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Abstract

We present an attempt to quantify the Tertiary and Quaternary erosion on the Barents Shelf in a two step model. The first
step is a tectonically related uplift in the order of 500-2000 m of the NW Barents Shelf in the Early Tertiary with
subsequent erosion in the Eocene—Miocene period and transport of 950,000 km?® of erosional products to the sedimentary
basins on the southern and eastern Barents shelf and to the continental margins to west and north. The second step involves a
regional glacial erosion in Pliocene—Pleistocene times with removal of 1.280.000 km of sediments that today are located in
wedges along the western and northern Barents Shelf margins.

With the present-day topography and bathymetry, the preglacial relief is reconstructed and used to caleulate the glacial
erosion by isostatic modelling. The results indicate that the total erosion increases from 500-700 m in the Southern Barents
Sea, to an excess of 2000 m in a zone from Spitsbergen to Franz Josephs Land. Planimetering of this erosional map gives a
total of 1,200,000 km® of eroded material, which agrees with the estimated 1,280,000 km? of material in the sedimentary
wedges along the western and northemn Barents Shelf Margin.

1. Introduction

From the first exploration wells were drilled on
the Barents Shelf in 1981, it has become clear to
petroleum explorers that the shelf area has been
subject to extensive erosion in Tertiary to Quaternary
times. These conclusions are based on results from
studies of diagenesis, maturation of source rocks,
compaction of shale and using various other methods
(Nyland et al., 1992). Also on Svalbard, significant
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erosion is documented to have occurred in Tertiary
times (Manum and Throndsen, 1978). Regional map-
ping in the mid 1980s located the erosional products
in sedimentary wedges along the western and north-
ern margin of the Barents Shelf (Nottvedt et al.,
1988)

The age of the erosion has been subject to consid-
erable discussion. In a re-dating study presented by
Eidvin and Riis (1989) a late Pliocene to Pleistocene
age was proposed for 2/3 of the wedge volumes
located along the present day western shelf margin.
For a detailed age-discussion of the Tertiary sedi-
ments along the Western Barents Sea Margin, see
Fiedler and Faleide (1996) and Faleide et al. (1996).
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These young age-datings for most of the sediment
volumes immediately led to glacial erosion being
proposed as the major mechanism for the removal of
sediments on the whole shelf area. with transporta-
tion and deposition of erosional products in the
wedges located along the shelf (Vorren et al., 1989),
although the detailed erosional mechanisms still are
debatable. Large volumes of Early Tertiary sedi-
ments are also preserved in wedges along the conti-
nental shelf and in the sedimentary basins on the
south-western Barents shelf, indicating that a consid-
erably erosion also occurred in Early Tertiary times
(Rasmussen et al., in press).

In the present study we therefore divide the Ter-
tiary erosional history of the Barents Shelf into the
two different episodes:

—an Early Tertiary phase after continental rifting
in North Atlantic involving tectonic uplift of the
whole north-western Barents Shelf with subsequent
sub aerial erosion and deposition of erosional prod-
ucts along the shelf margins and filling of sedimen-
tary basins on the southern and south-eastern Barents
Shelf,

—a second episode of latest Tertiary and Quater-
nary age characterised by glacial erosion on the
whole shelf area with transport of erosional products
to the present day margins, and with subsequent
isostatic uplift of the eroded shelf area.

In this paper we focus mainly on the last episode.
Together with realistic geological assumptions to
reconstruct the pre-glacial relief, we will use the
present-day bathymetry and topography on the Bar-
ents Shelf aided by isostatic modelling to quantify
the glacial erosion. Mapping of the volume of the
erosional products along the present-day margins is
used to constrain the erosional estimates.

2. Erosion and isostasy

Erosion in the Barents Sea will result in isostatic
uplift of the effectively elastic lithosphere to com-
pensate for the loss of the sedimentary mass. The
relaxation time for the isostatic compensation esti-
mated from the post-glacial uplift is only a few
thousand years (Fjeldskaar and Cathles, 1991). Thus
it is reasonable to assume that the flexural equilib-
rium was achieved during the erosional process. The

time period considered here, less than 5 million
years, is, however, too short to require taking the
viscous properties of the lithosphere into account (as
described in Fjeldskaar and Pallesen, 1989).

In this paper we are interested in the accumulated
effect of all glaciations in the area. We assume that
the pre-Quaternary surface was at sea level and that
the eroded Pre-Quaternary sediment has been re-
placed by Quaternary sediment and sea water. As-
suming local isostatic compensation (effective elastic
thickness = 0) the relation between present day wa-
ter depth ( H ), thickness of the Quaternary sediment
(Q), change in the relief in Pliocene—Pleistocene
time ( DR) and the amount of erosion (S) is:

. H( py—0y) +Q(pn—p,) +ARp, (1)
(P —n)

where p., p,. p, and p, is the density of the
mantle, sea water, Quaternary sediment and eroded
sediments, respectively.

3. Earth model

If a load (positive or negative) is applied to the
elastic lithosphere covering the asthenosphere, part
of the applied load will be supported by shear stress
in the lithosphere, part by the buoyant forces of the
asthenosphere beneath acting through the litho-
sphere. Loads of short wavelength are supported by
the lithosphere so that the lithosphere acts as a
lowpass filter. The characteristics of this filter de-
pends on the elastic strength of the lithosphere,
parameterized by the flexural rigidity (D). The rela-
tionship between the effective elastic thickness t, of
the lithosphere and the flexural rigidity D is given
by the formula:

D=E3/12(1 - v?)

where » is Poisson’s ratio and E is Young's modu-
lus.

For a flat earth approximation with a uniformly
thick elastic lithosphere the regional isostatic com-
pensation can be calculated using the Fourier trans-
forms. The method used here is described in detail in
Cathles (1975) and Fjeldskaar and Cathles (1991). In
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the Fourier domain Eq. | becomes with the introduc-
tion of an elastic lithosphere:

S(k‘.k\‘.)
_ ”( k.&-kv)( P — ) T Q(‘l‘t"‘n){ Pm _'Pq) i JRI:'MJ")').VM
alk A py —p)

(2)
where k., k, (=2n/A,) are the wave-numbers and
alk,, k,) is the “‘lithosphere filter”:
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where:

4. Flexural rigidity

The influence of the lithosphere in isostatic move-
ments has been subject of much debate. It is now
accepted that the lithosphere behaves like an elastic
plate overlying a viscous fluid. This concept is.
however, not new. Smoluchowski (1909) explained

50°00'

20°00"

Fig. 1. Simplified bathymetry of the Barents Sea.
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the folding in synclinal fold belts by buckling of the
elastic lithosphere. The flexure and its gravity effect
at passive continental margins was studied by Gunn
(1943, Gunn (1944). Jeffreys (1959) studied the
deformation of an elastic crust by bending of a thin
elastic sheet. The approach to including the litho-
sphere in isostatic adjustment calculations was pio-
neered by Brotchie and Silvester (1969) and Walcott
(1970). Brotchie and Silvester (1969) investigated
the influence of a load on its neighbouring regions
caused by the rigidity of the lithosphere. Based on
long-term isostatic adjustment of small scale loads at
various locations on the globe, Walcott (1970) con-
cluded the flexural rigidity of the lithosphere ranged
from 5X 10% to 4 X 10* Nm, but the flexural
rigidity over short timescales could be larger (6-9 X
10** Nm). Gravity anomalies reflecting long term
load support in Fennoscandia suggest a flexural
rigidity of between 1 and 5% 10* Nm (Cathles,
1975). The flexure of the Pacific plate under the
loading of the Hawaiian—Emperor chain was studied
by Watts (1978). His results suggest there is a sys-
tematic increase in the thickness of the elastic litho-
sphere with age. These results seem to be consistent
with the results from flexure at ocean trenches, based

on the width of the forebulge (Caldwell and Tur-
cotte, 1979).

The response of ice-load redistribution on earth
models with various lithospheric thicknesses is cal-
culated to determine the elastic lithosphere rheology
of Fennoscandia. Assuming a uniform lithosphere,
the uplift data of Fennoscandia suggest that the
flexural rigidity is equal to or less than 10** Nm,
corresponding to an effective elastic thickness of
approximately 50 km (Fjeldskaar and Cathles, 1991).
This is assumed to be an upper bound of the earth’s
rigidity because the ice model used in that study has
minimum extent and maximum ice surface profile.

Isostatic and tectonic modelling in sedimentary
basins in the North Sea has also given estimates of
the elastic thickness of the lithosphere. Barton and
Wood (1984) suggested a 5 km elastic lithosphere
thickness for the North Sea. This is in accordance
with the suggestion of Fjeldskaar et al. (1993) that
the flexural rigidity of the lithosphere in the Egersund
Basin, North Sea, is less than 10”2 Nm (r, < 10 km).

In the Barents Sea, however, D is not well con-
strained. We have, therefore, used three different
values of the flexural rigidity, 0.1, 1.0 and 10 %
10®Nm (r, = 10, 25 and 50 km, respectively).
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Fig. 2. Estimated Pliocene—Pleistocene erosion on the southern

Barents Sea based on parameters from exploration wells.
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5. Calculated erosion

A number of bathymetric troughs are observed to
cut the Barents Shelf Fig. 1, and drain across the
continental shelf where large volumes of anticipated
erosional products are located (Nottvedt et al., 1988:
Nyland et al., 1992). In a number of papers the
bathymetry on the southern shelf has been explained
as a result of glacial erosion (Vorren et al., 1989), a
model which is accepted here.

Based on the earth model above and Eq. 1 we
calculated the eroded material as a function of the
present day bathymetry and the thickness of the
Quaternary sediments. The density parameters are
tabulated in Table 1, and are based on observations
from exploration wells in the area. It is also assumed
that the preglacial water depth on the southern Bar-

Table |

Parameter values used in the calculations

Poisson’s ratio v=10.25

Young's modulus E=103x10" Nm~*?
Density of mantle P = 3300 kg /m*
Density of Quaternary sediments Py = 1900 kg /m*
Density of eroded sediments p,=2200 kg/m*

Water density
Magnitude of compression

P = 1000 kg /m?
N=10X10"* Nm~!

ents Shelf was close to 0 m, due to infill of basins
resulting from the erosion of the NW uplifted Bar-
ents Shelf. Fig. 2 displays the erosion estimates
based on parameters as observed in exploration wells
on the southern Barents Shelf. In the southern Bar-
ents Sea the erosion is seen to increase from S00-600

75"
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Fig. 3. Paleocene—Miocene sediment thicknesses on the Barents Shelf and margins.
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m in Hammerfest—Nordkapp Basins, to in excess of
900-1000 m north of the Loppa High. A gradually
lower erosion to less than 500 m is anticipated for
the south-eastern Barents Shelf.

The erosion estimates mimic to a large extent the
bathymetry. only slightly modified by the variations
in Quaternary thicknesses. The difference between
the flexural method and the local isostatic approxi-
mation could be significant in local areas. In general,
however, the difference is less than 100 m.

For the NW Barents Shelf where a preglacial
elevation above sea level is anticipated (see discus-
sion below), a coarse preglacial relief must be estab-
lished before isostatic models can be applied.

6. Mapping of erosional volumes

One way to reconstruct the preglacial relief on the
Barents Shelf is to map the volume of Pliocene-
Pleistocene erosional products along the present day
margin, spread them back to their provenance
area—already knowing the erosion on the southern
Barents Shelf (Fig. 2)—and correct for the isostatic
adjustment to a different mass distribution.

Fig. 3 displays the isopach map of the Base
Tertiary 1o Miocene sedimentary thickness along the
western and northern margin of the Barents Shelf,
while the isopach of the Pliocene to Pleistocene is
displayed in Fig. 4. In the west, the mapping is based
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Fig. 4. Pliocene~Pleistocene sediment thicknesses on the Barents Shelf and margins.
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mostly on seismic data available to the oil industry,
which makes the volume estimates reliable. Volume
calculations along the western margin gives a total of
280,000 km® of Early Tertiary to Miocene sedi-
ments, and an additional 530,000 km® of Pliocene to
Pleistocene sediments.

To the north of the Barents Shelf the database is
very scarce, with few available seismic lines. In our
approach, we have based our isopachs on a literature
synthesis where several attempts have been made to
map the whole sedimentary wedge by using different
methods (Kristoffersen, 1990; Vignes, 1996). In ad-
dition we have used unpublished Russian data to
support our calculations. The total Tertiary to Qua-
ternary sediment volume is estimated to be 1,100,000
km?, but it is noted that considerably uncertainty
exist with regard to this estimate. For further division

we have divided the volumes in the same proportions
as empirically observed on the western Barents Shelf,
with approximately 2/3 of the volume in the
Pliocene—Pleistocene wedge, and 1 /3 in the Early
Tertiary to Miocene wedge. The results gives very
coarse estimates of 350,000 km® sediments, localised
in the Early Tertiary to Miocene wedge, and 750,000
km® in the Pliocene-Pleistocene wedge, stretching
from Svalbard to east of Franz Joseph Land.

For most of the southern Barents Shelf, Late
Cretaceous to Early Tertiary sediments are today
subcropping on the sea bottom (NPD subcrop map).
This implies that a large proportion of the eroded
sediments in this area were Tertiary sedimentary
rocks. By using seismic extrapolation methods and
our estimated erosional thicknesses as shown in Fig.
2, the preglacial extension of the Tertiary deposits on

. i

io0° 20°

[ < 0-500m
500 - 1000m

300 40° 50°

Fig. 5. Reconstructed preglacial Paleocene—Miocene sediment thicknesses on the Barents Shelf and margins.
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the southern and southeastern Barents Shelf is recon-
structed in Fig. 5. These volumes of sediments are
believed to derive from provenance areas on the
northwestern tectonically uplifted shelf, possibly with
a minor contribution also from the Fennoscandian
and Uralian areas.

Based on the map in Fig. 5 the Tertiary sediments
located on the southern and southeastern Barents
shelf—which later is to be eroded by glacial erosion
—is calculated to amount to 320,000 km®, Including
this sediment volume the total volumes of Early
Tertiary to Miocene erosional products add up to
950,000 km? (280,000 km* in basins along the west-
ern shelf, 350,000 km® north of the shelf, and 320,000
km’ deposited and later eroded from the southern
and eastern shelf). In addition a volume of 1,280,000

km® of Pliocene—Pleistocene erosional products are
observed along the western and northern shelf areas
(530,000 km* and 750,000 km?, respectively). The
volume of Pliocene—Pleistocene sediments limits the
average glacial erosion on the Barents Shelf to be
around 650-700 m (1,280,000 km* /1,900,000 km?).
With the average erosion of 500-700 m in the south
(Fig. 2), this calls for a somewhat higher average
erosion in the north.

7. Geologic history with quantification of
preglacial relief

The rifting of the North Atlantic in Early Tertiary
time led to the separation of Greenland and Barents

500 - 1000m
1000 - 2000m

1o° 20°

30° 407 50°

Fig. 6. Reconstructed Early Tertiary postrift topography of the Barents Shelf.
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Shelf through complex tectonic phases involving
NNW-SSE trending shear movements along the
western Barents Sea Margin with final separation
and drift in Oligocene times (Talwani and Eldholm,
1977; Myhre and Eldholm, 1988) The tectonic uplift
which followed this Early Tertiary rifting is even
today topographically expressed by the presence of
islands along the rifted margins, with Bjornoya in
west, Spitsbergen at the NW tip of the Barents Shelf,
and Franz Joseph Land to the north (Fig. 1).

The tectonic uplift after continental rifting is re-
ported to be in the order of 2 km along rifted
margins, with asymptotic drop off to less than 500 m
uplift some 400-600 km from the margin (Weissel
and Karner, 1989). A tentative topographic recon-
struction of the Barents Shelf using tectonic uplift of

this magnitude is presented in Fig. 6. On Spitsber-
gen, where a combined uplift effect from both the
western and northern margin is to be expected, the
maximum uplift in our model is set to 3 km. The
tectonic uplift created in this manner is thought to
have affected the whole northwestern Barents Shelf,
gradually declining to zero towards the sedimentary
basins on the southern and southeastern Barents
Shelf. This tectonically controlled uplifted land area
on most of the NW shelf area was throughout the
Eocene, Oligocene to Miocene periods the site of
extensive sub aerial erosion, feeding sediments both
to the northern and western shelf margin, and also to
the basinal areas on the southern and eastern Barents
shelf, where most of these soft sediments later were
eroded by glacial processes.
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Fig. 7. Reconstructed preglacial relief of the Barents Shelf,
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Fig. 8. Estimated amount of eroded Pre-Quatemary sediments using an elastic thickness 7, = 10 km.

In our models, this positive relief on the whole
northwestern Barents shelf—with an areal extent of
700,000 km?—is the major provenance area for the
950,000 km® of Early Tertiary sediments as dis-
played on Fig. 5. Simple volume calculations show

that an average depth of erosion of 1200-1300 m
over this whole area corresponds to the depositional
volumes as calculated above. If the eroded sediments
—which mostly will be Late Mesozoic unconsoli-
dated sediments—have an average density of 2000
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Fig. 9. Estimated amount of eroded Pre-Quaternary sediments using an elastic thickness 1. =50 km.
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kg/m?*, this gives, after isostatic reconstruction (Eq.
2). a 450-500 m lower relief on the whole NW
Barents Shelf prior to the glaciations. A tentative
preglacial relief is then reconstructed by subtracting
500 m from the Early Tertiary tectonically uplifted
northwestern shelf (Fig. 6). A further smoothing of
the northwestern most strongly uplifted corner of
Svalbard is also introduced to arrive at the tentative
pre-glacial relief of the Barents shelf as presented in
Fig. 7.

With the present day topography and bathymetry,
the preglacial relief is then used to calculate the
glacial erosion by using the general equations for
isostatic rebound as presented in Eq. 2. Regional
maps displaying the glacial erosion for different
values of the flexural rigidity are presented in Figs. 8
and 9. For a thin lithosphere (7, = 10 km) the total
estimated erosion is seen to have a pronounced local
maximum in the Bjornoyrenna, between 750 and
1000 m. The regional maximum occurs in a zone
from Spitsbergen to Franz Joseph's Land, where the
erosion is estimated to more than 2500 m. For a
thick lithosphere (s, =50 km) the pattern of the
estimated erosion is more smeared out. with gradu-
ally increasing values from south to north, without
any local maximum in the Bjornoyrenna. The maxi-

mum erosion is still located in a zone from Spitsber-
gen to Franz Joseph Land, where 2000 m of erosion
is predicted. The total volume of eroded material in
the two cases is, however, not very different in the
two cases. Planimetering of this erosional map gives
a total of 1,200,000 km? of eroded material, which
agrees with the 1,280,000 km* found in sedimentary
wedges along the western and northern Barents Shelf
Margin.

8. Net uplift

The net uplift of the crust can be estimated from
the equation:

U(k_‘ .ky)
_ S(ko k) p,+ H(k k,)p, + O(k,.k,)p,
a(k . k,)pn

The erosion pattern described above, combined
with the Quaternary deposition and present day
bathymetry gives a net uplift of the pre Pliocene—
Pleistocene sediments in the order of 400 m in the
Bjornoyrenna, and 200-300 m in central Barents
Sea. The uplift in the Svalbard area is slightly above
1700 m (Fig. 10).

> 150000 -
L - 1700.00 <

Fig. 10. Estimated net uplift of Pre-Quaternary sediments using an elastic thickness 7, = 10 km.
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9. The effect of intraplate stress

Could intraplate stresses give a significant modifi-
cation of this picture? The application of an in-plane
force to a lithosphere containing a pre-existing de-
flection will alter the distribution of bending stresses
in the lithosphere, which in turn induces an addi-
tional deflection of the lithosphere. An analogue for
the lithosphere is a thin elastic plate overlying an
inviscid substrate. The thin elastic plate is charac-
terised by its flexural rigidity D, or equivalently by
its thickness t_.which we believe represents the me-
chanically strong part of the lithosphere in a depth-
averaged sense.

It has been suggested (e.g. in Cloetingh and Kooi,
1989) that stress-induced subsidence /uplift in rifted
basins could be a significant effect in basin forma-
tion.

Karner et al. (1993) have shown that the addi-
tional deflection, caused by the in-plane force, is
simply a filtered version of the pre-existing deflec-
tion. The additional deflection caused by the lateral
force /unit length N and the pre-existing deflection
W, in wave number domain (k) is:
(Dkﬁ—N)H"'

5

Ni
W(k) = A

W,(k) (3)
P8

dp‘}g

or equivalently:
W\(k) = P(k)W,(k)

where D is the flexural rigidity. Dp,is the density
difference between the material underlying and over-
lying the elastic beam (= mantle density) and g is

acceleration due to gravity. Wave number £ is re-
lated to the wavelength A by k= 2m/A.

10. Resulting deflections

The compressional stress field in northern /central
Atlantic is suggested to have a magnitude in the
order of 3 kbar (= 0.3 X 10"* Nm~") (Cloetingh and
Kooi, 1989). We have used a in-plane compression
of 10'* Nm™' in east-west direction. Under the
assumption of a flat surface (and lithosphere) in
Early Pliocene, the deflections caused by the flexural
pattern of Fig. 10 can be calculated by Eq. 3. The
results for an effective lithosphere thickness of r, =
10 km (D = 107 Nm) are shown in Fig. 11. It is
quite clear that for realistic values of compressional
stress in northern Atlantic (note that the compres-
sional stress value used here is three times higher
than what is suggested for northern/western At-
lantic) the effect of intraplate stresses is insignificant

*land' —
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Fig. I 1. Deflections due to in-plane force variations on the flexural pattern of Fig, 10. The compression magnitude is 10" Nm ™',



E. Rasmussen. W. Fieldskaar / Global and Planetary Change 12 (1996) 1]19-133 131

for the overall magnitude of uplift. The deflections
have short wavelengths, and the maximum additional
deflection caused by the intraplate stress is 100 m
close to Svalbard.

We would, however. like to add that the assurnp-
tion of a horizontal crust with uniform effective
thickness in Early Pliocene time is not exactly cor-
rect. The lithosphere has been stretched and loaded
leading to a non-flat shape of the lithosphere. To
give a correct estimate of the effect of the intraplate
stress, it is necessary to find the total pre-existing
deflection, i.e. take into account the distribution of
the entire crustal and sedimentary load. Our assump-
tion about a uniform elastic thickness can also be
questioned. In this paper we have taken into account
only the load of the Plio/Pleistocene sediments.
This error will, however, not affect the results about
the wavelength of the uplift. For an elastic thickness
of 10 km, the wavelengths of stress induced move-
ments are too short to contribute to the broad scale
Barents Sea uplift. As shown in Eq. 3 the stress-in-
duced deflections are a function of the flexural rigid-
ity. @(k) is an effective high-pass filter, removing
the components of long wavelengths. Increasing the
flexural rigidity increases the filter effect, in addition
to removing the components of short wavelengths as
well (Fig. 12). For an elastic lithosphere thickness of
10 km the stress induced deflections can be up to

Amplitude

0 200 400
Wavelength (km)

38% of the pre-existing deflections for wavelengths
of 100~150 km. For an elastic thickness of 50 km
the stress induced deflections have a maximum of
2.8% of the pre-existing deflections at wavelengths
of 450 km.

11. Discussion and conclusions

We have attempted to quantify the Tertiary and
Quaternary erosion on the Barents Shelf in a two
step model:

(1) tectonically related uplift in the order of 500—
2000 m and locally 3000 m of the NW Barents Shelf
in Early Tertiary times with subsequent erosion in
the Eocene—Miocene period with transport  of
950,000 km* of erosional products to the sedimen-
tary basins on the southern and eastern Barents Shelf
and to the continental margins to the west and north.

(2) strongly enhanced erosion in the glacial period
with erosion in the magnitude of 1000 m to locally
2000 m on the northern shelf, and 500700 m on the
southern Barents Shelf, and with transport of
1,250,000 km* of erosional products to the present-
day continental margins to the north and west.

Flexural modelling based on the present day
bathymetry in the southern Barents Sea and on antic-
ipated preglacial relief on the northern Barents Shelf ;

600 800 1000

Fig. 12. Deflections as a function of wavelengths due to in-plane force variations (#( &) in Eq. 3) for a thin (t.=10 km) and a thick (1, = 50

km) elastic lithosphere. The compression magnitude is 10" Nm~ !,
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gives erosional estimates that accounts for the
Pliocene—Pleistocene volumes observed along the
present day margins of the Barents Shelf.

Added together this results in a total Tertiary 1o
Quaternary erosion of 2500-3000 m on Svalbard. an
estimate in generally good agreement with previous
estimates based on published maturation studies of
coal (Manum and Throndsen, 1978) and on unpub-
lished Norsk Hydro data of maturation level of Ter-
tiary and Mesozoic shales and mudstones. On the
southern Barents Shelf, our estimates of the total
Tertiary erosion will be in the range of 500-700 m,
an estimate somewhat lower than earlier published
estimates (Nyland et al., 1992; Vignes et al., 1992),
although revised maturation studies of the organic
rich Jurassic source rocks by using a young
Pliocene-Pleistocene erosion shows that these low
erosion estimates are possible (J.H. Augustson, Norsk
Hydro, pers. comm.).

Our estimates, modelling work and results are
weakened by a number of uncertainties, both related
to lack of geologic data on large part of the Barents
Shelf and sometimes to poor control on input param-
eters in our equations, which have forced us to make
assumptions. Large uncertainties in mapping of the
volumes of erosional products north of the Barents
Shelf may significantly influence our erosional esti-
mates. Larger volumes will of course result in higher
erosion on the shelf. Also our reconstruction of the
preglacial relief is totally model driven, and based on
an interplay between Early Tertiary tectonic uplift
and later Tertiary preglacial erosion. Density of the
eroded material is also an important input parameter
in our equations. We have used an average of 2200
kg/m°, which is realistic when we know that the
measured Pre-Quaternary bed rock density from ex-
ploration wells varies from 2000 kg/m® in the
southern Barents Sea where the erosion generally is
low, up to 2400 kg/m’ in the northernmost wells
where the erosion is proven by various methods to
be higher. We have further assumed in our modelling
that the preglacial water depth on the southern Bar-
ents Shelf was close to 0 m. This is based on the
knowledge of a large sediment supply area on the
northwestern Barents Shelf which not would allow
deepwater sedimentary basins to be stable on the
southern Barents Shelf, and to our assumption that
the global preglacial sea level is similar to today's

level. Végnes et al. (1992) pointed out that a 200 m
of sea level fall in Oligocene would add 600m to the
estimated erosion. However. we find no evidence for
adding this amount of erosion to our estimates,
simply because there is no evidence for such a high
additional erosion considering the volumes of the
erosional products along the present day margins.

The generally good agreement between our mod-
elled erosion on the shelf and the erosional volumes
mapped along the present shelf margin, proves that
our method must be treated on line with most other
methods as a tool in estimating the erosion on the
Barents Shelf.
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