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The Udzha paleorift is located between the Anabar and Olenek rivers and is a key structure
indicative of the breakup of the Nuna supercontinent. However, the age of initiation and dura-
tion of paleorift activity is not defined nowadays. Here we present new U-Pb data for detrital
zircons from two terrigenous and volcanic-sedimentary successions of the Udzha sedimenta-
ry basin (Unguokhtakh and Udzha Formation), from terrigenous rocks overlying the Udzha
basin (Tomtor Formation), and from the sandstone of the lower Mesoproterozoic Mukun
Group in the northwest part of Anabar region. The dating results show that sedimentation
in the Udzha rift basin began later than ca 1459 Ma, and the duration of the rift activity is
estimated as not longer than 73 My. The Udzha rift basin was an isolated basin in the northern
part of Siberia, and detrital material came from local sources. A previously unknown source
for tuff-sandstone of Unguokhtah Formation with an age of 1850 Ma has been identified,
which corresponds by age to the Paleoproterozoic post-orogenic magmatism of the Siberi-
an Craton. In the Neoproterozoic, detrital material of the Tomtor Formation was supplied
from the northeast, and the sources were igneous suites of active margin or collision settings.
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The maximum depositional age of Tomtor Formation is estimated as 565 Ma on the youngest
zircon population, which suggests an over 800 Ma gap in sedimentation in northern Siberia
in Meso-Neoproterozoic.

Keywords: Udzha paleorift, Siberia, Mesoproterozoic, Neoproterozoic, provenances, U-Pb
dating, detrital zircons, Nuna, Rodinia.

1. Introduction

The Udzha paleorift is located in the northern part of the Siberian Craton between the
Olenek Uplift and the Anabar Shield and is a N-S-trending structure, which is traced from
the northern margin deep into the Craton (Fig. 1). The structure of the Udzha paleorift is
established mainly from geophysical and drilling data (Okhlopkov et al., 1987; Prokopiev
et al., 2001) and is considered to be a blind branch of a triple junction rift system. The rift
nature of the Udzha structure is also confirmed by the wide distribution of igneous rocks
in the sedimentary sequence, represented by both volcanic lavas and intrusions, which are
overlain by the late Neoproterozoic (Vendian) sedimentary rocks (Fig. 2B and 2C). How-
ever, the age of initiation and time of duration of the Udzha paleorift remains uncertain.
The earliest age estimates for the rift initiation were based on K-Ar dating of volcanic lava
flows, intrusions and sedimentary glauconite and ranged from 1320 to 820 Ma (Erlich
and Stepanenko, 1965; Semikhatov and Serebryakov, 1983). Thus, for a long time it was
believed that the Udzha rift basin evolved over more than 500 Ma, reflecting the late Neo-
proterozoic breakup of the Rodinia supercontinent (Prokopiev et al., 2001) rather than the
breakup of the Mesoproterozoic Nuna (Columbia) supercontinent. More recent dating of
dykes yielded Ar-Ar plagioclase age at 1074 + 11 Ma (Gladkochub et al., 2009) and U-Pb
apatite age at 1386 = 30 Ma (Malyshev et al., 2018) pointing to the Mezoproterozoic age
of the host strata. Today the lower age limit is estimated at ~1500 Ma based on the results
of paleomagnetic studies of volcanic rocks at the base of the volcanic-sedimentary succes-
sion of the paleorift (Pasenko and Malyshev, 2020).

In this paper, we present new data on U-Pb dating of detrital zircons from terrigenous
and volcanic-sedimentary rocks of the Udzha rift basin, which allow us to get a new con-
straint on the maximum depositional age and present a provenance study.

2. Geological structure and history of the Udzha paleorift
and adjacent parts of the Anabar Shield

The Precambrian part of the succession of Udzha paleorift is represented by six forma-
tions (in ascending stratigraphic order, Fig. 2C): Ulakhan-Kurung, Unguokhtakh, Khap-
chanyr, Udzha, Tomtor, and Turkut (Shpunt et al., 1976). The total thickness of this part of
the succession, according to drilling data, is estimated at more than 1900 m, while the lower
contact of the Ulakhan-Kurung Formation with the basement was not exposed. Below we
briefly describe the sedimentary sequence and the the depositional environments of these
units, following studies by B.R. Shpunt with co-authors (Shpunt et al., 1976; 1982).

The knowledge about the crystalline basement of the Udzha structure is very scanty.
All available information is based on the few xenoliths found in the Mesoproterozoic
(Lower and Middle Riphean) volcanic rocks and Mesozoic-Cenozoic pebbles. The studied
fragments are represented by various sedimentary rocks metamorphosed in epidote-am-
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phibolite and greenschist facies. B. R. Shpunt with co-authors (Shpunt et al., 1976) noted
that the metamorphic rocks exposed inthe Anabar Shield and Olenek Uplift are signifi-
cantly different from the metamorphic rocks of the Udzha paleorift, which may indicate
a significant difference in the composition of the basement.

The lower part of the Udzha paleorift succession is composed of rocks of the
Ulakhan-Kurung Formation, more than 800 m thick. Information about its composition
was obtained from boreholes, which did not penetrate the base of the unit. The lower
part of the Ulakhan-Kurung Formation is represented by siltstones, mudstones, quartz
sandstones, and dolomites (some researchers distinguish this part of the formation as sep-
arate unit- the Tomtor-Chymar sequence (Okhlopkov et al., 1987). The upper part of the
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formationis represented mainly by carbonate rocks, including stromatolitic limestones.
A distinctive feature of the carbonate rocks is wide distribution of black cherts nodules,
which sometimes comprises large (5 x 0.3 m) lenses extended along the bedding surfaces.
Such silicified carbonates often form local small (within 10-20 m) outcrops along the
banks of the middle reaches of the Udzha River.

The Unguokhtakh Formation conformably overlies carbonates of the Ulakhan-Ku-
rung Formation and contains variety of rocks: there are mafic volcanic flows and intru-
sive bodies, eruptive and conglomerate breccias, tuft breccias with lenses of tuffs and tuft
sandstones (Fig. 3A), siltstones and stromatolitic carbonate rocks. The total thickness of
the formation is estimated at 400-450 m. Unlike the underlying Ulakhan-Kurung For-
mation, the Unguokhtakh Formation is well exposed. From the bottom up, along the Un-
guokhtakh Formation succession, there is a transition from mafic amygdalolithic volcanic
rocks to volcanic-sedimentary and then to sedimentary formations. B.R. Shpunt’s studies
(Shpunt et al., 1976) showed that the accumulation of volcanic-sedimentary and sedi-
mentary rocks occurred, most likely, in shallow water environments, near the islands on
which volcanos were located (Fig. 3A). The accumulation of sedimentary rocks of the
Unguokhtakh Formation occurred under conditions of active hypergenesis of volcanic
rocks and subsequent redeposition of its products without a noticeable input of “exotic”
material. The age of the rocks of the Unguokhtakh Formation was previously determined
as 1150, 1320 Ma (K-Ar method) (Semikhatov and Serebryakov, 1983). Based on previ-
ous paleomagnetic studies (Pasenko and Malyshev, 2020) magmatic rocks were correlated
with Kuonamka Large Igneous Province (LIP) of ~1500 Ma (U-Pb ages of intrusive bodies
vary within 1483-1503 Ma (Ernst et al., 2016). On the other hand, a detailed study of the
initial Pb isotope composition in the basalt lava and sills of the Unguokhtakh magmatic
event shows that their initial Pb isotope composition fits the age of ~1400 Ma (Savatenkov
etal., 2019).

The Khapchanyr Formation (~350 m thick) conformably overlies rocks of the Un-
guokhtakh Formation and is represented by massive stromatolitic dolomites in the lower
part and interbedded fine-grained terrigenous and carbonate rocks in the upper part of
the section. Both parts of the formation are exposed in coastal outcrops of the Udzha
River near the mouth of the Unguokhtah River. According to the results of studies by
B.R.Shpunt et al. (1976), deposition occurred in the shallow water environments, which is
confirmed by numerous differently oriented asymmetric ripples and mudcracks (Fig. 3B).
Sources of the terrigenous material of the Khapchanyr Formation were likely the weather-
ing products of local volcanic-sedimentary complexes.

Rocks at the bottom of the Udzha Formation are represented by a unit of stromato-
litic limestones. which conformably overlies the Khapchannyr Formation rocks. Most of
the formation (~300 m thick) is represented by mudstones, siltstones, sandstones, and
conglomerates with intercalations of carbonate rocks (Fig. 3C). According to a complex
of petrographic, X-ray diffraction and geochemical studies (Shpunt et al., 1976), rocks of
the Udzha Formation were accumulated in a shallow water to tidal environments. The
composition of the terrigenous components of the Udzha Formation, as well as meas-
urements of cross-bedding carried out by B.R.Shpunt in sandstones, indicated that the
source of terrigenous material was likely located to the south from the Udzha paleorift and
contained felsic volcanics and granitoids. Such rocks are not typical for the study region,
which indicates the possible presence of a buried basement inlier to the south of the mod-
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Fig. 3. Photographs of outcrops (A) of the volcaniclastic breccia of the Unguokhtakh Formation. Sampling
point SM20-25; (B) ripple marks in argillaceous carbonates of the Khapchanyr Formation; (C) soft-
sediment deformations in the Udzha Formation, sampling site SM20-13; (D) sandstones of the Tomtor
Formation, sampling site SM20-01

ern basin of the Udzha River. Apparently, the stage of formation of the Udzha Formation
was a separate period in the geological evolution of the region, different from the previous
and subsequent stages of its evolution. The age of the Udzha Formation is constrained
by the age of the underlying Unguakhtakh Formation (~1500 Ma), and by the age of the
Great Udzha Dyke (1386 + 30 Ma, apatite U-Pb (Malyshev et al., 2018)), which cross-cuts
the sedimentary succession. Given these constraints, as well as the paleomagnetic data
obtained earlier, the age of the Udzha Formation is estimated at ~1400 Ma (Pasenko and
Malyshev, 2020).

The Udzha Formation is overlain by the Tomtor Formation with an unconformity
marking a break in sedimentation of more than 800 Ma (Malyshev et al., 2018), and is rep-
resented by pebble conglomerates, sandstones, and siltstones (Fig. 3D). The Tomtor For-
mation and its correlatives are distributed throughout the north of the Siberian Platform
indicating the end of the evolution of the Udzha paleorift basin as a local structure in the
Neoproterozoic. Numerous measurements of cross-bedding in the terrigenous rocks of
the Tomtor Formation indicate south-southwest and west-southwest paleocurrents direc-
tion. The sources of detrital material were felsic volcanic and intrusive rocks, as well as
metamorphic rocks of the crystalline basement. A thick weathering crust was first formed
within the basement inlier, and then the minerals resistant to hypergene processes accu-
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mulated in it and were redeposited in the channels of temporary streams flowing from the
hypothetical inlier in a southerly direction. The Tomtor Formation correlates with the late
Neoproterozoic (Vendian) Maastakh Formation of the Olenek Uplift, which age is esti-
mated at 610-590 Ma (Okhlopkov et al., 1987; Vishnevskaya et al., 2017).

The Turkut Formation conformably overlies the Tomtor Formation and is also esti-
mated to be a late Neoproterozoic (Vendian) age. It consists mainly of dolomites deposited
in the tidal zone environments. The deposition of this unit marks a new stage of transgres-
sion throughout the northern part of the Siberian Platform (Shpunt et al., 1976).

Mesoproterozoic and Neoproterozoic rocks are widely distributed on the east margin
of the Anabar Shield and were also penetrated by a few wells to the north of it. Three major
sedimentary units are identified (in ascending stratigraphic order): Mukun Group, Billy-
akh Group, Staraya Rechka Formation (Gusev et al., 2016; Khudoley et al., 2015; Kuptsova
et al., 2015).

The Mukun Group unconformably overlies the crystalline basement of the Anabar-
Sheild. Total thickness of the Mukun Group on the east margin of the Anabar Shield varies
from 16 m to 240 m, basically increasing in the north direction, and reaches 280 m in the
Kostrominskaya well. Red-to light-gray-colored quartz and subarkozic arenites predom-
inate, although shale and conglomerate interbeds occur as well. Cross-bedding, ripple
marks and mud cracks are widely distributed showing that deposition occurred in fluvial
to near-shore environments.

The Billyakh Group overlies the Mukun Group conformably or with local erosion. To-
tal thickness of the Mukun Group on the east margin of the Anabar Shield is 160-200 m,
and reaches 215 m in the Kostrominskaya well. Varicolored stromatolitic, often brecciat-
ed, dolomites predominate with subordinate quartz sandstone and shale units. Rocks of
the Billyakh Group are separated by an unconformity into lower and upper parts, but their
composition is very similar. Deposition occurred in shallow-water environments.

The Mesoproterozoic age of the Mukun and Billyakh groups is well constrained. The
lowermost unit of the Mukun Group contains detrital zircons as young as 1681 + 28 Ma,
whereas the upper unit of the Billyakh Group is cut by the Chieress dyke with 1384 + 2 Ma
U-Pb baddeleyite age. On the west margin of the Anabar Shield the Byllyakh Group car-
bonate units are cut by mafic sill with 1502 + 2 Ma U-Pb baddeleyite age (Ernst et al., 2016;
Khudoley et al., 2015, and reference therein).

The overlying lower to middle Neoproterozoic rock units have been documented
only locally. Approximately 120 m thick unit of reddish cross-bedded quartz to arkosic
sandstones similar to those of the Mukun Group was documented at the southeastern
margin of the Anabar Shield. However, it contains detrital zircons as young as ca 1030 Ma,
showing that they are much younger that the Mukun and Byllyakh groups (Kuptsova et
al., 2015). This unit has been identified in only boreholes and does not have formal name.

The Staraya Rechka Formation unconformably overlies Neoproterozoic and Meso-
proterozoic sedimentary units and crystalline rocks of the Anabar Shield basement. The
lowermost unit ~8-10 m thick consists of quartz to arkosic arenites with conglomerate
interbeds. Overlying rocks are 100-120 m uniform dolomites with stromatolitic build-
ups typical for deposition in shallow water environments. The Staraya Rechka Formation
is overlain by the lower Cambrian rocks and its sandstone unit contains detrital zircon
grains as young as 560 + 6 Ma and 543 + 23 Ma constraining its age as the latest Neopro-
terozoic (Vendian) (Kuptsova et al., 2015; Priyatkina et al., 2017).
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3. Sampling

The studied samples were collected in the upper Udzha River for U-Pb dating. The
collection is represented by 2 samples of the Unguokhtakh Formation, 2 samples of the
Udzha Formation, and 3 samples of the Tomtor Formation. A sample of 5 to 8 kg in vol-
ume was taken from each outcrop for subsequent separation of a zircon monofraction.
A smaller quartz sandstone sample ~2 kg of the Mukun Group was collected from the
core of the Kostrominskaya well (from a depth of 1896 m). The location of the sampling
outcrops and their stratigraphic settings are shown in Fig. 1. The petrographic description
of the studied Udzha paleorift rock types is given below.

Unguokhtakh Formation. Sample SM 20-26, tuffite (Fig. 4A, B). The clasts (70 % of
total thin section area) display irregular oval-like shape and have a size of 0.3-1 mm in
common. The clasts are predominantly composed of volcanic glass, euhedral plagioclase
grains, chlorite patches. Some clasts are partially to fully replaced by a fine-grained car-
bonate (calcite/dolomite), with crystal size <0.05 mm, or relatively big crystals (0.1-
0.2 mm).The rock matrix consists of carbonate and constitutes nearly 30 % of the total
thin section area.

Udzha Formation. Sample SM 16-02, quartz arenite (Fig. 4C, D). The rock consists
of detrital framework (85%) and carbonate cement (15%). Grains are represented by
monocrystalline (~60%) and polycrystalline quartz (~40%). The grains show variable
roundness with angular, subangular and rounded shapes. Accessory glauconite (or chlo-
rite?) is present.

Tomtor Formation. Sample SM 20-03, quartz arenite (Fig. 4E, F). The total thin sec-
tion area consists of the framework (~70 %) and cement (~30 %). The framework consists
of quartz grains (95%) of 0.5-0.7 mm in size, which are characterized by subrounded
to rounded shape. Quartz grains are both monocrystalline (~50%) and polycrystalline
(~50%). The rest of the framework consists of opaque minerals (5%). Cement is repre-
sented by fine-grained carbonate (calcite/dolomite) with crystals of 0.02-0.05 mm in size.

4. Analytical procedure

Production and description of thin sections was carried out in the Research Park
of St Petersburg State University “Center of X-ray diffraction studies”. For U-Pb dating,
zircons were concentrated at three laboratories (IGGD RAS and VSEGEI (St Petersburg),
GIN RAS (Moscow) according to the standard method using magnetic separation, and
further separation in heavy liquids. From the resulting heavy minerals fraction, zir-
con grains were selected manually and mounted in epoxy resin. Samples SM16-02 and
KOSTR1896 were analyzed by laser ablation ICP-MS (LA-ICP-MS) at the University of
Edmonton on a Thermo Scientific ICAP-Q quadrupole mass spectrometer with a New
Wave UP-2 laser attachment, following the procedure described in (Pasenko et al., 2020).
Sample SM20-25 was analyzed at the Central Research Institute of VSEGEI on a second-
ary ion mass spectrometer SHRIMP II according to the method (Williams, 1997). Samples
SM20-01, SM20-02, SM20-03, SM20-13, SM20-26 were analyzed at the Center for Col-
lective Use “Geodynamics and Geochronology” of the Institute of Earth’s Crust, Siberian
Branch, Russian Academy of Sciences (Irkutsk) using an Agilent 7900 mass spectrometer
and an Analyte Excite laser ablation system. The laser spot diameter was 35 pm, the laser
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Fig. 4. Microphotographs of thin sections in transmitted light (magnification x 5): left column with an
analyzer, right column without an analyzer. (A) and (B) sample SM20-26 (tuffite), (C) and (D) sample
SM16-02 (quartz arenite) and (E) and (F sample SM20-03 (quartz arenite)

frequency was 5 Hz. The age was calculated relative to the PleSovice zircon standard with
an age of 337.13 + 0.37 Ma (Slama et al., 2008). Harvard 91500 and R33 zircon standards
were systematically used for quality control of measurements and for calibration during
the session. For each standard zircon, concordant age estimates were obtained, consistent
with the results of dating by the ID-TIMS method.

Isotope ratios were calculated using the Iolite 4.0 program (Paton et al., 2011), plot-
ting concordia diagram, filtering and statistical data processing were performed using the
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DeZirteer program (Powerman et al., 2021). Individual grain ages with discordance more
that 5% were filtered from the following interpretation. ‘Best age’ was calculated from the
lesser error: 2%°Pb/?38U or 297Pb/?%*Pb with the least % error for each analysis.

5. Results

We performed U-Pb dating of detrital zircons from 8 samples from different strati-
graphic levels of the north part of Siberian Platform: sample KOSTR1896 from the Mukun
Group, samples SM20-25 and SM20-26 from tuft sandstones of the Unguokhtakh Forma-
tion, samples SM16-02 and SM20-13 from sandstones of the Udzha Formation and three
samples SM20-01,02,03 from sandstones of the Tomtor Formation (Fig. 2C). Since the
age spectrum for samples from each unitis quite similar, we combine together description
of samples from each formation/group. The dating results are shown in Fig. 5-8 and in
Supplementary 1'.

Mukun Group. 117 zircon grains were collected and dated from a sandstone sample
(KOSTR1896) of the Mukun Group, 109 of which passed the discordance filter (Fig. 5).
Individual ages of concordant grains are distributed in the range from 1666 to 2710 Ma.
The sample is almost unimodal with a peak at 1953 Ma and two small signals at 1666 and
2699 Ma.

Unguokhtakh Formation. From two samples (SM20-25, SM20-26) of the Un-
guokhtakh Formation, 63 and 73 zircon grains were collected and dated respectively, and
47 and 48 grains from each sample passed the discordance filter (Fig. 6). Individual ages
of concordant grains are distributed in the range from 1453 to 3065 Ma. Two large clusters
with values of 1850-1950 Ma and 2500-2800 Ma are distinguished in the PDP diagram
in both samples. In the first cluster, there are significant peaks with values of 1870 and
1950 Ma, while in the second cluster there are peaks at ~2500 and ~2700 Ma. There are
single grains with ages ranging from 2900 to 3065 Ma. Among the youngest ages, there is
a small peak at ~1500 Ma in both samples, while in sample SM20-26 on the PDP diagram,
the youngest peak has a value of 1459 Ma, and the youngest grain is 1453 Ma.

Mukun Gr.
Probability density plot (PDP) Cumulative (PDP)
KOSTR1986 2| n=109 (117)
Z| Min age=1666
. &
2 ¢| Maxage=2710
5 B
hel 3
E| peaks at 1685, 1953,
3| 2699
1 1 1
T T T T T T T T T
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Age (Ma) Age (Ma)

Fig. 5. Probability density plot (left) and cumulative probability plot (right) for sample KOSTR1896.
Peak ages in Ma

! Supplementary 1 can be found at the following link: URL: https://escjournal.spbu.ru/article/
view/13518/9912
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Fig. 6. Probability density plot (left) and cumulative probability plot (right)
for Unguokhtakh Formation samples. Peak ages in Ma
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Fig. 7. Probability density plot (left) and cumulative probability plot (right)
for samples from the Ulzhin Formation

Udzha Formation. From two samples (SM16-02, SM20-13) of the formation, 128 and
57 zircon grains were collected and dated respectively, andthe discordance filter was passed
by 128 and 39 grains from each sample. Individual ages of concordant grains are distributed
in the range from 1745 to 3210 Ma. In the PDP diagram (Fig. 7), the detrital zircon age dis-
tributions of both samples are characterized by two peaks at ~1900 and 2735 Ma. In sample
SM20-13, the ancient peak is complicated by two maxima, but due to the relatively small
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Fig. 8. Probability density plot (left) and cumulative probability plot (right)
for samples of the Tomtor Formation

number of analyzed grains in this sample, we donot consider these variations due to statis-
tical insignificance. Also, in both samples, the peak with a value of ~2700 Ma is dominant,
while in sample SM16-02, which is more representative, this peak includes 90 % of all grains.

Tomtor Formation. 88, 27, and 72 zircon grains were collected from three samples
(SM20-01,02,03), and dated respectively, and 72, 24, and 50 grains from each sample
passed the discordance filter. Individual ages of concordant grains are distributed in the
range from 564 to 3350 Ma. In the PDP diagram (Fig. 8), in all three samples, a peak with
a value of ~680-710 Ma clearly dominates, which makes up to 95% of the grains popu-
lations. The remaining peaks are well correlated between samples and are represented by
~850, 1150, 1850, 2000, 2500, and 2700 Ma. The oldest values obtained from single grains
from sample SM20-03 are 3300, and 3350 Ma. The youngest peak at 565 Ma, identified in
the sample SM20-02, constrains the maximum depositional age of the Tomtor Formation.

6. Discussion

6.1. Age of initiation of the Udzha paleorift

Paleogeographic reconstructions at ca. 1400 Ma suggest that the Laurentia, Baltica,
and Siberia composed the Nuna supercontinent core (Evans and Mitchell, 2011; Meert
and Santosh, 2017; Zhang et al., 2012). Nuna’s lifespan and its break-up is a discussed sub-
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Fig. 9. (A) Reconstruction at ca. 1400 Ma with location of Sibera, Laurentia, and Baltica, after (Zhang et al.,
2012). Mesoproterozoic mafic magmatic events related to Nuna break-up: HR — Hart River sills (Verbaas et
al.,, 2018); VL — Victoria Fjord dykes (Upton et al., 2005); Midsommerse sills and Zig-Zag Dal flood basalts
(Upton et al., 2005); Gr — Gornostakh dyke (Malyshev et al., 2021); M — Mashak volcanics (Puchkov et
al., 2013). Proposed rift axis on 1400 Ma from (Puchkov et al., 2013; Verbaas et al., 2018), (B) and Rodinia
after break up at ca. 600 Ma (right, after (Johansson, 2014)) with possible detritus input to the Udzha basin

ject but there is a widely held view that the interior of the supercontinent was affected by
extension between 1.6 and 1.3 Ga, and finally, Nuna’s break-up took place around 1.3 Ga
(Malyshev et al., 2021; Roberts, 2013; Rogers and Santosh, 2002; Zhao et al., 2004). Fur-
ther, the fragments of Nun are amalgamated to produce Rodinia at ca. 1.1-0.9 Ga (Li et al,,
2008). Nevertheless, some authors pointed out the similarity between Nuna and Rodinia
configurations related to lack of large-scale plate movement during the supercontinental
fragmentation and assembly. The Udzha paleorift with close-in-age mafic intrusions in
the northern Siberia (Ernst et al., 2016; Priyatkina et al., 2017) reflect crust extension in
this part of the Nuna, whereas the close-in-age magmatic events reported from the adja-
cent continental blocks, e.g. Hart River sills (Verbaas et al., 2018) and Mashak intrusions
(Puchkov et al., 2013) point to almost synchronous rifting in Laurentia and Baltica respec-
tively (proposed rift axis on Fig. 9).

The age of the crustal extension and initiation of the Udzha paleoriftis estimated ac-
cording to the maximum depositional age of the volcaniclastic Unguokhtakh Formation
identified by U-Pb dating of detrital zircons from tuff sandstone. Four grains yielded an
age of less than 1497 Ma, and one grain with an age of 1453 Ma. The measurement er-
rors for these grains range from 12 to 29 Ma. Considering the small number of grains in
this sample, it is rather difficult to reliably establish the maximum age of sedimentation.
Nevertheless, new data suggest that sedimentation began after 1459 + 16 Ma, which de-
termines the initiation of the Udzha paleorift basin. The upper age limit of the pre-Neo-
proterozoic sedimentary successions is determined by the age of a dyke of 1386 + 30 Ma,
which cross-cut the Udzha Formation. Thus, the duration of sedimentation of the Udzha
paleorift basin is estimated as not more than 73 + 46 Ma.
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6.2. Provenance of the Mesoproterozoic basins

The configuration of provenance in the Udzha sequence varies from the Unguokhtakh
to the Udzha Formation, but available data on the immature composition of terrigenous
rocks and wide distribution of grains with angular shape, discussed in the section 2, show
that the source rocks were always locater close to the sedimentary basin. It contrasts with
sedimentary basin on the east margin of the Anabar Shield, where mature quartz sand-
stones are widely distributed in the stratigraphic section implying long transport of detri-
tal material or reworking of older sediments.

Sediment sources at the Mukun and Unguokhtakh time. At the time of deposition of the
Unguokhtakh Formation in the Udzha paleorift, two provenances dominated, the detrital
material of which was characterized by Paleoproterozoic (1850-1950 Ma) and Neoarchean
(2500-2800 Ma) ages. For the Mukun Group, most detrital zircons are 1900-2050 Ma in age,
although minor peaks at 1720 Ma, 2700-2750 Ma and 2900-2950 Ma are also recorded (this
study; Kuptsova et al., 2015; Priyatkina et al., 2017). The Neoarchean age is characteristic of
the basement of the northern Siberian Craton and is associated with the first phase of gran-
ulite metamorphism of the Archean blocks that form the basement, whereas older grains
likely represent magmatic events (Gusev et al., 2012). The second stage of granulite meta-
morphism occurred in 2050-1970 Ma, which marks terrane accretion and collisional events
in the Khapchan zone (Donskaya, 2020; Donskaya and Gladkochub, 2021; Priyatkina et al.,
2020). These ages are characteristic of the detrital zircons in the basin framing the Anabar
Shield, but are completely absent in the Udzha paleorift basin, which means that the Udzha
and east Anabar basins were separated from each other and the Udzha paleorift basin did
not receive clastic material from the western regions.

The peak with an age of 1850-1950 Ma is typical for the Unguokhtakh Formation detri-
tal zircon age distribution. In turn, those ages are not typical for the crystalline basement of
the northern part of the Siberian Craton, and are quite rare among the detrital zircons of the
Mukun Group. However, in the southern part of the Angara belt (southwest of the Siberian
Craton), they characterize the post-collision magmatism dated as 1840-1880 Ma (Donskaya
and Gladkochub, 2021). The transport of detrital material from the southwestern part of the
craton to the north is unlikely and, considering the local sediment sources for the Udzha
paleorift basin, the source rock with the indicated age should be located within the study
area. To date, there is no direct evidence of the presence of granite intrusions with a similar
age in the northeastern part of the Siberian Craton. Therefore, we suggest that it may be
associated with the Paleoproterozoic Khapchan orogenic zone and possible post-collision
magmatism within it. This source rock was probably exposed for a short time at the first
stage of development of the Udzha paleorift and relatively quickly eroded since its partici-
pation in the formation of the later Udzha Formation was not recorded.

The youngest source of 1450-1500 Ma is also considered local, and is associated with
a rift magmatic event. Directly in the volcanic part of the Unguokhtakh Formation, only
the flood basalts and hypabyssal mafic sills are present, which do not contain the zircons.
The zircon grains with the corresponding age have a small degree of roundness, which
indicates a proximal transport of detrital material. Thus, the intrusions with the indicated
age are likely linked with the formation of the Udzha paleorift and were located close
to the sedimentary basin of the Unguokhtakh Formation, and were felsic incomposition
containing zircon.

Becmuux CIT6T'Y. Hayxu o 3emne. 2022. T. 67. Bun. 4 561



Sediment sources at the Udzha time. The age and configuration of the provenances of
the Udzha Formation strongly changed with the evolution of the Udzha paleorift. While
the Unguokhtakh time was characterized by Paleoproterozoic post-collision and Neoar-
chean granulite basement sources, the age of detrital zircons of the Udzha Formation in-
dicates almost exclusively the erosion of Archean granulites with an age of ca 2700 Ma.
According to the studies of (Shpunt et al., 1976), the source of the terrigenous material of
the Udzha Formation was composed of strongly weathered felsic rocks, and according to
the paleocurrent data, the source was located to the south of the study area. These obser-
vations are consistent with the dating of detrital zircons and allow to conclude that there
are local inliers of the basement within the provenance of detrital material to the Udzha
basin. In contrast this source is either absent in the terrigenous deposits of the Mukun
Group or has a subordinate significance (Khudoley et al., 2015; Kuptsova et al., 2015). An
insignificant number of grains with an average age of 1900 Ma indicates the presence of
some Paleoproterozoic rocks in the provenance.

6.3. Provenance of the Neoproterozoic basin

The sedimentation of the late Neoproterozoic (Vendian) Tomtor Formation marked
a new stage in the evolution of the sedimentary basin in the north of the Siberian Platform,
interrupting ~800 My gap in sedimentation between the Udzha and Tomtor formations in
the Udzha basin. Together with the beginning of a new transgressive stage in the evolution
of sedimentary basins which is associated with the breakup of the supercontinent Rodinia
(Li et al., 2008), a new configuration of provenance are as is formed, which differs signifi-
cantly from the Mesoproterozoic stage of the evolution of the region.

The age spectrum of sandstones of the Tomtor Formation contains “Siberian” signals,
with peaks at 1900, 2000, 2500, and 2700 Ma, as well as single grains inheriting the age of
the basement protolith (3300 Ma (Gusev et al., 2020)). Among the late Mesoproterozoic
ages, there are zircons with Grenville ages (~1100 Ma) in the Tomtor Formation, which is
uncommon for the basement of the Siberian Craton. Zircons with similar ages are known
in the late Mesoproterozoic deposits of the Kerpyl and Ui Groups of the Uchur-Maya Plate
(Khudoley et al., 2015; Podkovyrov et al., 2007) and in the Neoproterozoic sequences of
the Kharayutekh Formation of the Kharaulakh Ridge (Khudoley et al., 2015), Maastakh
Formation of the basin of Khorbusuonka River (Vishnevskaya et al., 2017), as well as in
the southeastern Anabar region (Kuptsova et al., 2015). Their nature is explained by the
erosion of the Grenville orogen in eastern Laurentia in the late Mesoproterozoic and the
transportation of detrital material to the southeastern margin of Siberia since both conti-
nents were part of the Rodinia supercontinent (Ernst et al., 2016; Khudoley et al., 2015).
Subsequently, the recycling of Mesoproterozoic sandstones took place with the transpor-
tation of detrital material to the northern part of the Siberian platform.

The largest peak observed in three sandstone samples of the Tomtor Formation with
an age of 709 Ma is typical of the entire late Neoproterozoic sedimentary basin in the
northeast of the Siberian Platform. A provenance with a similar age was recorded in the
Maastakh Formation of the Olenek uplift (Vishnevskaya et al., 2017), in the Kharautekh
Formation of the Kharaulakh Ridge (Khudoley et al., 2015), and in the Kysylayakh Forma-
tion exposed by the Ust-Olenek well (Priyatkina et al., 2017), which indicates the existence
of a single sedimentary basin in the northeastern part of the Siberian Platform in the late
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Neoproterozoic. The dominant source with this age is associated with active marginal and
collisional magmatism common in the northern part of the Siberian Craton in accordance
with the Neoproterozoic reconstructions of Rodinia (Li et al., 2008; Metelkin et al., 2015;
Vernikovsky et al., 2013).

7. Conclusions

As a result of U-Pb dating of detrital zircons from Meso- and Neoproterozoic sand-
stones and volcaniclastic rocks from the basin of the Udzha River and northwestern Ana-
bar Shield region the following results were obtained.

The maximum depositional age of the Unguokhtakh Formation and the initiating
of the Udzha paleorift, according to the youngest detrital zircons age, was estimated as
1459 + 16 Ma. Combining with the age of dyke (1386 + 30 Ma) that cross-cut rocks of
the Udzha Formation and constrain the upper limit of its deposition, the duration of the
evolution of the Udzha paleorift is estimated as less than 73 + 46 Ma.

The Udzha paleorift was an isolated sedimentary basin with local sources. The source
age and configuration was distinct from that of other sedimentary basins of the northern
part of the Siberian Platform.

During the evolution of the Udzha paleorift basin, a unique provenance with an age
of 1850-1950 Ma associated with post-orogenic magmatism in the Khapchan collisional
zone was identified.

The maximum depositional age at 564 Ma for Tomtor Formation was established. The
depositional gap between the Udzha and Tomtor formations is estimated as more than
800 My.

The provenance with the source of ~700 Ma was dominated in the late Neoprotero-
zoic on the entire northeastern margin of the Siberian Platform and is associated with
continental arc magmatism on the northern margin of the Siberian platform.

Acknowledgments

The Russian Science Foundation (project no. 19-77-10048) provided financial support
for this study. The Centre for X-ray Diffraction Studies of St Petersburg University provided
additional analytical support. The shared Research Facilities Center “Petrophysics, geome-
chanics and paleomagnetism” of Schmidt Institute of Physics of the Earth RAS (Moscow)
provided cathodoluminescence images of zircons. We thank Alexander B.Kuzmichev for
mineral separation and extraction zircon grains from the sample SM20-26. We also thank
Yuriy S. Biske and anonymous reviewer for constructive critiques that improved the accura-
cy and clarity of the manuscript.

References

Donskaya, T.V. (2020). Assembly of the Siberian Craton: Constraints from Paleoproterozoic granitoids.
Precambrian Research, 348, 105869. https://doi.org/10.1016/j.precamres.2020.105869

Donskaya, T. V. and Gladkochub, D.P. (2021). Post-collisional magmatism of 1.88-1.84 Ga in the southern
Siberian Craton: An overview. Precambrian Research, 367, 106447. https://doi.org/10.1016/j.precam-
res.2021.106447

Becmuux CIT6T'Y. Hayxu o 3emne. 2022. T. 67. Bun. 4 563



Erlich, E.N. and Stepanenko, V.1. (1965). Geological map of the USSR, scale 1: 200,000, Anabar series, sheet
R-50-IX, X. Leningrad: Nedra Publ. (In Russian)

Ernst, R.E., Hamilton, M. A., Séderlund, U., Hanes, J. A., Gladkochub, D.P, Okrugin, A.V., Kolotilina, T.,
Mekhonoshin, A.S., Bleeker, W., LeCheminant, A.N., Buchan, K. L., Chamberlain, K.R. and Diden-
ko, A.N. (2016). Long-lived connection between southern Siberia and northern Laurentia in the Pro-
terozoic. Nature Geoscience, 9, 464-469. https://doi.org/10.1038/nge02700

Evans, D. A.D. and Mitchell, R.N. (2011). Assembly and breakup of the core of Paleoproterozoic — Meso-
proterozoic supercontinent Nuna. Geology, 39, 443-446. https://doi.org/10.1130/G31654.1

Gladkochub, D. P, Stanevich, A. M., Travin, A. V., Mazukabzov, A. M., Konstantinov, K. M., Yudin, D.S. and
Kornilova, T. A. (2009). The Mesoproterozoic Udzha paleorift (Northern Siberian Craton): New data
on age of basites, straigraphy, and microphytology. Doklady Earth Sciences, 425, 371-377. https://doi.
org/10.1134/51028334X09030052

Gusev, N.L, Pushkin, M. G., Kruglova, A. A,, Sergeeva, L. Yu., Bogomolov, V.P, Stroev, T.S. and Moreva, N. V.
(2016). State geological map of the Russian Federation. Scale 1:1,000,000 (third generation). Sheet R-49 —
Olenyok. Explanatory note. St Petersburg: Cartographic factory VSEGEI Publ. (In Russian)

Gusev, N.L, Rudenko, V.E., Berezhnaya, N.G., Skublov, S.G., Moreva, N.V.,, Larionov, A.N. and Lepekhi-
na, E.N. (2012). Age of granulites of the Daldynskaya Group of the Anabar Shield. Regional Geology
and Metallogeny, 52, 29-38. (In Russian)

Gusev, N.I,, Sergeeva, L.Yu., Larionov, A.N. and Skublov, S.G. (2020). Relics of the Eoarchean conti-
nental crust of the Anabar Shield, Siberian craton. Petrology, 28, 115-138. https://doi.org/10.31857/
S086959032002003X (In Russian)

Johansson, A. (2014). From Rodinia to Gondwana with the ‘SAMBA’ model — A distant view from Baltica
towards Amazonia and beyond. Precambrian Research, 244, 226-235. https://doi.org/10.1016/j.pre-
camres.2013.10.012

Khudoley, A.K., Chamberlain, K.R., Ershova, V.B., Sears, J. W., Prokopiev, A.V., MacLean, J., Kazako-
va, G.G., Malyshev, S. V., Molchanov, A., Kullerud, K., Toro, J., Miller, E.L., Veselovskiy, R. V., Li, A.
and Chipley, D. (2015). Proterozoic supercontinental restorations: Constraints from provenance stud-
ies of Mesoproterozoic to Cambrian clastic rocks, eastern Siberian Craton. Precambrian Research, 259,
78-94. https://doi.org/10.1016/j.precamres.2014.10.003

Kuptsova, A. V., Khudoley, A.K., Davis, W,, Rainbird, R. H. and Molchanov, A. V. (2015). Results of the U-Pb
age of detrital zircons from Upper Proterozoic deposits of the eastern slope of the Anabar uplift. Stra-
tigraphy and Geological Correlation, 23, 246-261. https://doi.org/10.1134/S0869593815030053

Li, Z.X.,Bogdanova, S. V., Collins, A. S., Davidson, A., De Waele, B., Ernst, R. E., Fitzsimons, I. C. W., Fuck, R. A,
Gladkochub, D.P, Jacobs, J., Karlstrom, K. E., Lu, S., Natapov, L. M., Pease, V., Pisarevsky, S. A., Thrane, K.
and Vernikovsky, V. A. (2008). Assembly, configuration, and break-up history of Rodinia: A synthesis.
Precambrian Research, 160, 179-210. https://doi.org/10.1016/j.precamres.2007.04.021

Malyshey, S. V., Ivanov;, A. V., Khudoley, A. K., Marfin, A.E., Kamenetsky, V.S., Kamenetsky, M. B. and Lebede-
va, O.Y. (2021). Global implication of mesoproterozoic (~ 1.4 Ga) magmatism within the Sette-Daban
Range (Southeast Siberia). Scientific Reports, 11, 20484. https://doi.org/10.1038/s41598-021-00010-5

Malysheyv, S., Pasenko, A., Ivanov, A., Gladkochub, D. P, Savatenkov, V.M., Meftre, S., Abersteiner, A., Kame-
netsky, V.S. and Shcherbakov, V. (2018). Geodynamic Significance of the Mesoproterozoic Magmatism
of the Udzha Paleo-Rift (Northern Siberian Craton) Based on U-Pb Geochronology and Paleomagnet-
ic Data. Minerals, 8 (12), 555. https://doi.org/10.3390/min8120555

Meert, J. G. and Santosh, M. (2017). The Columbia supercontinent revisited. Gondwana Research, 50, 67-83.
https://doi.org/10.1016/j.gr.2017.04.011

Metelkin, D. V., Vernikovsky, V. A. and Matushkin, N.Y. (2015). Arctida between Rodinia and Pangea. Pre-
cambrian Research, 259, 114-129. https://doi.org/10.1016/j.precamres.2014.09.013

Okhlopkov, V.1., Koval, S.G., Burtsev, I. N., Nepapyshev, V. A. and Koptil, V.1. (1987). Report on the GGS at
a scale of 1:50,000 on the territory of sheets R-50-27-B; 28-A, B, D; 29; thirty; 31; 40-B,G; 41-B,C,D; 42;
43 on the work of the Verkhne-Udzhinsky object of the Anabar party in 1980-1987, settlement Nyurba.
(In Russian)

Panteleev, A. V., Shemardinov, R. M., Ponomarenko, Z.F. and Zotova, N.S. (1985). Geological structure and
assessment of oil and gas content in the areas of parametric drilling (Krasnoyarsk Territory). Geolo-
gical report on the results of drilling of the Kostrominskaya well No. 1. Krasnoyarsk: Yeniseineftegazge-
ologiia Publ. (In Russian)

564 Becmuuk CIT6TY. Hayxu o 3emne. 2022. T. 67. Bun. 4



Pasenko, A.M. and Malyshev, S.V. (2020). Paleomagnetism and Age Correlation of the Mesoproterozoic
Rocks of the Udzha and Olenek Uplifts, Northeastern Siberian Platform. Izvestiya. Physics of the Solid
Earth, 56 (6), 864-887. https://doi.org/10.1134/S1069351320050067

Pasenko, A.M., Malyshev, S.V,, DuFrane, S.A. and Shatsillo, A.V. (2020). Paleomagnetism and prov-
enance of the lower Cambrian sedimentary rocks of the Udzha Uplift (north of the Siberian plat-
form). Vestnik of Saint Petersburg University. Earth Sciences. 65 (3), 552-576. https://doi.org/10.21638/
spbu07.2020.308 (In Russian)

Paton, C., Hellstrom, J., Paul, B., Woodhead, J. and Hergt, J. (2011). Iolite: Freeware for the visualisation
and processing of mass spectrometric data. Journal of Analytical Atomic Spectrometry, 26, 2508-2518.
https://doi.org/10.1039/c1jal0172b

Podkovyrov, V.N., Kotova, L.N., Kotov, A.B., Kovach, V.P, Graunov, O.V. and Zagornaya, N.Y. (2007).
Provenance and Source Rocks of Riphean Sandstones in the Uchur-Maya Region (East Siberia): Im-
plications of Geochemical Data and Sm-Nd Isotopic Systematics. Stratigraphy and Geological Corre-
lation, 15, 47-62.

Powerman, V., Buyantuev, M. D. and Ivanov, A.V. (2021). A review of detrital zircon data treatment, and
launch of a new tool ‘Dezirteer’ along with the suggested universal workflow. Chemical Geology, 583,
120437. https://doi.org/10.1016/j.chemgeo0.2021.120437

Priyatkina, N., Collins, W.]., Khudoley, A., Zastrozhnov, D., Ershova, V., Chamberlain, K., Shatsillo, A. and
Proskurnin, V. (2017). The Proterozoic evolution of northern Siberian Craton margin: a comparison
of U-Pb-Hf signatures from sedimentary units of the Taimyr orogenic belt and the Siberian platform.
International Geology Review, 59 (13), 1632-1656. https://doi.org/10.1080/00206814.2017.1289341

Priyatkina, N., Ernst, R.E and Khudoley, A.K. (2020). A preliminary reassessment of the Siberian craton-
ic basement with new U-Pb-Hf detrital zircon data. Precambrian Research, 340, 105645. https://doi.
org/10.1016/j.precamres.2020.105645

Prokopiev, A. V., Parfenov, L. M., Tomshin, M. D. and Kolodeznikov, I.1. (2001). Cover of the Siberian Plat-
form and adjacent fold-thrust belts. In: L. M. Parfenov and M. I. Kuzmin, eds. Tectonics, geodynamics
and metallogeny of the territory of the Republic of Sakha (Yakutia). Moscow: MAIK Nauka/Interperio-
dika Publ., 113-155. (In Russian)

Puchkov, V.N., Bogdanova, S.V,, Ernst, R.E., Kozlov, V.I., Krasnobaev, A.A., Séderlund, U., Win-
gate, M. T.D., Postnikov, A.V. and Sergeeva, N.D. (2013). The ca. 1380 Ma Mashak igneous event of
the Southern Urals. Lithos, 174, 109-124. https://doi.org/10.1016/j lith0s.2012.08.021

Roberts, N.M.W. (2013). The boring billion? Lid tectonics, continental growth and environmental
change associated with the Columbia supercontinent. Geoscience Frontiers, 4, 681-691. https://doi.
org/10.1016/j.gsf.2013.05.004

Rogers, J.J.W. and Santosh, M. (2002). Configuration of Columbia, a Mesoproterozoic Supercontinent.
Gondwana Research, 5, 5-22. https://doi.org/10.1016/S1342-937X(05)70883-2

Savatenkov, V.M., Malyshev, S.V,, Ivanov, A.V., Mefire, S., Abersteiner, A., Kamenetsky, V.S. and Pasen-
ko, A.M. (2019). An advanced stepwise leaching technique for derivation of initial lead isotope ratios
in ancient mafic rocks: A case study of Mesoproterozoic intrusions from the Udzha paleo-rift, Siberian
Craton. Chemical Geology, 528, 119253. https://doi.org/10.1016/j.chemgeo.2019.07.028

Semikhatov, M. A. and Serebryakov, S.N. (1983). Siberian hypostratotype of the Riphean. Moscow: Nauka
Publ. (In Russian)

Shpunt, B.R., Shamshina, E. A., Shapovalova, I. G., Krylov, I.N., Davydov, Yu. V., Kelle, E. Ya., Zabuga, B.R.
and Lazebnik, K. A. (1976). Precambrian of the Anabar-Olenek interfluve. Novosibirsk: Nauka Publ.
(In Russian)

Shpunt, B.R., Shapovalova, I. G. and Shamshina, E. A. (1982). Pozdnii dokembrii severa Sibirskoi platformy
(The Late Precambrian of the Northern Siberian Platform). Novosibirsk: Nauka Publ. (In Russian)
Slama, J., Kodler, J., Condon, D.]., Crowley, J.L., Gerdes, A., Hanchar, J.M., Horstwood, M.S. A., Mor-
ris, G. A., Nasdala, L., Norberg, N., Schaltegger, U., Schoene, B., Tubrett, M. N. and Whitehouse, M.].
(2008). Plesovice zircon — A new natural reference material for U-Pb and Hf isotopic microanalysis.

Chemical Geology, 249, 1-35. https://doi.org/https://doi.org/10.1016/j.chemgeo.2007.11.005

Upton, B.G.J., Rimg, O.T., Heaman, L. M., Blichert-Toft, J., Kalsbeek, E, Barry, T.L. and Jepsen, H. F. (2005).
The Mesoproterozoic Zig-Zag Dal basalts and associated intrusions of eastern North Greenland: man-
tle plume-lithosphere interaction. Contributions to Mineralogy and Petrology, 149, 40-56. https://doi.
0rg/10.1007/s00410-004-0634-7

Becmuux CIT6T'Y. Hayxu o 3emne. 2022. T. 67. Bun. 4 565



Verbaas, J., Thorkelson, D.J., Milidragovic, D., Crowley, J. L., Foster, D., Daniel Gibson, H. and Marshall, D.D.
(2018). Rifting of western Laurentia at 1.38 Ga: The Hart River sills of Yukon, Canada. Lithos, 316-317,
243-260. https://doi.org/10.1016/j.lith0s.2018.06.018

Vernikovsky, V. A., Dobretsov, N. L., Metelkin, D. V., Matushkin, N.Y. and Koulakov, I. Y. (2013). Concern-
ing tectonics and the tectonic evolution of the Arctic. Russian Geology and Geophysics, 54, 838-858.
https://doi.org/10.1016/j.rgg.2013.07.006

Vishnevskaya, I. A., Letnikova, E. F, Vetrova, N.I., Kochnev, B.B. and Dril, S.I. (2017). Chemostratigraphy
and detrital zircon geochronology of the Neoproterozoic Khorbusuonka Group, Olenek Uplift, North-
eastern Siberian platform. Gondwana Research, 51, 255-271. https://doi.org/10.1016/].GR.2017.07.010

Williams, I.S. (1997). U-Th-Pb Geochronology by Ion Microprobe.In: Applications of Microanalytical Tech-
niques to Understanding Mineralizing Processes. Society of Economic Geologists, vol. 7, 1-35. https://doi.
org/10.5382/Rev.07.01

Zhang, S., Li, Z.X,, Evans, D.A.D., Wu, H,, Li, H. and Dong, J. (2012). Pre-Rodinia supercontinent Nuna
shaping up: A global synthesis with new paleomagnetic results from North China. Earth and Planetary
Science Letters, 353-354, 145-155. https://doi.org/10.1016/j.epsl.2012.07.034

Zhao, G., Sun, M., Wilde, S. A. and Li, S. (2004). A Paleo-Mesoproterozoic supercontinent: assembly, growth
and breakup. Earth-Science Reviews, 67, 91-123. https://doi.org/10.1016/j.earscirev.2004.02.003

Received: January 17, 2022
Accepted: April 25, 2022

Authors’ information:

Sergey V. Malyshev — s.malyshev@spbu.ru

Alexander M. Pasenko — pasenkoal@ya.ru

Andrey K. Khudoley — a.khudoley@spbu.ru

Alexei V. Ivanov — aivanov@crust.irk.ru

Nadezhda S. Priyatkina — nadezhda.priyatkina@gmail.com
Anna A. Pazukhina — aapazukhina@gmail.com

Alexander E. Marfin — marfin1309@gmail.com

Scott A. DuFrane — dufrane@ualberta.ca

Igor S. Sharygin — isharygin@crust.irk.ru

Egor A. Gladkochub — gladkochub54@gmail.com

KakoBs Bo3pact YmxuHckoro nmaneopudra? U-Pb Bo3pacT 0610MOYHBIX I PKOHOB
TepPUTeHHbIX NOPoy, YI>KMHCKOTO 6acceiina, ceep Cubupu*

C. B. Manvuues!, A. M. ITacenxo?, A. K. Xydoneii!, A. B. Usanos’, H. C. [Ipusmxuna®,
A. A.ITasyxuna', A. E. Mappurn®, C. 3. Jiogpeiin®, . C. lapovieur®, E. A. Inadxkouy6®

! Canxr-ITetep6yprckuit rOCyapCTBEHHbLIT YHUBEPCUTET,
Poccuiickaa @epepanus, 199034, CaHKT-HeTep6ypr, YHuBepcurerckas Hab., 7-9

2 Yucturyt usuxu 3emmn um. O. 0. lmuara Poccnitckoit akageMun Hayk,
Poccnitckasn ®epepanms, 123242, Mocksa, yn. bonbias Ipysunckas, 10/1

3 VlctutyT 3eMHOI Kopbl CHGMPCKOTo oTAenenus Poccuiickoit akaieMnu Hayk,
Poccniickas ®epepanms, 664033, VIpkyTck, yn. J/lepmonTOBa, 128

* VIHCTUTYT re0n0rny 1 Te0XpOHOMOTMH FOKeMOPIs POCCHIICKOIT akaieMuu Hayk,
Poccuiickaa @epepanus, 199034, CaHKT-HeTep6ypr, Ha6. MakapoBa, 2

> YHuBepcurer Anb6Geprsl,
Kanapa, T6G 2E9, OnmoHTOH, AnbbepTta

* PaboTa Ipon3BOANIachk P MOAAEP)KKeE I B paMKax peanusaunu npoekra PHO Ne 19-77-10048.

566 Becmuuk CIT6TY. Hayxu o 3emne. 2022. T. 67. Bun. 4



s uuruposanms: Malyshev, S. V., Pasenko, A. M., Khudoley, A.K,, Ivanov, A.V,, Priyatkina, N.S.,
Pazukhina, A. A., Marfin, A.E., DuFrane, S.A., Sharygin, I.S. and Gladkochub, E. A. (2022).What is
the age of the Udzha paleorift?: U-Pb age of detrital zircons from Udzha basin terrigenous succession,
northern Siberia. Becmuuk Cankm-ITemep6ypackoeo ynusepcumema. Hayxu o 3eme, 67 (4), 548-567.
https://doi.org/10.21638/spbu07.2022.401

YmxuHckmit aneopudrt, pacronararmomuiics Mexay pekamn AHabap n OneHEk, sBseTcs
KJIIOUEBOJ CTPYKTYPOIL, CBIJIETENbCTBYIOLIEN O paclaje cynepkoHTuHeHTa Hyna. Bompoc
0 BO3pacTe aKTUBM3ALMM U BPEMEHM CYILIECTBOBaHMA IaneopudTa GO CErOZHAIIHETO
IHS He ompefeneH. B manHoit paborte Mbl mpuBoauM HOBble maHHble U-Pb martmpoBanms
00/IOMOYHBIX LIMPKOHOB U3 TEPPUTEHHBIX ¥ BYIKAHOT€HHO-OCATOYHBIX TOJLL YIKIHCKOTO
paspesa (YHI'YOXTaXCKOW U Y/PKMHCKOJ CBUT), M3 TEPPUTEHHBIX MOPOJ], NepeKpPbIBAOLINX
YmxuHCKMit 6acceiiH (TOMTOpCKasi CBUTA), M IECYaHMKA HIDKHEPUQEICKOI MYKYHCKOM
cepun CeBepo-3amaguoro Ilpuanabapps. PesynbTaTbl faTMpOBaHUS IOKAasbIBAIOT, UTO
HAYajIo 3aro/HeHNsT YKMHCKOro pudTa MpoKn30LUTOo He paHee yeM 1459 M/IH yieT Hasaj,
a BpeMs aKTMBHOCTHU pudTa OlLieHMBaeTcs He Oojiee 4eM 73 MJIH JIeT. YCTQHOBJIEHO, 4TO
YIKUHCKMI 6acceilH ABIANCA M30MMPOBAaHHBIM OT OKPY)XKAIOmMX 0acCelfHOB CeBepHO
vqacty Cubyupy m OOIOMOYHBI MaTepyan IOCTYHal M3 JIOKaIbHBIX MCTOYHMKOB CHOCA.
[Tpeobnagarommii BO3pacT UCTOYHMKOB B YIDKMHCKOM OacceiiHe oljeHmBaercst B 1.9-
2.0 m 2.5-2.7 Mnpp 7neT cO 3HAYMTENbHBIM IpeobnmajaHmeM mocrenHero. Hamporus,
B 3amagHoM Ilpmanabapbe JOMMHMPYET HaeONPOTEPO3ONCKUII MCTOYHUK C BO3PACTOM
1.9 mipp. Tak ke i YmKMHCKOro OacceiiHa BBLAB/IEH paHee HEM3BECTHBIN MCTOYHMK
CHOCa ¢ Bo3pacToM 1850 MJIH /1eT, COOTBETCTBYIOLMII II0 BpEMEHU I1A7IE0IIPOTEPO3OVICKOMY
ocToporeHHoMy Marmarusmy Cubupckoit maardopMel. B HeompoTeposoe mocTymieHne
06/I0MOYHOTO MaTepuasa MPOUCXOANTIO C CEBEPO-BOCTOKA, @ MCTOYHMKOM CHOCA SIBILSIINCH
AKTMBHOOKpAVHHbIE M KOJIJIM3VIOHHBIE MarMaTM4YecKye KOMIIIEKCHI HEOIIPOTEPO30JICKOro
Bo3zpacTta (~700 m/H eT). MakcuMabHBIT BO3PACT OCaKOHAKONIeHVsI TOMTOPCKOI CBUTBI
OLleHMBaeTCA B 564 MJIH JIET 110 CaMOJ MOJIOZOM MONY/IALNNA LVPKOHOB, YTO IPEeAIoIaraeT
IIepephIB B OCAaJIKOHAKOIIeHNI Ha ceBepe Cubupy B Me30- U HEONPOTepo3oe 6ojee deM
B 800 MJIH 71€eT.

Kniouesvie cnosa: Ymxuuckuii mameopudt, Cubupb, Me3oIpoTepo3oil, HeOIpOTepO3oiL,
uctoyHMkn cHoca, U-Pb fartuposanne, o6omouHble nypKkoubl, HyHa, Pogyans.

CraTbs nocrynuia B pefiakimio 17 susaps 2022 1.
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