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The study of standard stratigraphic sections, where
the most complete sequences of geological, cosmic, cli-
matic, and biotic events are observed, is one of the pri-
ority directions in fundamental geology. On the one
hand, the study of such objects allows us to develop new
methodologies for reconstruction of events in the past
and to develop or close hypotheses of biospheric crises.
On the other hand, this study is very important for prac-
tical stratigraphy, because in many cases new marking
stratigraphic levels are revealed and many of them are
applied for division and correlation of old series.

One of the most important objects attracting the
attention of scientists from different countries of the
world is the Permian—Triassic boundary, which is
controlled by the strongest biospheric catastrophe in
the Phanerozoic history of the Earth’s evolution.

Detailed studies of Chinese scientists demonstrate
that the complete stratigraphic sequence between the
Permian and the Triassic is most clearly observed in
the Meishan Section (Zhejiang province) in South-
eastern China [1, 2]. Later, the International Strati-
graphic Commission decided to select the Global
Stratotype Section Point (GSSP) in this section [3].
According to this decision, the boundary between the
Permian and the Triassic occurs in the middle part of
the layer of dolomitized limestone with a thickness of
16 cm (stratum 27) and is distinguished by the appear-
ance of conodont Hindeodus parvus. The transitional

¢ Geological Institute, Russian Academy of Sciences,
Moscow, Russia

b Borok Geophysical Observatory, Shmidt Institute

of the Earth Physics, Russian Academy of Sciences,
Yarosiavl’ oblast, Borok, Russia

¢ Institute of Geology and Geophysics, Academy

of Sciences of the Peoples Republic of China, Beijing, China
e-mail: okorchagin01@gmail.com

631

stratum 27 is divided into four underlayers, namely
27a, 27b, 27¢c, and 27d, and the boundary is placed at
the base of the 27¢ underlayer [3].

This paper concerns new results obtained by a Rus-
sian—Chinese research group during the study of this
section (Fig. 1). We discuss the first data on metallic
particles and magnetite microspherules of cosmic ori-
gin abundant in the transitional stratum 27 of the Per-
mian—Triassic boundary. Differentiation of cosmic
matter upwards through the section from the Permian
to the Triassic is described for the first time.

The study is based on materials collected by
O.A. Korchagin, I.I. Pospelov, and Bian Qiantao in
2006. The investigations were performed by the
method (mm-per-mm) previously applied for the
boundary interval at the Cretaceous—Paleogene
boundary in Gams (Eastern Alps, Austria) [4]. Sam-
ples from consecutively located oriented layers were
collected (sometimes sawed) in a section 2 m higher
and 2 m lower than the boundary, and then they were
studied in detail in the laboratory.

Stratum 27 was divided into 21 plates of equal
thickness (0.5—0.7 cm) from bottom to top without
account for the lithological peculiarities of the rock
composition (Fig. 2). To avoid possible technogenic
pollution of the rock, the sawed plates were ground on
illuminatory glass without an abrasive using distilled
water before their study on the electron microscope.
Then rock plates were crushed, powdered, and
cleaned ultrasonically on a Tescan Vega II scanning
electron microscope with microanalyzer from Inca
Oxford Instruments at the Borok Geophysical Obser-
vatory, Institute of the Physics of the Earth, Borok set-
tlement (Yaroslavl’ oblast). In all cases the surfaces of
the extracted magnetic particles, microspherules, and
minerals were analyzed.

Results. Numerous and various magnetite micro-
spherules, numerous and variable by shape and com-
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Fig. 1. Location of Global Stratotype Section and Point of the Permian—Triassic, Meishan (China)

position, of metallic particles of Fe, particles of differ-
ent morphology of Ni and Fe—Cr, Fe—Cr—Ni alloys,
as well as particles of Fe—Nd—Pr—Ni alloy were found
in Stratum 27. The revealed microspherules and parti-
cles most likely have cosmic origin. In addition, other
metallic particles, such as particles of Cu, Cu—Zn,
and Zn, as well as molten (corroded?) magnetite
grains of undetermined origin, were found.

Figure 2 demonstrates the data on the distribution
of the revealed microspherules and particles in Stra-
tum 27 of the Meishan section. Images of the most
typical of them are presented in Fig. 3.

Magnetite microspherules (Fig. 3, structures 1—4)
have practically ideal spherical shape and diameter
from 50 to 150 pm. There are microspherules with two
textural surfaces: flat needle—crystalline (Fig. 2, struc-
ture 3) and hilly—crystalline (Fig. 3, structures 1 and 4).
The needle—crystalline structure of magnetite com-
posing microspherules is clearly observed on internal
fractures (Fig. 3, structures 2 and 2a). Judging from
the internal imprint (Fig. 3, structure 2a), we may sup-
pose that some magnetite microspherules could also
have an internal core. Magnetite microspherules are
distributed practically uniformly in Stratum 27,
although in some ranges they were not observed.

Fe particles have a different shape and texture of the
surface. They are observed either as curved plates with
longitudinal (Fig. 3, structure 7) or transversal (Fig. 3,
structure 8) grooves with a length of 10—50 um or as
isometric grains with partly molten edges or particles
with concentric grooves. Fe particles are found from
the bottom of the stratum to its top and are absent only
in some samples.

DOKLADY EARTH SCIENCES Vol. 432

Ni particles are observed either as rounded (mol-
ten?) grains with a diameter of 15—30 um (Fig. 3,
structure 5) or as elongated, poorly curved plates with
a length of up to 150 um or thin plates of oxygonal
shape up to 150 um in diameter. Ni particles were pre-
dominantly found in the lower and intermediate parts
of the layer. Particles of the Fe—Ni alloy were found in
the upper part of the layer.

Particles of Cr-bearing alloys have the composition
of Fe—Cr—Ni, as well as Fe—Cr being observed as
grains of isometric, molten shape (Fig. 2, structure 9)
or as oxygonal plates (Fig. 2, structure 6). The size of
particles varies from 20 to 50 pm. Particles of Cr-bear-
ing alloys are widely abundant similarly to magnetite
microspherules. They are met within the whole stra-
tum from its base to the top. However, the higher con-
centration of them is typical for the base of the stratum
and its middle part.

Particles of the Fe— Nd— Pr— Ni alloy are presented
by small isometric grains with a diameter of 2—5 pm
and observed only in the lowermost part of stratum 27.

In addition to the described metallic particles and
microspherules, stratum 27 contains particles of Cu
and Zn, as well as the Cu—Zn alloy, which are quite
rare and are observed in the middle part of the layer.

It is necessary to mention that magnetite micro-
spherules and metallic particles of wide diversity were
found only in stratum 27 and not observed upwards or
downwards through the section.

Comparison and conclusions. The observed magne-
tite microspherules with needle—crystalline texture
are identical to magnetite microspherules from the
Moraska meteoritic crater [5], which may be consid-
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Fig. 2. Transitional stratum 27 from the Meishan section, its stratigraphic division, and distribution of magnetite microspherules
and metallic particles in it. The dash indicates that plates were not analyzed for the presence of cosmic dust.

ered as direct evidence for their cosmic (meteoritic)
nature. The presence of numerous particles of pure
Ni, as well as Ni incorporated in other metals (Fe—
Cr—Ni, Fe—Ni), also points to their cosmic origin [6].

The morphology of the Fe particles found in Meis-
han is very similar to that of particles observed in the
transitional clay layer on the Cretaceous—Paleogene
boundary in Gams where direct indicators of their
impact meteoritic origin exist, including microdia-
monds, moissanite, and Ni-spinel [4]. Consequently,
we may assume a cosmic origin for Fe particles in
Meishan.

The cosmic nature of the majority of observed par-
ticles is partly confirmed by the absence of Ti admix-
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ture in them, the concentration of which in particles of
volcanic origin is considered to exceed 10% [6].

The presence of Cu—Zn alloy particles found in
stratum 27 was recently established in the Lower Cen-
omanian horizon with magnetite particles in the
Crimea, for which a cosmic origin is assumed as
well [7].

The nature of other particles, such as, for example,
Cu and Zn, is not still evident. The observed “molten”
(corroded?) magnetite grains in the Meishan section
(Fig. 2, structure 13) are characterized by a definite
similarity to “molten” crystals from the Lower Cen-
omanian of the Crimea abundant with magnetite
microspherules [7]. We may assume that such crystals
may result from bacteria life activity, which signifi-
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cantly increases in rocks containing meteoritic parti-
cles.

It is known that the Meishan section contains ash
layers on various stratigraphic levels including that
located closely to stratum 27. These are stratum 25
located 5—7 cm lower than stratum 27 and stratum 28
directly overlying stratum 27 [8]. Ash layers are also
observed on other levels, which provides evidence for
significant volcanic activity on the Permian—Triassic
boundary. Detailed study of ash from stratum 25
revealed an absence of metallic aggregates similar to
the described particles in it.

It is necessary to mention that Fe microspherules
were previously found near the Permian—Triassic
boundary of the Shangsi section (Sichuan Province,
China). According to the Cr/Fe ratio, at least some of
them have cosmic origin (either chondrite or cosmic
dust), whereas the nature of other Fe microspherules
was not determined [9]. We still have to confirm the
age similarity of microspherules from stratum 27 of the
Meishan section and microspherules from Shanxi. We
emphasize that according to textural peculiarities of
the surface, magnetite microspherules from Meishan
differ from Shanxi microspherules.

The high concentration of particles and micro-
spherules distinguished in stratum 27 of the Meishan
section near the surfaces of breaks or contacts between
lithological rock varieties is of special interest (Fig. 2).
The highest concentration of magnetite microspher-
ules and metallic particles is registered in the lower-
most part of stratum 27, as well as near the contact
between 27b and 27c¢ (directly below and above them).
There is the question of whether or not enrichment in
microspherules and metallic particles of the men-
tioned parts of stratum 27 is controlled by a partial
washout of sediment? The data of the absolute geo-
chronology obtained for ash stratum 25 (252.7 %
0.4 Ma) 5 cm lower than stratum 27 and ash stratum 28
overlying layer 27 (250.7 £ 0.3 Ma) [8] also provide
evidence for the fact that accumulation of stratum 27
proceeded over a long time period (a little less than
2 Ma). Does this mean that the high concentration of
discovered cosmic particles occurred against the back-
ground of sedimentation delay?

The Fe horizon enriched in microspherules, which
was most likely formed under calm environments of
sedimentation rate deceleration, was previously
revealed during the study of the boundary interval
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between the Jurassic and the Cretaceous. This fact
explains the higher concentration of Fe microspher-
ules [10]. We emphasize that the host limestone was
formed under relatively deep-water conditions with
low sedimentation rates in the case of the microspher-
ule horizon of the Upper Cambrian [11].

Consequently, the problem of the nature of enrich-
ment of some sedimentary horizons in cosmic matter
is still waiting to be solved. It is not excluded that rocks
accumulated under deep-water calm conditions better
preserve traces of cosmic matter ingress to the Earth.
In the case with the data on the Meishan section, it is
interesting that enrichment in cosmic matter occurs
not only below the contacts, which suggests a proper
sedimentation model of the considered process, but
above the contacts as well. It is difficult to explain this
by redeposition or deceleration of sedimentation.
Does this mean that the surfaces of breaks to some
extent reflect either cosmic processes or deceleration
of sedimentation near lithological boundaries?

Thus, there are bases to consider that the discov-
ered magnetite microspherules, as well as particles of
Fe and some Ni and Cr alloys, have a cosmic origin
and may result either from a meteorite or intensifica-
tion of cosmic matter ingress to the Earth (Cosmic
Dust Event).

The fact of findings of various materials which most
likely have cosmic nature should be studied in detail,
because these data may lead to revision of the models
of biospheric crises (including the crisis on the Per-
mian—Triassic boundary), as well as the degree of
interaction and influence of terrestrial and cosmic
processes on them.

We may assume that at the moment of such a bio-
spheric crisis not only intense volcanism (Siberian
trap, Eimeishan volcanism), but also strong ingress of
cosmic matter on the Earth occurred, either at the
expense of meteorite (or meteorites) fall or at the
expense of cosmic particles fall to the Earth (Cosmic
Dust Event).

The data discussed in this paper provide evidence
for the fact that intense accumulation of cosmic mate-
rial on the Earth occurred after mass extinction
of biota (including foraminifer) at the end of the Per-
mian [12].

Fig. 3. Images of some magnetite microspherules and metallic particles registered in transitional stratum 27 of the Permian—Triassic
boundary in the Meishan section. The following structures are presented: (1) magnetite microspherule with hilly-crystalline texture
of the surface (Sample 27-2 8 Fe Mt cosm_Tm); (2) fragment of magnetite microspherule (shell) (Sample 27-14 1Mt);
(2a) magnified fragment of the internal cavity in the magnetite microspherule with needle—crystalline structure: (3) magnetite
microspherule with needle-crystalline surface structure (Sample 27-2_Mt); (4) magnetite microspherule with hilly-crystalline tex-
ture of the surface (Sample 27-9_Mt); (5) Ni particle of molten, semispherical shape (Sample 27-1_1Ni); (6) oxygonal particle
of the Fe—Cr—Ni alloy (Sample 27-3_7_Fe—Cr—Ni); (7) bent Fe plate with longitudinal grooves (Sample 27-1_6_Fe); (8) bent
Fe plate with transversal grooves (Sample 27-11_mag_9_Fe); (9) isometric, partly molten particle of the Cr—Fe—Zn alloy (Sam-
ple 27-13 5 Cr—Fe—Zn); (10) molten particle (grain) of magnetite—Cr—Fe (Sample 27-11_mag_7 CrFe); (11) plate of Cu—
Zn (Sample 27-9_15_Cu_Zn); (12) Zn plate on magnetite (Sample 27-11_mag-11_Zn); (13) molten (corroded) magnetite par-

ticle (Sample 27-9_4_Mt).
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Composition of magnetite microspherules and metallic particles (wt %)

Structure
Element
1/1 1/7 2/1 2/2 2/3 5/1 5/3 6/1 6/2 6/3 6/5
Fe 68.13 65.37 95.31 75.41 84.38 — — 49.98 64.37 70.01 69.57
Ni — — — — — 95.63 97.68 2.74 9.70 6.66 10.31
Mn - — — - - — — - - — -
Zn - — — - — — — - — — -
Cu — — — — — — — — — — -
Ti — - — — — — — — 0.90 1.31 1.76
Mg — — — — — — — — — — —
Cr — — — — — — — 5.87 15.63 19.36 14.63
0] 31.87 33.7 4.35 22.50 14.66 4.37 2.32 35.95 7.88 2.66 3.01
(Others — — 0.93 (Si)|0.35 (Si) | 2.09 (Si) [ 0.95 (Si) — — 2.73 (Si), | 1.51 (Si) — —
Al, Ca, Si) 2.74 (Al)
Structure
Element
7/1 8/1 8/2 9/1 9/2 10/1 10/2 11/1 11/2 12/3
Fe 92.77 59.72 93.71 22.63 17.59 32.15 28.67 1.12 0.99 -
Ni — — — — — — — —
Mn — — — 1.62 2.33 — — — — —
Zn — — — 6.86 8.32 — — 28.83 35.57 97.44
Cu — — - — — — - 50.08 49.27 —
Ti — — — — — — — — — —
Mg — — — 0.70 1.89 — — — — —
Cr — — 22.37 22.24 41.66 25.64 — - —
0] 7.23 36.39 5.14 37.85 36.16 17.65 35.97 9.99 7.63 0.42
(Others — — 3.89 (Si) | 3.89 (Si) |4.22 (Al), |4.21 (Al), | 8.54 (Al) | 9.72 (Al) | 2.41 (Al), | 1.44 (Al), | 2.14 (Al)
Al, Ca, Si) 3.29 (Si), | 6.66 (Si), 7.57 (Si) |5.09 (Si)
0.45 (Ca) | 0.60 (Ca)
Note: Numbers of structures correspond to the numbers in Fig. 3.
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