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Interval velocities from seismic sections are used to estimate the amount of post-Early Cretaceous uplift and erosion within the
study area on the southem Barents shelf. Emphasis is laid on the Lower Cretaceous (Aibian-Aptian shale) as this is the youngest
unit which is preserved throughout the entire study area. The validity of the method is evaluated through a discussion of possible
sources of error. In this context lithological variations within the Albian-Aptian sequences throughout the study area constitute an
important factor which is evaluated by a seismic interpretation with emphasis on the Lower Cretaceous. The discussion indicates
that interval velocities in this case can be used to evaluate maximum values for the Late Cretaceous and Cenozoic erosion on the
Southem Barents shelf. The total Late Cretaceous and Cenozoic erosion increases from the Hammerfest Basin in the southwest
( < 1300 m) toward the Bjarmeland Platform in the northeast (1700-2000 m). We assume that the time of maximum burial
occurred in Late Paleocene-Early Eocene prior to uplift and erosion related to the opening of the Norwegian-Greenland Sea. By
combining earlier works on the Plio-Pieistocene erosional products with the estimated values of total erosion, we have been able to
evaluate the importance of the Plio-Pleistocene erosion relative to the earlier Eocene, Oligocene and Miocene erosion on the
southem Barents shelf. Depending on the calculated volumes of the Plio-Pleistocene erosional products, the Plio-Pleistocene erosion
varies between 650 and 950 m. This implies on erosion between 600 and 1200 m during the Eocene, Oligocene and Miocene in the
southem Barents Sea.
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Introduction

The magnitude and timing of the Cenozoic erosion on
the Barents shelf has proven to be of crucial importance
for the understanding of the geological history and the
hydrocarbon prospectivity of the area. Various authors
have tried to evaluate the Cenozoic erosion on the
Barents shelf (Nøttvedt et al. 1988; Vorren et al. 1991;
Nyland et al. in press; Løseth et al. in press). It is
generally agreed that an average of 1000 m or more of
overburden has been removed from the southern Barents
shelf during the Cenozoic (e.g. Nøttvedt et al. 1988;
Eidvin & Riis 1989; Vorren et al. 1991). Vorren et al.
( 1991) have also eva1uated the spatial and tempora!
variation of the Cenozoic erosion based on regional
geological studies.
In this study we have focused on an area on the
southern Barents shelf between approximately 20° and
32°E and between 71° and 74°N including the Finnmark
and Bjarmeland Platforms, the Nordkapp and Hammer
fest Basins and the Loppa High (Fig. l). The amount of
erosion in this area will be estimated by an analysis of
interval velocities from seismic sections. Emphasis is laid
on velocity analysis of the Lower Cretaceous, as this is
the youngest unit which is preserved throughout the
entire study area (Fig. 1). Combined with earlier volu
metric analysis (Vorren et al. 199 1), the estimated values
of total erosion will be used to evaluate the importance
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of the Plio -Pleistocene erosion relative to the previous
post -Early Cretaceous erosion on the Barents shelf.
The seismic data used are mostly Norwegian Pet
roleum Directorate data from 1982 to 1986 (Fig. 2a). In
addition, we have used a survey from the Hammerfest
Basin shot by Statoil in 1983 (TNGS83, Fig. 2a) and a
regional, high quality data set shot by Saga Petroleum
a.s. in 1987 and 1988 (SG8737 and SG8837, Fig. 2b).
This represents a total of approximately 12,000 km of
regional multichannel seismic data. Shallow seismic
profiles (from the IKU 1986, 1987, 1988 surveys and
from the UiTø 1988 survey, a total of approximately
900 km) are used for detai1ed seismic interpretation and
velocity analysis (Fig. 2b).
Data from nine exploration wells are used in this
study. The wells are mainly located in the Hammerfest
Basin (wells 7119/9-1, 7119/12-3, 7120/8-1, 7120/8-3,
7120/9-1 and 7121/7-1) with a few wells located on the
western parts of the Bjarmeland Platform (wells 7124/
3-1, 7224/7-l and 732 1/8-1) (Fig. 2).

Method for estimation of uplift and eroston

In the present study the relationship between seismic
velocities and sediment compaction is used to evaluate
the amount of uplift and erosion. The basic assumptions
for the method are: ( l ) Compaction of a sediment results
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l. Map showing the main structural elements in the southem Barents Sea; SH =Stappen High, LH =Loppa High, GBH =Gardarbank. High, SBH =Sentralbank
High, VH =Veslemøy High, MH =Mercurius High, SR =Senja Ridge, VVP =Vestbakken Volcanic Province, SVSB =Sørvestsnaget Basin, SKB =Sørkapp Basin,
OB =Olga Basin, SBB =South Barents Basin, TB =Tromsø Basin, BB =Bjørnøya Basin, NKB =Nordkapp Basin, HB =Hammerfest Basin, HaB =Harstad Basin,
VB =Varanger Basin (modified after Gabrielsen et al. 1990 and Ulmishek 1985). Framed area indicales the study area.

Fig.

in an increase of the interval velocity due to a decrease in
porosity (Magara 1968, 1978) ; (2) There is a linear
relationship between shale porosity and transit travel
time (Wyllie et al. 1956, 1958; Magara 1976). Since
compaction generally is accompanied by irreversible dia
genetic transitions, observed interval velocities or transit
travel-times in normally pressured shales will record the
maximum depth of burial. This will be the case even if
the shale subsequently was uplifted and overburden re
moved. Differences in interval velocity data or transit
travel-time data may therefore be used to detect qualita
tive differences in burial history.
In order to make a quantitative estimate of maximum
depth of burial and subsequent uplift and erosion (maxi
mum depth of burial minus present depth of burial), the
interval velocity data have to be calibrated to a known
compaction curve. In the present case the procedure
included two stages.

The first stage was to establish an interval ve1ocity-ver
sus-density function for the study area by using seismic
and well data. The resulting plot (Fig. 3) shows that
there is a good correlation between interval velocities
from seismic sections in near well positions and sonic
velocities from the corresponding depths. This correla
tion suggests that it is reasonable to quantify shale
density from seismic velocities in the study area.
The next stage was to obtain a calibration curve for
the shale densities/seismic velocities. In the present case
this was not possibly directly since vitrinite and fission
track data record post Cretaceous uplift in all wells in the
area. A calibration curve had therefore to be constructed
using total erosion estimates from vitrinite reflectance
and fission-track data p1otted against depth to a shale of
fixed density. In this context it was important to choose
a density (i.e. an interval velocity) which was common
within a stratigraphic unit which could be correlated
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2. Seismic data used in this study. The location of seismic examples is indicated by heavy lines and numbers. (a) A regional grid of NDP-data from 1982, 1983,
1984, 1985 and 1986 and lines shot by Statoil in 1983 (TNGS83); (b) Seismic lines shot by Saga Petroleum in 1987 and 1988 in addition to IKU shallow seismic profiles
and a shallow seismic line shot by the University of Tromsø (UiTø).
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throughout the entire study area. The only suitable unit
in this context is the Early Cretaceous Kolmule Forma
tion of Albian-Aptian age (see below for discussion on
Cretaceous and Cenozoic stratigraphy). A shale density
of 2.4 gfcm3 was selected for calibration as this density
corresponds to a seismic interval velocity of 28002900 m/s (Fig. 3), which is well within the range of
velocities recorded within the Lower Cretaceous (Ap
tian-Albian) sequences in the study area. The resulting
calibration curve (Fig. 4) relates total erosion (or maxi
mum uplift) to the present depth of a shale with a density
of 2.4 gfcm3.
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(from Tørudbakken, in prep.). The graph is based on vitrinite and fission track
analysis from wells in the southem Barents Sea. Shaded area indicates the
possible error in drawing the best-fil line between the data points.
Fig. 4.

The approach used to evaluate the total post-Early
Cretaceous erosion can be summarized as follows: ( l)
The velocity analyses on the seismic sections are used to
find the depth to the shale with interval velocities be
tween 2800 and 2900 m/s, i.e. shale with densities of
approximately 2.4 g/cm3 (Fig. 3); (2) These depths are
plotted in the calibration curve (Fig. 4) to estimate the
total erosion.
The applied method has several possible sources of
error. Some of these are related to the quality of the data
set whereas others are related to relative differences in
lithology, fluid pressure, temperature and depth which
may inftuence the compaction of the sediments (Magara
1978; Sheriff & Geldard 1983; Weaver 1989). Additional
sources of error are related to the late Cenozoic evolu
tion of the area and the effects of grounded ice sheets or
multiple periods of sedimentation and erosion. The valid
ity of the results depends on the importance of these
sources of errors and each of these is evaluated in the
discussion.
The understanding of some of these uncertainties de
pends first and foremost on a correct interpretation of
Cretaceous and Cenozoic geology of the area. Therefore,
we will first give an overview of the stratigraphy with
special emphasis on the Lower Cretaceous interval.

Cretaceous and Cenozoic stratigraphy

The Cretaceous and Cenozoic intervals in the southern
Barents Sea comprise four main stratigraphic units: the
Upper and Lower Cretaceous units (the Nordvestbanken
and Nygrunnen Group), the Tertiary unit (The Sot
bakken Group) and the upper glacial unit (the Nordland
Group) (Fig. 5). The Lower Cretaceous Nordvestbanken
Group (Ryazanian-Cenomanian) and the glacial unit
are found throughout the entire study area, whereas the
Upper Cretaceous Nygrunnen group (Cenomanian
Maastrichtian) and the Tertiary Sotbakken Group (Pale
ocene-Eocene) are mainly restricted to the structural
basins.
Lower Cretaceous sediments

1000

2000

73 (1993)

The base of the Cretaceous forms a smooth surface that
dips gently toward the Nordkapp Basin in the central
part of the study area (Fig. 6). On the platform areas the
surface is cut by several faults with throws of generally
less than 50 ms (Fig. 7). Larger throws are found on
faults located along the margins of the Nordkapp and
Hammerfest Basins (Fig. 6).
In the Nordkapp Basin, the Base Cretaceous uncon
formity is pierced by several salt diapirs which have been
active during both the Cretaceous and the Cenozoic and
at places reach to the present sea-ftoor (Fig. 6) (Bergen
dal 1989; Henriksen 1990).
Four subunits are mapped within the Lower Creta
ceous Nordvestbanken Group (Fig. 8). On the Bjarme-
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5. Lithostratigraphical scheme for the Hammerfest Basin and the adjacent
platform areas {modified from DaIland et al. 1988). Also shown is the suggested
ages and correlations of the Early Cretaceous subunits {Sl = subunit l ,
S2 = subunit 2 , S3 = subunit 3 , S 4 = subunit 4 , PS3/PS4 = Early Cretaceous
subunits of post-subunit 3 and 4 age).
Fig.

land and Finnmark Platforms the subunits l , 3 and 4
pinch out toward the southwest by downlap on the Base
Cretaceous unconformity. Subunit 2 is within the study
area confined to the Hammerfest Basin and the unit
pinches out by onlap toward adjacent structural highs
(Figs. 8 and 9).
Subunit l is mostly found east of 28°E and can be
followed from the Bjarmeland Platform, across the east
em parts of the Nordkapp Basin onto the eastern
Finnmark Platform (Fig. 8). Subunit l is characterized
by internal reflections of high amplitude and high conti
nuity. However, shingled clinoforms, probably reflecting
southward deltaic progradation and thus more coarse
grained deposits, are observed at several levels (Fig. 7).
We suggest that there is no large Cretaceous section
missing in the areas where subunit l is preserved. Subunit
l may thus be equivalent to the distal marine Knurr
Formation infilling the deeper Hammerfest Basin (Fig. 5).
Subunit 2 is confined to the Hammerfest Basin where
the Cretaceous is characterized by parallel to subparallel
internal reflections and the unit reaches thicknesses of
more than 400 ms in the western parts of the study area
(Figs. 8 and 9).
Correlations to wells in the Hammerfest Basin indicate
that the top of subunit 2 represents the top of the Kolje

7

Formation and that the unit comprises the Knurr and
Kolje formations (Ryazanian-early Aptian) (Fig. 5).
The Knurr and Kolje formations were deposited in a
distal open marine environment and are dominated by
claystone and shale (Dalland et al. 1988).
Increasing thicknesses of subunit 2 toward the Loppa
High west of 22°E (Fig. 8) and the deep canyons iden
tified at the Base Cretaceous boundary on the southern
margin of the Loppa High (Fig. 6) indicate that sub
marine erosion must have been of importance in this
area. Thus, a lateral lithologic change. from distal deep
marine clays, as found in the wells in the central parts of
the basin, toward more proximal, coarser slope-front
deposits (silt or sand) derived from the Loppa High with
interbedded clays may be expected.
Subunits 3 and 4 are mapped on the Bjarmeland and
Finnmark Platforms, respectively (Fig. 8). The units
exemplify the typical west and southwestward thinning
and downlapping pattern of the Lower Cretaceous on
the Bjarmeland and Finnmark Platforms. A correlation
between subunits 3 and 4 across the Nordkapp Basin
is not possible because of the salt diapirs in this basin
(Fig. 6).
On the platform areas the sedimentation pattern sug
gested for subunit l probably continued during deposi
tion of the rest of the Lower Cretaceous Nordvestbanken
Group (subunits 3 and 4 younger units). As the shoreline
approached the Hammerfest Basin, there was a gradual
change from a ramp type to a shelf-edge type of setting
(Vail et al. 1991) with large off-lapping clinoforms reach
ing into the Hammerfest Basin. The distal parts of these
clinoforms are represented by the parallel bedded, Lower
Cretaceous strata overlying subunit 2 (Fig. 9). Wells in
the Hammerfest Basin show that these sediments of the
Kolmule Formation (Fig. 5) are dominated by claystone
and shale with minor stringers of siltstone, limestone and
dolomite probably deposited in an open marine environ
ment (Dalland et al. 1988).
The entire Lower Cretaceous Nordvestbanken Group
is, with the exception of subunit l, intensively faulted by
small-scale, closely spaced faults terminating near the
Base Cretaceous unconformity. In the northeast, where
subunit l is preserved, these small-scale faults terminate
above the top of this subunit (Fig. 7). The throws on the
faults are generally less than 20 ms (TWT). On the
Bjarmeland and eastern Finnmark Platforms, there are
more than 10 faults per lO km (measured on the seismic
sections), whereas the fault density in the Nordkapp
Basin is much less and over large areas less than 5 faults
per 10 km (Fig. 10). Bergendal (1989) relates this small
scale faulting to halokinetic adjustment due to Tertiary
salt movements.

Upper Cretaceous sediments

East of ca. 26°E, along the southern margins of the
Nordkapp Basin and on the Finnmark Platform, the
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6. Depth in two-way travel time to the Base Cretaceous unconformity in the southern Barents Sea (contour interval 100 ms). Arrows indicate submarine canyon
axis. HB =Hammerfest Basin, NKB =Nordkapp Basin, ND =Norvarg Dome, SWG =Swaen Graben, SD =Samson Dome, MB =Maud Basin.

Fig.

base of the Tertiary has a characteristic undu1ating relief
(Fig. 11). The thin unit between the base of the Tertiary
and the intra Cretaceous reflector (IC, Fig. 11) is the only
remains of the Upper Cretaceous Nygrunnen Group in
the study area east of the Hammerfest Basin. Correlations
to exploration well 7124/3-1 suggest that this interval
partly consists of limestone which, according to Dalland
et al. (1988), is typical for the Upper Cretaceous Kviting
Formation (Fig. 5). Possible pull-up effects where the
Kviting Formation is re1atively thick support the interpre
tation that high-velocity limestones are present in this
formation (Fig. 11). Truncation of strata indicates that
the undulating relief on the base of the Teritary to some
extent may be related to erosion (Fig. 11). However, a

depositiona1 origin of these features has a1so been sug
gested (Henriksen 1990).

Tertiary sediments

The base of the Tertiary is correlated to wells in the
Hammerfest Basin. On the seisrnic data, this boundary is
located on the top of a single/double high amplitude
reflection with high continuity (Figs. 9 and 11). In the
east, the boundary is comprised of a hiatus from Cenoma
nian to late Paleocene, whereas the hiatus further west in
the Hammerfest Basin (where the Upper Cretaceous
Kviting Formation is preserved) comprises the Campa-
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7. Seismic example (above) and geoseismic section (below) from seismic line IKU-3015-88 north of the Nordkapp Basin (location on Fig. 2). Intervals of shingled
clinoforms (arrows) are interpreted as Early Cretaceous deltaic progradation and input of coarser grained sediments (sands prone?) on the northeastern Bjarmeland
Platform and may be a source of error in the velocity-compaction analyses. MJ =Mid-Jurassic, BC =Base Cretaceous, S l =subunit l, TSl =top subunit l,
URU =upper regional unconformity.
Fig.

nian to the late Paleocene (Fig. 5). The Tertiary typically
consists of Upper Paleocene-Lower/Middle Eocene clay
stones deposited in a hemipelagic environment (Dalland
et al. 1988; Knutsen & Vorren 1991). Tertiary sediments
are restricted to the Hammerfest Basin and the western
most parts of the Nordkapp Basin with some isolated
accumulations related to salt structures in the eastern
parts of the Nordkapp Basin (Fig. 12).
Glacial sediments

The upper regional unconformity (URU) separates the
glacial sediments from pre-glacial, Tertiary and older

sediments (Figs.

7

and Il) (Solheim

&

Kristoffersen

1984; Vorren et al. 1989). Within the study area the
thickness of the sequence above URU is generally be
tween 50 and 100 ms (TWT) (Vorren et al. 1989).

Seismic interval velocities and estimated uplift
and erosion

Seismic interval velocities from seismic sections are plot
ted against depths for each of the Cretaceous subunits,
for the Tertiary sediments and the upper glacial sedi
ments above Upper Regional Unconformity (URU).
Seismic velocities in the glacial sediments are typically
between 1500 and 2000 m/s. There is no obvious increase
in velocities with depth in the glacial unit (Fig. 13a). The

velocity-versus-depth plot for the Tertiary shows a much
broader range of velocities and most velocities are be
tween 1750 and 2750 m/s (Fig. l3b).

Cretaceous seismic interval velocities

Seismic interval velocities for the Cretaceous subunits are
illustrated in Figs. 13c, d, e and f. Subunit l has veloc
ities in the range between 2000 and 3500 m/s with most
of the observations between 2750 and 3500 m/s. The
velocity analysis on the seismic sections indicates that
somewhat higher velocities prevail within the prograding,

deltaic deposits relative to the parallel bedded, probably
more shale prone, parts of subunit l. Subunit 2 has

velocities between 3250 and 3500 m/s (Fig. 1 3d), whereas
subunits 3 and 4 and units of post-subunit 3 and 4 age
have interval velocities between 2000 and 3500 m/s (Fig.
13e and f). Subunit l situated on the Bjarmeland Plat
form has relatively high seismic velocities compared to
the other subunits. Generally each of the geological
provinces has higher seismic velocities in the east than in
the west (Fig. 14).
The following conclusions can be drawn from the
velocity-versus-depth plots for the Cretaceous: At any
fixed depth ( l) the velocities increase relatively from the
southwest toward the northeast, both on the platforms
and in the basins (Fig. 14) ; and (2) the velocities are
highest on the Bjarmeland Platform.
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Estimated total up/ift and erosion

Values of the total post-Lower Cretaceous uplift and
erosion based on analysis of seismic interval velocities
are plotted at their respective locations and contoured
(Fig. 15). In general, there is an increasing erosion from
the south toward the north (Fig. 15). The highest values,
found in the northeast, are 2000 m and the lowest values,
found in the Hammerfest Basin, are l 000-1300 m. Seis
mic velocities from the Nordkapp Basin typically give
values of erosion between 1500 and 1700 m, with the
lowest values between the salt-diapirs. Higher values of
erosion are found in the vicinity of the salt and at the
margins of the Nordkapp Basin. Highs, such as the
Samson Dome, the Norsel High, the Norvarg Dome and

the Mercurius High, are more eroded compared to struc
tural lows such as the Swaan Graben and the Maud
Basin (Fig. 15).

Discussion
Discussion of possible sources of error

Possible sources of error introduced when using seismic
interval velocities as the basic input in estimates of the
erosion in this area are related to: the quality of the
velocity analysis on the seismic sections, relative changes
in lithology and geothermal gradient between the differ
ent geological provinces of the study area, the densities
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of the eroded rocks, fluid pressures, relative differences in
compaction due to potential variations in accumulated
(and later eroded) sediments, the effect of grounded ice
sheets on the degree of compaction of the sediments,
uncertainties introduced when using the calibration curve
(Fig. 4) and the influence of multiple periods of sedimen
tation and erosion after the time of maximum burial. In
the following these sources of error will be discussed
before periods of erosion on the Barents shelf and their
relative importance are evaluated.
The Lower Cretaceous sequence is found at relatively
shallow depths between 1.0 and 2.0 sec (TWT) in the
Hammerfest and Nordkapp Basins and no deeper than
1.0 sec (TWT) on the Bjarmeland and Finnmark Plat
forms (Fig. 6). Velocity analysis from such shallow parts
of the sections should normally have relatively good
stacking velocities. Analysis of pre-stack velocity plots
supports this assumption. We have ignored velocities
which, compared to nearby analysis, are anomalous. In
this way we may have excluded some real values. But the
accepted data set probably represents a good approxima
tion of the average velocity distribution throughout the
area.
Since well data are sparse, any estimate of relative
lithologic changes within the Lower Cretaceous between
the Hammerfest Basin and the rest of the study area
must be based on seismic data. Lower Cretaceous south
westward progradation (Figs. 7 and 8) strongly indicates
sediment-provenance areas in the northeast. Thus, a
relative increase in average grain size is to be expected in

this direction. Sand or slit may be found in shallow water
shorefacefdeltaic deposits on the Cretaceous shelf (cf. the
interpretation of subunit l ). Peiker ( 1985) found that the
velocity-versus-depth functions of shale and pure sand
were relatively parallel with a relative displacement of
approximately 350 mjs toward higher velocities for the
sand curve. A similar relationship was demonstrated by
Galloway (1979). An increasing amount of sand in the
sediments may therefore result in somewhat higher veloc
ities and thus, in this context, to high estimates of
erosion. In particular, this may be the case within sub
unit l which may comprise several sandy, deltaic inter
vals (Fig. 7). However, we assume that differences in
overall lithology between distal parts of the Hammerfest
Basin (dominated by shales and claystones) and the more
proximal areas on the Bjarmeland Platform are much
less marked than these between pure shale and pure sand
and that this, therefore, is not an important source of
error in this context.
If substantial amounts of limestone or carbonate ce
mented rocks are present in the Lower Cretaceous units,
this might be a source of error as these rocks generally
have higher seismic velocities and respond in different
ways to burial than sandstone and shales. There is,
however, no reason to believe that carbonates are impor
tant within the Lower Cretaceous in the study area
(Dalland et al. 1988).
Variations in geothermal gradient between the different
geological provinces in the study area can be a source of
error because temperature is a factor that influences the
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porosity in both shales and sandstones (Galloway 1979;
Louck et al. 1984; Weaver 1989). At present our control
on this factor is relatively poor. However, a somewhat
higher heat flow within the Nordkapp Basin may have
occurred due to the salt diapirs in this basin. Conse
quently, seismic velocities from the Nordkapp Basin may
be somewhat high.
Marked regional variation in density of the eroded
rocks would have influenced the compaction and thus
also the estimates of vertical erosion. Where drilled, the
Paleocene and the Cretaceous have been dominated by
marine shales, clays or siltstones (Dalland et al. 1988).
These units, of which at least the Paleocene seems to
have been deposited over most of the Barents shelf
(Spencer et al. 1984), probably represent the bulk of the

missing section within the study area. Thus, the factor of
error introduced by differences in the density of the
eroded rocks probably can be ignored.
A fluid pressure higher than normal hydrostatic pres
sure results in less compaction of the shale (Magara
1978; Sheriff & Geldard 1983). This can result in an
under-estimation of the maximum depth of burial due to
lower velocities. However, the intense small-scale faulting
of the Cretaceous sequences (Figs. 7 and 10) may have
destroyed high-pressure zones if this faulting occurred
after the time of maximum burial. In the discussion of
the periods of erosion the late Paleocene-Early Eocene is
suggested as the time of maximum burial. Furthermore,
where present, also the Tertiary unit seems to be affected
by the small-scale faults. High-pressure zones are there-
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fore unlikely within the Lower Cretaceous units in the
study area and this interpretation is also supported by
available well data.
Relative differences in compaction caused by differ
ences in accumulated overburden may introduce a source
of error if, (l) the sediments were deposited prior to the
time of maximum burial (i.e. during the Cretaceous or
Paleocene); and (2) the sediments were removed by later
erosion. The Early Cretaceous Nordvestbanken Group
and the Paleocene bathyal mudstones were probably
deposited with relatively even thicknesses over most of
the southem Barents Sea (Spencer et al. 1984; Dalland et
al. 1988), indicating no important source of error related
to differential compaction. In contrast, deposition of the
Late Cretaceous Nygrunnen group was concentrated in
the structural basins, with only very limited deposition
east of the Hammerfest Basin (Dalland et al. 1988).
However, erosion of the Nygrunnen Group has probably
been very limited in the basins (see discussion of periods
of erosion). Deposition and erosion of the Nygrunnen
Group, therefore, probably do not represent any impor
tant source of error in this context.
Grounded ice sheets on the shelf may contribute to
shale compaction if the ice was added to the sedimentary
column as a part of a continuous loading history (Ma
gara 1978). There is some doubt as to how much of the
erosion on the Barents shelf is of glacial origin or how
much is pre-glacial ftuvial/marine (see Eidvin & Riis
1989 and Vorren et al. 1991). Three possible scenarios
may be deduced:

(l) If the major part of the erosion is pre-glacial, the
effect of the ice in the compaction process can be

ignored as the sediments were already 'overcom
pacted' at the time of extensive ice-sheet formation
on the Barents shelf.
(2) If, on the other hand, the erosion is mainly of glacial
origin (e.g. Eidvin & Riis 1989), then an additional
amount of compaction would be the result if the ice
sheet was thick enough and stayed long enough on
the shelf to add any compaction to the sediments. In
this case the actual amount of removed sediments
may have been less than indicated by seismic veloc
ities, i.e. the estimates are maximum values for the
erosion.
(3) If the erosion is of mainly glacial origin, but the ice
cap was not thick enough or did not stay long
enough on the shelf to add significant compaction to
the sediments, ice-sheets on the shelf as a source of
error probably can be ignored
Errors introduced when using the calibration curve (Fig.
4) are related to the choice of a best-fit curve and to the
validity of the fission track and vitrinite data. A hetter
definition of the best-fit line may have been obtained if
more wells had been included in this study. However, the
spread of the data points indicates a maximum error of
±250 m of erosion (Fig. 4). Nyland et al. (in press)
suggested a similar extent of error to account for the
maximum diversity of estimated erosion from wells where
the erosion is estimated by more than one method (from
density data, fission tract data and/or vitrinite data).
The compaction of the shale is nor affected if multiple
periods of sedimentation and erosion occurred on the shelf
after the time of maximum burial. Vorren et al. (1991)
suggest some accumulation on the shelf during the
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Eocene-mid-Miocene. To a large extent, these deposits
are incorporated in the Plio-Pleistocene erosional prod
ucts deposited along the western continental margin. If
volumetrically important, these sediments introduce an
error when volumes of the erosional products are com
pared to our estimates of total erosion (Fig. 15) based on
sediment compaction and maximum depth of burial. The
Plio-Pleistocene part of this total uplift and erosion may
therefore be less than indicated by the volume of the
Plio-Pleistocene erosional products.
The discussion of the different sources of error can be
summarized as follows: Generally the sources of error
related to the geological evolution of the area (such as
the actions of ice sheets on the shelf, increasing amounts

of sand within the units toward the northeast and rela
tively high heat fiow within the Nordkapp Basin) may
have introduced an error into our results toward too
high seismic velocities, and, thus, too high values of
erosion. On the other hand, differential compaction (be
tween the Hammerfest Basin and the platform areas)
may introduce some error toward too low values of
estimated erosion. Most likely this factor is less impor
tant than the combined effect of lithology, ice-loading
and heat fiow and the results computed herein may
therefore be used as maximum values of depth of burial.
When the values of maximum depth of burial are used to
evaluate the total erosion, multiple periods of sedimenta
tion and erosion will not be represented in the results.
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Although this factor was probab1y not of importance
within the study area, repeated sedimentation and erosion
on the paleo-shelf further west will introduce an error
when the vo1umes of the erosional products are correlated
to the estimated values of total uplift and erosion.

Cretaceous and Cenozoic periods of erosion on the Barents
shelf
Based on the stratigraphic record and earlier works, at
least six periods of erosion on the Barents shelf can be
inferred from the Ear1y Cretaceous to the present (Dal
land et al. 1988; Knutsen & Vorren 199 1; Vorren et al.
199 1; Nyland et al. in press; Sættem et al. in press).
( l ) lntra Cretaceous erosion (Cenomanian-Campanian,
i.e. the transition betweeen the Nordvestbanken and
Nygrunnen Groups).
(2) Late Cretaceous and Paleocene erosion (i.e. the tran
sition between the Nygrunnen and Sotbakken
Groups).

(3)
(4)
(5)
(6)

Eocene, Oligocene and Early Miocene erosion.
Mid-Miocene to Pliocene erosion.
Pliocene to mid-Pleistocene erosion.
Upper Pleistocene erosion.

Intra-Cretaceous, Late Cretaceous and Paleocene erosion
According to Dalland et al. ( 1988), some erosion of
structural highs and uplifted platform areas may have
occurred during the late Cretaceous. In addition, trunca
tion and peneplanation of pre-Tertiary relief, in particular
on the structural highs, may have occurred during the
Early Paleocene (Spencer et al. 1984; Vorren et al. 199 1;
Knutsen & Vorren 199 1 ). The undulating relief at the base
of the Tertiary on the southern ftank of the Nordkapp
Basin (Fig. 1 1) might be interpreted as the remains of an
Early-Mid-Paleocene ftuvial drainage system. However,
a depositional origin for these structures is also possible,
indicating very limited erosion on the platform areas
during the Paleocene (Henriksen 1990).
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Significant Cretaceous or Pa1eocene erosion imp1ies that
the time of maximum burial must have occurred during
the Late Cretaceous-Early Paleocene and that the Late
Cretaceous Nygrunnen Group was between 1000 and
2 000 m thick on the Bjarmeland and Finnmark Platforms.
This is unlikely, as the depocenter during deposition of the
Nygrunnen Group probably was the structural basins in
the western parts of the Barents Sea (such as the Tromsø
Basin) with only limited deposition in the areas further east
(Dalland et al. 1988). Probably the Cretaceous and Pale
ocene erosion in the study area was very limited and
occurred prior to the .time of maximum burial.

Eocene, 0/igocene and Early Miocene erosion
The erosion during the Eocene, Oligocene and Early
Miocene was probably closely related to the opening
history of the Norwegian-Greenland Sea. The opening
of the Norwegian-Greenland Sea occurred through
plate-tectonic changes (Eldholm et al. 1987) and the
contemporaneous erosion was probably most intense on
exposed structural highs such as the Stappen High, the
Senja Ridge, areas near the Greenland Senja Fracture
Zone and probably also the Loppa High (Vorren et al.
199 1). Well control of the Eocene parts of the Tertiary
sequences is sparse. However, fission track analysis from
the southem Barents Sea indicate a period of uplift
during the Eocene (5 0-40 Ma) (Nyland et al. in press).

This uplift probably resulted in intensified erosion on the
shelf.

Middle Miocene to Pliocene and Pliocene to middle
Pleistocene erosion
Vorren et al. ( 199 1) suggest that large parts of the
Barents shelf could have bee11 exposed to subaerial ero
sion during Miocene-mid-Pleistocene times. Sediment
bypass and erosion on the she1f probab1y increased dur
ing periods of 1ow eustatic sea level which may have
occurred up to fifteen times during deposition of the
mid-Micoene-mid-Pleistocene sequences (Richardson et
al. in press; Knutsen et al. in press).
The depocenter for the Pliocene-mid-Pleistocene unit
is located south of 72°N (Richardson et al. 199 1). This,
and a large increase in sediment input to the margin
during the Pliocene may be related to a larger Neogene
uplift of the Norwegian land mass relative to the adja
cent Barents Sea and the development of valley glaciers
in the more elevated areas (Vorren et al. 199 1). Fission
track analysis (Nyland et al. in press) supports a Neo
gene uplift of the Barents Sea.
Vorren et al. ( 199 1) have suggested a late Neogene
fluvial drainage area based on the morphology of UR U,
bathymetric maps and the locations of the depocenters
along the continental margins of the Barents Sea. This
drainage area covers an area of approximately
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576,000 km2 (Fig. 16) and, based on volumetric analysis
of the erosional products deposited on the continental
margin, Vorren et al. (1991) calculated the average
Pliocene-mid-Pleistocene erosion in the drainage area to
420 m ( curve A, Fig. 17).
Late Pleistocene erosion
Estimates of the erosion occurring during periods of
extensive ice sheets on the Barents shelf depend upon
which sediments are interpreted as glacial erosional prod
ucts delivered directly from the Barents shelf. Eidvin &
Riis (1989) and later Sættem et al. (1992) interpret the
thick prograding sedimentary wedge on the southwestern
Barents Sea margin mainly as glacial erosional products
derived from the Barents shelf. In contrast, Vorren et al.
(1991), Richardsen et al. (1991 and in press) and Knutsen
et al. (in press) suggest that substantial amounts of these
sediments were deposited along the western Barents Sea
margin prior to the formation of ice sheets on the shelf.

Vorren et al. (1991) suggest that the upper regional
unconformity (URU) represents the base of the glac
ial sediments and that these were deposited during the
latest 800,000 years. In contrast Sættem et al. (in
press) suggest that the sediments above this boundary
were deposited during the latest 440,000 years. Volu
metric calculations on the sediments above URU
indicate an average late Pleistocene glacial erosion on
the shelf of 150 m (Vorren et al. 1991) . The morphol
ogy of URU with deep glacial eroded troughs (Vorren
et al. 1989) indicates that the glacial erosion was un
evenly distributed and probably concentrated in these
troughs.

Relative importance of the erosiona/ periods
Based on the above discussion we suggest that the time of
maximum burial within the study area probably occurred
during the latest Paleocene-earliest Eocene. Therefore
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the erosion estimated herein must have occurred during
the period from the Eocene to the present. In the follow
ing, the Eocene to present erosion will be discussed by
combining the estimated total erosion (Fig. 15) with
volumetric analysis of the Plio-Pleistocene erosional
products from Vorren et al. (199 1).
Based on data from Vorren et al. (199 1), the volume
of the Pliocene-mid-Pleistocene erosional products on
the continental margin, (unit TeD, Vorren et al. 199 1),
north and south of 72°N can be approximated to
74,000 km3 and 168,000 km3, respectively. A low-relief
paleo-high from the Loppa High in the west to the
Central Barents Uplift and/or the Central Bank High in

the east-northeast may have divided the larger Neogene
drainage area suggested by Vorren et al. ( 199 1) into two
sub-areas; one in the south and one in the north ( areas A
and B, Fig. 16). The fluvial drainage pattern (Fig. 16)
indicates that the volume in the south may have been
removed from the southern parts of the area by westward
flowing streams. This area encompasses the Tromsø,
Hammerfest and Nordkapp Basins, parts of the Loppa
High and the Finnmark and Bjarmeland Platforms (i.e
the study area). Assuming that the delineations of the
drainage area from Vorren et al. ( 199 1) are relatively
correct, the area covered by drainage area A is approxi
mately 340,000 km2• If the provenance area for the
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Fig. l 7. Amount of erosion based on the amount of sediment eroded from drainage
areas A and B along a north-south transect at approximately 27°E. Curve
A=average Pliocene-mid-Pieistocene erosion in the entire drainage area (area
A+ B) (from Vorren et al. 1991). Curve B=Pliocene-mid-Pieistocene erosion
using the two drainage areas A and B. Curve C=Average Pliocene-mid-Pieistocene
erosion interpreting the entire upper part of the Cenozoic sedimentary wedge as
Plio-Pieistocene erosional products. Curve D=Average glacial erosion on the shelf
during upper Pleistocene (the lates! 800,000 years) (from Vorren et al. 1991). Curve
E=Total Eocene, Oligocene and Miocene erosion within the study area.

Pliocene-mid-Pleistocene sediments south of 72°N was
drainage area A, the average erosion in this area can
be estimated to approximately 500 m ( 168,000 km3l
340,000 km2) (curve B, Fig. 17). By using the same
approach we estimate the average Pliocene-lower Pleis
tocene erosion within the northem area B to approxi
mately 315 m ( curve B, Fig. 17). To find the total
Plio-Pleistocene erosion we must add a minimum of
150 m of Late Pleistocene, glacial erosion to these num
bers. This gives a total Plio-Pleistocene erosion of ap
proximately 650 m in drainage area A and approximately
450 m in drainage area B. Subtracting the Plio-Pleis
tocene erosion in area A from the total erosion gives an
Eocene, Oligocene and Miocene erosion of 900-1300 m
(curve E, Fig. 17). The previous discussion on the possi
ble sources of error and the effect of repeated periods of
sedimentation and erosion indicates that this early uplift
and erosion may have been even more important relative
to the Plio-Pleistocene erosion.
It is reasonable to assume a gradually increasing ero
sion toward the highland areas, which must have existed,
to define the drainage area, i.e. increasing erosion toward
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the Norwegian mainland in the south and toward the
shallow platform surrounding the Svalbard Archipelago
in the north (the Svalbard Platform). Thus the Pliocene
mid-Pleistocene erosion in the southem parts of area A
may have been up to 1000 m (or more). Consequently,
only minor amounts of erosion could have occurred in
the central parts of the drainage areas where westward
ftowing, ftuvial-glaciftuvial drainage systems may have
dominated.
If the estimated volume of the Plio-Pleistocene sedi
ments is too small and/or the drainage area is too large
this will reduce the importance of the pre-Pliocene ero
sion within the area. Eidvin & Riis ( 1989) and later
Sættem et al. ( 1992) interpret the entire upper part of the
Cenozoic sedimentary wedge, including the lowermost
seismic unit TeC (Richardsen et al. 199 1), as Plio-Pleis
tocene erosional products. The volume of unit TeC
( 135.2 x 103 m3) is approximately 55% of the volume of
unit TeD (estimated to 242. 1 x 103 m3, Vorren et al.
199 1). If we increase the volume of eroded Plio-lower
Pleistocene rocks from drainage area A and B by 55%,
the average Pliocene-mid-Pleistocene erosion is in
creased to approximately 780 m (area A) and 490 m
(area B) ( curve C, Fig. 17). Still, large volumes of
sediments (between 600 and 1000 m) must have been
eroded from the study area during the pre-Pliocene.
Assuming a similar Plio-Pleistocene erosion in the
Hammerfest Basin, the early erosion in this area is
estimated to between 50 and 350 m or between 350 and
650 m, dependent on what is interpreted as Plio-Pleis
tocene erosional products (found by subtracting the total
Plio-Pleistocene erosion from the total erosion shown on
Fig. 15). This indicates that the Hammerfest Basin was
dominated by bypassing and/or sedimentation during the
Cenozoic prior to the Pliocene, which is in accordance
with the spatial and temporal erosion history suggested
by Vorren et al. ( 199 1).

Conclusions
Interval velocities from seismic data are compared with a
calibration curve based on well data to estimate the total
uplift and erosion within the study area. The validity of
the method is discussed and we find that the estimated
values are reliable, though they may represent maximum
values of the erosion.
The total erosion increases from the Hammerfest Basin
in the southwest ( 1000- 1300 m) toward the Bjarmeland
Platform in the northeast (up to 2000 m).
The erosion may have occurred during several periods
from the Cretaceous to the latest Pleistocene. Because of
the general lack of Upper Cretaceous and Cenozoic
rocks over large parts of the study area, it is difficult to
evaluate the relative importance of the different periods
of erosion by using seismic velocities alone. Based on
earlier works and available data we suggest that the time
of maximum burial within the studied area occurred in
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latest Paleocene-earliest Eocene, just prior to an uplift
and erosion related to the opening of the Norwegian
Greenland Sea.
Earlier works on the Pliocene-Pleistocene erosional
products and drainage areas (Vorren et al. 199 1) inter
pret a total Plio/Pleistocene erosion in the study area of
approximately 650 m. This value rnay be somewhat
higher, approximately 950 m, if the entire upper part of
the Cenozoic sedimentary wedge deposited on the conti
nental margin is interpreted as Plio-Pleistocene erosional
products. In any case, although there is no doubt that
relatively rapid erosion occurred in the drainage area
during the Pliocene and Pleistocene, it is concluded that
a significant part of the total uplift and erosion (between
600 and 1200 m) must have occurred during the pre
Pliocene, most likely during the Eocene, Oligocene and
Miocene.

Løseth, H., Lippard, S. J., Sættem, J., Fanavoll, S., Fjerdingstad, V., Leith, L. T.,
Ritter, U., Smelror, M. & Sylta, Ø.: Cenozoic uplift and erosion of the Barents
Sea - evidence from the Svalis Dome area. In Proceedings of the NPF Conference
on Arctic Geology and Petroleum Potential, Tromsø 1990 (in press).
Magara, K. 1968: Compaction and migration of fluids in Miocene sandstone,
Nagaoka Plain, Japan. American Association of Petroleum Geologists Bulletin,
Volume 52, 2466-250 1 .
Magara, K . 1976: Thickness o f removed sediments, paleopressure and Paleotem
perature, southwestern part of western Canada Basin. American Association of
Petroleum Geologists Bulletin, Volume 60, 554-565.
Magara, It. 1978: Compaction and fluid migration. Development in Petroleum
Science 9, Elsevier, Amsterdam.
Nøttvedt, A., Berglund, T., Rasmussen, E., & Steel, R. 1988: Some aspects of
Tertiary tectonics and sediments along the western Barents shelf. In Morton, A.
C. & Parson, L. M. (eds.): Early Tertiary Volcanism and the Opening of the NE
Atlantic, 42 1-425. Geological Society Special Publication 39.
Nyland, B., Jensen, L. N., Skagen, J., Skarpnes, O. & Vorren T. 0.: Tertiary uplift
and erosion in the Barents Sea; magnitude, timing and consequences. In Larsen,
R. M. (ed.): Structural and tectonic mot/elling and its application to petroleum
geology, Norwegian Petroleum Society Special Publication No. l (in press).
Peikert, E. W. 1985: Stratigraphic velocity interpretation: National Petroleum
reserve-Aiaska, In Berg, O. R. & Wolverton, D. G. (eds.): 209-222. American

Acknowledgements,

Richardsen, G., Henriksen, E. & Vorren, T. O. 199 1: Evolution of Cenozoic
sedimentary wedge during rifting and sea-floor spreading west of the Stappen
High, western Barents Sea. In Vorren, T. 0., Sejrup, H. P. & Thiede, J. (eds.):

- This work is part of a larger program carried out at the
University of Tromsø on the Cenozoic development of the Barents Sea. Saga
Petroleum a.s. supported the work through a Dr. scient. stipend to the first
author. The drawings were done by H. Falkseth (University of Tromsø). S.
Nybakken (Saga Petroleum a.s.), David Worsley (Saga Petroleum a.s.) and
David Poole (University of Tromsø) critically read the manuscript. To these
institutions and people we offer our sincere thanks.
Manuscript received January 1992

References
Bergendal, E. 1989: Halokinetisk utvikling av Nordkappbassengets sørvestre
segment. Unpublished cand. scient. thesis. University of Oslo, 120 pp.
Dalland, A., Worsley, D. & Ofstad K. 1988: A lithostratigraphic scheme for the
Mesozoic and Cenozoic succession offshore mid and northem Norway. Norwe
gian Petroleum Directorate Bulletin No. 4, 65 pp.
Eidvin, T. & Riis, F. 1989: Nye dateringer av de tre vestligste borehullene i
Barentshavet. Resultater og konsekvenser for den Tertiære hevningen. Norwe
gian Petroleum Directorate contribution 27, 54 pp.
Eldholm, 0., Faleide, J. l. & Myhre, A. 1987: Continent-ocean transition at the
western Barents Sea/Svalbard continental margin. Geology 15, 1 1 18- 1 122.
Galloway, W. E. 1979: Diagenetic control of reservoir quality in arc-derived
sandstones. Implications for petroleum exploration. In Scholle, P. A. &
Schluger P. R. (eds.): Aspects of Diagenesis, 25 1-262. Society of Economic
Paleontologists and Mineralogists Special Publication No. 26.
Gabrielson, R. H., Jensen, L. N., Færseth, R., Kalheim, J. E. & Riis, F. 1990:
Structural elements of the Norwegian continental shelf, Part 1: The Barents Sea
region. Norwegian Petroleum Directorate Bulletin No. 6, 33 pp.
Henriksen, S. 1990: Den Kenozoiske utviklingen av det sørvestlige Nordkappbas
senget, Unpublished cand. scient. thesis. University of Tromsø, 168 pp.
Knutsen, S.-M. & Vorren, T. O. 199 1: Early Cenozoic sedimentation in the
Hammerfest Basin. In Vorren, T. 0., Sejrup, H. P. & Theide, J. (eds.):

Cenozoic Geology of the Northwestern European Margin and Adjacent Deep Sea

Areas,

3 1-38. Marine Geology 101.
Knutsen, S.-M., Richardsen, G. & Vorren, T. 0.: Plio-Pleistocene sequence
stratigraphy and mass-movements on the western Barents Sea margin. In
Proceedings of the NPF Conference on Arctic Geology and Petroleum Potential,
Tromsø 1990 (in press).
Louck, G. R., Dodge, M. M. & Galloway, W. E. 1984: Regional control on
diagenesis and reservoir quality in lower Tertiary sandstones along the Texas
Gulf coast. In McDonald, D. A. & Surdam, R. C. (eds.): Clastic Diagenesis,
15-46. American Association of Petroleum Geologists Memoir 37.

Association of Petroleum Geologists Memoir 39.

Cenozoic Geology of the European Continental Margin and Adjacent Deep Sea

Areas,

1 1- 30. Marine Geology 101.
Richardsen, G., Knutsen, S.-M., Vail, P. R. & Vorren T. 0.: Mid-late Miocene
sedimentation on the southwestern Barents s helf margin. In Proceedings of the
NPF Conference in Arctic Geology and Petroleum Potential,

Tromsø

1990

(in press).
Sættem, J., Poole, D. A. R., Ellingsen, K. L. & Sejrup. H. P. 1992: Glacial geology
of outer Bjørnøyrenna, southwestern Barents Sea. Marine Geology 103, 15-51.
Schmidt, G. W. 197 3: Interstitial water composition and geochemistry of deep Gulf
coast shales and sandstones. Americ(111 Association of Petroleum Geologists
Bulletin Volume 52, 32 1- 337 .
Sheriff, R . E . & Geldart, L . P . 1983: Exploration Seismology Volume 2, Data
Processing and lnterpretation, 32 1 pp. Cambridge University Press.
Solheim, A. & Kristoffersen, Y. 1984: Sediments above the upper regional
unconformity: thickness, seismic straigraphy and outline of glacial history.
Norsk Polarinstitutts Skrifter 179B, 26 pp.
Spencer, A. M., Home, P. C. & Berglund, L. T. 1984: Tertiary structural
development of the western Barents Shelf: Troms to Svalbard. In Spencer, A.
M. et al. (eds.): Petroleum Geology of the North European Margin, 1 19-209.
Graham and Trotman, London.
Ulmishek, G. 1985: Geology and petroleum resources of the Barents-Northern
Kara shelf in light of new geological data. Report Argonne National Laboratory,
ANL/ES- 148, 89 pp.
Vail, P.R., Audemard, F., Bowman, S. A., Eisner, P. N. & Perez-Cruz, G. 199 1:
The stratigraphic signature of tectonics, eustacy and sedimentation. In Einsele,
G., Ricker, W. & Seilacher, A. (eds.): Cyc/es and Events and Stratigraphy,
6 17-659. Springer Verlag.
Vorren, T. 0., Lebesbye, E., Henriksen, K., Knutsen, S.-M. & Richardsen, G.
1988: Cenozoic erosjon og sedimentasjon i det sørvestlige Barentshav. Abstract,
XVIII Nordisk Geologisk Vintermøte, København 1988, p. 424.
Vorren, T. 0., Lebesbye, E., Andreassen, K. & Larsen, K.-B. 1989. Glacigenic
sediments on a passive continental margin as exemplifed by the Barents Sea.
Marine Geology 85, 25 1-272.
Vorren, T. 0., Richardsen, G., Knutsen, S-M. & Henriksen, E. 199 1: Cenozoic
erosion and sedimentation in the western Barents Sea. Marine and Petroleum
Geology 8, 3 17-340.
Weaver, C. E. 1989: Clays, muds and shales. Development in sedimentology 44.
Elsevier, Amsterdam, 8 19 pp.
Wyllie, M. J. R., Gregory, A. R. & Gardner, L. W. 1956: Elastic velocities in
heterogeneous and porous media. Geophysics 2 1, 41-70.
Wyllie, M. R. J., Gregory, A. R. & Gardner, G. H. F. 1958: An experimental
investigation of factors affecting elastic wave velocities in porous media.
Geophysics 23, 459-49 3.

