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A relationship between burial depth and sonic interval transit times has been established for normally compacted Upper Jurassic to
Tertiary shale intervals from 32 carefully selected Norwegian Shelf wells located between the Danish-Norwegian sector border and
66°N. The normal shale interval transit time trend is expressed as At= 191 exp( -0.00027z), where At is the shale transit time
(JJS/ft) and z is burial depth in metres. During the late Cenozoic, mainland Norway and the eastern part of the Norwegian Shelf
experienced uplift and erosion, which resulted in shale over-compaction. Twenty-nine wells were identified as being located within
the uplifted area south of 66°N, and the established normal interval transit time trend was used to quantify magnitudes of net
uplift and erosion from shale intervals in each well. The average standard deviation of the quantification was 260 m and the
maximum magnitude of net uplift and erosion determined in the wells was 610 m. The late Cenozoic uplift binge-line is sub-parallel
to the present-day Norwegian coastline, as are the iso-uplift curves whose magnitudes increase landwards. Compared to earlier
studies, the magnitudes presented here differ slightly from those of other workers, probably because of the different methods
employed.
Sven Hansen, Geologisk Institut, Aarhus Universitet, DK-8000 Århus

C,

Denmark.

Introduction
The widely recognized uplift of mainland Norway and its
adjacent offshore basins has traditionally been explained
by geomorphologists as arising from isostatic uplift of
Fennoscandia, due to unloading after the end of the
Quatemary glaciations (Reusch 1901; Nansen 1921;
Grønlie 1922). Today it is recognized that several other
factors were involved which were probably more impor
tant than deglaciation. It has been suggested that the
uplift was related to the opening of the Atlantic Ocean
and the associated perpherical bulge affecting the At
lantic Ocean margins (Torske 1972; Sales 1992). The
uplift has been observed in England, East Greenland and
Scandinavia (Bulat & Stoker 1987; Green 1989; Rund
berg 1989; Hillis 1991, 1993; Christiansen et al. 1992;
Dore 1992; Ghazi 1992; Japsen 1992; Jensen & Michelsen
1992; Jensen & Schmidt 1992; Nyland et al. 1992; Riis &
Fjeldskaar 1992; Richardsen, Vorren & Tørudbakken
1993; Stuevold & Eldholm 1996). For more information
conceming the geological history of the North Sea, see
Glennie (1990).
The importance of accurately quantifying the magni
tude of uplift relates to its effect on seals, reservoirs and
source rocks (as detailed by Dore & Jensen 1996). Exam
ples of studies attempting to do this include: Stuevold &
Eldholm (1996) who used volumetric considerations of
the erosion between 62° and 68°N; Ghazi (1992), who
estimated erosion in the Stord Basin (between 59° and
60°N) by comparing thicknesses of Mio-Pliocene sedi
ments in surrounding wells with those interpreted from

seismic sections; and Jensen & Schmidt (1992), who used
seismic profiles, vitrinite reflectance data and shale com
paction in the Skagerrak area (between approximately
56°N and 58°N). A map showing a general overview of
late Cenozoic uplift is given by Dore & Jensen (1996;
their Fig. 2).
Our study area embraces those of these other workers
and stretches from the Danish-Norwegian sector border
to 66°N (Fig. l ). Furthermore, we quantified magnitudes
of net uplift and erosion using a single method - based
on a normal shale compaction trend established from
sonic intemval transit times of shale intervals in several
wells. Only the magnitudes of the latest episode of uplift
can potentially be quantified in this way, as earlier
episodes do not normally influence the determinations
(as explained below).

Determination of the magnitude of net uplift
and erosion from shale compaction
If the permeability of the rocks permits the pore pressure
to be hydrostatic (i.e. no over-pressure development),
porosity decreases systematically with increasing burial
depth - i.e. normal compaction (Athy 1930; Magara
1980; Sclater & Christie 1980; Baldwin & Butler 1985;
Dzevanshir, Buryakovskiy & Chilingarian 1986; Huang
& Gradstein 1990). The basic assumption underlying the
quantification of uplift from shale compaction is that
the process is irreversible. A shale will thus retain the
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Fig. 2. Porosity trends for two shale sequences subjected to subsidence and

deposition, uplift and erosion and continued subsidence and deposition. A
Porosity trend for Shale l after deposition and normal compaction. B
Shale l
has been uplifted and partly eroded, leading to shale porosities (solid curve) being
lower than those indicated by the normal compaction trend (stippled curve);
Shale l thus appears to be over-compacted. C
Subsidence has recommenced
and a new shale sequence ( S hale 2) has been deposited on top of Shale l . Shale
l still appears to be over-compacted, but not as much as in B. D The thickness
of Shale 2 equals that of the eroded thickness of Shale l , which means that Shale
l no longer appears as over-compacted.
-
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l. Main structural elements of the study area.

compaction it has gained at maximum burial depth. If
uplift and erosion take place, a shale will have lower
porosities than those anticipated from its present burial
depth, i.e. the shale will appear as over-compacted.
Fig. 2 shows the hypothetical burial history of two
shale se quences (Shale l and Shale 2). A normal porosity
trend for Shale is shown in Fig. 2 A, while in Fig. 2B the
se quence has been uplifted and partly eroded. Compared
to the normal compaction trend (the stippled curve),
Shale l now appears as over-compacted (Fig. 2B). In
Fig. 2C, subsidence has recommenced and a second,

normally compacted shale se quence (Shale 2) has been
deposited on top of the overcompacted se quence (Shale
l ). Over-compaction (the horizontal distance from the
normal compaction trend) is now smaller than that in
Fig. 2 B. In Fig. 2 D, the originally uplifted and eroded
shale se quence (Shale l ) has been buried to a depth e qual
to the original maximum burial depth, and the se quence
no longer appears as over-compacted. Below this depth,
the porosity of the shale se quence which experienced
uplift (Shale l ) will continue to be reduced along the
normal compaction trend. In summary: the determina
tion of apparent uplift from shale compaction will only
yield a true magnitude in scenario 2B; a magnitude less
than the actual value will be obtained in scenario 2C;
and in scenario 2 D; uplift cannot be recognized at all.
Using the shale compaction method for determination
of uplift and erosion will therefore not yield the original
magnitudes of uplift (unless no sediment has been de
posited after erosion), but the differences between the
present and maximum burial depth (defined as net uplift
by Nyland et al. 1992; Jensen & Schmidt 1993). Net uplift
and erosion was therefore used in this study as quantifica
tion of net uplift based on shale compaction re quires that
the overburden has been reduced by erosion. Recall that
it is important to keep in mind that when an earlier

NORSK GEOLOGISK TIDSSKRIFT

Quantification of net uplift and erosion 247

76 ( 1996)

uplifted and eroded shale se quence is buried beneath a
younger se quence which is e qual or greater in thickness
to the eroded sediments, the original se quence will ap
pear as normally compacted: this means that only the
magnitude of the latest episode can be quantified.
Establishment of a normal shale compaction trend is
essential for quantifying the magnitude of net uplift and
erosion from shale compaction. It is also important that
the method is based on a trend specifically established for
the area under investigation, as a comparison of shale
compaction trends shows that they differ from basin to
basin (see Rieke & Chillingarian 1974; Hermanrud 1993).
The amount of data normally available from petro
physical well logs potentially facilitates the use of a
porosity-related well log parameter for this purpose, such
as the interval transit time (inverse of velocity) from the
sonic log, bulk density from the density log, or neutron
porosity from the neutron log. However, as neutron
porosities measured in shale intervals are only slightly
influenced by compaction ( Rider 1986) this log cannot be
used. Furthermore, the reduction of vertical stress experi
enced during uplift and erosion may result in the fractur
ing of the uplifted rocks. The acoustic waves transmitted
by the sonic tool avoid such fractures and are mainly
influenced by the intergranual porosity, whereas the den
sity log is influenced both by intergranular and fracture
porosity ( Rider 1986). It is therefore likely that interval
transit time will yield more reliable results than bulk
density: the sonic log is also less influenced by borehole
effects and is commonly run over wider intervals than the
density log. For these reasons, it was decided to esta blish
a normal interval transit time as the basis for quantifying
net uplift and erosion on the Norwegian Shelf.
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A - The interval transit time trend for a normally compacted shale is a
straight line on a log-normal diagram and LI !o is dose to the interval transit time
of water. B - Erosion has removed the uppermost sediments. The transit time at
the surface ( LI !o) is lower than that of a normally compacted shale ( LI !oN l· C Over-pressure may result in higher porosities and thus higher interval transit
times than a normally compacted shale ( under<ompaction). Under-compaction
can be recognized as a deviation of the interval transit times from the normal
transit time trend ( modified from Magara. 1 976).
Fig. 3.

By rearranging e quation l the maximum burial depth

(Zmax) can be calculated as:
Zmax ln (At/LitoN)/ ( -c)
=

Transit time and shale compaction
Magara (1976) proposed the following exponential rela
tionship between transit time and burial depth for shales
with hydrostatic pore pressure:
At= At0 exp ( -cz)

(l)

where At is transit time measured b y the sonic log, At0 is
the transit time at the present sedimentary surface, c is
the compaction coefficient and z is the present burial
depth. For normally compacted shales, the value of At0
will be the same as that of water ( Magara 1976) which is
somewhere between 185 p.s/ft and 189 p.s/ft depending on
salinity (Schlumberger 1989). Magara (1976), however,
used a value of A to = 200 p.s/ft, which is probably too
high. For over-compacted shales, LI to is lower than the
transit time of water (Fig. 3). If the pore pressure is
greater than hydrostatic, a shale may have higher porosi
ties and interval transit times than a nonrially compacted
shale at the same burial depth (Fig. 3); i.e. the shale is
under-co mpacted. Usually there is no simple relationship
between burial depth and transit time or porosity for
under-compacted shales.

(2)

and the net uplift and erosion (Az) is calculated by
subtracting the present burial depth (z)
Az

=

ln (At/AtoN)/ ( -c) -z

(3)

where At0N is the value of At0 for normally compacted
shales.

The normal transit time trend for the study area
Shale intervals in 151 wells on the Norwegian Shelf in the
study area were identified using the gamma-ray log, the
neutron-density separation, and lithologic data from
completion lags.
When establishing a normal transit time trend, sections
containing over-pressured shales in each well must be
identified and excluded. Pore pressure evaluations from
completion reports were used for this. North of 64°N, all
of the investigated Tertiary and Cretaceous shales are
over pressured, probably as a result of high Pliocene and
Pleistocene sedimentation rates. In only 11 of the investi
gated wells did shale intervals of Jurassic age have hy
drostatic pore pressures (Tables l and 2). South of 62°N
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Table /. The 32 wells used to establish the normal transit time trend, together
with the shale depth intervals from which the interval transit time were taken and
their chronostratigraphy. n =the number of shale transit time values from each
well.

Well

Burial depth ( m)

Chronostratigraphy

3/5-1
3/5-2
8/1 -1
8/3-1
8/3-2
8/4-1
8/1 2-1
9/4-2
1 6/7-5
17/4-1
1 7/10-1
1 7 / l l-1
1 7/11 -2
1 7/1 2-2
1 7/12-3
25/6-1
25/8-2
26/4-1
30/4-1
30/6-1 4
30/9-5
3 1 /4-2
31 /4-3
31 /4-4
31 /4-5
31 /4-6
31/4-7
3 1 /4-8
34/8-3
34/1 0-30
6607/12-1
6609/1 1 -1

42 1 - 1 52 1
41 8- 1 398
472- 2592
334- 1 744
360- 1 890
343-2303
643 - 1 663
5 5 1 -239 1
683 - 1 333
31 8- 2 1 38
5 1 5-2865
458- 2288
448-2278
807 - 2087
374-2054
2053- 2 1 33
589 - 2409
2 1 86 -2826
2 1 2 5 - 2345
2359-2729
2092-2842
1 883- 2023
1 785- 1 805
1 841 - 213 1
1 8 82 - 1 922
1 9 1 5- 1955
1 829 - 1 929
1 901 -242 1
9 1 5- 1 1 35
802 - 1 282
850- 980
997-201 7

Miocene-Oligocene
Miocene-Oiigocene
Miocene-Jurassic
Miocene-Jurassic
Miocene- L. Cretaceous
Miocene-Jurassic
Miocene-Oligocene
Miocene-L. Cretaceous
Miocene-Oligocene
Miocene-Jurassic
Miocene-Jurassic
Miocene-Jurassic
Miocene- L. Cretaceous
Oligocene - L. Cretaceous
Miocene-L. Cretaceous
Paleocene
Miocene-Jurassic
U. Cretaceous-Jurassic
Paleocene - U. Cretaceous
Jurassic
Paleocene -Ju ras sic
U. Cretaceous -Jurassic
Paleocene
U. Cretaceous -Jurassic
L. Cretaceous-Jurassic
U. Cretaceous
U. Cretaceous -Jurassic
Jurassic
Oligocene- Eocene
Oligocene- Eocene
Miocene -Oligocene
Miocene-Jurassic

Total

n
Ill
99
65
113
1 04
74
92
Il O
59
51
170
1 33
1 06
76
1 08
1 09
80
59
23
38
59
15
3
28
5
4
Il
43
12
27
12
96
2095

Table 2. The 29 wells in which the shales were identified as being over-compacted
and the 3 wells identified as containing normal!y compacted shales ( net uplift and
erosion is Om) but not used to establish the normal transit time trend, together
with estimated magnitudes of net uplift and erosion. STD =the standard deviation of net uplift and erosion estimates; n =the number of shale transit time
values used in the calculations.

Well
9/2-1
9/2-2
9/4-1
9/4-3
9/4-4
9/8-1
9/1 0-1
9/1 1 -1
9/12-1
1 0/5-1
1 0/7- 1
1 1 /1 0-1
1 8/1 1 -1
3 1 /6-1
31/6-6
35/1 1-1
35/1 1 -2
35/1 1 -3
35/3-5
35/8-1
35/8-2
35/8-3
35/9-1
36/ 1 - 1
36/ 1 -2
6205/3-1
6305/12-1
6306/ 1 0-1
6407/1 -3
6407/10-1
6407/6-4
6507/12-3

Net uplift and erosion

STD

n

390
235
95
1 60
190
1 80

231
1 76
209
329
212
224
207
237
255
268
1 05
206
26 1
1 68
1 68
204
26 1
191
329
299
365
185
31 3
278
265
l 16
31 0
215
334
1 04
388
31 4

1 08
115
114
63
77
114
114
1 12
128
49
18
89
81
46
46
48
96
1 28
180
216
1 86
178
58
51
1 52
81
1 80
1 69
1 30
Il
53
12

260

329 1

o

1 65
260
400
350
320
560
450
400
250
75
IlO
190
30
95
70
610
430
1 20
340
1 00
485

o

225
230

o

Total

the over-pressured shales are mainly encountered in wells
in the Viking Graben and the Central Trough.
Sixty-six of the investigated wells contain shale inter
vals with hydrostatic pore pressures. Llto was determined
in each of them by fitting e quation l to the interval
transity times using linear regression. Wells with nor
mally compacted and over-compacted shales were iden
tified using the calculated values of Llto. Fig. 4 illustrates
two wells whose shales are identified as being normally
compacted (9/4- 2, Ll to= 188 J.I.S/ft) and over-compacted
(9/ 2- 2, Llto = 166 J.I.S/ft), respectively. In 3 2 wells the
shales were identified as being normally compacted,
while 29 wells contain shales identified as being over
compacted. Three other wells contain normally com
pacted shale intervals, but they were rejected as they Iie
very close to the uplift binge-line. All wells are listed
in Tables l and 2 and their locations are shown on
Fig. 5.
The normal interval transit time trend for shales on
the Norwegian Shelf was thus established from the tran
sit times (averaged over 10 m intervals) in the 32 wells
containing normally compacted shales. An exponential
relation between depth and interval transit time (deter
mined from standard regression methods, Fig. 6) and

76 ( 1996)

emerged as:
Llt= 191 exp ( -0.00027z)

( 4)

where z is the burial depth in metres and Llt at the
interval transit time in J.I.S/ft. The regression correlation
coefficient is 0.91 and the determined value of LltoN
( 191 J.I.S/ft) is very close to that of water (185-189 J.I.S/ft).
An expression for determining Llz was established by
rearranging e quation 4 and subtracting the present burial
depth (z):
Llz= ln (Llt/191)/ ( -0.00027) -z

(5)

Results and discussion
E quation 5 was used to determine the magnitude of the
late Cenozoic net uplift and erosion in the 29 over-com
pacted wells (Table 2). Figs. 4B and D show the fre
quency distribution of Llz calculated from shale transit
times in well 9/4- 2 and 9/ 2- 2. The shales in well 9/4- 2
were identified as being normally compacted and the
distribution of Llz show an almost normal distribution
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4. A - Shale interval transit times from well 9/2-2 versus depth. The !east square lit is: 1 66 exp( -0.000255z) where z is in metres, R 0.96. B - The frequency
distribution of Llz determined from the shale transit times in well 9/2-2. C - Shale interval transit times from well 9/4-2 vs. depth. The !east square lit is:
1 88 exp( -0.000239z) where z is in metres, R 0.96. D - The frequency distribution of Llz determined from the shale transit times in well 9/4-2.
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around O m. The values of .1z calculated for the shale
intervals in well 9/ 2-2 are distributed around a value which
is clearly higher than O m. The median of the calculated
values of .1z was used as the estimate of net uplift and
erosion for this well. The standard deviation of the
determination of the magnitude of net uplift and erosion
in the wells is between l 05 and 405 m (Table 2). The
average standard deviation of the detemination of net
uplift and erosion is 260 m using the method applied in this
study. This is slightly less accurate than previously esti
mated by Statoil. Statoil has regarded the precision of the
method to be ±200 m (Skagen 1 99 2). The shale com
paction methods seems to be slightly less accurate than the
vitrinite reflection method (±200 m) but more accurate
than estimates based on the opal-CT transition (±500 m),
the crystallinity index of illite (±500 m) and apatite fission
track analysis (±5 00-1000 m) (Skagen 19 9 2).

The iso-uplift curves were constructed by (i) grouping
the wells into four classes based on the determined
magnitudes of net uplift and erosion (0-200 m, 200400 m, 400 -600 m, and >600 m and (ii) placing the
iso-uplift curves between the areas where these groups
are located. This method was used because the error
involved in determining the net uplift and erosion does
not justify greater precision.
As only a few wells north of 62°N were available for
quantification (due to over-pressure in most of the shale
intervals), the determination of iso-uplift curves in this
area is less accurate. The binge line is located east of
the Nordland Ridge (Stuevold & Eldholm 1996) where
there is no evidence for late Cenozoic uplift and erosion
(Goll & Hansen 1 99 2). Both the binge line and iso-uplift
curves have a SW-NE trend running sub-parellel to the
coast. The maximum of the determined values of net
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Fig. 6. Interval transit times for normally compacted shales in wells identified as

being located in the area without net uplift. These were used to establish a normal
transit time trend ( eq. 4) for shales at the Norwegian Margin.
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Fig. 5. Well Iocations and iso-uplift curves (in metres) for quantified net uplift

and erosion. Well numbers are given for wells with over-compacted shale inter
vals.

uplift and erosion is 485 m in well 6306/10-1. Well 6306/
l 0-1 is located approximately 50 km northwest of the
present Norwegian coast. Since the uplife increases to
wards the coast it seems likely that dose to the present
day Norwegian coast-line the magnitude is 500 m or
more. Stuevold & Eldholm (1996) estimated tectonic
uplift near the present-day Norwegian coast to be about
1000 m north of 65°N and 500 m or less south of 65°N.
Although our data conform to their estimate north of
6 5°N, uplift to the south seems to have been greater than

500 m, as indicated by well 6306/10-1. Stuevold & Eld
holm (1996) also interpreted the hinge line south of 66°N
as having a N-S trend, while this study indicates a
SW-NE trend. However, the available data north of
64°N are limited and the magnitude of the uplift and
erosion must therefore be interpreted with caution.
Wells 35/3-1, 2 and 5, and 36/1-1 and 2 occur at the
transition between the area north of 62°N (where the
iso-uplift curves trend NE-SW) and the area between
58°N and 62°N (where they trend N-S). This transition
zone is located where the shelf is relatively narrow and
the magnitudes of net uplift and erosion show a consid
erable landward increase over a relatively short distance
from the hinge line.
The maximum amount of net uplift and erosion be
tween 58oN and 62°N is 610 m in well 35/ 9-1. Based on
seismic evidence, Rundberg (1989) recognized - but did
not quantify - P1iocene up1ift and erosion between 60°N
and 62°N. Fig. 7 shows the age and seismically mapped
distribution of sediments sub-cropping the mid-Pliocene
unconformity from Rundberg (1989), together with de
terminations of net uplift and erosion derived from this
study. This reveals that the magnitudes change according
to the location of the wells with respects to the sub-crop
distribution; 0-100 m in the area of the Early Pliocene
sub-crop; 100-200 m in the area of the Miocene and
Oligocene sub-crops; 400-500 m in the area of Eocene
sub-crop; and 610 m (well 35/ 9-1) in the area of the
Paleocene sub-crop.
The only exceptions to this trend are wells 31/6-1 and
35/11-1, where the values are 450 m and 250 m, respec
tively. As well 31/6-1 is located where Late Eocene/Early
Oligocene sediments sub-crop the mid Pliocene uncon
formity, the magnitude would be expected to be some
where between 200 m and 400 m based on observations
from the other wells. As the standard deviation for this
well is 402 m, the figure of 450 m may very well be too
high and may indeed Iie somewhere within the expected
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range. For well 35/11-1, which is located where Early
Pliocene sediments sub-crop the mid- Pliocene unconfor
mity (and Iies very elose the area where Oligocene and
Late Eocene/ Late Oligocene sediments sub-crop), the
magnitude of net uplift and erosion would be expected to
be less than 200 m. With a standard deviation of 204 m
for well 35/11-1, it is possible that the value is overesti
mated by some 50-100 m.
No wells have been drilled between 59°N and 60°N in
the area where net uplift and erosion is supposed to have
taken place. From observed thicknesses in surrounding
wells and interpreted thicknesses from seismic sections,
Ghazi (1992) estimated that 400-600 m of Mio- Pliocene
sediments have been removed as a result of late Cenozoic
uplift in the central part of the Stord Basin in block 26/6
(Fig. 5). Due to the Jack of wells in this area net uplift
and erosion has been estimated to be between 200 and
400 m by connecting the iso-uplift curves north of 60°N
to those south of 59°N. The substantial difference be
tween our result and that of Ghazi probably arises from
the different methods used. Ghazi's estimate relates
solely to late Cenozoic erosion. Sediments were subse
quently deposited upon the eroded se quence thus making
the calculated net uplift and erosion lower than the
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amount of erosion which actually took place (as illus
trated in Fig. 2).
South of 58°N, the iso-uplift curves (of this study)
trend NW- SE ( Fig. 5). The maximum amounts of net
uplift and erosion are 560 m in well 18/11-1 and 400 m in
well 10/5-1. In this area Jensen & Schmidt (1992) pro
duced their magnitudes on the basis of shale compaction,
vitrinite reflectance and seismic profi1es. They did not,
however, establish a normal shale compaction curve but
used that of Sclater & Christie (1980) (Jensen pers.
comm.) to quantify the magnitude of the net uplift and
erosion. Jensen & Schmidt's (1992) suggestion that wells
9/4-1 and 9/ 4-2 are very close to the uplift hinge line
agrees with our results. Furthermore, they identified well
9/8-1 as being close to the hinge line and suggested that
well 9/11-1 was beyond the area of net uplift and erosion.
Using our method, it was found that the magnitudes of
net uplift and erosion in these wells are 180 m and 165 m,
respectively. Based on this, we suggest that the hinge line
should be located slightly to the SW of that of Jensen &
Schmidt (1992). The only other difference between the
two studies is that wells 11/10-1 and 10/5-1 according to
Jensen & Schmidt (1992; their Fig. l ) have experienced
net uplift and erosion greater than 500 m, while our
results indicate magnitudes of 320 m and 400 m, respec
tively. The vitrinite reflectance data of Jensen & Schmidt
(1992; their Fig. 3) indicate that these wells have experi
enced approximately 400 m net uplift and erosion, which
se ems to be consistent with out results. The consequence
of this difference is that our iso-uplift curves have a more
easterly trend than theirs (Jensen & Schmidt 1992; their
Fig. 1).
To achieve as reliable results as possible, the quantifi
cation of net uplift and erosion should be based on a
calibration curve (compaction trend) established specifi
cally for the study area. The method presented in this
study minimizes the number of possible errors intro
duced in the quantification. First, the quantification is
based on a calibration curve established for the study
area. Second, the net uplift and erosion is calculated
direcly from the transit times of the sonic log without
any other calculations being introduced, keeping the
number of calculations at an absolute minimum.

Conclusions
A normal interval transit time for shales has been estab
lished on the basis of 32 carefully selected Norwegian
Shelf wells located between the Danish-Norwegian sec
tor border and 66°N. The trend is expressed as:
LIt= 191 exp ( -0.00027z)
where LIt is transit time in J-lS/ft and z is burial depth in
metres. This trend was used to quantify the magnitudes
of net uplift and erosion for 29 wells identified as being
located in the area which experienced late Cenozoic
uplift and erosion. The average standard deviation was
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260 m which is slightly higher than previously estimated
by Statoil (Skagen 1 992). Differences between the magni
tudes found here and those of earlier studies are minor
and are ascribed to the use of different methods. The
iso-uplift curves are sub-parallel to the present-day Nor
wegian coast-line and show increasing magnitudes land
wards. The maximum estimate of net uplift and erosion
in the studied wells is 610 m.
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