due to a large and abrupt velocity 
contrast between basalts and sediments. Velocity 
models picked from conventional velocity analy-
ses of seismic surface data do not typically catch 
the step-like increases of instantaneous velocity 
that occur on crossing sediment-basalt boundar-
ies, but rather tend to exhibit more or less steep 
velocity gradients across such boundaries. Inter-
val velocities at the top-basalt that are too low 
will result in interval velocities deeper down that 
are too high and will not yield the optimal stack-
ing velocities for NMO corrections at depth.

Identification of basalt sections on preliminary 
stacks allows one to assign the high velocities 
expected for the top-basalt. This will result in a 
more appropriate velocity model and will affect 
all aspects of the processing, whether it be stack-
ing, various 2D filtering methods or migration of 
the data—be it prestack or poststack.

Note that the term basalt, in connection with 
sub-basalt imaging, includes all basaltic rocks. 
During this paper the term basalt will be used 
for all rocks of basaltic origin, be they lava flows, 
volcaniclastics, hyaloclastics or intrusives.

Identification of base-basalt is usually much 

more complex than identifying top-basalt. The 
problem of proper interpretation of base-basalt is 
due to the seismic variability of basalt (Petersen 
et al., 2006) and to the fact that base-basalt is 
probably in many cases not a simple reflector. For-
mations consisting of subaerial lava flows could 
grade downward into hyaloclastites, as is the case 
in the Lopra-1A well (Christie et al., 2006). At 
the transition from subaerial flows to hyaloclas-
tites the seismic response changes significantly 
towards lower amplitude. Better understanding of 
seismic facies of volcanic rocks gives the means 
for better estimates of total basalt thickness and 
thus better constraints on velocity models.

During the last decade or so interpretation of 
seismic data has been used to identify proper-
ties of volcanic sections as an aid in describing 
the development of the areas and emplacement 
of lavas. E.g., Spitzer et al. (2008) interpret 
seaward-dipping reflectors, hyaloclastites and 
flow-foot breccia sequences. Planke et al. (2000) 
present a rather extensive study of seismic vol-
canostratigraphy, identifying various facies such 
as: landward flows, lava delta, inner flows, inner 
seaward dipping reflectors (inner SDR), outer 
high, and outer SDR. While the previous stud-
ies have focused on identifying facies related to 
the emplacement type of the lava, we focus on 
intrabasalt reflections and compare subaerially 
emplaced lava formations. 

The present paper continues an earlier inves-
tigation (Petersen et al., 2006) of the seismic 
response of volcanics around the Glyvursnes-1 
well, which established a difference in the gross 
seismic response of the different lava formations 
based on modelling. We now present a continu-
ing analysis of the well logs and the upgoing 
VSP arrivals, with the main focus on tying to 
the seismic data. Further, processing parameters 
derived from the Glyvursnes experiment are used 
to reprocess a conventional seismic profile in the 
vicinity of Glyvursnes with the aim of reproduc-
ing a seismic response similar to that observed 
at Glyvursnes. This work addresses geophysi-
cal aspects of the basalt geology. The aim is to 
extrapolate the geological information from well 
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logs to the offshore area, thus providing bet-
ter means for the interpretation and mapping of 
basalt formations in the Faroes area. 

Geology
A lava pile, about 3 km thick, of the Faroe Islands 
Basalt Group (FIBG), is exposed on the Faroe 
Islands (Figure 1) (Rasmussen and Noe-Nygaard, 
1970). The Lopra-1/1A well penetrated approxi-
mately a further 3 km of volcanic rocks below 
the exposed succession without reaching the base 
of the volcanic succession (Ellis et al., 2002). 
Andersen et al. (2002) suggested, that about 1 km 
of basalt may have been eroded from the top of 
the volcanic pile. The gross stratigraphic thick-
ness of the Faroe basalt complex would thus be 
about 7 km, possibly more. Deep seismic results 
from wide-angle experiments support this esti-
mate (e.g. Richardson et al., 1999).

The exposed basalts were divided into three 
formations: the lower, middle, and the upper 
basalt formations, representing the three eruptive 
sequences (Figure 1, upper b & lower) (Rasmus-
sen and Noe-Nygaard, 1970; Waagstein, 1988). 
The stratigraphy of the Faroes has since been 
formalised following international guidelines 
(Passey and Jolley, 2009) (Figure 2). In this 
paper we will use the new stratigraphy; however, 
we will retain the old names for the separation 
between the Malinstindur and Beinisvørð Fms, 
i.e. the A-horizon, and the separation between the 
Enni and Malinstindur Fms, i.e. the C-horizon. 
The A- and C-horizons are chronostratigraphic 
horizons, but, though the A-horizon marks a 
lithological shift, the C-horizon does not do so 
everywhere (Rasmussen and Noe-Nygaard, 1969; 
Waagstein, 1988)

General properties of the lava formations are 

Figure 1
Upper a: Location of the Faroe 
Islands relative to the extent of 
flood basalts. The international 
border of the Faroes territory is 
shown as a blue line (modified 
from Sørensen, 2003). Upper 
b: Geological map of the Faroe 
Islands showing the locations of 
deep boreholes (Vestmanna-1, 
Glyvursnes-1 and Lopra-1/1A) 
and the distribution of the three 
Paleogene basalt formations 
(modified from Rasmussen and 
Noe-Nygaard, 1970). Lower: 
Geological section through the 
Faroe Islands with the three 
wells (modified from Waag-
stein, 1988). Location of profile 
is shown on upper b. 
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shown in Table 1 and are taken from the three 
deep wells located at Lopra, Vestmanna and Gly-
vursnes covering ~4.8 km of the Faroese volcanic 
succession.

The surface seismic data from Glyvursnes 
(Petersen et al., 2006) established that the seismic 
facies of the overlying Malinstindur Fm differs 
from those of the overlying and underlying Enni 
and Beinisvørð Fms, the Malinstindur Fm having 
much lower amplitude—being apparently more 
transparent to seismic signals. There is a signifi-
cant reflection at ~0.6 s separating the Enni and 
Malinstindur Fms. Based on this, and on compari-
son of seismic facies of synthetic data versus field 
seismic data, an estimated thickness of the Malin-
stindur Fm of ~1050 m and depth of the Prestfjall 
Fm of ~1390 m at Glyvursnes were established.

Data base
The analysis is based on a seismic experiment at 
Glyvursnes combining land seismic data acqui-
sition with combined land-marine seismic data 
acquisition in conjunction with well logs and 
zero-offset VSP. The Glyvursnes experiment 
was designed to facilitate model-driven analysis 
of the seismic facies of surface seismic profiles in 
an area with relatively well known geology. The 
thickness of the basalt succession at Glyvursnes 
is estimated to be several km. The modelling is 
based on well logs, synthetic seismograms (pri-
maries-only) and full-waveform modelling. Ties 
have been made between well-logs and vertical 
seismic profiles (VSP). The work is based on data 
acquired as part of the SeiFaBa project (Japsen et 
al., 2006; Petersen, 2014). Subsequently, conven-

Table 1. 
(From Petersen et al., 2013) Overview of velocity and attenuation information from three wells 
in the Faroes (Superscripts refer to: 1: Waagstein and Andersen, 2003; 2: Christie et al., 2006; 
3: Shaw, 2006; 4: Shaw et al., 2008). 

Well name Lopra-1/1A Vestmanna-1 Glyvursnes-1
Section of stratigra-
phic sequence covered 
by well

Beinisvørð Fm below 
900 m and top 1000 
m of Lopra Fm

Lowest 560 m of 
Malinstindur Fm 
and uppermost 100 
m of Beinisvørð 
Fm

top 350 m of Malinstindur 
Fm and bottom 350 m of 
Enni Fm

VP (velocity) High-frequency va-
riations mainly bet-
ween about 4 and 6 
km/s relating to flows 
and beds while the 
average velocity from 
VSP is 5.25 km/s.2

Variation mainly 
between 5 and 6 
km/s while the 
average velocity 
from VSP is 5.29 
km/s. 1,3 

The Enni Fm shows similar 
variations to those from the 
Lopra-1/1A log, between 4 
and 6 km/s; the Malinstindur 
Fm shows variations similar 
to those from the Vest-
manna-1 well but here main-
ly between 4 and 5 km/s. The 
average velocity from VSP is 
4.13 km/s.1,3

VP/VS ratio from log 1.842 1.81 1.81

VP/VS ratio from VSP 1.812 1.94 2.04

Quality factor, Q 35 on average2 25 on average4 25 on average, 15 for the 
Enni Fm and 30 for the Mal-
instindur Fm4

Geophysical aspects of basalt geology and identification of intrabasaltic horizons
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tional seismic data from the Western Geophysical 
OF94 survey were included in the analysis.

Surface seismic data
The land seismic data consist of two 600-m long 
geophone layouts oriented perpendicular to each 
other. The total number of stations for each profile 
is 120 and station interval is 5 m. Shotpoint inter-
val was ~10 m. Due to logistics some shotpoints 
were skipped and some shotpoints are missing 
due to misfires.

The combined data acquisition comprised two 
400-m long geophone layouts and a 600-m long 
streamer deployed in conjunction with one of the 
geophone layouts. The recording profiles were 
oriented perpendicular to each other. The 400-m 

geophone layouts consisted of 80 elements placed 
at 5-m intervals. The streamer had 96 channels, 
with a 6.25-m group interval. The streamer was 
moored at 3 m depth between a jack-up rig at 
the shoreline and a tugboat at the other end. The 
source was towed at a depth of 4 m. The distance 
between shots was <20 m. 

The two land seismic profiles and the single 
marine seismic profile are processed to stack with 
standard 2D processing while the combined air-
gun-geophone recorded data are processed to stack 
with 3D processing. Figure 3 shows navigation for 
stacked data. The stacked data have previously 
been presented by Petersen et al. (2006) and a 
full description of the acquisition and processing 
parameters is given by Petersen (2014). Further, 

Figure 2
Stratigraphic column for the onshore 
FIBG. The previous stratigraphy is given 
to the left of the column for comparison 
(adapted from Passey and Bell, 2007).

Uni K. Petersen, R. James Brown, Morten S. Andersen
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refraction seismic modelling based on a subset of 
the data has been presented by Petersen et al. (2013). 

Logs
In addition to the Glyvursnes-1 well, logs from the 
Lopra-1/1A and the Vestmanna-1 well drilled in 
1980 and 1981 (Hald and Waagstein, 1984; Niel-
sen et al., 1984; Waagstein and Hald, 1984) have 
been analysed. These wells are located about 28 
and 60 km, respectively, from Glyvursnes (Fig-
ure 1b). The Lopra-1/1A well was deepened and 
logged again in 1996 (Chalmers and Waagstein, 
2006) making P-wave sonic and bulk-density logs 
available from the depth interval 200 – 3600 m. 
The Glyvursnes-1 well was drilled in 2003 and at 
the same time the Vestmanna-1 well was reamed. 
Full-waveform sonic and bulk-density logs in the 
Vestmanna-1 and Glyvursnes-1 boreholes were 
acquired as part of the SeiFaBa project (Waag-
stein and Andersen, 2003; Japsen et al., 2005).

Based on these wells, and based on the mapping 
of the boundaries of various stages of volcanism 
(Rasmussen and Noe-Nygaard, 1970; Waagstein, 
1988), a model, i.e. a composite log, of seismic 
properties was constructed for the three major 
basalt formations. The model has previously been 
presented by Petersen et al. (2006). 

VSP upgoing wavefield and tie to well 
logs
Zero-offset VSPs were acquired in both the 
700-m-deep Glyvursnes well and the 660-m-deep 
Vestmanna well as part of the SeiFaBa project. 
The VSP at Glyvursnes was sampled at 10-m 
intervals in the 50 – 600-m depth range. The 
Vestmanna VSP was sampled at 5-m intervals in 
the 50 – 500-m depth range. Attenuation studies 
based on VSPs from these two wells have pre-
viously been published by Shaw (2006) and by 
Shaw et al. (2008). 

Conventional seismic data in the vicinity 
of Glyvursnes
Conventional seismic reflection profiles from the 
OF94 Western Geophysical conventional survey 
in the vicinity of Glyvursnes are included in the 

present study. The data were acquired with a 5280-
in3 airgun array and a 6000-m-long streamer with 
480 channels, 12.5-m group interval and 12.5-m 
group length.

Figure 3
The grid used for the 3D geometry of the airgun-geo-
phone data (every inline and every fifth cross-line is 
shown); the positions of the 2D airgun-streamer data 
(Streamer profile) and the two 2D dynamite-geophone 
lines (SeiFaBa-1 and SeiFaBa-2) are also shown. All 
positions are common depth points (CDP). The posi-
tion of the Glyvursnes-1 borehole is marked with the 
yellow dot.

Geophysical aspects of basalt geology and identification of intrabasaltic horizons
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Figure 4
P-wave velocity logs at initial sampling and at 25-m Backus averaging. Well logs for Glyvursnes and Vest-
manna are the full-waveform velocity logs processed by the Geological Survey of Denmark and Greenland 
(GEUS) and the bulk-density logs recalibrated to measurements on core (Waagstein, unpublished data). 
For Lopra the Lopra-1 SVEL log was used and bulk density log RHOB. The vertical black stippled line on 
the upper left figure marks the Enni-Malinstindur boundary, the C-horizon, and on the upper right figure it 
marks the Malinstindur-Beinisvørð boundary, the A-horizon.

Results

Logs
The basalt successions covered by the Lopra, 
Vestmanna and Glyvursnes wells have attenua-
tion of similar magnitude and VP/VS ratios that are 
not too different (Table 1). On the other hand, the 
velocity distribution in the Enni and Beinisvørð 
Fms differs from that of the Malinstindur Fm. 
Velocity fluctuations within the Enni and Beinis-
vørð Fms are significantly greater than those in 
the Malinstindur Fm. This difference is preserved 
after applying Backus averaging (Backus, 1962) 
at 25-m intervals (Figure 4). The 25-m interval 
was chosen because it has been shown to be a 
representative scale for seismic wave propaga-
tion through the basalt succession at Glyvursnes 
(Petersen et al., 2013). 

Backus averaging also computes the horizon-
tal P-wave velocity. At Backus averaging of 25-m 
intervals, horizontal P-wave velocities are higher 
than vertical P-wave velocities (Figure 5). For the 
Enni Fm horizontal P-wave velocities are about 5 
– 10% higher, and for the Malinstindur Fm they 
are about 1 – 4% higher. This is consistent with 
previous anisotropy analysis on the Vestmanna-1 
well logs, where horizontal P-wave velocities are 
reported to be less than 2.5% higher than verti-
cal P-wave velocities (Bais et al., 2009). Similar 
calculations on the Lopra-1A well logs, cover-
ing a major part of the Beinisvørð Fm, show that 
horizontal P-wave velocities are ~5% higher than 
vertical velocities (Christie et al., 2006). In con-
trast, modelling on a walkaway VSP at Lopra 
shows ~10% higher vertical velocities in the 
uppermost 800 m (Kiørboe and Petersen, 1995). 

Uni K. Petersen, R. James Brown, Morten S. Andersen
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Refraction seismic modelling at Glyvursnes also 
indicates higher vertical velocities in the upper-
most 200 m (Petersen et al., 2013). The latter two 
conflicting results could possibly be related to the 
method, i.e. ray-tracing, although it is not clear 
how.

Figures 6 and 7 show the acoustic impedance 
and reflectivity of the Enni and Malinstindur 
Fms and the signature of the C- and A-horizons 
based on well logs. Both the C-horizon and the 
A-horizon are located between two reflectors with 
opposite polarity. In the Glyvursnes log there is 
a clear difference in reflectivity on either side of 
the C-horizon. The reflectivity of the Enni Fm 
is clearly of greater magnitude than that of the 
underlying Malinstindur Fm. The Vestmanna log 
covers too little of the Beinisvørð Fm to enable 
comparison of its properties with those of the Mal-
instindur Fm.

The model
Joint depth-scale analysis using the continuous 
wavelet transform (CWT) on the composite log 

used for the model shows that the Malinstindur 
Fm appears with much lower amplitude in most 
of the scale range for the velocity and density logs. 
This property is preserved for the acoustic imped-
ance while for the reflectivity, the Malinstindur 
Fm has relatively high amplitudes for the shorter 
scales. Concentration of energy at certain scales is 
related to e.g. thicknesses of flow lobes, and flow 
units, and distance between sedimentary beds 
of significance. It is worth noting that the differ-
ences between the basalt formations that show so 
clearly on the CWT analysis also are reflected by 
the visual appearance of exposed basalt sections 
on hillsides (Figure 8).

Full-waveform modelling
The general seismic response related to the three 
major basalt formations was modelled using full-
waveform modelling. A 2D model was generated 
based on the composite log. Since the dip of the 
exposed basalt flows in the investigated area is 
near-horizontal, about 2° (about 3.5 m vertically 
per 100 m laterally) with strike oriented to the 

Figure 5
Upper left and right: Vertical and horizontal P-wave velocity for Glyvursnes-1 and Vestmanna-1 calculated by 
25-m interval Backus averaging. Lower left and right: Ratio of the horizontal to the vertical P-wave velocity. 
The vertical black stippled line on the left-hand diagrams marks the Enni-Malinstindur boundary, the C-hori-
zon, and on the right-hand diagrams marks the Malinstindur-Beinisvørð boundary, the A-horizon.

Geophysical aspects of basalt geology and identification of intrabasaltic horizons
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west-southwest, it was considered adequate to 
model layers as horizontal thus simplifying the 
process. 

The initially 0.1-m sampled logs were resam-
pled to 3-m intervals and expanded horizontally, 
thus producing a 2D model. It should be noted that 
at 3-m sampling intervals the Backus averaging 
shows no significant difference in horizontal and 
vertical velocities. The modelling was based on 
the ELA2D code (Falk, 1996).

The full-waveform data were generated using 
the same acquisition geometry as for one of the 

land-seismic profiles and processed to stack 
with similar processing parameters. The seismic 
response shows a division in seismic facies that 
can be related to the Enni, Malinstindur and Bein-
isvørð Fms, the Malinstindur being much lower 
in amplitude than the overlying and underlying 
Enni and Beinisvørð Fms (Figure 9). Applying 
the CWT to the seismic traces also shows that the 
characteristics of the logs seen in Figure 8 are pre-
served in the seismic data. At Glyvursnes it should 
thus be possible to identify the Malinstindur Fm 
directly from the seismic facies.

Figure 6
The Glyvursnes well. a) The acoustic impedance, AI. 
b) The reflectivity calculated with logs resampled to 
6.2 m. The location of the C-horizon is taken from 
Waagstein and Andersen (2003).

Figure 7
The Vestmanna well. a) The acoustic impedance, AI. 
b) The reflectivity calculated with logs resampled to 
6.2 m. The location of the A-horizon is taken from 
Waagstein and Andersen (2003). 

Uni K. Petersen, R. James Brown, Morten S. Andersen
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It is less clear to what degree the data are 
affected by interbed multiples. Comparison of 
fullwaveform modelling with the synthetic seis-
mograms (primaries-only) shows that in the 
shallow section there is little difference between 
the two (Figure 9), but that at depth, below the 
strong reflection at ~0.6 s, there is a significant 
difference. Whether this difference originates in 
the wave-train tail generated in the shallow sec-
tion or is related to interbed multiples occurring 
below 0.6 s is not clear.

VSP upgoing wavefield
In our earlier study (Petersen et al., 2006), our 
interpretation of the A-horizon was more qual-
itative. In the present paper we present a more 
quantitative interpretation of this horizon based 
on the VSP experiments at Glyvursnes and 
Vestmanna, as well as a further description of 
properties of the major basalt formations. The 
660-m-deep Vestmanna well penetrates the top 

of a ~3-m-thick sedimentary bed at 555 m depth 
interpreted to be the A-horizon (Waagstein and 
Andersen, 2003) and previous studies have asso-
ciated a high-amplitude reflection with this depth 
location (Bais et al., 2009).

The extraction of the upgoing wavefield for the 
Glyvursnes VSP is as follows:

1. Pick first onset for all traces
2. Amplitude balancing of raw data: Scale 

traces by balancing maximum amplitudes 
from analysis on first arrivals.

3. Median filter to remove downgoing 
wave: After Butterworth bandpass filter-
ing at 14/16 – 150/180 Hz, apply a median 
filter along the first onset curve with a 
7-point window. Then subtract the down-
going wavefield.

4. Amplitude balancing of the separated 
upgoing event: Reverse the scaling of 
the raw data and then correct for the com-
bined spherical divergence, scattering, and 

Figure 8
CWT analysis applied on the composite logs of the modelled stratigraphic sequence. 
Contour levels are logarithmic. 

Geophysical aspects of basalt geology and identification of intrabasaltic horizons
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intrinsic attenuation. Analysis of the result-
ing maximum amplitudes of first arrivals 
shows that the combined attenuation cor-
rection is represented by travel time to the 
power 1.6. 

5. Median filter to enhance upgoing event: 
Apply a median filter along the reversed 
curve with a 9-point window.

The extraction of the upgoing wavefield for the 
Vestmanna VSP was similar to that for the Gly-
vursnes VSP, expect for two parameters. First 
this regards step 4 above, where the amplitude 
analysis gave a power of 1.1 for Vestmanna. This 
indicates a significant difference in attenuation 
between Malinstindur and Enni Fms. Shaw et al. 

(2008) found very similar values for effective Q 
based on VSP data from the Vestmanna and Gly-
vursnes wells. However, they found significant 
numerical uncertainty in the Glyvursnes data. 
And besides, the two wells penetrate different 
sections with different proportions of the forma-
tions (Figure 1 and Table 1). So these two sets of 
results are not contradictory. Second, this regards 
step 5, where a 21-point window was used for the 
median filter in order to enhance upgoing events. 

A synthetic, primaries-only, trace, based on the 
velocity and density logs (Figures 6 and 7) and the 
wavelet extracted from the downgoing wavefield, 
was produced for each of the wells for the estab-
lishment of a log-tie with the upgoing wavefield 
and corridor stack. Zero time of the synthetics and 

Figure 9
Left: The full-waveform syn-
thetic stacked section. The 
synthetic seismogram, prima-
ries-only, is spliced in (blue 
rectangle). Middle: CWT analy-
sis of the synthetic seismogram, 
primaries-only. Right: CWT 
analysis of a trace from the 
stacked section. Horizontal lines 
show the boundaries between 
the Enni and Malinstindur Fms, 
marked C, and the Malinstin-
dur and Beinisvørð Fms, marked 
A. The blue line „END“ marks 
the base of the model. Below, a 
homogeneous section is added. 
No gain, other than correction 
for spherical divergence, has 
been applied to the full-wave-
form synthetic stack.

Uni K. Petersen, R. James Brown, Morten S. Andersen
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VSPs is set at the first upward zero crossing (Fig-
ures 10 and 11). 

The experimental setup of the Vestmanna VSP 
resulted in a seismic signature quite different to 
that at Glyvursnes. While the centre frequency 
for the Glyvursnes VSP is ~30 Hz, it is ~60 Hz 
for the Vestmanna VSP. In order to compare the 
Vestmanna and Glyvursnes corridor stacks, the 
Vestmanna corridor stack was deconvolved with 
the Vestmanna wavelet and then convolved with 
the Glyvursnes wavelet, a wavelet replacement 
so to speak. The location of the sedimentary bed 
defining the A-horizon at Vestmanna is marked on 
the corridor stack (Figure 12). The upgoing wave-
field ties to the surface seismic data and, based 
on this, the character of the reflection from the 
A-horizon is established on surface seismic data 
(Figure 13).

Conventional data
The seismic facies identified in the upgo-
ing VSP wavefield and on surface seismic data 
at Glyvursnes are expected to show up also on 
conventional marine seismic data. However, 
inspection of several profiles of conventional 
marine seismic data in the vicinity of the Gly-
vursnes does not show similar facies. The 
appearance of the profiles makes it plausible to 
attribute the dissimilar seismic response to seabed 
multiples and scattered seismic energy.

However, our reprocessing of one profile gave 
a quite different stack. The OF94 A-A’ profile 
has been reprocessed using stacking velocities 
generated from the results of refraction seismic 
modelling, and with the focus on removing seabed 
multiples and scattered energy by muting near off-
sets. This produces a distribution of seismic facies 
similar to that at Glyvursnes, i.e. a threefold depth 

Figure 11
The Vestmanna VSP. To the left: the synthetic 
seismogram with log tie of the A-horizon (green hor-
izontal line). To the right: a combination of the VSP 
upgoing wavefield with the blue polygon marking 
the corridor used for the stack; the corridor stack (to 
the right of the red line), and the synthetic spliced in 
between the two.

Figure 10
Glyvursnes VSP. To the left: the synthetic seismo-
gram with log tie of the C-horizon (blue horizontal 
line). To the right: a combination of the VSP upgo-
ing wavefield with the blue polygon marking the 
corridor used for the stack; the corridor stack (to 
the right of the red line), and the synthetic spliced 
in between the two.

Geophysical aspects of basalt geology and identification of intrabasaltic horizons
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division with a high-amplitude section above ~0.3 
s and below ~0.7 s and a low-amplitude section 
between ~0.3 and ~0.7 s (Figure 14). However, the 
near-offset mute starts at the first seabed multiple 
and continues downwards. As a consequence, the 
interpretation at depths of the first seabed multiple 
must be made with caution, since events at these 
depths could be artefacts of the processing. 

A comparison with the initial 1995 process-
ing of the same line clearly shows that the new 
processing strategy is more appropriate when it 
comes to imaging the shallow section. It must be 
born in mind, however, that the initial processing 
probably targeted the deeper section and the new 
processing reveals no more details here.

Based on the interpretation of surface seis-
mic data at Glyvursnes (Figure 13) the A-horizon 
can be interpreted with confidence on the OF94 
A-A’ profile (Figure 16). The interpretation of the 
C-horizon is ambiguous but is expected to be at 
~0.27 s based on a comparison of travel times 
between stacks (Figure 16; note the separate 
shifted time scale for OF94), i.e. assuming that 
the thickness of the Malinstindur Fm at the west-
ern end of the OF94 A-A’ profile is similar to that 
inferred at Glyvursnes. 

The depth to the C-horizon has also been esti-
mated by extrapolation of the surface mapping 
of the C-horizon on land to the western end of 
the OF94 A-A’ profile. The dip of the C-horizon 
at southern Eysturoy is 2.5° with a southwest-
northeast strike parallel to the seismic profile 
(Berthelsen et al., 1984, p. 12). The shortest dis-
tance to the profile is ~7900 m, which gives a 
depth of ~345 m below sea level. Time conver-
sion based on two layers (water/basalt) with an 
estimated basalt velocity of ~4500 m/s gives a 
two-way time to C-horizon of ~0,235 s, slightly 
shallower than estimated from the tie to the Gly-
vursnes data, implying a slight thickening of the 
Malinstindur Fm towards the western end of the 
OF94 A-A’ line, ~19 km northeast of Glyvursnes.

TGS reprocessed data
A recent reprocessing of the OF94/OF95 data 
by TGS (OF94/95RE11) resulted in significant 

improvement relative to the initial 1995 process-
ing. The data and processing were presented by 
TGS at the Faroe Island Exploration Conference 
2012 (Woodburn et al., 2012). Two main steps 
in addition to standard processing were applied: 
low frequency boost and multi-domain noise 
attenuation. 

Figure 12
a) Vestmanna corridor stack. b) The same with wave-
let replacement. Location of A-horizon is annotated.
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In relation to our work it is of special interest 
that the TGS processed section, although more 
dominated by low frequencies, show a similar 
clear image of the A-horizon (Figure 17). The 
A-horizon can be mapped over the full length 
of the OF94 A-A’ profile (Figure 18) and on all 
intersecting profiles (e.g. Figure 19). However, the 
difference between the Malinstindur Fm above the 
A-horizon and the Beinisvørð Fm below it (Figure 

17) is much less pronounced than after our pro-
cessing (Figure 14, left) probably due to effects 
of the low-frequency boost and the multi-domain 
noise attenuation. 

In fact, inspection of all of the TGS-reprocessed 
profiles shows that the A-horizon can be picked 
on most of the profiles surrounding the Faroes. 
This provides a means for future mapping of this 
horizon all over the Faroese continental shelf. 

Figure 13
a) Glyvursnes VSP upgoing wavefield with correlated Vestmanna corridor stack and interpreted A-horizon 
inserted; b) Dynamite-geophone profile, SeiFaBa-2; c) Airgun-geophone profile, Inline-4; d) Airgun-streamer 
profile. A-horizon (green) interpreted on Vestmanna VSP and C-horizon (blue) interpreted on Glyvursnes 
VSP. CDP numbers are plotted above profiles. See Figure 3 for location.

Figure 14
Left: Section of the OF94 A-A’ reprocessing. Right: Initial 1995 processing. See location on Figure 15.
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The composite profile OF94 C-C’ shows that the 
A-horizon dips gently towards the northeast but 
significantly (~5°) to the southeast (Figure 20).

The mapping of the A-horizon could, for 
example, be used to estimate the thickness of 
the Malinstindur Fm offshore close to the Faroe 
Islands. Extrapolation of the C-horizon from 
surface mapping onto the southwest end of the 
OF94 A-A’ profile gives an approximate thick-
ness of ~1100 m for the Malinstindur Fm, or 
slightly greater than the thickness at Glyvursnes 
(Petersen et al., 2006), while at the northwest end 
of the OF94 C’-C’’ profile there is a significant 
discordance between the C-horizon (as extrapo-
lated from surface mapping) and the A-horizon. 
This may suggest a significant thinning of the 
Malinstindur Fm to the northeast of the Faroes 
to ~650 m. It must, however, be noted that fur-
ther to the northeast, crossing profiles indicate that 
the Malinstindur Fm indeed retains a significant 
thickness.

 
Discussion
The data from the Glyvursnes area demonstrate 
clearly that seismic energy is transmitted through 
thick basalt complexes. This is for instance dem-
onstrated by the prominent reflection related to 

the A-horizon at ~1.4 km depth. The main reason 
that the A-horizon is so distinct at Glyvursnes is 
due to the transparency of the overlying ~1 km 
thick Malinstindur Fm. Although the individual 
basalt flows have the common velocity structure 
of a high-velocity massive core and a low-veloc-
ity porous crust, the difference in the individual 
seismic facies, of the basalt formations, relates to 
the configuration of flow thicknesses and inter-
bedded sediments characterising the respective 
formations.

Velocity variations from well-log analyses 
establish that there is a difference between the 
property distribution of the Malinstindur Fm on 
the one hand and the distributions of the overlying 
Enni and underlying Beinisvørð Fms on the other 
hand. The Malinstindur Fm consists mainly of 
thin flow lobes forming lava flows of compound-
braided facies. Volcaniclastic beds are very thin or 
absent in most of the Malinstindur Fm but increase 
in number and thickness in the upper part. The 
overlying Enni Fm consists of a mixture of sim-
ple and compound flows with tabular-classic and 
compound-braided facies architectures respec-
tively, and with a further increase in number and 
thickness of volcaniclastic beds. The underlying 
Beinisvørð Fm consists mainly of thick simple 

Figure 16
Sections from the composite tie from Figure 13. 
The interpreted A-horizon and C-horizon are anno-
tated. Timescale to left is for Seifaba-2, Inline-4 and 
marine stack whilst timescale to right is for OF94 
A-A’ section.

Figure 15
OF94 profile locations. Southwest endpoint of OF94 
A-A’’, A, is located ~19 km northeast of Glyvursnes.
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flows, presumably tabular lava flows. Volcani-
clastics are common in the Beinisvørð Fm (Hald 
and Waagstein, 1984; Waagstein and Andersen, 
2003; Boldreel, 2006). The differences can thus 
be summarized as „compound flows and minor 
sedimentary beds“ for the Malinstindur and 
„thick simple flows and sedimentary beds“ for the 
overlying Enni and underlying Beinisvørð Fms, 

although compound flows are rather common also 
in the Enni Fm.

The differences in seismic facies are related to 
velocity contrasts between massive core, porous 
crust, and sediments. It appears that sedimentary 
beds are essential for producing the high-ampli-
tude facies of the Enni and the Beinisvørð Fms, 
although our study does not show whether a com-
bination of simple-flows-only can generate similar 
high-amplitude facies. 

It is clear, however, from full-waveform mod-
elling that the seismic facies are strongly related 
to the 1D property distributions of the formations, 
since modelling based on velocity logs expanded 
laterally as flat layers, i.e. without applying gener-
alized lateral properties of flows like topography 
of flow-tops and lateral variations in flow thick-
nesses, reproduces the seismic facies of the three 
formations closely. 

Our log tie to the A-horizon is based on the 
Vestmanna well, which penetrates the A-hori-
zon at 555 m depth (Waagstein and Andersen, 
2003). The tie to the interpreted A-horizon at 
Glyvursnes is based on the seismic facies of the 
basalt formations and on the similarity of the 
seismic signatures of the A-horizon reflection at 
Vestmanna and the inferred A-horizon reflection 
at Glyvursnes. It can be questioned if it is valid 
to extrapolate the seismic signature and seismic 
facies to 28 km distance. However, inspection 
of data shows that the seismic signature of the 
A-horizon can be traced over most of the Faroese 
continental shelf at distances of hundreds of km. 
It should be noted that the synthetic seismic sig-
nature of the A-horizon at Vestmanna is modelled 
on a ~3 m thick sedimentary succession directly 
between the top Beinisvørð flow and base Mal-
instindur flow; whereas the surface mapping to 
the south and northwest on the Faroe Islands 
describes the sedimentary succession to be ~10 
m thick overlain by a tuff-agglomerate zone along 
a presumed northwest-trending eruption fissure 
(Rasmussen and Noe-Nygaard, 1969). 

The fact that the A-horizon can be mapped over 
most of the Faroese continental shelf makes it a 
potential marker that can be used to deduce the 

Figure 17
TGS reprocessing of same section as in Figure 14. 
The interpreted A-horizon is shown in green. For 
comparison with the left-hand part of Figure 14, 
notice that neither time migration nor phase cor-
rection has been applied to that profile, while time 
migration and zero-phase correction are applied to 
the TGS data here. See Figure 15 for location. Cour-
tesy of TGS. 

Figure 18
OF94 A-A’ profile. The positions of the A-horizon 
and top-basalt (TB) are shown at the left and right 
endpoints of the profile. Courtesy of TGS.
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Cenozoic evolution on the Faroese continental 
shelf in more detail (cf. Andersen et al., 2002). 
While the thickness of the Malinstindur Fm pre-
sented in this paper is to some degree speculative 
due to the long distance of extrapolation of the 
C-horizon, the mapping of the A-horizon can be 
used to estimate the total basalt thickness above 
the A-horizon, i.e. the total volume of syn-breakup 
lava erupted during the final continental breakup 
between the Faroes and Greenland (Larsen et al., 
1999).

Initially Smythe (1983) suggested that the Bein-
isvørð Fm extended furthest to the southeast, with 
the margins of the Malinstindur and Enni Fms 
progressively ’stepping back’ towards the Far-
oes. However, geochemical and bio-stratigraphic 
analysis of a large number of dredge hauls on the 
outer Faroese continental shelf by Waagstein and 
Heilmann-Clausen (1995) as well as seismic inter-
pretations led to Ritchie et al. (1999) suggesting a 
reversed structure of the basalt distribution, such 
that it is the Malinstindur and Enni Fms that reach 
furthest offshore. Ellis et al. (2002) have a descrip-
tion consistent with that of Ritchie et al. based 
mainly on seismic interpretation. Contrary to this, 
Passey and Bell (2007), based on the emplacement 
mechanisms of compound lava flows, suggest that 
the compound lava flows of the Malinstindur and 
Enni Fms occur only locally to the Faroe Islands 
and may not extend offshore for any significant 
distance; and Passey and Hitchen (2011) extend 
this assessment to a distribution similar to that of 
Smythe (1983), with the Beinisvørð Fm reaching 
furthest offshore. Recent work by Schofield and 
Jolley (2013) suggests locally fed lava sequences 
equivalent to the Malinstindur and Enni Fms to 
the east and southeast of the Faroes area.

In this context the A-horizon presented in this 
paper can be used as a significant marker in the 
interpretation of seismic profiles, and thus to map 
the distribution of pre- and syn-breakup basalts. 
The few profiles presented in this paper establish 
that to the northeast and to the east the syn-
breakup basalts extend to a significant distance 
offshore, on the order of hundreds of km. The pro-
files presented here offer the prospect of confident 

interpretation of syn-breakup basalts on the Faro-
ese continental shelf. 

Conclusions
We have shown that the seismic response of the 
Malinstindur Fm differs essentially from the 
mutually similar responses of the Enni and Bein-
isvørð Fms, and that this difference can be directly 
related to the Malinstindur Fm being composed of 
compound flows with few, very thin, volcaniclas-
tic beds.

We have tied the A-horizon as logged in the 
Vestmanna well to its presumed reflection event 
on our SeiFaBa stacked seismic data. But we sus-
pect that the A-horizon seismic response will be 

Figure 20
Composite profile OF94 C-C’-C’’-C’’’. Top-basalt 
is at seabed. The A-horizon is annotated, but notice 
that the crossing at seabed is only suggested due to 
low data quality close to seabed. See Figure 15 for 
location. Courtesy of TGS.

Figure 19
OF94 B-B’ profile. At the endpoints of the profile the 
A-horizon and top-basalt (TB) are annotated. See 
Figure 15 for location. Courtesy of TGS.
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influenced far more by the contrast in properties 
of the overlying and underlying Malinstindur and 
Beinisvørð Fms than by those of the very thin sed-
iments of the A-horizon.

Processing of seismic data using seismic veloci-
ties generated by modelling of known geological 
structure of the basalts produce imaging of the 
basalt succession with the potential for interpre-
tation of stratigraphic horizons. Notably, as a 
result of our work, the A-horizon may be used as 
a marker horizon. We have traced it throughout 
significant parts of the Faroes area on reprocessed 
OF94/95 data.

Our distinction between subaerial basalt forma-
tions characterised by different lava morphology 
is a tool for the interpretation of seismic facies of 
volcanic sequences.

And finally, our processing shows that when 
focusing on intrabasalt seismic response, a simple 
processing sequence might be beneficial.
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