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Abstract—The Precambrian sedimentary section and upper part of the basement of the Central Russian Aul-
acogen and Orsha Depression, two largest structures located beneath the Moscow Syneclise are analyzed. It
has been established that the Late Riphean Central Russian Aulacogen was initiated on the Proterozoic crust
of the Transcratonic belt that separates different-aged geological blocks of the East European Platform base-
ment. The Orsha Depression is superposed both on sedimentary complexes of the aulacogen and rocks con-
stituting structures surrounding the Transcratonic belt. Boundaries of the sedimentary cover and basement
are outlined and a new structure (Toropets—Ostashkov Trough) is defined. The Precambrian section recov-
ered by Borehole North Molokovo is proposed to serve as a reference one for the Central Russian Aulacogen.
The CMP records demonstrate seismocomplexes, which allow one to trace rock members and sequences
defined by drilling. Eight seismocomplexes, combination of which varies in different structures, are defined
in the Upper Riphean—Vendian part of the sedimentary section. The section of the Central Russian Aulaco-

gen includes the following sedimentary complexes: dominant gray-colored arkoses (R; ), variegated arkoses
(Rg ), red-colored arkoses (R; ), and volcanosedimentary rocks (V? ). The section of the Orsha Depression

consists of dominant red-colored quartz sandstones (R;‘ ), glacial and interglacial (V: ), and variegated vol-

canogenic—terrigenous sediments. The upper seismocomplex (V,) is composed of terrigenous and terrige-
nous—carbonate rocks. It represents the basal unit of the Moscow Syneclise, which marks the plate stage in
development of the East European Platform. The upper part of the basement corresponds to a seismocomplex
(Pr)) represented by dynamometamorphosed rocks that form a tectonic mélange. Analysis of the lateral and
vertical distribution of the defined seismocomplexes made it possible to specify the structure of the Riphean—

Vendian part of the sedimentary cover and to revise their formation history in some cases.

DOI: 10.1134/S0024490210010049

INTRODUCTION

Mapping of the sedimentary cover is of great prac-
tical significance, since this method makes it possible
to determine its composition and estimate its potential
of hydrocarbon reserves, structure of reservoirs, and
prospecting for many mineral resources, including
placer deposits, building materials, brines, and min-
eral and drinking water.

Most difficulties are related to the study of sedi-
mentary complexes accumulated in structures that
were formed at the Late Precambrian tectonic stage of
the East European Platform development. The main
structures among them are the Central Russian Aula-
cogen and Orsha Depression located at the Moscow
Syneclise basement. Despite long-term studies of
these structures, many basic aspects of their tectonic
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development, lithology, and stratigraphy of sedimen-
tary sequences therein remain unclear so far.

Geodynamic nature of the Central Russia Aulaco-
gen and Orsha Depression remains debatable so far.
Moreover, exact boundaries and internal structure of
the aulacogen, the number of troughs therein
included, are still unknown because of its complex
structure, although these features are of primary sig-
nificance for establishing the volume of the sedimen-
tary cover and estimating its mineragenic potential.

These issues remain crucial since studies by
N.S. Shatsky, who proposed the notion of aulacogen as
a new type of structures within ancient platforms. In
particular, as early as the 1960s, Shatsky assumed the
development of a graben-shaped trough in the axial
part of the Moscow Syneclise (Shatsky, 1964). Pre-
cisely this trough was subsequently termed as the Cen-
tral Russian Aulacogen. Further studies revealed that
the aulacogen represents a composite structure con-
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sisting of numerous smaller troughs, which are dis-
placed along faults relative to each other.

Similar to the Orsha Depression, flank elements of
the Central Russian Aulacogen (Valdai—Kresttsy and
Kotlas—Yaren troughs) were defined in the basement
relief by E.E. Fotiadi in the terminal 1950s based on
the interpretation of gravimetric survey and rare drill-
ing data. Based on interpretation of data obtained by
the complex refraction logging method, P.S. Khokhlov
first proposed the notion that the Moscow Syneclise
basement includes a complex tectonic structure repre-
sented by a system of troughs (rather than a single
trough) separated by swell-shaped basement uplifts.
The concept of the Central Russian Aulacogen as a
system of two parallel “furrows” separated by a horst
was shared by many geologists (Nagornyi, 1990;
Ostrovskii, 1974; Ostrovskii et al., 1975; Valeey, 1978;
Valeev et al., 1969). The “furrows” were divided into
troughs of the “northern” (Kresttsy, Molokovo,
Kes’ma, and others) and “southern” (Moscow region
troughs, such as the Gzhatsk, Moscow region, and
other depressions included) branches.

In 1993, based on seismic data, Yu.B. Konoval’tsev
from Expedition no. 2 of the Spetsgeofizika Federal
State Unitary Enterprise defined the Tver Trough, a
large negative structure extending parallel to the Val-
dai, Molokovo, and Kes’ma troughs.

The Hypsometric Map of the Basement Surface
(Kapustin et al., 2001) represents an important gener-
alization of these studies. According to the map, the
Central Russian Aulacogen represents a “bident fork”
structure formed by two troughs converging toward the
Yaren Depression. It was established that the Tver
Trough forms an external southern branch of the aula-
cogen and Moscow region grabens are structurally iso-
lated from the Central Russian Aulacogen.

The Volyn—Orsha paleotrough is likely the south-
western continuation of the Central Russia Aulaco-
gen. At present, the Volyn—Central Russian system is
considered a single Riphean lineament (Aizberg et al.,
1986; Garetsky, 1995, 1999; Nagornyi, 1990;
Razlomy..., 2007).

Issues of the genesis of sedimentary complexes
remain still debatable. This statement is valid both for
the reconstruction of paleosedimentation settings and
for the determination of sources of detrital material. In
addition, many researchers assume a wide distribution
of volcanogenic and volcanosedimentary rocks in the
aulacogen (Gordasnikov and Troitskii, 1966;
Nikolaev, 1999; Kheraskova et al., 2001, 2002).

With the accumulation of new data, views on
stratigraphy of Riphean sediments in troughs of the
Central Russia Aulacogen underwent repeated revi-
sions and refinements. Many researchers (Aksenov,
1998; Geisler, 1966; Keller, 1968; Kirsanov, 1968;
Klevtsova, 1976, 2000, 2003; Kuz’menko and Shik,
2006; and others) contributed much to understanding
of the Precambrian cover structure. Much attention
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was paid to correlation between Riphean sections of
the aulacogen and Orsha Depression.

Recent views on stratigraphic relationships
between Riphean sediments are reflected in the
refined working scheme of the Interdepartmental
Stratigraphic Commission (Kuz’menko and Shik,
2006). According to this scheme, the Kresttsy Group of
the Valdai Trough, for example, is correlated with
Middle Riphean sediments of the Orsha Depression
and Middle Riphean Bologoe and Putilovo groups
developed in the Bologoe and Molokovo troughs of
the Central Russia Aulacogen. The Dvorets Formation
corresponds to the Molokovo Formation in the Bologoe
and Molokovo troughs of the Central Russia Aulaco-
gen and the Orsha Formation in the Orsha Depression.

Riphean sections of the Orsha Depression were
subdivided into various stratigraphic units in different
years. Until the mid-1970s, pre-Lower Vendian sedi-
ments were attributed to the Upper Riphean (Vereten-
ninkov et al., 2005). Subsequently, the Sherovichi
Group (R,), Belarus Group (R,), and Lapich Formation
(R;) were defined among these sediments (Makhnach
et al., 1973 among others). At present, the Sherovichi
Group and Belarus Group of the Orsha Depression are
referred to the Middle Riphean, whereas the Lapich
Formation is attributed to the Late Riphean. Modern
concepts of stratigraphy of the Volyn—Orsha system of
troughs are reflected in the Riphean correlation
scheme of Belarus (Veretenninkov et al., 2005).

The above-mentioned correlation schemes repre-
sent significant generalizations and play an important
role in understanding the structure of the study region.
Most researchers admit the confinement of preplate
sediments to structurally autonomous sedimentary
basins (grabens). The sediments filling individual gra-
bens are considered stratigraphic subzones, which dif-
fer in completeness of the section and local strati-
graphic units therein (Kuz’menko and Shik, 2006).
The Lower Riphean sediments are missing in the
entire Central Russian Aulacogen and Orsha Depres-
sion.

At the same time, issue of correlation between Pre-
cambrian sedimentary complexes is far from its solu-
tion. This is explained primarily by the irregular study
of preplate sediments, insufficient quantity of deep
boreholes with good recovery, outdated information
about the isotopic age of rocks, and lack of methods
for dating the red-colored arkosic and quartzose sedi-
ments.

It should be emphasized that stratotypes of numer-
ous local stratigraphic units (groups, formations, and
subformations), are represented by sections of some
boreholes. Lack of correlation in seismic records ham-
pers the correlation of such units and the tracking of
real geological bodies (sequences, members, and beds)
along the aulacogen strike. In addition, when defining
stratotypes, the researchers ignored the borehole posi-
tion both in the structure of an individual trough and
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in the whole ensemble of the Central Russian Aulaco-
gen.

The seismocomplexes defined above can be used as
correlative elements of the section for the solution of
all these issues. Such an approach is aimed at the map-
ping of real geological bodies with the determination
and tracking of seismic complexes in the wave pattern
of CMP records. Such complexes correspond to dif-
ferent lithological units (members or sequences) that
are readily recognized based on their facies features
and mineral—petrographic properties, which are well
known from drilling data (primarily, the North
Molokovo parametric borehole drilled in the central
part of the Central Russian Aulacogen but ignored in
the existing stratigraphic schemes).

The article is dedicated to discussion of materials
obtained during the long-term study of the upper part
of the consolidated crust and preplate sedimentary
section of the Central Russian Aulacogen and
Orsha Depression. This work was accomplished in
close cooperation with specialists from the Federal state
unitary enterprises (FGUP), such as Nedra (Yaroslavl),
Spetsgeofizika (Emmaus Settlement), IGRiRGI
(Moscow), and VNIIGeofizika (Moscow), as well as
the Rifei group (Moscow), Geological Department of
the Ministry of Natural Resources and Environment
Protection of Belarus Republic (Minsk), and Institute
of Geology and Geophysics of the National Academy
of Sciences of Belarus (Minsk).

The main scientific tasks were as follows:
(1) refinement of the spatial position of structural ele-
ments of the Central Russian Aulacogen; (2) investi-
gation of the lithological and facies compositions of
sedimentary complexes in the central part of the Cen-
tral Russian Aulacogen; and (3) correlation of sedi-
mentary complexes of the Central Russian Aulacogen
and Orsha Depression.

METHODS

The choice of methods was dictated by the complex
pattern of the main study objects (sedimentary basins).
We followed principles of the multidisciplinary analy-
sis discussed in (Osadochnye..., 2004). We used the fol-
lowing materials and data: magnetic fields; seismic
records obtained along CMP profiles; drill cores; pet-
rographic thin sections, including collections kindly
placed at our disposal by N.V. Veretennikov (Institute
of Geology and Geophysics, National Academy of
Sciences of Belarus, Minsk) and V.I. Gorbachev
(Nedra Federal State Unitary Enterprise, Yaroslavl);
paleontological collections; mineralogical composi-

tion of rocks; isotopic investigations; and X-ray dif-
fraction data on the composition of the clay fraction
from sedimentary rocks.

The facies and mineralogical—petrographic study
of rocks was performed in the Laboratory of Compar-
ative Analysis of Sedimentary Basins (GIN RAN).
The coarse fraction (0.05—0.01 mm) of sand was
extracted by sieving with the subsequent washing. The
heavy and light fractions were separated in bromoform
(density 2.9 g/cm?). The classification of sandy rocks
by Shutov (1975) was used in this work.

Volumetric fossil forms and microphytological
remains were studied by A.E Veis in the Laboratory of
Precambrian Stratigraphy (GIN RAN). Clay minerals
(grain size less than 0.001 mm) were determined with
a DRON-1.5 X-ray diffractometer in the Laboratory
of Physical Research Methods for the Study of Rock-
Forming Minerals (GIN RAN). Each preparation was
studied in the air-dry, ethylene glycol-saturated, and
heated (up to 550°C) states (A.L. Sokolova, analyst).

The U—Pb geochronological study of zircon and
sphene fractions was conducted at the Vernadsky
Institute of Geochemistry and Analytical Chemistry
(Russian Academy of Sciences, Moscow). Chemical
decomposition of minerals and extraction of U and Pb
were performed in line with the modified technique
reported in (Krogh, 1973). Concentrations of U and
Pb were determined by the method of isotopic dilution
with application of the mixed (**®Pb + 2%U) tracer.
Corrections for the common Pb were introduced
according to model values (Stacey and Kramers,
1975). The experimental data were processed using the
PbDAT (Ludwig, 1991) and ISOPLOT (Ludwig,
1999) software packages.

GEOLOGICAL POSITION OF THE CENTRAL
RUSSIAN AULACOGEN AND ORSHA
DEPRESSION

The Central Russian Aulacogen is confined to the
Proterozoic crust of the Transcratonic belt that sepa-
rates different-aged geological blocks of the East
European Platform basement.

The Transcratonic belt of the Proterozoic crust is
the longest element of the East European Platform
basement (Fig. 1). The belt traced from the Timan—
Pechora region in northeast to the Trans-European
suture zone in southwest is located in territories of
Russia, Belarus, and Ukraine. This is a region charac-
terized by linear patterns of the Proterozoic crust,
which consolidated in the period of 1.6—1.8 Ga
(Bogdanova, 1993; Garetsky, 1999; Bogdanova et al.,

Fig. 1. Schematic location of troughs in the Central Russian Aulacogen and Orsha Depression and seismic profiles of boreholes.
(1) Transcratonic belt and boundaries of segments; (2) troughs of the Central Russian Aulacogen initiated on the crust of the Tan-
scratonic belt: (M) Mogilev, (V) Vitebsk, (Sur) Surazh, (VM) Valdai—Molokovo, (TO) Toropets—Ostashkov, (PT) Prechistenka—
Tver, (K) Kes’ma, (D) Danilov, (S) Soligalich, (R) Roslyatino, (KYa) Kotlas—Yaren, (VU) Velikii Ustyug; (3) contour of the

Orsha Depression; (4) faults; (5) shorelines; (6) state boundaries.
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2001; Chamov, 2005; Gee and Stephenson, 2006).
The transplatform zone is interpreted as an extension
region of the consolidated crust that experienced the
influence of collisional (Kostyuchenko and Solodilov,
1997; Aksenov, 1998) or accretionary (Vladimirov
et al., 2001) processes.

Seismic models of the consolidated crust structure
reflect significant variations of its properties in differ-
ent segments of the Tanscratonic belt. Along the belt
strike, the Moho surface gradually rises from a depth
of approximately 50 km in southwest to 40—42 km in
northeast. Its uplift is generally discordant relative to
the Transcratonic belt strike: the maximal thinning
zone of the crust crosses the Transcratonic belt and
extends in the submeridional direction from the
Onega and Mezen structures to the Kursk zone of the
Voronezh Massif (Nagornyi, 1990; Kostyuchenko
et al., 1995, 1996; Kostyuchenko and Solodilov, 1997;
Kostyuchenko and Ismail-Zade, 1998; Garetsky et al.,
1999; Razlomy..., 2007). Three large segments are
defined in the belt: Central Belarusian, Central Mid-
Russian, and East Mid-Russian (Fig. 1).

Differences in the crust structure were likely
responsible for different intensities of its extension
during the Late Riphean. The East Mid-Russian seg-
ment comprises two branches of deep narrow shear
basins (Kapustin et al., 2001; Vladimirova et al., 2001).
The en echelon pull-apart basins are largely filled with
gray-colored sediments of deep lakes (Chamov et al.,
2003).

In the Central Mid-Russian segment, the Upper
Riphean extension was more intense and produced a
system of near-parallel pull-apart basins.

The northernmost Valdai—Molokovo Trough is
scrutinized by drilling and seismic works. Recent seis-
mic studies carried out by the VNII Geofizika Federal
State Unitary Enterprise along the Valdai—Demyansk—
Nakhod—Toropets—Velizh—state boundary transect,
reinterpretation of seismic materials obtained along the
Cherikov—Orsha—Usvyaty profile in the Orsha Depres-
sion (Razlomy..., 2007), and our analysis of seismic
records obtained by the Spetsgeofizika Federal State
Unitary Enterprise allowed us to substantially refine the
structure and boundaries of the Central Russian Aula-
cogen.

For example, the analysis of seismic records along
profiles 02301 and EV-1 oriented across the Central
Mid-Russian segment confirmed the presence of the
southern branch of the aulacogen (Tver Trough). The
western continuation of this trough is represented by a
negative structure near the Bel’sk basement uplift. In
this work, we consider both structures as the single
Prechistenka—Tver Trough that forms the southern
branch of the Central Russian Aulacogen (Fig. 1).

Discovery of the central structural branch of the
aulacogen, a new large negative structure, which we
termed as “Toropets—Ostashkov Trough” (Fig. 1),
represents a principally new result derived from the
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analysis of seismogeological data. The trough is readily
recognized along several seismic profiles (09002, 007,
008, Toropets—Welizh). It is separated from neighbor-
ing toughs by basement uplifts. Seismic complexes fill-
ing this trough defined in the wave patterns of CMP
records are reliably correlated with their counterparts
in the neighboring troughs.

In general, sedimentary basins corresponding to
each of the three troughs of the Central Mid-Russian
segment are shallower and wider as compared with
basins of the East Mid-Russian segment. They are
filled with sediments of a wider facies spectrum of sed-
iments ranging from the gray-colored sediments of
deep lakes to the red minerals of intermontane depres-
sions (Chamov et al., 2003). Such a distinct facies
transition from “flysch” to “molasse” combined with
expansion of sedimentation area points to two exten-
sion stages with different intensities (Chamov, 2005).

At present, most researchers place the southwest-
ern boundary of the Central Russian Aulacogen along
the Toropets—Welizh dislocation zone, i.e., near the
Russian Federation/Belarus Republic state boundary.
Previously, based on the aulacogen structure, we
assumed its continuation in the Belarus territory
(Chamov et al., 2003; Chamov, 2005). New geologi-
cal—geophysical materials obtained during the study
of transboundary structures allow us to substantiate
this assumption based on actual facts.

For example, transboundary structures (known as
the Vitebsk and Mogilev troughs separated by the
Central Orsha horst), which are recovered by drilling
(boreholes Vil’chitsy-1 and Rudnya-1) and crosscut
by the Cherikov—Orsha—Usvyaty seismic profile, and
the recently established graben-shaped trough located
north of the Surazh basement uplift (Razlomy..., 2007)
should be attributed to the Central Russian Aulaco-
gen. These relicts of sedimentary basins (basin?) are
filled with red-colored arkosic sediments and overlain
with an erosional surface by the highly mature quart-
zose sandstones of the Orsha Depression. The latter
depression represents a superimposed synclinal struc-
ture that was formed above the southwestern flank of
the Central Russian Aulacogen. The depression
extends in the submeridional direction over approxi-
mately 300 km (width 120—250 km). The structure of
the Orsha Depression is scrutinized in the monograph
by Belarusian geologists (Razlomy..., 2007). Thus, the
Central Russian Aulacogen terminates in west at
approximately 30° E beneath sediments of the Orsha
Depression.

The Moscow region and Osnitsy—Mikashevich
magmatic belts represent a specific feature of the Trans-
cratonic belt. Similar ages of the crust (1.9—2.0 Ga), sim-
ilar composition of highly magnetic rocks therein, and
wide manifestation of dynamometamorphism allow us
to consider them as a single lithotectonic complex.
The available data on the Shchelkovo horst
(Bogdanova et al., 2004) and Bel’sk basement uplift
(Chamov and Gorbachev, 2004) areas provide suggest
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that this belt was tectonically exhumed from deep lev-
els of the Transcratonic belt.

The autonomous asymmetric Pavlov Posad, Mos-
cow region, and Gzhatsk half-grabens located in the
Moscow belt represent fault-line depressions that are
distinctly differ (in the sedimentary section structure)
from basins of the Central Russian Aulacogen
(Simanovich, 2000; Kostyleva et al., 2001).

THE STRUCTURE OF THE REFERENCE
SECTION OF THE CENTRAL RUSSIAN
AULACOGEN

The North Molokovo parametric borehole is the
latest one among boreholes drilled in the Central Rus-
sian Aulacogen. It is characterized by good recovery
and was studied in detail during joint works of indus-
trial and scientific organizations, the Nedra Federal
State Unitary Enterprise and the Geological Institute
of the Russian Academy of Sciences included. In
addition, it is located in the central part of the Central
Russian Aulacogen and may serve as a reference sec-
tion for stratigraphic units defined in different bore-
holes. Below, we provide the characteristics of the
upper part of the basement and the Precambrian sedi-
mentary section.

Tectonic Mélange Series (Lower Proterozoic,
Upper Karelian Erathem)

The tectonic mélange series comprises metamor-
phic rocks of the Molokovo basin basement recovered
by drilling in the depth interval of 3185—3313 m.

Based on geophysical methods, thickness of the
tectonic mélange sequence is estimated at 350 m. Its
rocks characterize the upper geophysically “anoma-
lous” part of the crust with low (4.9—5.1 km/s) veloc-
ities of seismic waves and stratified patterns of the wave
field (Fig. 2).

The study of recovered rocks revealed their struc-
tural and lithological heterogeneities. The series is
largely composed of blastomylonites developed after
migmatites. The geochemical identity of these rocks
indicates an isochemical character of blastomyloniti-
zation. Spessartite dikes are also present.

The rocks demonstrate distinct features of disloca-
tion metamorphism, undoubtedly indicating their for-
mation under the influence of large-scale tectonic
processes.

The U—Pb isotopic ages obtained for zircon and
sphene show that rocks of the basement were formed
in the period of 2500 to 1750 Ma, i.e., they correspond
to the Lower Proterozoic (Fig. 2, table).

The series consists of the mylonitic and blastomy-
lonitic sequences.

The mylonitic sequence is presumably developed in
the depth interval of 3210—3185 m.
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No core was obtained for this interval. According to
A.N. Ugryumov and A.M. Provorov (KamNIIKIGS,
Perm), slime fragments recovered from the depth of
3199 m contain gneissose rocks consisting of plagio-
clase, microcline, orthoclase, quartz, and amphibole.
Plagioclases are partly replaced by the clayey hydrom-
icaceous material.

The complex interpretation of GIS materials per-
formed in the Tver’geofizika Scientific—Industrial
Center in 1999 shows that the member is represented
by compact low-porosity rocks. According to
gamma—gamma density logging data, rock density
amounts to 3.0—3.1 g/cm?. Porosity in some intervals
is negligible (fractions of the percent) and usually does
not exceed 6—12%. Specific electric resistance in this
interval increases up to 100n—1000n Ohm/m. There-
fore, possibilities of the side logging and side
micrologging methods are limited.

The profilometry data indicate high hardness and
confining properties of rock and absence of fracturing.
Caverns and furrows are missing in this interval, but
they complicate significantly the borehole below
3210 m.

These data and positions of rocks in the section
suggest their formation as the result of mylonitization,
i.e., transformation due to crushing and grinding of
rocks along tectonic fracture zones in the course of
dislocation metamorphism. The mylonites represent
finely grinded (partly recrystallized and cemented)
rocks. Mylonitization is most intense in the quartz-
enriched rocks (granites, gneisses, and others), since
quartz is a mineral most sensitive to pressure-induced
destruction (Sklyarov et al., 1997).

It is most probable that the mylonite formation was
related to the exhumation of remaining rocks accord-
ing to the exhumation mechanism of metamorphic
core complexes. This concept is substantiated else-
where (Chamov et al., 2002, 2003; Chamoyv, 2005). If
this assumption is correct, rocks of this member are
characterized by the youngest (Late Riphean) age,
which corresponds to initiation of the Molokovo basin
structure. Rocks of precisely this member could
become an important source of clastic material for
basal units of the Molokovo basin.

The blastomylonitic sequence is recovered in the
depth interval of 3210 to 3313 m.

Intense deformation and disintegration of rocks,
on the one hand, and processes of recrystallization and
neoformation, on the other hand, suggest that this
sequence can be considered tectonoblastic metamor-
phic rocks (blastomylonites). With regard to structure,
the sequence represents a tectonic mélange, in which
the blastomylonitic matrix encloses relicts of the pri-
mary migmatized granitoid rocks and amphibolites.
The transformation degree of all rocks from this
sequence corresponds to the epidote—amphibolite
metamorphism facies. No increase in the metamor-
phism degree with depth is observed.
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Fig. 2. Fragment of time section along profile EV-1 with photographs of type samples from the upper part of the basement recov-
ered by Borehole North Molokovo. (a) Geodynamic affinity of rocks from tectonic mélange, after (Batchelor and Bowden, 1985);
(b, ¢) isochrons based on isotopic studies of zircon and sphene: (b) from blastomylonitic matrix, (c¢) from migmatite blocks.
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U-—Pb isotope data on zircons and sphenes from rocks of the tectonic mélange sequence recovered by Borehole North

Molokovo
Content, ppm Pb isotopic composition Isotopic ratios and age, Ma
No.| Fraction, um |Weight, g
U Pb 206Pb /204Pb| 206Pb /207Pb‘2061)b /208Pb 206Pb /238U‘ 207Pb /235U| 207Pb /206Pb
Borehole North Molokovo

1 | Zircon + 100 0.0023 | 97.6 [57.34 1600 5.8377 2.994 0.4499 | 10.1488 |2493.2 £3.1

2 | Zircon —100 + 75| 0.0022 {102.5 [58.32 3125 5.9913 3.099 0.4423 9.9416 |2487.3+£2.3

3 | Zircon —75 0.0021 | 98.00|53.36 6670 6.0775 3.071 0.4243 9.5236 |2484.8 £2

4 | Sphene 0.005 15.93| 8.098 112.1 4.381 2.443 0.3121 4.6076 |1750.3£13

1750.9 1750.7
Borehole Nevskaya-184

1 | Zircon —45 0.0013 [2319 |78.8 466 7.985 4.829 0.02871 | 0.385 1541 £ 2.3

2 | Zircon + 75 0.0013 [436.5 [24.5 434 7.600 5.151 0.0483 0.666 1625+ 1.8

3 | Zircon—75,N.B.| 0.003 103 4.256 2.233 0.1914 2.684 1656 £ 12

Borehole
Parameters and measurement results
North Molokovo Nevskaya-184

Procedure blank (ng Pb)

Equipment for measuring the isotopic composi-
tion

Correction for the common Pb admixture intro-

duced in line with the model (Stacey and Kram-
ers, 1975) for age (Ma)

Error in U—Pb (%)

Isotopic age of zircons based on the upper inter-
cept of discordia with concordia (Ma)

Isotopic age of sphene (Ma) concordant with iso-
topic ratios

TSN 206A 1-channel solid-phase
mass spectrometer (Cameca)

for zircons — 2450
for sphenes — 1750

0.2 0.3

TRITON multichannel solid-phase
mass spectrometer

1980
0.5 0.3
2496 +9.2 1660 + 32
1750 + 10 —

Note. sphene extracted from biotite-amphibole gneisses that form mélange matrix (sample SM-2, specimen 31/4, 70-86; depht interval
3237-3249 m). Zircon extracted from massive blocks of migmatites (sample CM-3, specimens 32/1, 12-20; 32/3, 40-50; 32/4, 70-86;

depht interval 3297-3303 m).

Blastomylonites occur in the entire interval of
3210—3313 m. In terms of lithological composition,
they are represented by dark to light gray and pinkish
coarse-grained biotite—amphibole gneisses with the
granoblastic and lepidogranoblastic textures (Fig. 2).
Rock density varies from 2.3 to 3.1 g/cm?. They are
characterized by the thin (a few millimeters) parallel-
banded structure grading into the discrete or lenticular
variety in some places. Dark-colored bands are thick-
ened up to 1 cm in some places. The bands are usually
oriented at 45° to the core axis. Relicts of the primary
rock are represented by porphyroclasts of the altered
potassic feldspars and plagioclases similar to their
counterparts in migmatites. The rocks demonstrate
characteristic features of mechanical pressure and
heating. This is reflected in the development of foli-
ated and augen structures, destruction of large grains
with the formation of mosaic textures, and recrystalli-
zation.

They contain quartz (25-35%), feldspars
(25—-35%), hornblende (10—20%), biotite (20—30%),
epidote (up to 10%), and sphene (up to 5—10%).
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Accessory minerals are dominated by apatite and zir-
co