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Abstract The horizontal components from fourteen
Ocean Bottom Seismometers deployed along four
profiles focused along the western margin of the Jan
Mayen microcontinent, North Atlantic, have been
modelled with regard to S-waves, based on P-wave
models obtained earlier. The seismic models have
furthermore been constrained by 2D gravity modelling.
High V/Vratios (2.3-7.9) within the Cenozoic sedi-
mentary section are attributed to significant porosities,
whereas V,/V-ratios in the order of 1.9-2.2 for the
Mesozoic and Paleozoic sedimentary rocks indicate
shale-dominated lithology throughout the area. The
eastern side of the Jan Mayen Ridge is interpreted as a
passive, volcanic margin, based on relatively high
crustal V,/V-ratios (1.9), whereas lower V,/V-ratios
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(1.75-1.8) suggest the presence of intermediate com-
position crust and non-volcanic margin on the western
side of the ridge. In the westernmost part of the Jan
Mayen Basin, slightly increased upper mantle V,/V-
ratios may indicate some degree of serpentization of
upper mantle peridotites.

Introduction

The Jan Mayen Ridge is a submarine structure
extending southwards from the Jan Mayen Island in
the North Atlantic (Fig. 1). The water depth at the
crest of the ridge increases from north to south, with an
average depth of c. 900 m. The c. 50 km wide Jan
Mayen Basin, with water depths exceeding 2000 m, is
located to the west of the ridge.

Earlier studies, involving gravity-, magnetic-, and
seismic reflection measurements suggested continental
origin of the ridge (Grgnlie et al. 1979; Navrestad and
Jgrgensen 1979; Sundvor et al. 1979; Johansen et al.
1988). In this part of the Atlantic, seafloor spreading
started at anomaly 24B (c. 55 Ma) along the Aegir
Ridge, situated between the Jan Mayen Ridge and the
Mgre Margin, mid-Norway (e.g. Talwani and Eldholm
1977). Multichannel seismic data resolved an Early
Tertiary basaltic sequence at the eastern flank of the
ridge, and the eastern margin was subsequently inter-
preted as a passive volcanic margin by Myhre (1984)
and Skogseid and Eldholm (1987).

The Aegir Ridge became extinct just prior to
anomaly seven times (c. 25 Ma), when seafloor
spreading commenced along the Kolbeinsey Ridge to
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the west of the Jan Mayen Basin (Vogt et al. 1980).
Kuvaas and Kodaira (1997) argued that continental
stretching within East Greenland commenced at least
20 Myr before break-up occured in the Jan Mayen
Basin.

The P-wave modelling of a comprehensive Ocean
Bottom Seismograph (OBS) dataset was presented by
Kodaira et al. (1998; Fig. 2). Their modelling con-
firmed the continental origin of the Jan Mayen Ridge
and Jan Mayen Basin, and strenghtened the interpre-
tation of the eastern margin as being volcanic. The
modelling suggested, however, that the margin along
the western flank of the ridge is non-volcanic. Fur-
thermore, the modelling revealed that the oceanic crust
formed shortly after break-up along the Kolbeinsey
Ridge was 1.0-2.5 km thicker than normal due to
influence from the Iceland Mantle Plume.

Elucidating the evolution of the Jan Mayen micro-
continent is important for understanding the link be-
tween the early Tertiary North Atlantic Province and
the Iceland Plume, and tectonomagmatic processes in
general. The present paper discusses the modelling of
gravity- and S-wave data, using the P-wave models
presented by Kodaira et al. (1998) as basis. It is well
established that gravity data can be used to support
and refine P-wave velocity models, and that modelling
of S-wave data, interpreted from OBS horizontal
components, provides constraints on lithology and
porosity (e.g. Mjelde et al. 2002a, b, 2003).

Data acquisition and processing

In 1995, the universities of Bergen (Norway) and
Hokkaido (Japan), in cooperation with the Icelandic
National Energy Authority, performed an extensive
geophysical survey in the Jan Mayen Ridge/Kolbeinsey
Ridge area (Mjelde et al. 1995; Fig. 1). Locations of
OBS profiles used in this study are shown in Fig. 2.
Four profiles from the Iceland Plateau to the Jan
Mayen Ridge were acquired mainly to determine the
crustal structure beneath the ridge and the continent-
ocean-transition along the western part of the ridge.
The length of the two dip-profiles, L3 and L4, are
about 100 and 140 km, respectively. In addition, two
strike-profiles of 125 km length each (L5 and L6), were
acquired along the eastern and western edge of the Jan
Mayen Basin. Gravity data was acquired along all
profiles using a LaCoste and Romberg sea gravity
meter. The P-wave modelling of all profiles has been
presented by Kodaira et al. (1998), and the S-wave
modelling of L3 was discussed by Mjelde et al. (2002a).
The present paper documents the S-wave and gravity

modelling of L4, L5 and L6, integrated with the results
published earlier for the other profiles.

A total of 14 three-component OBSs were deployed
along the four profiles, and single-channel reflection
data were also acquired along all profiles. Parts of L4
and LS5 were located on multichannel reflection profiles
previously acquired by the Norwegian Petroleum
Directorate. The OBSs used were equiped with three-
component gimbal-mounted 4.5 Hz geophones. The
instruments record continuously for 14 days within the
1-30 Hz frequency range (Kanazawa and Shiobara
1994). A tuned air-gun array consisting of six Bolt air-
guns with a total volume of 2036 in> (33.4 1) were fired
every minute at about 125 intervals along the profiles.

The analogue OBS data were digitized at Hokkaido
University, and further processing was done at the
University of Bergen. The 5-12 Hz bandpass-filtered
data presented in this paper are scaled with an auto-
matic gain control (AGC) window of 4.0 s and plotted
with a reduction velocity of 8 km/s. The high reduction
velocity is prefered since a significant portion of the S-
wave arrivals are converted on the way up, and hence
propagate with apparent P-wave velocity. Spiking de-
convolution with 85 ms prediction distance and 2 s
operator length was applied to the data, and FK fil-
tering lead to clearer identification of some S-wave
arrivals. The horizontal component data were rotated
into in-line and cross-line components by use of the
polarization of the direct water arrival. It is assumed
that this can be done with an azimuthal uncertainty of
+5° (Digranes et al. 1996). Only in-line component
data are presented in this paper. Examples of such data
are shown in Figs. 3-5.

Modeling procedure

The starting model was derived by digitizing the most
prominent reflections observed in the multichannel
reflection (MCS) data available (Kodaira et al. 1998).
The deepest reflection corresponds to Triassic strata on
the Jan Mayen Ridge and the top of the magmatic
crust westward of the Jan Mayen Basin. The model was
subsequently depth converted using the P-wave
velocity estimated from MCS interval velocities. The

Fig. 3 (a) Horizontal component data from OBS 1, Line 4
plotted with 8 km/s reduction velocity, 5-12 Hz band-pass
filtering and 4 s AGC window. PPP, PPS and PSS arrivals are
indicated. (b) Ray-diagram, as well as interpreted (hatched) and
calculated (solid) travel-time curves for the PPS arrivals. (c)
Same as (b), for the PSS arrivals
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Fig. 4 (a) Horizontal component data from OBS 5, Line 4, interpreted (hatched) and calculated (solid) travel-time curves
plotted with 8 km/s reduction velocity, 5-12 Hz band-pass for the PPS arrivals. (¢) Same as (b), for the PSS arrivals

filtering and 4 s AGC window. (b) Ray-diagram, as well as
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Fig. 5 (a) Horizontal component data from OBS 9, Line 6,
plotted with 8 km/s reduction velocity, 5-12 Hz band-pass
filtering and 4 s AGC window. PPP, PPS and PSS arrivals are
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modeling of the OBS-data was based on a combined
inversion and forward modelling scheme (Zelt and
Smith 1992). During the modelling, both velocities and
interfaces were determined for successively deeper
layers from the wide-angle reflections and refractions
observed in the OBS-data. All layers have been mod-
elled with both vertical and horizontal velocity gradi-
ents. The modeling of the P-wave data has been
presented by Kodaira et al. (1998).

The seismic P-wave model was then tested by
gravity modelling, which is presented here. For this
purpose, the British Geological Survey Interactive
2.5D modelling program, GRAVMAG, was used.
Average velocities within each layer provided initial
density estimates by using the velocity-density rela-
tionship of Ludwig et al. (1970). The density was dif-
ferentiated along each layer according to the velocity
variations along the same layers.

The S-wave modelling, as discussed in the present
paper, consisted of measuring the S-wave velocity
(expressed as the V/V-ratio) for the different layers,
using the same modelling software as for the P-waves,
as well as determining the location of P-to-S conver-
sion for each arrival. The observed arrivals can gen-
erally be classified in three groups depending on the
depth of the conversion; PPS arrivals are converted on
the way up, PSS are converted on the way down, and
target converted waves are converted upon reflection,
or at the top of the critical refractive interface. This
modelling procedure is based on the assumption that
an interface for P-waves corresponds to an interface
for S-waves (Mjelde et al. 2002b). The PSS arrivals are
most useful in the modeling, as they provide direct S-
wave velocity estimates from the layer within which
they refract critically. The PPS arrivals are useful in the
sence that they provide independent estimates of the S-
wave velocities above the interface of conversion.

Basis for interpretation

In this section we describe the first-order geological
interpretations that generally can be drawn from the
type of models we derive. By first-order we mean
“state-of-the-art” interpretations resulting from statis-
tical averaging of well-studied field examples, related
to borehole measurements of P-, and S-wave velocities
and densities (e.g. Holbrook et al. 1992).

The P-wave velocity in sedimentary rocks primarily
reflect their burial depth and history. The P-wave
velocity in marine environments typically increases
from 1.6-1.9 km/s near the sea-floor to 5.5-5.8 km/s at
10-15 km depth (e.g. Neidell 1985). A buried wedge of

volcanic extrusives commonly shows up as higher P-
wave velocities than the surrounding sedimentary rock
units; typically ~ 4.0 km/s are observed near the top of
the wedge, increasing to ~ 5.5 near its base (e.g. White
et al. 1992). The P-wave velocity in typical granitic/
granodioritic crystalline crust increases from ~ 6.0 km/
s at the top to 6.6-6.9 km/s near the base of the crust
(e.g. Holbrook et al. 1992). Lower crustal 7.2-7.6 km/s
layers are generally interpreted as mafic intrusions/
underplating (e.g. White and McKenzie 1989). Typical
oceanic crustal layering corresponds to a sedimentary
unit (1.6-3.0 km/s), layer 2A (pillow lavas; 4.0-4.5 km/
s), layer 2B (sheeted dykes; 5.5-6.0 km/s), layer 3A
(upper part of magma chamber; 6.5-6.9 km/s) and
layer 3B (lower part of magma chamber; 7.1-7.5 km/s)
(e.g. White et al. 1992). The Moho, generally inter-
preted as the crust-mantle boundary, represents a
velocity jump to above =~ 7.7 km/s (Holbrook et al.
1992). Unless otherwise stated, interfaces are observed
both by refractive and reflective events, i.e. they rep-
resent first-order discontinuities in OBS-models.

The modeled densities are generally found to follow
the velocity—depth relationships developed by Ludwig
et al. (1970). Sedimentary densities are estimated to c.
2.0 glem® near the sea-floor to c. 2.75 glem® at 10-
15 km depth. Typical crystalline, continental densities
are in the order of 2.85 g/cm®, increasing to 3.0-3.2 g/
cm® in mafic, lower crustal intrusive bodies. The upper
mantle density is generally set to 3.33 glcm’.

V,/Vs-ratios above three are commonly observed in
shallow marine sediments, and is generally attributed
to low degree of compaction (Chung et al. 1990; Bro-
mirski et al. 1992). It is well known that the increased
confining pressure with depth leading to reduced
porosity and closing of cracks, corresponds to
decreasing V,/V,-ratios (Christensen and Mooney
1995; Sato and Ito 2001). The relationship between the
V,/V-ratio and lithology for well consolidated rocks, is
established both from laboratory experiments and case
studies (e.g. Neidell 1985; Tatham 1985; Tatham and
McCormac 1991; Christensen 1996). Domenico (1984)
used laboratory measurements to compute V,/V; ran-
ges for common sedimentary lithologies and reported
the following (pressure corrected) values; sandstones:
1.59-1.76, dolomite: 1.78-1.84, limestone: 1.84-1.99,
shales: 1.70-3.00. The results indicate that sandstone
represents the lower end-member, whereas shale gen-
erally corresponds to the higher values. The V,/V-ra-
tio is particularly sensitive to the content of quartz;
while most rock forming minerals have V,/V-ratios
from 1.7 to 1.9, quartz has a value as low as 1.48 (Birch
1961). Hence, the V /Vratio offers a means to dis-
tinguish between felsic (quartz rich) and mafic (quartz
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poor) crystaline rocks. Holbrook et al. (1992) esti-
mated V,/Vratios for different crystaline basement
compositions, and found values that varied from 1.71 in
granite (felsic) and 1.78 in granodiorite, to 1.84 in
gabbro (mafic).

The P-wave models

Since the S-wave and gravity modelling is based on the
P-wave models discussed by Kodaira et al. (1998), we
will briefly summarize their results, examplified by the
models of L3 and L4 (Fig. 6). The Cenozoic sedimen-
tary rocks in the models are represented by the two
uppermost layers, with maximum total thickness of c.
2 km in the Jan Mayen Basin (Fig. 6a). A thin high-
velocity (4.6-5.0 km/s) basaltic intrusion is mapped in
this basin. Based on interpretation of multichannel
reflection data, Myhre et al. (1984) dated the intrusion
to c¢. 30 Ma. On the Jan Mayen Ridge and eastwards,
the modelling indicates a c. 1 km thick basaltic wedge,

a Jan Mayen Basin

inferred to be related to the Early Eocene continental
break-up (Skogseid and Eldholm 1987).

The layer with Mesozoic sedimentary rocks is also
thickest in the Jan Mayen Basin (max. 3 km), whereas
the up to 3 km thick Paleozoic layer is restricted to a
wedge beneath the western flank of the Jan Mayen
Ridge. The succession of pre-Cenozoic rocks is very
thin along the eastern flank of the ridge. The conti-
nental crystalline basement is divided in an upper layer
with relatively uniform thickness of c. 4 km, and a
lower layer which varies strongly in thickess, from
absence in parts of the Jan Mayen Basin, to a maxi-
mum of 12 km beneath the Jan Mayen Ridge. No
indications of lower crustal high-velocity layers (7 km/
s), indicative of mafic underplating, were observed in
the data. The depth to the Moho (top of the mantle)
decreases from 20 km beneath the ridge to a minimum
of c. 8 km in the Jan Mayen Basin. The modelling re-
veals a narrow continent-ocean-transition (c. 10 km),
where velocities increases significantly westwards
(Fig. 3b). The oceanic crust on the Icelandic Plateau is
1-2.5 km thicker than normal due to the elevated

Jan MayenRidge
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mantle temperatures in the area (e.g. White and
McKenzie 1989).

Gravity modelling

Translating the P-wave velocity model into a density
model faithful to the velocity—density relationship
(Ludwig et al. 1970) results in a good fit for all parts of
the model (Fig. 7), with exception of the upper mantle
and the continental crust east of the Jan Mayen Ridge.
The resolution for P-waves is not high enough to reveal
lateral variations within the upper mantle, whereas the
gravity modelling suggests significantly higher upper
mantle densities in the southeastern part of the model
(Fig. 7a). This may be interpreted as a thermal effect
related to the progressively younger lithosphere
northwestwards (Breivik et al. 1999). This effect is
observed for several similar profiles across the conju-
gate mid-Norwegian margin (Mjelde et al. 2005; Brei-
vik et al. 2006). The significant increase in crustal
density on the eastern side of the Jan Mayen Ridge,
from 2.82-2.91 glem® to 2.88-2.96 g/cm®, may suggest
the presence of mafic intrusions in this part of the area,
which was poorly imaged by the P-wave data. It must
be underlined, however, that this anomaly close to the
end of the profile possibly also may be explained by
(unconstrained) structural variations further to the
southeast. The misfit in modelled densities at line
intersections can be attributed to offline effects. Note
that the sharp (P-wave) continent-ocean-transition
westwards is confirmed by lateral variations in mod-
elled densities (Fig. 7c).

S-wave modelling

The P-to-S conversions are generally found to occur at
the interfaces with strongest impedance contrasts; e.g.
for OBS 1, L4 (Fig. 3) the waves are converted at the top
of the sedimentary intrusion in the Jan Mayen Basin, at
the base Tertiary on the western side of the Jan Mayen
Ridge and at the top of the Eocene basalt on the eastern
side of the ridge. This pattern of conversions is consistent
with observations from a comprehensive methodologi-
cal survey presented by Mjelde et al. (2002b).

The V,/Vratios for the modelled profiles are pre-
sented in Fig. 8, and the average V,/V-ratios for the
different layers along each profile is shown in Table 1.
The V,/Vratio is found to decrease with depth in the
Cenozoic sedimentary section, where ratios within the
range 2.3-7.9 are measured. The V/V-ratio cannot be

resolved for the thin intrusion in the Jan Mayen Basin,
but the ratio is estimated to 1.85 for the Eocene
basaltic sequence on the eastern side of the Jan Mayen
Ridge. The V/V-ratio is measured to 1.9-2.2 in the
Mezocoic layer and 1.9 in the Paleozoic sequence.
Within the crystalline basement, the ratio is inferred to
decrease from 1.8-1.9 in the upper layer to 1.7-1.8 in
the lower crust. The same values are estimated for the
upper mantle. The modelled V,,/V-ratios for the oce-
anic crust varies from a constant value of 1.75 for all
layers along L3, to values decreasing with depth from
2.0 to 1.8 for L6.

Modelling uncertainties and resolution

One advantage of the applied inversion scheme is that
it has the potential of resolving the velocities and
interface nodes used to construct the models, so that
quantitative comparisons between the observed and
calculated travel-times can be performed (e.g. Kodaira
et al. 1997). The chi-squared value is weighing the
mismatch between observed and calculated arrival
times to the estimated uncertainty of the interpretation
in such a way that a value of 1 or lower per phase
signifies a reasonable fit (Zelt et al. 1992). This facili-
tates judging the quality of the interpretation, and it
ought to ensure that the data is neither under- nor
over-interpreted during the modelling. An example of
2 % values for the different layers for an OBS is shown
in Table 2. Such estimates should be used with care,
since the uncertainties in the data picking (interpreta-
tion) remains unquantified during such comparisons.
During the modelling of the profiles presented in this
paper, the uncertainty of each interpreted branch of
the travel-time curves has usually been kept at 50 ms,
but the uncertainty of some of the crustal arrivals is
higher; up to 200 ms. Note that several of the chi-
squared values presented in Table 2 deviate signifi-
cantly from 1. Such apparent misfits may be removed
by carefully tuning the estimated uncertainty for each
arrival to the calculated chi-squared value. We refrain
from doing this in order to underline that the uncer-
tainty in the interpretation remain unquantified. The
resolution along the profiles is mainly a function of the
distance between the OBSs (ray-coverage) and the
data quality. The ray-coverage for L4 is shown in
Fig. 9.

The gravity modelling is important in constraining
the velocity models since it represents an independent,
although non-unique, method. The gravity modelling is
particularly important towards the ends of the profiles
where the seismic resolution is zero.
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The uncertainty in the S-wave modelling clearly
depends on the uncertainty in the P-wave model (Ko-
daira et al. 1998). Based on their results and our
observations we estimate the uncertainty in the V,/V-
ratio to be £0.03 in areas with high data quality (L6 and
L4 at the Jan Mayen Ridge) and +0.05 in areas with
moderate data quality (L5, and L4 off the Jan Mayen
Ridge). These estimates are in agreement with more
comprehensive, similar studies performed on the mid-
Norwegian margin (e.g. Mjelde et al. 2003, 2005;
Breivik et al. 2006).

The uncertainty described above can be refered to
as the geophysical uncertainty. The geological
uncertainty, related to how V/V-ratios are linked to
some geologic parameter, is more difficult to quan-
tify. It should be clear from the wide range of V,/V-
ratios vs lithology found in laboratory studies (e.g.
Domenico 1984), that a certain picked V,/V-ratio, as
measured by our method, cannot be used directly to
calculate, e.g. the sand/shale ratio at that location.
The borehole confirmation of lithologies predicted
from OBS data (e.g. Digranes et al. 1996), suggests,
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Table 2 Example of uncertainty estimate (OBS 3, L4, shotpoints
to the southeast of the OBS)

Arrival Nu. picks rms (s) uncert. (ms) »° Converted
PPS 71 0.046 100 0.213  VII/VIII
5 0.088 100 0.978 V/VI
45 0.086 100 0.765 VI/VII
44 0.102 100 1.074 VIIIX
20 0.050 100 0.265 VII/VIII
10 0.085 100 0.807 VIII/IX
PSS 71 0.073 100 0.538 IV/V
16 0.059 100 0366 IV/V
16 0.024 100 0.059 VI/VIII

The table shows from left to right the number of picks for each
interpreted arrival, calculated rms-deviation from the picked
arrivals, user-defined uncertainty, calculated chi-squared value
(see text) and P-S converting interface for each arrival

Table 1 Average V,/Vratios for each layer along the three
modelled profiles

Layer number L4 L5 L6 L3
I-IV (Cenozoic) 23-54 2.5-49 2.9-59 5.2-79
V (Eocene basalt) 1.85

VI (Mesozoic) 22 2.15 1.95 1.9
VII (Paleozoic) 1.9 1.9

Upper cryst. crust 1.85 1.85 1.9 1.8
Lower cryst. crust 1.80 1.75 1.8 1.7
Oceanic 2A 2.0 1.75
Oceanic 2B 1.85 1.75
Oceanic 3 1.8 1.75
Upper mantle 1.7 1.7 1.8 1.7

The results for L3 (Mjelde et al. 2002) are also included

however, that OBS-data can be used to predict re-
gional trends in lithology variations, both laterally
and with depth.

Based on this discussion and the results presented,
the uncertainty in the depth to the main crustal layers
and Moho is estimated to be 0.5 km in the areas
where the coverage of rays and data quality is very
good (L6 and L4 at the Jan Mayen Ridge), +1.0 km
where the ray-coverage is poorer (L5, and L4 off the
Jan Mayen Ridge), and +1.5 km close to the ends of
the profiles. These estimates are in accord with the
results from similar surveys and geological settings, as
described by Mjelde et al. (2002a, 2003, 2005) and
Digranes et al. (1996).

Discussion
Sedimentary layers

Based on the discussion above, we attribute the high
VplVratios (2.3-7.9) observed in the Cenozoic sedi-
mentary succession, to high porosity (Table 1). The
relatively high V,/V-ratios modelled for the Mesozoic
and Paleozoic sedimentary rocks, 1.9-2.2 and 1.9,
respectively, indicates shale-dominated lithology
throughout the area. The V/V-ratio was estimated to
1.85 in the Eocene volcanic wedge, which is indicative
of basaltic composition (e.g. Digranes et al. 1996).

Continental crystalline crust

On the eastern side of the Jan Mayen Ridge the V,/V-
ratio is estimated to 1.9 in the upper crystalline crust,
which indicates the presence of a significant portion of
mafic intrusions (Fig. 8a). This is supported by in-
creased modelled densities in the same area. Also note

SE

Distance (km)

25

W

WL NS

Fig. 9 Total ray-coverage for the PPS-arrivals along Line 4
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that the PPS arrivals observed in OBS 1, L4 (Fig. 3) are
dominantly converted on the top of the lower crust,
which might be interpreted in terms of intrusions at
these depths. The asymmetry of the Jan Mayen Ridge,
with the largest crustal thickness on the eastern side of
the ridge, may also be interpreted in terms of crustal
growth due to mafic intrusions emplaced during the
Eocene rifting and break-up (e.g. White and McKenzie
1989). The density and S-wave modelling thus support
earlier studies that have referred to the eastern side of
the Jan Mayen Ridge as a passive, volcanic margin.

Along the western side of the Jan Mayen Ridge
and within the Jan Mayen Basin, the average V,/V-
ratio is estimated to 1.85 in the upper crystalline layer
and 1.76 in the lower crust. Refering to the laboratory
results described above, this could be interpreted as a
dominantly mafic upper crystalline crust and a lower
crust of intermediate composition. However, the
crystalline P-wave velocities are significantly reduced
in this part of the area; from above 6.0 km/s to 5.6—
5.8 km/s in the upper crystalline crust (Fig. 6a). We
agree with Kodaira et al. (1998), who interpreted this
velocity decrease in terms of increased quantity of
cracks. Crack porosity would increase the measured
V,/Vs-ratio, which should be corrected for this effect
prior to lithology interpretations. The uncertainty of
this correction is high, but based on the the results
discussed by Christensen and Mooney (1995), we
estimate the effect on the the V,/V,ratio to be 0.05
for the upper crystalline crust. Applying this correc-
tion suggests intermediate composition throughout
the crystalline crust. This interpretation is supported
by observations from East Greenland, where uplifted
and eroded crustal sections suggest dominantly felsic-
intermediate composition (Henriksen et al. 2003).
Our results thus support earlier studies that have
indicated that the rifting between the Jan Mayen
Ridge and East Greenland was non-volcanic (Weigel
et al. 1995).

Kuvaas and Kodaira (1997) inferred that the rifting
period west of the Jan Mayen Ridge was as long as 20—
30 Myr. According to Bown and White (1995), such a
long periode of rifting would imply conductive heat
loss and insignificant generation of melts, even with
asthenospheric temperatures rised at least 50° above
normal.

Upper mantle

The V,/V-ratio in the upper mantle is estimated to 1.7,
which is consistent with peridotites (Holbrook et al.
1992). In the western part of the Jan Mayen Basin,
close to the continent-ocean transition, the ratio is

modelled to be somewhat higher; 1.75-1.8. These
higher values may indicate that the cracks inferred for
the upper crystalline crust extend down to the upper
mantle, and caused partially serpentization of the up-
per mantle peridotites. Such cracks were postulated by
Kodaira et al. (1998), based on the slightly reduced
upper mantle P-wave velocities modelled in this part of
the area. This model implies penetration of seawater
downwards through ca. 5 km of crust, which has been
reported from oceanic crust elsewhere (Minshull et al.
1998). The observed decrease in P-wave velocities and
increase in V,/V-ratio implies c. 10% serpentinization
(Chian and Louden 1994).

Oceanic crust

The S-wave modelling along the oceanic part of L3,
performed by Mjelde et al. (2002a), indicated rela-
tively low V,/Vratios for all crustal layers (1.75).
These authors interpreted these results in terms of
gabbroic composition, derived from a high-tempera-
ture melt with increased Mg content (White and
McKenzie 1989). Christensen (1996) showed that
increasing the Mg content at the expense of Fe will
reduce the V,/V-ratio.

The V,/V,-ratio modelled along the oceanic part of
L6 indicates significantly higher values (1.8-2.0). These
observations can be interpreted in terms of (normal
temperature) gabbroic composition, with porosity in-
creased V,/V-ratio in oceanic layer 2A (2.0).

Summary and conclusions

Four OBS-profiles on the Jan Mayen Ridge, Jan
Mayen Basin and across the continent-ocean-transition
to the Icelandic Plateau have been modelled with re-
gard to S-waves, supported by gravity modelling. The
modelling was based on previous P-wave models along
the same profiles, partly constrained by MCS-data.

The V,/Vratio is found to decrease with depth in
the Cenozoic sedimentary section, where ratios within
the range 2.3-7.9 are measured. These high values are
attributed to significant porosities. The relatively high
V,/Vs-ratios modelled for the Mesozoic and Paleozoic
sedimentary rocks, 1.9-2.2 and 1.9, respectively, indi-
cates shale-dominated lithology throughout the area.

On the eastern side of the Jan Mayen Ridge the V,/
Vsratio is estimated to 1.9 in the upper crystalline
crust, which indicates the presence of a significant
portion of mafic intrusions. The eastern side of the Jan
Mayen Ridge is hence interpreted as a passive, volca-
nic margin.
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Along the western side of the Jan Mayen Ridge and
within the Jan Mayen Basin, the average V,/V-ratio is
estimated to 1.85 in the upper crystalline layer and 1.76
in the lower crust. The crystalline P-wave velocities are
significantly reduced by the presence of cracks in this
part of the area; from above 6.0 km/s to 5.6-5.8 km/s in
the upper crystalline crust. We estimate that adjusting
for these cracks implies 0.05 reduction in the V,/V-
ratio before lithological interpretations can be made.
Correcting for the cracks suggests intermediate com-
position throughout the crystalline crust. These results
support earlier studies that have indicated that the
rifting between the Jan Mayen Ridge and East
Greenland was non-volcanic.

The V/V,-ratio in the upper mantle is estimated to
1.7, which is consistent with peridotites. In the western
part of the Jan Mayen Basin, close to the continent-
ocean transition, the ratio is modelled to be somewhat
higher; 1.75-1.8. These higher values may indicate that
the cracks inferred for the upper crystalline crust ex-
tend down to the upper mantle, and caused partially
serpentization of the upper mantle peridotites. The
gravity modelling suggests significant lateral decrease
in upper mantle densities from southeast to northwest.
This may be interpreted as a thermal effect related to
the progressively younger lithosphere northwestwards.
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