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Abstract—In the Sredinnyi Range of Kamchatka, the Baraba Formation of continental conglomerates is
assumed to be of the late Campanian age based on found flora remains, but data of isotopic geochronology sug-
gest the Eocene age of these deposits. New data on radiolarians from cherty pebbles are considered in this work
along with results of fission-track dating of zircons from pebbles and matrix of the Baraba conglomerates. Fis-
sion-track dates obtained for zircons from matrix approve the Eocene age of the Baraba Formation, and new
dates characterizing pebbles are not contradicting this conclusion. The Baraba Formation structural position can
hardly be lower, therefore, than that of the Irunei Formation.

DOI: 10.1134/S0869593807010091

Key words: Eocene, zircon, fission-track dating, radiolarians, Baraba Formation, Sredinnyi Range, Kamchatka.

INTRODUCTION

The Baraba Formation corresponding to a thick
sequence of conglomerates, conglomeratic breccias
and coarse-grained sandstones used to be regarded as
an oldest stratigraphic subdivision containing clasts of
metamorphic rocks of the Sredinnyi Range in Kam-
chatka. The formation age and its relations with
unmetamorphosed rocks of the Upper Cretaceous have
been topics of vivid discussions in the last 20 years
(Shapiro et al., 1986; Zinkevich et al., 1994; Shapiro,
1994; Kolodyazhnyi et al., 1996; Slyadnev et al., 1997;
Solov’ev et al., 2004; Shantser and Chelebaeva, 2004,
2005). Many researches are of opinion that the Baraba
Formation is stumbling block in understanding the Cre-
taceous—Paleogene geological evolution of the Sredin-
nyi Range in Kamchatka. Geodynamic models of the
range and the formation structural positioning are car-
dinally dependent of our viewpoints on the Baraba
deposits. According to one standpoint based on deter-
minations of fossil flora, the Baraba Formation is of the
late Campanian age and represents basal unit of the
Upper Cretaceous succession of unmetamorphosed
deposits, which includes besides the Khozgon, Irunei
and Kirganik formations of the Sredinnyi Range (Shan-
tser and Chelebaeva, 2004, 2005). In this understand-
ing, metamorphism in the Sredinnyi Range took place
prior to the late Campanian. In the alternative opinion
substantiated by U/Pb SHRIMP dating of zircons from
tuffs in the succession basal interval, the Baraba Forma-
tion is of the early Eocene age and discordantly overlies

metamorphic and unmetamorphosed rocks of the
Upper Cretaceous (Solov’ev et al., 2004). In distinction
from the above standpoint, this approach is consistent
with new data implying Cretaceous and Paleocene ages
of protoliths for the Kolpakova and Kamchatka groups,
respectively, and the early Eocene age of metamorphic
events in the range (Hourigan et al., 2004; Solov’ev,
2005). New data supporting indirectly the last view-
point, i.e., identification of radiolarians from pebbles
and fission-track dating results for zircons from pebbles
and matrix of the Baraba Formation conglomerates, are
considered in this work.

STRUCTURAL POSITION
OF THE BARABA FORMATION

It is unnecessary to repeat well-known descriptions
of the Baraba Formation (Shapiro et al., 1986; Slyadnev
etal., 1997; Shantser and Chelebaeva, 2004, 2005). The
only point that should be stressed is different under-
standing of the formation range and distribution. The
formation stratotype is established in outcrops of the
Mt. Baraba and northwestward (Khimka River basin) to
southward (Oblukovina River right bank) off this site
(Fig. 1). Besides, some researchers regard conglomer-
ates of the Oblukovina River left side as constituents of
the formation (Shantser and Chelebaeva, 2004, 2005;
Solov’ev et al., 2004), whereas I.A. Sidorchuk and his
followers (Map of Mineral..., 1999) attribute these con-
glomerates to the Khulgun Formation exposed in small
areas further westward, in the Platonich and Tyum-
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Fig. 1. Geological scheme of the northern Malka Uplift (simplified after Map of Mineral..., 1999): (1) Quaternary sediments,
(2) basalts and (3) rhyolites; (4) Miocene—Pliocene volcanics; (5) middle Eocene—Miocene marine sediments; (6) conglomerates,
Baraba and Khulgun formations; (7) sampling sites for fission-track dating (a) and radiolarian analysis (b); (8) Irunei Formation,
Campanian—Maastrichtian; (9) Khozgon Formation, Upper Cretaceous—lower Paleocene; (10) Kvakhon Formation, Jurassic—Lower
Cretaceous?; (11-13) metamorphic rocks of the Malka (11), Kamchatka (12) and Kolpakova (13) groups; (14) Late Cretaceous
granites of the Krutogorova Complex; (15) Cenozoic granitoids; (16) thrust (a) and other established (b) or presumable (c) faults.

shech riverheads (Fig. 1). The last last viewpoint on
conglomerates, which rest on metamorphic rocks and
are composed mostly of clasts deriver from the latter,
appears to be artificial, because their outcrops are
known within a compact northwestern region of the
Malka Uplift (Fig. 1), being practically absent else-
where in the southern Sredinnyi Range. A distinction of
rocks at the Mt. Baraba site from those attributed to the
Khulgun Formation is determined by contact metamor-
phism. Being slightly transformed into hornfels, the
rocks of stratotype are more resistant to weathering and
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denudation. They are ideally exposed in contrast to
fragmentary outcrops of the Khulgun Formation and
suitable for comprehensive examination. Fossil flora
collected at the Mt. Baraba site is more abundant and
diverse than elsewhere, corresponding in age to the late
Campanian in opinion of Shantser and Chelebaeva
(2005).

Almost all geologists who studied the Mt. Baraba
site describe a sharp discordance that separates deposits
of the Baraba Formation from underlying metamorphic
rocks of the Malka Group: quartz-chlorite-sericite
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schists and quartzites of the Khimka Formation, phyl-
lites and metasandstones of the Kheivan Formation
(Geology of the USSR..., 1964; Shapiro et al., 1986;
Zinkevich et al., 1994; Shantser and Chelebaeva, 2004,
2005). The alternative opinion that boundary between
the Baraba conglomerates and underlying rocks is tec-
tonic, corresponding to a thrust fault (Slyadnev et al.,
1997), is hardly plausible. Clasts in conglomerates and
breccias represent mostly the underlying rocks of the
Kheivan and Khimka formations, and stratigraphic dis-
cordance between the Baraba Formation and Malka
Group of metamorphic rocks is doubtless.

In the Khimka riverhead, I.A. Sidorchuk and
E.M. Ereshko discovered small lenses (a few to tens
meters thick) of cherty-clayey rocks, which are struc-
turally below conglomerates of the Baraba Formation
and separate them from metamorphic rocks of the
Khimka Formation. These rocks yield the Campanian—
Maastrichtian radiolarians and contain clasts of inocer-
amid prismatic layers, which are typical of the Irunei
Formation (Shapiro et al., 1986). Lower contacts of
these lenses are diversely interpreted as discordant
(Sidorchuk), metamorphic (Ereshko), or tectonic (Sha-
piro et al., 1986). Upper contacts are stratigraphic
though either conformable (Sidorchuk) or discordant
(Shapiro et al., 1986) as they are described. A section
(10 m thick) of unmetamorphosed siliceous tuffs of the
Irunei Formation is described on the right side of the
Kapitanskaya River 1.5 km upstream of its mouth
(Solov’ev et al., 2004), where the tuffs occur below the
Baraba conglomerates but above chlorite schists and
phyllites of the Kheivan Formation. As the Irunei For-
mation lenses occur below the Baraba Formation,
stratigraphic column published by Shantser and Chele-
baeva (2005, Fig. 1.7) seems doubtful. Moreover, the
map reproduced in the same work (Fig. 1.2) shows
chert lenses dipping under the Baraba conglomerates
and containing fragmented prismatic layers of inocera-
mids that is typical of the Irunei Formation. However,
Shantser and Chelebaeva (2005) are of opinion that
“these cherty siltstones have nothing in common with
the Irunei Formation of the study area” (p. 14) and
exclude them from stratigraphic succession (Fig. 1.7).
Their opinion is not convincing however.

Rocks of the Malka Group are exposed along
periphery of the Khangar dome composed in its core of
gneisses of the Kolpakova and Kamchatka groups. In
most regional maps, the gneisses are attributed to the
Proterozoic—Lower Paleozoic, and the Malka Group
corresponds to the Middle-Upper Paleozoic (Map of
Mineral..., 1999). Living aside principles used by the
map compilation, we should state only that any age
range of the Baraba Formation corresponding either to
the Eocene or the Campanian is consistent with the map
legend. However, the U-Pb (SHRIMP) dating of zircon
and monazite showed that rocks of the Kolpakova and
Kamchatka groups of the Sredinnyi Range originated in
the early Eocene, when metamorphism affected the
Upper Cretaceous and Paleocene terrigenous rocks
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analogous in composition and age to terrigenous com-
plexes of West Kamchatka (Hourigan et al., 2001,
2004; Solov’ev, 2005). According to protolith age,
lower metavolcanics of the Malka Group (Andrianovka
Formation) turned out to be probable analogues of the
Irunei Formation (Solov’ev and Palechek, 2004). The
main volume of metamorphic rocks originated in the
Sredinnyi Range most likely during the early Eocene in
the course of regional thrusting of Cretaceous island-
arc sequences over the Upper Cretaceous and lower
Eocene terrigenous sediments of the Asia continental
margin (Solov’ev, 2005). The allochthonous complex
of intricate structure included most likely the metamor-
phosed island-arc rocks (Andrianovka and Khimka for-
mations) and their unmetamorphosed equivalents, the
rocks of the Irunei Formation. Accumulation of the
Baraba Formation corresponding to the neoautochthon
base should be antedated by a combined deformation of
allochthonous and autochthonous complexes with sub-
sequent exhumation of resultant metamorphic rocks to
the level of unmetamorphosed analogues. This scenario
explains geological position of small blocks of the Iru-
nei Formation under the Baraba conglomerates in the
Khimka River basin and the Kapitanskaya River right
side (Fig. 1) and occurrence of this formation larger
blocks amidst metamorphic rocks of the Malka Group
in the Krutogorova and Kvakhona river basins. Pebbles
of unmetamorphosed cherts occurring sporadically in
the Baraba conglomerates could be derived from blocks
of this kind.

RADIOLARIANS FROM PEBBLES
OF THE BARABA FORMATION

Pebbles of cherty rocks have been collected from
conglomerates at the Mt. Baraba southeastern slope.
Radiolarians macerated from the samples are in satis-
factory preservation state (Table 1), divisible in two
assemblages indicative of the Santonian—Campanian
(samples Bmt 1/9, Bmt 1/25, Bmt 1/28, Bmt 1/29) and
Albian—Cenomanian (Sample Bmt 1/55) ages of their
host rocks.

Santonian—Campanian  radiolarians macerated
from pebbles of Baraba conglomerates are well correl-
ative with radiolarian assemblages from the Irunei For-
mation of the Sredinnyi Range (Vishnevskaya, 2001;
Solov’ev and Palechek, 2004). They can be correlated
as well with the middle Campanian radiolarian assem-
blage identified by Vishnevskaya (2001) in cherts of the
Khozgon Formation (samples 90/83 and 8317/9 from
collections of Yu.N. Raznitsyn and M.N. Shapiro,
Oblukovina River basin, Sredinnyi Range). The last
assemblage consists of well-preserved and diverse radi-
olarians from different morphological groups. Radi-
olarian assemblages from the sampled pebble of the
Baraba Formation and from cherts of the Khozgon For-
mation are very similar in taxonomic composition and
include the following species in common: Praesty-
losphaera pusilla, Lithostrobus rostovzevi, Amphipyndax
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Table 1. Radiolarians from cherty pebbles of the Baraba conglomerates
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Age
SaIrlr(l)I.)le Radiolarian species Kl K2
apt | alb | cen| tur | con | san |cmp | m
Bmt 1/9 Patulibracchium cf. petroleumensis Pessagno —

Crucella cf. aster (Lipman)
Alievium sp.

Stichomitra sp.
Amphipyndax sp.
Dictyomitra sp.

Bmt 1/25 | Orbiculiforma cf. quadrata Pessagno

Lithostrobus cf. rostovzevi Lipman
Patulibracchium cf. petroleumensis Pessagno
Archaeodictyomitra cf. squinaboli Pessagno
Dictyomitra cf. formosa Squinabol
Dictyomitra cf. multicostata Zittel
Amphipyndax cf. stocki (Campbell et Clark)
Xitus cf. asymbatos (Foreman)

Paronaella sp.

Alievium sp.

Praestylosphaera cf. hastata (Campbell et Clark)

Bmt 1/28 | Patulibracchium cf. petroleumensis Pessagno

Amphiphyndax cf. stocki (Campbell et Clark)
Lithostrobus cf. rostovzevi Lipman
Dictyomitra sp.

Alievium sp.

Paronaella sp.

Crucella sp.

Praestylosphaera cf. pusilla (Campbell et Clark)
Theocampe cf. altamontensis (Campbell et Clark)

Bmt 1/29 | Crucella cf. aster (Lipman)

Histiastrum cf. latum Lipman
Patulibracchium cf. petroleumensis Pessagno
Alievium cf. gallowayi (White)

Dictyomitra cf. densicostata Pessagno
Amphipyndax cf. stocki (Campbell et Clark)
Stichomitra sp.

Theocampe sp.

Bmt 1/55 | Alievium cf. antiguum Pessagno
Squinabollum ex gr. fossile (Squinabol)
Histiastrum cf. latum Lipman

Thanarla sp.

Dictyomitra sp.

Paronaella sp.

Orbiculiforma sp.

Note: Shaded columns denote ages of radiolarian assemblages; (apt) Aptian, (alb) Albian, (cen) Cenomanian, (tur) Turonian, (con) Coni-

acian, (san) Santonian, (cmp) Campanian, (m) Maastrichtian.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 15

No. 1

2007



116

stocki, Dictyomitra multicostata, and Xitus asymbatos
(Table 1). The listed species occur in the Santonian—
Campanian deposits of the Olyutor zone, Koryak
Upland (Palechek, 1997; Vishnevskaya, 2001), and in
the Santonian-lower Campanian sediments of the
Ust-Palana area (Vishnevskaya et al., 2003), Rassos-
hina and Tikhaya rivers, at the Mt. Irunei of West
Kamchatka (Kurilov et al., 2002; Vishnevskaya et al.,
2005). In Campanian deposits of East Kamchatka
(Zinkevich et al., 1984), there are only cosmopolitan
species in common: Amphipyndax stocki, Dictyomitra
densicostata, D. multicostata, Xitus asymbatos and
some others.

Many radiolarian species identified in cherty peb-
bles are known from the late Senonian deposits of Cal-
ifornia (Campbell and Clark, 1944; Pessagno, 1976).
Species Lithostrobus rostovzevi, Crucella aster, and
Histiastrum latum have been described from Upper
Cretaceous sediments of West Siberian lowland (Lip-
man, 1962). Being compared with Santonian—Campa-
nian radiolarian assemblages of the Naiba section in
western Sakhalin (Kazintseva, 2000), radiolarians iden-
tified in this work can be placed at the level of Archaeo-
spongoprunum bipartitum—Patulibracchium petroleu-
mensis and Spongostaurus (?) hokkaidoensis—Hexa-
contium sp. assemblages from members 9 and 10,
respectively, of the Bykovo Formation. Species Orbicu-
liforma quadrata, Dictyomitra formosa, and Praesty-
losphaera pusilla have been reported from the Conia-
cian—lower Campanian deposits of Hokkaido (Taket-
ani, 1982).

Albian—Cenomanian radiolarians are satisfactory
preserved in one collected pebble (Sample Bmt 1/55).
Their assemblage includes species mentioned below.
Alievium cf. antiguum Pessagno is known (Pessagno,
1971) from the upper Aptian of Bahama Basin
(JOIDES Leg 1, Site 5a, section 1, Core Catcher Blake
Bahama Basin). Species Squinabollum ex gr. fossile
(Squinabol) described from Albian—Turonian sedi-
ments in Italy (Squinabol, 1903) is also known from the
Albian—Turonian of the Greater Caucasus (Kazintseva,
Plate XXXIX, Practical Guide..., 1999), the upper
Albian—Cenomanian of Kamchatka (Vishnevskaya,
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Plate XXXVIII, Practical Guide..., 1999), Carpathian
Mountains of Romania and Sakhalin, the upper Albian—
Turonian of Iran, and upper Albian—lower Coniacian of
Japan. Histiastrum cf. latum Lipman, the form
described from the Santonian—Campanian strata of
West Siberia and Eginsai Formation of Turgai depres-
sion (Lipman, 1962) is characteristic of the upper
Albian in western Sakhalin (Naiba section) and Crimea
(Kazintseva, plates XXXV and XXXVII, Practical
Guide..., 1999). The other species identified in our
assemblage are Orbiculiforma sp., Paronaella sp., Tha-
narla sp., and Dictyomitra sp.

Albian—Cenomanian (Aptian—Cenomanian in other
interpretation) radiolarians are known in the East Kam-
chatka as well. They occur in southern areas of the
Kamchatskii Cape (Vishnevskaya, 2001), Ozernoi Pen-
insula (Zinkevich et al., 1984), northern Kumroch
Range (Tsukanov, 1985), and Karaginskii Island (Bra-
gin et al., 1986). Albian Radiolarians have been found
as well in the Olyutorskii Peninsula, the Koryak Upland
(Bogdanov et al., 1987).

Macrofossils of the Albian are known in West Kam-
chatka from terrigenous deposits of the Omgon Group
in the eponymous peninsula (Geology of the USSR...,
1964), from the Mametcha Formation of the Penzhina
area (Kazintseva, 1979), and from the Tal’nicha For-
mation (R. Novakov, personal communication, Petro-
pavlovsk-Kamchatskii). Mollusks of the lower
Albian have been described in the Cape Khairyuzova,
West Kamchatka (Palechek et al., 2005). An assem-
blage of redeposited Albian—Cenomanian radiolari-
ans has been detected in a block of cherty rocks 1.5 km
to the north from the Anadyrka River mouth (Kurilov,
2000).

Thus, cherty pebbles of the Baraba conglomerates
were derived from a provenance, where Santonian—
Campanian cherty rocks, analogues of the Irunei For-
mation in the Sredinnyi Range eastern flank and West
Kamchatka, were exposed and subjected to erosion in
addition to metamorphic rocks of the Malka Group.
Pebbles of the Albian—Cenomanian cherts are less

Table 2. Fission-track ages of detrital zircons from matrix of the Baraba conglomerates

Age of zircon populations, Ma
Sample no. Formation Nt
P1 P2 P3
01-14 Baraba 40 40.0 £4.0 (15.8%) 63.0£3.7 (60.9%) | 128.8£10.5(23.3%)

Note: (P1, P2, P3) Ages of zircon populations (Ma, uncertainty £16) estimated using program BinomFit v. 1.8 (Brandon, 2002) and per-
centages of grains in the given population relative to total amount of dated grains (Nt). The dating method with external detector is

as described earlier (Wagner and Van den Haute, 1992; Garver et al., 1999). Being mounted in two FEP Teflon

plates, grains were

polished using diamond paste (9 and 1 um) and Al,O5 paste (0.3 um) at the final stage to be etched afterward in NaOH-KOH solu-
tion under temperature 228°C during 18 (first plate) and 28 (second 2plate) hours. After etching, plates covered by detector (low-U

mica) were irradiated by thermal neutron flux (~2 X 10h

neutron/cm?, reactor at the University of Oregon) simultaneously with zir-

con standards Fish Canyon Tuff (FCT), Buluk Tuff (BL) and glass-dosimeter CN-5 with known U concentration (Hurford, 1998).
Tracks are counted under microscope Olympus BX60 with automated system and digitizer tablet, maximum magnification 1250,
dry method. Z-factor calculated for 15 analytical runs (FCT, BL) was 329.8 + 4.56 (Hurford, 1998).
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frequent, and relevant radiolarians either characterize
age of the lower Irunei horizons or are redeposited.

FISSION-TRACK DATING OF ZIRCONS
FROM MATRIX AND PEBBLES
OF THE BARABA CONGLOMERATES

As rocks of the Mt. Baraba stratotype area experi-
enced thermal impact (contact metamorphism), we
collected samples appropriate for fission-track dating
of zircons outside this area on the Oblukovina River
right bank 1.5 km upstream of the Kapitanskaya River
mouth. Matrix of conglomerates is represented here
by fine- to coarse-grained lithified sandy material with
lustrous coal clasts. Rocks occurring in pebbles are
phyric volcanics, cherts, granites, sandstones and
phyllites. Pebbles and boulders are unsorted. We col-
lected one sample of matrix (no. 01-14) and an ellip-
soidal granite pebble (no. 01-15). Zircon grains are
separated by standard method at the Laboratory of
Fission-Track Dating of Geological Institute, Russian
Academy of Sciences. The applied procedure of fis-
sion-track dating is that described by Wagner and Van
den Haute (1992).

Zircons of variable age from sandstone (01-14)
matrix (Table 2, Fig. 2) represent three populations P1
(40.0 £ 4.0 Ma), P2 (63.0 £ 3.7 Ma) and P3 (128.8
10.5 Ma). Estimated ages characterize cooling time of
zircons in provenance, and the youngest population is
close in age to sedimentation time (Garver et al., 2000;
Solov’ev, 2005). Since terrigenous deposits must be
younger than clastic zircons they contain, the Baraba
conglomerates of the Kapitanskaya River area accumu-
lated not earlier than in the middle Eocene. The young-
est population of zircons is likely interrelated in origin
with a volcanic event concurrent to sedimentation.

In collected pebble of amphibole-biotite granite
(Sample 01-15), plagioclase is represented by subidio-
morphic zonal crystals with chlorite-epidote pseudo-
morphs after small resorbed labradorite cores. Outer
andesine-albite zones are replaced by sericite to a
minor extent. Grains of quartz and K-feldspar are
xenomorphic. Dark minerals are amphibole (presum-
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Fig. 2. Fission-track ages of zircon grains from matrix of
the Baraba conglomerates (Sample 01-14); peaks of zircon
populations P1, P2 and P3 (see Table 2) are detected by pro-
gram BinomFit v. 1.8 (Brandon, 2002).

ably hornblende) and biotite of two high- and low-tem-
perature generations displaying pleochroism from dark
brown and green to yellow colors, respectively.
Amphibole and high-T biotite contain small poikilitic
inclusions of plagioclase and ore mineral. Both biotite
generations are replaced in part or completely some-
times by alkalic chlorite + ore mineral; poikilitic pla-
gioclase inclusions by epidote. Dark minerals and pla-
gioclase are more idiomorphic than quartz and K-feld-
spar. The rock is of allotriomorphic-granular texture.
Accessory phases are apatite, zircon, and subidiomor-
phic grains of ore mineral.

Zircons separated from granite pebble are dated at
83.3 £ 4.3 Ma (Table 3). The dates corresponds to time
of granite cooling below the closure temperature of fis-
sion-track system in zircon crystals (215-240°C after
Brandon and Vance, 1992) that took place in the Cam-
panian. Pebbles of this kind are likely derived from
granites of the Campanian Krutogorova Complex
(Hourigan et al., 2004).

Table 3. Fission-track dating of zircons from granite pebble of the Baraba conglomerate

. Rock, . .
Formation Samg(l:e ho. ps | Ns | pi | Ni | pd Nd | n | o Age -lo | +lo Ut2se
Baraba Granite (pebble), |7.67[1521]4.33| 860 |2.876| 1690 | 15 | 1.7 83.3 —4.1 | +43 11854 +£15.1

01-15

Note: (ps) density of B8y spontaneous fission tracks (cm_2 X 106); (Ns) number of counted spontaneous fission tracks; (pi) density of 38y
induced fission tracks (cm™ X 10°); (Ni) number of counted induced fission tracks; (pd) density of tracks in external detector (low-
U mica) (cm’2 X 105); (Nd) number of tracks counted in external detector (low-U mica); n—number of grains counted. (}~) Xi-
squared probability, %; (+10) estimated age uncertainty; pooled age is presented. Z-factor calculated for 15 analytical runs (FCT,
BL) was 329.8 £4.56 (%1 se). Samples were irradiated by thermal neutron flux (~2 X 10" neutron/cm?, reactor at the University of
Oregon) simultaneously with FCT and BL zircon standards, and glass-dosimeter CN-5 with known U concentration. Tracks are
counted under microscope Olympus BX60 with automated system and digitizer tablet, maximum magnification 1250, dry method.

U concentration is given in ppm.
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CONCLUSIONS

(1) Fission-track dating of zircons from matrix of
conglomerates exposed in the Kapitanskaya River val-
ley shows that sediments of the Baraba Formation accu-
mulated since the middle Eocene, not earlier.

(2) Cherty pebbles from the Baraba conglomerates
yield radiolarian assemblages of the Albian—Cenoma-
nian and Santonian—Campanian. Pebbles of conglom-
erates are derived probably from tectonic blocks of the
Irunei Formation, which had been juxtaposed with
metamorphic rocks of the Malka Group, when the Late
Cretaceous island arc was obducted onto continental
margin of Asia. It is doubtful that structural position of
the Baraba Formation is lower than that of the Irunei
Formation, because conglomerates contain pebbles of
the Santonian—Campanian rocks.

(3) During the accumulation period of the Baraba
Formation, granitoids of the Krutogorova Complex
were at the erosion level, in part at least.

ACKNOWLEDGMENTS

We are grateful to G.V. Ledneva for her assistance.
The work was supported by the Russian Foundation for
Basic Research, project nos. 05-05-64066, 06-05-
64859, NSh-9664.2006.5, NSh-748.2006.5, and by the
Earth Science Division, Russian Academy of Sciences
(program no. 8, contract no. 02.442.11.7309 of the Fed-
eral Agency on Science and Innovations).

Reviewer N.Yu. Bragin

REFERENCES

1. N. A. Bogdanov, V. S. Vishnevskaya, P. K. Kepezhins-
kas, et al., Geology of the South Koryak Upland (Nauka,
Moscow, 1987) [in Russian].

2. N. Yu. Bragin, V. P. Zinkevich, O. V. Lyashenko, et al.,
“Mid-Cretaceous (Aptian—-Turonian) Deposits in Tec-
tonic Structure of East Kamchatka,” in Geologic Studies
in the Eastern USSR (Nauka, Moscow, 1986), pp. 21-34
[in Russian].

3. M. T. Brandon, “Decomposition of Mixed Grain-Age
Distributions Using BINOMFIT,” On Track 24, 13-18
(2002).

4. M. T. Brandon and J. A. Vance, ‘“Tectonic Evolution of
the Cenozoic Olympic Subduction Complex, Western
Washington State, as Deduced from Fission Track Ages
for Detrital Zircon”, Am. J. Sci. 292, 565-636 (1992).

5. A. Campbell and B. Clark, “Radiolaria from Upper Cre-
taceous of Middle California,” Spec. Pap. Geol. Soc.
Am., No. 57, 1-61 (1944).

6. J. I. Garver, M. T. Brandon, M. Roden-Tice, and
P. J. J. Kamp, “Exhumation History of Orogenic High-
lands Determined by Detrital Fission-Track Thermo-
chronology,” Spec. Publ. Geol. Soc. London 154, 283—
304 (1999).

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 15

7. J. 1. Garver, A. V. Soloviev, M. E. Bullen, and
M. T. Brandon, “Towards a More Complete Record of
Magmatism and Exhumation in Continental Arcs, Using
Detrital Fission-Track Thermochronometry,” in Physics
and Chemistry of the Earth, Pt. A: Solid Earth and
Geodesy 25 (6-7), 565-570 (2000)

8. Geology of the USSSR, Vol. XXXI: Kamchatka, Kurile
and Komandorskie Islands. Pt. I, Geological Descrip-
tion (Nedra, Moscow, 1964) [in Russian].

9. J. K. Hourigan, M. T. Brandon, J. 1. Garver, and
A. V. Soloviev, “A Comparison of the Detrital Zircon
Grain Age Distribution from Ukelayat Group and the
Kamchatskiy Complex of the Sredinniy Range, Kam-
chatka,” in 7th Zonenshain International Conference on
Plate Tectonics (Nauchnyi Mir, Moscow, 2001), p. 510.

10. J. K. Hourigan, A. V. Soloviev, M. T. Brandon, et al.,
“Deeply Exhumed Roots of an Eocene Arc-Continent
Collision Zone, Sredinniy Range,” EOS Transactions,
AGU 85 (47), Abstract GP44A-06 (2004).

11. A. J. Hurford, ‘“Zeta: the Ultimate Solution to Fission-
Track Analysis Calibration or Just an Interim Measure?,”

in Advances in Fission-Track Geochronology (Kluwer
Academic Publisher, London, 1998), pp. 19-32.

12. Map of Mineral Deposits in Kamchatka Oblast,
Scale 1: 500000, Ed. by A. F. Litvinov, M. G. Patoka,
and B. A. Markovskii (VSEGEI, St. Petersburg, 1999)
[in Russian].

13. L. I. Kazintsova, “Cretaceous Radiolarians from the
Koryak Upland,” Sov. Geol., No. 4, 81-85 (1979).

14. L. I. Kazintsova, “Albian to Maastrichtian Radiolarians
from Western Sakhalin,” in Proceedings of the XI Semi-
nar on Radiolaria: Radiolariology on the Eve of New
Millennium: Results and Perspectives (VSEGEI,
St. Petersburg, 2000), pp. 31-32 [in Russian].

15. S.Yu. Kolodyazhnyi, V. P. Zinkevich, M. V. Luchitskaya,
and G. E. Bondarenko, “Indications of Viscous-Plastic
Dislocations in the Mesozoic Baraba Conglomerates,
Sredinnyi Range of Kamchatka,” Byull. Mosk. O-va
Ispyt. Prir., Otd. Geol. 71 (6), 15-30 (1996).

16. D. V. Kurilov, “Jurassic—Cretaceous Radiolaria of West
Kamchatka (Omgonskii Range and Ust-Palana Area),”
in Proceedings of the XI Seminar on Radiolaria: Radi-
olariology on the Eve of New Millennium: Results and
Perspectives Moscow, St. Petersburg), pp. 4042
[in Russian].

17. D. V. Kurilov, “Late Cretaceous Radiolarian Assem-
blages from the Rassoshina and Tikhaya River Basins,”
in Current Problems of Geology (Nauchnyi Mir, Mos-
cow, 2002), pp. 296-300 [in Russian].

18. R. Kh. Lipman, “Late Cretaceous Radiolaria from West
Siberian Lowland and Turgai Depression,” Tr. VSEGEI,
Leningrad, Nov. Ser. 77, 271-315 (1962).

19. T. N. Palechek, E. Yu. Baraboshkin, A. V. Solov’ev, et al.,
“New data on Structure and Age of the Cape
Khairyuzova (West Kamchatka),” in West Kamchatka:
Mesozoic Geological Evolution (Nauchnyi Mir, Mos-
cow, 2005), pp. 77-91 [in Russian].

20. T. N. Palechek, Candidate’s Dissertation in Geology and
Mineralogy (Moscow, 1997).

No. 1 2007



21

22.

23.

24.

25.

26.

27.

28.

29.

30.

NEW DATA ON THE BARABA FORMATION AGE

E. Pessagno, “Jurassic and Cretaceous Hagiastridae
from the Blake-Bahama Basin (Site 5A, JOIDES Leg.1)
and the Great Valley Sequence, California Coast
Ranges,” Bull. Am. Paleontol. 60 (264), 1-61 (1971).

E. Pessagno, “Radiolarian Zonation and Stratigraphy of
the Upper Cretaceous Portion of the Great Valley
Sequence, California Coast Ranges,” Micropaleontol-
ogy, No. 2, 1-95 (1976).

Practical Manual on Microfauna, Vol. 6: Mesozoic
Radiolaria (VSEGEI, St. Petersburg, 1999) [in Rus-
sian].

A. E. Shantser and A. I. Chelebaeva, “Stratigraphy, Geo-
logical Events and a New Model of Late Cretaceous—
Early Paleogene Rifting in Central Kamchatka,” Stratigr.
Geol. Korrelyatsiya 12 (4), 83-96 (2004) [Stratigr. Geol.
Correlation 12 (4), 394-405 (2004)].

A. E. Shantser and A. I. Chelebaeva, The Late Creta-
ceous of Central Kamchatka (GEOS, Moscow, 2005) [in
Russian].

M. N. Shapiro, “On paper by V.P. Zinkevich, S.Yu. Kol-
odyazhnyi, L.G. Bragina, E.A. Konstantinovskaya, and
P.I. Fedorov: Tectonics of Eastern Flank of the Sredin-
nokamchatskii Metamorphic Massif,” Geotektonika,
No. 6, 89-91 (1994).

M. N. Shapiro, Yu. N. Raznitsyn, A. E. Shantser, and
A. V. Lander, “Structure of Northeastern Flank of Meta-
morphic Massif, Sredinnyi Range of Kamchatka,” in
Geological Studies in the Eastern USSR (Nauka, Mos-
cow, 1986), pp. 5-21 [in Russian].

B. L. Slyadnev, V. A. Sokolkov, and B. A. Markovskii,
“The Baraba Conglomerate: Structure, Composition,
and Problems of Origin (Kamchatka),” Tikhookean.
Geol. 16 (1), 83-88 (1997).

A. V. Solov’ev and T. N. Palechek, “New Data on the
Andrianovka Formation Age (Sredinnyi Range, Kam-
chatka): to the Problem of Metamorphic Complexes
Structure in Accretion Zone,” in Proceedings of the
Young Scientists Meeting at the XXXVII Tectonic
(GEOS, Moscow, 2004), pp. 86—89 [in Russian].

A. V. Solov’ev, J. K. Hourigan, M. T. Brandon, et al.,
“The Age of the Baraba Formation Inferred from the

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 15

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

119

U/Pb (SHRIMP) Dating (Sredinnyi Range, Kamchatka):
Geological Consequences,” Stratigr. Geol. Korrelyatsiya
12 (4), 110-117 (2004) [Stratigr. Geol. Correlation 12
(4), 418-424 (2004)].

A. V. Solov’ev, Doctoral Dissertation in Geology and
Mineralogy (Moscow, 2005).

S. Squinabol, “Le Radiolarie dei noduli seleiosi nella
Scaglia degli Euganei,” Riv. Ital. Paleontol. 9 (4), 105—
150 (1903).

Y. Taketani, “Cretaceous Radiolarian Biostratigraphy of
the Urakawa and Obira Areas, Hokkaido,” Tohoku Univ.
Sci. Rep., 2nd Ser. (Geol.) 52 (1-2), 1-76 (1982).

N. V. Tsukanov, “Tectonics of the Northwest Kumroch
Range, East Kamchatka,” in Problems of Lithosphere
Evolution (Nauka, Moscow, 1985), pp. 28-30 [in Rus-
sian].

V. S. Vishnevskaya, Radiolarian Biostratigraphy of the
Jurassic and Cretaceous in Russia (GEOS, Moscow,
2001) [in Russian].

V. S. Vishnevskaya, 1. A. Basov, T. N. Palechek, and
D. V. Kurilov, “Radiolarian and Foraminiferal Biostratig-
raphy of Jurassic—Cretaceous Deposits in West Kam-
chatka,” In West Kamchatka: Mesozoic Geological Evolu-
tion, Ed. by Yu. B. Gladenkov and S. A. Palandzhyan
(Nauchnyi Mir, Moscow, 2005), pp. 6—54 [in Russian].

V. S. Vishnevskaya, I. A. Basov, and D. V. Kurilov,
“Coniacian—Santonian Radiolarians and Planktonic For-
aminifers from West Kamchatka,” in Current Problems
of Geology (Nauchnyi Mir, Moscow, 2003), pp. 308-312
[in Russian].

G. A. Wagner and P. Haute, Fission-Track Dating (Klu-
wer, Dordrecht, 1992).

V. P. Zinkevich, O. V. Lyashenko, and V. M. Basmanov,
“Opbhiolite Thrust Sheets of the Ozernyi Peninsula (East
Kamchatka),” Dokl. Akad. Nauk SSSR 277 (3), 665-
669 (1984).

V. P. Zinkevich, S. Yu. Kolodyazhnyi, L. G. Bragina,
et al., “Tectonics of Eastern Flank of the Sredinnokam-
chatskii Metamorphic Massif,” Geotektonika, No. 1, 81—
96 (1994).

No. 1 2007



