
 

471

 

Geotectonics, Vol. 35, No. 6, 2001, pp. 471–489. Translated from Geotektonika, No. 6, 2001, pp. 56–74.
Original Russian Text Copyright © 2001 by Solov’ev, Brandon, Garver, Shapiro.
English Translation Copyright © 2001 by 

 

MAIK “Nauka

 

/Interperiodica” (Russia).

 

INTRODUCTION

The Vatyn–Lesnaya thrust fault is among the largest
sutures in northeast Asia, traceable over more than
800 km in southern Koryakia and Northern Kamchatka
[15, 19, 28, 31, 33]. The suture separates the Creta-
ceous–Paleogene deposits of the Eurasian continental
margin [5, 11, 18, 21, 28] from the marginal marine and
island-arc assemblages of the Cretaceous–Paleocene
age [5, 30], which were formed in the Pacific and trans-
ported over considerable distances [13, 14]. The fly-
schoid sequence of the continental margin presently
occurs in the Ukelayat–Lesnaya trough [11, 18, 21, 28],
whereas the marginal marine and island-arc assem-
blages occur in the Olyutorsky zone with a mosaic het-
erogeneous basement [6].

The models of collision between the Cretaceous
island-arc system and the Eurasian continental margin
proposed by our predecessors were based on geologic
[16, 18, 30, 32] and paleomagnetic data [13, 32, 40],
but the structure and kinematics of the Vatyn–Lesnaya
thrust fault have never been taken into account. From
1994–1999, we conducted a detailed study of five
domains within the thrust zone (Fig. 1). In each
domain, the precise position of the thrust plane was
identified, the kinematics of movements on this plane
was determined, and the specific structural features of
the allochthon and autochthon of the thrust fault zone
were studied.

STRUCTURAL ANALYSIS TECHNIQUE

To study the structure of the Vatyn–Lesnaya thrust
zone, structural surveys were performed in the autoch-

thonous and allochthonous sequences in the immediate
vicinity of the suture, and kinematic indicators on the
thrust fault plane were analyzed.

The data on deformations in the autochthon and
allochthon are based on field measurements of bedding,
cleavage, fault planes, and the orientations of fold axes
and axial planes. The hinges of some folds were calcu-
lated as 
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-axes
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 and deduced as 

 

π

 

-axes
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 [44]. The ste-
reograms were plotted and the data were analyzed
using Spheristat v. 1.1 

 



 

 Frontenac Wordsmiths (1990)
and Quickplot v. 1.0 

 



 

 D. van Everdingen & J. van
Gool (1990) software. Data point densities were con-
toured using the same method as in [45] and interpreted
using the eigenvector method [10, 43].

The directions of the relative displacements along
faults (thrust faults) were determined using internal
rotation axes analysis [36]. This method is based on the
assumption that the symmetry of an ideal fault zone ini-
tiated in a setting of progressive simple shear strain is
monoclinic (Fig. 2a), i.e., the symmetry of the struc-
tural features distribution is monoclinic. The kinematic
indicators are mesostructures that bear evidence for the
rotational component of deformation such as asymmet-
rical folds (Fig. 2c) and Riedel structures
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 (Fig. 2b).
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-axis is the fold axis (hinge) calculated as a trace of axial planar
cleavage on the bedding plane [44].
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π

 

-axis is the fold axis (hinge) calculated as being perpendicular to
the great-circle girdle, along which the bedding poles are dis-
persed.
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The term Riedel structures is used according to [36] to avoid
ambiguity in the names of planar features; in the Russian litera-
ture, it corresponds to the term Riedel shear.
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Abstract

 

—The Vatyn–Lesnaya thrust fault, exposed in southern Koryakia and northern Kamchatka, is among
the largest collisional sutures in northeast Asia. The thrust fault juxtaposes the terrane of a Pacific island-arc
system against the deposits of the Eurasian continental margin. Thrusting terminated the arc–continent collision
in the Middle Eocene. Based on a detailed structural analysis, the structure and kinematics of the suture zone
were deduced and its evolution model was compiled. An attempt to discriminate structural features by age is
presented. The origin of structural features is interpreted against the background of the region-scale of Late
Mesozoic–Cenozoic geodynamics.
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A Riedel structure is an association of planar meso-
structures originating from simple shear strain. Experi-
mental studies of Riedel structures suggest that dis-
placements occur along three planes, Y, P, and R,
formed in a brittle shear zone; the symmetry of these

features, indeed, reflects monoclinic deformation sym-
metry [42]. A fault zone symmetry plane is deduced
from the geometry of structural features observed in
this zone, and the intersection of the deduced symmetry
plane with the fault plane corresponds to the slip vec-
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Fig. 1.

 

 Vatyn–Lesnaya thrust fault in the structural framework of the Bering Sea region [15, 27, 28, 35, 48], (a) location; (b) struc-
tural–kinematic analysis data. (a): (

 

1

 

) Aleutian and Kamchatka arcs with active modern volcanism; (

 

2

 

) Olyutorsky–Kamchatka fold
zone and its possible offshore extension into the Bering Sea; (

 

3

 

) Cretaceous–Paleogene Andean-type marginal volcanic belts initi-
ated on blocks of various ages accreted to Eurasia during the late Mesozoic; (

 

4

 

) spreading centers; (

 

5

 

) fossil and (

 

6

 

) modern trenches;
(

 

7

 

) Vatyn–Lesnaya thrust fault; (

 

8

 

) strike-slip faults. (b): (

 

1

 

) Cenozoic deposits undifferentiated; (

 

2

 

) clastics of the Ukelayat–Lesnaya
thrust (Cretaceous–Eocene); (

 

3

 

) volcanic–cherty–clastic deposits of a marginal sea and the Olyutorsky island arc (Cretaceous–Pale-
ocene); (

 

4

 

) Vatyn–Lesnaya thrust fault, (

 

a

 

) mapped and (

 

b

 

) inferred; (

 

5

 

) location and number of detailed surveying areas; (

 

6

 

) dia-
grams showing the allochthon slip directions relative to the autochthon in the Vatyn–Lesnaya suture zone derived from the analyses
of internal rotation axes on Riedel structures [36]. Wulff net; solid lines indicate projections to the upper hemisphere and dotted lines,
to the lower hemisphere. Great-circle girdle corresponds to the average thrust fault orientation in this area. Arrow indicates the syn-
optic hanging wall slip vector reflecting an average regional tectonic transport durection in the thrust zone; the arc shows the confi-
dence angle. N is the number of structural features (Riedel structures) used in the calculations; (

 

7

 

) orientation of the main compres-
sion axis during the autochthon structuring event (the flysch filling the Ukelayat–Lesnaya trough), arrows indicate the predominant
vergence of the structure; small arrow indicates the vergence near the thrust fault; (

 

8

 

) vergence of structures in allochthonous com-
plexes; arrows in the Lesnaya sector of the thrust fault (Figs. 8, 9) indicate the vergence of minor asymmetrical folds (Fig. 11d) wide-
spread in the near-thrust part of the allochthon (Shamanka dome) and between allochthonous slabs (Vatapvayam dome).
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Fig. 2.

 

 An ideal scheme of a thrust fault zone with a monoclinic symmetry formed in a setting of progressive non-coaxial deforma-
tion [36, 47] (a); internal rotation axes showing the Riedel structure (b) and fold (c) orientations and asymmetry; and a stereogram
showing the hypothetical local rotation axes (S and Z) distribution near the average direction called the synoptic rotation axis [36].
For Riedel structures (b): Y—main fault surface, R—secondary splay faults inclined in slip direction (Riedel shears); P—shear joints
or cleavage inclined in the opposite direction.



 

474

 

GEOTECTONICS

 

      

 

Vol. 35

 

       

 

No. 6

 

      

 

2001

 

SOLOV’EV 

 

et al

 

.

 

tor—the direction of this vector being interpreted as the
slip direction of the hanging wall relative to the foot-
wall. The orientation of any asymmetrical fold or
Riedel structure is represented by an internal rotation
axis, which indicates the sense of rotation (Figs. 2b, 2c).
Rotation is designated as either “S” or “Z” to indicate
anticlockwise or clockwise rotation when viewed
toward the dip of the axis. The internal rotation axis of
an asymmetrical fold is equivalent to the fold axis
(Fig. 2c). The internal rotation axis of a Riedel struc-
ture is parallel to the trace of a Y-surface on P- or R-sur-
faces (Fig. 2b). Therefore, internal rotation axes can be
calculated from measured Y, P, and R orientations.
Hypothetical internal rotation axes distribution in a
monoclinic shear zone is shown in Fig. 2d. All axes
must lie in the same plane parallel to the fault zone they
were formed in. The monoclinic axis distribution sym-
metry is described by a mirror plane that is perpendic-
ular to the fault plane and bisects the S and Z symmetry
groups. The intersection of the mirror plane with the
fault surface defines the synoptic hanging wall slip vec-
tor. This synoptic vector indicates the average slip
direction in modern coordinates. The direction of trans-
port along the fault plane is detected using the follow-
ing procedure. All S-sense axes of local structures are
converted into Z-axes. For example, an S-axis projected
onto the upper hemisphere will be mirror-reflected on
the lower hemisphere when converted into a Z-axis.
Then the Z-transformed axes are projected onto the
average fault plane

 

4

 

 to plot the so-called average fault
plane-parallel stereogram. The maximum of Z-trans-
formed axes represents the synoptic rotation axis in the
average fault plane, whereas the synoptic (regiona) vec-
tor of the hanging wall slip relative to the footwall lies
orthogonally in the same plane. The method of deter-
mining the mirror plane position and slip vector orien-
tation and the statistical estimates of the defined direc-
tions are discussed in [36].

Fault kinematics in stratified flyschoid sequences
was studied using the cutoff method [22].

GENERAL STRUCTURE 
OF THE VATYN–LESNAYA THRUST FAULT 

AND STRUCTURAL ANALYSIS DATA

The Vatyn–Lesnaya thrust fault is traceable from
Anastasia Bay in the northern Olyutorsky zone to the
Lesnaya high on the isthmus of the Kamchatka Penin-
sula (Fig. 1). The upper Cenozoic deposits cover the
thrust fault to the north of the Lesnaya high and sepa-
rate it into two parts, Vatyn–Vyvenka and Lesnaya
(Fig. 1b). The northern segment of the thrust fault was
described for the first time in the Olyutorsky zone as the
Vatyn thrust fault [15]. Later, it was traced farther south
on the Kamchatka isthmus, where it was called the
Lesnaya thrust fault [31, 33]. The autochthon is com-

 

4

 

The average fault plane is defined as the great-circle girdle (aver-
age girdle) along which the local rotation axes are dispersed.

 

posed of the Upper Cretaceous–Middle Eocene fly-
schoid fill of the Ukelayat–Lesnaya trough [5, 11, 18,
21, 23, 38], on which the Cretaceous marginal marine
deposits and the Upper Cretaceous–Paleocene mar-
ginal sea and island arc assemblages are obducted [1, 4,
5, 24, 30, 32]. The neoautochthon is only found on the
Kamchatka isthmus, and its oldest unit is composed of
Middle Eocene subaerial volcanics of the Kinkil’ For-
mation [8].

The autochthon found in the northern Olyutorsky
zone 

 

in the vicinity of Anastasia Bay

 

 (Fig. 3) is com-
posed of interbedded sandstone-siltstone–mudstone
flysch with occasional gritstones and conglomerates.
The allochthonous slices consist of volcanic–cherty
and volcaniclastic sequences. The former consists of
pillow basalts, hyaloclastites, jasper with inoceramid
horizons, cherts, and aleuropelites, whose radiolarian
age has been determined as late Turonian–Maastrich-
tian; the latter consists of basalts, andesites, lava-brec-
cias, tuffs, sandstones, aleuropelites, and cherts and has
been dated as Campanian–Maastrichtian [25]. The
Vatyn–Lesnaya thrust fault is covered onshore by Qua-
ternary sediments and probably extends offshore across
the bay (Fig. 3a).

South of Anastasia Bay, the allochthonous units are
deformed into a large synform (Fig. 3b) modified by
minor folding; the 

 

π

 

-axis of this synform is oriented
SE–NW (D1 in Fig. 3a). The flyschoid sequence on the
northern side of the bay is deformed into SSW-vergent
isoclinal folds (D2 in Fig. 3a; Fig. 3b). The folds in the
flysch exhibit axial planar cleavage (D3 in Fig. 3a), and
the 

 

β

 

-axes of the folds make up one maximum with a
northwesterly orientation and a fairly steep inclination
(D3 in Fig. 3a). The analysis of all types of structures in
the allochthon and autochthon suggests their inception in
a SSW–NNE-oriented compression stress field [20].

The flyschoid autochthon 

 

in the Il’pi–Matysken
River area

 

 (Fig. 4) exhibits an intensely tectonized
sequence of a presumably olistostromic origin at the
top. The matrix consists of black aleuropelites with
occasional thin sandstone lenses. The blocks are com-
posed of porphyritic and aphyric basalts, lava-breccias,
and hyaloclastites of basaltic composition; gabbroids
and gabbro-diorites; and scarce black and green cherts.
The age of the autochthon near the thrust fault has been
determined as late Maastrichtian–Middle Eocene
(

 

66.1 

 

± 

 

6.3

 

 to 43.9 

 

±

 

 3.6 Ma according to fission-track
dating of zircons from sandstones) [21, 38]. The alloch-
thon is composed of pillow basalts, lava-breccias, and
hyaloclastites of basaltic composition; jaspers with
inoceramid shells; and cherts. Based on radiolarian dat-
ings, the allochthon is late Campanian–Maastrichtian
in age [24]. In this area, the Vatyn–Lesnaya thrust fault
occurs as an imbricated zone with a thickness up to
150 m. This zone is particularly well pronounced on the
slopes of the Matysken River valley (Fig. 4a), where it
juxtaposes slices of rocks from both the Olyutorsky
zone and the Ukelayat trough. The slices are limited by
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Fig. 3.

 

 Geology of the Anastasia Bay area: (a) Geologic map of the Anastasiya Bay area (modified by A.V. Solov’ev, T.N. Palechek
and R.M. Palechek after O.V. Astrakhantsev, L.B. Afanas’eva, A.D. Kazimirov, K.A. Krylov, G.V. Polunin, V.I. Aksenov,
A.V. Lander, and E.V. Firsova); (b) Schematic cross section. (a): (

 

1

 

, 

 

2

 

) Quaternary deposits: (

 

1

 

) alluvial and (

 

2

 

) marine; (

 

3–5

 

) vol-
caniclastic deposits (Campanian–Maastrichtian): (

 

3

 

) cherti-clastic, (

 

4

 

) volcaniclastic, and (

 

5

 

) volcanic deposits proper; (

 

6

 

) volcanic-
cherty deposits (Turonian–Maastrichtian); (

 

7

 

) flyschoid deposits of the Ukelayat zone (Cretaceous(?)–Eocene); (

 

8

 

) stratigraphic
contacts; (

 

9

 

) thrust faults; (

 

10

 

) high-dipping faults: (

 

a

 

) proved and (

 

b

 

) inferred; (

 

11

 

) the inferred position of the main fault plane of
the Vatyn–Lesnaya thrust fault; (

 

12

 

) strike and dip symbol. D1, D2, D3 are strereograms of structural features: Schmidt net, projec-
tion on the lower hemisphere; (

 

13

 

) for the D1 stereogram: 

 

a

 

—bedding poles; 

 

b

 

—

 

π

 

-axis of the synform; (

 

14

 

) for the D2 diagram:
(

 

a, b

 

)—bedding poles: (

 

14a

 

), with upright and (

 

14b

 

), with overturned bedding; 

 

14c

 

—average pole; (

 

15, 16

 

) for the D3 stereogram:
(

 

15a

 

) cleavage poles, (

 

15b

 

) average pole; (

 

16a

 

) 

 

β

 

-axes of folds; (

 

16b

 

) average 

 

β

 

-axis; (

 

17

 

) great-circle girdles; (

 

18

 

) number of struc-
tural features included in the analysis. (b): (

 

1, 2

 

) structure of flyschoid deposits in the Ukelayat zone: (

 

1

 

) inferred, (

 

2

 

) proved;
(

 

3

 

) thrust faults: (

 

a

 

) proved, (

 

b

 

) inferred. See Fig. 3a for the rest of the legend and Fig. 1b, for location.
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subhorizontal sole and roof thrust planes and consist of
boudinaged black and green cherts, aphyric basalts and
lava breccias, black cataclastic aleuropelites, and occa-
sional fine sandstones. The Vatyn–Lesnaya thrust zone
exhibits gentle synforms and antiforms with ampli-
tudes of one- or two-hundred meters and wavelengths
of a few kilometers (Fig. 4b).

The autochthon shows a regular distribution of folds
with different vergences (Figs. 4a, 4b). The north-north-
easterly vergence in the subthrust section of the autoch-
thon (domains 1–8 in Fig. 4a, Fig. 5a) passes into a fan-
folding zone and then into a zone with a south-south-
westward vergence (domains 9–13 in Fig. 4a, Figs. 5b–5d).

Fold axial planes within domains 9–13 dip both to the
north-northeast and south-southwest (Fig. 5d), and the
axes strike WNW and ESE with a shallow inclination
(Fig. 5d) and axial planar cleavage (Fig. 5c). Cutoff
structures are widespread in the autochthonous flysch
(Fig. 5g) [22]. The analysis suggests that intraforma-
tional thrusting in the flysch sequences was induced by
NNE–SSW shortening and was directed both to the
south-southwest and the north-northeast (Figs. 5h, 5i).
Analysis of Riedel structures in the thrust zone and at
the sole of the allochthon in this area suggests that the
allochthonous slices were transported northeastward
relative to the autochthon (Figs. 5e, 5f).

Fig. 4. Geology of the Il’pi and Matysken River headwaters. (a) Geologic map of the Il’pi and Matysken River headwaters. Modified
with participation of G.V. Ledneva after A.V. Ditmar, K.S. Ageev, A.S. Finogentov, and E.S. Alekseev; (b) schematic cross section I–II.
(a): (1) Quaternary deposits; (2, 3) volcanic-cherty deposits (Campanian–Maastrichtian): (2) cherts and jaspers, (3) aphyric pillow
basants, cherts, and jaspers; (4) Vatyn–Lesnaya thrust fault zone; (5) dunite, vehrlite, and clinopyroxenite blocks (Cretaceous–(?));
(6) Olistostromic sequence (Paleocene–Middle Eocene); (7) basaltoid blocks; (8) Ukelayat flysch (Maastrichtian); (9) thrust faults:
(a) proved and (b) recognized on the aerial images; (10) high-dipping faults: (a) proved, (b) recognized on the aerial images;
(11) stratigraphic contacts: (a) proved, (b) inferred; (12) numbers of domains, in which structural surveys were performed. (b): (1) folds
in the autochthon; (2) thrust faults: (a) proved, (b) inferred eroded thrust surface form. See Fig. 4a for the rest of the legend and
Fig. 1b, for location.
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Fig. 9. Schematic geologic map of the Vatapvayam dome [33] (a) and schematic cross section I–II (b). (a): (1–4) neoautochthon:
(1) Quaternary alluvium, (2) Miocene–Pliocene subaerial volcanics, (3) Middle Eocene, Snatol Formation (shelf sediments),
(4) Miocene granodiorites; (5–9) allochthon: (5, 6) Campanian–Maastrichtian, Irunei Formation: (5) upper tuff and chert member
and (6) lower pillow-basalt member; (7) greenschists and quartzites (age unknown); (8) gabbroids; (9) peridotites; (10) autochthon:
Paleocene–Middle Eocene, Lesnaya Group (clastic flysch); (11) Lesnaya thrust fault; (12) other faults; (13) high-dipping faults.
(b): (1) Quaternary alluvium; (2) Miocene–Pliocene volcanics; (3) green schists; (4) lower Irunei basalts; (5) gabbroids; (6) peridot-
ites; (7) Lesnaya Group; (8) Lesnaya thrust fault; (9) sole thrust of the schist sequence. See Fig. 1b for location.
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The surveys in the Tapel’vayam River basin were
carried out near a large tectonic remnant (Fig. 6) resting
upon the flyschoid deposits of the Ukelayat zone,
whose age is Coniacian to Early Eocene (87.9 ± 4.5 to
54.8 ± 2.8 Ma as determined by fission-track dating of
zircons from sandstones) [38, 39]. The tectonic rem-
nant represents a pile of allochthonous slices composed
of Campanian–Maastrichtian volcanic-cherty deposits
[24, 41] and hyperbasite-basite rocks. The Vatyn–
Lesnaya thrust fault occurs as a zone of mélange with a
thickness up to 40 m.

The autochthonous flysch (Fig. 6b) shows isoclinal,
predominantly SE-vergent folds (Fig. 7a) with NE- to
SW-trending fold axes and axial planar cleavage
(Fig. 7b). The Riedel structures in the suprathrust part
of the allochthon were studied in two domains. Analy-
sis of these structures suggests that the allochthonous
slices (domain 1 in Fig. 6a) were displaced to the east-
northeast relative to the allochthon on the eastern slope
of the Imlan massif (Figs. 7c, 7d) and to the northwest
(Figs. 7e, 7f), on the western slope of the Gal’moenan
massif (domains 2 and 3 in Fig. 6a). Note that the esti-
mate of the slip vector is more statistically significant
for the former domain than for the latter.

Two domes, Shamanka (Fig. 8) and Vatapvayam
(Fig. 9) have been recognized in the Lesnaya high on
the Kamchatka isthmus. The autochthon of the Lesnaya
thrust fault is composed of the Paleocene–Middle
Eocene (43.7 ± 3.4 to 58.1 ± 4.2 Ma according to fis-
sion-track dating of zircons from sandstones and nano-
plankton identified by E.A. Shcherbinina) flysch of the
Lesnaya Group [23, 34]. Immediatelly below the
Lesnaya thrust plane lies a mélange zone with numer-
ous tuff, sandstone, chert, and basalt blocks. The Late
Cretaceous inorceramids and radiolarians were col-
lected from chert blocks [7]. The clastic blocks were
dated as Santonian–Campanian based on nanoplankton
[34]. The age of the youngest zircon population in them
is 86.1 ± 6.1 Ma [A.V. Solov’ev, unpublished]. The
allochthon consists largely of Late Cretaceous (Santo-
nian–Maastrichtian) cherty volcanics [7]. The alloch-
thon includes monzonite, gabbro, and occasional
hyperbasite bodies and greenschist slices of unknown
age (Figs. 9a, 9b). The most probable protolith of these
schists were cherty volcanics [33].

The allochthon of the Lesnaya thrust fault is a thin
slab slightly deformed by later high-dipping faults. The
thrusting amplitude in the direction perpendicular to
the predominant strike of Cenozoic structures is esti-
mated at 50 km. In the exposed part of the thrust, the
modern thickness of the allochthonous slab is roughly
equal to the relative relief value and never exceeds 2 km.
The thrust plane is discordant to the mesostructures in
the autochthon and allochthon. It is traced by a mylo-
nite zone with a thickness ranging from 1–2 to 10–20 m
[31, 33].

The neoautochthonous sequence begins with sub-
aerial volcanics of the Kinkil’ Formation [7, 8] and,

locally, the Shamanka Formation [31]. The Kinkil’ For-
mation covers both allochthonous rocks and the
autochthonous Lesnaya Group. The basal horizons of
the Kinkil’ Formation were deposited in the Middle
Eocene [31]. The Lesnaya thrust zone is cut by the
Middle Eocene Shamanka biotite–hornblende grano-
diorite massif surrounded by a wide hornfels zone
developed both in the autochthon and allochthon
(Fig. 8). The apophyses of the massif pass into subvol-
canic bodies of the Kinkil’ Formation [31]. The basal
horizons of the Shamanka Formation are abundant in
granodiorite and hornfels pebbles. The age of these
horizons, according to fossil flora identification, is
interpreted as Late Eocene (37–34 Ma) [31].

The autochthonous flyschoid deposits in the Veaitym-
lyvayam River valley (Shamanka dome) are deformed
into W-vergent isoclinal folds (Fig. 10a), whose axial
surfaces dip eastward (Fig. 10b). Fold axes occur along
the great-circle girdle and show a northward to east-
ward strike (Fig. 10b). The observed kinematic indica-
tors (lingulate hieroglyphs and asymmetrical micro-
dunes) suggest a northward and eastward washout of
clastics (Fig. 10c). The allochthon structure was inves-
tigated on the bluffs of the Chankolyap Creek (Fig. 8).
Bedding planes in cherts dip southeastward; cleavage
in cherty siltstones is usually oblique to bedding and
dips south-southeastward (Fig. 10d). Local asymmetri-
cal microfolds (limb span 1–3 cm) in the allochthonous
cherts immediately above the thrust plane suggest a rel-
ative westward slip (Figs. 10e, 10f). Analysis of the
Riedel structures, widespread in the lower part of the
allochthon, suggests that regional transport of the
allochthonous complexes relative to the autochthon
was northwestward (Figs. 10g, 10h).

Structural surveys were performed in the southwest-
ern and northeastern parts of the Vatapvayam dome
(Fig. 9) [33]. The autochthonous flysch is deformed
into predominantly west-vergent isoclinal folds
(Fig. 11a), the axial surfaces of folds dip to the east-
northeast, and fold axes are dispersed along the great-
circle girdle and show a NW–SE strike (Fig. 11c). The
axial cleavage is widely developed (Fig. 11b). Subhor-
izontal zones of minor asymmetrical folds, indicative
of the westward slip of the allochthonous slabs relative
to each other (Figs. 11d–11f), have been recorded in the
northeastern part of the dome (Figs. 9a, 9b) at the bound-
ary between the slices composed of gabbros and green-
schists. The Lesnaya thrust fault shows a fairly high dip
angle in the southeastern part of the dome; in this local-
ity, the Riedel structures in subthrust mylonites indicate
a north-northeastward transport (Figs. 11g–11i) [33].

DISCUSSION

The results of the structural–kinematic surveys in
various parts of the Vatyn–Lesnaya thrust fault are sum-
marized in the table and in Fig. 1b.
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Structure of the allochthon. The allochthon of the
Vatyn–Lesnaya thrust fault is a multiply deformed
nappe pile [4, 5, 19], but mesoscale folds are scarce
within it. Near Anastasia Bay, the allochthon occurs as
a synform with a NW- to SE-trending axis (see Fig. 3b,
table); in the Il’pi–Vatyn interfluve, the allochthon
exhibits wide E- to W-trending synforms alternating
with narrow north-vergent antiforms [3]; and in the
middle course of the Vyvenka River, we recognized
two generations of N–S and SW–NE trending folds in
the allochthon [3]. On the Lesnaya high, large folds in
the allochthon are generally NE-trending [33], and
minor asymmetrical folds between the allochthonous
slabs and at the sole of the allochthon show westward
vergence (Fig. 1b, table). In all likelihood, the strike of
large folds in the allochthon is generally parallel to the
Vatyn–Lesnaya thrust plane and repeats its configura-
tion in plan view.

Inner structure of the thrust zone. The slip vec-
tors of the allochthon relative to the autochthon, calcu-
lated from Riedel structures in the Vatyn–Lesnaya
thrust fault, are directed northward (on the average) but
show a wide span of directions (Fig. 1b, table). In three
localities, the slip direction was estimated as northeast-
ward, and in the other two, as northwestward. This is
probably due to the complex evolution of this colli-
sional suture, where northwestward thrusting across the
thrust plane was locally combined with left-slip north-
eastward movement along the thrust plane [21].

Structure of the autochthon. In all outcrops, the
Vatyn–Lesnaya thrust plane is underlain by a tecton-
ized mélange [18, 31, 33] with a sandstone–mudstone
matrix (crushed rocks of the Ukelayat and Lesnaya
groups) including numerous chert, tuff, basalt, and
sandstone blocks, which are just partially correlatable
with the overriding allochthon.

The clastic sequence below the mélange zone is
deformed into isoclinal folds, whose axes are parallel to
the general strike of the Vatyn–Lesnaya thrust fault and
the Ukelayat–Lesnaya zone as a whole. Immediately
below the thrust plane, these folds usually show a ver-
gence corresponding to the anticipated allochthon
transport direction (westward on the Lesnaya high
(Figs. 1, 8b, 9b) and north-northeastward in the sub-
thrust zone exposed in the area of the Il’pi and
Matysken Rivers (Figs. 1, 4b). At a certain distance
from the thrust line, however, the folds in the Ukelayat–
Lesnaya zone are inclined toward the thrust fault. This
tilt was observed in the Anastasia Bay area (south-
southwestward, see Figs. 1, 3b) and in the Tapel’vayam
River area (southeastward, see Figs. 1, 6b). The folds in
a clastic sequence of Cape Omgon (Omgon Group),
lithologically similar to the Lesnaya Group, are also char-
acterized by southeastward vergence (A.V. Solov’ev,
unpublished data). The southward and southeastward
vergence of structures in the northern surroundings of the
Ukelayat trough were reported in [1, 9, 12, 17, 18, 29].
According to our field data, the vergence of structures

depends not only on their position relative to the Vatyn–
Lesnaya thrust fault, but also upon the age of the
deformed strata.

The stratigraphic subdivision of the flysch sequences
in the Ukelayat–Lesnaya trough is insufficiently
detailed, because these sequences are strongly deformed.
The datings of the flysch complex are based largely on
sporadic identified fossil fauna finds [7, 11, 34]. The
recently introduced fission-track dating of zircons from
sandstones enabled the dating of flysch in four domains
located along the Vatyn–Lesnaya thrust fault [21, 23,
38, 39]. Joint analysis of the structural features and
ages of these deposits indicates a correlation between
them. The vergence of structures in the autochthon,
which coincides with the regional vergence of the
thrust fault, is typical of the domains (Fig. 4 in the sub-
thrust zone; Figs. 8, 9) composed predominantly of
Upper Paleocene-Eocene rocks. The vergence of pre-
dominantly Cretaceous–Early Paleocene strata, on the
contrary, is opposite to that of the thrust fault (Figs. 6,
3, 4 at a distance from the thrust fault).

According to the published data [12, 30], the age of
the flysch in the Ukelayat trough increases northwest-
ward, and the northwestern part of the Ukelayat trough
is characterized by predominantly southeastward ver-
gence [1].

To summarize, the Cretaceous–Lower Paleocene
strata of the Ukelayat–Lesnaya trough are predomi-
nantly vergent toward the Vatyn–Lesnaya thrust; it fol-
lows that the deformations in these strata are most
probably related to the precollisional evolution of the
flyschoid trough. At the same time, the Upper Pale-
ocene–Eocene deposits are deformed conformably
with the Vatyn–Lesnaya thrust fault, and, therefore,
these folds are syncollisional.

The structural evolution of the Vatyn–Lesnaya
suture is closely related to the drift kinematics of the
Cretaceous island-arc system relative to northeast Asia.
From the Campanian to mid-Paleocene, the arc was an
active suprasubduction oceanic structure and drifted
rapidly northwestward towards the continent [32, 37].
In the mid-Paleocene (about 60 Ma), the cessation of
volcanic activity within the arc was accompanied by
flysch accumulation in its southern part sourced from
the Eurasian continent [32]. This means that the Uke-
layat–Lesnaya basin that separated the arc from the
continent was not more than several hundred kilome-
ters in width at that time. However, no significant defor-
mations took place in southern Koryakia and northern
Kamchatka in the mid-Paleocene. They are only
recorded for the Middle Eocene (about 45 Ma) and con-
tributed to a collision event [26, 34]. In all probability,
the arc approached the continent slowly during 15 Ma
(from 60 up to 45 Ma). The convergence was compen-
sated by deformations in the arch and, primarily, by the
subduction of the Ukelayat–Lesnaya basin floor beneath
the continent, which gave rise to south and southeast-
vergent (opposite to the Vatyn–Lesnaya thrust fault)
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Summary of structural data for the Vatyn–Lesnaya suture zone

Complex Area

Autochthon Allochthon Thrust zone

Age Type of structures; 
vergence

Compression 
axis

orientation
Age Type of structures; 

vergence

Compres-
sion axis

orientation

Type of struc-
tures Slip vector

Compres-
sion axis

orientation

Anastasia Bay K2(?)–
[38, 39]

Folds; SSW SSW–NNE K2Tur–Maa [25] Folds; NE SW–NE ? ? ?

Il’pi and Matysken ri-
vers

K2m–
[38, 39]

Folds, cutoff struc-
tures (16° ± 45°, 
NNE; 196° ± 45°, 
SSW); fan-folding1

SSW–NNE K2Cmp–Maa [24] ? ? Riedel
structures 38° ± 30° SW–NE

Tapel’vayam River K2k–
[38, 39]

Folds; SE SE–NW
K2San–Cmp 
[41, 24]

? ? Riedel
structures

79° ± 32°
(domain 1
in Fig. 6)

339° ± 48°
(domain 2
in Fig. 6)

WSW–ENE

SE–NW

Lesnaya high
(Shamanka dome)  [26] Folds; W E–W K2San–Cmp [7]

Asymmetrical micro-
folds between alloch-
thonous sheets; W

E–W Riedel
structures 334° ± 17° SE–NW

Lesnaya high 
(Vatapvayam dome)

–
[23, 29]

Folds; W E–W K2San–Cmp [7]

Asymmetrical
microfolds in the
suprathrust part
of the allochthon; W

E–W Riedel
structures 22° ± 14° SSW–NNE

1 The north-northeastward vergence in the subthrust autochthon passes through fan-folding zone into south-southwestward vergence with distance from the thrust fault.
Question marks indicate the absence of data for this area.

P2
2

P2
2

P2
1

P2
1

P1
2

P2
2
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folds in the Cretaceous–Lower Paleocene marine sedi-
ments. Underthrusting is probably responsible for the
small-scale Paleocene–Early Eocene volcanic erup-
tions in westernmost Kamchatka and for the accumula-
tion of the Paleocene molasse here [7, 16]. In the mid-
Eocene, the relic of this basin was finally closed, and
the emplacement of the northwest-vergent Lesnaya
thrust took place, which discordantly cut the earlier
structures in the arc and continental margin.

CONCLUSION

(1) The Vatyn–Lesnaya thrust fault in the areas stud-
ied occurs as a flat, slightly deformed surface separat-
ing the lithologically and structurally contrasting
autochthonous and allochthonous complexes. As estab-
lished on the Lesnaya high, this thrust fault was
emplaced rapidly, in less than 1 Ma, in the middle
Lutetian Age [26, 34]. Data on Riedel structures in the
thrust zone suggest that the northwestward thrusting of
allochthonous masses was occasionally accompanied
by transpressional left-lateral strike-slip displacements.

(2) The allochthonous complex consists of nappes
often conjugate with relatively steep imbricated zones.
Some allochthonous structures were formed at a great
depth sufficient for greenschist metamorphism in the
Upper Cretaceous cherty-volcanic sequences. The
allochthonous structures were finally formed prior to
the mid-Lutetian, considering that the Vatyn–Lesnaya
thrust plane is discordant to them.

(3) The autochthonous deposits are deformed into
minor isoclinal folds. The folds in the Upper Pale-
ocene–Eocene deposits near the thrust fault exhibit a
vergence that coincides with the nappe emplacement
direction along the Vatyn–Lesnaya thrust fault—north-
westward in the south and northward in the north. At a
certain distance from the modern fault line, the Upper
Cretaceous–Lower Paleocene strata show folds with an
opposite (southward, southeastward) vergence.

(4) Both the autochthon and allochthon of the
Vatyn–Lesnaya thrust fault exhibit deformation struc-
tures that preceded thrust emplacement. The early
deformations in the allochthon are probably related to
the initial arc–continent collision, which took place in
the mid-Paleocene. From that time, the rapid drift of the
paleoarc towards Eurasia gave way to much slower
convergence with the continental margin. Deforma-
tions in the pre-Upper Paleocene autochthonous strata
probably resulted from seafloor subduction beneath the
continent [17, 18], which compensated the conver-
gence of the already extinct arc with the continent. The
Upper Paleocene–Middle Eocene deposits of the resid-
ual Ukelayat–Lesnaya basin remained undisturbed
until the Vatyn–Lesnaya thrust emplacement (mid-
Lutetian). The thrust emplacement marked the final
phase of the collisional event.
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