
 

1346

 

ISSN 1028-334X, Doklady Earth Sciences, 2006, Vol. 411A, No. 9, pp. 1346–1350. © Pleiades Publishing, Inc., 2006.
Original Russian Text © N.I. Filatova, A.G. Rodnikov, 2006, published in Doklady Akademii Nauk, 2006, Vol. 411, No. 3, pp. 360–365.

 

Issues of the origin of marginal seas and genesis of
their igneous rocks remain controversial because of the
insufficient amount of documentary information (small
number of drilled holes, rare network of seismic pro-
files, and so on). Therefore, data on seismic profiles
carried out within the framework of the Geotraverse
International Project [1, 2] are of great significance.
The geotraverse extends from the margin of Asia
(Sikhote Alin) to the northwestern periphery of the
Pacific plate (Fig. 1) and includes large Cenozoic
extension structures, such as the Tatar continental rift
and the South Kuril marginal basin. Comprehensive
analysis of seismic data on deep zones of this profile
coupled with the available information about the
regional tectonic setting and magmatism have made it
possible to detect a correlation between the Cenozoic
geodynamic mode (correspondingly, tectonics and
magmatism) at the crustal and deeper (lithospheric
mantle and asthenosphere) levels. Ultimately, these
data made it possible to refine the evolution model of
marginal basins in the study region and provided new
insights into the issue of passive and active rifting.

The

 

 Tatar continental rift 

 

located in the western part
of the geotraverse (Fig. 2) represents the northern ter-
mination of the Japan basin. Both structures are
bounded by a convergent system of submeridional dex-
tral strike-slip faults partly transformed into normal
faults. The Tatar rift basement incorporates a thin con-
tinental crust with the velocity of seismic waves (here-
after, 

 

V

 

) ranging from 5.8 to 7.2 km/s [4, 7]. The conti-
nental crust began to break down after its disintegration
in the terminal Paleocene–Eocene into a system of nar-

row (5–10 km) horsts and grabens [2, 4] and the accu-
mulation of terrigenous sediments (up to 1.5 km thick)
at the initial rifting stage. The next (Oligocene–middle
Miocene) stage of maximum extension of the Tatar rift
is marked by the unconformably overlying transgres-
sive sequence of deep-water clayey and siliceous–clayey
rocks (up to 4 km). The next (middle Miocene) regres-
sive sequence is composed of coastal-marine sediments.
In contrast to the almost undeformed cover of middle
Miocene–Holocene terrigenous rocks (1.5–5 km thick)
deposited after the rifting (hereafter, postrift complex),
rocks deposited during rifting (rift complex) are charac-
terized by significant dislocations. All of the rift and
postrift complexes include basaltoid fields in some
places. As will be shown below, these rock complexes
have specific isotope–geochemical parameters. The
structure beneath the Tatar rift is characterized by dras-
tic reduction of the continental crust (up to 25 km) and
ascent of the asthenospheric layer up to the level of
50 km (Fig. 2). Therefore, this region is marked by high
thermal flux (123–132 mW/m

 

2

 

). The temperature in the
upper zone of the asthenospheric diapir is estimated at
1100

 

°

 

C [2–4]. The diapir is bounded by narrow gradi-
ent stages [4] that extend to higher lithospheric levels
and generally correspond to strike-slip faults, which
serve as boundaries of the Tatar and Japan basins. The
faults presumably extend to the mantle and astheno-
sphere.

The 

 

South Kuril basin 

 

is also bounded by deep fault
zones. This area incorporates the second (up to 20 km
high) asthenospheric diapir (Fig. 2) accompanied by
high thermal fluxes (346–354 mW/m

 

2

 

). High 

 

V

 

 values
(8 km/s) in the overlying lithospheric mantle give way
to anomalously low values (7.0–7.5 km/s) at the
asthenosphere roof with the temperature increasing to
1200

 

°

 

C [1–3]. In the southwestern part of the basin, the
Moho surface is located at a depth of 11–13 km; the
continental crust is absent; and the Miocene marine-
margin crust is only 7–10 km. Layer 3 of the marine-
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margin crust (5–7 km) is composed of the basic–ultra-
basic complex with 

 

V

 

 = 6.4–7.2 km/s [4, 7]. The over-
lying layers 1 and 2 (

 

V 

 

= 4.8–5.2 km/s, thickness 2–
2.8 km) are composed of folded and faulted, presum-
ably Miocene, siliceous–terrigenous and volcanic com-
plexes. The undislocated late Miocene–Holocene cover
(thickness up to 5 km, 

 

V

 

 = 1.7–4.3 km/s) consists of
thin-bedded terrigenous (tuffaceous–terrigenous in
some places) rocks presumably deposited after the
spreading [7]. Intense thermal fluxes and hydrothermal
alterations probably fostered the consolidation and
seismic transparency of the lower part of the sedimen-
tary cover. The RWM seismic profile shows sectors
with a thin-bedded structure, which is typical of the
upper (seismic turbidite) section of the sedimentary
cover. The continental crustal layer (~20 km thick)
beneath the northeastern part of the South Kuril basin
hosts the Geophysicist Seamount [7].

The Sikhote Alin and Sakhalin framing of the Tatar
rift incorporates igneous rocks [8]. Their composition
provides insights into deep zones of magma generation.
Eocene–Oligocene (55–24 Ma) basaltoids of the initial
rifting stage include calc-alkaline and alkaline rocks.
Lower–middle Miocene volcanics (23–15 Ma) of the
maximum extension stage are represented by tholeiites.
Despite the presence of the Ta–Nb minimum, these
rocks are compositionally close to the Pacific MORB
(hereafter, P-MORB) variety. This fact is also evident
from the 

 

143

 

Nd/

 

144

 

Nd–

 

87

 

Sr/

 

86

 

Sr plot (Fig. 3). The Pb iso-
topic composition of these rocks is also confined to the
P-MORB field (Fig. 3). The compositionally heteroge-
neous middle Miocene–Pliocene basaltoids [8] are
dominated by OIB-type alkaline rocks, although they
include rocks of the calc-alkaline type. These basal-
toids are characterized by low 

 

143

 

Nd/

 

144

 

Nd values and a
general trend oriented toward the EMI source. Data

points of terminal Miocene–Pliocene rocks, which are
also assigned to this source, fall into the DUPAL mantle
field in the 

 

207

 

Pb/

 

204

 

Pb–

 

206

 

Pb/

 

204

 

Pb diagram (Fig. 3).

Dynamics of magmatism in the South Kuril basin
can be reconstructed based on the study of volcanics
from the Omu–Kamikawa and Monbetsu–Rubeshibe
grabens [11], which extend in the meridional direction
in the northeastern part of Hokkaido Island, the struc-

 

Fig. 1.

 

 (a) Present-day position of marginal basins in eastern
Asia. (

 

1

 

) Oceanic crust; (

 

2

 

) continental crust; (

 

3

 

) basins
related to continental-margin extension with marine-margin
crust: (J) Sea of Japan, (Y) Yamato basin in the Sea of Japan,
(K) South Kuril basin; (

 

4

 

) basins related to continental-mar-
gin extension with marine-margin and thin continental
crust: (D) Deryugin, (T) Tinro; (

 

5

 

) Eocene–Pliocene volca-
nics of Sikhote Alin related to the Tatar continental rift
(TAT); (

 

6

 

) Kuril volcanic arc; (

 

7

 

) system of Miocene gra-
bens in northeastern Hokkaido Island; (

 

8

 

) plate boundaries:
(

 

a

 

) transform, (

 

b

 

) diffuse transform, (

 

c

 

) convergent,
(

 

d

 

) incipient convergent; (

 

9

 

) geotraverse profile. Numeral
designations: (1) Geophysicist Seamount; (2–4) ODP holes
in the Sea of Japan: (2) 795, (3) 794, (4) 797. (b) Position of
the (J) Japan and (K) South Kuril marginal basins in the ter-
minal early Miocene (20–16 Ma B.P.) during active spread-
ing (modified after [3]). (

 

1

 

) Oceanic crust; (

 

2

 

) locally
extended and thinned continental crust; (

 

3

 

) newly forming
marine-margin crust; (

 

4

 

) retreating proto-Kuril island arc;
(

 

5

 

) spreading zone; (

 

6

 

) subduction zone; (

 

7

 

) continental
rifts: (TAT) Tatar; (

 

8

 

) strike-slip zones (arrows show the
direction of horizontal displacement); (

 

9

 

) displacement
direction of the proto-Kuril island arc during the formation
of the South Kuril basin.
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ture of the northern marine sector (Fig. 1), and dextral
strike-slip faults at the southwestern boundary of the
South Kuril basin adjacent to the Sakhalin–Hokkaido
zone. The graben-confined basaltoids include early–
middle Miocene (14–11 Ma) varieties of the calc-alka-
line type and middle–late Miocene (9–7 Ma) depleted
basalts and andesites of the tholeiitic affinity. In terms
of Sr and Nd isotopic ratios, the middle–late Miocene
basalts and andesites are similar to early and middle
Miocene rocks of the Tatar rift and marine-margin
tholeiites of the Sea of Japan, i.e., rocks of the P-
MORB type (Fig. 3). In terms of the Sr and Nd isotopic
ratios, data points of the early–middle Miocene basal-
toids of the calc-alkaline type make up two clusters.
One cluster is nearly identical to the 9- to 7-Ma-old
basalts, i.e., more similar to the P-MORB, whereas the
second cluster is shifted toward the EMII field (Fig. 3).
Both age groups of basaltoids from grabens of Hok-
kaido Island are related to different extension stages of
the continental crust [11].

In the northeastern part of the South Kuril basin,
eight basaltoid samples were dredged from the peak
and slopes of the Geophysicist Seamount. The

 

40

 

Ar/

 

36

 

Ar hornblende dating of two samples yielded
1.07 and 0.84 Ma [7]. Despite the general closeness to
the calc-alkaline series, the basaltoids show significant
variations in the contents of incoherent elements. Their
isotopic heterogeneity is particularly prominent [7]. In
terms of Sr and Nd isotopic ratios (Fig. 3), one rock
group is very close to the P-MORB source, whereas the

second group shows stepwise reduction in the

 

143

 

Nd/

 

144

 

Nd value and a trend toward the EMI source.
These data suggest that the Geophysicist Seamount
incorporates basaltoids probably related to various
sources. This is also typical of rocks from Pacific
islands.

The structure-controlled genesis of the Tatar and
South Kuril basins should be considered in the general
geodynamic setting of the terminal Paleocene. Under
the influence of the Indo-Eurasian collision, the conti-
nental framing of the western Pacific, including the
Amur and Sea of Okhotsk (hereafter, Okhotsk) micro-
plates (Fig. 1), were disintegrated along submeridional
dextral strike-slip fault zones. This process was respon-
sible for the formation of transtension pull-apart basins
characterized by maximum extension in the early–mid-
dle Miocene [4–6]. The united fault-restricted pull-
apart structure, including the Japan and Tatar basins,
evolved as continental-margin rift in the Eocene. In the
first half of the Miocene, the Japan microcontinent was
detached from Asia because of maximum extension,
spreading of the Japan basin, and formation of the
marine-margin crust (Fig. 1). The continental crust of
the Tatar rift was reduced during this episode.

The South Kuril basin probably has a similar origin
[3, 15]. Its opening was fostered by the southward
migration of the Hokkaido and proto-Kuril island arc
along the Sakhalin–Hokkaido dextral strike-slip zone
(Fig. 1). Thus, although the South Kuril basin is nomi-

 

Fig. 2. 

 

Geotraverse of the Sea of Okhotsk region (modified after [1, 2]) (see AB in Fig. 1). (

 

1

 

) Asthenosphere; (

 

2

 

) upper mantle;
(

 

3

 

) metasomatized (above the subduction zone) upper mantle; (

 

4

 

) oceanic crust of the Pacific plate; (

 

5, 6

 

) early–middle Miocene
marine-margin crust of the South Kuril basin: (

 

5

 

) siliceous–terrigenous and volcanic complexes of layers 1 and 2 (undifferentiated),
(

 

6

 

) basic–ultrabasic complexes of layer 3; (

 

7

 

) continental crust (including Mesozoic orogenic belts); (

 

8

 

) East Sikhote Alin conti-
nental-margin volcanoplutonic belt (Cretaceous–Paleocene); (

 

9

 

) Oligocene–Holocene (undifferentiated) magmatic complexes of
extension zones represented by rifts and pull-apart basins (shown out of scale); (

 

10

 

) Eocene–middle Miocene terrigenous and vol-
canic–terrigenous complexes of the maximum extension stage in continental rifts; (

 

11

 

) upper Miocene–Holocene terrigenous com-
plexes formed after rifting and spreading; (

 

12

 

) Kuril island arc; (

 

13

 

) strike-slip and normal faults.
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nally considered a back-arc in the present-day position,
this basin is actually an analogue of the Japan pull-apart
basin because of its genetic relation with strike-slip dis-
placements within the continental crust, with the only
difference being that the Japan basin bounded by two
subparallel strike-slip fault systems has a diamond-
shaped morphology. In contrast, the South Kuril basin
has a triangular (in plan view) shape, because its open-
ing was only governed by the western strike-slip zone
and this process was terminated in the late Miocene.
According to this model, the continental crust under-
went maximum extension in the southwestern area of
the basin adjacent to the major Sakhalin–Hokkaido
strike-slip fault zone. In the early and initial late
Miocene, precisely this area served as the spreading
zone with the formation of a marine-margin crust. In

contrast, an extended continental crust was developed
beneath the northeastern edge of the basin [7], although
isotopic parameters of rocks of the Geophysicist Sea-
mount suggest the possibility of diffuse spreading in
this area as well.

The structural control of the genesis of extension
zones discussed above indicates a passive mode of con-
tinental rifting in eastern Asia in the Cenozoic. The
common style of structural control is emphasized by
the similarity of geodynamic regimes during the forma-
tion of these structures, resulting in the common sce-
nario of their evolution at different stages (initial rift-
ing, maximum extension, and final episode related to
changes in the character of interaction between litho-
spheric plates as a result of compression [6, 7]). Data on

 

Fig. 3.

 

 (a) 

 

143

 

Nd/

 

144

 

Nd–

 

87

 

Sr/

 

86

 

Sr and (b) 

 

207

 

Pb/

 

204

 

Pb–

 

206

 

Pb/

 

204

 

Pb diagrams for Cenozoic basaltoids of extension zones at the east-
ern margin of Asia and in adjacent marginal basins [7–13 and references in 6, 9]. (a) Basaltoids of different ages. Early Miocene:
holes drilled in the Sea of Japan—797 (lower complex), 794, 795; early–middle Miocene: Hole 797 (upper complex), dredging sites
D1, D5, D7, and D8 (Yamato basin, Sea of Japan), Sakhalin Island, central Sikhote Alin; middle–late Miocene: grabens of Hokkaido
Island; middle Miocene–Pliocene: central Sikhote Alin, southern Sikhote Alin (filled circles); Pliocene–Holocene: Geophysicist
Seamount, South Kuril basin (oblique hatching and vertical crosses), Oki Dogo, Ullindo, Dog, and Oki Dozen islands (Sea of
Japan). P-MORB, EMI, and EMII compositions are given after [14]. (b). Diamond designates early–middle Miocene basalts of cen-
tral Sikhote Alin. Pacific MORB (P-MORB) and Indian MORB (I-MORB) compositions are given after [14]. (NHRL) Interface
between I-MORB (DUPAL mantle) and P-MORB.
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the geotraverse (Fig. 2) indicate the presence of a cor-
relation between extension intensity and structure at the
crustal and subcrustal levels. Maximum extension in
the study region (e.g., South Kuril basin) is related to
rupture of the continental crust, formation of the
marine-margin crust (spreading), asthenospheric
upwelling to subsurface levels, and the consequent
maximum thermal flux. The Tatar rift characterized by
the thinning of the continental crust is also related to an
asthenospheric diapir. However, the thermal flux here is
less intense because of the significantly deeper location
of the diapir (Fig. 2).

The similarity of dynamics of magmatism in exten-
sion zones correlates with the stagewise formation of
basins and their deep structure. This fact makes it pos-
sible to reconstruct levels of magma formation and their
variation in time. The available data on basins with var-
ious types of crust (Tatar and Japan basins) suggest that
Eocene–Oligocene calc-alkaline basaltoids of the ini-
tial rifting stage are related to the reactivation of relict
(Mesozoic) suprasubduction sources of the lithospheric
mantle [6, 8]. The early–middle Miocene maximum
extension (correspondingly, maximum asthenospheric
upwelling) is represented by P-MORB tholeiites
related to an asthenospheric source [6, 8]. Thus, magma
sources varied from the upper mantle to the astheno-
spheric type during the evolution from the early rifting
stage to the maximum extension stage. However, even
marine-margin lavas of the maximum extension stage
(e.g., rocks from the upper section of Well 797 and
dredging sites D1, D5, D7, and D8 in the Sea of Japan),
which represent the closest analogues of P-MORB
rocks (Fig. 3), bear signs of hydrothermal alteration of
rocks in the continental upper mantle (e.g., the presence
of an amphibole–phlogopite assemblage). This type of
mixing of isotope–geochemical signatures of basal-
toids during the major stage of basin formation testifies
to interaction between the dominant asthenospheric
source and the metasomatized lithospheric mantle. The
terminal Miocene–Holocene (postrift and postspread-
ing) alkaline basaltoids, which are compositionally
similar to OIB and EMI (EMII in some places) sources
in terms of isotope-geochemical properties (Fig. 3), can
genetically be related to the upper mantle material
(according to model [6]), but the lithospheric source
cannot be ruled out [8].

The asthenospheric upwelling fostered high thermal
flux, magmatic activity, and heating of the sedimentary
cover. These processes generated additional hydrocar-
bons and fluid flows that promoted the formation of
petroleum deposits in sedimentary sequences of the
Tatar rift.

CONCLUSIONS

The Japan–Tatar and South Kuril extension struc-
tures located along the Okhotsk geotraverse represent
pull-apart basins related to strike-slip displacements.
Their formation was mainly controlled by structural

factors related to interaction between lithospheric
plates. Both structures emerged within a continental
crust, although they differed in terms of the degree of
extension: thinning of the continental crust or its frac-
turing (during spreading) and formation of the marine-
margin crust. However, the Tatar and South Kuril
basins show several similarities: synchronous evolution
stages, similar dynamics of magmatism, and analogous
structures of subcrustal zones. Both basins are charac-
terized by asthenospheric upwelling related to litho-
spheric extension, and uplift of the asthenospheric dia-
pir has a positive correlation with the degree of crustal
extension. The latter factor was responsible for the fol-
lowing dynamics of magmatism: early stages of rifting
were accompanied by the eruption of basaltoids related
to the hydrothermally altered sectors of the upper man-
tle, whereas maximum extension correlated with
tholeiites from asthenospheric sources.
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