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Abstract—The first results are presented for U-Pb SHRIMP-II dating of zircons from the upper part of the
Khivachian regional horizon (stage) of the Regional Stratigraphic Scale (RSS) of the Permian in northeastern
Russia. The obtained isotope age of 255 ± 2 Ma is close to that of the present boundary between the Wuchi-
apingian and Changhsingian stages of the Permian system in the International Stratigraphic Scale (254.1 Ma).
Based on the distribution of bivalves—Intomodesma spp. and Claraioides aff. primitivus (Yin)—in the sections
considered, their relations to the stratigraphic positions of the samples considered and dated formerly, and in
view of the interregional correlation of recent δ13Сorg data for clayey rocks, one may assume with certainty
that most of the regional zone of Intomodesma costatum corresponds to the upper part of the Wuchiapingian
stage. Here, the Changhsingian stage in northeastern Asia complies only with the uppermost part of this zone
within the I. postevenicum subzone and, partially, of Otoceras layers within the Otoceras concavum zone.
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The correlation of Upper Permian deposits in
northeastern Asia to the stages of the International
Stratigraphic Scale (ISS) for the Permian system is
one of the most intractable current problems of stra-
tigraphy of the region. In solving this problem, a con-
siderable role is played by the SHRIMP and TIMS
techniques for absolute geochronological dating of
zircons from tuff interlayers [1–3].

In this respect, the most promising are the sections
containing sedimentation-synchronous tuffs of the
Okhotsk, Ayan-Yuryakh, and Balygychan back-arc
basins of the Okhotsk–Taigonos volcanic arc. The
authors had formerly explored here the continuous
Permian sections characterized well by fossil fauna.
Some of the sections are typical for the zonal succes-
sion of bivalves revealed based upon the evolution of
the representatives of two genera of Inoceramus-like
bivalves: Maitaia and Intomodesma [4]. Hence, the

dating, calibration, and correlation of the bivalve
zones distinguished are important for solving the
problem of the correlation of Upper Permian deposits
in the region as a whole.

The authors have recently obtained substantial dat-
ing of isotope ages for the bottom part of the Khiva-
chian regional horizon of the Upper Permian system
in northeastern Asia [2]. The age came to 257 ± 3 Ma
and corresponded to the lower part of the Wuchia-
pingian stage by the ISS. Moreover, two significant
dates were obtained in parallel by the CA-IDTIMS
technique at Boise State University (United States) for
the samples for the upper part of the Gizhigian and the
lower part of Khivachian regional strata (260.16 ± 0.4
and 258.14 ± 0.2 Ma, respectively) [3].

The present report considers the results of U–Pb
SHRIMP II dating of zircons from the 3-cm interlayer
of median-composition tuff from the section of the
lower part of the Pautovaya series that we described
formerly [5] (the upper part of the Khivachian regional
horizon by the RSS of the Permian system in north-
eastern Russia).

The Pautovaya Formation of about 170 m in thick-
ness in the section considered (Fig. 1) is presented by
schistose mainly dark-gray to black silty argillites
almost without lamination. The lower part contains
interlayers (to 10 cm) of gray and light gray horizon-
tally, lenslike, and obliquely laminated fine-grained
feldspar–lithic sandstones and siltstones. Rare inter-
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layers (1–3 cm) of gray and light gray litho-crystallo-
clastic tuffs of median composition are found. The
sample for SHRIMP dating of zircons was collected from
one of these layers at 58 m above the series basement
(sample 5c/AB-16, 62°03′21.1� N, 151°51′52.4� E).

The fossil fauna at the lower part of the formation
is represented by bivalves Intomodesma sp. indet., I. ex
gr. costatum Popow, and gastropods Straparolus sp.
Bivalves Intomodesma postevenicum Biakov and gas-
tropods Straparolus sp. were found in the formation
roof. These fossils allow us to ascribe the Pautovaya
Formation to the top of the upper half of the Khiva-
chian regional horizon in northeastern Russia (the
Intomodesma costatum bivalve Zone) and to correlate
the formation with the upper part of the Wuchia-
pingian and the lower part of the Changhsingian stages
of the ISS [5–7]. The Pautovaya Formation is over-
lapped with gradual transition by the Gherba Forma-
tion. Late Changhsingian bivalve Claraioides aff. prim-
itivus (Yin) was found at the base of the Gherba For-
mation [6]. The position of the modern Permian–
Triassic boundary is assumed in the lower part (about
20 m above the base) of the Gherba formation on the
basis of a characteristic negative excursion of the iso-
tope δ13Сorg value in clayey rocks [8].

The sample selected for the separation of zircons
consisted of highly modified litho-crystalloclastic
median-composition tuff of thin horizontal layering
(1–2 mm). The crystalloclasts of 0.2–0.3 mm in size
constituting about 50% of the rock volume are pre-
sented by quartz and pelitized feldspar fragments. The

lithoclasts of 0.5–0.7 mm in size are transformed into
the pelitized matrix and presented by fragments of
effusive rocks of median composition.

The zircons were separated using the standard pro-
cedure by means of heavy liquids. The zircons were
examined by optic techniques with a Leica DMLP
microscope at magnifications up to 1200×; the fea-
tures of zircon morphology and inner structure were
revealed in transmitted and reflected light, as well as
under the conditions of cathode luminescence (Fig. 2).
The inclusions of mineral-forming matter in zircons
were also explored (Fig. 3).

The geochronology of separated zircons was stud-
ied at the Isotope Research Center under the Russian
Geological Research Institute (St. Petersburg) by sec-
ondary-ion mass spectrometry (SIMS) on a SHRIMP
II ion microprobe of high spatial resolution using the
standard analytical procedures [9]. The results
obtained were plotted into concordia diagrams using
the Isoplot software [10].

To study the geochronology, 15 of 19 separated zir-
con grains were selected (Table 1) which were dis-
tinctly subdivided into two age groups: 12 and 3 grains
of the first and the second group, respectively. Both
the edge (predominantly) and central parts of the
grains were treated.

The first group of zircons (grains 1.1, 2.1, 4.1, 6.1–
13.1, and 15.1) is presented by a unified population of
255 ± 2.0 Ma in age (Fig. 4). The zircons are colorless,
the idiomorphic faces of crystals are not smoothed,
and the crystal surfaces sometimes show a trace of very

Table 1. Results of local U–Pb analyses of zircon from the tuff of the Pautovaya Formation

The analysis point numbers coincide with those of grains; the errors are for 1σ range; Pbc and Pb* are nonradiogenic and radiogenic
lead, respectively; 1σ is the standard calibration error (0.29%); isotope ratios are corrected by the measured 204Pb.

Grain
nos.

206Pbc,
%

U Th
232Th/238U

206Pb*,
ppm

Age, Ma,
206Pb/238U

207Pb*/235U ±% 206Pb*/238U ±% err
corrppm

1 0.54 148 134 0.93 5.18 255 ±2.7 0.272 6.6 0.0404 1.1 .166
2 1.00 70 135 1.99 2.41 251 ±4.1 0.263 12 0.0396 1.6 .142
3 0.00 130 54 0.43 37.1 1854 ±11 5.221 1.2 0.3331 0.7 .587
4 1.50 63 80 1.32 2.26 260 ±4.9 0.247 20 0.0412 1.9 .098
5 0.28 35 22 0.65 10.1 1879 ±22 5.33 2.7 0.3385 1.3 .496
6 0.00 62 98 1.64 2.17 258 ±3.7 0.307 5.8 0.0409 1.4 .247
7 0.00 87 148 1.75 2.94 251 ±3.7 0.335 12 0.0397 1.5 .126
8 0.00 23 37 1.66 0.786 254 ±5.1 0.291 7.5 0.0401 2.0 .271
9 0.84 120 61 0.52 4.16 254 ±3 0.285 9.5 0.0401 1.2 .125
10 1.20 82 81 1.02 2.85 252 ±3.7 0.281 13 0.0399 1.5 .111
11 0.75 96 114 1.23 3.26 249 ±3.1 0.262 9 0.0393 1.3 .139
12 1.87 34 14 0.43 1.17 252 ±5 0.232 23 0.0398 2.0 .089
13 0.47 167 262 1.62 5.89 258 ±2.1 0.268 5.6 0.0408 0.8 .148
14 0.00 295 142 0.50 82.9 1823 ±8 5.008 0.93 0.3269 0.5 .539
15 0.00 177 120 0.70 6.23 259 ±2.1 0.2892 3.4 0.0411 0.8 .244
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Fig. 1. Location of the section considered in northeastern Russia with correlation to regional, East-Europian, and international
stratigraphic scales of the Permian system. Gherb. is the Gherba Formation; ISS, EESS, and RSS are the international, and
regional stratigraphic scales, respectively. 
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weak corrosion. The length of crystals varies within
150–200 μm, and the elongation coefficient varies
from 2 to 4. The zircons contain numerous melt, crys-
talline, and fluidal inclusions testifying to the mag-
matic genesis (see Fig. 3). The melt inclusions are pre-

sented by droplike isolates of partially decrystallized
glass; the crystalline and fluidal inclusions are consti-
tuted of apatite and carbon dioxide, respectively. The
occurrence of melt vitreous inclusions in zircons testi-
fies uniquely to their igneous nature. A trend toward
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enrichment of the central parts of zircon crystals in
inclusions is seen, with quite small amounts at the
peripheries. Hence, the crystallization of zircons was
fast at the initial step (probably when magma rose) and
slow later on. The zircons contained 23–177 μg/g of U
and 14–262 μg/g of Th, with a Th/U ratio of 0.43–
1.99.

Zircons of the second group (grains 14.1, 3.1, and
5.1) are of the ages from 1818 ± 14 to 1868 ± 42 Ma.
These zircons are of a light gray color and subidiomor-
phic habit, but with smoothed faces and signs of more
intense corrosion of the surface. The outgrowths of the
zircons of the first group are sometimes seen on the
faces of bipyramids of zircons of the second group
(grain 3.1). The dimensions are similar for zircons of
both the first and second groups. The zircons contain
rare melt (almost completely decrystallized) inclu-
sions pointing to their intrusive and probably hypabys-
sal nature. These zircons contain 35–295 μg/g of U
and 22–142 μg/g of Th; the Th/U ratio is within
0.43–0.65.

Under the conditions of cathode luminescence
(see Fig. 2), all the zircons show magmatic zonality
and moderate glow. Sectorial zonality is sometimes
seen in zircons of both groups. Zircons of the first
group are characterized by coarse and fuzzy magmatic
zonality; those of the second group show thinner and
more constant patterns.

The obtained isotope age of 255 ± 2 Ma is in good
agreement with the stratigraphic position of the sam-
ple and with formerly obtained dates by CA–IDTIMS
(260.16 ± 0.4 and 258.14 ± 0.2 Ma) and SHRIMP II
(257 ± 3 Ma) for lower stratigraphic levels of the Khi-
vachian regional horizon. The obtained age (255 ± 2 Ma)
is close to that of the present boundary of the Wuchi-
apingian and Changhsingian stages of the Permian
system by the ISS (254.1 ± 1 Ma) [11].

Based on the distribution of the remains of
bivalves—Intomodesma and Claraioides aff. primitivus
(Yin)—in the sections considered, the relationship to
the stratigraphic positions of the dated samples, along
with the interregional correlation of the recently

Fig. 2. Cathode-luminescent images of zircons from tuff of
the Pautovaya Formation. The point numbers coincide to
those in Table 1. 
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obtained record of δ13Сorg value in clayey rocks [8],
one may assume with certainty that most of the Into-
modesma costatum Zone (Maitaia hurenensis, Into-
modesma evenicum, and I. costatum Subzones) corre-
sponds to the upper part of the Wuchiapingian stage.
The Changhsingian stage in northeast of Asia is cor-
related only with the uppermost part of the Into-
modesma costatum Zone within the subzone of I. poste-
venicum and a part of Otoceras layers within the Otoc-
eras concavum Zone (see Fig. 1).

Thus, the new data on U–Pb isotope dating of zir-
cons allow us to date for the first time the upper part of
the Khivach regional horizon by the RSS, as well as to
perform anew and more substantially the correlation
to the stages of the Permian system by the ISS.
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