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Abstract. The purpose of the International Chinese-Russian Geological Expedition of students and teachers in Nanjing
and the Yangtze River Delta (China) from October 26 to November 9, 2024 was to establish common connections and pat-
terns in the geological structure and development of the Siberian and South China platforms. The group visited a number
of sites of high scientific importance in order to understand the formation patterns of the modern appearance of East Asia
beginning from the Late Permian-Early Triassic period (about 250 million years ago). Based on palaecomagnetic data, it was
revealed that at the Permian-Triassic boundary these lithospheric blocks were located more than 1,500 km apart separated
by the Mongol-Okhotsk Ocean, which closed at the end of the Early Cretaceous period (about 125 million years ago). That
was the time when Siberian platform featured active tectonic and magmatic processes related to the Tunguska syneclise
trap formation while calm sedimentation of terrigenous-sedimentary strata in marine conditions took place on the South
China platform. These geological processes have become the main objects of the research presented in the article. The
methodology consisted of collecting and analyzing quantitative data indicating the synchronicity of specified events in time,
which will find application in solving a wide range of geological problems including interregional correlations of stratigraphic
sections, tectonic-magmatic processes, study of catastrophic phenomena, etc. Materials from paleontological, isotopic, pa-
leomagnetic and other studies (authors’ and published by other researchers) were used as a factual basis. The conducted
research has shown that the deposition time of the Katangsky volcanic complex basites of the Tunguska syneclise corre-
sponds to the Permian-Triassic boundary of the Meishan section D (Changxing District, Zhejiang Province, South China).
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NManeomarHuTHasa Koppenauua TpannoB TYHryCCKOW CUHEKNU3bI
Cunbupckon nnarcgopmbl ¢ rnodanbHbLIM CTPATOTUNOM
nepmo-Tpuaca npoBMHUuU Yxau3saH KOxHoro Kutas

K.M. KoHcTtanTuHoB**, M.[1. TomwuH®, U.K. KoHcTaHTMHOBS, A.H. NMonos?,
B.E. Mo3gHsakose, L. W, L. Yxoy?

ac—elipKymckull HayuoHarbHbIU uccredosamerbCKull mexHuYeckul yHugsepcumem, Vipkymck, Poccusi
bHemumym 2eonoeuu anmasa u 6riaeopodHbix memarinoe CO PAH, Sikymck, Poccusi
"sHankuHckul yHusepcumem, HaHkuH, Kumad

Pesrome. Llenbio npoBegeHns MexayHapoaHOW KUTaNCKO-POCCUACKON reornormyeckon akecneamumm B r. HankuHe v genesre
pekn AHusbl (Kutan) B nepuop ¢ 26 oktabpsa no 9 Hosiopsa 2024 r., cocTosLen n3 CTyAeHTOB W npenogasaTtenen, ABnanoch
yCTaHOBMNEHME OBLLMX CBSA3EN U 3aKOHOMEPHOCTEN B reoriorMyeckoM CTPoeHUn u passutum Cubupckoit n KOxHo-Kutarckon
nnatcopm. [pynna nocetuna psig 06LEKTOB, MMEIOLLMX BbICOKOE HAay4YHOE 3Ha4YeHUe Ans NoHMMaHust GOpMUPOBaHKS CoBpe-
MeHHoro obnuka BocTtouHon A3nm, HaumnHas ¢ No3AHENepPMCKOro-paHHeTpuacoBoro nepuoaa (okorno 250 mnH neT). Ha ocHose
naneomarHUTHbIX JaHHbIX ObINO BbIABNEHO, YTO Ha rpaH1LE NepMm — Tpraca ykadaHHble nutocdepHbie 6rokm 6binm yaaneHsb!
Apyr ot Apyra Ha 6onee yem 1500 km. B 310 Bpemst mexay Humm cyLiectBoBan MoHrono-OxoTCKkui okeaH, KOTOPbIN 3aKpbIncs
B KOHLIe paHHero menosoro nepuoga (okorno 125 mnH net). B 10 Bpemsa Ha Cubupckon nnatopme npotekany akTuBHble
TEKTOHO-MarMaTmnyeckme nNpoLecchbl, CBA3aHHble ¢ POpMUPOBaHMEM TpanmoB TyHryCCKOM CUHEKNM3bI, a Ha KOxHo-Kutainckomn
nnatgopmMme NpoXoaurio CroKOWMHOE OCaAKOHAKOMMeHWe TeppUreHHO-0Cafo4HbIX TOMLW, B MOPCKUX YCroBusX. MeHHO aTu
reorormyeckne npoLecchl Ctarnm OCHOBHbIMM OObEeKTamMu NpeAcTaBNeHHOro B cTaTbe uccnenoBaHus. Metoamka coctosina
B cObope 1 aHanm3e KONMMYEeCTBEHHbIX AaHHbIX, CBUOETENbCTBYIOLLMX O CUHXPOHHOCTM YKa3aHHbIX COObITUIA BO BPEMEHM, KO-
TOpble HaWQyT NPUMEHEHVE B PELUEHUN LUMPOKOTO Kpyra TakMX reorormvecknx 3afad, Kak MexXpervoHasnbHbie Koppensumm
cTpaTurpadnyeckux paspe3os, TEKTOHO-MarmMaTUYeCKnx NpoLIeCcoB, N3yveHre KatacTpodunyieckux sisneHui n ap. B kavectse
chakTorpadpmyeckort OCHOBbI ObINN MCNONbL30BaHbl MaTepuarbl Mo NaneoHTONOrMYECKUM, U30TOMHBLIM, NaneoMarHUTHBIM U
[pyrM “ccneaoBaHnamM (Co6CTBeHHbIE 1 onyBrMkoBaHHbIe ApyrMmn asTopamu). briarogaps nposeaeHHOMY UCCNeaoBaHuIo
6bINo NoKasaHo, YTO BpeMs BHeApeHUst 6a3nTOB KaTaHICKOro BYIIKAHNYECKOro Kommekca TyHryCCKOWM CUHEKINI3bI KOPPECTIOH-
OVipyeTcs ¢ MepMo-TpracoBom rpaHuLen paspesa Meviwanb D (okpyr YaHcyH, npoBuHUmMS YxauasH, KxHeii Kutan).

Knroyeenle cnoea: Cnbupckas nnatcgopma, KOxHo-KuTarickast nnatdopma, TyHrycckasi CMHeKnm3a, nepMckuii nepvog,
TPUaCOBhLIN Neprog, TPannoBbIi MarmaTuam, NaneoMarHUTHbIe PEKOHCTPYKLUNA

QduHaHcupoegaHue: ViccnenoBaHusa NpoBefeHbl B paMKax nporpamMmbl COTPYAHUYECTBA CTYAEHTOB VIPKyTCKOro Hauwmo-
HanbHOro MccneaoBaTenbCKoro TeEXHUYeckoro yHusepcuteta (Poceus) u HaHkmHekoro yHuBepcuteta (Kutan) «bavikan —
xemuyxunHa Mupar.

BriazodapHocmu: ABTOpPbI BblpaXkatoT OrpOMHYH0 GrarogapHOCTb COTPYAHUKAM MHCTUTYTa « Cnbupckas wKona reoHayky
MpKyTCKOro HaumoHarnbHOro MccrneaoBaTenbCKkoro TEXHUYECKOro yHUBEpCUTeTa: KaHaMAaTy reornoro-MMHepanormyeckmnx
Hayk J1./. AyauHol, Hay4YHOMY pyKOBOAUTENO MHCTUTYTa KaHAMAATY reornoro-MvHepanormdeckmx Hayk A.B. MapLumny, py-
KOBOAMTENIO OTAENa BHYTPEHHMX U BHELLHUX KOMMYHMKauuii C.A. XprucToBon, a Takke npodeccopy HaHKMHCKOro yHmBep-
cuteta FOHWKaHb YKaHy 3a OrpOMHYIO MOMOLLIb, OKa3aHHYI0 B MPOBEAEHNN MEXOAYHaPOOHbIX reofIorMyYeckmx aKCneamumn
Ha 03. bavikan n B genbre p. AHU3bI.

Ans yumupoeaHusi: KoHctaHTuHoB K.M., TomwuH M.[., KoHctantmnHoB U.K., Monoe A.H., MNMo3gHsikos B.E., N L. [u gp.].
ManeomarHuTHas koppensaums TpannoB TyHrycckon cruHeknmabl Cnbupckon nnatdopmbl ¢ rnobanbHeIM CTPaTOTUMNOM nep-
Mo-Tpuraca npoBuHUMK YxaussaH KOxHoro Kntas // Haykmn o 3emne n Hegpononb3oBaHue. 2025. T. 48. Ne 2. C. 160—184.
https://doi.org/10.21285/2686-9993-2025-48-2-160-184. EDN: OTFBNN.

Introduction

At the Permian-Triassic boundary in the Sibe-
rian Platform, a unique outpouring of basites (ba-
salts, dolerites, tuffs, etc.) occurred on a unique
scale. These rocks of basic composition, called
Siberian traps, are now developed mainly with-
in the Tunguska syneclise [1-6]. The total thick-
ness of lavas and tuffs here reaches 3000 m in
some places. Intrusive traps are predominantly

distributed in the eastern part of the platform in
the territory of the Republic of Yakutia, which are
represented by extended fields of sills and rare
dykes marking zones of large crustal rifts on the
eastern margin of the Tunguska syneclise, on
the southwestern and northeastern slopes of the
Anabarsky anteclise.

Magmatism began with the introduction of
sills and dykes, then intrusive-effusive activity
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with the outpouring of a huge volume of lavas,
formation of eruptive apparatuses and accumu-
lation of tuffogenic-sedimentary strata becomes
the leading one [6, 7]. On the eastern margin of
the Tunguska syneclise, tiered hypabyssal sills
are formed, extending eastwards for many tens
and even hundreds of kilometres from the mag-
ma-supplying zones. Near the latter, the thick-
ness of sills reaches 500 m with its gradual de-
crease to 10—15 m at the frontal parts of deposits.
Dikes usually represent magma-supply channels
and are generally few in number. Multilayered
sills with a total thickness of several hundred me-
tres were discovered by drilling along the sides of
the syneclise in the Paleozoic cover.

The concept of the Siberian traps province in-
cludes the area of distribution of close in age mag-
matic rocks of different composition — from ultra-
basic rocks, for example (meimechites), to acidic
rocks (rhyolites and granites) [4, 6—10]. Tholeiitic
basalts prevail among traps, petrochemical and
geochemical features of which are determined by
the processes of initial magma formation. Com-
pared to basites of rift zones, they are character-
ised by reduced and usual for tholeiites contents
of TiO,, P,O5 and high concentrations of Ni and
Cg. They are steadily depleted in V, Sr, Ba and B.

The age of trap magmatism of the Siberian
Platform, according to geological data, is usu-
ally determined as late Permian-early Triassic.
K-Ag dating (hundreds of determinations) gives
a wide range of values: from 270 to 220 Ma, i. e.
from the beginning of the Permian to almost the
end of the Triassic. A special geochronological
study of traps in the Norilsk region with dating
of zircons and study of their paleomagnetism
leads to the conclusion that trap magmatism is
confined to the Permian-Triassic boundary and
lasted less than 1 Ma (almost instantaneous in
the geological time scale) [11]. This type of mag-
matism is best explained by a mantle jet (plume)
[7, 12, 13]. According to the data, the Siberian
Platform in the late Permian-early Triassic (about
250 Ma) was located in the northern polar region
and passed over the Icelandic hot spot (Fig. 1).
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The eruption of the Siberian traps was one of
the largest terrestrial volcanic eruptions in the Pha-
nerozoic history of the Earth. The total volume of
volcanic material is estimated at 2x10%-3x10® km?
[11, 14]. As a result of volcanism, which occurred
in an exceptionally short time, the SO, and vol-
canic dust (the ash) content in the Earth’s atmo-
sphere increased dramatically, leading to acid rain
and global climate cooling. The Permian-Triassic
boundary in Earth’s history is notable for the ex-
tinction of many groups of organisms and abrupt
changes in global sea level (up to 280 m), which
include two periods of abrupt sea regression and
two periods of more intense transgression over
several million years. These changes are attribut-
ed to rapid climate fluctuations due to the increase
in polar ice and its subsequent melting.

Active tectono-magmatic operation has deter-
mined the metallogeny of the Siberian traps, with
which deposits of copper, iron, platinum and other
minerals and building materials can be associated.

In this regard, the study of the Siberian traps is
of high scientific and applied importance. One of the
priority issues is to establish the sequence of for-
mation of basites, which determines the relevance
of their comprehensive study. Despite the fact that
extensive literature has been devoted to the solution
of this question, this problem is still debatable.

Thus, the purpose of our research is to select
a basite reference object, relative to which re-
gional correlations of traps of the Tunguska syn-
eclise, Norilsk region, Molodo-Popigai fault zone
and other tectono-magmatic structures of West-
ern and Eastern Siberia can be made. The main
condition for determining such a reference point
should be its reliable connection with the glob-
al stratotype'’. One of the nearest such objects
is the Permian-Triassic terrigenous-sedimentary
rock sections in southern China? [17].

According to the palaeogeographic reconstruc-
tion (see Fig. 1), in the Early Triassic (approximately
250 Ma), the Siberian, North and South China Plat-
forms were located in the northern hemisphere, but
were separated by the Mongolian-Okhotsk palaeo-
ocean [15, 16]. At this time, the Siberian Platform

' Global Stratotype Section and Point (GSSP — Global Stratotype Section and Point) or “Golden Nail” is an internationally
agreed reference point on the stratigraphic section, which defines the lower boundary of the stage on the geochronological
scale. The work of defining the GSSP is carried out by the International Commission on Stratigraphy (ICS), part of the
International Union of Geological Sciences. Many, but not all, global stratotypes are based on palaeontological variations.
For this reason, GSSPs are usually described by reference to transitions between different faunal stages, although many
more faunal stages have been described than global stratotypes. Work on defining GSSPs began in 1977. As of 2024, 79
of the 101 tiers that require global stratotypes have a ratified GSSP.

2 Murphy M.A., Salvador A. (eds). International stratigraphic guide: an abridged version. Moscow: GEOS; 2002, 38 p.
(In Russ.) / MexgyHapogHbIi cTpaturpadmyecknini CnpaBoOYHUK: CokpalleHHas Bepcusa / otB. ped. HO.b. MmageHkos.

M.: TEOC, 2002. 38 c.
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Fig. 1. Paleogeographic reconstruction of the Pangaea supercontinent emphasizing the relative position
of main blocks in Eastern Asia in the Early Triassic based on palaeomagnetic data [15, 16]:
1 — subduction boundaries; 2, 3 — localization of the studied objects: 2 — Meishan Province, China,
3 — Western Yakutia, Russia
Abbreviations for blocks (using present-day boundaries):
EU — European craton; KAZ — Kazakhstan block; NA — North America; SA — South America; AF — Africa;
IN — India; AN — Antarctic; AU — Australia; AR — Arabian block; IR — Iranian block;
QT — Qiangtang block; IC — Indo-Chinese block; LH — Lhasa block
Puc. 1. lNaneozeozpaghuyeckasi peKOHCMpyKyusi cynepkoHmuHeHma llMaHzesi, nod4epkusarouwjasi
OmHocumesibHOe MoJiIo)XeHUe OCHOBHbIX 6510k0e 8 BocmoyHol A3uu e paHHeM mpuace Ha OCHoge
naneomMazHUMHbIX 0aHHbIx [15, 16]:
1 — epaHuupbl cy6dykyuu; 2, 3 — nonoxeHue udy4eHHbIx 06bekmos: 2 — nposuHyus MetiwaHb, Kumad,
3 — 3anadHas Akymus, Poccusi
CokpaweHusi 0151 6510K08 (C UCMosb308aHUEM COBPEMEHHbIX epaHuUL):
EU — Esponetickuti kpamoH; KAZ — KazaxcmaHckul 6r10k; NA — CegepHasi Amepuka; SA — lOxHasi Amepuka;
AF — Agppuka; IN — MIHdus; AN — Aimapkmuka; AU — Aecmpanusi; AR — Apasutickuli 6510k; IR — MipaHckul 6r10k;
QT — UsaumaHckuli 6nok; 1C — UHdo-Kumadicku 6nok; LH — Jlxacckul 6510k

was undergoing active trap outpouring associated
with the impact of the Icelandic hot spot, and ma-
rine sediments were forming on the South China
Platform. Clockwise rotation of the Siberian and
South China Platforms relative to the North China
Platform in the Mesozoic led to the final closure of
the Mongolian-Okhotsk Ocean and Paleo-Tethys at
the end of the Early Cretaceous (about 125 Ma).
Taking into account the palaeogeographic sep-
aration of the regions at the time of formation of the
objects under consideration, the main task is to ob-
tain independent isotopic and palaeomagnetic data
on the basites of the Siberian Platform and com-
pare them with the available materials on one of
the global stratotypes of the South-China Platform.

Materials and methods
Our studies are based on the materials ob-
tained from the Permo-Triassic basites of the
eastern side of the Tunguska syneclise (Fig. 2, a)

WWW.Nznj.ru

over the last 25 years [18-22 and others].
At present, it is established with a high degree of
reliability for the traps:

1. Multistage trap magmatism in time [18, 23].
The scheme adopted by geologists identifies
three phases: | — intrusive yBP;, || — volcanic-sub-
volcanic B,-yBP,-T, and Il — intrusive yBT,, which
correspond to the Olenek-Velingninsky, Katang-
sky and Kuzmovsky complexes of trap magma-
tism. The Permo-Triassic age of the considered
phases of basites of the eastern side of the Tun-
guska syneclise is accepted by geologists condi-
tionally.

At the end of the Permian, multistage trap sills
of Phase | (moderately ferruginous-titanic group,
TiO, = 1,5 gram/tonne) were intruded; their out-
crops are preserved at the watershed of the
Morkoka and Allara-Delingde Rivers and on the
slopes of the Morkoka River valley. Characteristic
features of phase | sills are the predominance of
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subhorizontal intrusions and their strike-slip sta-
bility. Precontact changes in the host rocks are
weakly expressed. The structure of sills is rath-
er simple, petrographically they are represented
by fine- and medium-grained dolerites, less fre-
quently by gabbro-dolerites.

The most widespread in the area are Phase
Il (magnesia-limestone group, TiO, = 1,0 gram/
tonne) basites observed in the near-surface hori-
zons of Middle Paleozoic sediments and in the
roof of the carbonate basement (Fig. 2, b). The
trap sills of the Phase Il traps are very unstable
along strike, form overhangs and blowouts, often
split, and form numerous ‘windows’. Cases of
detachment and transport of blocks of carbonate
rocks and kimberlites (Yubileinaya, Podtrappo-
vaya pipes, etc.) by basite intrusions have been
noted. Synchronously with the dolerite sills of the
intrusive facies characterised above, rocks of the
tuffisite and tuff facies, as well as chert-shaped
bodies (rootless volcano facies) were formed.
Tuffisites are found on low watersheds and ba-
sin-like depressions, and are quite widely devel-
oped. They have lithoclastic structure and con-
sist of fragments of basalts and hypobasalts of
sharp-angular shape. Their formation is associat-
ed with certain thermodynamic processes in the
near-surface chambers of the forming sills (near
eruptive apparatuses or with subvolcanic sills
giving local explosion centres in the roof, which
then inject into the host rocks) as a result of the
breakthrough of gas-saturated tholeiitic melt into
the watered coal-bearing strata of terrigenous
Permo-Carboniferous rocks. At the same time,
the surrounding terrigenous strata contain car-
bon-containing substances or water-carbon diox-
ide fluid, due to which secondary boiling increas-
es manifold. This causes a high-power chemi-
cal chain reaction and explosive processes, as
these components of coal-bearing sediments
significantly enhance the physicochemical reac-
tions of phreatomagmatic brecciation and retro-
grade boiling. This mechanism of tuffisitisation
produces peculiar cryptovolcanic structures —
explosive calderas and sometimes open vents —
explosion funnels with lapilli and conglobreccias.
Stokes occur above intrusions of the second fa-
cies or among tuffisites (Teguryuk River). Tuffs
(Alakit Formation, P,-T,al) differ from tuffisites by
the presence of admixture of terrigenous materi-
al in their composition. The tuffs are dominated
by coarse clastic varieties, with medium- and fine
clastic varieties occurring less frequently. Thus,
the Katangsky volcanic-subvolcanic complex

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

(the Phase Il) could most likely be the source of a
wide range of volcanic ashes and chemical com-
pounds released into the atmosphere during its
formation. The consequence of this effect can be
anoxia (complete depletion of oxygen reserves)
of the atmosphere, oceans and, as a conse-
quence, mass extinction of organisms.

The Phase Il (ferruginous-titanic group,
TiO, = 2,0 gram/tonne) manifestation of trap mag-
matism in the Daldyno-Alakitsky area is associated
with the Phase lll manifestation of trap magmatism
in the Daldyno-Alakitsky area, which is associated
with shelf-sectional and stratabound basite bod-
ies of various thickness observed mainly among
the Lower Paleozoic carbonates (see Fig. 2, b).
Near the feeder channels, intrusions often form
injected uplifts, rejects of carbonate rocks and
kimberlite bodies (Komsomolskaya, Krasnopresn-
enskaya pipes, etc.), and sometimes break through
second-phase bodies. Intrusive bodies are, as a
rule, secant to the host rocks, their dip angles to the
surface are flattened, they are localised mostly in
the east and north-east of the area. In the near-con-
tact zones, the host rocks are metamorphosed.

Feeding channels for sills are dikes, which are
distributed throughout the territory, but are mapped
only in open carbonate fields (see Fig. 2, a). Dike
intrusions are reflected on magnetic field maps by
both positive linear anomalies and negative anom-
alies. Anumber of geological features indicate that
the negatively magnetised dikes formed at a lat-
er stage. Dyke intrusions are rectilinear in plan
or arcuately curved, and lie subvertically. Their
thicknesses vary from the first metres to the first
tens of metres, their length can reach 50-60 km.
The most extended dikes have north-western and
meridional strike. Dikes with northeastern and lat-
itudinal orientations are less common and do not
exceed 10 km in length. Many dikes are abundant
with apophyses formed along the fractures dip-
ping the feeder channel. Apophyses of the dikes
in the host rocks are developed in the peripheral
space (1-2 km) at different depths, as indicated by
aeromagnetic survey and drilling data.

2. Each phase has a strict hypsometric (strati-
graphic) confinement (see Fig. 2, b), from top to
bottom: | — armours watersheds, Il — intrudes P;-C,
terrigenous-sedimentary sediments, Il — intrudes
rocks of carbonate Early Paleozoic PZ, basement
(boundary of O, ;kl and S,In formations).

3. Diversity of forms of occurrence (dikes,
sills, etc.), variability of mineralogical, chemical
and petrographic compositions (differentiation,
contamination, etc.) [18, 24].
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Fig. 2. Trapps of the Daldyn-Alakit diamondiferous region (eastern side of the Tunguska syneclise):
a — position of the studied kimberlite bodies on the summary map of the local component of the magnetic field
AT, (red/yellow asterisk — known diamond deposits / off-balance ores)
1-7 — mapping of igneous formations: 1, 2 — sills of trap intrusions reserving watersheds: 1 — Olenek-Velingninsky
and Katangsky intrusive complexes (non-separated), 2 — KuzmovskKy intrusive complex; 3 — kimberlite pipes;
4, 5 — dolerite dikes of the Vilyui-Kotui fault zone (supply channels): 4 — positively magnetized,
5 — negatively magnetized; 6 — near-dike crosscutting and substratal dolerite intrusions; 7 — accumulation zones
of trap formation destruction products in the floodplains of watercourses;
AMF — Alakit-Markha kimberlite field; DF — Daldyn kimberlite field
b — geological section of the southern northeastern side of the open pit of the Komsomolskaya pipe diamond deposit:
1 — petromagnetic heterogeneities of the firing zone; 2 — zone of increased fracturing;
1l, 1l — basite sills of the second and third introduction phases, respectively
Ag, — gravity field anomaly; AT, — magnetic field anomaly;
PZ1 — terrigenous-sedimentary rocks of the carbonate basement (Early Paleozoic); SA — structural type anomaly
Puc. 2. Tpannsi JandbiHo-AnlakumcKo20 aJiMa3oHOCIMHO20 palioHa
(8ocmoyHbIli 60pm TyH2ycCKOU CUHEKU3bI):
a — ronioxeHue u3y4yeHHbIX KuMbepnumosbix mes Ha c80OHOU Kapme /10KanbHOU cocmasnsowel MagHUMmHOZ0 rons
AT, (kpacHas/)xenmas 36e3004Ka — U38ECMHbIE MECMOPOXOEHUSs anmMa3os/3abanaHcosble pyobl):

1—7 — KapmupogaHue MaaMamu4eckux obpasosgaHull: 1, 2 — cusnnbl mpanmnosbix UHMpy3uti, 6poOHUpPYOUWUX
8o0opa30eribl: 1 — OfeHeK-8e/TUH2HUHCKUU U KamaHaCKUU UHMPY3UBHbIE KOMIIEKChI (Hepa3derneHHbie), 2 — Ky3bMOBCKUU
UHMpY3usHbIl Komriekc, 3 — kumbeprnumosbie mpybku; 4, 5 — datiku donepumos Burtolicko-Komytickol 30HbI
pasnomos (nodeodsiwyue KaHarsbl): 4 — MonoXuUmernsHO HaMagHU4YeHHbIe, 5 — ompuyameribHO HaMagHUYeHHbIe;

6 — okornodalikosbie cekywue u cybrnnacmossie UHmpy3uu 0o1epumos; 7 — 30Hbl akKyMynsyuu npodyKmoe paspyLeHusi
mpannosbix 0bpasosaHuli 8 rotimax 8000MOKO8
AMF — Anakum-MapxuHckoe kumbeprumosoe rnone; DF — [JandbiHckoe Kumbepiumoasoe rnose
b — eeonoauyeckuli pa3pes tXXHO20 cesepo-80CmMoYHO20 bopma Kapbepa
mecmopoxdeHusi anmasos mpybku Komcomornbckas:

1 — nempomacHuUmHble HEOOHOPOOHOCMU 30HbI 0bXU2a; 2 — 30Ha MO8bILIEHHOU MpPeuuHo8amocmu;

Il, Il — cunnel 6asumos, coomeemcmeeHHO, 8mopoli U mpembel ¢ha3 8HEOPeHUsI
Ag, — aHomarnus epasumayuoHHoe0 rons; AT, — aHoMarnusi MazHUMHOEZ0 r1osis
PZ1 — meppueeHHo-ocado4yHble nopodsbl kapboHamHo20 YoKorss (paHHUU naneo3ol);

SA — aHomanus cmpykmypHo20 mura
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4. High-latitude palaeogeographic (see Fig. 1)
and present-day positions of the Siberian Plat-
form [25].

5. Inversions of the Earth’s magnetic field at
the time of the trap introduction [19, 20]: early
phases | and Il were magnetised by a positive
magnetic field, and phase Ill — by a negative one.

The combination of the last two factors (items
4 and 5), according to the fundamental principle
of paleomagnetology of the «central axial dipole»
[26], predetermined the characteristic steep posi-
tive and negative directions of the vectors of the pri-
mary natural remanent magnetisation (NRM, /n)3
in the traps 250 Ma ago [19, 20].

We can judge about the time of basite intru-
sion in the Tunguska syneclise only from the gen-
eral picture of “°Ar/**Ar and U-Pb isotopic dating
data (Fig. 3). Against the background of 30 Ma
of trap magmatism, the most reliable are two
peaks within, respectively: 2505 and 2433 Ma.
At present, there are only relative correlation

| A total of 47 dates

5.

4‘ H
3 ~9 Ma

~22 Ma

Number of dates
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“\30 Ma \ o~ )‘6\

260 250 240 230 220
“OAr/*Ar age, Ma
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schemes of basitic magmatism in separate re-
gions of the Siberian Platform, which dock with
each other ambiguously.

Given the complex geological structure of the
Tunguska syneclise, in order to unite different
tectono-magmatic events into a logical chain, it
is necessary to have an age reference, in which
the main role was played by precision methods®
of global importance. These include, first of all,
isotopic and palaeomagnetic studies.

The Permian-Triassic boundary, which was
approved by IUGS, can serve as the most suit-
able repartee for correlation of the traps of the
Tunguska syneclise; it was defined in Changxing
County, Zhejiang Province, South China (Fig. 4)
at the base of the Hindeodus parvus horizon, at
the base of layer 27¢ of the Meishan D section
[17, 44-50]. ICS recognised it as a global strato-
type' based on the following criteria:

— GSSP must define the lower boundary of
the geological stage;

Atotal of 18 dates

Bolgochtosh
intrusion

T

Number of dates

260 250 240 230 220
Uranium-lead method age, Ma

b

Fig. 3. Age of Siberian traps*:

a — distribution histogram of “Ar/°Ar dating (the grey field shows the Permian-Triassic boundary determined by dating
sanidines from ashes in the layer 28 of the section D in Meishan Province, China [27-35]); b — dating distribution
histogram (uranium—lead method) (the grey field shows the Permian-Triassic boundary determined by dating zircons
from ashes in the layer 28 of the section D in Meishan Province, China [14, 36—43])

Puc. 3. Bo3pacm cubupckux mpanmnoe*:

a — eucmoepamma pacripedeneHus “CAr/°Ar 0amuposok (cepbiM nonem obo3HadyeHa rnepMo-mpuacosas epaHuya,
8bi0erieHHas 8 pesynbmame damuposaHusi caHUOUHO8 U3 rernsos 8 crioe 28 paspesa D e nposuHyuu MetiwaHb
8 Kumae [27-35]); b — aucmoepamma pacripedeneHusi 0amupos8oK (ypaH-C8UHU08bIU Memod) (cepbiM rnosnem
0bo3HayeHa nepMo-mpuacosas epaHuya, 8bi0eneHHas 8 pesyrnbmame damuposaHusi UUPKOHO8 U3 nersios
8 crioe 28 paspesa D e nposuHyuu MeliwaHb 8 Kumae [14, 36—43])

3 The positive direction of the In vector is downward, the negative direction is upward.

“lvanov A.V. Intracontinental basaltic magmatism (on the example of mesozoic and cenozoic of Siberia): dis. ... of doctor
of geol.-min. sciences. Irkutsk; 2011, 382 p. (In Russ.) / iBaHoB A.B. BHYTPUKOHTMHEHTamNbHbIA 6a3ansToBbIN MarMaTuam
(Ha Nnpumepe mMe3030s1 1 kanHo308 Cubupwn): auc. ... A-pa reon.-muHeparn. Hayk. MpkyTck, 2011. 382 c.

5 Precision method — is a method that allows measurements to be carried out with very high accuracy, i. e. with record
low error. It determines the degree of proximity of independent measurement results obtained under specific regulated
conditions to each other to an accepted reference value (the reper).
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Fig. 4. Geological map [44] and location of the global stratotype park of the Meishan area:
a — geological map: 1 — Holocene; 2 — Pleistocene; 3 — 17 — formations: 3 — Tongshang; 4 — Nanlinghu; 5 — Helongshan;
6 — Yinkeng; 7 — Changxing; 8 — Longtan; 9 — Gufeng; 10 — Qixia; 11 — Chuanshan; 12 — Huanglong; 13 — Gaolishan;
14 — Jinling; 15 — Wutong; 16 — Tangjiawu (Upper mixed bed); 17 — Tangjiawu (Lower mixed bed); 18 — granite-porphyry
dike; 19 — conformity boundary; 20 — parallel/angular unconformity boundary; 21 — normal/reverse stratigraphic bedding;
22 — normal/reverse fault; 23 — strike-slip fault; 24 — Meishan, section D
b — park position: A-D — Meishan Geopark quarries (Global Stratotype Section and Point)

Puc. 4. leonozuyeckas kapma [44] u nonoxeHue napka 2no06anbH020 cmpamomuna patioHa MeliwaHb:

a — eeornoauyeckasi kapma: 1 — 2onoueH; 2 — nneticmoueH; 3 — 17 — caumsi: 3 — TyHwaH; 4 — HaHbIUHXY;

5 — XenoHewaHb,; 6 — IHbK3H, 7 — YaHcuH,; 8 — JlyumaH; 9 — ygbaH; 10 — Lucs; 11 — YyaHnbwaHs, 12 — XyaHnyH;

13 — MaonuwaHe, 14 — LauHbnuH,; 15 — BymyH; 16 — TaHy3sa8y (8epxHuli cmewaHHbIU criol); 17 — TaHy3sssy
(HWxHUU cMewaHHbIU crol); 18 — epaHum-nopghuposas dalika; 19 — epaHuya coomeememeusi;

20 — napannensHas/yanosas epaHuya Hecoanacus; 21 — HopmanbHoe/obpamHoe cmpamuzpaguyeckoe 3anesaHue;
22 — HopMarlbHbIlU/0bpamHbIl paznom; 23 — cdeuzoebil pasnom; 24 — MeliwaHb, paspes D
b — nonoxeHue napka: A—D — kapbepbi eeonapka Meliwarb (FnobanbHbIl cmpamomurnuyYeckul pa3pe3 U moyka)
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— the lower boundary must be defined by a
primary marker (usually data on the first occur-
rence of a fossil species);

— there should also be secondary markers
(other fossils, chemical, geomagnetic inversions);

— the horizon in which the marker appears must
contain minerals that can be radiometrically dated,;

— the marker must have regional and global
correlation in outcrops of the same age;

— the marker should be facies independent
(without any changes in facies);

— sedimentation must be continuous;

— the outcrop must have sufficient thickness;

— the outcrop should be unaffected by tectonic
and sedimentary movements and metamorphism;

— the outcrop must be accessible and readily
available for research: it must be quickly accessible
(international airport and good roads), well main-
tained (ideally in a national reserve), in an acces-
sible area, extensive enough to allow repeat sam-
pling, and open to researchers of all nationalities.

The participants of the international expedi-
tion visited this stratotypic outcrop (see Fig. 5)
and collected important information on it, neces-
sary for global correlation with the Siberian traps.
At present, the global Permian-Triassic boundary
stratotype is characterised by a wide range of sci-
entific information [17, 44-50].

The Permian-Triassic boundary runs along lay-
er 27, composed of argillic micrites (see Fig. 5, b)
[45-50]. The main fossils of the Early Triassic sole
(layers 27¢ and 27¢) are the extinct conodont genus
Hindeodus parvus, Ellisonia and Isarcicella isarcica
(see Fig. 5, ¢, d). Most likely, the demise of Perm-
ian conodonts is due to global anoxia, as indicated
by the &"*C peak of the Protein Data Bank (PDB)®
plot [51]. This zone has been recorded in 27 local-
ities of 11 provinces of South China, as well as in
Selong (Tibet, China), Guryul Gorge (Kashmir),
Spiti (India), Abad and Kuh-e-Ali Bashi (Iran), Nar-
mal Nala (Pakistan), Gartner Kofel (Austria), Tesero
(Italy), Western America, Arctic regions of Canada,
Australia, Timor and other localities [44].

Based on radioisotope studies (Table 1), the
age boundary of the Permian and Triassic is es-
timated to be 252.17+0.06 Ma. The results of re-

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

cent radioisotopic ages of both U/Pb and “°Ar/*°Ar,
according to the dating of volcanic ash, the age of
Permian-Triassic boundary in marine strata and
the age of mass extinction are indistinguishably
252.5+0.2 Ma [35, 53].

Studies [568—62] have shown that the Meishan
C and D sections can be divided into five subzones
of normal polarity and four subzones of reversed
polarity (Fig. 6). The lower part of the Changxi
Stage has normal polarity, and the upper part has
both normal and reverse polarity. In general, the
Permian-Triassic boundary is characterised, with
a high degree of probability, by the direct polarity
of the Earth’s magnetic field (MS5n).

To solve the problem of regional paleomag-
netic correlation of the traps of the Tunguska
syneclise of the Siberian Platform with the global
stratotypic section of the Permian-Triassic terrig-
enous-sedimentary formations in the Zhejiang
Province of South China (see Fig. 4), we select-
ed basites of three phases of intrusion of the Al-
akit-Markha kimberlite field (see Fig. 2, a). One of
the important objects for studying the sequence
of basite formation is the Komsomolskaya pipe
diamond field, in the quarry of which two sills of
dolerites of Il and lll phases of intrusion are ex-
posed [10, 18] (see Fig. 2, b). The dolerite sill of
the Il phase lies horizontally on the watershed,
while the dolerite sill of the Il phase is emplaced
in the Early Paleozoic carbonate basement. The
Phase Ill sill, rising in the area of increased frac-
turing to the footwall of the Phase Il sill, forms a
sigmoid and thereby cuts the northwestern block
of the diatreme to form a kimberlite detachment.

Studies of basites of the Tunguska syneclise
included:

1. Field work on selection of oriented pieces
[26]. In total, more than 600 pieces were sampled;

2. Sample preparation — making 3—4 cubes
with 20 mm rib from the samples. In total about
2000 cubes were obtained;

3. Laboratory research of physical properties
(density, magnetisation), petro- and paleomag-
netic analyses. The investigations were carried
out with modern equipment: magnetic suscepti-
bility && meters (KLY-3s and MFK1-FA, AGICO,

¢ Protein Data Bank (PDB) — is a data bank of three-dimensional structures of proteins and nucleic acids. Information
obtained by X-ray crystallography or nuclear magnetic resonance (NMR) spectroscopy, and increasingly by cryo-electron
microscopy, is entered into the database by biologists and biochemists from all over the world and is available free of
charge through the websites of its member organisations (PDBe, PDBj, RCSB). The PDB is one of the most important
resources for scientists working in structural biology. Most scientific journals and some research funding foundations, e. g.
NIH in the USA, require authors of articles and grantees to have all structural data posted on the PDB. The PDB contains
mainly primary data on the structure of biological molecules, while there are hundreds of other data banks categorising
primary data or identifying patterns between molecular structure and evolutionary relatedness.
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Fig. 5. Meishan D geological section, Changxi County, Zhejiang Province, South China, China [44]:
a — view of Meishan section D with indicated lithostratigraphic units; b — “Golden Nail” (a bronze disc in the middle
of the image) or ‘type section’ of the global boundary stratotype section and the point for the formation
of the Permian-Triassic boundary; ¢ — Hindeodus evolutionary lineage at the Permian-Triassic boundary:
Ccy — Clarkina changxingensis yini Zone, H. lati. — C. mei. — Hindeodus latidentatus — Clarkina meishanensis;
d — detailed stratigraphy for the Permian-Triassic boundary interval at Meishan (South China) with indicated ash layers
and assigned ages, three extinction levels (horizontal arrows) and 8"°C curve Protein Data Bank [51].

The column to the left shows the stratigraphic sequence exposed at the proposed Permian-Triassic boundary stratotype,
section D and section AW, with volcanic ash layers (black bands) and samples collected for isotopic age dating
(D16, D10/15, D3t, AW3 and D1) [52]

Puc. 5. leonozuyeckul paspe3 MeliwaHb D, okpye YaHcuH, npoeurHyust Yxay3sH, KOxHbil Kumat (Kumad) [44]:
a — eud MeliwaHbckozo paspesa D ¢ ykazaHuem numocmpamuepaguyeckux nodpasoeneHudi;

b — «30r10moti 28030b» (6pOH308bIl OUCK 8 CpedHeli Yacmu u30bpaxkeHus1), unu murnosoul pa3pes
2r106asnbHO20 MogpaHUYHO20 CMPamomunUYecKoeo pa3pesa U moyku 0151 OCHO8aHUsI MEPMO-mpuacosozo pybexa;
C — 380/110UUOHHas TuHUsI Hindeodus Ha nepmo-mpuacogoll epaHuye:

Ccy — 30Ha Clarkina changxingensis yini, H. lati. — C. mei. — Hindeodus latidentatus — Clarkina meishanensis;

d — nodpobHas cmpamuzpacghusi 07151 NepMo-mpuaco8o2o rnoepaHU4Ho20 uHmepsana e MatiwaHe (FKOxHbit Kumadt)
C yKa3aHueM crioes rera u rnpuceoeHHo20 8o3pacma, mpex yposHel 8bIMupaHusi (20pU3oHmMarsbHble CMpesKu)

u 0°C kpueasi baHka OaHHbIx 0 b6ernkax [51]. B cmonbue crniesa nokasaHa cmpamuepaghuyeckasi nocredosamesisHoCMhb,
obHaxxeHHasi Ha npedrioflazaeMoM repMo-mpuaco8om cmpamomurne, paspese D u paspesze AW, co cnosamu
8yrfIKaHU4YeCcKo20 neria (YepHbie nonockl) u obpasyamu, cobpaHHbIMU 01 0amuposaHUsi U30MmMOornHO20 8o3pacma
(D16, D10/15, D3t, AW3 u D1) [562]
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Table 1. Radiometric dating of the Permian-Triassic boundary at Meishan section
Tabnuua 1. PagnomeTpuyeckoe gatupoBaHue rpaHulbl NnepMu 1 Tpuaca paspesa MenwaHb

References
Bed
[54] [55] [56] [57] [52]
36 - - 250.2+0.2 (U) 252.6+1.2 (S) -
34 _ _ _ 253.6+£1.3 (S) _
249.2-253.5 (U)

33 - - 250.4+0.5 (U) - -

8 B B 250.7+0.3 (U) 251.7+1.4 (S) 3
— 251.6%0.3 (U)

25 251.2+3.4 (S) 249.91+0.15 (Ar) 251.4+0.3 (U) - 253 (U)
20 - - 252.3+0.3 (U) - -

7 - - 253.4+0.2 (U) - -

Note. S — SHRIMP U/Pb; U — ordinary U/Pb (zircon); Ar — “°Ar/*°Ar.

rVGP lat. (%) Polarity
P.00 45 0 45 90

\
2\ 3% o
\Go\wo' \.‘\\0' U-Pb data
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o
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e
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251.04 £ 0.16 Ma

251.42 + 0.08 Ma

Triassic
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251.495 % 0.064 Ma

Yinkeng Formation

rVGP lat. (°)  Polarity
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Yinkeng Formation
Induan

252.104 £ 0.089 Ma

252.56 £ 0.16 Ma
252.85+0.11 Ma 252.60%0.17 Ma
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Changhsingian

253.49 £ 0.05 Ma
253.57 £ 0.07 Ma

25377+ 0.14 Ma

a b

c d

Fig. 6. Magnetostratigraphic results for the Meishan sections (southeastern China) [62]:
a — Meishan section lithology; b — Meishan section C; ¢ — Meishan section D; d — composite magnetozones
Conodont zones are modified from the source [63]. Data (blue and red triangles)
are taken from the sources [64, 65], respectively (uranium-lead method)
rVGP — rotated virtual geomagnetic pole; Wu. — Wuchiapingian; C. — Clarkina; I. — Isarcicella
1 — limenstone; 2 — argillaceous limenstone; 3 — clayey rocks; 4 — mudstone; 5 — maximum interval
of the end-Permian mass extinction; 6 — reverse polarity; 7 — normal polarity; 8 — no data;
9 — “Golden Nail” (Global Stratotype Section and Point)
Puc. 6. MazHumocmpamuzpaghudeckue pesynbmamsl rno paspeszam MeliwaHb
(FO20-BocmoyHbili Kumati) [62]:
a — numornoeus paspesa MelwaHb; b — MetiwaHbckull pa3pes C; ¢ — MelwaHbckuli paspes D;
d — cocmaerneHHble MagHUMO30HbI
30HbI KOHOOOHMO8 MOdUUUUPOBaHbI CO2racHo UCMOYHUKY [63]. [JaHHble (CuHue u KpacHble mpey2orbHUKU)
83s1mbl U3 pabom [64, 65] coomeemcmeeHHO (ypaH-Cc8UHL08bIU Memod)
rVGP — nosepHymbili eupmyarnbHbil 2eoMazHUMHbIU romoc; Wu. — Wuchiapingian,; C. — Clarkina; I. — Isarcicella
1 — usBeCmHsIK; 2 — apausriumoskil U38eCMHSIK; 3 — anuHUcmble Mopoodsbl; 4 — apaunnum; 5 — MakcumMarbHbIl
UHMepesas KoHUa NMepMcKo20 Macco8o2o 8biMuUpaHusi; 6 — obpamHasi nonsipHocmb,; 7 — HopMaribHas rnosisiPHOCMb;
8 — Hem daHHbIX; 9 — «30/m0moU 28030b» ([To0banbHbIU cmpamomunu4Yeckul paspes u moyka)
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Czech Republic), spin-magnetometers for mea-
suring NRM vectors (JR-6, AGICO, Czech Re-
public), demagnetising units with alternating
magnetic field (AF-Demagnetizer, Molspin LTD,
UK) and temperature (MMTD80, Magnetic Mea-
surements LTD, UK), vibro-magnetometers and
magnetic fraction meters (Kazan, KFU, RF), etc.

4. Complex interpretation of geological and
geophysical materials.

Results and discussion

The main results of petrophysical, palaeo-
magnetic and analytical studies of Permo-Trias-
sic basites studied within the eastern side of the
Tunguska syneclise (see Fig. 2, a) can be sum-
marised as follows:

1. The spectrum of density and magnetic pa-
rameters in “natural occurrence” was obtained (Ta-
ble 2). The values of magnetic parameters of ba-
sites have a wide enough range of dispersion. Tuffs
and microdolerites have minimum values of mag-
netisation: e&e = 40...50x10° SI, In=1...10x103 A/m,
factor Q = 0.05...0.50 units. The magnetic suscep-
tibility of dolerites of the Il phase is relatively high-
er than that of the | and Il phases of embedding,
which is determined by the increased iron content
[10, 18]. At the same time, the values of NRM vec-
tors and Q factor of phase Ill basites are relative-
ly lower than those of the early phases of basites.
This effect is related to the demagnetising effect of
the geomagnetic field on the primary magnetisation
of phase Il basites.

The In vectors, which have both positive and
negative directions (see Table 2), regardless of
the time of phase introduction (the same phase
of basites can be magnetised both positively and
negatively), deserve special attention. In terms of
the time of formation, the /n vectors can be both
primary (synchronous to the formation of rocks)
In° and metachronic (secondary, superimposed)
In™. The latter, as a rule, can form different types
of petromagnetic inhomogeneities [20]: remag-
netisation by the geomagnetic field (type 1), “fir-
ing” (type 2); “self-turning” (type 3), thunderstorm
strikes (type 4), and “stress” (type 5).

In this connection, it is necessary to establish
the palaeomagnetic nature of those and other
NRM vectors on the basis of the study of their
component composition.

2. Massive palaeomagnetic studies with alter-
nating magnetic field and temperature have shown
that the first two phases at the time of their formation
were magnetised by the Earth’s magnetic field of
positive polarity (close to the present-day direction),
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while phase Ill was negatively magnetised [20, 21].

This conclusion was confidently proved at the
diamond deposit of the Komsomolskaya kimber-
lite pipe (see Fig. 2, b). According to the data of
the component paleomagnetic analysis, the sill of
phase lll basites (Kuzmovsky intrusive complex),
rising along the zones of increased fracturing, re-
magnetises the sill of phase Il dolerites (Katang-
sky volcanic complex) in the endocontact. For
example, obr. Kom03-143t5 from the sill of phase
[l dolerites, after removal of the low-temperature
(less than 250 °C) component A, has the primary
component B of the In° vector of reversed polarity
(Fig. 7, c). At the same time, in the overlying doler-
ites and tuffs of Kom01-24t14 of the Il phase, the
same component B is isolated in the medium-tem-
perature region (from 250 to 450 °C) and is meta-
chronous In™, while the high-temperature (more
than 450 °C) component D is primary of direct po-
larity (Fig. 7, b). At a distance from the contact with
Phase Ill, only one primary D component is estab-
lished in the dolerites of the Katangsky complex
of the Kom04-236t2 cluster (Fig. 7, a). Thus, the
paleomagnetic materials (Table 3) clearly indicate
a relatively young age of the phase Il basites.

Simultaneously, a structural type anomaly is
formed above the sigmoidal shape of the sill of
phase lll associated with its ascent to the footwall
of the sill of phase Il and remagnetisation of the
primary In° vectors of the latter in the endocontact
from direct to reverse polarity with the formation of
In™ (see Fig. 2, b) [20, 66]. As a result of firing of
dolerites of Il phase by sillom, petromagnetic het-
erogeneity of the second type is formed in the en-
docontact of basites of Il phase. In the process of
«temperature» influence, the petromagnetic bound-
ary shifts up the section by 25-30 m relative to the
geological (petrodensity boundary). Thus, struc-
tural type anomalies are formed on the flanks of
such diamond deposits, which are characterised by
positive gravity Ag, (amplitude up to 1.5 mGal) and
negative magnetic AT, (amplitude up to -1000 nT)
effects. Similar anomalies may reflect diatreme as-
sociation structures and, therefore, indicate areas
promising for the search for kimberlite bodies.

3. “Ar/*Ar geochronological studies of dolerites
by the step heating method [67] performed at the
V.S. Sobolev Institute of Geology and Mineralogy
Siberian Branch of the Russian Academy of Sci-
ences (Novosibirsk) showed that the introduction of
sill dolerites of phase Il (Katangsky volcanic com-
plex) of the kimberlite pipe diamond deposit of the
Komsomolskaya kimberlite pipe corresponds to the
Permo-Triassic period and is 255.5+4.3 Ma [66].
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Table 2. Magnetic parameter spectrum of Permian-Triassic traps of the eastern side

of the Tunguska syneclise

Tabnuua 2. CnekTp MarHMTHbIX NapamMeTpPoB NepPMO-TPUACOBbLIX TPannoB BOCTOYHOro 6opTa
TYHrycckom CUHeKNu3bl

& (¢) ln Q)
Site, rock type n 10° S jnte pm,° | Jm° | K units/des, © units
First phase (Olenek-Velingninsky complex), YBP»
Morcoca, 1890 5495 6.09
dolerites 25 (1.03) (1.07) 150 85 49.1/4.0 (1.08)
Morcoca, 1445 4848 7.10
dolerites* 3 (1.06) (1.06) 100 -80 2036.6/2,7 (1.01)
Trace, 1765 4100 4.86
dolerites 130 (1.03) (1.06) 345 80 10.9/4.0 (1.06)
Second phase (Katangsky complex), Bo-YBP4-T,

Aikhal, 1130 2800 5.1
dolerites 140 (1.03) (1.05) 80 82 294/2.2 (1.03)
Bistriy, 1490 4550 6.39
dolerites 95 (1.02) (1.09) 35 5 4.417.9 (1.09)
Yubileinaya, 1800 4050 47
dolerites 110 (1.02) (1.03) 35 83 48.91.9 (1.04)
K°m§’§|r2ﬁt'§'§aya‘ 130 (11:.382) (11784(1)) 4 82 38.0/2.1 (12.&)95)
Komsomolskaya, 1155 570 1.03
dolerites* 60 (1.05) (1.08) 275 -60 13.7/5.2 (1.07)
ot @ | 50 (1‘.‘84) (11.10 5) 85 85 15.8/5.3 ((1):‘112)
Komsct)le]szSkaya' 55 (1‘.183) ( ¥ 4) 290 -60 16.3/5.0 ((1):‘113)
Alakit, 1600 10445 13.66
dolerites 45 (1.02) (1.18) 60 70 3.30114.3 (1.17)
Chukuka, 1420 3590 5.30
dolerites 40 (1.05) (1.05) 45 85 41.0i3.5 (1.06)
Cherniy, 1600 5130 6.72
dolerites 105 (1.02) (1.06) 55 70 6.3/6.0 (1.06)
Trace, 65 5 0.14
microdolerites 40 (1.01) (1.28) 355 60 6.1/10.1 (1.27)
Microdoleritoviy 850 1715 4.24
dolerites 80 (1.05) (1.07) 50 80 13.5/4.5 (1.06)
Microdoleritoviy 65 5 0.15
microdolerites 40 (1.01) (1.20) 90 85 49.5/3.2 (1.20)
Sytikanskaya, 1200 470 0.82
dolerites* 45 (1.09) (1.11) 320 45 3.712.8 (1.06)
Vodorazdelniy, 1005 3210 6.68
dolerites 40 (1.12) (1.15) 65 85 40,9/3,5 (1.07)
Vodorazdelniy, 65 1 0.04
microdolerites 140 (1.01) (1.14) 40 75 4.58/6.5 (1.12)
vodoeEeem: | 55 (1?82) (1 .%9) 95 85 26.0/3.8 ((1):(1)2)

Third phase (Kuzmovsky complex), yBT,

Komc?glrgrci)tlzls(aya' 180 (11\?82) (18 .Z)%) 285 -60 11.5/3.3 (11.615)
Sytikanskaya, 1260 1015 1.66
dolerites 195 (1.03) (1.04) 290 -45 6.8/4.2 (1.07)
Alakit, 1370 1405 215
dolerites £ (1.09) (1.11) 500 60 3.0/11.5 (1.11)
Bistriy, 2065 1020 1.03
dolerites 30 (1.02) (1.07) 330 -10 2.1/24.5 (1.09)
Chukuka, 1740 1900 228
dolerites 105 (1.02) (1.13) 345 -40 1.9/14.5 (1.13)
Sohsolooch, 2070 1020 1.03
dolerites 50 (1.02) (1.07) 330 -10 2.1/245 (1.09)

_ 1948 _ _ - _ Z _

Note. n — number of samples participating in the statistics; In — absolute values of vectors In; Dm — mean declination;
Jm — mean inclination; k — heaping; ays — confidence angle with 95 % probability of In vectors; the standard multiplier is
in parentheses; * — petromagnetic inhomogeneity of type 2 (heating on the sill side of dolerites of third phase).
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Fig. 7. Paleomagnetic studies of basites of the Katangsky (a, b) and Kuzmovsky (c)
volcanic complexes of the Komsomolskaya kimberlite pipe diamond deposit:
a — Katangsky volcanic complex dolerites (phase Il); ¢ — Kuzmovsky volcanic complex dolerites (phase Ill);
b — Alakit suite tuffs (see the article for other designations)

Puc. 7. NaneomazHumHbIe uccrnedogaHuss 6azumoe kamaHackozo (a, b) u Kky3abMmoeckozo (c)
8yJIKaHU4YeCKuUX KOMIIJIeKCO8 Mecmopo)x0eHus1 asiMa3oe kumbeprnumosol mpy6ku «Komcomornbckasi»:
a — donepumbl kamaHackozo (Il ¢hasa) 8yrikaHUYECKO20 KOMIIeKca; ¢ — 0osiepumsi Ky3bmosckoeo (Il gpasa)
8YyJIKaHUYeCK020 Komririekca; b — mygbbl arnakumckol ceumsi (Opyaue 0b03HadyeHuUs1 CM. 8 mekcme)

Table 3. Paleomagnetic directions of different-phase basites of the Komsomolskaya

kimberlite pipe diamond deposit

Tabnuua 3. NaneomarHMTHbIE HanpaBneHusi pasHoda3HbIX 6a3MTOB MECTOPOXAEHNA anMa3oB
KuMbepnutoBomn Tpyo6ku «Komcomonbckasa»

Objects n Dm,° Jm, ° k Qys, °

Dolerites, phase Ill, In° (component B) 32 259 -75 12.5 7.5
Dolerites, Il phase, In™ (component B) 41 254 -66 9.3 7.7

Tuffs of the Alakit Formation, Phase Il, In™ (component B) 1 245 -68 15.9 11.8
Tuffs of the Alakit Formation, Phase Il, In° (component D) 17 42 80 10.0 11.9
Dolerites, Il phase, In° (component D) 57 65 82 25.4 3.8

Note. n — number of samples; parameters of NRM vectors grouping; Dm — mean declination; Jm — mean inclination;
k — heaping; ay; — confidence angle with 95 % probability of /n vectors.
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Correlation of the composite section magnetostratigraphies of the Shangsi, Junggar, and Langdai

localities with other Permian-Triassic marine records from around the world [69]:
1 — possible short polarity chron, 2 — reverse polarity, 3 — normal polarity, 4 — no data
T — terrestrial sections; M — marine sections; M/T — paralic” sections
Puc. 8. Koppensayus mazHumocmpamuezpaghuu cocmaeHbix pa3pe308 U3 MecmoHaxoxoeHul LllaHcu,
UkyHeap u JlaHa0al ¢ Opy2umMu MOPCKUMU OaHHbLIMU repMu — mpuaca co ecezo mupa [69]:
1 — 803MOXXHOE KOPOMKOEe 3aMbIKaHUe XpoHa,; 2 — obpamHasi nonspHOCMb, 3 — HopMaribHasi MonssPHOCMb,; 4 — Hem 0aHHbIX
T — HazemHble paspesbl; M — mopckue paspesbl; M/T — napanudyeckue’ pa3pesbi

Thus, according to isotopic and palaesomagnetic
studies of basites from the eastern side of the Tun-
guska syneclise, we have for the Katangsky com-
plex (phase Il) an age from 259.8 to 251.2 Ma and
the direct polarity of the primary magnetisation of
In° vectors. The data obtained for the Siberian Plat-
form agree well with the geochronological (252.17+
0.06 Ma) and palaeomagnetic (direct polarity) data on
Permian-Triassic boundary of the Meishan section of
the South China Platform (see Table 1, Fig. 6).

Since the basites of the Kuzmovsky intrusive
complex remagnetise the basites of the Katang-
sky complex, they are relatively younger and, ac-
cording to [68], may belong to the second stage
of magmatic activity of the traps of the Siberian
Platform — approximately 24415 Ma (see Fig. 3).

Fig. 8 shows the magnetostratigraphic correla-
tion of geological sections of the world [69]. The
Permian-Triassic boundary is characterised with a
high degree of probability by the direct polarity of
the Earth’s magnetic field [58, 59, 69-78].

Conclusion
In the course of the Sino-Russian geological
expedition in Nanjing and the Yangtze River delta,
the following results were obtained on the basis of
comparison of modern isotopic, paleontological,
bio-, chemo- and magnetostratigraphic, etc. data

on the Permian-Triassic boundary of the Meishan
section of Zhejiang Province, South China Plat-
form (see Fig. 4, 5) with the basites of the east-
ern side of the Tunguska syneclise of the Siberian
Platform (see Fig. 2):

1. The spectrum of values of petrophysical pa-
rameters (see Table 2) and palaeomagnetic direc-
tions of NRM vectors of basites (see Fig. 7, Table 3).

2. The Katangsky complex may have been
a major source of volcanic ash and gases that
were transported in the Earth’s atmosphere over
great distances. Their traces were recorded in the
Permian-Triassic Meishan stratotypic section on
the South China Platform (see Fig. 5). The abrupt
climatic changes associated with its introduction
caused the extinction of old organisms and the ap-
pearance of new ones (e. g., the conodonts under
consideration).

3. The age of basites of the Katangsky volcanic
complex (phase ), which corresponds to the Perm-
ian-Triassic boundary — approximately 252+2 Ma,
was determined. Thus, the basites of this complex
can be considered as a Permian-Triassic bound-
ary reper, with which other volcanic complexes of
the Tunguska syneclise of the Siberian Platform
can be correlated.

4. The age of formation of basites of the Kuz-
movsky volcanic complex (phase lll) corresponds

" A paralitic horizon is a weathered layer of bedrock. The term comes from the Greek words para, meaning “similar”,

and lithic, meaning “rocky”.
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to the second stage of magmatic activity of the
traps of the Siberian Platform — about 244+5 Ma
(see Fig. 3).

5. The structural type anomalies, the na-
ture of which is related to the nature of basites
behaviour on the flanks of kimberlite diatre-
ms, were substantiated, which is reasonable
to use for their search by geophysical meth-
ods [79].

| 2025;48(2):160-184

The results obtained about the sequence of
formation of Permo-Triassic basites of the Tungus-
ka syneclise will be in demand for solving a wide
range of scientific and applied geological issues,
such as geodynamic reconstructions of lithospher-
ic plates, clarification of the time of mass extinction
of some groups of organisms, petromagnetic cor-
relation and mapping of Siberian traps, mineralo-
gy and prospecting for mineral deposits.
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