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Abstract 
 
Wrangel Arch represents the extensive (more, than 500 km) ~ E-W trending offshore basement high, separating the well-known shelf 
depressions: North and South Chukchi (Hope) sedimentary basins, filled by more than 16-18 km of Late Paleozoic(?)-Tertiary and up 
to 5-6 km of Aptian(?)-Tertiary sequences, respectively. The onshore exposures of the Arch are known on Cape Lisbourne (Alaska) 
and on Wrangel Island in the Russian sector.  
 
Our study of the Arch is based on the TGS 2D seismic data of a 2006 survey in the Russian Chukchi Sea and onshore geological 
observations on the Central and Western parts of the Wrangel Island. It is likely that the Wrangel Arch represents the northwestern 
extension of the Herald Arch-Lisburne Hills fold belt. Wrangel Island is mostly composed of Neoproterozoic metamorphic rocks and 
uncomfortably overlying Paleozoic-Triassic sedimentary sequences involved in the Late Kimmerian rather uniform North-vergent 
fold and thrust deformation.  
 
Seismic data revealed intensive development of both the North- and South-vergent thust sheets of the Wrangel Arch. The geological 
complexes of the Island are the key issues for investigating the structure, tectonics and hydrocarbon potential of the Russian Eastern 
Arctic Shelf, including the folded basement of the South Chukchi and lower (Ellesmerian) sequences of the North Chukchi Basin.  
 
Undeformed Turonian(?)-Tertiary sandy-clayey strata, known for the northernmost exposures of Wrangel Island, are the age-
equivalent of the uppermost Lower and Upper Brookian sequences and thus correspond to the upper part of the sedimentary cover of 
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the North Chukchi Basin and the main sedimentary infill for the South Chukchi Basin, which is not older than Aptian-Albian. The 
structural pattern of the northern front of the Arch is heterogeneous. The series of North-vergent thrust faults, with the main 
detachment at the base of Brookian were detected. On the other hand, obvious double-vergent pop-up and positive flower (dextral(?) 
transpressional) structures of Early Paleocene age were also observed. We relate the latest N-S to NE-SW extensional stage to the 
formation of the South Chukchi Basin and the series of small half-grabens superimposed on the Wrangel Arch. The integrated 
approach to the research of the Wrangel Arch by marine seismic and onshore geological-analytical methods is crucial for the 
exploration of the offshore sedimentary basins of Chukchi and adjoining East Siberian Sea. 
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Atlas “Geology and mineral resources of the Russian shelf areas”. 
(Edited by M.N.Alekseev) – Moscow. Scientific World, 2004
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The structure of South Chukchi basin –
Wrangel Arch – North Chukchi basin

Wrangel Kimmerian Arch (deformed Pr2-T) North Chukchi sedimentary basin (D3-Cz)

South Chukchi sedimentary rifted basin (K2-Cz), inherited Late Kimmerian collisional structural pattern

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. This data shall not be distributed, and only used for illustrational 
purpose. In particular, the Data image shall not be scanned or be loaded to any PC/workstation that makes the data image capable of manipulation or 
transformation back into commercially viable information. Permission is required for further use of this document.



Main tectonic elements of Chukchi Sea 
region. Compiled after [Mazarovich., 
Sokolov, 2003; Khain, 2001; Sokolov et 
al,, 2001, 2002; Miller et al., 2002]. Blue 
color corresponds to the simplified 
distribution of free air gravity anomalies. 

TGS/Geophysical Solutions Integrator
MC survey in Chukchi Sea (2006)



International Expedition
“Wrangel Island and Northern Chukotka” 2006
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Tectonic map of the main Mesozoic structural belts of north-east Arctic Russia and 
northern Alaska. Modified after Miller et al. (2006).



Tectono-stratigraphic map of Western Chukotka

(Sokolov et al., 2009)

(Sokolov et al., 2009)

The collisional stage spanned a rather wide age range from the 
Neocomian to the Aptian (Parfenov, 1984; Natal’in, 1984; Sokolov et al., 
2001, 2002). Structural studies have established the following time series 
of tectonic deformations:
(i) north vergent thrusts and nappes (subphase D2 −1),
(ii) south vergent thrusts and folds (subphase D2 −2), and
(iii) late collisional dextral strike-slips (subphase D2−3).
The North vergent thrusting took shape during the Hauterivian–
Barremian (Sokolov et al., 2001, 2002), and the Aptian–Albian stage, in 
the course of which the Ainakhkurgen, Kameskov, and Nutesyn 
basins formed. These are filled in with slightly deformed 
sedimentary and volcanic deposits, overlapping with sharp angular 
unconformity all principal tectonic features of western Chukotka.
Dextral strike-slip faults deform the coarse clastic deposits of Barremian–
Aptian age, and do not deform upper Albian effusives of OCVB. For this 
reason, the time of postcollisional dextral strike slip motion may be 
constrained to the Barremian–Aptian (possibly, early Albian) interval.

Pre-Aptian regional unconformity



Postcollisional Aptian-Albian 
granites, ~117-108 Ma

(Katkov et al., 2007; Miller et al., 2009).

K1

Dike



Thank you, Peter Tikhomirov

South of Pevek:  The base of the Northern segment of OCVB, ~ 106 Ma- K1 Albian 
(Tikhomirov et al., 2008) is a regional unconformity and volcanic rocks above are close to 

flat-lying. 



Geological Map of Wrangel Island (Kos’ko et al., 1993, 2003).
Superimposed are the areas of field work investigations of International Expedition 2006.



(Kos’ko et al., 1993; 2003)

Stratigraphy, lithology and 
structural pattern of 
Wrangel Island



Sherwood et al, 2002

Burlin, Schipel’kevich, 2006

Wrangel
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Chukchi 

Basin 
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Modified after (Kos’ko et al., 1993) 

Schematic structural cross-section through central Wrangel Island, modified 
after Kos’ko et al. (1993, 2003), using some results of our fieldwork. 

Wrangel Island:
example of north-vergent fold and thrust fault structural pattern



Wrangel Island:
example of north-vergent fold and thrust fault structural pattern

stereonets:

equal angle 
projection, 
upper 
hemisphere



Wrangel Island:
example of north-vergent fold and thrust fault structural pattern



Superimposed extensional/dextral transtensional structures

Modified after (Kos’ko et al., 1993) 



Late Mesozoic Chukotkian collisional deformation is do continuing into Chukchi Sea offshore



Wrangel Arch:
example of north-vergent fold and thrust fault structural pattern

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.



Wrangel Arch: example of north-vergent fold and thrust fault structural pattern

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.

NORTHAngular unconformity: base Aptian-Albian?



Wrangel Arch: example of 
south-vergent fold and thrust fault 

structural pattern



Wrangel Arch: example of doubble-vergent fold and thrust structural pattern

and superimposed extensional features

NORTHSOUTH

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.





Wrangel Arch: example of doubble-vergent fold and thrust structural pattern

and superimposed extensional features

NORTHSOUTH

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.



NORTH

Wrangel Arch: example of north-vergent fold and thrust structural pattern

Angular unconformity: base Aptian-Albian?



NORTH

Wrangel Arch: example of north-vergent fold and thrust structural pattern

Angular unconformity: base Aptian-Albian?



Wrangel Arch front: example of north-vergent thrust faults

NORTH

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.



Miller, Grantz and Klemperer (eds), 2002

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. This data shall not be 
distributed, and only used for illustrational purpose. In particular, the Data image shall not be scanned 
or be loaded to any PC/workstation that makes the data image capable of manipulation or 
transformation back into commercially viable information. Permission is required for further use.

Wrangel Arch frontal thrusts

Ellesmerian?

Brookian?

LCU

~ 5 km

Klemperer et al., 2002



Wrangel Arch and adjacent 
North Chukchi sedimentary 

basin:

Structural pattern and 
stages of deformation

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.

Albian +Mid-
Brookian+Tertiary 
transpression events?

Verzhbitsky et al., 2008//EAGE SPb



Wrangel Arch front: example of double-vergent / transpressional pattern

NORTHSOUTH Pop-up?

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.





Wrangel Arch front: example of double-vergent / transpressional pattern

NORTHSOUTH Pop-up?

This data are confidential and copy-right protected  proprietary to TGS-NOPEC. 
This data shall not be distributed, and only used for illustrational purpose. In 
particular, the Data image shall not be scanned or be loaded to any PC/workstation 
that makes the data image capable of manipulation or transformation back into 
commercially viable information. Permission is required for further use.





North-vergent fold and thrust structural pattern



South-vergent (opposite) fold and thrust structural pattern



D-C1,

Neizvestnaya 
river,

Z-folds with 
vertical exes 
pointing to the 
dextral 
displacements

Transpressional tectonics



Superimposed extensional/transtensional structures



Sherwood et al, 2002

Verzhbitsky et al, 
GeoExpro, 2008



Thank you very much for your attention!



Thank You!
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