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Abstract—New dataon theage and %eochemistry of the sedimentary matrix and olistoliths from the olistostro-

mal flysch complex of the western A

eutian basin coast are discussed. The aleuropelitic members of the olis-

tostromal flysch and Ukelayat flysch complexes are similar in composition. Thisindicates their formation in the
same basin. Based on the comprehensive analysisof the new data, new geodynamic modelsare proposed for

the evolution of the western Bering Sea coast.

INTRODUCTION

A new complex a the western Bering Sea coast
between Amayan and Glubokaya Bays (northeastern Oly-
utorsky zone, Koryak Highlands) was first described in
1980. This complex was interpreted as an oceanic olis-
tostrome because its terrigenous matrix composed of
flysch facies was found to be of deep-sea origin, and
numerous olistoliths of oceanic-type basalts and sili-
ceous rocks were documented [4].

The belt of olistostromal flysch members trends
northeastward along the Aleutian Basin coast no farther
than Anastasia Bay. To the north, the region is com-
posed of the flysch members of the Ukelayat zone,
which underlie the complexes of the Olyutorsky zone
obducted along the Vatyna-Vyvenka thrust. In the
southern frontal Olyutorsky zone, olistostromes were
also distinguished beneath the Vatyna-Vyvenka thrust
[1,9,10].

The aim of this study was to reconstruct the prove-
nance area of the terrigenous material forthe olistostro-
mal flysch complex, elucidate the origin of the olis-
toliths, and date the rocks of the complex. Based on the
comparative analysis of the compositions of the olis-
tostromal flysch and Ukelayat flysch complexes, a pos
sible geodynamic setting was reconstructed, and a prin-
cipal formational model was proposed for the flysch
members of the northwestern Bering Sea framing.

GEOLOGIC SETTING

The Olyutorsky tectonic zone, a constituent of the
folded Bering Sea framing, occupies the southern
Koryak Highlands. The complexes of the Olyutorsky

zone are obducted onto the deposits of the Ukelayat
depression along the Vatyna-Vyvenka thrust [9], the
Ukelayat depression separating the Olyutorsky zone
from the more northern accretionary complexes of the
central Koryak Highlands [12]. The Olyutorsky Ridge is
located in the eastern part of the Olyutorsky zone and bor-
ders the structures of the deep-sea Aleutian Basin in the
east. The Olyutorsky Ridge is composed of Late Creta-
ceous—Paleogene volcanogenic, siliceous, and clastic
rocks of oceanic and island-arc types [2-4, 16). These
deposits are deformed and make up a complex package
of allochthonous nappes.

The Olyutorsky Ridge structures trend southwest-
northeast. In the Anastasia Bay and Matysken River valley
aess, the folds of the Ukelayat zone are oriented sub-
longitudinally. Relationshipsbetween the Ukelayat flysch
and olistostromal flysch complexes are unknown.

The olistostromal flysch complex is the structurally
and hypsometrically lowest tectonic unit on the eastern
dope of the Olyutorsky Ridge. This complex is over-
lain by the subhorizontal isolated or fault-separated
allochthonous nappes of Senonian cherts and island-arc
volcanics (Fig. 1) [3, 4, 16].

STRUCTURE OF THE OLISTOSTROMAL
FLYSCH COMPLEX

The olistostromal flysch complex can be divided
into olistostromal and flyschoid sequences. The olis-
tostromal sequence is composed of terrigenous matrix
(siltstones and mudstones interbedded with subordi-
nate sandstones) containing small (5-10 cm) and large
(055 m) olistoliths of mainly pillow basalts with
hyaloclastites and cherts. On the eastern coast of Cape
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Fig. 1 Geological structure of the Aleutian Basin coast (the Amayan-GlubokayaBay area). Location maps of the region concerned
and of the study area within the southern Koryak Highlands (the Olyutorsky and Ukelayat zones) are shown in the insetsA and B,
respectively. (1) Quaternary deposits. (2) Campanian-Paeogene olistostromal flysch complex; (3-4) allochthonous nappes of the
Senonian calcalkaline volcanics L4] (3) and Campanian—Maastrichtian siliceous rocks (4): (5) olistoliths of basalts with hyaloclas-
tites; (6) faults: (a) thrusts and (b, ) steeply dipping faults: (b) proved and (c) inferred. Filled circles mark samples dated by radi-
olarian assemblages. points and numerals indicate samples, for which geochemical analyses were made. Inset B: (1) Cenozoic
deposits; (2) Cretaceous-Paleogene deposits of the Ukelayat zone; (3) Cretaceous-Paleogene complexes of the Olyutorsky zone;

(4) northern boundary of the Ukelayat zone; (5) Vatyna-Vyvenka thrust.

Vitgenshtein, we found abasalt lava flow having chilled
contacts with clastic rocks.

The olistostromal sequence is characterized by the
presence of flow folds, creeping structures, and traces
of olistolith displacements in the matrix, which pre-
sumably had resulted from movements of exotic blocks
in partially consolidated sediment. These syngenetic
structures prove the olistostromal origin of the
sequence.
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The relatively more solid rocks (sandstones) of the
terrigenous matrix of the olistostrome are fragmented
and also displaced along with the exotic olistoliths. The
sandstone beds have a boudinage structure. The silt-
stones and mudstones show traces of tectonic flow and
occur between the boudines. The sequence is strongly
cleavaged. Crush zones border shear faults that resulted
from compression subparallel to the bedding planes.
Thrusts of different classes (from a few centimeters to
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hundreds of meters) ﬁroduced acomplicated imbricate
structure at different hierarchical levels. The rock slices
generally dip northwest.

The uniform deformation of the olistoliths and the
matrix, their contemporaneous displacements, as well
as the uniform orientation of the bedding and cleavage
in the olistoliths and matrix suggest that the olistostro-
mal sequence existed as a single unit since the time of
itsorigin. This suggests that this sequence originated as
an olistostrome that later experienced deformation and

locally transformed into atectonic melange.

The flyschoid sequence is composed of mudstones,
siltstones, and sandstones with subordinate olistoliths
and is characterized by distinct rhythms. This sequence
is less tectonized. The clastic rocks are deformed to iso-
clinal folds of southern and southeastern vergences.
The axial planes of folds are cleavaged. The southern
limbs of the folds with hinges dipping steeply north-
northwest are commonly tectonically displaced, thus
forming a complicated thrust folds structure.

Relationships between the sequences are not quite
clear. The olistostromal sequence seems to have been
thrust over the flyschoid one.

COMPOSITION OF THE OLISTOSTROMAL
FLYSCH COMPLEX

The concentrations of all trace elements were deter-
mined by inductively coupled plasma mass spectrome-
try (ICP/MS) in a laboratory of the Geology Depart-
ment, Union College, Schenectady, NY, USA. All sam-
ples were prepared using an acid dissolution method.
Element concentrations in the natural samples were
computed from two analyses. The analytical precision
was determined using the NBS-688 (basalt) and NBS-
278 (obsidian) international standards. The errors were
less than 2-3%.

Clastic Rocks
from the Olistostromal Flysch Complex

Mudstones and dltstoness from the flyschoid
sequence are high in V, S, and Zr and low in Cr and Ni
(Table ). They show Cr/Nivalues of 1.1-2.3 (1.7, on
the average), V/Cr values of 20-3.2 (2.5, on the aver-
age); and V/Ni values of 2.5-5.5 (4.5, on the average).
These rocks are enriched in LREE relative to MREE
and HREE and show a positive Ce anomaly (Ce/Ce* =
1.05, average of 5 determinations) and a negative Eu
anomaly (Eu/Eu* = 0.72, average of 5 determinations)
(Fig. 2, B, C, E, F). The mudstones and siltstones from
the olistostromal sequence are similargeochemically to
those from the flyschoid sequence. They are aso
enriched in Srand Zr and show average Cr/Ni values of
1.4, average V/Cr values of 1.9and average V/Nivalues
of 2.87. They are also more enriched in LREE than in
MREE and HREE and show a poorly expressed Ce and
adistinct Eu anomaly.

BOGDANOQV et al.

Sandgtones from both sequences are composed of
quartz, feldspar, volcanic clasts, namely, volcanic
glass, and usually contain muscovite and single grains
of garnet.

The mudstones and siltstones from both sequences
show Cr/Ni ratios, which are characteristic of ultramafics
(~1.2-1.6), but the low contents of these elements
(Table 1) indicate that muddy-silty rocks from the olis-
tostromal flysch complex are poor in ultramafic material.
Taking into account the high Sr and Zr concentrations in
feldspars and zircons, respectively, it can be suggested
that the muddy-silty rocks of Cape Vitgenshtein accu-
mulated as a result of the erosion of the basement of an
ensialic island arc or a continental margin [20]. The
REE distributions in the mudstones and siltstones from
both sequences of the olistostromal flysch complex are
comparable with those in rocks that experienced differen-
tiation in the crust. The values of REE normalized to the
post-Archean Australian Schist (PAAS), almost equal to
one, and the presence of volcanic clasts in the sand-
stones indicate that the material was removed by the
erosion of an active continental margin.

Comparison ofthe Compositions of Clastic Rocks
from the Olistostromal Flysch
and UkelayatFlysch Complexes

The aleuropelites from the matrix of the olistostro-
mal flysch and Ukelayat flysch complexes show similar
distribution patterns of REE and other trace elements
(Figs. 24, 2D), but the former are characterized by
lower Cr/Ni and V/Cr ratios. The aleuropelites from the
Ukelayat flysch have Cr/Ni and V/Cr values of 2.9 and
10.6 in the I pivayam River area, and values of 2.5 and
94 in the Matysken River area, respectively. This sug-
gests that the terrigenous material accumulated owing
to the erosion of mainly basic volcanics and minor
ultramafics. Despite the compositional difference of the
aleuropelites from the olistostroma flysch and Uke-
layat flysch complexes, their compositions suggest that
they formed in similar environments owing to the ero-
sion of an ensialic island arc or a continental margin.

Olistoliths and Basaltic Lava Flows

Basalts. Basaltic bodies are abundant in the olis-
tostromal sequence east and west of Amayan Bay. The
basalts are amygdaloidal, slightly porphyritic, and aph-
yric. Porphyroclasts are represented by pseudomorphs
of chlorite after a prismatic mineral, supposedly oliv-
ine, and in some cases by saussuritized plagioclase; the
phenocrysts consist of plagioclase aone or of plagio-
clase and clinopyroxene. The rocks are usually spilitiz-
ied. The groundmass is composed of chlorite orof chlo-
rite and epidote. It displays aphanitic, apointersertal,
apointersertal with elements of diabasic, and minor
glassy-variolitic and radiating textures. The pores are
filled with carbonate alone, carbonate and chlorite, or
with chlorite aone.

GEOTECTONICS Vol. 33 No.5 1999
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Table 1. Trace element abundances in mudstones and siltstones from the matrix of the olistostromal flysch complex of Cape Vitgenshtein and the Ukelayat flysch

Sample no.| 4C SA 6A TA 15A 16C 18A 8a 9A I1b 12a 03A 03B 03C 03E
Elements Olistostromal sequence Flyschotd sequence Ukelayat flysch
TiO,, % 0.86 0.81 1.10 1.25 0.97 0.86 0.90 1.08 0.94 1.12 1.50 1.19 0.98 0.81 0.91
Sc, ppm 30 28 29 32 39 27 26 53 28 42 46 48 28 26 44
v 159 141 190 216 156 133 157 183 173 231 238 245 197 140 164
Cr 76 97 96 111 83 66 78 100 87 94 9 19 89 77 82
Co 12 22 13 44 15 14 11 2 4 11 16 7 4 4 8
Ni 47 67 48 113 77 44 41 23 38 45 52 51 45 24 40
Cu 48 48 54 69 49 41 38 25 23 72 89 38 8 40 46
Sr 100 122 106 254 128 99 88 98 96 128 156 137 105 91 100
Zr 193 198 253 301 243 192 220 261 198 262 246 326 245 185 267
Nb 13 13 18 23 21 14 19 15 13 17 16 21 17 10 15
Ba 574 712 806 1087 731 854 483 614 650 794 710 919 1035 463 522
Hf 4.86 517 7.03 7.88 5.83 5.03 6.06 5.11 543 6.03 547 6.66 6.09 5.33 5.37
Ta 0.65 0.81 1.10 1.35 1.05 0.76 1.12 0.74 0.81 0.82 0.76 1.00 0.96 0.65 0.68
Pb 13 31 20 31 25 16 18 15 11 12 17 16 12 8 11
Th 7.39 9.40 10.16 14.64 13.77 8.39 13.74 7.65 8.59 8.84 8.41 10.61 10.29 6.04 7.15
8] 2.16 2.21 2.04 3.52 292 221 2.66 2.63 2.46 2.69 2.59 3.46 3.05 0.47 2.30
La 24.73 27.79 39.42 50.05 43.25 3.86 43.70 26.88 28.32 25.68 25.14 38.00 4541 22.45 16.31
Ce 53.50 58.53 80.55 | 100.42 89.00 63.19 86.37 57.57 6.16 52.21 57.72 79.08 89.70 47.75 35.11
Pr 6.33 6.86 9.97 12.12 9.98 7.39 9.98 6.38 6.75 6.05 6.77 8.75 10.21 5.82 4.05
Nd 26.18 27.54 40.21 48.29 40.15 28.99 38.92 25.70 26.70 24.95 28.37 35.13 38.80 23.89 18.80
Sm 5.24 9.21 8.47 9.04 7.39 5.34 6.86 431 4.83 491 5.67 6.24 6.17 4.57 3.72
Eu 1.20 1.85 3.10 3.00 1.49 1.13 1.87 0.76 1.17 1.16 1.31 1.30 1.87 1.19 0.81
Gd 4.81 4.81 8.18 7.98 7.02 4.96 6.73 345 393 4.87 5.40 5.69 5.46 3.87 3.90
Tb 0.74 0.87 1.31 1.34 1.03 0.74 1.05 0.53 0.65 0.77 0.86 0.81 0.83 0.26 0.61
Dy 4.38 4.67 7.15 6.99 6.04 4.29 5.74 3.71 4.39 4.97 5.06 5.02 5.03 3.82 3.86
Ho 0.89 1.03 1.64 1.76 1.21 0.90 1.25 0.79 0.98 1.30 1.05 1.10 1.12 0.56 0.83
Er 2.59 2.82 4.20 4.43 344 2.57 3.32 2.58 2.84 3.21 3.09 3.60 3.32 2.35 2.69
Tm 0.36 0.29 0.02 0.13 0.49 0.38 0.28 0.36 0.30 0.46 042 0.51 0.11 0.02 0.36
Yb 2.47 2.94 4.27 4.62 3.26 2.52 3.26 2.59 2.90 3.20 2.99 3.74 3.46 2.40 2.70
Lu 0.40 0.34 0.10 0.26 0.50 0.40 0.32 0.39 0.33 0.49 0.45 0.57 0.19 n.f. 0.38

Note: The letters n.t. denote contents below the analytical error. The locations of the sample sites are shown in Fig. 1.
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Fig. 2. Distribution of REE and other trace elements in siltstones and mudstones from the olistostromal flysch complex of Cape Vit-
genshtein and the Ukelayat flysch. (A. D) Ukelayat flysch; (B, E) olistostromal and (C, F) fiyschoid sequences of the olistostromal

flysch complex.

In accordance with the distribution of major and
trace elements, two groups of basalts were identified
(Table 2, Figs. 3A-3D). The first-type basalts collected
from olistoliths are strongly differentiated rocks
(FeO/MgO = 1.9-2.3) moderately abundant in Al,O,
(14.5 wt. %) and K,O (lessthan 1 wt. %) [3]. The high
contents of LREE ((La)y = 58.2-81.0) at the ratios of
(La/Yb)y = 3.1-5.0) (Fig. 3B), the elevated concentra-
tions of high field-strength elements (HFSE), particu-
larly, TiO, (2.13-3.70 wt. %,), Zr (168-342 ppm),
Y (27-52 ppm) and Nb(31-69 ppm), and thedistribu-
tions of trace elements on the spidergrams (Fig. 3D)
can be correlated with those of oceanic island basalts
(OIB).

The second-type basalts were collected from a lava
flow in the olistostromal flysch complex and from bod-
ies having vague (tectonic?) contacts with the matrix.
They show aslight enrichment in LREE with respect to
HREE (the chondrite normalized ratio of (La/Yb)y
ranges from 1.2 to 1.9), the absence or the presence of
a slight positive Eu anomaly indicating plagioclase
fractionation (Fig. 3A), the moderate contents of TiO,
(1.00-1.99 wt. %), the low concentrations of Cr (209-
275 ppm), Ni (61-174 ppm), and V (170-278 ppm),
suggesting their significant differentiation, a slight
abundance in large ion lithophile element (LILE) with
respect to HFSE, and the distribution of trace elements

normalized to chondrite close to one (Fig. 3C). These
basalts resemble transitional mid-oceanic ridge basalts
(T-type MORB).

Siliceous rocks from the olistoliths of the olistostro-
mal flysch complex are represented by cherts, jaspers, and
siliceous rocks with tuffaceous impurities. The ground-
mass is amost totally replaced by chlorite. The volume of
clastic material is 25%. The clasts of a 0.2 mm size are
composed of quartz, zoned plagioclase (mainly andesine),
and subordinate feldspar, pyroxene, and chlorite presum-
ably after volcani eé;lass Single radiolarias are recrys-
tallized and replaced by chlorlte

The siliceous rocks from the olistoliths are high in
Ba(1379-1180ppm) andlowinNi (27-236 ppm), Cu
(81-146 ppm), and Zn (80-255 ppm) (Table 3). This
suggests the presence of insoluble organic matter and
the accumulation of these rocks in areas remote from
hydrothermal sources. The spidergrams (Fig. 4C) show
that these rocks are more enriched in LILE (except for Sr)
than in HFSE, have lower contents of Nb relative to Th
and Ce and Ti with respect to Sm and Y. They are more
enriched in LREE than in MREE ((La/Sm), = 2.48 and
2.35) and in HREE ((La/Yb)y = 3.95 and 5.52), show a
negative Eu (Eu/Eu* = 0.66 and 0.83) anomaly, and are
characterized by the lack or a slight positive Ce
(CelCe* = 1.02 and 1.18) anomaly (Table 3, Fig. 4A).
The distributions of REE and other trace elements in

GEOTECTONICS

Vol. 33 No.5 1999



STRATIGRAPHIC AND TECTONIC SETTING 391
Table 2. Trace element abundances in basalts from the olistostromal flyschcomplex of Cape Vitgenshtein
rrllzelzris \'2! V5 V6 V7 | CA29 | CA26 CA26A | CA27 | CA28 | CA42 | CA43 | V3 V4

TiO,, %| 140| 131 | 134 | 19| 100 | 219, 215 213 | 221 | 350 370 | 259 | 250
V,ppm (226 219 |218 279 170 325 312 306 317 338 |455 363 339

Cr 250 240 238 275 209 127 123 125 129 3 14 180 180
Co 43 3 37 60 A 38 33 39 42 31 37 4] 41

Ni 104 102 61 174 67 53 51 60 68 21 3 93 113

Cu 98 93 77 64 68 57 54 53 56 21 51 57 46
Rb 1 5 6 7 16 1 5 6 1 1 2 2 1

S 9% 341 230 208  |545 249 270 409 575 120|213 256 221

Y 23 22 23 32 16 28 27 27 28 52 48 42 40
Zr 86 79 79 147 61 175 173 168 171 342 312 240 231

Nb 6 5 5 14 4 37 37 35 36 68 47 32 31
Ba 63 142 16 |234 415 151 140 402 103|225 169 88 71
La 443 | 354 38| 834 311 1810| 1803 | 1810 | 1876 3282 | 25.11 | 1896 | 17.02
Ce 11,69 1000| 1033 | 2209 | 828 | 3735 | 4034 | 3901 | 41.00| 7347 | 5884 | 43.95| 40.35
Pr 18| 163| 172, 326 131| 433, 519, 504 522| 947 2781| 595| 553
Nd 1011 | 878, 907| 1632, 710, 1676 | 2282 | 2200 2302 | 41.90| 3585 | 7.51 | 2560
Sm 297 | 268| 277 435| 208 300| 48| 485| 487 | 903| 819, 643| 609
Eu 108 094, 104 145| 084 | 068| 163| 1.61] 162| 285| 268| 199 187
Gd 362| 332| 348, 516| 257| 267| 521 508 528| 958 88l| 722| 6.75
Tb 063| 059| 060, 088, 045| 041 083| 081| 084| 153| 142, 119 111
Dy 406 | 374 393| 571| 295 249| 802| 493| 418, 947| 882 | 736 7.09
Ho 08| 08 08 6 119| 060 053, 102| 100| 102| 194| 176| 156| 147
Er 231 | 216| 227| 323| 166| 15| 275| 269| 28| 523| 476| 427 39
Tm 034| 031 032, 047| 023 040| 039| 038| 040| 0O75| 069, o061| 058
Yb 209 193] 201| 300| 149| 254 252| 245| 254 481| 421| 393, 369
Lu 032| 029| 030, 046| 022 039, 037, 037| 038 072, 064| 061 056
Hf 232| 208, 205| 344| 151, 384 381| 371 372, 712| 632| 537 506
Ta 038| - 029| 074| 035 277 191| 164 170, 436| 29| 146 147
Th 022, 020| 020| 058 016| 163| 163| 158, 159 283| 182 149 141l
u 008 011, 016| 074 011, 055| 05| 051| 053, 048| 071 042 030

Note: The dash denotes that the content is below the analytical error. Locations of the sample stes are shown in Fig. 1.

the siliceous rocks from the olistoliths are similar to
those in volcanics from island arcs and active continen-
tal margins [22].

Our study revealed that the siliceous rocks from the
olistoliths contained two indicator components,
namely, insoluble organic remains and a clastic mate-
rial, whereas impurities derived from hydrogenic,
hydrothermal, or biogenic sources are insignificant.

Our data do not contain evidence on the geochemis-
try of olistolith siliceous rocks with significant amounts
of a clastic material.

GEOTECTONICS Vol. 33

No. 5 1999

Sliceous Rocksfrom Allochthonous Nappes

In the study area, the olistostromal flysch complex is
overlain by allochthonous nappes composed of sili-
ceous rocks (Fig. 1). In comparison with the siliceous
rocks from the olistoliths, those of the allochthonous
nappes contain less clastic material. The percentage of
clastic material does not exceed 5%. The particles are as
small as 0.01 mm and consist of quartz, plagioclase, and
mafic minerals. The groundmass Is a very fine-grained
crystalline siliceous (quartz—chalcedony) or clayey-sil-
iceous material. The rocks from the allochthonous
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T-type MOR basdlts; (B, D) OIB-type basalts.

nappes contain as much as 10-15%of radiolarias and
sponge spicules. There are occasional brownish to
brick-red jaspers with broken shells of inoceramids.

The trace element distribution in the siliceous rocks
from the allochthonous nappes is similar to that in the
siliceous rocks with a minor clastic materia from the
olistoliths (Table 3, Figs. 44-4D). The rocks are high
in Ba(681-1888 ppm), low inNi (28-43 ppm), Cu (28-
151 ppm), Zn (14-43 ppm) and TiO, (0.13-0.30 wt. %)
Table 3), and display a similar distribution of REE
Fig. 4B) and trace elements (with the exception of Baand
Cr) on the spidergrams. They showed the following ratio
values. (La/Yb)y - 3757, (La/Sm)y = 172-241,
Eu/Eu* = 0.71-0.88, and Ce/Ce* = 1.05-1.18. These
geochemical dataindicate that the siliceous rocks from the
allochthonous nappes and olistoliths accumulated in sim-
ilar environments, except that in the former case the
content of elastics was less significant.

AGES OF THE OLISTOSTROMAL FLYSCH
COMPLEX AND SILICEOUS ROCKS FROM THE
ALLOCHTHONOUS NAPPES

The rocks were dated by radiolarias. Radiolarias
were extracted from the siliceous rocks using the method
of hydrofluoric acid dissolution and from the siltstones by
boiling in hydrogen peroxide. The concentrations of the
solutions and the durations of the procedures were
selected experimentally. We used the methods described
in [11, 21]. The photographs of radiolarias were taken by

V.V. Bernard a the Institute of the Lithosphere of Mar-
ginal Sess, RAS, on an ISI-60 scanning electronic
microscope.

The muddy-silty rocks from the olistostromal
sequence are very poor in amicrofauna. Single radiolar-
ias with a Cenozoic habit (Fig. 5) were extracted from
the matrix. The nannoplankton assemblage of a low tax-
onomic diversity indicated the Santonian-Maastrich-
tian age of the sequence [17).

The radiolarian assemblage of Phaseliforma laxa
Pessagno, Clatrocyclas cf.  gravis Vishnevskaya,
Amphipyndaxstocki (Campbell et Clark), Archaeodictyo-
mitra regina (Campbell et Clark,) Dicrvomitra densicos-
tata Pessagno, Xitus asymbatos (Foreman), Stichomitra
aff. compsa Foreman, and Theocampesp. (Fig. 5) indi-
catesthe Campanian-M aastrichtian age of the siliceous
rocks from the olistoliths.

On the western coast of Amayan Bay, an olistolith
of sealing-wax-red jaspers of a microscopic clastic-tur-
bidite texture was found. It is important that the matrix of
thi sjasper contains a cold-water radiolarian assemblage of
Santonian-Campanian age. This radiolarian assemblage
includes Amphipyndax ex gr. stocki (Campbell et Clark),
Dictyomitra cf. lamellicostata Foreman. D. cf. densicos-
tata Pessagno, and D. ex gr. multicostata Zittel. Judging
by the radiolarian assemblage of Pseudostylosphaeract.
tenuis Nakaseko et Nishimura, P. aff. goesriingensis
Kozur & Mostler, and Triassocampe scalaris Dumi-
trica, Kozur et Mostler (Fig. 6), the inclusions were
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Tabie 3. Trace element abundances in siliceous rocks from the olistoliths of the olistostromal flysch complex of Cape Vit-

zznshtein
Sa;rg)pl € w3D #43E #43B #22B #39A #36 #41B #34B #38 #20A
Ziements Olistoliths Allochthonous nappes
Ti07, % 042 044 0.47 0.19 0.22 0.13 0.07 0.14 0.17 0.30
V. ppm 98 78 106 48 41 32 14 36 65 69
Cr 29 22 71 66 56 58 60 67 57 57
Ni 65 76 63 33 44 40 28 41 39 43
Co 24 30 538 8 8 9 4 7 10 1
Cu 81 A 146 28 75 28 56 61 67 152
Zn 0 120 255 41 48 28 14 27 29 44
Rb 36 51 20 20 1 9 14 16 27
Sr 203 147 180 69 34 63 91 85 74 169
Y 16 25 43 7 9 5 3 5 5 9
Zr 82 131 158 38 52 43 23 25 40 72
Nb 3 6 51 2 3 3 1 1 1 3
Ba 1379 14 1180 1400 1636 1051 681 1243 2899 1839
La 1559 16.47 3354 5.40 7.33 451 219 453 4.61 6.31
Ce 39.74 37.97 52.15 1344 18.72 11.74 5.37 10.20 11.92 16.88
Pr 4.33 4.82 21.33 151 2.06 123 0.62 117 138 198
Nd 18.15 20.07 106.11 6.23 8.91 5.36 257 5.08 5.76 853
Sm 3.95 441 54.64 150 2.10 118 0.65 1.19 1.68 2.15
Eu 104 0.96 30.87 0.35 0.48 + 026 0.15 0.30 0.43 0.56
Gd 364 4.34 55.90 127 1.85 104 0.51 0.98 123 193
Tb 053 0.71 14.66 0.18 0.28 0.14 0.07 0.14 0.19 0.30
Dy 3.20 4.70 64.59 122 1.83 0.98 0.51 0.90 1.15 182
Ho 0.63 0.95 15.73 0.23 0.35 0.18 0.09 0.18 0.23 0.37
Er 184 2.82 42.42 0.70 104 0.55 0.30 0.51 0.64 1.08
Tm 0.27 0.42 14.13 0.08 0.15 0.06 0.03 0.07 0.09 0.16
Yb 190 2.81 35.36 0.70 114 0.53 0.32 0.53 0.64 1.14
Lu 0.29 0.46 13.64 0.09 0.18 0.07 004 0.08 0.10 0.18
Hf 195 3.16 47.77 0.89 1.16 0.78 0.44 0.61 0.84 174
Ta 0.32 041 12.31 0.20 0.44 0.13 0.07 0.08 0.16 0.32
Th 234 4.45 19.66 176 1.88 134 0.61 105 1.16 191

Note: Locations of the sample sites are shown in Fg. 1.

dated Middle Triassic (late Anisian—earliest Ladinian).
These inclusions are certainly exotic because no rocks
older than the latest Early Cretaceous are known in the
siliceous sequences of the Olyutorsky ridge. Olistoliths
containing the Late Triassic (late Norian—Rhaetian)
radiolarian assemblage of Canoptum triassicum Y a0,
Kojurastrum quadriradiarus (Kozur et Mostler), Drey-
ericyrtium ., and Haeckelicyrtium sp. have been
described earlier from the Maastrichtian olistostromal
sequence located in the middle stream of the Vyvenka
River near the Vatyna—Vyvenka thrust [2].
GEOTECTONICS  Vol. 33

No. 5 1999

The radiolarian assemblage of Phaseliformaex gr.
carinata Pessagno, Spongodiscusex gr. volgensis Lip-
man, Stichomitra cf. livermorensis Campbell et Clark,
S cf. campi Foreman, Clathrocyclasex gr. tintinnae-

Sformis Campbell et Clark, C. aff. dicerosForeman, and
Xitus ex gr. asymbatos Foreman (Fig. 6) dales the sili-
ceous rocks from the allochthonous nappes Campa-
nian—-Maastrichtian, which isclose to the age of the sil -
iceous rocks from the olistoliths and of some clastic
rocks from the matrix of the olistostromal flysch com-
plex.
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Fig. 4. Distribution of REE and other trace elements in siliceous rocks from the olistoliths of the olistostromal flysch complex of
Cape Vitgenshtein and from allochthonous nappes overthrustonto the olistostromal sequence. (A, C)siliceous rocks from the olis-

toliths and (B, D) same from the allochthonous nappes.

DISCUSSION

The similar geochemical features of the aleuro-
pelites from the olistostromal flysch and Ukelayat fly-
sch complexes suggest that the sequences of these two
complexes accumulated in the single basin as aresult of
the erosion of the basement of an ensialic island arc or
a continental margin. The same conclusion can be
drawn from the study of the sandstones. The sandstones
from the olistostromal flysch and Ukelayat flysch com-
plexes are composed mainly of quartz, feldspar, and
fragments of muscovite, and contain subordinate clasts
of volcanic glass. The presence of muscovite also
proves the formation of these complexes as a result of
the erosion of continental rock masses.

As shown above, the terrigenous material from the
Ukelayat flysch, the matrix of the olistostromal flysch
complex, and the clastic material in the siliceous rocks
from the allochthonous nappes and olistoliths might
have originated from the same source.

Numerous bodies of OIB and T-type MOR basalts
widely in the olistostromal flysch complex. We found
that some T-type MOR basalt bodies had been
emplaced during the sedimentation. This fact may indi-
cate that oceanic basalts were emplaced in the area of
flysch accumulation. On the other hand, the olistoliths
of basalts mainly of the O1B type are as log as 1-2 km
with the widths of their outcrops measuring tens to hun-
dreds meters (Fig. 1). In general, these bodies cover
about 25% of the outcrop area of the olistostromal fly-
sch complex. This suggests that the sedimentation area

of the olistostromal flysch complex was next to an
interplate volcanic rise or its remnant, from which olis-
toliths slided by the force of gravity.

The olistostromal flysch complex formed in the
Santonian-Maastrichtian time (as dated by nanno-
plankton) [17} and continued to accumulate in the Cen-
ozoic (judging by the findings of the Cenozoic? radiolar-
ias and the Eocene matrix of the complex outcroppingt in
the Taman lagoon [3]). The siliceous rocks from the
complex olistolithsand the chertsoverlying the allochth-
onous nappes are almost coeva. We dated them Cam-
panian—-Maastrichtian. Previously, these rocks were
dated Santonian-Danian [3]. The finding of Triassic
jaspers, which are exotic to the siliceous rocks of the
Olyutorsky Ridge, is evidence in support of the olis-
tostromal origin of the complex.

INTERPRETATION

Thus, the olistostromal flysch complex of the west-
ern Aleutian basin coast and the Ukelayat flysch accu-
mulated most likely as aresult of the erosion of the Eur-
asian continent rather than the ensimatic Olyutorsky
arc. The rock complexes of the latter were obducted
onto the flysch and constitute the central part of the
Olyutorsky ridge in the present-day structure.

The Olyutorsky ridge, including the study area, is
composed of lithostructural units (Fig. 1) that accumu-
lated almost contemporaneously in various geodynamic
settings [16). These units are the olistostromal flysch com-
plex (Campanian-Maastrichtian), marginal-sea volcano-
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Fig. 5. Radiolarian assemblages from the olistostromal flysch complex from Cape Vitgenshtein. (1-17) nappes. (18-35) olistoliths,
(36-37) matrix: (1) Phaseliforma cf. carinata Pessagno, x90. (2-5) Spongodiscus ex gr. volgensis Lipman. x100: (6) Orbicidiforma
sp., X100: (7-10) Stichomitra cf. livermorensis (Campbell et Clark), x110 (7, 8. 10), x100 (9): (1 V) Stichomitra cf. campi Foreman.
x100; (12-14) Clathrocyelas ex gr. tintinnaeformis Campbell et Clark, x100: (15. 16) Clathrocyclas aff. diceros Foreman,
x100 (15), X110 (16): (17) Xitus ex gr. asymbatos (Foreman), x100: (18) Phaseliforma sp., x100: (19) Phaseliforma laxa Pessag
x100; (20-23) Lithomespilus cf. mendosa (Krasheninnikov), x100 (20, 21), x110 (22, 23). (24-28) Clathrocyclas cf. gray s
nevskaya, x100; 29 Amphipyndax stocki (Campbell et Clark), x100; (30) Stichomitra aff. compsa Foreman, x100: (31) Xitus asvin-
batos (Foreman), x100: (32-34) Theocampe sp.. x150 (32), x100 (33, 34); (35) Archaeodictvomitra cf. regina (Camphelt ¢t Clark).
x100; (36) Clathrocyclas? sp. cf. C. universa Clark et Campbell, x100; (37) Phormocyriis? sp.. X225,

GEOTECTONICS  Vol. 33 No. 5 1999
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Fig. 6. Triassic (late Anisian—carly Ladinian) radiolarian assemblage (1-9) from the inclusions in the Vatyna-type (Santonian-Cam-
panian) matrix (10-28) from the olistostromal fiysch complex of Cape Vitgenshtein.

(1-3) Pseudostvlosphaera tenuis Nakaseko & Nishimura, x65. x140, x100; (4) Pseudostviosphaera aff. goestlingensis Kozur et
Mostler, x100; (5) Sphaerellaria gen. et sp. indet., x100: (6-7) Triassocampe ct. scalaris Dumitrica. Kozur et Mostler. x150. x80:
(8-9) Triassocampe scalaris Dumitrica. Kozur et Mostler. x100, x90; (10-12) Theocampe sp.. x100 (10), x90 (11), x60 (12);
(13-18) Stichomitra sp.. x100 (13—15. 17, 18), x90 (16): (19-21) Amphipvndax sp., X100 (19. 20), x90 (21); (22) Dictvomitra cf.
lamellicostata Foreman, x60; (23-27) Dictvomitra sp.. x100 (23, 25, 27). x110 (24), x90 (26).

GEOTECTONICS  Vol. 33 No. 5 1999
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FEZ.". Reconstructed paleolateral facies succession that existed south or southeast of the Eurasian continental margin (Koryak seg-
== 1n the late Senonian time. (/-3)continental (1), oceanic (2) and ensimatic island-arc (3) types of the earth's crust; (4-8) areas
sccumulation of the Ukelayat flysch (4), olistostromal flysch complex (5), cherts from the allochthonous nappes and olistoliths
~ceanic island basalts (7), and T-type MOR basalts of the marginal sea (8); (9) zone of the local extension and T-type MOR
-z:2t flows: (70)direction of the olistolith removal into the sedimentation area of the matrix of the olistostromal flysch complex.

z=~-siliceous complex (Campanian—Maastrichtian) and
~azre-are sedimentary—volcanogenic complex (Campa-
nier—Maastrichtian) [3, 14], and some members of the
-z zvat flysch (Cretaceous-Paleogene) [6]. Exactly
o1 -:zzhly coeval with these rocks are the cherts and
~wmvedinate elastics from the allochthonous nappes
ZzTpanian-Maastrichtian) and rare thin chert inter-
~e:z< 1Campanian-Maastrichtian and Maastrichtian-
“zian) associated with the subalkali OIB-type basalts,
= =:ch occur in significantly smaller areas only within
=2 study area [16].

Proceeding from the facts that these coeval litho-
<rructural complexes are juxtaposed tectonically and
occur in particular structural positions in the present-
dav structure and also from their geochemistries, we
reconstructed a hypothetical paeolateral facies succes-
son that had existed in the North Pacific during the
Late Cretaceous.

The Ukelayat flysch is believed to have been accu-
mulated on the Eurasian continental dope or at its base
[6. 12. 15, 16]. The relationships of the Ukelayat flysch
and olistostromal flysch complexes are not known.
Their outcrops are separated by a40-50-km belt of the
allochthonous nappes of marginal-sea and island-arc
deposits. The structural positions of these complexes,
their similar geochemical features, and the significantly
smaller amount of a sand material in the matrix of the
olistostromal flysch complex suggest that the olis-
tostromal flysch complex formed a a significant dis-
tance from the continent to the south or southeast from
the Ukelayat flysch. The T-type MOR basalts (in situ
flows) probably flowed through aloca extension zone
that existed within the sedimentation area of the olis-
tostromal flysch complex. A volcanic oceanic rise that
supplied the olistoliths of OIB-type basalts was proba-
bly located in the direct vicinity of this area.

The geochemical similarity between the siliceous
rocks from the olistoliths and the aleuropelites from the
Ukelayat flysch and olistostromal flysch complexes
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indicates that the siliceous rocks accumulated within
the same basin but at a greater distance from the sedi-
mentary provenance Sources.

The marginal-sea and island-arc complexes, which
are the highest structural unitsin the system of the tec-
tonic nappes of the Olyutorsky ridge, seem to be the
southernmost constituents of this paleolateral facies suc-
cesson. Thisis consistent with the paleomagnetic dataon
the formation of the Olyutorsky arc a 50° N [7].

It can thus be concluded that a paleolateral facies
succession consisting of the Eurasian continent, itscon-
tinental slope and a trench, a basin with zones of loca
extensions and an oceanic volcanic rise, and an ensi-
matic island arc existed in the Koryak segment of the
Eurasian continental margin in Senonian time (Fig. 7).

The later evolution of the proposed succession of
the olistostromal flysch complex in the present-day
structure were reconstructed from paleomagnetic [7, 8]
and structural {13] studies. The flysch sequences expe-
rienced at least two deformation events. Particularly,
the deformations of the first event led to the formation
of the isoclinal folds of the eastern vergence; the defor-
mations of the second event resulted in the northward
overturn of the whole structure [7, 8]. The deformation
of the first event is poorly known and can be ascribed to
the collision of the Olyutorsky arc with the Eurasian
continental margin. During the deformations of the sec-
ond event, the principal axis of compression stress was
oriented southeast-northwest [13]. This deformation
might be caused by tectonic motions from the side of
the Aleutian Basin of the Bering Sea, which resulted
from back-arc spreading in the Paleogene [18].
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