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Abstract—The mineral composition of sandstones from Cretaceous—L ower Paleocene terrigenous sequences
of the western Kamchatka—Ukelayat zone (southern Koryak Upland, western Kamchatka) suggests that the
Okhotsk—Chukot volcanogenic belt and fragments of the Uda—Murgal island arc served as the most probable
provenance. Fission-track dating of zircon showed that sandstones from this zone contain detrital zircon of sev-
era different-age populations. Fission tracksin zircon grainswere nor subjected to secondary ignition. The age
of young zircon population coincides with the biostratigraphic age of host sequences. Thus, results of dating of
detrital zircon grains from sandstones, which did not experience heating above 215-240°C, indicate that this
method is appropriate for dating fossil-free terrigenous sequences. The young zircon population in the sand-
stonesis related to erosion of plagiogranite and diorite intrusions of the Uda—Murgal arc and outer zone of the
Okhotsk—Chukot volcanic belt exposed at the day surface owing to differential vertical movements and rapid

exhumation of blocks.

The southern Koryak Upland located north and
northwest of the Olyutor zone composed of Upper Cre-
taceous siliceous-volcanogenic sequences (Bogdanov
et al., 1987) hosts the Ukelayat trough (Central Koryak
structural-facies zone) (Ermakov and Suprunenko,
1975). Thetrough isfilled with highly deformed Upper
Cretaceous and Lower Padeogene sandy—shaly
sequences frequently of the flyschlike appearance
(Ermakov et al., 1974; Kazimirov et al., 1987; Che-
khovich, 1993). Terrigenous sequences, close in age
and lithology, are developed in the Kamchatka I sthmus
(Lesnaya Group and Getkilnin Formation) and also
occur asisolated salients of the pre-Eocene basement in
southern areas of western Kamchatka (Omgon Group,
Mainach and Tal’ nitsa formations) (Geologiya SSSR,
1964; Geologicheskaya karta..., 1989; Grechin, 1979)
(Fig. 1). We define the distribution area of these
sequences as the western Kamchatka—Ukelayat zone.
Its probable continuation is represented by exposures
of Upper Cretaceous sequences on western slopes of
the Sredinnyi Range south of the Ichi River (Kikhchik
Group, Khozgon Formation). Most researchers con-
sider terrigenous sequences of the western Kamchatka—
Ukelayat zone as sediments accumulated at the foot of
the continental slope of Eurasia (Ermakov and
Suprunenko, 1975; Til’'man and Bogdanov, 1992;
Sokolov, 1992; Shapiro, 1995; Chekhovich, 1993;
Ob” yasnitel’naya zapiska..., 2000). The terrigenous

sedimentation basin probably existed from the Creta-
ceous to the mid-Eocene when Upper Cretaceous and
Lower Paleocene siliceous—volcanogenic rock com-
plexes of the Olyutor-Kamchatka idand-arc system
was accreted to Eurasia (Shapiro, 1995; Soloviev et al.,
1998).

Terrigenous sequences of the western Kamchatka—
Ukelayat zone contain occasional macrofaunal
remains. Their dating was mainly based on microfaunal
and microfloral fossils (benthic foraminifers, radiolari-
ans, and nannoplankton). The age determination was
promoted by the application of the detrital thermochro-
nology method (Brandon and Vance, 1992; Garver and
Brandon, 1994; Garver et al., 1999). The use of thefis-
sion-track method for dating zircons from terrigenous
sequences of southern Koryak Upland and western
Kamchatka showed that sandstones enclose several
populations of detrital zircon (Garver et al., 1998,
2000; Soloviev et al., 2001). Fission-track ages of zir-
cons from the studied sequences correspond to their
cooling in parental rocks of the provenance. Inasmuch
as the sedimentary sequence is not older than enclosed
zircons, fission-track measurements of the youngest
population provide the younger age limit of host sand-
stones. This provides an opportunity to estimate both
spatial and temporal variations of sandstone composi-
tion and, thus, to study the nature and evolution of the
provenance.
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Fig. 1. Tectonic structure of Northeast Russia (modified after Til’man and Bogdanov, 1992; Shapiro, 1995; Ob” yasnitel’ naya
zapiska..., 2000). (1) Cenozoic cover of the southern Koryak Upland and Kamchatka; (2) western Kamchatka—Koryak vol canic belt
(Eocene-Oligocene); (3) Okhotsk—Chukot volcanic belt (Cretaceous); (4) western Kamchatka—Ukelayat zone (Cretaceous—
Eocene); (5) Olyutor—-Kamchatka island-arc system (Late Cretaceous—Paleocene); (6) Kronotsk island arc (Late Cretaceous—
Eocene); (7) terranes accreted in the Mesozoic; (8) pre-Cretaceous rock complexes of Siberia and Chukot Peninsula; (9) metamor-
phic rock complexes of Kamchatka; (10, 11) regiona thrusts: (10) Vatyna—Lesnaya: (a) proven, (b) assumed, (11) Tyushevsk—

|
170°

Govena: (a) proven, (b) assumed; (12) other faults; (13) location and number of the study area.
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BRIEF CHARACTERISTICS OF TERRIGENOUS
SEQUENCES IN THE WESTERN KAMCHATKA-
UKELAYAT ZONE

Terrigenous sequences of the western Kamchatka—
Ukelayat zone were studied on the southern Koryak
Upland (Ukelayat flysch, Fig. 1, areas I-1l), Kam-
chatka Isthmus (Lesnaya Group, Fig. 1, areas 1V, V),
and western coast of Kamchatka (Omgon Group, Fig. 1,
areas VI, VIII). In addition, we examined some sand-
stone samples from the Getkilnin (Fig. 1, areaVI) and
Snatol (Fig. 1, areaVII1) formations and from amelange
block beneath the Lesnayathrust (Fig. 1, arealV).

In terms of lithology, the Ukelayat and Lesnaya
sandy—argillite groups are similar. They are mostly
composed of distal turbidites and contourites that are
intensely deformed into small folds and barren of mac-
rofaunal remains. Therefore, reference sections of these
unitswere never described and their thickness was only
arbitrarily estimated. Their lower boundary is also
unknown. The Ukelayat Group forms an autochthon of
the Vatyna-Vyvenka thrust (Til’man and Bogdanov,
1992; Soloviev et al., 1998), and the Lesnaya Group
composes an autochthon of its southwestern continua-
tion, i.e., the Lesnayathrust (Shantser et al., 1985; Sha-
piro and Soloviev, 1999). Based on benthic foramini-
fers, the age of the Ukelayat Group is possibly Late
Cretaceous—Early Eocene (Ermakov et al., 1974). Nan-
noplankton from argillites of the Lesnaya Group indi-
cates its Paleocene-earliest Eocene age (Fedorchuk
and lzvekov, 1992; Shapiro et al., 2001).

Tectonic melange at the Lesnaya thrust base is
observed in the Lesnaya River basin (Fig. 1, areas |V,
V), where the sandy—argillite matrix in the Lesnaya
Group rocks encloses size-variable blocks of tuff, chert,
basalt, and sandstone (Shantser et al., 1985; Shapiro
and Soloviev, 1999). The sandstone is similar to the
counterpart from the Lesnaya Group, except for a
higher quartz content and occasional occurrence of
chert and inoceram coquina beds. We consider these
blocks outliers of the lower Lesnaya Group or easterly
facies zones now overlapped by the Lesnaya thrust.

The Ukelayat Group has no stratigraphic contacts
with other pre-Pliocene rock complexes (Bogdanov
et al., 1987), whereas the Lesnaya Group is uncon-
formably overlain by Eocene Snatol and Kinkil forma-
tions (Shantser et al., 1985; Gladenkov et al., 1991) and
isintruded by Middle Eocene granites (Fedorchuk and
|zvekov, 1992; Soloviev et al., 2000).

The Omgon Group in the synonymous ridge area
(Fig. 1, areaVI1) isrepresented by flysch with abundant
conglomerate and gravelstone beds. The latter can be
considered the shallow shelf facies or proximal (river-
bed) facies of the submarine fan. Judging from diverse
faunal and floral remains described from these layers
(Geologiya SSSR, 1964), the first assumption is more
probable. The fauna and flora suggest that terrigenous
sediments of the Omgon Group accumulated during the
Albian—Early Senonian (Coniacian) interval. An imbri-
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cate structure of the areainhibits the subdivision of the
Omgon Group into smaller units. The Omgon Group
domain includes exposed tectonic sheets composed of
Jurassic—Cretaceous basdlts and cherts (Bondarenko
and Sokolkov, 1990; Bogdanov et al., 1991; Soloviev
et al., 2000). They are overlain with a sharp unconfor-
mity by the Middle Eocene Snatol Formation (Geolog-
icheskaya karta..., 1989), the basal part of which is
composed of conglomerates.

In the Sedanka Settlement area (Fig. 1, area VllIl),
sandstones and argillites of the Mainach Formation of
the Omgon Group (Geologicheskaya karta..., 1989)
are overlain by a pillow basalt unit with the cherty bed
at its base. No fauna remains are found in the flysch
unit. Therefore, its belonging to the Mainach Forma-
tion (Omgon Group) is rather arbitrary.

The Getkilnin Formation exposed at the sea coast
north of the Lesnaya Settlement (Fig. 1, area V1) is
largely composed of medium- to coarse-grained sand-
stones with thin interbeds of carbonaceous siltstones.
Based on faunal and floral remains sampled in northern
coastal areas, the formation isreferred to the Paleocene
(Gladenkov et al., 1997). It is overlain by Middle
Eocene Kinkil volcanic rocks (Geologicheskaya
karta..., 1989).

COMPOSITION OF SANDSTONES

The composition of detrital material from sandstones
examined in 29 thin sectionsis shown in Tables 1 and 2.
All studied sandstone samples belong to the graywacke
class (Pettijohn et al., 1976), i.e., the matrix composes
25 to 35 vol %. Most of the clasts are angular.

Inlinewith classification by Shutov et al. (1972), al
sandstones correspond to the quartzofeldspathic and
feldspathic—quartzose graywackes and mostly include
clasts of quartz, feldspar, and fine-grained rocks. Frag-
ments of colored minerals are rare and consist of small
mica flakes. Ore mineras are extremely rare (up to
1%). Clastsare mainly composed of various volcanic or
sedimentary rocks. Some grains (up to 5%) are com-
posed of fine-grained mineral aggregates of unclear
genesis. Clasts of metamorphic rocks (quartzites and
micaceous shales) are rare (up to 3%) but ubiquitous.

Fragments of volcanic rocks can be divided into
four groups. Thefirst three groups are characterized by
the presence of laths or microlithic and felsitic textures.
The fourth group consists of weathered glass, which is
a groundmass of volcanic rocks. Clasts of groups 1-3
correspond, in general, to basalts, andesites, and rhyo-
dacites. The composition of weathered glass was not
determined.

Fragments of sedimentary rocks mainly consist of
argillite (up to 25%). Fine-grained tuffogeneous rocks,
clayey—siliceous tuffites, and less common ash tuffsare
subordinate. Cherts, which are most stable among sed-
imentary rocks, are rare (1-4%, sometimes up to 7%).
Thisistypica of rocks from the Omgon Cape section
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Table 1. Composition of sandstones from the western Kamchatka—Ukelayat zone
Lvl |Lvm| Lvf | Lvv Lssh|Lsa|Lss|Lsch| Lst |Lso
Sample |QM| Qp | Qq| P Lm Op|nOp| U | T |Mtx|Aut
Lv Ls
(I Ukelayat zone (Anastasiya Bay areq)
JG93-2 |48 | 6| 2100 5[19 18|14 | — | 2|51 | 2| 2|11 | - | 5| 3 |12|200|129] 18
(I1) Ukelayat zone (11" pi and Matysken rivers area)
JG95-7 32| 3| 5| 74/30|65(15(20| 1|2 (24| 3| 1|12 |- |2 | — |12 |300| 87|14
JG95-41 | 13| 7| 9| 83|14 (62|17 (10| 2| 2 (41| - |22 |20| 1 |- | — | 8|300|120| —
JG95-16 |52 | 7| 4| 62| 9|12 (28 |17| 6| 2 |56 | 6| 4|17| 3 | 1| 2 |12|300|125| 6
JG95-19 |29 | 5| 3| 98/13(38(31(26| - (3|29 1| 2| 7| 2| 1| 2]|10|300| 87| 9
JG95-29A| 13 |22 | 4| 34|24 (23|11 (24| - | 1|80 |12 |12|28| 2 | —| 1| 9|300|110| 6
(111) Ukelayat zone (Tapel’ vayam River area)
%JG-21 |77 |26 | 4| 99| 3|11 (14| 5| 7| 1|2 -| 3|21| 2| -] 2| 3|300| 56| 3
96JG-7 57110 2| 8| 6|10|25|13| 6| — |49| 5| 5|16 — | — | — | 10 [300|120| 40
96JG-14 |57 | 10| 6| 88| 5(31|25|10| 8| 2 (21| 4| 7| 8|1 | —-| 2 |15|300(158| 4
96JG-20 (64 |17 | 1| 92| 7| 9|28|19| 6|2 |19| 4| 5|16|1 | -| 2| 8|300| 81|21
(IV) Lesnaya Uplift (Shamanka dome)
Sh3/99 46| 5| - | 37| 2|14|15|10| 4| 4|22 |11 |12 |12| - | -] 2| 51|200| 67|28
Sh2/99 89|17 | 2| 81|12 |24 |40 (25|10 8 |29 |17 |10| 22| - | — | 5| 7 |400|160| 3
Shis599 (49| 8| 8| 51| — (11|27 |214| 7| 2| 1| 3| 6| 5| —-| —-| —| 8|200| 70| 11
(V) Lesnaya Uplift (Vatapvayam dome)
L12 62|21 9| 72| 9|18 (27|19 2|4 |23| 7| 4| 7| 9| —-|1| 6300 89| 9
L1 63|12 | 4| 91| 8|22 |25(22| 6| 5|20 5| 2| 6| —-| 3| 1| 5(300|116| 17
L9 62|12 | 3| 87| 3| 9/29|16| 2|2 |35|15| 9| 4|1 | - | —-|11|300|119| 27
L2 7511614 | 59| 2|14 (27| 8| 7| 8 |34| 4|10| 5|2 | 2| 2|11 |300| 83| 8
L11 64|17 3| 79| 6|18 |30|15| 3|4 |30 8| 7| 7|1 |1 |- 7300 89|22
L10 66 |1 19| 3| 83| 4|23|24|13| 2|1 (32| 6| 7| 9| -2 |- 6(300|102| 14
L17 83|11 | 3| 89| 414|184 | 2| 1| 9| 3| 3| 53| 1|2]| 5(300| 97| 3
L13 66|17 | 4| 68/10 |28 |14(39| 6| - |16| 1| 9|10 3| - | —-| 9300 9%| 7
L4 75115 3| 691216 |25(33| 51 |18| 4| 4| 9| - | —| - |11 |300|132| 36
(V1) Western Kamchtaka (eastern coast of the Sea of Okhotsk)

Sh34/99 | 71|19 | 4| 63| 7(22|16|28| 2| 4 |10|12| 9|19 | — | — 9 |300|107| 58
Sh22/99 | 47|12 | 3| 50| 5 9| 8| 8| 2|2 (19| 7(10| 9| - | - 8 |200| 51| 33
(V1) Western Kamchtaka (Omgon Ridge)

OoM3 23| 1| 5| 88|1238|14(37| 3|4 |26|13| —-|23| 3| —-|2| 8|300| 98|12
OoM39 28| 4| 3| 60/25|60 (28|25 7|1 |12 |15| 3|28 — | 1| 7| 3|300| 56| 9
om27 9| 1| -] 9| 5(30|23|43| - |3 |3| 9| —-|13| 3| 4| 3 |10|300(106| 10
omM24 34| 9| 4| 8422431137 3|6 |13| 2| 4|17 2| - | 2| 7|300| 8| 2
(V1) Western Kamchtaka (Rossoshina River valley)

OM48 | 47| 2| — | 84 3|25[|19[33| 2| 4 |34| 9| 4|14|5| 1| 4|10/|300[123] 8

Notes: Roman numbers designate sampling areas shown in Fig. 1.
(Qm) monocrystalline quartz; (Qp) polycrystalline quartz; (Qq) quartzites of unclear origin; (P) feldspar; fragments of fine-grained
rocks: (LVv) volcanics, (Lvl) volcanicswith the lath texture (mainly mafic and intermediate), (Lvm) rocks with the microlitic texture
(mainly andesite, dacite, and their analogues), (Lvf) acid rocks with the felsitic texture, (Lvv) recrystallized glass barren of micro-
lites, (Lm) metamorphic rocks (including metaquartzites), (Ls) sedimentary rocks, (Lssh) shales, (Lsa) argillite and aeuropelite,
(Lss) siltstone and fine-grained sandstone, (Lsch) cherts, (Lst) tuff, tuffogenesilicilith, and tuffogene argillites, (L so) other sedimen-
tary rocks (carbonate, coal), (Op) ore minerals, (nOp) colored minerals, (U) undetermined rock fragments; (T) total number of deter-

minations of grain composition in thin section, (Mtx) matrix and cement, (Aut) authigenic minerals.
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Table 2. Composition of sandstones from the western Kamchatka—Ukelayat zone

SHAPIRO et al.

Sample | T Q F L [L(vms)| V M S |V(Imf)| VI, % |Vm, %| VT, % |%mtx| Age, Ma
(I) Ukelayat zone (Anastasiya Bay areq)
JG93-2 | 300 | 19 |33 48 | 124 | 45 | - | 55 | 42| 12 | 45 | 43 | 22 | 44837
(I1) Ukelayat zone (11’ pi and Matysken rivers area)
JG95-7 300 | 13 25 62 172 75 1 24 | 110 | 27 59 14 22 | 439136
JG95-41 | 300 | 10 28 62 180 57 1 42 93 | 15 67 18 29 | 49.8+8.0
JG95-16 | 300 | 21 21 58 160 41 4 55 49 | 18 24 58 29 | 51.3+6.3
JG95-19 | 300 | 12 33 55 152 71 - 29 82 | 16 46 38 22 | 545+37
JG95-29A| 300 | 13 11 76 | 217 38 - 62 58 | 41 40 19 27 | 66.1+6.3
(111 Ukelayat zone (Tapel’ vayam River areq)
96JG-21 | 300 | 36 33 31 89 37 8 55 28| 11 39 50 16 | 58.0+3.2
96JG-7 300 | 23 29 48 135 40 4 56 41 | 15 24 61 29 | 594+23
96JG-14 | 300 | 24 29 47 122 58 7 35 61 8 51 41 34 | 61.8+37
96JG-20 | 300 | 27 31 42 116 54 5 41 44 | 16 20 64 21 | 73.3+32
(V) Lesnaya Uplift (Shamanka dome)
Sh3/99 200 | 255 | 185 | 56 105 39 4 57 31 6 45 49 25 | 51.6+5.0
Sh2/99 400 | 27 20 53 197 51 5 44 76 | 16 32 52 29 | 541+89
Sh15/99 | 200 | 325 | 255 | 42 76 68 9 23 38| - 29 71 26 | 86.1+6.1
(V) Lesnaya Uplift (Vatapvayam dome)
L12 300 | 31 24 45 129 57 2 41 54 | 17 33 50 23 | 43734
L1 300 | 26 30 44 121 64 5 31 55 | 15 40 45 28 | 46.0x27
L9 300 | 26 29 45 125 46 2 52 41 7 22 71 28 | 47.0+38
L2 300 | 35 20 45 121 42 6 52 43 5 33 62 22 | 48.1+5.0
L11 300 | 28 26 46 129 53 2 45 54| 11 33 46 23 | 50.4+56
L10 300 | 29 28 43 121 53 2 45 51 8 45 47 25 | 539+34
L17 300 | 32 30 38 106 75 2 23 36| 11 39 50 24 | 5451104
L13 300 | 29 23 48 136 67 4 29 52 | 19 54 27 24 | 555+35
L4 300 | 31 23 46 127 68 4 28 53 | 23 30 47 31 | 58.1+4.2
(V1) Western Kamchtaka (eastern coast of the Sea of Okhotsk)
Sh34/99 | 300 | 31 21 48 129 57 2 41 45 | 16 49 35 26 | 585+49
Sh22/99 | 200 | 31 25 44 79 38 3 59 22| 23 41 36 20 | 59.0+43
(V1) Western Kamchtaka (Omgon Ridge)
OoM3 300 | 10 29 61 173 58 2 40 64 | 19 59 22 25 | 80.0x41
OM39 300 | 12 20 68 194 66 4 30 | 103 | 24 58 18 16 | 853+4.2
om27 300 | 7 33 60 164 62 - 38 58 9 52 39 26 | 99.8+5.8
oM24 300 | 16 28 56 160 71 2 27 76 | 29 57 14 22 |102.0+18.9
(V1) Western Kamchtaka (Rossoshina River valley)
OoM48 | 300 | 16 | 28 | 56 | 152 | 53 | 1 | 46 | 47 | 6 | 53 | 41 | 29 | 79.5+8.0

Notes: Age with asterisk designates the age of youngest zircon population (Table 3). Roman numbers designate sampling areas shown in

Fig.

Total component values are calculated using formulas:

1

Q=(Qm+Qp+Qq)/T x100; F=P/T x100; L =(T-Q-F)/T x100; L(vms) =Lv+Lm+Ls V =Lv/(Lv+Lm+Ls) x100; M =
Lm/(Lv+Lm+Ls)x100; S=Ls/(Lv+Lm+Ls)x100; V(Imf) =Lvl + Lvm + Lvs; VI = LvI/VImf x 100; Vm = Lvm/VImf x 100;
Vf = Lvif/VImf x 100; %mtx = mtx/(mtx + T) x 100.

where the terrigenous Omgon Group overlies with pre-

sumable unconformity Jurassic—Early Cretaceous cherty—
basdtic sequences (Bondarenko and Sokolkov, 1990).
Codlified plant detritusis also common in these rocks.

LITHOLOGY AND MINERAL RESOURCES \Vol. 36

Feldspars are mainly represented by plagioclase

monocrystals. The ateration degree of plagioclases is

variable. They vary from pure, almost col orless monoc-
rystals, which are visually similar to quartz grains, to
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varieties almost completely replaced by secondary
minerals (albite, sericite, epidote, and others). Pure col-
orless and, ssimultaneously, twinned plagioclase grains
are rare. Aggregates of relatively fresh plagioclase
grains most likely of intrusive genesis are common.
The albite content amounts to 5-30% of the total pla-
gioclase content. Plagioclase frequently forms clusters
with quartz. Potassic feldspar occurs only as single
grains and, therefore, is excluded from calculations. Its
low abundance is also confirmed by results of feldspar
dyeing in thin sections.

Quartz is mainly monocrystalline and usually
highly deformed (distinct undulatory extinction). It is
frequently highly blurred. Clusters with feldspars are
subordinate. Undeformed pure grains with rare
smoothed edges, which are typical of rhyolites, are
practically absent. Relatively large polycrystalline
aggregates of quartz are usually disordered and cannot
be referred to metamorphic structures. The group of
guartzose clasts also includes fine-grained aggregates
of quartz grains (Qq), except for grains, which can
undoubtedly be referred to metamorphic rocks based
on orientation and admixture of micaceous minerals.

Newly formed authigenous minerals in sandstones
are mainly represented by carbonates partly replacing
the matrix and, sometimes, mineral grains.

RESULTS OF FISSION-TRACK DATING
OF ZIRCONS

Principles of the Detrital Thermochronology

The fission-track dating of zircons is based on the
measurement of density of tracks left by products of
spontaneous fission of U?3 nuclei, which accumulatein
the mineral during the geologica history (Price and
Walker, 1963). Physical principles of the method are
described elsewhere (Shukolyukov et al., 1965; Flei-
scher et al., 1975). The accumulation of tracksin zircon
with time is a process similar to the accumulation of
radiogenic isotopes asaresult of radioactive decay. The
track stability is controlled, first of al, by temperature;
i.e., tracks are formed and preserved in crystals cooled
below the effective closure temperature. The statisti-
cally effective closure temperature corresponds to the
moment when more than 50% of tracks become stable
(Wagner and Van Den Haute, 1992). If we assume that
the sample uniformly cools under conditions typical of
geological processes (the cooling rate of 1 to
30°C/Ma), the effective closure temperature for zircon
will be equa to 215-240°C (Brandon and Vance,
1992).

Detrital thermochronology is based on fission-track
dating of fragments of zircon and apatite grains from
terrigenous and tuffogeneous rocks. This method
makes it possible to discriminate therma events
responsible for provenance evolution and reveal the
relationships between endogenic (magmatism, volcan-
ism, orogeny) and exogenic (erosion, sedimentation)
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processes. First studies dedicated to this problem were
performed approximately 15 years ago (Hurford et al .,
1984; Baldwin et al., 1986). Nowadays, the detrital
thermochronology is a popular tool in the study of dep-
ositional and tectonic processes in many regions of the
world (Brandon and Vance, 1992; Garver and Brandon,
1994; Carter et al., 1995; Garver et al., 1999, 2000).

Inasmuch as the fission-track dating allows us to
determine the age of individua minera grains, it
becomes possible to discriminate their different-age
populations related to different provenances. Rock
cooling in provenances can occur during different geo-
logical processes. For instance, volcanism and near-
surface intrusions are characterized by cooling of
newly formed minerals synchronously with their for-
mation process, whereas the fission-track age of miner-
als can be significantly rejuvenated (relative to the age
of mineral formation and host rocks) during exhuma-
tion of rocks from deep levels.

Aswas shown in severa works, thefission-track age
of detrital zircons, which did not experience secondary
ignition, can be used for determining the age of terrig-
enous sediment accumulation. The age of the youngest
population of zircon grainsis close to that of sediment
accumulation in case that synchronous volcanic activ-
ity occurred nearby during sedimentation (Brandon and
Vance, 1992; Garver and Brandon, 1994; Garver et al .,
2000; Shapiro et al., 2001; Soloviev et al., 2001). In
orogenic belts, which experienced rapid rise and ero-
sion, exhumation of near-surface intrusions occurs dur-
ing asufficiently short period. Therefore, thetimeinter-
val between crystallization of zircon grainsin the near-
surface intrusion and their sedimentation in the adja-
cent basin is considered to be several million years
(Brandon and Vance, 1992; Garver and Brandon,
1994).

Fission-Track Age of Zircons from the Western
Kamchatka—Ukelayat Zone

In total, 41 sandstone samples (4 to 10 kg each)
were collected in eight areas of the western Kam-
chatka—Ukelayat zone (Fig. 1). Zircon grains were
extracted from sandstones in the Laboratory of Acces-
sory Minerals, Ingtitute of the Lithosphere of Marginal
Seas, RAS. The zircon age was measured in the Labo-
ratory of Fission-Track dating, Union College
(Schenectady, New York, United States). The method
of an external detector was used for age measurements
(Hurford and Carter, 1991). Zircon grains were pressed
into FEP Teflon MT plates of 2 x 2 cm? in size. Two
plates were prepared for each sample. Plates were
abraded and then polished using diamond pastes (9 and
1 pm) and Al,O; paste (0.3 pm) at the terminal stage.
Chemical leaching of plates was performed using
NaOH-KOH at 228°C during 15 h (first plate) and 30 h
(second plate). After chemical leaching, plates were
covered by the detector (low-uranium mica) and irradi-
ated in a therma neutron flow of approximately
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Fig. 2. Distribution of fission-track ages of zircon grains
from some sandstone samples (a, b, ¢). Sample locations:
(Sh15/99) Lesnaya Group (block), (Sh21/99) Lesnaya
Group, (OM41) Snatol Formation (Table 1). (P1, P2, P3,
P4) peaks of different-age populations (Table 1) defined
using the Binomfit 1.8 program (Brandon, 1996).

2 x 10% neutron/cm? in the reactor of the Oregon Uni-
versity. Age standards for zircon (Fish Canyon tuff,
FCT and Buluk tuff, BT) and glass dosimeter (CN-5)
with known uranium content (Hurford, 1998) were also
irradiated together with samples. The tracks were
counted using an Olympus BH-P microscope with an
automatic system and a digital plotting board at the
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highest magnification of 1256X (dry method). The Z
factor calculated from ten age standards (six FCT sam-
ples and four BT samples) was equal to 305.01 £ 6.91
(Hurford, 1998).

From 10 to 90 zircon grains were dated for each
sample (Table 3). The Zetaage 4.7 program by
M.T. Brandon (Yale University, USA) was used to cal-
culate the age of zircon grains. The age of separate
grainsisscattered withinawideinterval (Fig. 2), which
indicates the presence of severa different-age zircon
populations. In our study, we used Brandon’s Binomfit
1.8 program supplemented by Galbraith’s algorhytm
(1988) for the discrimination of different-age popula-
tions. The Zetaage 4.7 and Binomfit 1.8 programs are
available for every anonymous user at http:\\love.geol-
ogy.ya e.edu/~brandon.

From two to four different-age zircon populations
are present in all studied samples (Table 3). The study
of apatite from the same samples and secondary miner-
als from argillites allows a conclusion that terrigenous
sequences were not heated after sedimentation to tem-
peratures above 215-240°C (Garver et al., 1998, 2000).
Thus, the age of zircon populations reflects thermal
events in the provenance.

Tables 3 and Fig. 4a show that the age of the young-
est population in studied samplesfallsinto awideinter-
val: from latest Albian to the mid-Eocene. At first
approximation, thisinterval correspondsto the integral
ageinterval of studied sequences estimated by indepen-
dent biostratigraphic methods.

The oldest fission-track ages obtained for young-
population zircons from the Omgon sandstones are
102 + 18.9 to 80.0 =+ 4.1 Ma. The age of the Omgon
Group determined by the molluscan fauna and floral
remains is estimated at the Albian—Early Senonian
(Coniacian), i.e., 110-87 Ma (Geologiya SSSR, 1964).
According to the fission-track dating of zircon (with
consideration for the measurement error), the age inter-
val of the Omgon Group should be widened at least to
the Campanian (84 Ma), because sandstones should be
younger than the youngest zircon grains in these rocks.
The age of young zircon population from sandstones of
the Snatol Formation is 45.2 £ 3.2 Ma, which corre-
sponds to the Middle Eocene age of this formation.
(Gladenkov et al., 1997).

The study also provided thefirst age estimate for the
Mainach Formation exposed in the Rossoshina River
valley (Fig. 1, areaVIll). The young zircon population
is dated back to 77.7 + 6.6 and 79.5 + 8.0 Ma. Thus,
these dates confirmed the validity of a conclusion that
the Mainach Formation exposed in this area should be
included into the Omgon Group.

The age of the young zircon population from the
melange block developed after the Lesnaya Group
rocks (Fig. 1, area|V) isequal to 86.1 £ 6.1 Ma. This
value is close to that of the host block composed of
Campanian rocks (83.5-71.5 Ma) based on the nanno-
plankton-based age estimate (Shapiro et al., 2001). In
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Table 3. Fission-track ages of detrital zircons from sandstones of the western Kamchatka—Ukelayat zone
] Age of zircon population
Sample Group, formation Nt
P1 | P2 | P3
(I Ukelayat zone (Anastasiya Bay area)
JG93-2 Ukelayat 10 47.8 £ 3.7 (90%) - 166.0 + 56.5 (10%)
W =0.22 W =0.39
(1) Ukelayat zone (11’ pi and Matysken rivers areq)
JG95-7 Ukelayat 46 43.9 + 3.6 (42%) 76.4 + 6.3 (58%) -
W =0.26 w=0.31
JG95-41 | Ukelayat 46 49.8 + 8.0 (38%) 89.3+ 15.4 (51%) 151.9 + 57.4 (11%)
W =0.28 W =0.27 W =0.31
JG95-16 | Ukelayat 43 51.3 + 6.3 (41%) 85.7 + 9.4 (54%) 188.2 + 56.2 (5%)
W=0.30 W =0.27 W =0.29
JG95-19 | Ukelayat 78 54.5 + 3.7 (50%) 97.7 + 7.2 (50%) -
W=0.25 W =0.28
JG95-39 | Ukelayat 37 57.8 + 3.7 (91%) - 134.5 +50.8 (9%)
W= 0.30 W= 0.31
JG95-29A | Ukelayat 50 66.1 + 6.3 (59%) 112.2 + 14.7 (41%) -
W =0.35 W = 38%
(111 Ukelayat zone (Tapel’ vayam River area)
96JG-18 | Ukelayat 32 54.8 + 2.8 (39%) 88.3 + 6.2 (43%) 155.6 + 13.4 (18%)
W= 0.15 W= 0.16 W= 0.17
96JG-21 | Ukelayat 20 58.0 + 3.2 (53%) 105.6 + 7.1 (47%) -
W =0.16 W =0.19
96JG-7 Ukelayat 32 59.4 + 2.3 (29%) 118.3 + 5.3 (45%) 2419 + 15.7 (26%)
W=0.12 w=0.17 W =0.20
96JG-14 | Ukelayat 15 61.8 + 3.7 (26%) 104.8 + 8.0 (12%) 139.4 + 13.7 (30%)
W=0.13 W =0.16 W =0.18
96JG-15 | Ukelayat 21 64.8 £ 2.3 (71%) 129.6 + 9.6 (12%) 189.4 +13.7 (17%)
W= 0.14 W= 0.12 W= 0.15
96JG-4 Ukelayat (block) 20 66.2 + 3.1 (56%) - 169.0 + 11.1 (44%)
W= 0.16 w=0.21
96JG-6 Ukelayat 20 69.1 + 3.0 (55%) 137.7 + 7.4 (45%) -
W= 0.14 W= 0.16
96JG-20 | Ukelayat 20 73.3 + 3.2 (40%) 119.6 + 5.8 (36%) 189.3 + 16.1 (24%)
W=0.12 wW=0.12 W =0.17
96JG-13 | Ukelayat 15 78.2+4.1 (47%) - 173.0 £ 8.9 (53%)
W= 0.15 W= 0.16
96JG-3 Ukelayat 30 83.0 + 3.3 (61%) 129.0 +7.1 (32%) 378.7 £ 54.7 (7%)
W= 0.16 W= 0.16 W=0.23
96JG-25 | Ukelayat 30 87.9 + 4.5 (40%) 124.9 +6.1 (40%) 206.9 + 14.1 (20%)
wW=0.14 W=0.13 W=0.18
(IV) Lesnaya Uplift (Shamanka dome)
Sh3/99 Lesnaya 60 51.6 + 5.0 (27%) 86.7 + 8.9 (55%) 131.4 + 29.2 (18%)
W =0.26 W =0.28 W =0.31
Sh2/99 Lesnaya 75 54.1 + 8.9 (16%) 73.9 + 13.9 (26%) 132.6 + 9.2 (58%)
W =0.27 W =0.26 W =0.31
Sh21/99 | Lesnaya 60 56.1 + 3.8 (37%) 106.0 +11.5 (47%) 150.3 + 34.2 (16%)
W= 0.26 W= 0.27 W= 0.32
Sh15/99 | Lesnaya (block) 59 86.1+ 6.1 (44%) 155.3 + 11.0 (56%) -
W=0.24 W =0.30
LITHOLOGY AND MINERAL RESOURCES Vol. 36 No.4 2001
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Age of zircon population

Sample | Group, formation Nt
P1 | P2 | P3
(V) Lesnaya Uplift (Vatapvayam dome)
L12 Lesnaya 67 43.7 £ 3.4 (17%) 70.6 = 4.4 (67%) 107.0 £ 12.2 (16%)
W =0.19 W =0.22 W =0.23
L1 Lesnaya 45 46.0 + 2.7 (49%) - 107.3 £ 7.0 (51%)
W =0.22 W =0.25
L9 Lesnaya 0 47.0 + 3.8 (19%) 70.8 = 5.7 (56%) 104.0 £ 11.9 (25%)
W =0.19 wW=0.21 W =0.25
L2 Lesnaya 90 48.1 5.0 (7%) 78.1+ 5.8 (53%) 116.0 + 8.6 (40%)
W =0.19 W =0.22 W =0.23
L11 Lesnaya 0 50.4 + 5.6 (20%) 70.6 + 6.6 (65%) 109.7 £ 25.0 (15%)
W =0.22 W =0.24 W =0.26
L10 Lesnaya 0 53.9 + 3.4 (40%) 87.5 + 6.2 (50%) 176.5 + 23.8 (10%)
wW=0.21 W =0.22 W =0.29
L17 Lesnaya 0 54.5 + 10.4 (5%) 84.6 + 6.5 (65%) 134.6 + 18.9 (30%)
W =0.20 W =0.20 W=0.24
L13 Lesnaya 89 55.5 + 3.5 (34%) 93.0 + 4.8 (66%) -
wW=0.21 W =0.23
L4 Lesnaya 0 58.1 + 4.2 (36%) 83.3+ 6.3 (51%) 130.5 + 14.9 (13%)
W =0.23 wW=0.24 W=0.24
(V1) Western Kamchtaka (eastern coast of the Sea of Okhotsk)
Sh34/99 Getkilnin 60 58.5 £ 4.9 (32%) 98.1+ 8.1 (53%) 173.6 + 26.7 (15%)
W =0.25 W =0.27 W =0.32
Sh22/99 Getkilnin 60 59.0 £ 4.3 (45%) 107.0 + 10.8 (48%) 192.1 + 73.0 (7%)
W =0.26 W =0.27 W =0.32
(VII) Western Kamchtaka (Omgon Ridge)
OoM3 Omgon 75 80.0 + 4.1 (95%) 175.7 £ 50.5 (5%) -
W =0.26 W =0.37
OM39 Omgon 74 85.3 + 4.2 (95%) 167.8 + 33.6 (5%) -
W=024 W =0.27
OM30 Omgon 46 90.6 +9.0 (53%) 151.3 +17.3 (47%) -
W= 0.32 W= 0.27
omM27 Omgon 75 99.8 £ 5.8 (83%) 187.0+ 27.9 (17%) -
W =0.29 wW=034
OomM24 Omgon 75 102.0 + 18.9 (19%) 142.2 + 12.0 (68%) 248.2 + 28.8 (13%)
W=0.24 W =0.26 W =0.27
P1 P2 P3 P4
omM41 Shatol 42 45.2 +3.2 (39%) | 68.3 +13.0 (18%) | 101.2 +9.7 (36%) | 293.0 +60.7 (7%)
W=0.20 W=0.23 W= 10.25 W=0.37
(V) Western Kamchtaka (Rossoshina River valley)
OM50 Mainach 65 77.7 + 6.6 (50%) 96.6 + 11.4 (46%) 198.3 + 64.8 (4%)
W=0.23 W=0.24 W=0.38
OoM48 Mainach 70 79.5 + 8.0 (30%) 108.0 £ 12.3 (50%) 179.3 + 28.0 (20%)
wW=0.24 W =0.26 W =0.33

Notes: Italic designates samples, for which composition was not determined (Tables 1, 2). Roman numbers designate the sampling areas
shownin Fig. 1.
(Nt) number of dated zircon grains in the sample. (P1, P2, P3, P4) zircon populations calculated using the Binomfit 1.8 program
(Brandon, 1992, 1996). The ageis given in Ma, measurement error is +10. Percentsin parentheses correspond to the ratio between
number of grains of a given zircon population and total number of dated zircon grains (Nt). (W) relative standard deviation of the
peak, i.e., characteristics of the peak width (Brandon, 1996).
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the Tapel’vayam area (Fig. 1, area I11), where the fis-
sion-track age of young zircon grains falls into the
interval of 54.8 £ 2.8-87.9 £ 4.5 Ma, no independent
age estimates exist for host sandstones. The same is
true for the I’ pi-Matysken area (Fig. 1, areall) where
zircon is dated back to 43.9 + 3.6-66.1 + 6.3 Ma. Nev-
ertheless, the integral age estimate of these partly over-
lapping intervals corresponds to that obtained for the
Ukelayat flysch from benthic foraminifers (Ermakov
et al., 1974; Ermakov and Suprunenko, 1975).

The sampled part of the Lesnaya Group yields the
young population of zircons with fission-track ages of
43.7 £ 3.4-58.1 + 4.2 Ma. This precisely corresponds
to the Paleocene—Eocene age of the group determined
by nannofossils (Shapiro et al., 2001). The upper age
limit should be lowered to 46-47 Ma, because the age
of rhyolites from the Kinkil Formation, which uncon-
formably overlies the Lesnaya Group, and granodior-
ites of the Shamanka Massif, which intrudes the
Lesnaya Group, is estimated by the U-Pb, Rb-Sr, K—
Ar, and fission-track methods at 44-46 Ma (Soloviev
et al., 2000).

Based on biostratigraphic methods (mollusks and
foraminifers), the Getkilnin Formation containing
young zircon grains (58.5 + 4.9 and 59.0 + 4.3 Ma) is
correlated with the Danian—Thanetian (approximately
63-56 Ma) time (Gladenkov et al., 1997).

Thus, zircon was constantly delivered to sediments
during the long-term (from the mid-Cretaceous to the
mid-Eocene, ~60 Ma) period of accumulation of the
thick terrigenous sequence in western Kamchatka and
the Ukelayat trough. The final cooling stage of the zir-
conwas closeto that of its precipitation. Thisallowsthe
age of young zircon population from sandstone to be
used for an approximate age estimation of sandstones.

Zircon of older populationsin examined sandstones
isfrom 70 to 350 Maold. Most grains are younger than
200 Ma (Fig. 4b). The age of zircons (P2) from sand-
stones of the Ukelayat and Lesnayagroupsis estimated
at 75-130 Ma (Garver et al., 2000), whereas zircons
from sandstones of the Omgon Group are dated back to
97-190 Ma (Soloviev et al., 2000). The age of zircons
of the third population (P3) reflects older thermal
events, although the interpretation of these datais very
ambiguous.

DISCUSSION
General Data on Provenance Position

Despite some differences in sandstone composition
in some areas, we follow previous researchers (Erma-
kov and Suprunenko, 1975; Kazimirov et al., 1987,
Til'man and Bogdanov, 1992; Sokolov, 1992) and
assume that terrigenous sequences of this zone were
deposited in a common basin bounded in the west by
Northeast Asia. Noteworthy is an insignificant share of
cherts (particularly jaspers), basats, pyroxenes,
amphiboles, and titanomagnetites amid the detrital
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material in sandstones. The Lesnaya and Omgon
groups are characterized by the assemblage of acces-
sory minerals (mainly zircon and apatite) that are most
typical of erosion products of acid magmatic rocks
(Shapiro et al., 1993). It indicates that the provenance
did not include Upper Cretaceous-Danian marginal-
sea and idand-arc siliceous—volcanogenic rocks that
make up the Olyutor—K amchatka paleoarc. Based on
paleomagnetic data, the latter was located in the termi-
nal Cretaceous—initial Paleogene far to the south of
Northeast Asia and joined the continent only in the
Middle Eocene (Soloviev et al., 2000).

Theanalysis of prevalent structures in sandstones of
the Ukelayat and L esnaya flysch groupsindicatesthat a
significant role during their accumulation belonged to
currents oriented both along the continental margin
(northeast—southwest) and in the northwest—southeast
direction (Garver et al., 1998, 2000; Soloviev €t al.,
2001). No signs of currents oriented in the opposite
direction are recorded. In Kamchatka, the southeast-
ward basin deepening is confirmed by the successive
replacement of shalow-water sediments by deeper
water ones in the same direction (e.g., the Paleocene
Getkilnin Formation and L esnaya Group, aswell asthe
Upper Cretaceous Omgon Group and blocks in
melange).

The absence of any significant amount of siliceous
rocks or products of erosion of mafic and ultramafic
complexes in the detrital material suggests that the
North Koryak thrust-and-fold structure was not the
main source of terrigenous material for the Ukelayat
trough and western Kamchatka as well. Judging from
the wide development of neoautocthonous shallow-
water rocks of the uppermost Cretaceous—L ower Pal eo-
gene (Sokolov, 1992), this area represented a vast
island shelf that served as atransit zone for the detrital
materia from the inner part of Asia. It seems that the
Okhotsk—Chukot volcanogenic belt and fragments of
the Uda—Murgal volcanic arc were most probable
sources of the detrital material and zircon.

Variationsin Composition of Sandstones
and Their Interpretation

By the dominant composition of terrigenous com-
ponents, sandstones containing zircon grains used for
the fission-track dating are subdivided into two main
groups differing, first of all, in quartz content (Fig. 3a).
The first group includes sandstones from the Lesnaya
Group, Ukelayat area (Tapel'vayam sector), Getkilnin
Formation, and melange-hosted block beneath the
Lesnayathrust. The quartz content in the detrital mate-
rial of this group makes up 23-35%. The second group
is represented by Omgon and Ukelayat sandstones
from the II'pi-Matysken area and is characterized by
the quartz content of 7-21%. In most diagrams, these
groups form separate fields (Figs. 3b, 3c).
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zircon population correlation.

In the Lesnayaand Ukelayat (Tapel’vayam area sec-
tor) sandstones, felsitic sandstones prevail over
microlithic ones, whereas the content of rocks with
well-devel oped laths does not exceed afew percents. In
sandstones from the Ukelayat (M atysken River section)
and Omgon areas, microlithic rocks are prevaent,
whereas rocks with laths compose up to 10%. Sand-
stones in the melange-hosted block are characterized
by the lack of fragments of rocks with laths, whereas
microlithic grains are dlightly prevalent sandstones
from the Getkilnin Formation. The Omgon sandstones
have a high content of vitrophyric grains and tuffoge-
neous rocks.

LITHOLOGY AND MINERAL RESOURCES \Vol. 36

It is apparent that the available data are insufficient
to make any conclusion on the sandstone composition
and age relationship (Fig. 3d). One can only suppose
that either the composition of sandstones from the
western Kamchatka—Ukelayat zone was not noticeably
altered during its 60-Ma-long history or the evolutionis
masked by local variations. For instance, the quartz
content can be low both in Upper Cretaceous (Omgon
Group) and Paleocene—Eocene (I’ pi-Matysken) rocks
(Fig. 3d). Similarly, high contents of this component
are recorded in both Paleocene-Eocene sequences
(Lesnaya Group, Tapel'vayam sector) and Campanian
rocks (melange-hosted block). The lack of any regular-
ity in the evolution of sandstone composition gives no
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chance to reconstruct the development of the presum-
able provenance and compare it with the well-known
history of the Okhotsk—Chukot vol canic belt and neigh-
boring structures. Most probably, no any drastic
changes in the paragenesis of eroded rocks occurred
during this evolution. This assumption is consistent
with the concept suggesting that the main watershed of
Northeast Asia coincided with the axis of the Okhotsk—
Chukot volcanic belt since the Albian time (Filatova,
1988). The lack of a distinct dependence of composi-
tion of sandstones from the western Kamchatka—Uke-
layat zone on their age emphasizes the inefficiency of
thislithological feature for regional stratigraphic corre-
lation.

Origin of Quartz Grains

One can assumed with a fair degree of confidence
that most quartz and zircon grains were derived from a
common source. It is apparent that most quartz grains
in studied rocks are not related to the erosion of rhyi-
olitic volcanic rocks. This is evidenced by the quartz
habit. Nevertheless, Fig. 3c shows a certain positive
correlation between contents of quartz and acid volca-
nics (Lvf), indicating that sources of quartz were at
least spatially close to those of acid volcanics. The
endowment of quartz derived from older sandy
sequences in the studied rocks was also insignificant.
Redeposited quartz grains are usually well rounded.
Thisfeature isnot observed in the studied thin sections.
In addition, no correlation between contents of quartz
and sedimentary rock clasts is observed (Fig. 3b).
Therefore, it is unlikely that most quartz grains were
derived from low-temperature stringers in dlightly
metamorphosed sandy—clayey segquences. Of course,
eroded metamorphic rocks delivered quartz to sedi-
mentary basins, but the content of detrital metamorphic
rocks suggests that the share of such quartz was insig-
nificant. Finally, the habit of quartz grains and suffi-
ciently wide distribution of feldspar and quartzofelds-
pathic aggregates indicates that zircon was mostly
derived from plagiogranite, granodiorite, and diorite
intrusions. In the case of the Omgon Group, this
assumption is a so supported by the wide occurrence of
diorite and plagiogranite pebbles in sandstone-hosted
conglomerates lenses.

Age Smilarity of Sandstones
and Their Young Zircon Population

The age similarity of young zircon population and
host sandstones may be caused by the influence of syn-
chronous (relative to terrigenous sequence accumula-
tion) volcanism and the tuffogeneous origin of zircon;
i.e., cooling and deposition of zircon grains coincidein
time (Brandon and Vance, 1992; Garver and Brandon,
1994; Garver et al., 1999). This assumption is favored
by synchronism of sedimentation in the western Kam-
chatka—Ukelayat zone and volcanism in the Okhotsk—
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Chukot belt during the Albian to mid-Campanian time.
Younger volcanics are dominated by basalts and could
not serve as a zircon source. Later, in the terminal
Maastrichtian(?)—Paleocene, volcanic centers aso
existed in westernmost Kamchatka (Gladenkov et al.,
1997). This notion is supported by the domination of
euhedral nonrounded crystals in the young zircon pop-
ulation (Garver et al., 2000; Soloviev et al., 2001).

The sandstones, however, lack any tuffogeneous
components, such as fragments of fresh glass and pum-
ice, quartz typical of acid volcanics, zoned plagio-
clases, as well as pyroxenes, amphiboles, and titano-
magnetites. Hence, either the tuffogeneous materia
was completely reworked during transportation or its
content in the considered rocks wasinitially negligible.
Both assumptions are difficult to prove. The first
assumption is inconsistent with the following fact:
most examined sandstones areimmature. The clastsare
angular and most grains are composed of unstable com-
ponents, such as volcanics, argillites, and tuffs. The
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only component, for which the tuffogeneous origin can
be assumed, are fragments of weathered decomposed
glass (approximately 2-15%). Nevertheless, the lack of
correlation between contents of glass and quartz grains
makes their connection with detrital zircon unlikely as
well.

In any case, the assumption on volcanic origin of
young zircons cannot be universal for sandstones of the
western Kamchatka—Ukelayat zone. It can be valid for
some young zircons from the Omgon Group, which is
synchronous with the Okhotsk—Chukot volcanic belt
located at adistance of 300 km. Any significant centers
of Early Eocene acid and intermediate volcanism have
not been recorded northwest of Kamchatka and the
Ukelayat Ridge, whereas a significant share of sand-
stones from the Lesnaya and Ukelayat groups contain
zircon grains of this age. On the other hand, the late
Danian—early Thanetian volcanic centers were located
in northwestern Kamchatka (Gladenkov et al., 1997). If
they supplied the Lesnaya Group with zircons, other
elements of ash should also be well preserved in its
rocks. Therefore, we believe that some alternative
hypothesisis needed to explain the origin of young zir-
con in the considered rocks.

Synchronism in the cooling of zircon grains and
their burial in sediments can also be explained by a
rapid (3-5 mm/yr) exhumation of blocks from deep
levelsin areas with ahigh geothermal gradient (approx-
imately 0.1°C/m). Such gradients are recorded in mod-
ern volcanic areas (Palmason, 1981; Genshaft and
Saltykovskii, 1999). High uplift rates are typical of
watershed areas of large mountainous systems (Kukal,
1987; Brandon et al., 1998; Garver et al., 1999). Since
the terminal Cretaceous, watershed between the Pacific
and Arctic basins in Northeast Asia approximately
coincided with the Okhotsk—Chukot belt and served as
a provenance for the considered sequences. Volcanic
processes (mainly basaltic extrusions) in this zone con-
tinued until the mid-Eocene (Filatova, 1988). Thus, the
crust could retain high temperature till that time. This
period was aso marked by the differential uplift of
numerous blocks of the Okhotsk—Chukot belt, the
exhumation of granitoid massifs and, sometimes, pre-
Albian basement of volcanic structures. The highly dif-
ferentiated topography of the belt at that time is indi-
cated by the absence of coeval deposits that are devel-
oped only beyond the study region. In this case, the
exhumation of zircon-bearing rocks from depths of 2—
3 km, where the temperature was higher than the value
needed for blocking the track formation, could occur
during a period of only 1-2 Ma. If the provenance was
drained by riverswith alarge catchment area, some zir-
con grains from such blocks should always enter the
detrital material.

It should be emphasized that we are discussing only
differential movements of some blocks of the prove-
nance, which did not provoke a large-scale exposition
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of deep metamorphic layers of the Earth’s crugt, rather
than its general rise.

Theinflux of older zircon populations was related to
erosion of blocks, which were exhumed at the normal
rate.

CONCLUSIONS

(1) Fission-track dating of zircons from Upper Cre-
taceous and Lower Paleogene sandstones of the west-
ern Kamchatka—Ukelayat zone showed that these rocks
enclose detrital zircon, which avoided secondary igni-
tion, and all samplesyield from two to four populations
of such zircon grains.

Based on independent biostratigraphic methods, the
age of young zircon population coincides, within error
limits, with the age of host rocks. In al samples, the
integral age interval of zircons from young population
corresponds to the integral age interval of examined
terrigenous sequences. Hence, fission-track dating of
zircon from sandstones, which did not experience heat-
ing above the temperature of 215-240°C, can be con-
sidered as an appropriate method for dating fossil-free
sequences.

(2) Sandstones from the western Kamchatka—Uke-
layat zone corresponded to quartzofeldspathic and feld-
spathic—quartzose graywackes (Shutov et al., 1972).
They contain fragments of quartz, plagioclase, volcanic
(mainly intermediate and acid) rocks, sedimentary
rocks (mainly argillites and tuffites), and some amount
of metamorphic rocks and granitoids. Quartz is gener-
ally observed as monocrystaline grains probably
derived from intrusive bodies that served as the main
source for most zircon grains.

(3) The Okhotsk—Chukot volcanic belt and frag-
ments of the Uda—Murgal arc were the potential prove-
nance for terrigenous sequences of the western Kam-
chatka—Ukelayat zone.

Synchronism in the cooling of young zircon popul a-
tion and its burial in sediments can be explained by its
tuffogeneous origin. The habit of zircon grains from
this population is consistent with such interpretation.
However, sandstones lack other components that could
be considered with a sufficient confidence as elements
of fresh tephra.

One can hardly assume that this tephra could com-
pletely be reworked, because all examined sandstones
are immature and dominated by physically unstable
mineral grains. Therefore, we assume that the synchro-
nous cooling and buria of zircon grainsdueto their tuf-
fogeneous origin cannot be considered the only possi-
ble hypothesis.

(4) We propose that the young zircon population in
sandstones is derived from eroded plagiogranite and
dioriteintrusions of the Uda—Murgal arc and outer zone
of the Okhotsk—Chukot volcanic belt exposed owing to
differential vertical movements and rapid exhumation
of some blocks.
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