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The closure of the Anyui oceanic basin is expressed in western Chukotka by Mesozoic terrigenous turbidite and fragments of both Paleozoic and
Mesozoic ophiolite sequences, the South Anyui suture. However, the suture zone, and especially its western extent is not yet clearly defined and
many structural details are not yet understood. We identify distinct, about 50 km wide high reflective zones in the lower crust offshore of the mouth
of the Indigirka River (~150°E) on multichannel seismic data acquired around the New Siberian Islands. The reflections dip differently in the E-W
direction, but southwards in N-S the direction and fit well with the previously proposed trend of the South Anyui suture. We interpret these reflections as expressions of the closure of the Anyui ocean basin. In the eastern Laptev Sea we identify again high reflective zones in the lower crust.
These have different dips, but their width, depth, shape and reflection characteristics are analogous to those identified in the basement of the East
Siberian Shelf. We propose that these structures form the western continuation of the South Anyui suture. The suture thus trends E-W along the
shoreline south of the New Siberian Islands and in a northerly direction to the west of these Islands.
Dieter Franke, Christian Reichert, Volkmar Damm & Karsten Piepjohn; BGR - Federal Institute for Geosciences and Natural Resources, Stilleweg 2,
30655 Hannover, Germany.

Introduction and regional setting
The South Anyui suture zone is critical for understanding
the interaction between the Eurasian and North American plates and plays a key role in the tectonic history and
in paleotectonic reconstructions of the Arctic. The suture
originates from the closure of an Anyui oceanic basin
between the Siberian and the North American plates at
the end of Jurassic – Early Cretaceous time and the subsequent collision of Chukotka with Eurasia (e.g., Lawver
et al. 2002). It is widely accepted that the closing of the
Anyui ocean basin was synchronous with the opening of
the Amerasia ocean basin. The most popular hypothesis
is that of a counter-clockwise rotational opening of this
basin. If this hypothesis is correct, somewhere around the
New Siberian Islands, the South Anyui suture must meet
a global-scale transform fault, or transform fault zone,
trending along the eastern base of the Lomonosov Ridge
(Grantz et al. 1990). Although a number of alternative
kinematic schemes for the opening of the Amerasia basin
have been suggested (see summary by Lavwer & Scotese
1990), even the followers of the rotational hypothesis are
in disagreement regarding the continuation of the transform fault into NE Siberia.
This fault has been proposed to run either east of the New
Siberian Islands (e.g., Rowley & Lottes 1988), through
the islands (e.g., Parfenov 1992; Nockleberg et al. 2000;
Layer et al. 2001; Lawver et al. 2002), or west of the New

Siberian Islands (e.g., Fujita 1978; Fujita & Cook 1990;
Drachev et al. 1998; Drachev 2002). In fact, previous
attempts to locate the South Anyui suture in the offshore
domain were based mainly on potential field data.
The collision of Chukotka (NE Siberia) with Eurasia
culminated at the end of the Early Cretaceous (Layer et
al. 2001; Sokolov et al. 2002). The clearest indications for
the South Anyui suture zone are in western Chukotka,
where Mesozoic terrigenous turbidites and fragments of
both Paleozoic and Mesozoic ophiolite sequences are well
known (Sokolov et al. 2002). The western extent of the
South Anyui suture is less clear. Most likely it includes
ultramafic outcrops on Bol’shoi Lyakhov Island/Cape
Syatoi Nos (Fig. 1). According to Drachev & Savostin
(1993) and Drachev et al. (1998) the suture is characterized in this area by fragments of Late Paleozoic ophio
lites, Late Jurassic to Early Cretaceous island arc volcanic
rocks and granodiorites and granites with isotopic ages
between 113 and 100 Ma. Layer et al. (2001) report an
age of 113 Ma for subduction related granites from eastern Bol’shoi Lyakhov Island.
In order to better define the structure, location, and
western extent of the South Anyui suture zone we analysed the deeper parts of our multichannel seismic
(MCS) data set from around the New Siberian Islands.
These data comprise a total of 11,700 km of multichannel seismic reflection data that were acquired during
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Figure 1: Top: Location map of the Siberian portion of the Arctic Ocean from Taimyr Peninsula in the West to Wrangel Island in the East.
The New Siberian Islands separate the Laptev Sea from the East Siberian Sea. The thin red lines show the location of BGR’s reflection seismic
profiles. Bold black lines indicate the positions of the line-drawing interpretations shown in Figs. 2-4. The onshore position of the South Anyui
suture and the position of the south-trending subduction zone are modified from Layer et al. (2001).
Bottom: The area around the New Siberian Island underlain by magnetic data (Verhoef et al. 1996). The faults located on the New Siberian
Islands were adopted from Kos’ko and Trufanov (2002). The positions of the line-drawing interpretations shown in Figs. 2-4 are indicated in
red as well as positions of folds and thrust slices identified in the seismic data. The proposed western flank of the South Anyui suture is indicated by a white line (dashed where uncertain).
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three reconnaissance surveys of the wide, shallow shelves
of the Laptev Sea and the western East Siberian Sea in
the Siberian Arctic Ocean. The seismic field parameters
and processing of these three surveys were described by
Franke et al. (2001, 2004).

Results
Crustal images from south of the New Siberian Islands and
from the southwestern East Siberian Sea
Figure 2 shows an interpreted line drawing of a ~750 km
long composite seismic line running from SW of Kotel’nyi
Island in an easterly direction to south of Faddeya Island
(BGR94-05, -05_1), then turning ESE (BGR94-06) and
then to the SE (BGR94-06-1) before running parallel
the Siberian shoreline (BGR94-06-2) and before turning
to the NE (BGR94-07). The eastern part of the lines is
close to the area where the South Anyui suture has been
defined onshore (Drachev & Savostin 1993; Layer et
al. 2001; Sokolov et al. 2002). The layered succession is
everywhere less than 2 s (two-way reflection time, TWT)
thick and mainly below 1 s (TWT).
These sediments rest on an acoustic basement mostly lacking an internal coherent reflection pattern. The morphology
of the acoustic basement is mainly smooth to flat suggesting
that it was affected by strong truncation and peneplanation prior to subsidence and deposition of the sedimentary
overburden. Coherent reflector elements at around 10 to 11
s (TWT) are interpreted to represent the Moho.
The upper part of the acoustic basement is widely seismically transparent but there are two distinct regions where
reflector elements are widespread at a depth of 3 to 10
s (TWT). At the western end of the composite seismic
line, from about ~140°E to 142°E, the basement is highly
reflective, and between 148°E and 155°E, clearly aligned
reflector elements are distinct at a depth of 3.5 s (TWT),
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i.e. about 5 km (Fig. 2; seismic velocities here and in the
following from Franke et al., 2004). The arcuate reflective bands with a wavelength of some 50 kilometres show
amplitudes of up to 2 s (TWT; ~4-5 km; Fig. 3).
Line BGR94-19 runs in NE-SW direction across the
southern East Siberian Shelf and crosses these reflections
at a high angle (Fig. 4). The surface of the acoustic basement dips gently towards the north before the East Siberian sedimentary depocenter is imaged in the NNE part
of the section (Franke et al. 2004). The sedimentary succession shows an increasing thickness from 1 s (TWT)
at the SSW end of the line to about 3.5 s (TWT) in the
NNE. The seismically widely transparent base of the
inferred Cenozoic sediments might represent a Upper
Cretaceous sedimentary cover because seismic velocities
of 3.4-3.6 km/s (Franke et al. 2004) are too low for a crystalline crust. At a depth of 4 to 10 s (TWT), south-dipping reflections are distinct and coincide in location with
the above described arcuate reflection band (Fig. 5). The
reflections dip at an angle of about 5 to 10 degrees in the
lower crust and ramp down to Moho level. About 30 km
further southwest, airborne magnetic data (Verhoef et al.
1996) reveal a huge magnetic high (Fig. 4; centre panel).
Crustal images from the eastern Laptev Sea
The composite seismic line BGR94-04, -04a extends in
a WNW-ESE direction across the eastern Laptev Shelf
towards the southwestern tip of Kotel’nyi Island (Fig. 7).
The area traversed by the seismic line mainly represents
the Laptev Horst (Franke et al., 2001). The basement
blocks show a peneplained surface which suggests that
they were affected by strong erosion prior to or during
the time of formation of unconformity LS1 (about 65 Ma;
Franke et al., 2001). The half-grabens which are imaged
along line BGR94-04, -04a are part of the Bel’kov-Svyatoi
Nos Rift (e.g. Drachev et al. 1998), a narrow depocenter,
approximately 40 km wide, and 3 s (TWT) deep. The
base of the Cenozoic sediments is clearly defined by

Figure 2: Composite seismic line BGR94-05, -05_1, -06, -06-1, 06-2, -07
Interpreted line drawing of an about 750 km long composite seismic line running from SW of Kotel’nyi Island onto the southern East Siberian
Shelf (location in Fig. 1). The base of the inferred Cenozoic sedimentary cover is indicated. Beneath a seismically transparent acoustic basement reflector elements in the middle and lower crust are distinct. The dashed line between 148°E and 155°E marks anticlines which we interpret as expressions of southward directed subduction/collision. The highly reflective basement at the western end of the composite seismic line
is, in contrast, interpreted as a strike-slip fault. Coherent reflector elements at around 10 to 11 s (TWT) are interpreted to represent the Moho.
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Figure 3: Uninterpreted (top) and interpreted (bottom) seismic sample section showing a folded basement that is interpreted as a reflection
seismic expression of the South Anyui suture.
100 km wide multichannel seismic section from line BGR94-06-2 (location in Fig. 2), extending ESE about 75 km north of the shoreline.
Between 3 and 9 seconds (TWT) the top of symmetrical anticlines, each about 50 km wide, is indicated by arrows. The cross-point with the
section in Fig. 4 is located at the eastern end of the section.
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Figure 4: Southern part of seismic line BGR94-19
Southern part of the interpreted line drawing of MCS line BGR94-19. In the lower crust distinct south(west?)-dipping thrust slices indicate a
southward directed subduction at the southern rim of the Anyui Ocean before the continental collision. The centre panel shows altimeter derived gravity (Laxon & McAdoo 1994; dashed line) and airborne magnetic data (Verhoef et al. 1996; solid line) along the line. At the SW end of
the line a distinct magnetic high is observed.

a low frequency reflector (LS1, Fig. 7 and Fig. 8). The
pre-Tertiary strata were affected by folding and faulting, and there may be an overprint of Tertiary extension.
However, between ~130°E and 133°E distinct reflections
are visible in the lower crust between 4 and 6 s (TWT)
depth. The aligned reflection bands show different dips
over about 50 kilometres and depth variations of about
4-5 km (2 s TWT; Fig. 8). The position of the arcuate
reflectors matches narrow, but distinct, magnetic highs
(Verhoef et al. 1996) in the eastern Laptev Sea (Fig. 1). In
the eastern part of line BGR94-04a the upper and middle
crust is seismically transparent and the eastern end of the
profile is the line-tie with line BGR94-05 shown in Fig. 2.

Discussion
Offshore expression of the South Anyui suture zone
Most authors show the South Anyui suture zone as a narrow dashed line running from Bol’shoi Lyakhov Island
(Fig. 1) eastwards along the shoreline to the ophiolite
outcrops in western Chukotka (e.g. Drachev et al. 1998
1999; Franke et al. 2001; Sokolov et al. 2002). In contrast, Fujita (1978), Fujita & Cook (1990) and Layer et al.
(2001) defined a broader zone of about 100 km extending N-S and with a similar strike. Conspicuously, the

South Anyui suture zone was usually interpreted only in
the onshore areas. However, on our offshore seismic line,
running close to the previously defined onshore South
Anyui suture zone we can identify arcurate reflectors in
the basement (Fig. 2; 148°E to 155°E; Fig. 3). The line
runs in an ESE direction about 100 to 200 km north of
the shoreline. The reflections with different dips, are buried at a depth of about 5 km (4 km beneath the acoustic
basement (Fig. 3); seismic velocities from Franke et al.
2004) are identified about 30 km north of an elongated,
strong magnetic high (Fig. 1). Lower crustal reflectivity
may have a magmatic origin (Mooney & Meissner 1992)
and the structures may be interpreted as sills or mafic
intrusions. However, this is, in our view, unlikely because
in the case of the East Siberian Sea the lower crustal
reflectivity occurs beneath a structural high and not in
a rift zone or at a volcanic margin as it were expected for
sill intrusions (Mooney & Meissner 1992). Further, the
reflective zones show a considerable dip and occur with
a significant offset to the north of the region exhibiting a
strong magnetic anomaly (Fig. 4). The arcuate reflections
show in structure and width strong similarities to high
reflective units identified in deep MCS data from the
western Barents Sea (e.g. Fig. 5a of Ritzmann & Faleide
2007). The primary event causing the thrusting there
was the closure and subduction of the Iapetus Ocean
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Figure 5: Uninterpreted (top) and interpreted (bottom) seismic sample section showing south-verging thrust slices.
100 km wide multichannel seismic section from line BGR94-19 (location in Fig. 4), running south-westward towards the shoreline. Between
6 and 9 seconds (TWT) thrust slices verging down to Moho level are indicated by dashed lines. The cross-point with the section in Fig. 2 is
located at the southwestern end of the section.
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Figure 6: Uninterpreted (top) and interpreted (bottom) seismic sample section showing a wrench fault south of Kotel’nyi Island.
100 km wide multichannel seismic section from line BGR94-05_1 (location in Fig. 2), running westward about 30 km south of Kotel’nyi Island.
A narrow (~25 km wide) wrench fault is interpreted to be cutting through the crust and reaching the surface.
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Figure 7: Line BGR94-04, -04a
The eastern part extends across the Belkhov Syatoi Nos Rift, a narrow depocenter. Beneath the clearly defined, low frequency reflector marking
the base of the Cenozoic sediments, distinct reflector elements, in parts affected by faulting, are widespread. The pre-Tertiary strata were affected by folding and faulting and there may be an overprint of Tertiary extension. Based on the analogous appearance, width and depth of the
anticlines identified between 148°E and 155°E (Fig. 2), we interpret the folds in the basement to likely represent the western flank of the South
Anyui suture zone.

and the oblique collision of Laurentia and Baltica (Roberts & Gee 1985). Ritzmann and Faleide (2007) favour
the concept of a convergent crustal zone as an explanation for the high reflective crust. Similarly, we propose
that the arcuate reflections identified in the East Siberian
Sea likely reflect a convergent crustal zone. This is more
obvious on the line running roughly perpendicular to
these structures (Fig. 4). Here we identify bands of SWdipping crust-cutting reflective zones in the lower crust
which are rooted at the Moho (Figs. 4 & 5). This is the
image that we expect at a convergent orogenic zone: A
fan-shaped deformation pattern that is rooted at the
Moho and where the overriding plate adjoins the lower
plate (e.g., Beaumont & Quinlan 1994). Subduction zone
reflections commonly dip toward the craton, indicating
the preferred dip of subduction during the last stages of
convergence within an orogen (van der Velden & Cook
2005).
We thus interpret the SW-dipping reflections as thrust
slices which result from a south(?west)ward directed subduction at the southern rim of the Anyui Ocean before
the continental collision. The arcuate reflector band on
strike with the proposed South Anyui suture zone is
interpreted as the deformed and uplifted area between
the pro- and the retro-wedge (Beaumont & Quinlan
1994). Combining the on- and offshore results reveals
that the South Anyui suture zone here is a structure about
200 km wide (Fig. 1, bottom).

Western extent of the South Anyui suture zone
We have shown that there is a seismic expression of the
South Anyui suture zone in the offshore area and how
the seismic data reflect the subduction of the Anyui
Ocean. With this line of arguments for subduction/collisional structures in the area around 150°E to 155°E the
idea of a large transform fault joining the suture east of
the New Siberian Islands (e.g., Rowley & Lottes 1988;
Embry 2000), i.e., east of the collisional structures identified in the seismic data seems unlikely. We suggest that
the South Anyui suture zone continues further west to
the ultramafic outcrops on Bol’shoi Lyakhov Island.
The next step was to look for structures in the basement
further to the west. Between 143°E and 148°E the basement, with exception the lowermost crustal part, is seismically transparent, but at the western end of the composite seismic line south of Kotel’nyi Island it is highly
reflective (Fig. 2; ~140°E-142°E; Fig. 6). However, the
basement structures look different to the arcuate reflections identified between 148°E and 155°E. The structure
is not as deeply buried as the reflection bands on the East
Siberian Shelf and the structure is narrower and steeper
(Fig. 6). The shallow base of the inferred Cenozoic sediments is affected by faulting indicating recent activity
along the structure. There are only minor indications
of thrust faults on Kotel’nyi Island (Fujita & Cook 1990;
Kos’ko & Trufanov 2002) but the island is cross-cut by
a major north-trending ?strike-slip fault (Kos’ko & Tru-
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Figure 8: Uninterpreted (top) and interpreted (bottom) seismic sample section showing a folded basement in the eastern Laptev Sea
100 km wide multichannel seismic section from line BGR94-04 (location in Fig. 7) running east-south-east to the west of the Kotel’nyi Island.
Symmetrical anticlines in the basement are in width, depth, shape and reflection characteristics analogous to folds identified in the East Siberian Sea (Fig. 3).
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fanov 2002). When tracing this fault further south to the
offshore region it coincides with the position of the seismic structures described above. Although the seismic is
ambiguous, we tentatively interpret the basement structure along seismic line BGR94-05_1 as the offshore continuation of this strike-slip fault.
From the narrow extent of this fault zone and from weak
indications of thrusting we infer that this is not the location of the South Anyui suture zone. Rather this fault
may be part of a pro-wedge fold-thrust belt which probably developed behind the suture. Based on the absence
of indications for compressional structures along the
composite seismic line east of 142°E (Fig. 2) and the eastern part of the line continuing to the west (Fig. 7; Line
BGR94-04a), we propose that the suture does not cross
the Kotel’nyi Island area. Another argument against a
northward continuation of the suture is it’s apparent
form. If we locate the South Anyui suture across both,
the ophiolite outcrops on Bol’shoi Lyakhov Island and the
folds/faults identified on line BGR94-05_1 (Fig. 6), we get
an implausible S-shaped course. Furthermore, this suture
would cross or lie near Malyi Lyakhov Island where only
moderately compressed open folds have been observed
and where deformation is reported to be less intense than
on Bol’shoi Lyakhov Island (Kos’ko & Trufanov 2002).
Mainly undeformed Jurassic rocks on Kotel’nyi Island are
a further argument against this idea (Kuzmichev & Bogdanov 2003).
If the South Anyui suture zone has an approximately
E-W elongation south of Malyi Lyakhov Island it likely
extends to the Laptev Sea shelf. And in fact, beneath the
Laptev Horst there are structures strikingly analogous
in width and depth to the arcuate reflector band identified in the east (Figs. 7 & 8). We propose that the arcuate reflectors identified in the basement of the eastern
Laptev Sea form the most probable continuation of the
South Anyui suture zone because the basement is intensively deformed along line BGR94-04 and the reflections
are analogous to those interpreted as seismic expressions of the South Anyui suture zone on the East Siberian Shelf. The resulting location of the suture west of
Kotel’nyi Island is close to the trend as proposed by Fujita
& Cook (1990) and is in accordance with the position of
a subduction zone which developed, according to Layer
et al. (2001), on the northern edge of the Kolyma-Omolon terrane in the Valanginian (<140 Ma; Fig. 1, top). A
distinct positive magnetic anomaly with a WNW trend
in airborne magnetic data (Verhoef et al. 1996) marks
the position of the South Anyui suture zone between
145°E and 155°E. The proposed trend of the South Anyui
suture zone coincides with smaller magnetic highs in the
eastern Laptev Sea (Fig. 1, bottom, 134°E-139°E).
The proposed extent of the South Anyui suture to the
eastern Laptev Sea parallels the MV Lazarev Fault (Fig.
1), a major west-dipping and north-trending listric fault
which bounds the huge Ust’ Lena Rift to the Laptev Horst
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from, at least, 74°N to 77°N (Franke et al., 2001). It may
be speculated upon that the western end of the South
Anyui suture zone established a zone of weakening which
resulted in the formation of this elongated structural discontinuity.
Implications for the basement composition of the eastern
Laptev Shelf
What can we infer from this alignment of the South
Anyui suture zone regarding the structure and composition of the pre-Cenozoic sedimentary successions and
basement of the Laptev Shelf?
We have proposed that folded successions of the South
Anyui suture zone are present beneath the Laptev Horst
in the eastern Laptev Sea. This also implies that all the
New Siberian Islands (except Stolbovoi Island?) are terranes which were accreted to NE Siberia during the
Mesozoic. The nearly uninterrupted sequence of Paleozoic and Mesozoic carbonates and clastic rocks with a
thickness of 6-10 km which is reported for the western New Siberian Islands (Kos’ko et al. 1990) is present beneath the Tertiary sedimentary cover only to the
NE of the suture, i.e. it is limited to the northern Laptev
Horst and Kotel’nyi horst. The acoustic basement south
of the suture remains unclear. If it was formed by an offshore extension of the Verkhoyansk fold-and-thrust belt
(Drachev et al. 1998; Bogdanov & Khain 1998; Franke et
al. 2001; Drachev 2002) the folds and thrusts must have
been levelled and flattened by widespread extension
affecting the region during the Cenozoic.

Conclusions
Offshore seismic data reveal that there is an expression of
a collisional event in the basement of the southern East
Siberian Sea. Arcuate reflector bands with a wavelength
of about 50 km are present in the basement between
148°E and 155°E. The location of these reflections, which
are buried at a depth of about 5 km, is approximately 30
km north of an elongated, strong magnetic high. Additionally, we identify SW-dipping thrust slices in the lower
crust which we interpret as an expression of a southward
directed subduction/collision (Fig. 9). We conclude that
the South Anyui suture zone is in the east an about 200
km wide structure.
Along a seismic line running from 140°E to 148°E the
basement (with the exception of the lowermost part) is
widely seismically transparent. Only one narrow zone
of faulting is noted south of Kotel’nyi Island at ~140°E142°E. However, the seismic appearance is different from
the anticlines identified between 148°E and 155°E. On the
other hand, to the west of Kotel’nyi Island, and beneath
the Laptev Horst, there are structures strikingly analogous in width and depth to the arcuate reflectors identified on the East Siberian Shelf. We suppose that the basement structures identified west of Kotel’nyi Island likely
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Figure 9: Geological-tectonic interpretation
Southern part of the interpreted line drawing of MCS line BGR94-19 and a perspective geological-tectonic interpretation
of the general situation.

form the western extent of the South Anyui suture. The
resulting course of the South Anyui suture zone would
thus be roughly N-S to the west of the New Siberian
Islands and about E-W, along the shoreline south of these
Islands.
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