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During the last 12 thousand years the Udokan volesrerupted alkaline basalts and trachites.
The strike of the fissure magma channels changed MW to NE during the Middle Holocene

in the interval of 7.9-4.6 thousand years ago. Ubekan volcanic activity was controlled by the
structures of the northeastern segment of the Bd&ka and of the western segment of the
Olekma-Stanovoi Orogenic Belt. It is suggested thatoutbreak of the young volcanism was
associated with an impulse of NW compression inugyeer crust of the Olekma-Stanovoi Belt,
and that the attenuation of the volcanic activitguwrred as the compression relaxed and changed
to a dominant NW crustal extension, the stresgpati/pical of the Baikal Rift.

INTRODUCTION

Changes in the extensional stress orientations e&sblished to have occurred during the Late
Cenozoic in the continental rifts of East Africaadtern Europe, Eastern China, the western
USA, and Southern Siberia [2], [12], [13], [20]3[2[27]. Stress patterns changed rapidly in the
structures of the East African Rift System durimg tQuaternary [21], [22], [26], [28]. In
Southern Siberia, extensional stress was reoridnded NE to NW in the Udokan lava field at
the NE flank of the Baikal Rift system. This reori@ion has been established for the first time
by changes in the orientation of Late Cenozoic slilslickensided surfaces, and fissures in the
Late Cenozoic volcanic rocks and topographicallpregsed faults [9], [10], [12]. This paper
presents evidence of the stress pattern of therugpst in the Quaternary volcanic zone of the
Udokan Range and of its change in a very shorbgdegf time during the Middle Holocene.
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262 S. V. RASSKAZOV

Changes in crustal tectonic stress orientationsuavally established by changes in the spatial
geometry of fissure magma vents. Dikes, fissureamt edifices, and dike systems are usually
oriented on central-type volcanoes in the diregiohthe maximal compressional stresses of the
regional stress field [25].

The young volcanic edifices of the Udokan Rangeayioated in an arc-shaped Quaternary
volcanic zone 20 km long [5], [11]. Alkaline olivnbasalt and hawaiite lavas flowed on both
flanks of the zone. Under its central part and MK, basalt magma underwent differentiation,
and benmoreites and trachites were erupted. THg Eleistocene volcanic activities began with
the successive flow of trachite, mugearite, andaiigsvlavas on the NE flank of the zone. The
K-Ar dating [15] indicated that the valley benmdeeand trachite lava flows and one of the
extrusive trachite lava domes, as high as 2067 adl, been produced during the Middle
Pleistocene 0.48-0.38 million years ago. The youate Pleistocene and Holocene volcanic
structures, distributed in the central and NW pafttshe volcanic zone were placed into the
interval of 12 050 to 2100 years ago by the radioma dating of wood fragments that had been
buried during the eruptions [3], [18].

ORIENTATION OF MAGMA-CHANNELING VENTS

On the Early-Middle Pleistocene volcanoes of thet®unary volcanic zone, most of the vents
are buried under the lava flows and are poorly kmtiwas far. On the Late Pleistocene-Holocene
volcanoes, the vents are well delineated by thdymts of eruptions and are partially exposed by
erosion. Their spatial positions suggest two emsad the development of young volcanism: (1)
an episode 12-7.9 thousand years B. P. with thedd@htation of the vents and (2) an episode
4.6-2.1 thousand years B. P. with the NE orientatibthe vents (Fig.l).

The interval of 12-7.9 thousand years BwRs marked by eruptions at the western flank and in
the central part of the zone of Quaternary volaani&lkaline olivine basalt lavas flowed on the
Khangura and Syni volcanoes, dated 8160+120 an@ 9220 years, and trachite lavas flowed
on the Trakhitovyi (12 050+650 years) and Dolinf#840 +110 years) volcanoes.

The Syni and Khangura volcanoes are characterigatiebinterbedding of pyroclastic deposits
and basalt lavas. The NW-striking fissure of theniSyolcano dissected two adjacent glacier
cirques. The fissure is 1200 m long. The lava flovilem the cirques to the valley of the Syni
River and flooded it. On the Trakhitovyi volcanaygtions occurred in a glacier cirque located
300 m above the floor of the Syni valley. The slop¢he valley was first covered by a layer of
cherry-red trachite ignimbrite, 1.5-2 m thick. Tinext layer with a thickness of 10-12 m consists
of red uniform cinder. Thereafter, plagioclase hitec lava flowed. A crater 150 m across was
produced in the glacier cirque during the closihgge of the explosive activity. The NW strike
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of the trachite channeling vent is accentuatedheydistribution of the lateral eruptions on the
slope of the valley NW and NE of the crater. Twglesgion craters were formed along the NW-
striking trachite channeling fissure.

During the interval of 4.6-2.1 thousand years B.vBlcanic activity was concentrated in the
central part of the volcanic zone, where eruptionsurred on the Aku volcano 94620+100
years) and on the Chepe volcano (2230+50 to 2100e8(k).

The early Holocene activity of Aku deposited bedsrer and black trachite ignimbrite and
cinder. The total thickness of these deposits isentban 30 m. The pyroclastic deposits are
crowned with a trachite block lava flow. The floWwlava was followed by a volcanic explosion
which produced a crater more than 1 km across.aghtte dome, round in map view, was
squeezed up in the middle of the crater. Somewdiat b new crater arose NE of the former.
Farther NE there are outcrops of basalt lava amgtutigate, which were possibly related to the
Holocene episode of the Aku eruptida$. The Chepe volcano is now a deep (120 m) explosion
crater, elongated in the NE direction, formed kg itierging of two craters.

FACTORS RESPONSIBLE FOR CHANGES IN TECTONIC STRESSES

Many investigators associate crustal extensionftirsystems with lithospheric thinning during
the rise of a hot material in the mantle. It is wmo however, that the movement of a mantle hot
material is inert and cannot lead to rapid tectatiess changes in the upper crust. In the inner
regions of the plates these processes are genassbyciated with the origin of compressive
stresses at the boundaries between the plateq214][23].

Explosion seismic observations showed the existefidbe low-velocity bodies of a partially
molten material at the base of the crust undeb#sins of the Baikal Rift system. A body under
the Chara Basin was found to be as thick as > 1(8knThese bodies may be potential sources
of volcanic eruptions. However no lavas were foumdhe sedimentary fill of the Baikal Rift
basins (except for the Tunkin Basin). It appeaat the extension of the crust in the rift system
was not a sufficient condition to make it permedole magma. Volcanic activity might have
been caused by some specific tectonic stressésiedtif from the regional stress field of the rift.
The Baikal Rift system is dominated by WE and NWeasions with the nearly vertical
compression axis orientation [17]. Analysis of melarthquake source mechanisms in the region
of the young Udokan volcanism revealed that thstasinow undergoing extension in the NW
direction [7]. In the east of the rift system, W®minant stress axes orientation remains
unchanged as far as the Olekma River. Farther aestive crust is undergoing compression in
the NE direction or perpendicular to the main dtreel elements [17]. This region shows
different kinematic types of Late Cenozoic fauliscluding thrusts and strike-slip faultsath
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arose as a result of the NW compression of thet ¢f)s This region is situated within the
Olekma-Stanovoi orogenic system which originatedhassult of a collision between the Izu-
Bonin arc and the Honshu arc [14].

In the region of the Udokan Range the structurdgb@hortheastern Baikal and western Olekma-
Stanovoi mobile systems spatially overlap one aotiithe K-Ar dating of rocks from the
Udokan lava field [15] showed that this volcani¢iaty had been controlled not only by the
structures of the northeastern flank of the Baslyatem, but also by those from the western flank
of the Olekma-Stanovoi system. The first eruptiohsiltrabasic alkaline lavas occurred in the
north of the field ~ 14 million years ago simultansly with beginning of the extension and
subsidence of the Chara Basin in association whih reactivation of the Kodar-Udokan
structurally weak zone of the Aldan Shield. The @hBRasin and several small basins, located in
this zone, belong to the Baikal Rift system. Thbsaguent eruptions of trachites and alkaline
basalts shifted southward and occurred during treaetivation episodes of the Chukchuda and
Stanovoi weak zones: 9.6-7.4, 4.0-2.6, and 1.820r@0lion years ago. The reactivation of the
latter two weak zones reflected pulsatory compoessn the Olekma-Stanovoi system. The
extension impulse at the northeastern flank ofBBa&al system, which was accompanied by
volcanism, was repeated 3.2-2.4 million years ago.

Proceeding from the general spatial-temporal dhstions of eruptions in the Udokan volcanic
field, the volcanism of the last 12 thousand yeaust have been controlled in a large measure
by the tectonic activity of the Olekma-Stanovoiteys. One can see in Fig. 1 that its NW
compression was the dominant stress in the zogewfg volcanism 12-7.9 thousand years ago.
A change in the stress pattern of the volcanic zanine later half of the Holocene to a rift
pattern points to the attenuation of the NW comgigesin the Olekma-Stanovoi system.

The young volcanic cones of the Udokan Range aemged along the same Quaternary arcuate
volcanic zone, comparable in its size and the dcurabf lava eruptions with the long-lived
volcanic centers of Kamchatka and other region®oént volcanism [1]. The Early Pleistocene
young "valley" lava flows on the NE flank ¢fie volcanic zone are partially buried under

Figure 1 Model for the evolution of Quaternary volcanismtbe Udokan Ranget - spatial orientation

of fissure magma vents, 2 - alkaline basalt lava,b@nmoreite and trachite lavas; lava outliers of
previous eruptionsa - boxed area is location of Quaternary eruptionsp@liers of the Udokan lava
field; 6 - rift basins; 7 - structurally weak crakzone; KUZ -Kodar-Udokan zone; SZ - Stanovoi zone
CHZ - Chukchuda zone [15h, ¢, d-480-380,12-7.9, and 4.6-2.1 thousand years agpectsely, e -
age variations of young volcanoes along the W-EBdirey zone of Quaternary volcanisg- Middle
Holocene variations of magma vent orientationssisoaiation with a change from the NW compression
of the upper crust to its NW extension. Plottedtmtime scale are dates of paleoseismic dislatsiio
the central part of the Baikal Rift system aftdr [49], and [24].
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Quaternary alluvium. It appears that after thenaistion of volcanic activity from the end of the
Early Pleistocene to the Holocene this part of témeitory was subsiding, the magnitude of
subsidence being a few tens of meters. The labtgtiens in the central and NW segments of the
volcanic zone were accompanied by the uplift oftdratory. As a result of these movements the
recent river valleys grew 2-4 and more meters deepkative to the base of the Middle
Pleistocene and Late Pleistocene-Holocene lavasfldd]. It appears that the spatial-temporal
stress variations in the upper crust under thekflanf the long-lived Quaternary arcuate volcanic
zone were not only controlled by regional stressatians but also reflected to a certain extent
the subsidences and uplifts of the crustal matakbialve deep-seated magma reservoirs.

CONCLUSION

All of the dated paleoseismic movements of the BlaRift system occurred during the last 12
thousand years (Fig. 1) [4], [19], 24]. The sanmeetiinterval was marked by volcanic activity
not only on its NE flank (Udokan Range) but alsatsr8W flank (Eastern Sayan Range) [16]. It
appears that the intensification of tectonic attiat the end of the Pleistocene and in the
Holocene served as a trigger for volcanic eruptions

The Udokan lava field is situated in the regiortha# spatial superposition of the strain field of
the northeastern Baikal Rift system and that ofwlestern Olekma-Stanovoi orogenic system.
The established Middle Holocene change in the sr@idhe fissure magma vents proves that the
new outbreak of volcanic activity was caused by ohthe compression impulses in the upper
crust below the Olekma-Stanovoi system. Volcanigteanaated as compression was relieved
and replaced by NW extension characteristic oBhi&al system.

This work was supported by the Russian FoundatwrnBasic Research (project nos. 95-05-
14277, 97-05-96422, and 97-05-96404). | am gratefuhe reviewers of this paper for their
valuable comments and suggestions.
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