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Potential Field Studies on the Crustal Structure of the Laptev Sea
and the Western Part of the East Siberian Sea

By Alexey L. Piskarev', Hans A. Roeser', Kar! Hinz' and Mikhail K. Kos'ko 1

THEME 3: Plate Boundary Problems in the Laptev Sea Area

Summary: By a synthesis of data of many surveys, gravity and magnetic
maps were prepared. The density of gravity measurements is about one point
per 100 km'; the usual spacing of the lines of the aeromagnetic surveys is 10
km in the southern part of the area investigated, and 20 km north of 76 ON.

The potential field maps were analyzed by double Fourier spectrum analysis,
transformations, filtering, moving windows analysis and inversions. The
results are used to establish a scheme of tectonically relevant lines and struc
tural units of the Laptev Sea and the western East Siberian Sea. Shaded relief
maps demonstrate the pattern of the potential fields in the investigated shelf
area and apart of the oceanic Eurasia Basin north-west of the Laptev Sea.

The Eurasia Basin shows linear magnetic and gravity anomalies parallel to the
spreading axis, the Nansen-Gakkel Ridge. In the central Laptev Sea, weak
NNW striking anomalies indicate that the main structures strike in the same
direction. They show offsets at ENE trending fault zones which may be
transfer faults. According to the interpretation of the reflection seismic measu
rements and gravity modeling the mostly NNW striking MN A.Lazarev Fault
separates the Ust'-Lena Rift Basin from the Laptev Horst. It corresponds to a
change in the gravity pattern, but not in the magnetic pattern. Strong magnetic
anomalies indicate shallow basic rocks for the De Long Plateau and deep
lying basic rocks beneath Kotelny Island. From southwest over west,
northwest and north to northeast, the New Siberian Islands are surrounded by
a nearly 50 km wide strip of intense gravity gradients. They may be caused by
differential vertical movements.

The Khatanga-Lomonosov Zone separates the Laptev Sea from the oceanic
Eurasia Basin. Pronounced earthquake epicenters mark the Belkovsky graben
and the southwestern Laptev Sea coast. The potential field maps do not indi
cate oceanic crust for any parts of the Laptev Shelf and the western East Sibe
rian Sea.

INTRODUCTION

Until about 1965, the understanding of the geology and the
tectonics of the Laptev and East Siberian Seas was based on
data gathered in the neighbouring coastal regions and the
islands. When the areas of geophysical surveys expanded, the
understanding relied more and more on the geophysical data.
KARASIK (1968) discovered the seafloor spreading origin of
the Eurasia Basin by a study of the magnetic anomaly pattern.
It was first supposed that the Nansen-Gakkel Ridge continued
along the Omo1oj graben on the Laptev shelf to the Lena
mouth and further to the Moma rift (GRACHEv 1973). How
ever, there is no geophysical evidence for a continuation of the
spreading axis onto the Laptev Sea she1f. Instead the tectonic
map that was issued after the first regional geophysical
surveys, indicates pre-Cambrian platform areas and Mesozoic
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fold belts (VINOGRADOV et al. 1974).

An analysis of the aeromagnetic anomalies revealed that
spreading in the Eurasia Basin began in the Paleocene and
continued until now (KARASIK 1980). A tentative identification
of magnetic lineations in the Makarov Basin indicates that
there spreading took place in Late Cretaceous - Eocene
(TAYLOR et al. 1981). The Canadian Basin developed by
seafloor spreading in the Late Jurassie to Ear!y Cretaceous
(155-115 Ma, VOGT et al. 1982). The tectonic events in the
she1f areas are re1ated to these spreading phases.

VERBA et al. (1986) and GRAMBERG et al. (1986) considered
the northeastern Russian she1f as a single marginal continental
p1ate with fo1ded series from Proterozoic til! Mesozoic. Paleo
magnetic data indicate increased major tectonic events
between Early and Late Cretaceous and in Pa1eocene-Eocene
(GRAMBERG & POGREBITSKY 1989). It was established that the
age of the flat sediment layers on the Laptev shelf is Upper
Cretaceous-Cenozoic.

An alternative hypothesis proposed formation of the northeast
margin ofthe Siberian continent by accretion. NATAPOV (1988)
stated that before Middle Jurassie the New Siberian Is1ands
area, the De Long area and the Chukchi microcontinent were
parts of a continent Arctida which was separated from Siberia
by the Anuj Ocean. The South-Anuj suture zone is the trace of
the closed Anuj Ocean.

A fol!owing geophysical study suggested an offset of the
Nansen-Gakkel Ridge near the shelf edge, and a continuation
of the spreading axis into the eastern Laptev Sea in the form of
Cenozoic grabens (GRAMBERG et al. 1990). Cenozoic com
pression was documented in the sediments at the New Siberian
Islands, probably simu1taneously with extension on the Laptev
Sea she1f (SAVOSTIN & DRACHEV 1988). Later, AVETISOV
(1993) derived from an investigation of earthquake epicenters
a division of the plate boundary on the Laptev she1f into two
branches. In the eastern zone extension dorninates whereas in
the Lena-Taimyr zone subhorizontal compression dominates.

Many papers on the nature of the Laptev and East Siberian Sea
floor and the stages of their formation were published during
the last years. JOHNSON et al. (1994) proposed a multi-stage
Cenozoic history of the Arctic ocean. It was supposed that the
basic basement 1ayers were just below the sediment cover in
the centra1 Laptev Sea area, forming a "basalt window" in the
basement (PISKAREV et al. 1997). On the base of a seismic data
analysis Sekretov (1998) concluded that the crust of the deep
basins of the Eurasia Basin had formed at 56-33 Ma, then a 30
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Ma long break followed after which spreading commenced at
1-3 Ma. Analysis of reflection seismic data from the Laptev
Sea, carried out in the frame of the joint Russian-German
cooperative work, led HINZ et al. (1998) to the conclusion that
rifting and extension (without complete break of the crust)
took place in the Laptev Sea predominantly between Paleo
cene and Miocene. It is assumed that since the Oligocene a
part of the new crust was formed in the Khatanga-Lomonosov
zone, which is the southeastern boundary of the Eurasia Basin.
ROESER et al. (1998) date the reactivation of spreading at the
Nansen-Gakkel Ridge at 12 Ma. VERBA et al. (1998) deve
loped similar ideas.

Our investigations rests on the digital potential field data base,
that was compiled by VNIIOkeangeologia in 1993-98, and on
reflection seismic lines obtained by BGR since 1993. The area
of this study (Fig. 1) is as key region for the analysis of rela
tions between oceanic and shelf structures.

THE DATA BASE

This study is based on gravity and magnetic maps that include
data of many surveys. The density of gravity measurements is
one point per 100 km2 the accuracy of Bouguer anomalies is
better than 1.2 mGal. This study uses interpolated data points
on a reetangular 10 x 10 km grid.

The magnetic grid uses the same data points. It is based on the
results of several aeromagnetic surveys. The mean spacing
between the survey lines is 10 km in the southern part of inve
stigated area, and 20 km north of 76 ON. The accuracy of the
magnetic anomalies is better than 25 nT.

POTENTIAL FIELD ANALYSIS AND IST RESULTS

The potential field analysis consists of three groups, namely

14-1
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- calculation and evaluation of two-dimensional Fourier trans
forms,

- analysis of gravity and magnetic maps and
- density models for selected cross-sections whose locations

are shown in Figure 1.

Two-dimensional Fourier spectra

The frequency contents of the gravity and the magnetic anorn
alies was investigated by an analysis of the two-dirnensional
Fourier spectrum. The obtained diagrams show the spatial
characteristics of the potential fields. The synthesis of a
selected range of harmonics allows to to emphasize certain
properties of the underground. Careful investigation of the
spectrum helps to select appropriate parameters for an
improved visualization of the potential fields.

Based on grids of 10 x 10 km two-dimensional Fourier spectra
of the gravity and the magnetic anomalies were computed. For
the long-wave anomalies with periods T >200 km these
spectra are similar. The sources of these regional anomalies
are mainly upper mantle to low crust heterogeneities. The
main contribution to the regional magnetic anomalies brings
the upper part of the lower crust, because magnetization of the
rocks decreases strongly with depth at 15-20 km, according to
the increasing temperature and pressure (PECHERSKIJ 1994,
PISKAREV & PAVLENKIN 1985). The sources of the anomalies
with wavelengths of 100-200 km lie mostly in the basement,
i.e. in the upper crust, at the depth interval 10-20 km. The
sources of the more local anomalies (T <100 km) are mainly
in the sediment cover 01' in the uppermost part of the base
ment, above a depth of about 10 km. The local gravity anoma
lies show a remarkable maximum in NW and NE direction at
the period 90-100 km.
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Fig. 1: The Laptev Sea and its surroundings. The heavy
frame shows the bounds of Figures 2, 3, 4 and 9. A - A'
ete. are loeations of gravity models of Figures 5 through
8.



Gravimetrie and magnetic maps

More than ten geophysical maps were produced under use of
transformations, filtering, and moving windows analysis. They
reflect and represent the faulted and folded structures in the
basement and the sediment cover (Figs. 2, 3,4).

Figure 2 shows the residual gravity anomalies after exclusion
of the long-wave anomalies with period T >200 km as shaded
relief map. This emphasizes the intermediate- and short-wave
length anomalies. The structures of the sediment cover and the
upper crust are clearer in this map than in the map of Bouguer
anomalies. The lighting was chosen from west because this
accentuates the NW, NE and meridional orientation of the
predominating gradient zones in this area. The map shows the
main tectonic patterns of the shelf area and the deep ocean
area north-west of the Laptev Sea. The latter is characterized
by linear anomalies that parallel the Nansen-Gakkel Ridge. To
the south, a zone of wide anomalies extends from the
Khatanga river mouth to northeast along the continental slope.
In the central Laptev Sea, weak NNW striking anomalies
predominate. They show offsets at ENE trending orthogonal
zones. The NNW striking MN A. Lazarev Fault which accor
ding to the interpretation of the reflection seismic measure
ments (HINZ et al. 1998) separates the Ust' -Lena Ritt Basin
from the Laptev Horst, corresponds exactly to a change in the
gravity pattern. The strongest anomalies are seen above the
De-Long and the Kotelny massives. In the East Siberian Sea,
the most remarkable anomalies relate to the near shore Anuj-

Liakhovsky belt, and to the NNE striking zone which crasses
the shelf in direction to the Mendeleev Ridge. A remarkable
belt of strong anomalies extends out from the western end of
the Anuj-Liakhovsky belt and the Kotelny terrain to the
western Nansen-Gakkel Ridge boundary. Remarkable is also
an E-W striking belt of strang anomalies in the southern part
of the De-Long terrain,

Figure 3 is derived from the same residual gravity grid (T
<200 km) by moving windows technique. It shows the hori
zontal gravity gradients summarized within windows of 40 x
40 km. The map shows a belt of intensive local anomalies
araund the Kotelny massive and in the southern part of the De
Long massive. The graben-shaped depressions, which are
observed in the seismic prafiles, are mostly within this belt.
The belt of strang anomalies from the western border of
Kotelny massive to the oceanic crust area stands out in Figures
2 and 3. Another anomaly zone from the Lena river mouth to
Belkovsky Island appears also in both maps.

The magnetic shaded relief map (Fig. 4) shows in the northwe
stern corner the linear magnetic anomalies of the Eurasia
Basin that are generated by seafloor spreading. Strang
magnetic anomalies indicate shallow basic rocks for the De
Long plateau. They are especially strang in its southeastern
part. The smoother character and the greater wavelength indi
cate deep lying basic rocks beneath Kotelny Island. According
to calculations by PrSKAREV (1977) the depths of the magnetic
anomaly sources are between 8-16 km. The Khatanga-Lomo-

Fig. 2: Shaded relief map of the residual gravity anomalies: period of anomalies T <200 km. Light from the left side, the illuminated sides of the gradient zones
are brown.
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Fig. 3: Map of the summarized horizontal gradient of the residual gravity anomalies with period of anomalies T <200 km. Calculations are executed in moving
window of 40 x 40 km.

Fig. 4: Shaded relief map of the magnetic anomalies. Light from the left side. The iIluminated sides are red.
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Fig. 5: Gravity model along profile A ~ A' in the Laptev Sea along 75.5 "N. Crosses = observed values of /xg, continuous linc . calculated values.
Patterns used in gravity models of Figures 5 to 8: Cl) = mantle, density p = 3.30 ~ 3.32 g/cm', (2) = lower crust, p = 2.91 g/cm': (3) = upper crust of basic
composition, p = 2.77 ~ 2.87 g/cm': (4) = upper crust of granite-diorite composition, Paleozoic carbonate layers, oceanic crust of layer 2, p = 2.64 - 2.73 g/cm',
(5) = Mesozoic sediments, p = 2.41 - 2.63 g/cm', (6) = cover sediments, Upper Cretaceous to Cenozoic, p = 1.89 ~ 2.35 g/cm'.

nosov zone is characterized by weak anomalies which strike in
NE direction. The central Laptev Sea shows an orthogonal set
of weak anomalies.

Model calculations Jo1' selected lines

Figures 5 to 8 show gravity models which are based on
seismic and petrophysical data. That means the used densities
are estimated from the seismic velocities of the sediment
layers and the crustal basement under use of the knowledge of
rock types and the appropriate petrophysical data. This mini
mizes the uncertainty of the gravity model. The crosssections
in Figures 5 through 8 were computed as 2.5D solution, that
means, it is taken into account that the bodies are limited in the
direction perpendicular to the image plane. The Bouguer
gravity anomalies were used.

In the cross-section of the gravity model A - A' along 75.5 ON,
Taimyr Peninsula to New Siberian Islands (Fig. 5) the sedi
ment layers are based on the seismic data of SEKRETOV et al.
(1992). The correlation of the local gravity anomalies to the
boundary between Triassie and overlying Upper Cretaceous to
Cenozoic sediments, that was established during a gravity
survey of the New Siberian Islands (PISKAREV et al. 1975), had
been used for the model construction. The following densities
were assumed in the model: Upper Cretaceous - Cenozoic
2.32-2.33 g/cm', Mesozoic layers 2.49-2.59 g/cm', folded
Paleozoic - Triassie facies ofTaimyr and New Siberian Islands

2.66-2.68 g/cm', upper crustal series of the basement 2.76
g/cm', basic series of the lower crust 2.91 g/cm-, mantle 3.31
g/cm-.

The thickness of the sediment layers exceeds 12 km, that of
the young sediments in the Belkovsky-Sviatonossky graben 5
km. That is silimar to the sediment thickness in graben-shaped
depressions studied by FUJITA et al. (1990) and ROESER &
BLOCK (1994). A steep negative anomaly is found above the
Belkovsky-Sviatonossky graben, west of Belkovsky Island. It
relates to the density contrast between 5 km cover sediment
layer (2.33 g/cm") and carbonate Paleozoic formation (2.68
g/cm'). A similar but weaker anomaly is found near the eastern
edge of the Taimyr Peninsula. Obviously, the narrow grabens,
where the modern seismic activity is concentrated (AVETISOV
1996), are not compensated by elevations of deeper bounda
ries. Thus, isostatic equilibrium is not achieved.

Above the depressions of the central Laptev Sea, namely the
Ust' -Lena and the Omoloj grabens, the negative gravity effect
of 5 km of cover sediments and up to 5 km of Mesozoic layers
with densities 2.49-2.59 g/cm', is almost completely compen
sated, the observed Bouguer anomalies are less 10 mG al. This
can only be explained by compensating uplift of the mantle
surface, where the density contrast is 0.4 g/cm', 5-8 km uplift
of the Moho boundary from the regional average 30-32 km to
23-26 km can explain the absence of the negative gravity
anomalies.
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Fig. 6: Gravity model along profile B - B' (BGR94-02) in the northeastern Laptev Sea. Thick lines in the model- seismic boundaries. See Fig. 5 for legend.

According to the depths of the magnetic anomaly sourees, in
the eastern part of the crosssection a subhorizontal boundary
divides the upper crust at 8 km depth. The lower crustal layer
with density 2.91 g/cm', which probably consists of a mixture
of ultra-basic, basic, and metamorphie rocks, outcrops under
the sediments in the central Laptev Sea area.

A density model B - B' along the seismic profile BGR94-02
(Fig. 6) is computed using gravity and seismic data in the
eastern Laptev Sea. According to the character, the profile can
be divided into several zones. Between 0-110 km (till Lazarev
fault), the basement consists of basic rocks with density 2.77
2.83 g/cm'. The sources of the weak magnetic anomalies (20
nT) in this zone lie in the sediment cover with density 2.29
2.54 g/crn', The source depths are between 1-7 km. Their
magnetizations 0.1-0.2 Alm are typical for some groups of
terrigenous sediments. Several sources lie in the basement at
depths 8-14 km. The magnetizations of about 1 Alm are
typical for crystalline basement rocks.

An isometrie magnetic anomaly with an amplitude of about 90
nT near the western flank of the Omoloj graben (at 35 km)
corresponds to an earthquake hypocenter (Fig. 9). It may indi
cate a volcanic construction (calculated density 2.54 g/cm"),
because the seismically observed sharp rise of the basement is
not paralleled by a positive gravity anomaly.

Between 115-210 km the basement consists of rocks of
granite-diorite composition with a density of 2.70-2.73 g/crrr',
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The density of the thick sediment layers above the basement
west of Belkovsky Island is 2.59-2.63 g/cm' which is similar
to the density of Permian-Triassie sequence in the region.

The folded basement with density 2.71-2.67 g/cm' in the
central part of the line (210-445 km) consists probably of
carbonates. At 6-12 km depth it is underlain by a crustal series
of basic composition with the density 2.85-2.91 g/crn', Some
magnetic anomalies indicate magmatic bodies in the folded
basement. In the Anisin depression the magnetic sources lie in
the lower sediment layer with density 2.56 g/cm', which
would be consistent with the density of Triassie sandstones
and aleurolites in Kotelny Island.

The cross-section D - D' (Fig. 7) is based on a reflection seis
mic profile that was carried out by Expedition of Moscow
Oceanology Institute in 1988. Down to 5 km depth, the density
boundaries are selected according to the seismic data.

The southern part of the profile (0-70 km) crosses a zone of
positive gravity anomalies along the southern coast of
Bol'shoj Liakhovsky Island and along the northern edge of the
Anuj-Liakhovsky belt. The character of the potential field
anomalies and geological observations indicate that the upper
ernst consists of folded oceanic crust. To the north (70-230
km) the crustal basement gradually subsides to about 10 km
depth. Between 230-300 km the profile transects the southern
side of the New Siberian depression. The seismic seetion does
not image the basement. The gravimetrie model demonstrates
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Fig. 7: Gravity model along profile D D' in the western part of the East Siberian Sea. See Fig. 5 for legend.

uplift of the Moho and the lower crustal surfaces, which over
compensate the negative gravity effect of the increasing sedi
ment thickness. Between 300 and 420 km the profile crosses
the New Siberian depression. The supposedly folded basement
with the density 2.72 g/cm' is shown beneath the base of the
sediment cover. Between 440-650 km the profile crosses the
De-Long uplift. We suppose that folded basement with the
density 2.69 g/crn' reaches here down to approximately 9 km
and is underlain by granitic-metamorphic upper crust (2.75
g/cm'). Between 650-740 km the profile crosses the dipping
north-western part of the De-Long uplift and then the Nort
hern depression and the continental slope.

Figure 8 provides a better understanding of the structure and
the development of the Laptev Sea basin. In that order we have
computed a model C - C'. It runs from the Taimyr shelf across
the Nansen Basin, the Nansen-Gakkel Ridge, the Amundsen
Basin, the Lomonosov Ridge, the Submariner Basin to the
Mendeleev Ridge (Fig. 8). The following densities were
chosen: 1.90-2.04 g/cm' for Upper Miocene - Pliocene sedi
ments in the Eurasia Basin, 2.38-2.40 g/cm' for pre Upper
Miocene to Cenozoic sediments, 2.75 g/cm' as average
density of the oceanic basalt layer 2 and 2.64 g/cm' for the
same layer in the central Nansen-Gakkel Ridge area.

DISCUSSION

The main results are summarized in the tectonic map of the
area (Fig. 9). Several tectonic units are delimited by bounda
ries, which separate areas with different direction and/or
amplitude-frequency characteristics of the potential fields, and
which usually coincide with prominent gradient zones.
Usually, these areas have uniform Ievels of the regional (with
wavelength T >200 km) anomalies of potential fields. The
second type of lines are gravity and magnetic gradient zones,
which can be seen best in the maps of the intermediate c1ass of
anomalies (100< T <200 km). Examples of such type maps,
derived from residual anomaly maps, are presented in Figures
2, 3 and 4. These zones represent deep faults, which root in the
lower crust at 15-20 km 01' more.

A third type of lines, the gravity and/or magnetic gradient
zones, is best revealed in the maps of local anomalies. They
appear also in the residual anomaly maps (Figs. 2, 3, 4). The
sources of these anomalies are in the upper crust and in the
sediment cover. They show the positions and the directions of
the sedimentary fold axes, the basement relief structures, and
the faults in the sediment cover and upper crust.
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Figure 9 is a general picture of the tectonic elements of the
studied area. The De-Long and the Kotelny terrains are the
firstly consolidated areas in the region. In many places of the
New Siberian Islands moderately folded Pa1eozoic carbonate
sediments are exposed. In the Kotelny area the gravity anoma
lies are shorter than in the De-Long area, for the magnetic
anomalies it is just the opposite. By analogy with weIl investi
gated regions in North Siberia we conclude that these terrains
have pre-Cambrian or Caledonian crustal basement. The main
sources of the observed magnetic anomalies are basic
magmatic rocks (mostly basalts and dolerites) in the basement
and the sediment cover, or basic metamorphic rocks within the
basement. At Bennett Island on the De-Long Uplift basalts of
Early Paleozoic and Late Mesozoic age are exposed. An area
of the Taimyr belt in the western part of the study region
became consolidated in the Paleozoic.

The folded structures of the Anuj-Liakhovsky Belt which were
consolidated in the Early Cretaceous, are accompanied in the
north by the Faddey zone, where the granite-dioritic basement
gradually dips northward (Fig. 7). Sediments in the New Si
berian depression reach a thickness of up to 12 km; the upper
sediment unit (K2-Q?) is up to 7 km thick. The greatest thick
nesses are observed in two parallel grabens which accompany
the boundaries of the New Siberian depression to the Kotelny
and De-Long terrains (ROESER & BLOCK 1994).

The South Laptev zone and the Shelon belt in prolongation of
the Verkhojansk fold belt were consolidated in the Early

Cretaceous (120 Ma). The Shelon belt and the South Laptev
zone show unusually weak magnetic anomalies. Their pattern
reflects Cenozoic fault structures in the sediment cover. The
basement is not magnetized. Density modeling (Fig. 7) indi
cates a basic composition of the deep lying basement. Further
more, there is no doubt that many magmatic bodies were
emplaced in the basement in an epoch of tectonic and
magmatic activity, which produced a mantle uplift under the
Omoloj and rhe Ust'-Lena grabens. The most probable cause
for the low magnetization of the basement may be that the
ferrimagnetic minerals in the gabbros, dolerites and basalts of
this layer have a low Curie point (200°C is not unusual for
Cenozoic basalts), or very low concentration (this is usual for
the basement of the Verkhojansk fold belt).

The Khatanga-Lomonosov zone separates the Laptev shelf
from the oceanic Eurasia Basin. This zone lies in the prolonga
tion of a Triassie rift, which is revealed by geophysical surveys
in the basement of the Khatanga depression (GUSEV 1976).
The whole zone shows seismic activity only in two places. The
first consists of several epicenters at the continuation of the
Ust' -Lena graben; the second is a line of epicenters between
the projection of the Nansen-Gakkel Ridge to the shelf and the
Belkovsky-Sviatonossky graben. The Khatanga-Lomonosov
zone may be considered as a developing transform fault, that
connected the Nansen-Gakkel Ridge axis with its continuation
as a rift zone at a different place (the Northwind Basin?,
GRANTZ 1993).
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Fig. 9: Teetonic features of the eastern Laptev Sea - western East Siberian Sea region, aceording to potential field interpretation.

CONCLUSIONS

A detailed analysis of the potential field data allowed to derive
information on the tectonic structure and the composition of
the crust and the sediment cover in the Laptev Sea area. The
main result is a tectonic subdivision of the eastern Laptev Sea
- western East Siberian Sea, which delineates the boundaries
of the tectonic units, the main fault zones, the axes and the
gradients of anomalies.

The anomaly pattern indicates that since the Paleocene
seafloor spreading was active in the Eurasia Basin. The
Khatanga-Lomonosov zone worked as transform fault zone.
Rifting but not spreading may have affected the Laptev Sea.
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