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Upper Photo

Interfingering between Upper Permian evaporitic
to shallow-marine Bellephon formation and the
aluvia clastic redbeds of the Val Gardena
Sandstone. The photo shows Butterloch-
Bletterbach canyon, western Dolomites, Southern
Alps, Italy.

1. Alternating marls and dolomite, with sandstone
intercalations,

2. Dolomite with nautiloids,

3. Alternating marls and dolomite with upward-
increasing sandstone contents,

4. Red and gray sandstone-siltstone with tetrapod
footprints (Va Gardena Sandstone Tongue),

5. Dolomite, dolomitic limestone, and marls with
gypsum. Foraminera and algae occur near the top.
Total thickness of the sequence is about 100
meters.

6. Werfen Formation (Lower Triassic) represented
at the base by the oolitic Tesero Member.
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L ower Photo

Permian-Triassic redbed sequence in the Nurra Region, northwestern Sardinia, Italy, consisting mainly of continental alluvium.
The photo shows Cala Viola-Porticciolo coastal area near Alghero where the upper units of the sequence are characterized by
typically Buntsandstein Germanic facies; these extend to the Middle Triassic Muschelkalk (not shown).



EXECUTIVE NOTES

Notes from the SPS Secretary

by Claude Spinosa

| want to thank all those who contributed to the 33rd issue of
Permophiles and those who assisted in its preparation. We are
indebted to Bruce R. Wardlaw, Brian F. Glenister, John Ut-
ting and Vladimir Davydov for editorial contributions and to
Joan White for coordinating the compilation of thisissue. Tat-
yana Leonova and Natalia Esaulova provided detailed infor-
mation regarding the International Symposium - Upper Per-
mian Stratotypes of the Volga Region. The next issue of Per-
mophiles is scheduled for June 1 1999; readers are encour-
aged to send contributions. These should arrive before May
15, 1999. It is best to submit manuscripts as attachments to E-
mail messages. Please send messages and manuscripts to cspi-
nosa@hoisestate.edu and please note that this is a new E-mail
address — once again a new address. Please see page 6 for de-
tails regarding the preferred method of submitting manu-
scripts.

We are indebted to the following individuals and 7 anony-
mous donors for contributing a total of $1250.00 to the Per-
mophiles publication fund this year.

Lucia Angiolini, Neil Archbold, Stephen L. Benoist, Don W.
Boyd, Giuseppe Cassinis, J. Filatoff, Henri Fontaine, John
Groves, Tatyana Grunt, David Hawk, lgo Hisayoshi, Yin
Hongfu, Gary D. Johnson, Takeshi Isibashi, Hans Kerp, Nor-
man D. Newell, Robert Nicoll, Calvin Stevens, Greg Wahl-
man, Garner L. Wilde, H. G. Wopfner, Tom Yancey, Shizuo
Yoshida, and Alfred M. Ziegler. We also thank Bruce Ward-
law for covering cost of mailing Permophiles.

Future SPS meetings

The next meeting of the SPS will be held in conjunction
with the “XIV International Congress on Carboniferous and
Permian” (XIV-ICCP) to be held in Calgary, Canada, August
17-21, 1999. A theme session will focus on Boundaries/
Chronostratigraphy of the Lower-Middle Permian”; Bruce R.
Wardlaw and Brian F. Glenister are the conveners. An addi-
tional poster session is planned with the same theme. A call
for abstracts has been received for the X1V — ICCP; deadline
for abstracts is March 1, 1999.Additional information and de-
tails of abstract submission are available from Charles M.
Henderson, Meeting Chairman, Department of Geology and
Geophysics, University of Calgary. N. W., Calgary, Alberta,
Canada T2N 1N4. Tel: 403-220-6170. Fax: 403-284-0074. E-
mail: henderson@geo.ucalgary.ca. Persons interested in the
meeting should refer to www.geo.ucalgary.caliccp.

Following the X1V-ICCP meeting there will be a SPS meet-
ing in Brescia, and Sardinia, Italy in conjunction with the
meeting of the “Continental Permian of the Southern Alps and

Sardinia (Italy) - Regional Reports and General Correlations’,
September 15-21. A pre-meeting excursion (September 15-
18), will examine the continental sequence in Sardinia and the
post-meeting trip (September 23-25 will concentrate on the
Upper Permian and Lower Triassic sequence in the Southern
Alps of Italy. Abstract deadline is May 31, 1999. More infor-
mation is available from Professor G. Cassinis, Dipartimento
di Scienze della Terra, Universita degli Studi, Via Ferrata
No. 1, 27100 Pavia, Italy. Tel: 39 0382 505834. Fax: 39 0382
505890. E-mail: cassinis@unipv.it. The first circular has been
sent out and is available at http://manhattan.unipv.it/
sem_conf_new.htm. The cover of this Permophiles issue in-
cludes photographs from the sections that will be visited dur-
ing these excursions.

In the year 2000, the SPS will meet in conjunction with the
31% International Geological Congressin Rio de Janeiro, Bra-
zil, August 6-17. The SPSwill sponsor the general symposium
“International Standard References for the Permian System:
Cisuralian of Southern Ural Mountains, Guadalupian of
Southwestern North America, Lopingian of South China’.
Brian F. Glenister, Bruce R. Wardlaw, and Tamra A.
Schiappa are the conveners. The general symposium consists
of an afternoon poster session accommodating all accepted
contributions followed by amorning oral session consisting of
five invited keynote speakers. Information regarding the Con-
gress and the SPS Symposium is available at the site:
http://www.3ligc.org or from Tamra A. Schiappa
tschiapp@boi sestate.edul.

Permophileson line

Recent issues of Permophiles are being made available, on-
line, at the homepage of the Permian Research Ingtitute. Select
http://pri.boisestate.edu/ and then click on Subcommission on
Permian Stratigraphy. At thistime only Issue 29 is available,
however, additional issues will be available soon. Thissite
will provide information regarding submission of articlesto
Permophiles.

Claude Spinosa

Secretary, SPS

Permian Research Institute
Dept. of Geosciences
Boise State University
Boise, Idaho 83725, USA
fax: 208-426-4061

voice: 208-426-1581
cspinosa@boi sestate.edu



Notes from the SPS Chair

by Bruce R. Wardlaw

The following is an excerpt from the Chair’s formal annual re-
port to the ICS; of the original report, the front part with atable of
the current stages, officers of the Subcommission, and the full
budget is ddeted. The SPS spent $ 18,930 for calendar year
1998.

Extent of National/Regional/Global Support of projects.

The SPS receives strong support from Russan, Chinese, and
American governments and individuas when working on the spe-
cific Series and Stages proposed in each country. In addition, the
marine-terrestrial correlation activity, especialy for the Upper
Permian receives strong support from European countries, specifi-
cdly this year from Russa for the Kazan Upper Permian Strato-
types of the Volga Region meseting and next year from Itay for
the International Field Conference on the Continental Permian of
the Southern Alps and Sardinia

Interface with other International Projects.
| G C P Project 359: Correlation of Tethyan, Circum-Pacific and
margina Gondwanan Permo-Triassic.

The marine-terrestrial working group of the SPS is establishing
a working relationship with the new working groups of the Sub-
commission on Gondwana Stratigraphy specifically, those under
the umbrella of Event Stratigraphy: Flora Corrdation, Faunal
Corrdation, and Physical Correlation with the common aim to-
ward resolution of globa correlation of late Padeozoic- early
Mesozoic terrestrial and marine sequences.

Accomplishments:

Davydov, V. I., Gleniger, B. F., Spinosa, Claude, Ritter, S. M.,
Chernykh, V. V., Wardlaw, B. R., and Snyder, W. S,, 1998,
Proposa of Aidardlash as Globa Stratotype Section and Point
(GSSP) for the base of the Permian System, Episodes, val. 21,
no. 1, p. 11-18.

Gleniger, B F., Wardlaw, B. R,, and Lambert, L. L., 1998,
Guadalupian Series: International standard for Middle Permian
time: Guadalupe Mountains National Park, Research and Re-
source Management Symposium, presentation of a permanent
poster for the vidtor center for the significance and establish-
ment of the Guaddupian gtratotype in Guadaupe Mountains
National Park and guided field trip for National Park Service
members and symposium attendees to understand the stratotype.

Supported the development of refined biogtratigraphy in the
southern Uras by aiding two graduate students theses: (1) The
sequence gratigraphy and biogtratigraphy of the Lower Permian
of Aktagty Hills, Kazakhstan; (2) The refined stratigraphy and
biogtratigraphy of the Sekmarian at Kondurovka and Novoga
farovo, Russa

Continued Support for the Specia Project “The Permian: from
glaciation to globa warming to mass extinction” to use detailed
biogtratigraphy and numerica age dates to create an initia
framework for correlating and evauating global events during
the Permian. This specia project will help in the development
of the Permian GSSP's by providing important stratigraphic,

biogtratigraphic and numerical age dates to the specific subcom-
mission working groups.

Egtablished a new working group on critical corrdations that
bridge basin to basin and continent to continent to better under-
stand the marked provincidism displayed in the Permian. This
working group is being organized by Neil Archbold and G. R.
Shi and istitled “Using Permian transitiond biotas as gateways
for globd correlation.”

Conducted annual business meeting at the Upper Permian Strato-
types of the Volga Region Internationd Symposium in Kazan,
Russa, July 28-August 3, 1998.

Problemsencountered in year of the Report.

There were difficulties with some of the Russian corresponding
members of the subcommisson. The Kazanian and Tatarian
stages are based on dlogratigraphic units, synthems, and, as de-
fined, these units will not serve asinternationa stratotypes. Many
of the Russian workers refuse to use the Guadalupian and Lopin-
gian, aready approved by the subcommisson. The subcommis-
sion conceded that the many Russian workers would continue to
use Kazanian and Tatarian but suggested that evolutionary linea
ges above the bounding unconformities be used to define the chro-
nostratigraphic units and serve to refine the definition and correla
tion of these classic Permian sections.

Work Plan:
1999
- Sponsor and conduct annua business meeting a the Carbon-
iferous-Permian Congressin Calgary, Canada.
Sponsor and participate in the International Conference on
Pangea and the Paeozoic-Mesozoic Trandgtion, Wuhan,
China; co-lead a fidd trip with past Chair Jin Yugan to the
proposed stratotype of the Upper Permian, Lopingian, Series.
Sponsor and participate in the International Field Conference
on the continental Permian of the Southern Alps and Sardinia
(Italy): regiona reports and genera correations in Brescia,
Italy.
Compile, digitize, reprint, and distribute the second ten issues
of Permophiles.
Formally propose the Middle and Upper Permian Series
boundary stratotypes; formaly propose the constituent stages
of the Lower Permian and the Upper Permian.

2000
Conduct annual business mesting at IGC in Rio de Janeiro
Convene the internationd symposium on the International
Standard References for the Permian System: Cisuralian of
Southern Urd Mountains, Guadalupian of Southwestern
North America, Lopingian of South China, sponsored by the
International Commission on Stratigraphy and the SPS.
Have dl stagesin at least preliminary forma proposal proc-
ess.

Bruce R. Wardlaw
Chair, Subcommission on Permian Stratigraphy
Chief Pdeontologist, U.S. Geologica Survey
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Proposal of Guadalupian and Component
Roadian, Wordian and Capitanian Stages as
Inter national Standardsfor the Middle Permian
Series

by Brian F. Glenister

Introduction. An abbreviated journal proposal of the Middle
Permian Guadalupian Series and component Roadian, Wor-
dian, and Capitanian stages is being prepared for publication
in Permophiles #34, and concurrent distribution to SPS Titu-
lar Members for formal vote. Qualifications of the Guadalu-
pian as international standard references have been presented
previously (Glenister et al., 1992), but the new formal pro-
posal will add critically important new data on conodont, mor-
phoclines, absolute dates, and paleomagnetics. The present
statement is restricted to historic review of proposals of the
Guadalupian and constituent stages.

Historic Preamble. Prolonged deliberation of SPS members
culminated in the mandated formal postal vote by Titular
(voting) Members that approved subdivision of the Permian
System into three series, in ascending order Cisuralian,
Guadalupian and Lopingian (Report of President Jin Yugan,
Permophiles #29, p. 2). The “---usage of the Guadalupian Se-
ries and congtituent stages, i.e., the Roadian, the Wordian, and
the Capitanian Stage for the middle part of the Permian." was
approved unanimously by 15 voting members. Proposal of the
Guadalupian as a chronostratigraphic unit of series rank
(Girty, 1902) predates any potential competitors by decades
(Glenister et al., 1992). Of the three component stages cur-
rently recognized, the upper two (Wordian and Capitanian)
enjoy comparable priority. Capitanian was first employed in a
lithostratigraphic sense by Richardson (1904) for the massive
reef limestones of the Guadalupe Mountains of New Mexico
and West Texas, and Word was used by Udden et a. (1916)
for an interbedded clastic/carbonate sequence in the adjacent
Glass Mountains. Both were first used in a strictly chro-
nostratigraphic sense by Glenister and Furnish (1961) as sub-
stages of the Guadalupian Stage, referenced by their nominal
formation and recognized elsewhere through "ammonoid and
fusuline faunas'. In studying the Permian faunas of Arctic
Canada, Nassichuk et al. (1965) concluded “--- that probably
a separate stage between Artinskian and Guadalupian could be
recognized." The "First limestone member" of the Word For-
mation, Glass Mountains, was renamed the Road Canyon
Member (Cooper & Grant, 1964) and served subsequently as
reference for the post-Artinskian/pre-Wordian Roadian Stage
(Furnish and Glenister, 1968; Furnish and Glenister, 1970:
Furnish, 1973). At the same time, Wilde and Todd (1968)
suggested that the basal unit of the origina Guadalupian Se-
ries, the Cutoff Formation, is correlative with the Road Can-
yon. Wilde (1990) subsequently placed the Roadian as the
basal unit of the Guadalupian Series, a practice now favored
by others. The Kubergandian of Central Asiais at least a par-
tial correlative of the Roadian. Although Kubergandian has
priority as a named stage, the Roadian "Black, thin
bedded-limestone" (=Cutoff Formation) forms the origina
base of the Guadalupian Series (Girty, 1902).

References

Furnish, W. M. 1973. Permian stage names. In A. Logan
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Brian F. Glenister
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University of lowa
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SPS New Working Group:
"Using Permian Transitional Biotas as
Gateways For Global Correlation”

by G. R. Shi and N. W. Archbold

Introduction

At the recently held ‘Upper Permian Stratotypes of the
Volga Region International Symposium’ (Kazan, Russia), a
new SPS international working group was formally estab-
lished. The new Working Group aims to investigate the sig-
nificance of Permian transitional biotas as gateways for global
correlation. In this context, atransitional biotais defined as“a
distinct biogeographical entity characterized by an admixture
of taxa found in two or more synchronous biogeographical
realms or regions’ (Shi et al., 1995, p. 139). More specifi-
caly, a transitiona biota or zone would have the following
characteristics: a moderate diversity, a predominance of wide-
ranging genera, a significant portion of endemic genera, and a
high level of mixed immigrant genera from adjacent realms or
regions including some diagnostic elements of those realms or
regions. Thus, a transitional zone or biota implies a naturally
mixed fauna or flora between two or more adjacent realms or
regions. This concept, as defined above, precludes confusion
with tectonically displaced and mixed, or otherwise chaotic,
faunal or floristic assemblages which usually occur in great
disharmony with autochthonous faunas/floras. Stratigraphi-
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cally mixed biotic assemblages, such as the Permian-like fau-
nas found at the base of Triassic, are also excluded from the
definition of ‘transitional biotas' as defined here.

Background and objectives

As far as the Permian is concerned, several such transitional
or mixed faunas have been identified. For instance, Shi et al.
(1995) has recognized five transitional faunas or zones on a
global scale, to which an additional fauna may now be added
(see Figure attached). Because of their transitional nature, the
transitional faunas should have the potentia to serve as gate-
ways to assist with the alignment of regiona or provincia
Permian chronostratigraphical schemes with the recent pro-
posal of aglobal Permian timescale based primarily on cono-
donts (Jin et a., 1997). However, the potential of the transi-
tional faunas to assist in global corréelation has not been real-
ized because many of these transitional faunas remain poorly
studied. This has hindered the recognition of their importance
in serving as gateways for global correlation. With this in
mind, the new Working Group intends:

1. To progressively and systematically document the Permian
transitiona biotas;

2. To investigate the spatio-temporal distribution of the Per-
mian transitiona biotas;

3. To investigate the origin of the Permian transitional faunas
in relation to contemporaneous climatic conditions, palaeo-
geography and/or tectonic constraints;

Figure 1. Generalized framework of Permian global marine biogeography and the distribution of Permian transitional faunas/provinces referred to
in the text (based on Shi 1995; Shi, 1995 and Grunt and Shi, 1997). The addition of the Mino transitional/mixed fauna to the framework is based
on Tazawa, 1997. The Permian marine biotic provinces/regions are as follows: |;, Paratinan Province, |,, Westralian Province, I3, Austrazean
Province, Il;, Cathaysian Province, Il,, Sino-Mongolian Province, ll3, Cimmerian Region (containing Sibumasu and other provinces), Il,, Mediterra-
nean Region (with several provinces), lls, Texas Province, lls, Amazonian Province, Il;, Mino Province, llg, McCloud Province, Ilg, Cordilleran Prov-
ince, lll;, Euro-Canadian Region, lll;, Taimyr-Kolyma Region. [Please note that the references provided herein are not meant to be exhaustive,
nor do we intend by any means to impose the framework to the agenda of the working group. On the contrary, we would welcome any alternative

interpretations].



4. Having achieved the above, to investigate the role of the
transitional faunasin assisting with global correlations.

Provisional project plan

It is anticipated that an active international working group
on the above project will soon be established. Field work by
the working group is being planned at several strategically
selected areas where transitiona biotas have been docu-
mented/reported or are known to exist, such as the Salt Range,
the Shan-Thai terrane (especially Western Y unnan), the Sino-
Mongolian Province in NE China, SE Mongolia, parts of Ja-
pan and the Primorye region of the Russian Far East, and the
Phosphoria Formation of western USA. In this phase of the
project, particular attention will be paid to the composition
and nature of association of taxonomic groups of the complete
fauna (e.g., relative proportion of each fossil group in the
whole fauna, abundance and diversity of key taxa). This is
considered to be an important aspect of the work because it
will help determine how associated taxonomic elements other
than conodonts, fusulinids and/or ammonoids can assist in
correlating stratotypic sequences/stages with regional or pro-
vincia stratigraphical schemes where the primary biomarkers
are absent or poorly developed. Formal (in the form of inter-
national symposia) and informal gatherings of the working
group and interested workers are being planned. Data and in-
formation derived from the Project will be disseminated regu-
larly among participating members of the working group as
well as to the genera ‘Permophiles community, with a view
to publishing a monograph towards the end of the project.

Call for participation and contribution

On behalf of the new working group, we cordially invite all
interested members to join the working group. In particular,
we would welcome any suggestions as to the planning and
selection of target fieldwork areas and the venue for hosting
international conferences (and field excursions) on topics per-
tinent to the themes of the project. Please pass on your contact
details and/or suggestions to us at the address given below.
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Comments on the International Symposium Up-
per Permian Stratotypes of the Volga Region.

By Claude Spinosa

The International Symposium Upper Permian Strato-
types of the Volga Region was held in Kazan, Tatarstan Re-
public, Russia on July 28 — August 3, 1998. The meeting, con-
sisting of oral reports, poster sessions and excursions to clas-
sic Tatarian and Kazanian strata, was hosted by the Ministers
of the Republic of Tatarstan and by Kazan State University.
All presentations and discussions were held on the ship “K.
Tsiolkovsky” which also provided housing and meal facilities
for participants in a very pleasant setting on the Volga River.
On behalf of all the SPS corresponding and voting members
who attended the symposium, I wish to express my apprecia-
tion to the organizing committee for an excellent, well-
organized and successful meeting, and a long-awaited oppor-
tunity to visit classic Tatarian and Kazanian strata of the
Volga region. An excellent summary of the purposes and re-
sults of this meeting is presented by our colleague, Dr. Natalia
Esaulova in this issue. Please see page 8.

Extensive discussions took place at the “Volga Symposium”
regarding the recent SPS decision to recognize a three-part
subdivision of the Permian System — a Lower Permian Series,
Cisuralian, (with stratotypes in the southern Urals of Russia
and Kazakhstan), a Middle Permian Series, Guadalupian,
(with stratotypes in the Guadalupe Mountains of the American
Southwest), and an Upper Permian Series, Lopingian (with
stratotypes in South China). Additionally, extensive discus-
sions ensued regarding whether the traditional Kazanian and
Tatarian stages can serve as international standards. A posi-
tive aspect of this disagreement is that absolute dates and pa-
leomagnetic data (particularly the Illawarra Reversal) provide
useful bridges. Another is the creation of a new working group
on “Transitional Biotas” (see Shi and Archbold, this issue p.
5) as gateways to global correlation. Further, common ground
was sought in a memorandum by Bruce R. Wardlaw (Chair,
SPS), E. Leven (Vice-chair, SPS), A. Rozanov (Deputy chair,
ISC), G. Kotlyar (Chair, ISCPS), and B. Burov (Deputy chair,
Symposium Program Committee) recognizing the difficulty of
correlation between the marine scale accepted by the SPS and
the continental, Biarman and Notal areas. The general impres-
sion is that some workers will continue to use these traditional
terms, whereas others insist on use of the new single interna-
tional standard.

These discussions are important and the SPS agreed to pub-
lish summaries in this issue of Permophiles. Unfortunately
communication between the participants and the SPS secre-
tary has not been easy and to date we are only able to include
comments by our colleagues Dr. Natalia Esaulova, Dr. E. A.
Molostovsky and Dr. S. S. Lazarev (see pages 9 and 10). We
have communications from our good colleagues Dr. Inna

INTERNATIONAL SYMPOSIUM
UPPER PERMIAN STRATOTYPES OF THE VOLGA REGION

Dobruskina and Dr. Marina Durante that will be included in
the next issue. The latter did not arrive in time to be included
in this issue and the former presented problems that could not
be resolved in time for inclusion in this issue. Both will be
included in the next issue.

This is a call to all who attended the International Sympo-
sium Upper Permian Stratotypes of the Volga Region to
send comments to be included in the next issue of Permo-
philes. To facilitate communication we solicit comments in
either English or Russian and we plan to include those com-
ments in both Russian and English. Please note that the dead-
line for the next issue is May 15.

Iepesoa aByx nocaenyomwyx naparpados:

Haun6onee wunreHcusHoe oOcyxnenune Obino
CKOHLEHTPHUPOBAHO Ha HeJaBHEM pellleHMH MexnyHaponHofi
[Mepmckolt moaxoMUceHH O TIPUHATHY TPEXUSIEHHOIO DeNeHUs
[TepMckOH  cHCTEMBbl € BBIACIEHHEM  HUKHENEPMCKOTO
npuypansckoro otnena (Cisuralian) co cTpatoTHnamu Ha
HOxnoM Vparne, CpelHENepMCKOro TIBalenylcKoro oTiena
(Guadalupian) co crtpaToTunaMi B [ Bajemynckux ropax,
Texac, CHLIA ¥ BEepXHENEPMCKOro JIOMIHHCKOTO OTAcKHA
(Lopingian) co crtpatotunamMu B lOxuom Kurae. Becbma
ropsiuMe  OMCKYCCHUM  TakkKe€ BO3ZHUKIM  OTHOCHTENIBHO
NPENNOUTHTENLHOCTH B KauecTBe  MEXIYHAPOIZHOIO
crpaTurpadryeckoro CTanAapTa Ka3aHCKOro M TaTapckoro
APYCOB, @ TAKXKE OTHOCHTENIbHO TBANENYTICKOro OTAeNa U ero
noapazaenenuit. [loHMMas BaKHOCTL NOAOGHBIX AMCKYCCHI
Mexaynapoanas IlepMckag TMOIKOMMCCHS — CUMTaeT
HeOOXOMMMBIM  KpaTKo ofybnukoBaTe HanGosee BakHble
BeicTyrnenus B OxypHane «[lepmodun». K coxanenuio
KOMMYHHKAIHOHHBIE OTpaHHUYEHHs NO3BOIAMIN BKJIIOYHTH B
3TOT HOMED XYpHANA AHilL KOMeHTapuii Hawero kojuieryn C.
C.JlazapeBa (cM. cTp.36 B maHHOM HoOMepe XypHana). Ham
yHalock CBA3aTbCA C Hamlell yBaxkaeMOR KOJJero# Ip-pom
Mapunoit Buxroposnoit JlypaHTe, HO ee KOMMEHTapHi
NpUOLLT I03KE YEM MBI PACCYMTLIBAIH, KOTAa NaHHBIH HOMEp
yie GbUl FOTOB, DTOT KOMMeHTapuit OyaeT BKIOUEH UL B
cnemyromuii Homep (HroHs, 1999) «[lepModunos».

S Kax cekpeTaph NOAKOMMCCHH 0oOpawmarch KO BCEM KTO
TeM WM HHBIM 00a30M y4acTBOBl B MEXKIyHapOIHOM
cuMnosuyme «BepxHelepMckue CTpaToTunsl  Boyskcekoro
pernoHa» ¢ NPeLIokEHUeM NPUCHLIATh CBON KOMMEHTapUH, ¢
TeM u4to6bl OHM OBUTM BKJIIOMEHB! B HIOHBCKUH HOMep
«[Tepmodunos». [Ina toro 4tobbl 00NeriNTh BO3MOXHOCTD
BBICKA3aThCH Mbl PELIMIN B BHIE WMCKAIOYEHHA NPUHHMATH
BAUIH KOMMEHTAPHH Ha PyCCKOM TaKKe KaK U Ha aHIJIHACKOM
a3pikax. Jia Toro uTofel M30exaTh PasHOUTEHWH Mb
[IaHNpyeM NOMeWaTh nojo0Hble KOMMEHTapuu Ha oGoux
s3bikax. Tlowanylicta oTMerbTe and cebs ewe pas, uto 15
mMast §BAsieTcd KpafiHUM CPOKOM MOJYy4YeHHst BalIHX
KOMMeHTapueB, s OMyOIMKOBAaHMA MX B  HIOHBCKOM
HOMepe.

(Translation courtesy of V. 1. Davydov)



Report on the International Symposium Upper
Permian Stratotypes of the Volga Region

by Natalia Esaulova

The International Symposium on the Upper Permian was
held, 28 July - 3 August 1998, in Kazan, Russia. The Sympo-
sium, organized by Kazan State University in cooperation
with the Ministers Cabinet, Republic of Tatarstan, was at-
tended by 32 international participants from Australia, Bang-
ladesh, China, U.S.A., Germany, Isradl, Italy, Poland, Saudi
Arabia, and Switzerland. Sixty-one participants from Russia
also attended representing Moscow, St. Petersburg, Kostroma,
Siktivkar, Vorkuta, Inta, Kotelnich, Ekaterinburg, Perm, Sara-
tov, Tomsk, and Novosibirsk. Sixty-nine participants, includ-
ing members of the Organizing Committee, were from Tatar-
stan. Unfortunately, our pre-registered colleagues from Tur-
key, Vietnam, Mongolia, New Zedland, Great Britain, Hun-
gary and Japan were unable to attend.

To accommodate Symposium activities, the following issues

were published:

1. Programme of the Symposium,

2. Volume of abstracts (in Russian and English),

3. Guidebook of Geological Excursions (in Russian and
English).

The following Monographs were a so published:

4. Permian/Triassic Boundary in Continental Series of
Eastern Europe, (246 p.),

5. Stratotypes and Reference Sections of the Kazan Re-
gion, (104 p.),

6. Stratotypes and Reference Sections of the Upper Per-
mian in the Regions of the Volga and Kama Rivers, (300
p),

7. Permian Algae from the Aktyuba Region, (71 p.),

8. Catalogue of Originals (Permian System), vol. 1: Cata-
logue of Monographic Collections of the Mineralogical
Museum of the Kazan State University (61 p.),

9. Catalogue of Originals (Permian System), vol. 2: A.V.
Nechaev. Upper Permian Fauna from the East European
Russia (96 p.),

10. Catalogue of Originals (Permian System), vol. 3: P.I.
Krotov. The Artinskian Stage (34 p.),

11. E. Sukhov. Memoirs about geologists from Kazan, (66
p),

12. Lower/Upper Permian Boundary from the East Rus-
sian Plate, (510 p.).

These articles may be ordered from the Organizing Committee
of the Symposium.

The Symposium was dedicated to a problem of studying the
Ufimian, Kazanian and Tatarian of the Republic of Tatarstan.
The opening and plenary meeting took place at the Kazan
State University. The Symposium itself was held on board the
ship "Tsiolkovsky". During the plenary meeting, participants
had an opportunity to listen to seven reports from the world's
leading geologists about current problems of Permian stratig-
raphy and possible solutions.

Fifty-three oral presentations and 53 posters of the sympo-
sium consisted of the following sections

The Upper Permian of the stratotypical region (marine
Permian),

The Upper Permian of the stratotypical region (continental
Permian),

The Upper Permian of the Biarmian region,

The Upper Permian of the equatorial and Natal climatic
zones, and Lithology, Rhythmostratigraphy, Correlation.

Geological excursionsto classic Permian sections - Ufimian,
Kazanian and Tatarian stages - along the Volga and Kama
rivers and the Kama region were an important part of the
Symposium. Participants sampled sections for later lithologi-
cal and palaeontological studies. Many were able to study
monographic collections of the Kazan State University Geo-
logical Museum, and with private collections, including bryo-
zoans, foraminifers, brachiopods, nautilids, and conodonts.
Four videos (15 minutes each) were shown about geological
monographic collections and Ufimian, Kazanian and Tatarian
sections in more distant areas of the Volga-Ural region which
could not be visited during the symposium. The films contrib-
uted substantially to understanding of the geological structure
of the Volga-Ural basin.

Following the Symposium, 4 - 6 August, eleven pal eontolo-
gists from Tatarstan, other regions of Russia, Australia, and
Saudi Arabia participated in the colloquium on the Upper Per-
mian macroflora of the stratotypical region. Five reports were
presented; a macrofloral collection from the stratotypical re-
gion was reviewed; and the correlation of Angarian and Gond-
wanian Late Permian floras was considered. Monographic
collections of Late Permian flora from the stratotypical region
were presented at the Geological Museum.

One of the Symposium's outcomes was a memorandum that
marked substantial achievements in studying the classic Upper
Permian sections during the preparation of the Symposium.
Conodonts and nautiloids from a number of outcrops were
studied. Monographic investigations of ostracods, bivalves,
small foraminifers, bryozoans, fish, brachiopods, macroflora,
and miospores were carried out; world-famed collections of
A.V. Nechaev and P.I. Krotov were revised. Palacomagnetic
investigations of the Kazan State University were highly esti-
mated. The section of the Monastirsky Ravine (Tetyushi vil-
lage) was recommended to be a Kiama/lllawarra reference
boundary (Kiam&/lllawarra contact was first revealed in Aus-
tralia). Newest and most complete edition of a series of scien-
tific monographs (including English version) on the Upper
Permian stratotypes of the Volga-Ural basin should be consid-
ered a most important result of the Symposium.

Participation by stratigraphy leaders permitted us to organ-
ize meetings of 1) Regiona Stratigraphic Committee on the
central and southeast European Platform, 2) Inter-department
Stratigraphic Committee of Russia, 3) International Subcom-
mission on the Continental Permian, and 4) Subcommission
on Permian Stratigraphy. The meetings resulted in the deci-
sions about: 1. retaining till the year 2000 (Geological Con-
gress in Brazil) the two parallel scales (Borea East European
and Tethyan complex that includes Ural, American, Chinese
sections); 2. necessity for drawing a zona Upper Permian
scale on all the groups of flora and fauna within the Vol-
ga-Urals basin; 3. necessity for special thematic collections of
ammonoids, a group of paramount importance; 4. necessity



for works on chemostratigraphy, sequence stratigraphy, abso-
lute dating of the levels (points) of global correlation; 5. pres-
entations of acquired material at international geological sym-
posia and congresses in 1998, 1999 and 2000; 6. organization
of aninternational group, consisting of USA, Chinese, Austra-
lian and Tatarstan representatives to work on the global corre-
lation of the two parallel scales.

The Symposium has confirmed the global importance of the
classic Permian stratotypes, their correlative potential, and a
need for the stratotypes to be studied using up-to-date tech-
niques. Such studies must be conducted by leading specialists
from both Russia and other countries.

The Symposium has brought many field and research geolo-
gists, postgraduate researches and students to actively partici-
pate and receive good training through listening to the reports,
discussions, and field excursions throughout the Republic of
Tatarstan.

The Organizing Committee is wholeheartedly thankful to
those who made this Symposium possible and contributed to
its success.

Scientific Secretary of the
Organizing Committee of the Symposium
Prof. Natalia Esaulova

Decision of the RAS Scientific Council for
Geomagnetism and the Council’s
M agnetostr atigraphic Working group

The Borok Geophysical Observatory
October, 26, 1998

The joint meeting of the RAS Scientific Council for
geomagnetism and its Magnetostratigraphic Working Group
was attended by: Professor G.N. Petrova — Member of the
RANS (the chairman of the Council), Prof. E.A. Molostovsky
(the chairman of the Working Group), Prof. A.N. Khramov —
Member of the RANS (the chairman of the MSK Comission
on magnetostratigraphy), D.M. Pechersky — Dr. of geology,
G.Z. Gurarij — Dr. of geology, V.A. Shapiro — Dr. of physics
and mathematics, V.P. Scherbakov — Dr. of physics and
mathematics, S.V. Shipunov — Cand. of physics and
mathematics, V.M. Trubikhin — Cand. of geology, A.Yu.
Guzhikov — Cand. of geology, E.I. Virina— Cand. of geology,
V.E. Pavlov — Cand. of geology, A.K. Gapeyev — Cand. of
chemistry, A.Yu. Kurazhkovsky — Cand. of physics and
mathematics, V.A. Bolshakov — Cand. of geology.

The discussion on the principles of using paleomagnetic
data and on the prospects of the method in stratigraphy has
resulted in the following statements:

- Paleomagnetic information is acquiring an ever-growing
importance in solving fundamental problems of modern
stratigraphy. Owing to their nature, reversal boundaries
represent planetary chronostratigraphic levels that may be

used for stratigraphic correlations accurate to within 10°
years.

- Among the planetary datum points of such kind are: the
boundary between the Kiama and Illawara hyperzones in
the Upper Permian, the MO chron at the Barremian/Aptian
boundary, the 33 chron in the Upper Cretaceous. Some
promising reference points are outlined in other intervals
of the scale as well.

- Some cases were revedled of defective paleomagnetic
data used in producing stratigraphic constructions and of
incorrect geologic interpretations of quite reliable
paleomagnetic definitions. As a consequence, the method
itself becomes gratuitously discredited.

The Scientific Council and the Working Group for Magne-

tostratigraphy has resolved:

1. To urge upon researchers the importance of producing
stratigraphic constructions on the basis of paleomagnetic
data obtained from the study of sound collections and
necessary tests for confirming the primary nature of
magnetization and for statistical analyses.

2. To regard the following as the highest priority in
magnetostratigraphy: to develop the procedures for
selecting and grounding the reference reversal levels and
paleomagnetic stratotype sections for the subdivisions of
the general stratigraphic scale and regional schemes.

3. To solve this problem, it is recommended to the
Interdepartment Stratigraphic Committee of the Russian
Federation to organize complex investigations of some
stratigraphic and reference sections with thorough
referencing of biostratigraphic and paleomagnetic
boundaries.

4. The anadyses of the world bank of paleomagnetic data
demonstrate that the Upper Permian interval of the
stratigraphic scale has been studied most completely over
European Russia The sequence of magnetozone
alternations here has been traced in dozens of sections;
thorough referencings of biostratigraphic and
paleomagnetic boundaries have been performed. This
allows to recognize the stratotype region of the Permian
system as the paleomagnetic stratoregion. The section of
the Monastyrskij ravine on the VVolga (the Tetyushi region
in Tatarstan) is proposed as the type section for the
Kiama/lllawara hyperzone boundary. The section of the
Tatarian stage on the Sukhona River in VVologda region is
proposed as the stratotype section of the Illawara Upper
Permian part.

The Chairman of the RAS Scientific
Council for Geomagnetism

Member of RANS, Prof. Petrova G.N.
The Chairman of the Working Group
for Magnetostratigraphy

Prof. Molostovsky E.A.



How to Save the Traditional Nomenclatur e of
Upper Permian Stages?

by S. S. Lazarev

Why does the choice of the competing names of strati-
graphic units in stratigraphy, opposite to the analogical proce-
durein biology, depend on decisions of commissions and con-
gresses, intrigues, national interests, and at the end is decided
by vote? The same question may be asked another way: why
have the nomenclatural codes in biological classification be-
come possible and work successfully, while the International
Code of Stratigraphical Nomenclature is not even con-
structed? The answer to these questions is tightly connected
with the answer to another question: why the principle of pri-
ority works successfully in biological classification, but it can
not work in stratigraphical classification (and during the last
years became the mere sound)?

On the definition of the term "type" in classification and
typification

During the discussion of the problems mentioned above my
opponents, supporters of the official stratigraphical paradigm
(chronostratigraphy), refer to the specia characteristics of
stratigraphy and its objects. | do understand these special as-
pects of stratigraphy. That is why | have no intention to write
the nomenclatural stratigraphical code taking the International
Code of Zoological Nomenclature as a model. But | am sure,
there are some general principles, invariant to specific charac-
ter of any particular science, in the procedures of classifica-
tion and typification, and those general problems are being
solved in stratigraphy in an unusua and ugly way.

In this context one should consider the two approaches to
biological classification reflected in the "typological" and
"populational” understanding of types. For a typologist the
type (archetype) - is aredlity, and variability isan illusion; for
a populationist - quite the opposite, the variability is real, and
an average, typical, invariant (archetype) is always the scien-
tific abstraction (synthesis). As far as the typologists can not
connect the archetype directly with something physical, sub-
stantial, they have no problem to combine both notions within
some common physical object (unit-stratotype). A good illus-
tration for this is the question A. | .Zhamojda put for V. A.
Krassilov after publication of his famous book "Evolution and
Biostratigraphy": "If the nomenclatural type is necessary for
typification, why not the stratotype?' (Zhamojda, 1980, p.36).
During past decades this methodology, based on analogy to
typology, has become useful in stratigraphic nomenclature.

| am repeating, the nomenclatural type is not the standard of
substantial characteristics of the object of classification - such
a condition can not be part of any classification of substantial
nature, but as the standard for keeping the name only. In this
sense, the stratotype as the concrete interval (and not the
point!) in the concrete section is the perfect analog of the
holotype in biology. However, one can speak about the perfect
analogy only after the hierarchy in the procedure of typifica-
tion is introduced. Remember, please, the holotype in its sub-
stantial aspect is absolutely equal as a specimen to al other

specimens of this species.

The contents of the holotype (irrespective of how well pre-
served and studied it is) will never be sufficient for under-
standing the species and its boundaries with related species.
Understanding of the species (or straton) and its boundaries is
our synthesis not requiring such material base as any standard
specimen (or section). Just this aspect was meant by O.
Shindewolf and V. E. Ruzhentsev, the classic authors of popu-
lational (compositional, systemic) approach in stratigraphy,
when they raised objections to understanding the stratotype as
astandard of substantial characters of straton. In one sentence,
their main idea was that there is not and cannot be a section
that can serve as a substantial standard (archetype) of straton.
Hence it follows, it is possible to allow the unit-standard only
one function, the retention of the name of the straton. As such,
the stratotype (like holotype) is not necessarily the best sec-
tion, and its defects (always inevitable) can not justify the
choice of anew stratotype.

The fundamental quality of nomenclatural typeisits unique-
ness, because only this peculiarity of the type guarantees un-
ambiguous attachment of the name through any perturbations
of classified objects. Therefore the use of other, secondary
types (typoids), for example hypostratotypes in stratigraphy, is
an atavism inherited from the typological way of thinking,
abandoned in biology but still retained in stratigraphy. Now
typoids in biology can serve only one purpose: thisis the store
(syntypes, topotypes) from which one should select a nomen-
clatural type if it was not indicated by the author of the taxon,
or the original type was subsequently lost. In this sense, the
sections in the stratotypical region play a part of syntypes and
topotypes in stratigraphy.

Theglobal stratotype section and point (GSSP)
and chronostratigraphical conception

Fundamental to the chronostratigraphic approach is a con-
cept of abstract physical time. Recently, the methods of con-
struction of general stratigraphical notions and terms changed
greatly after chronostratigraphy gradually changed the meth-
odology (paradigm) in stratigraphy. The essence of chro-
nostratigraphy is difficult to understand because of the com-
plicated nature of time, one of the eternal mysteries of the hu-
man mind. Nevertheless it is very attractive for stratigraphers
who are aspiring for stability and objectivity of stratigraphic
boundaries.

The problem of stratigraphical boundaries in traditional stra-
tigraphy was that contents were tied to evolutionary phenom-
ena, one of the most convenient bases for correlation, but in-
capable of remaining constant and unchanged. Chro-
nostratigraphy changed the logic of substantiation of bounda-
ries and adopted a policy of building atemporal succession of
the absolute and objective paints: it is a method of GSSP. Su-
perficially it looks logical and good: after normal (traditional)
research aimed at choosing boundary-phenomenon one takes
one more step, fixing a selected phenomenon and building a
series of such phenomena, placing this chronostratigraphical
paradigm into stratigraphy, gradually replacing the objects of
classification (stratons) by standard time intervals. That is why
the general notions of classification, particularly the notion
"type", became superfluous in officia stratigraphy. But thisis
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not connected with the specific of stratigraphy in its tradi-
tional understanding and depends on methodology of the now
ruling paradigm.

On the contrary, | am sure that concrete sections are always
necessary as the base of our ideas; they are analogs of experi-
ments in exact sciences and necessary for verification and fal-
sification of the corresponding scientific hypotheses. In this
sense reference sections are especially useful (we can not
study all sections in detail). | insist on yet another thing: we
can not select one of these sections as a standard for fixing a
point-boundary, because this procedure is obviously a rejec-
tion of the subjective scientific idea in favor of an absolute
and non-changing system of standards of time. With accep-
tance of the GSSP method the stratigraphical unit (straton)
completely turns from the object of stratigraphical classifica-
tion into a standard of the abstract time interval between two
standard points.

Finally, let's return to the specific of stratigraphy. There are
different specifics. The most general notions of hierarchical
classification such as archetype, nomenclatural type, priority
principle and (technical) problem in choice of competing
names for classified objects harkens back to an atavism inher-
ited from the last period of development of traditional stratig-
raphy. True classification with substantial hierarchy is disap-
pearing, typification therefore becoming superfluous. It is not
difficult to foresee the logic of this development (Lazarev,
1997, submitted in 1994), when the unit-stratotype (stratotype
of interval) became superfluous (see the part
"Boundary-stratotypes instead of Unit-stratotypes’ in a new
edition of "Guiddlines...", 1997). The nomenclatural types are
superfluous for this scale too because it is not a classification,
but merely conventional line of the time intervals. This time
line may be definite and constant if the hiatus at the selected
point was not found.

Conclusion

The result of this report is short answers to the questions put
at the beginning (from the last to the first). The principle of
priority in stratigraphical classification will not work until one
sets an absolutely impossible requirement that the type of stra-
ton should be a standard of its contents. During the last dec-
ades a three-in-one system "type-name-contents’ had finally
formed in stratigraphy. Separation from this system the con-
tents, which does not need a material standard-type, would let
us to "switch on" the principle of priority properly (priority of
name, not of contents) and the context of a GSSP has no rela-
tionship to the notion "type of straton" nor to its name.

Introducing the jurisdiction in stratigraphical nomenclatural
we will avoid a useless dispute about which sequences are the
best and the best studied. The traditional names of all Permian
stages must be preserved in the general scale, and their strato-
types stay in Ura region forever, if the concept of the
stratigraphical classification is not mere words and if we are
permophiles but not permophaobes.
P.S. The retorts of Dr. B. F. Glenister at the Kazan conference
did not touch the problems raised in my report: first, the no-
tion of type in any classification, and stratigraphical classifica-
tion in particular; second, methodological (philosophical)
meaning of the procedure of GSSP method grounded on the

understanding of time as such and not concerning the notion
of type in classification nor the name of stratigraphical unit
(=straton). Instead the logical harmony of GSSP procedure
itself was discussed. | agree that this method is logical in
many (not all) respects. But | have discussed not the
"architecture” of visible part of stratigraphical "building"
erected with GSSP method but methodological foundations of
this "building". | hope my opponents will shift their objections
just to the sphere, which was discussed in the report. Only
then a hope for understanding and fruitful discussions will

S. S. Lazarev
Palacontological Institute RAS, Moscow
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REPORTS

Evolution of Jinogondoldla and the Definition of
Middle Permian Stage Boundaries

by Bruce R. Wardlaw and Lance L. Lambert

The evolution of Jinogondoldla characterizes the Guadaupian
(Middle Permian) and thefirst appearances of Jinogondolella nank-
ingends, J. asarrata, and J. podserrata define the component
stages.

The fird member of the genus, Jinogondolella nankingenss,
evolved from Mesogondoldla idahoens s through atrangtiond suc-
cession, demongrated by the Pa ement to be a mosaic paedomor-
phocline (Lambert and Wardlaw, 1992). Lambert (1994) and Lam-
bert and Wardlaw (1996) documented this trangitiond morphocline
and pointed out that Jinogondoldla aserrata and J. postserrata aso
evolved through a trangitional morphocline from their predecessors
(Fig. 18). Wadlaw (1999) has illustrated many examples of these
trandtional morphotypes. Adult specimens of the Pa dement of M.
idahoend's are characterized by smooth laterd margins, fused ante-
rior mogt denticles, alarge round, erect cusp, wide well-defined fur-
rows, and a short, open anterior keel on the lower surface. The Pa
eement of J. nankingends is characterized by common anterior
serrated margins on a broad platform with a sharp anterior narrow-
ing, a blunt pogterior platform termination with a amal cusp and
discrete denticles, sharp, narrow well-defined furrows, and a wdll-
defined anterior ked. The trandtiona morphotype shows progres-
svey longer retention of laterd serrations with growth, increased
tapering and narrowing of the anterior platform, narrowing of the
lower attachment surface developing a more condgtent devated
ked, denticles that progressvely become less fused and more dis
crete, a cusp that subtly migrates pogterolateraly and becomes less
pronounced, and furrows that thin and become more shallow.

The Pa dement of Jinogondoldla aserrata is characterized by a
broad platform with no sharp anterior narrowing, shdlow, poorly-
defined furrows, few anterior serrations aong its platform margin,
and a rounded pogterior platform termination (typicaly with an in-
ner lateral indentation). The trangitional morphotype from J. nank-
ingenssto J. aserrata digplays a rounded pogterior termingtion, in-
termediately developed furrows, and a moderately narrowing plat-
formin the anterior with common margin sarrations.

The Pa dement of Jinogondolella postserrata is characterized by
a rddively narrow platform with a marked anterior narrowing,
sharp, wel-defined furrows, common anterior serrated margins
(regtricted to the anteriorly narrowing part), and a reatively blunt
pogterior platform termination. The trangtiona morphotype from J.
aserratato J. postserrata digplays ardatively blunt posterior termi-
nation, intermediately developed furrows, and amoderately narrow-
ing platform in the anterior with few serrations on the margin.

The evolution of Jinogondolella continues through transtional
morphotypes in a fairly rapid successon from J. shannoni, charac-
terized by a Pa dement with a broad platform, shalow, poorly-
defined furrows, common anterior serrations, and a rounded poste-
rior platform termingion; to J. altudaends characterized by a Pa
eement with a moderatdly broad platform, well-defined furrows,

only rdict to faint serrations, and an intermediate posterior termina-
tion, to J. prexuanhanends characterized by a Pa dement with a
narrow platform, widest in its middle, tapering to both ends, com-
mon anterior sarrations, followed by J. xuanhanensis with the reduc-
tion of the inner pogterior platform and anterior serrations, and J.
crofti with the reduction of both plaform margins to an extremey
thin platform and only relict serrations dong the anterior portion of
the platform (Fig. 1b). Through dl the changes in the breadth, pos-
terior termination, and degree of serrdtion of the platform thereisa
geady increasein the devation and length of the anterior ked on the
lower surface and the development of an increasingly complex pos-
terior loop. Jinogondoldla crofti gave rise to Clarkina pogtbitteri
through a trangitional morphodline (Wardlaw and Mei, 1999), and
its first appearance is proposed as the marker for the base of the
overlying Upper Permian (Lopingian) Series.  The first gppearance
of Jinogondoldla nankingenss has been proposed as the base of the
Middle Permian (Guaddupian) Series (Gleniger et d., 1992).
Therefore, the range of the genus Jinogondoldlla characterizes the
Guaddupian.

Mesogondoldla, Jinogondoldla, and Clarkina have a septimem-
brate apparatus. Previoudy, Permian species of Xanioghathuswere
recognized as a separate gpparatus because of the presence of two P
eements, thought Smilar to a “nude’ Gondolella gpparatus, but
digtributiona data strongly suggests that the Xaniognathus apparatus
belongs to the Pa dements of Mesogondoldlla, Jinogondoldla, and

Jinogondolalia
Pz apparatal evolution defining
Guadalupian stages

Y

Upper Guadalupian
Jdinogondalelia
Pa elements

crofti
Capitanian
pastserrata
' xuanhanensis
prexuanhanensis
Wordian
asearrala
% ég Haacian altudaensis
nankingensis
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Mesogondolella idahognsis shannon
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Clarkina. Therefore, our recongruction of the gpparatus contains
two types of Pb dements; one with a short generdly sraight poste-
rior process and one with a longer, twisted posgterior process. Car-
boniferous species assigned to Mesogondoldla have a septimem-
brate apparatus amilar to that for Gondoldla (Von Bitter and
Merrill, 1998) with onetype of Pb dement and two Sb eements.

Recongtruction of each species gpparatusis difficult because of the
heavy over- representation of Pa dements (Merill and Powell,
1980). Our materid is abundant enough to make the andyss, but
on the average, for every 1,000 Pa's there are only 2-3 well pre-
sarved gpecimens of eech of the other dements.  Fortunatdly, we
have many sampleswith an excess of 1,000 specimens. The Sa, Sb,
Sc, and M dements are only subtly different for each species. We
sugpect thet the length of the posterior process of the Sa and the
number of denticles it bears may be dgnificant, but thisis the least
preserved part of any dement. The Pb's, however, show Sgnificant
differences. For convention, werefer to the Pb dement with ashort,
Sraight podterior process as Pb; (the Pa dement of Permian
“Xaniognathus’ ) and the Pb dement with alonger, twisted pogterior
process as Ph, (the Pb dement of Permian “ Xaniognathus’). The
posterior process of the Pb; of Mesogondolella idahoends bears
two denticles.  The pogerior process of the P, is only dightly
twigted laterdly, is long and bears numerous denticles. The pogte-
rior process of the Pby, for Jinogondolella nankingensis bears 4 den-
ticles The pogterior process of the Ph, is very twisted both laterdly
and verticdly and bears 6-8 denticles. The pogterior process of the
P, of Jinogondoldlla aserrata bears 2 denticles. The pogterior pro-
cess of the P, istwigted laterally and bears 5 denticles. The poste-
rior process of the Pb, of Jinogondolella postserrata bears 2 poste-
rior denticles. The P, isdightly twisted laterdly and bears 3 denti-
ces

In our abundant material used to study the trangtional successon
from Mesogondoldla idahoensis to Jinogondolela nankingens's,
the Pb; occurs with 2, 3, and 4 denticles on the posterior process, 3
being the most common number. In our abundant materid of the
trangtion succession from Jinogondolella aserrata to J. postserrata,
thePb, occurswith 5, 4, and 3 denticles on the posterior process;
here those bearing 4 and 3 occur in about equa numbers and are
more common than those with 5. So, it appears that other parts of
the Jinogondoldla apparatus reflect the trandtiona morphocline
observed in the Pa dements. We are compiling our data of aburn-
dant yidding samples to illugtrate the gpparatus of the remaining
species of Jinogondolela.

The firgt appearances of adult forms that retain the characterigtics
of the Jinogondoldla nankingendis, J. aserrata, and J. podserrata
in trandtiona evolutionary morphoclines are used to define the base
of the Roadian, Wordian, and Capitanian Stages of the Guada upian
Series. Each of these appearances is documented in sections pre-
sarved in Guadaupe Mountains National Park that serve asthe stra
totypes. Specificaly, the first gppearance of Jinogondolella nankin-
gengsisjust below the shale bresk in the upper part of the limestone
unit of the El Centro Member of the Cutoff Formation in Stratotype
Canyon. The firgt gppearance of Jinogondolella aserrata is just
below the top of the Getaway Limestone Member of the Cherry
Canyon Formation in Guadalupe Canyon. The first appearance of
Jinogondoldla postserrata is in the upper part of the Finery Lime-
gone Member of the Bell Canyon Formation &t the top of Nipple
Hill. All of these occurrences are within 1 m of thetop of the unit or
the shde break in the El Centro Member and demongtrated by tight

sampling.
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The Permian Lopingian and Basal Triassic
Sequencein Northwest Iran

by Walter C. Sweet and Shilong Mei

In July 1968, Curt Teichert and Bernhard Kummel spent
two weeks studying Permian and Triassic rocks in the Kuh-e-
Ali Bashi, a mountainous area several miles west of Julfain
northwest Iran. Their studies focused on sections at four lo-
calities, some 500 m apart and on the east side of a strike val-
ley about 10 km due west of the town of Julfa. Stepanov,
Golshani and Stocklin (1969, fig. 2) provide a sketch map de-
picting the general geology of the Kuh-e-Ali Bashi, and
Teichert, Kummel and Sweet (1973, fig. 2) include a sketch
map that provides general location of the four sections studied
in 1968. We have combined information from these maps in
Fig. 1 of our report.

In the autumn of 1968, Kummel shipped Sweet 47 bulk car-
bonate samples collected from three of the four Iranian sec-
tions studied earlier that year. Samples were accompanied by
apanel diagram depicting positions in the three sections of the
samples submitted. A refined version of that diagram was sub-
sequently published as Figure 5 in the report by Teichert,
Kummel and Sweet (1973), and it (Fig. 2 of the present re-
port) and section descriptions in the 1973 report constitute all
the information we have on derivation of the samples. In the
Ohio State University catalog, the three Iranian localities are
named 69SA, 69SB, and 69SC. Samples from those localities
are identified by number, in ascending order -- for example,
sample 69SA-1 is from bed 1of the Ali Bashi Fm. at Teichert,
Kummel and Sweet's locality 1 (=69SA). Content of these
samples is given in Table 7 of the 1973 publication and we
refer to samples here by the same letter and number designa-
tions. Positions and thicknesses of beds with these numbers
are shown in Fig. 2.

In late 1968 and early 1969, the Kuh-e-Ali Bashi samples
were processed and found to contain ostracodes, fish plates,
and well-preserved conodont elements. Conodont elementsin
collections from Kuh-e-Ali Bashi localities 1, 2 and 4 were
subsequently described and illustrated by Sweet (in Teichert,
Kummel and Sweet, 1973) and represent the first mgjor late
Permian conodont fauna to have been reported from anywhere
in the world.

In Sweet's early reports (1973; in Teichert, Kummel and
Sweset, 1973) on Kuh-e-Ali Bashi conodonts, segminiplanate
elements, which dominate collections from all three sections,
were treated as representatives of two broadly conceived spe-
cies of Neogondolella, N. orientalis (Barskov and Koroleva)
and N. carinata (Clark). A subset of quite variable elements,
intermediate morphologically and stratigraphically between
those typical of N. orientalis and N. carinata, were described
as a subspecies of the latter, N. carinata subcarinata Sweet.
Subsequently, extensive studies have been made of seg-
miniplanate elements from Changhsingian (Wang and Wang,
1981; Mei, Zhang and Wardlaw, 1998) and Wuchiapingian
rocks (Mei, Jin and Wardlaw, 1994a, 1994b, 1994c, 1998) in
South China. In these studies, it has been discovered that con-
sistent, very subtle, morphologic differences distinguish seg-
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miniplanate elements in stratigraphically successive collec-
tions and that these differences enable recognition of several
new species and subdivision of the stratigraphic sequence
into a number of zones. Species based on segminiplanate
elements from Wuchiapingian rocks are described and named
by Mei, Jin and Wardlaw (1994a, 1994b, 1994c, 1998) and
Wardlaw and Mei are monographing the entire sequence of
Lopingian forms, which they include in a single genus,
Clarkina.

In October 1997, with specific concepts derived from South
Chinese materials in mind, Mei restudied Sweet's Kuh-e-Ali
Bashi collections. In collections from locality 1, he recog-
nized representatives of all the Clarkina species reported
from the upper Longtan Fm. and the Changxing Ls. at
Meishan; and in collections from locality 4 representatives of
species characteristic of al but the lowermost of the
Clarkina -based zones reported from the Wuchiapingian in
South China.

The Ali Bashi Fm. at Teichert, Kummel and Sweet's (1973)
Kuh-e-Ali Bashi locality 1 and the Changxing Ls. at
Meishan, South China share the same conodont succession.
This confirms the correlation reached graphically by Sweet
(1992) but is contrary to the one based on ammonoids by
Zhao et a. (1981) or on conodonts by Wang and Wang (in
Zhao et a., 1981), both of whom correlated the Ali Bashi
Fm. of NW Iran with only the lower and middle Changhsin-
gian. Consequently, we now conclude that an almost com-
plete Lopingian sequence may exist in the Kuh-e-Ali Bashi
region of NW Iran. The sequence of Wuchiapingian cono-
donts we now recognize in the section at Kuh-e-Ali Bashi
locality 4 (Fig. 2) is ailmost the same as that in bed 5 through
the upper part of bed 7 of the Hambast C section, Abadeh,
central Iran, which has been regarded (Iranian-Chinese Re-
search Group, 1995) as an important Lopingian reference
section in Iran. However, only the lower part of the Changh-
singian conodont sequence we recognize in the section at
Kuh-e-Ali Bashi locality 1 is represented in the topmost bed
of bed 7 in the Hambast C section. As a result, Lopingian
sections in the Kuh-e-Ali Bashi seem currently to be the most
important Lopingian reference sectionsin Iran.

Beds in the Permian-Triassic succession at Kuh-e-Ali Bashi
locality 1 (Fig. 2) may also be correlated bed by bed with
those at Meishan, Changxing, South China, and turn out to be
another very important reference section for the Permian-
Triassic boundary.

Sections at Kuh-e-Ali Bashi localities 1 and 4 (Fig. 2) are
separated laterally by only about 500m. Beds at locality 4
were correlated by Teichert and Kummel (in Teichert, Kum-
mel and Sweet, 1973) with the Ali Bashi Fm. at locality 1
and regarded as one of the two type sections for the Ali Bashi
Fm., which has subsequently been assigned to the Changhsin-
gian. Neither of the present authors has visited these sec-
tions, however, restudy of collections from them shows that
conodont sequences in the two sections differ subtly in detail.
The sequence at locality 4 is probably Wuchiapingian,
whereas that in the Ali Bashi Fm. at locality 1 is definitely
Changhsingian. Furthermore, bed 7 at locality 4, correlated
by Teichert and Kummel with the Paratirolites Limestone,
and the lowest bed sampled at locality | (69SA-0), both



yielded abundant representatives of Clarkina orientalis
(Barskov and Koroleva), the most distinctive species of
Clarkina. Although C. orientalis is shown by Kozur et a.
(1978) to range to the top of the Paratirolites Zone or equiva-
lent beds in the Dorasham, Kuh-e-Ali Bashi, and Hambast
sections, the absence of this species in the Ali Bashi Fm. at
locality 1 and the abundance of its elements at the top of the
section at locality 4 suggests to us that the lithic sequences at
localities 1 and 4 may be the upper and lower parts, respec-
tively, of a continuous succession, not lateraly equivalent

parts of the Ali Bashi Fm. Our suggestion appears to be sup-
ported by the fact that sections at localities 1 and 4 differ in
thickness, lithic detail, and fossil content even though they are
separated by only about 500 m. From information available to
us, we are unable to explain Teichert and Kummel's probable
miscorrelation of the sections at these two localities. Perhaps
the beds with Wuchiapingian (or Dzhulfian) conodonts at lo-
cality 4 have been uplifted along an undetected fault so as to
occupy a position that would suggest correlation with the Ali
Bashi Fm.

Correlation of conodonts from Kuh-e-Ali Bashi
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L ocality 4 with those from South China.

Segminiplanate elements in sample 69SC-1,
from bed 1 at locality 4, represent Clarkina du-
kouensis Mel and Wardlaw, and C. daxianensis
Mei and Wardlaw, and the sample also contains
elements of Hindeodus sp. Thus, bed 1 may be
correlated with the Clarkina dukouensis Zone of
South China. Elements of Clarkina dukouensis
occur in the basal bed of the Wuchiaping Lime-
stone in the Nanjiang, Dukou, Penglaitan and Tie-
giao sections in South China (Mei, Jin and Ward-
law, 1994b, 1994c). This species as well as
Clarkina postbitteri Mei and Wardlaw has also
been reported from the basal part of the Araxilevis
Bed in the Hambast C section, central Iran
(Iranian-Chinese Research Group, 1995). In the
basinal Penglaitan and Tiegiao sections and the
slope Fengshan section of central Guangxi, the
Clarkina postbitteri Zone precedes the Clarkina
dukouensis Zone. C. postbitteri is the earliest rep-
resentative of Clarkina, a genus that typifies the
Lopingian (Mei and Wardlaw, 1996). The likely
transitional form between C. postbitteri and Ji-
nogondolella crofti, has been found in the Bird
Mine Section, Alpine, West Texas (Wardlaw and
Mei, 1998). Thus, it would be important to make
a detailed restudy of bed 1 and underlying beds at
Kuh-e-Ali Bashi locality 4 to establish a candidate
section for stratotype for the base of the Lopingian
Seriesin Iran.

Segminiplanate elements from bed 2, at Kuh-e-
Ali Bashi locality 4 (sample 69SC-2) represent
Clarkina asymmetrica Mei and Wardlaw and C.
daxianensis Mel and Wardlaw. Bed 2 thus corre-
lates with the C. asymmetrica Zone in South
China. Samples from beds 3 and 4 (69SC-3 and
69SC-4) were barren of conodonts. However,
they may correlate with the C. leveni Zone in
South China because overlying bed 5 (sample
69SC-5) yielded numerous elements of C. guan-
gyuanensis (Dai and Zhang) and C. liangshanen-
sis (Wang) and may thus represent the C. guan-
gyuanensis Zone of South China. Only one sam-
ple (69SC-6) was collected from bed 6, the thick-

Figure 1. Sketch map of the Julfa region, northwest Iran. Bar about 10 km. W of Iranian
Julfa marks approximate location of sections studied by Teichert and Kummel and con-
sidered in this report. Map adapted from Stepanov, Golshani & Stocklin, 1969.

est unit in the section at locality 4, but this sample
contains many elements of C. liangshanensis and
C. transcaucasica Gullo and Kozur and thus may
represent the C. transcaucasica Zone of South
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Figure 2. Permian and Triassic sections in the Kuh-e-Ali Bashi, northwest Iran, studied by Teichert and Kummel and considered in this report.

Adapted from Teichert, Kummel & Sweet, 1973.

China. Bed 7 yielded abundant C. orientalis (Barskov and
Koroleva) the defining species of the C. orientalis Zone sensu
Wang and Wang (1981), or the C. orientalis Zone sensu Mel
et a. (1994b) and the C. inflecta Zone of Mei et a. (1994b).
The C. inflecta Zone is not represented in collections from
Kuh-e-Ali Bashi locality 4, probably because of coarse sam-

pling.

Correlation of conodonts from Kuh-e-Ali Bashi Local-
ity 1, with those from the Meishan Section, Changxing,
South China

The conodont succession in the Ali Bashi Fm. at Kuh-e-Ali
Bashi locality 1 is as the same as that in the Meishan Section.
The Changxing Ls. at Meishan was originally subdivided into
two conodont assemblage zones by Wang and Wang (in Zhao
et al., 1981), namely the Neogondolella subcarinata-Neogon-
dolella elongata Zone (below) and the Neogondolella de-
flecta-Neogondolella changxingensis Zone (above). M,
Zhang and Wardlaw (1998) have revised the taxonomy of
Changhsingian conodonts with segminiplanate P elements and
propose a more detailed zonation at Meishan, which includes,
in ascending order, the Clarkina subcarinata-C. wangi-C.
prechangxingensis-C. predeflecta Zone, the Transitiona
Zone, the C. parasubcarinata-C.posrwangi-Cxhangxingensis-
C.deflecta Zone and the C. changxingensis yini-C.
meishanensis zhangi Zone. As indicated by Mei, Zhang and
Wardlaw (1998), the form species combined in the names of
these zones are parts of single apparatus species. Wardlaw

and Mei (1998a) used the first appearing and most distinct
form species to name these zones, in ascending order: the C.
subcarinata Zone (Wardlaw referred to the lower part of this
zone as the C. wangi Zone by using a narrower definition for
C. subcarinata), C. changxingensis Zone (including the Tran-
sitional Zone and the C. parasubcarinata-C. postwangi-C.
changxingensis-C. deflecta Zone mentioned above) and C.
yini Zone respectively (Fig. 3).
At Kuh-e-Ali Bashi locality 1, the top of the Julfa beds under-
lying the Ali Bashi Fm. has abundant Clarkina orientalis and
correlates with the top of the Longtan Fm. at Meishan, which
underlies the Changxing Ls. Detailed study shows that the Ali
Bashi Fm. at Kuh-e-Ali Bashi locality 1 and the Changxing
Ls. at Meishan, South China share the same conodont succes-
sion. Beds 1 and 2 represent the C. subcarinata Zone. Sam-
ple 69SA-3 from bed 3 is barren. Sample 69SA-4 through
69SA-15 from bed 4 through upper part of bed 18 belong to
the C. changxingensis Zone. In thisinterval, samples 69SA-4
through 69SA-15 from bed 4 through bed 15 represent the
Transitional Zone of Mei et al. (1998) and samples 69SA-161
through 69SA-18m, from bed 16 through the upper part of
bed 18, belong to the Clarkina parasubcarinata-C. post-
wangi-C. changxingensis-C, deflecta Zone of Me et al.
(11998).The top of bed 18 through bed 20 represent the C. yini
Zone (Fig.3).

The Permian-Triassic boundary beds at Kuh-e-Ali Bashi
locality 1 may also correlate closely with those at Meishan,
Changxing, South China (Fig. 3). The top of bed 20 corre-
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Figure 3. Correlation of Upper Permian (Lopingian) and lowermost Triassic strata in the Kuh-e-Ali Bashi, northwest Iran, with those at Meishan,
Changxing, South China. Columnar section at Meishan is from Sheng et al. (1984). Asterisk indicates position of GSSP of basal Triassic boundary
recommended by Yin et al. (1996).
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lates with the top of bed 24e sensu Yin et a. (1996), or the
top of bed 21 sensu Sheng et a. (1984) at Meishan, for both
beds represent the Clarkina yini Zone. Bed 21 (69SA-21) and
bed 221 (69SA-22L) at locality 1 yielded only 4 broken Pa
elements of Hindeodus ; however, these beds may correlate
with Meishan beds 25, 26 and perhaps the lower part of bed
27 sensu Yin et a. (1996), or with Meishan beds 22, 23 and
the lower part of bed 24 sensu Sheng et al. (1984) , because
overlying Bed 22M at locality 1 yielded typical Hindeodus
parvus (Kozur and Pjatakova) and may thus correlate with the
upper part of bed 27 at Meishan. Bed 22U (69SA-22U) and
the overlying bed, which produced sample 69SA-Cl, yielded
Isarcicellaisarcica (Huckriede), and thus correlates with beds
28 and 29 sensu Yin et al. (1996), or Meishan beds 25 and 26
sensu Sheng et a. (1984), from which L isarcica has also
been collected (Tong and Yang, 1997). As aresult, the sec-
tion at Kuh-e-Ali Bashi locality 1 is another important refer-
ence section for the base of Triassic.
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A Large Carbon | sotope Anomaly at the
Car bonifer ous-Permian Boundary:
the Usolka River Section of Russa

by Stephen T. Nelson and Scott M. Ritter

Introduction

The purpose of this communication is to inform our colleagues
of a recently discovered, large carbon isotope excursion that oc-
curs across the Carboniferous-Permian (C-P) boundary at the
Usolka River section in Russa. This deep-water section was
briefly considered as the Globa Stratotype Section and Point
(GSSP) for the Carboniferous-Permian (C-P) boundary because
of its abundant and well-preserved conodont faunas. Becausethis
section is an important locality for workers interested in the C-P
boundary, we undertook an experiment to determine whether iso-
tope stratigraphy held any potentia as an additiond correlation
tool.

The Usolka River section conssts of over 50 m of Gzhelian
through Sakmarian dtrata, of which we analyzed 26 m, including
the upper haf of the Gzhelian and lower two thirds of Assdlian
stages. This section includes thin-bedded shaes, carbonate mud-
stones, and thin ashes deposited in the degp-water axis of the Ura-
lian Geosyncline. The lower haf of the Usolka section is domi-
nated by dark brown to greenish-brown shale with sparse, thin (5
20 cm) beds of structureless to burrowed carbonate mudstones.
Oxidized clay seams and cmthick bentonites are also present.
The upper haf comprises thin interbedded carbonate mudstones
and shde. Overdl, the depositiona environment produced low
sedimentation rates on a dysaerobic basin floor. It aso represents
aninterval of continuous deposition across the C-P boundary.

| sotope Stratigraphy

An unexpectedly large (>15%o) excursion in d“Cepg from light
(-12.6%0) Gzhdian to heavier (2.9%0) Assdlian vaues coincides
with the Carboniferous-Permian boundary (Fig. 1a). Few isotope
excursions of this magnitude have been ohserved for the entire
Phanerozic Era. For example, Berner's (1989) compilation shows
long-term variations for global seawater are on the order of 8%o,
and minimum d*Cppg values of -2%., athough a few large short
term excursions are documented. These observations raise two
fundamental issues. Thefirgt is whether the “Usolka anomaly” is
a primary sgnature or whether it is the result of diagenesis. The
second isif the dgnatureis primary, what isits origin?

Previous Observations

Berner (1989) shows a steady increase in d“Ceps Upward
through the Carboniferous with high values being attained by lat-
est Carboniferous time. High values persst through the Lower
and Middle Permian before becoming about 5%o lighter over the
course of Late Permian to Triassc time. The shift from lighter
Carboniferous to heavier Permian d**Cppg vaues is well estab-
lished by the work of others, but has never been observed to be
larger than 3.4%o (Veizer et d., 1980; Carpenter and Lohmann,
1997; Arneth, 1984; Beauchamp et a., 1987; and Magaritz and
Holser, 1990). Therefore, asmaller shift to more positive d**Cppg
values would not have been unexpected. Very large isotope ex-
cursions are relatively rare in the Phanerozoic Era. Holser and

Magaritz (1985) noted a shift of +9%. toward heavier vaues in
the Late Permian rocks of the Carnic Alps, but none of the sec-
tions exhibited d**Cepg lighter than 6%.. Oberhandi et &l. (1989)
discussed d“*Cppg data from the Permo-Triassic Schuchert Dal
section of Greenland which exhibited a regular decrease from -3
to -9%. up-section. However, just above the system boundary an
excurson to extremely light values of -13%. was recorded, a-
though thiswas attributed to diagenesis.

Preservation Of TheMarine Signature

We believe the Usolka River section generdly records an origi-
nal isotopic signature. In other words, despite some evidence for
limited diagenetic overprint of d“Cppg values, the overdl trend
appears to be primary. Thisis critical in interpreting the meaning
of the carbon isotope anomaly. Evidence for and againgt diage-
netic modification of the d™*Cppg Signature are summarized below.

The depositiona setting and character of the rocks indicates
d**Cpp values are more-or-less primary.  The rocks consist of
fine-grained carbonate deposited in severa hundred meters of
water with varying degrees of detrital materid, mostly quartz.
Thus, it is very unlikely that any rocks from this section were
emergent during early diagenesis. In addition, there is no evi-
dence for large-scale recrydtdlization and coarsening of the tex-
ture of these rocks.

The isotope systematics also seem to indicate a primary origin.
Meteoric diagenesis may result in reduction of both d™*Cppg and
d*®0vsvow, or d®Oysvuow done (eg. Beauchamp et d., 1987,
Carpenter and Lohmann, 1997; Banner and Hanson 1990). Thus,
where d*¥0y svow is not grosdy perturbed, it is difficult to account
for anomalous d**Cppg values by diagenesis. In the Usolka River
section, d*Cppg and d®0yguow are not positively correlated (Fig.
1b), and show d"®Oyquow Values that are fairly typica of marine
carbonate (average = 28.4 £ 1.8%).

A diagenetic event of sufficient magnitude (high water/rock ra-
tio) to produce the light carbon should not preserve mineralogical
and isotopic gradients within asingle bed. However, two turbidite
clasts, one of which is 100% dolomite and the other is nearly pure
limestone, differ in d*Crpg by 1.5 %o (athough both are very
light, < 11%o). It is difficult to conceive of pervasive fluid flow
preserving both a distinctive mineralogy and isotopic gradient.
However, it is perfectly reasonable to expect turbidite clasts to
retain such primary differences.

As an additiona test for diagenetic overprinting on carbon iso-
topes, we conducted a stepwi se dissol ution experiment on amixed
dolomite-calcite similar to Magaritz and Kafri (1981). This ex-
periment alowed us to compare the composition of gas evolved
early (cacite) to gas evolved late (dolomite) (Al-Aasm et d.,
1990). d™Cppg was lighter by about 2% in the dolomite fraction.
Thisisa dgnificant shift that is difficult to explain unless the pri-
mary signd of the dolomite was so light that meteoric effects re-
sulted in deposition of heavier carbon in cacite. The presence of
two isotopicaly distinct carbonate phases is permissive of some
diagenetic modification on end member cacite and dolomite
dCrpg vaues. However, both dolomite and calcite endmembers
are dill very light and seem to require that the primary Late Car-
boniferous d“*Cppg isotopic values were very light in the Usolka
section.
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Origin of the Usolka Anomaly

Excursions in the isotope stratigraphy of marine carbonate rocks
are usudly interpreted as changes in the globa mass baance be-
tween organic and inorganic carbon. At other locations, however,
no similar excursions have been seen a the C-P boundary to date.
Since we bdlieve that a diagenetic overprint was not responsible
for the unusually light carbon in the Usolka section, we tentatively
suggest that the Usolka anomaly must reflect loca conditions.
Perhaps it represents large-scale input of oxidized organic matter
into the dissolved inorganic carbon budget of the Uraian trough
under conditions of restricted circulation with the open ocean dur-
ing Gzhelian time and that barriers to circulation collapsed in the
early Assdlian. We are currently attempting to further test the hy-
pothesis. However, should this hypothesis prove to be correct, it
may represent an important tool for investigating the history of
sedimentary basins where isotope stratigraphy is temporaly well
congtrained by concurrent biostratigraphic studies.
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A Brief Discusson on the Occur rencesof
Scutasporitesunicusand Lueckigporitesvirkkiae Com-
plexesin theNorthern Hemisphere

by Ouyang Shu

Soutasporites Kl. and Lueckigporites Pot. & K., pallen of conifers
(Meyen, 1987, Bdme, 1995), are two important index taxa.of the Upper
Permian. The firg gppearances of their type pedies, viz. S unicus K.
and L. virkkiae Pot. & K., were assumed to have high potentiad in recog-
nizing the base of the Tatarian, dthough with cautious resarvations
(Foder & Jones, 1994). Gomankov (1994) noted that “the first gppear-
ancedf S unicusin the Russan Platform occurs much higher thean thet of
L. virkdae and if the latter event coindides with the base of the Tatarian,
then the gppearance of S unicus would be somewhere in the middle of
the Severodvingky horizon”.  However, recent advances through the
gudies of Permian paynology in N. Xinjiang and Gansu, NW Ching,
combined with the rdevant published data cast some doubts on their
corrdation vaue as damed by the above mentioned authors and raise
omenew problems

Hrg, the taxonomic problem. For Scutasporites, in additionto S uni-
s two other gedes have been proposed, vizew Scutagporites
(Gardenasporites) xinjiangends (Hou & Wang, 1986) Ouyang 1993
and S nanuki Utting 1994. In the author’s opinion, it seems reesondble
to make such a separaion because amongdt the three gpedies, some dif-
ferences (thickness of endexine, texture and shape of sacdi, breedth of
taenia) do exig dthough some fegtures (a.centrd taeniaand Sz€) overlap
one ancther. The Greenland spedmens were treated as S of. S unicus
(Bdme, 1980), and it isinteresting to note thet the latter name was liged
inthesynonym of S nanuki (Utting, 1994). On the other hand, the sped-
mensfrom Russig, N. Xinjiang and Ganau, aredmost identicd and show
ahigher amilaity to S ¢f. S unicusof Bdme and canbe assignedto S
xinjiangends, but one gpedimen of this gpedies from the Shihchienfeng
Fm.in Gansuisvery doseto S nanuki. It isthus evident that sometrang-
tiond forms bridged these pedies. Soiif a“lump” sandpoint isadopted,
these gpedies may d o be conventiondly indicated as S unicussl. or S
unicus complex. To some extent, the same can be gpplied to L. virkdae
In the Subangara Area (eg. N. Xinjiang and CisUrds), the specimens
identified asthis pedes (eg. Hou & Wang,1986, pl. 30, figs9-11; Mo-
lin & Kdloda, 1972, pl. 12, fig.8) ds0 show some differences (generdly
gmdler sze and thinner cgp) compared with their typical European coun
terparts. Likewise, wedso can asribethemto the L. virlkddae complex.

Secondly, the known detaiindicate thet the“firg gppearance” of S uni-
cus and L. virrkiae-complexesin different regions or phytogeogrgphica
provinces are nat necessarily synchronous. The patid and Sratigrgphicd
digribution of S unicuscomplex isgiveninthefalowing Teble

Somenotesabout the Teble

1 As Foder & Jones (1994) commented, “ the age of the upper
Grodner Sandgone and Bdlerophon Formation s difficult to deter-
mine, without involving drcular arguments’.

2. The Martinia Shdewas palynadlogicaly conddered to be? Dzhul-
fian in age (Bdme, 1980), however, in assodation with the Vittatina
Asodation (induding S unicusand L. virkkiag) it yields the conodont
Neogondaldla rosenkrantz which “hes a maximum possible age of
theWordian” (Fogter & Jones, 1994).

3. Basad on palaeontologica and sratigraphicd grounds, the Lower
Shihhotse Formation in N. Chinawas traditiondly assigned to the up-
per pat of Lower Parmian (twofold divigon of Permian) and corre-
lated with the Kungurian or Kungurian-Ufimian (Sheng & Jin, 1994),
a any rate, its age cannat be younger than Ufimian. The presenceof S
xinjiangends or S unicus sl. in this formation thus demondrates that
this gpedies firg gopeared in beds dder then Tatarian (possbly Ufi-
mianor Wordianas S nanuki Uttingin Arctic Canada).

In the Cathaysan Province, L. virkkiae occurs occasondly in the
Lungtan Formation and fairly commonly in the Changxing Formation of
S Ching, and sporadicdly in the Upper Shihhotse Formation and abun-
dantly in the Shihchienfeng Formation of N. Ching, both possbly rang-
ing from the late Kazanian to Tatarian or entirdy bdonging to the Ta-
tarian (Sheng & Jn, 1994). It is noteworthy thet the pedmensfrom S
China are morphologicaly much doser to the Europeen counterparts,
while thase from N. Chinaare more Smilar to the pedimens of this pe
desinN. Xinjiang. It occursin the Tatarian Wutonggou and Guodikeng
Formations and has nat been obsarved in the underlying Quanzijie For-
metion, while in the latter S xinjiangend's occasondly gppears (Hou &
Wang, 1986), and a gpecimen very Smilar to S xinjiangends was even
recorded in the Lucaogou Formation of the Upper Chiechietsao (Jjicao)
Group. Aswill be discussed in the following paper, the Lucaogou For-
mation is posshly of Ufimian age 1n the Longshoushen area of Ganau,
we have the same dory. S xinjiangens's firg gppeared in the Lower
Shihhotse Formation, but its assodiaion with L. virkkiae is found in the
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Name Region Strata Age Author(s)
uncertain
: : upper Grodner S. S. oL Ifirmian
Scutasporites unicus S. Alps & Bellerophon Fm. (7 Ufw_man Klaus,1963
Kazanian)
chtasporltes of. S Greenland Martinia Shale Dzhulfi an Balme, 1980
unicus or AWordian
“Taeniaesporites ortisei . : . : . Molin
K| Russian platform Severodvinsky Horizon mid.Tatarian and Koloda, 1972
Gardenasporites -~ . Hou
xinjiangensis N.Xinjiang Lower Cangfanggou Group | Tatarian and Wang, 1986
)%?;ﬁzpezgges N. Xinjiang the same as above Tatarian Ouyang, Wang,
(Hou & Wang) & Lucaogou Fm. & ?Ufimian Zhan and Zhou,1998,M S
Gardenasporites . Duwa Fm. Tatarian
xinjiangensis SW.Tarim & Pusige Fm. & ?Kazanian Zhu,1996
Scutasporites Gansu Shihchienfeng Fm. Tatarian Ouyang, Zhu and
xijiangensis & Lower Shihhotse Fm. & ?Ufimian Wang,1998
. . Sverdrup Basin, Trold Fiord Fm. & upper van . .
Scutasporites nanuki Arctic Canada Haven Frm. Wordian Utting,1994

Table 1.

Shihchienfeng Formation. These facts seam to indicate that S unicus
had an ealier higory then L. virkkiaein N. Xinjiang and Ganau.

In the CisUrds and Russan platform, the first appearance of L. virk-
kiae has been repeatedly reported from the Upper Kazanian by Russian
authors (eg. Faddeava, 1990; Koloda & Kanev, 1996: bath without il-
ludration) dthough such kinds of records are a little doubtful to non-
Russan reedars. For example L. cf. L. virkkiae appears in the Tatarian
plates (Wajukhing, 1971, pl. 23, fig.3), but the same spedmen identified
a5 L. virkkiae was noted to be derived from the Lower Kazanian (the
Upper Chevijusky) (Mdin& Kdloda, 1972, pl. 12, fig.8). Infact, Utting
(1996) discovered L. virtkdae from the Lower Kazanian in the sratotype
areaand he pointed out that “the gporadica occurrence of L. virkkiag in
the Baitugansky Horizon...indicates thet the Speciesfirgt gopearsin rocks
older then Tataria”. A record of L. virkkiae var.carbonica Inosova (in
Inosova e d., 1974) from the Upper Carboniferous (Stephanian) in the
Donetz Basn was not formally described and its red rdation with L.
virkkiae remainsundenr.

In the United Sates, L. virkkiae abundantly occurs in the Howerpat
Formation of Oklahoma (Wilson, 1962). But the precise age of thisfor-
mation is aso subject to digoute as Utting mentioned it “wes assigned a
Wordian age and tertativdy corrdated with the Ufimian to early Kazar
nian of the Commonwedth of Indegpendent Sates..” and “reptile fossils
indicate a Kazanian age’, while Wood &t d. (1991) noted it “is ques-
tionably assigned to the Lower Guaddupian.... However, it may belate
Leonardianinage’. Anyhow, judging from the foregoing tatementsand
the sratigraphica order, it is obvious thet the age of this formation must
be dlder then the Tatarian even if arecord of L. virkkdae in the Lower
Leodardian (? or upper Wolfcampian) was nat taken into account (see
Wood et d.,1991).

In Europe, L. virkkiaeis an abundant element of Upper Ratliegend and
espedidly Zechstein or their rough equivdents (e g. “Thuringian”, Up-

per Grodner SS. and Bdlerophon Formeation, etc.). However, asKozur
(1978) pointed out, thet “the Lower and Upper Ratliegend asfadd terms
and superordinete lithodratigrgphic units have convertiondly defined
various chronograigraphic contentsin the different bedns ... Theuse of
these taems in a ‘ parachronodratigrgphic’ scde for the continentd Per-
mocarboniferous of Europe is therefore impossible’; and “Visscher
(1971) defined the Thuringian asrange zone of L. virkkiae. The Thurin-
gian sensu Visscher (1971) does not only comprise the Zechstein (and
therefore the Upper Permian), but dso the whole Middle Permian (eg.
the Vd Gardena Sandstone of the Southern Alps or the Eideben Forma:
tions, higher Upper Ratliegend at the eesen margin of Haz Moun-
tans’. But recartly Visscher & Van Houte (1996) mentioned thet “the
continental Ratliegend deposits of the Mid-Europeen Permian basin
comprise four disinctive tectonoseguences (TS 1HV). Thetime of for-
mation of these units is condrained by limited paeomegnetic, pay-
nologica and radiometric datd’. They assigned the TSI in Garmany
and Poland to the early Tatarian, and the TS 1V (The Netherlands North
Ser) to post-Kazanian (late Tatarian and post-Tataian hiatus of Russia).
L. virkdaeis ovioudy aosent from their TSI (“an essertidly Assdian
age ..with a possble extenson into the Sakmarian), this means that L.
virkikiae occurs in strata not older then the Tatarian dthough its first gp-
pearance is unable to be confirmed due to the hiatus between the TS 11
andlIl.

From the foregaing discusson, some prdiminary condusions are (1)
the gpatid didribution of S unicus complex is mainly confined to the
Subangara Area (the CisUrds N. Xinjiang, Gansu, E. Greenland ad
Sverdrup Basin of Arctic Canada) and not o widespreed asthe L. virk-
kiae complex which has not only been reported from the Euramerica
Province, but dso from the Subangara, Cathaysa and in some casss
Gondwana Provinces (eg. the Wargd Limestone in Pekigtan, which is
dso possbly of Wordian age, Bdme, 1970; Jn,1996); (2) in some re-
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gions, S unicus s|amsto have had an earlier higory than L. virkkiae (N.
Xinjiang, Gangl) for it gppeared as ealy as the Ufimian (Wordian), but
inthe Russan plaform, L. virkkiae probebly firgt gppeered in the Lower
Kazanian, and S unicusinthemid-Tatarian; (3) beforethe precise age of
ome key stions (eg. Ratliegend-Zechgein or Grodner-Bdlerophon
Fms; Bl Reno Group with the Howerpot Formation) can be determined,
the problem  of when L. virkkiae firgt gppeared neads to be established.
However, the data available show thet it must be earlier then Tatarian;
and (4) dthough both S unicusand L. virkkiae might have hed an earlier
higtory then Tatarian, it was not until the upper parts of Tatarian thet they
became abundant or prominent in the paynofloras of some aress of
Eureda(eg. L. virkkdaein S and N. Chinaand L. virkkiaeand S unicus
in N. Xinjiang and the CisUrds). Thustheir dgnificance in corrdaion
of dratacf thistimeinterva dill desarves pecid atertion.
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Palynodr atigr aphic Corrdation of the Permian
Sysem of Northern Xinjiangand theCisUras

by Ouyang Shu, Zhou' Y uxing, Wang Zhi, Zhan Jazhen

As a continugtion of the Parmian palyndlogical sudy in N. Xinjiang by
Hou and Wang (1936, 1990), we haveworked intermittently for acoopera:
tive prgject Snce the midde dghties  The results will be published in a
book entitled “A Sysemdaic Sudy on the Carboniferous and Parmian
Foores and Pdllen grains of N. Xinjiang”. In this book alarge number of
taxa were formally destribed and 15 palynologicd assemblages, ranging
from the lovermog Carboniferous to the uppermost Permian were esteb-
lished; ds0 some rdevant problems were discussed, invalving the subdivi-
sonand cordation of the Permian System.

Represantative ssouences of the Permianin N. Xinjiang arewd| exposad
in the suburb of Urumg City and the Fukang-Jmsar area and the nine
lithodtratigraphic units established have bean widdy acoepted (sse Sheng &
Jn, 1994). Neverthdess predise dating and corrdation of these formations
aedill prablemswaiting for solution. Pyndlogicaly, the L ate Carbonifer-
ous - Parmiian floras of N. Xinjiang bdonged to the Subangara Areain
Meyen's sne  The assamblages (lae Badhkirian through into the Par-
mian) are genardly charadterized by the dominance of diversfied gymno-
gperm pallen, epedidly driate forms of presumed pdtaspermdean origin,
and have dose rdationghip with those known from the E. Russian platform
and the CisUrds (df. Feddeeva, 1990, Kdloda, Shdekhova, Gomankov,
Uttingin Esaulova& Lazovsky, 1996). Thesedata provide advantagesfor
palynogratigraphic corrdationsbetween N. Xinjiangandthe CisUrds On
this topic two papers deding with the Upper Pamian have gppeared in
Permophiles (Esaulova, 1995; Kdoda & Kanev, 1996). Corrdation with
the dratatypes is difficult because of differencesin taxonomy and nomen-
dature and the pardld long-range digributions of many taxaaswell asthe
difference in lithofades and ecdogicd backgrounds (eg. usdly higher
content of Vittatina in the CisUrds veraus abundance and high diversity of
HamigpdlenitesinN. Xinjiang). However, cordaionisdill feesbleif we
concentrate our focus on some palynologica events and rddivey short-
range key taxa, which can be easlly identified by diagnodic morphology
(something like the concurrent range zones) integrated with the generd
dharadteridics of asamblages Some examples are atempted bdow in
Jesoending order of draigrgphic dages

(D). Tetarian: BExigence of Lueddgporites virkkiae Pot. & K. andlor
Sutagparitesdf. S unicusKI. of Bame 1980 = S xinjiangends (Hou &
Wang) Ouyang, Klauspdlenites schaubergeri (Pot. & Kl), Falds
porites zapfe (Pot. & KI.), Inaperturopdienites nebulosus B
commmidites and other pallen and pores of Mesophytic conifers and
fans indudng  somdimes abundat smdl hissocate pollen
(Vitregporites etc.) aswel asmarked dedineof Hamiapollenites

(2). Kazanian: Frgt but sporadic occurrence of L. virkdae, F. zapfd
and Sriatopodocarpites tojmends Sedovain Lower Kazanian and pres:
ence of Hamiapallenites erehi Utting and Gnetaceagpallenitesin Upper
Kazanian of the CisUrds presence of gpores with aMesophytic espect
uch as Osmundaddites, Neoraidridda, Densoigparites and Kraeusdis:
poritesand pollen of Mitresporitesand Gnetaoeaepallenites

(3. Ufimian: Marked increase in diversityof laevigate, granuloic, i-
noic, varrucate and bacul e triletes spores when compered with the Kun-
gurian, and locd devdopment of Zonatriletes (eg. Cirratriradites and
Lyocogpora).

(4). Possble Ufimian or Wordian: Firgt gppearance of S df. unicus

presance of Crudsacdtes varioaulcatus Djupina and Sanoilovitchisac-
dtesturboreticulatus Samoail. inN. Xinjiang

(5). Kungurian: Frgt gppearance of S turboreticulatus C. variosulca
tusand Florinitesuberae Samail arewidespreed.

(6). Artinskian: FHrst gppearance of Urmites incrassatus Djuping, Har
miapollenitesradiatus Djuping, C. variosUicatusand F. Iuberae.

(7). Asdian- Skmarian: Marked decresse of - Zonatrildes (modly
lepidophyte oores) and large forms of Patoniesporites and Florinites
dominance or ebundance of - Sriditi; fird gppearance of lunatdla and
Psaudodrodlain Sekmerian.

The aubdivison of the Peamian and its cordation manly with the Cis
Urdsisshoan in Table 1(See previous peper). In the falowing are some
explandory notes

1 The upper pat of the Guodikeng Formation together with the overlying
Jucayuan Formdion is Early Triassc (Induan) basad on the presance of
the Lundbladigpora- Aratrigporites- Lunatigoorites assamblage, (Hou and
Wang (1986). However, the Pamian-Trisssc bounday may ill be
dravn alitle lowver (about 40 m bdow thetop of theformation in the sec-
tion of north limb of the antidine & Daongkau) (Ouyang & Norris, 1992,

MS.

2 Thelower-midde parts of the Guodikeng Formation and its underlying
Wutonggou Formation are reedily corrdative with alarge pat of the Ta:
taian of the CisUrds due to the common presance of (). Lueddgporites
\irkkiae and Scutagparites xinjiangends (Hou & Wang) (= S o unicus of
Bame= Taeiaexparitesortisd Kl. of Mdin & Kdoda 1972,.21, fig.1),
thexe two Fedes are manly corfined to the Tdaian (Foder, 1992
Gomankov,1994); (2). other typicd late Late Parmian (eg. Zechddn) taxa,
viz. Klauspallenites schaubergeri and Faldsporites of. zapfe and (3).
ome other forms with an agpect of the Mesophyte, induding the marked
increese of diverdfied amdl bissocate pallen (Vitreigporites Aligporitesand
Klaugpdlenites etc) and spores of Dictyophylidites Osmundacidites
Kraeudigarites asswel as some with goinate-baculate-condte omaments
knowninthe Tetarian of the Kuznetsk Basin (Y erunakovsky Suite).

3. The assemblage of the Quarzijie Formation is trandtiond in character
between those of the Guodikeng + Wutonggou Formdions on the one
hand and the underlying Upper Chiechietseo (Jjican) Group on the ather.
It is characterized by amdl amounts (5-9%) of moderady diverse gpores
and ovewhdming dominance of pollen, expeddly Striditi (Vittatina in-
duded) and Monosaodites (mainly Cordaiting). It showsadoser rddion
ship with the underlying L ucaogou + Hongyanchi assemblages as demon+
drated by modly the same pedific composition aswell asthe high content
of Cordaitina (29% on average) and Haniapallenites (generdly 16-18%).
Ontheother hand, 1/3 of the pediesareidenticd to thase of the Wutong +
Guodikeng Formetions, induding S xinjiangenss, F. of. zapfei, Potonies:
porites turpanends Hou & Wang, Kraeusdigoorites oinulosus Hou &
Wang and Tuberculatogporites honotuberaularis Hou & Wang, dc. as
wdl assome amdl hissecateforms: The Quandijie Formation wias condd-
ered to be Kazanian in age (Hou & Wang,1986; Kdloda & Kanev,199%6).
Now we ae more indined to cordae it with the lower Tatarian
(Urshumsky) on acoount of the common presence of such pedesas Proto-
haploxypinus pefectus (Naum.), P. suchonends (Sedova), P. jacobii
(Jansonius), P. minar (Klaus), Vittatina cogtabilis Wilson, V. subsaccata
Samall., Falasporites zapfe, Sriatosbidtes multidriatus (Badme & Herr
ndly), S richteri (Klaus), Platysaccus papilionis Pot. & K. and Cydogra-
nigporites aureus (Loox) as wdl as uch gengra as Aligorites, Ves-
cagporg, Sriatdlebachiites, Linitigoorites, Gardenagporites Vitragoorites,
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Lophatriletes Apiculatigporis , Kraeusdigoorites and Laevigatogporites .
The dxsence of L. virkdae in the Quanzijie Formetion, which may d<o be
the resuit of individuals baing too rare to be seen in datidtics or ecologicd
un-adgptability for itsparent plants isalitle curious becauseit possibly firgt
gopeared inthe Lower Kazanian and extended upwardsinto the Tatarianin
Russa The occadond oocurrence of Scutagparites of. S unicus (S xine
jiangends) and ather poreswith an agpect of the Mesophyte ssamsto bein
acoordance with the above dating.  Furthamore, the fredwater faunas
induding bivaves (Palasanodonta) and odracods (Darwinula, VWirdla),
have a doser rdation with those derived from the overlying Wutonggou
and Guodikeng Formations: These consderations leed usto condude thet
the age of the Quardjie Formaion is mogt likdy to be ealy Taaian d-
though the passihility of it belonging tolate K azanian can not beexduded.

4. The assamblages of the L ucaogou and Hongyanchi Formationsarevery
dose ad difficult to be divided, both are charadterized by overwhdming
dominance and high (the highest in Parmian) divarsty of gymnogperm
pollen, expedidly monosaccate and drigte pallen. 60-70% edies are the
same, natebly Zonalagporites ddicatus Wang, Samoilovitchisaodtes snen+
gs(Zhang), Patonidgporites turpanends Florinites luberag, Crudsacdtes
variosulcatus Cycadopitestunguskends Samoail. and Urmitesincrassatus

Theassmblage of the L ucaoggou Formation sharesthe characteridtics of
both the Kungurian and Ufimian assamblages in the CisUrds  For in-
dance, in the former oocurs Sanoilovitchisaodites turboreiculatus which
hes been taken as the mog importat make of the Kungurian
(Samailovich, 1953; Faddeava, 1990), and some componants are d<o the
same Howeve, these do nat necessarily guarantee thar corrdation be
caue S turboreticulatus has been found in the Wulgbo Formation below
the L ucaogou Formetion, we have no solid ground to suggest it cannot ex-
tend up into younger drata On the ather hand, compered with the assam:
blages of the Ufimian from the draiatype area (Kdloda & Kanev, 1996),
the L ucaogou assambdlage sharesthefallowing taxa: L atriletes subintortus
(Wdtz), Cydogranigorites polypyrens (Luber), Pundatigporites Verru-
codparites Vittatina driata (Luber), V. \ittifera (Luber), V. subsaccata
Samall., V. perssdta Zauer, Protohaploxypinus perfectus (Naum.), P. latis
smus (Luber), P. suchonend's, Hamiapdllenites tradtiferinus (Samoal.), H.
bullagformis (Samall.), Sriatoabiates bricdi Sadova, S driatus (Lube),

Florinitesluberag, Cordaitina uralends (Luber), C. convallata (Luber), C.
subratata (Luber), Crudsacdtes ornatus (Samoil.), Sriatolebachiites, Lim:
itigporites mongruoaus (Luber), Aligparites ublevis (L uber) and Gardena-
orites ec. Thesetaxaarenat confined to the Ufimian, however the com:
mon presence of 0 many taxa in bath the GisUrds and N. Xinjiang
drengthensthe casefor their corrdation. 1n the L ucaoggou assemblagethe
absence of “lepidophytic gpores’ (eg. Cirratriradites and Lyoogpora)
which is one of the main festures of the Ufimian in Russia might be ex-
plained by grict ecological conditions required by their perent plants (eg.
Viatchedavia). AsMeyen (1987, p. 308) painted aut “the Ufimian floraof
the Fore-Urds...is dominated by heterogporous lepidophytes Viatchedavia.
Evidatly they grew in dense thickets dong the coedt of the s= ...
| dentification of the Ufimian depasitsin other regionsis fraught with diffi-
adties’. Thel ucaogou Formeation was depasited in coedtd lacudtrine envi-
ronments The occasond occurrence of Scutagporites xinjiangends (S d.
unicus) in the Lucaogou Formation desarves spedid atention because the
edes even the genus uggests ayounger age. The co-exigence of S
xinjiangends and Crudsacdtes variosulcatus is another noticesble due
whichiscorrdagblewith their co-exigencein the Lower Shihhotse Forme:
tion of Gansu (Ouyang & d., 1998). The latter formation hes ben tradi-
tionlly assigned to the upper part of Lower Permian (twofdld divison) and
corrdated with the Kungurian or Kungurian-Ufimian (Sheng & Jin, 1994).
In addition, inthe upper part of Jjiceo Group fromthellinBagn of N. Xir+
jiang was found the diagnodic Spedies Parasacdites panjimends Wang,
which is vay dmilar to Pdarisacdtes tricamerus Djupina 1974 (pl. V,
figs5, 6) with type maeid deived from the Ufimian in the Midde Urds
Conddaring other evidence, for indance, pdasomegnetiam, theonset () of
anormd paar zone prabebly corresponding to the lllawarra Reversdl was
located in the upper part of Lucaogou Formation (Sheng & Jin, 1994), and
“ the lllavarra Reversal occurred in the upper part of the Maokou Forme:
tion in South Chinaand the lower part of the Wargd Formation in the Sdlt
Range, which coresponds with the Neoschwegerina megaritae Zone and
the Jinogondddla asarrata zone of the Wordian Sage’ (dn, Y. G,, 1996),
ad faundly, the bivaves indicate an Ufimian ege (Kdoda & Kaney,
1996), we condude that the L ucaogou Formation should be corrdated with
theUfimian.

The assamblage of the Hongyangchi Formation contains in addition to
ome gymnogpamous pallen taxa shared with the underlying Lucaogou
Formetion and the Ufimian, some spores identicd to

Stage Group Formation | those from the Lower Kezanian in the Stratatype area

1 Upper Lower Guodikeng (I_<doda& Kanev, 1996),ad?asc_talarmqaorabr_e

1 permian Tatarian Cangfanggou Wutonggou | viradiaia Kosanke, Cydogranisporites aureus Rals:

Quanzijie | rickia obtusosaetosa (Luber), Leiotriletes Apiculati-

goaris and Acanthotriletes  The assamblage of the

Middle Kazanian Hongyanchi | Upper Kazanian from the sratolype is rether poor in

T Permian compadtion and lagdy the same as those of the

Ufimian Lucaogou | Lower Kazenian exogat there are rerer gpores and a

. Upper Jijicao few peculiar pollen taxa. These seam to lend support

Permian Jingjingzigou | tocordatethisformation with the L ower Kazanian or
T Kungurian thewhodeKazanian.

Wulabo 5. The age of the dngjingzigou Formation is difficult

T Lower — to deteminefor the miogpores are not vary diverse or

) Artinskian Tashikula | Well presaved. However, consdering thet (1) com-

+ Permian { pered with the Artingdan assmblages the sudden

. Sakmarian - Lower Jijicao incresse of “ Cordaitales’ pollen (=205%, meinly

. T Shirenzigou ] Cordaiting) is one of the naticeeble fedtures of the

Asselian Kungurian assamblages in the Chardyn’ and Aktyu

Table 1: Correlation of the stratigraphical schemes of the Permian in the
Cis-Urals & E. Russian platform and N. Xinjiang, NW China.
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N. Xinjiang the marked increese of Cordaitina firgt oocurred in the Jnjin-
Zigou Fm. (13%6 on average) dthough this genus, unlike its generdly low
quantity upwardsin the CisUrds continudly flourished through thewhde
Midde Parmian and (2) the overlying L ucaogou Formation corrdated with
the Ufimian dreedy showssomefeduresof the Kungurian and the underly-
ing Wulabo Formetion yidds S turboreiculatus It ssems gppropricte
thereforeto asribethe Jngjingzigou Formation to the Kungurian.

6. The firg gopearance of S turboreliculatus in the assemblage of the
Wulabo Formetionisinfavor of corrdating thisformetion with the Kungu-
fian, other taxain common with thase from the Kungurian of the Cherdyn?
and Akyubink aress (Samailovich, 1953), in addition to a few trilete
spores, indude Cordaitina uralends C. subratata, C. ratata (Luber), Cru-
dsacdtes ornatus, Florinites luberag, Cycadopites tunguskends, Prato-
haploxypinus latissmus  P. pafedus Sriatoabigtes  divestritypus
(Samall.), Vittatina subsaccata, V. vittifera and Hamiapallenites parviex-
tendsaccus Thislendssuppart to, or & leegt does nat contradict the above
corrdaion.

7. The Artinskian assamblagesfrom the Urdsvary gredly, epeddly inthe
contert of pteridophyte gpores and aritarchs, but exduding the axritarchs,
dl are dominaed by gymnosperm pallen, espedidly Mittating, bissocate
Striditi and Cordaitina. Oneof theimportant feturesisthefirg occurrence
of pauddriste Hamiapollenites Bascanigporites and Urmites (Djuping,
1974ab; Feddeeva, 1974, 1990). Urmitesincrassatusfirg gopeared inthe
Artinskian and became more common in the late Artinskian- Kungurian
(Bjuping, 19748), while this pedies firs gppesred in the Tashikula Forme:
tion (exognt its upper part which is possbly equivdent to the Wulabo For-
mation) of N. Xinjiang and exiged continualy upwardsin the Ingjingzigou
Formation. Pauddriate Hamiapdlenites (eg. H. radiatus) isdso fird ssen
in the Teshikula Formation. Conssquently, in spite of the srong local color
(eg. the high content of Calamogpora), the TaghikulaFormetion with thick
quences (718-2593 m) of edurinefadesmay be pertly Artindkian.

8. The pelyndogical detaof the Assian in the westemn dopes of the Urds
ae rather mesger, and the assamblages are difficult to diginguish from
those of the Sskmaian. As Chuvashov & Djupina (1973) mentioned, if
they weretaken asawhalg it actudly differsfrom those of Late Carbonifer-
ous by (1) the disgppearance of large monasaccate (possibly refaring to
Potoniégporites, Florinites Plicatipdlenites, Parasacdtes and particulaly
“Remygparites’ =Noeggerathiopsdozonatriletes) and bisaocate (eg. Gar-
denagparites) forms, (2) the gopearance of typicd and new representaives
of Cordaitina, Cycadopites and axitarchs (Azondetes); (3) the further de-
vdopment of bisaocate drige forms and Mittatina. The assemblages of the
Shirenzigou and Teshikula Formations share these fegtures such as (1) the
dissppearance of Remygporites llinites large forms of Potonidgporites
Sriatolebachiites , Crudsacdtes Plicatipdllenites and Gardenaporites
isotonus Ouyang— more charadtaidic of ealy Late Caboniferous
(Baghkirian- Masoovian) in N. Xinjiang aswdl asthe absance of  Lyco-
gora, Auroraspora, Spinczondtrildes and large Samilovitchisacdtes
which aemore dgnificart in the latest Carboniferous (Siephanian) Au'ertu
Formetion; (2) the dominance (76%) of bisaccate Sriditi inthe Shirenzigou
Fometion and the high diversity in the Tashikula Formation.  Thus the
Shirenzigou Formdation may be assgned to the Assdlian. In addition, Limi-
tigporites bilabiatus Ouyang of the Tashikula Formation is nat unlike Gar-
denagporites tonaus Kruding, one of the indices of the Sekmaian assam:
blage Asgaed above, the Tashikula Formation dso contains some forms
with an agpect of Artingkian, therefore, thisformation possbly draddesthe
Sekmaian and Artinskian.

9. The Au atu Formation bd ow the Shirenzigou Formaion yid dsogphd o-
pods bonging to the Prouddenites zone and roughly corresponds to Zhi-
odian ad love Orenburgian (the lower DunbaritesParashumedites:
Emilites Zone), i.e KadmovianGzdian or Stephanian in age (Liang ad
Wang, 1991). Thisdating is nat in conflict with the assumed Assdian age
of the Shirenzigou Formation basad on palynology.

Wearein agreemeant with thethresfald divison of the Parmian Sygemin
N. Xinjiang, nat only becausethe lithodratigrgphy digalayssuch arhythmic
tendency, but d o the pelynafloras show roughly three Sagesin progressive
evaution. The Lower (1), Midde (2) and Upper (3) Permian pelyndfloras
are charadterized respectively by (1) ovewhdming dominance of bissocete
driate pallen, (2) high content of Cordatina (and bisaccate Stridtiti) and (3)
gopearance of many nemly evdved forms with a Mesophytic agpedt, in-
duding pallen and gpores of advanced conifers and fans: Some Russan
payndogigs agree with this, for ingtance, Faddeeva (1990) once sad tht,
the peyndlogicd detawerenat in contradiction with, or rather in corrobora
tion of, the viewpaint of many gratigraphers propoding to divide the Par-
mian into three series and shetook the Kungurian and Ufimian asthe Mid-
de Permian. In this paper, the Ufimian and Kazanian are tregted as the
MiddeParmian, andin Table 1 the Cisurdian, Gueddupian and Lopingian
Stages as proposed by the Subcommisson on Parmian Stratigrgphy (Jin,
1996) are equivdant repedtivdy to the Lower, Midde and Upper Pa-
mian.
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Paleobotany of the Upper Carboniferous/L ower
Permian of the Southern Urals.
Part 1. Seedsand Enigmatics

by Naugoinykh S.V.

The Aidaralash section is situated on the western slope of
the southern Urals. This section is well known among the stra-
tigraphic community due to intensive and very fruitful work of
severa international scientific working groups during the last
few years. Chief attention was given to Carboniferous/
Permian boundary, which is marked by all the most important
taxa, characteristic of Upper Paleozoic biostratigraphy includ-
ing conodonts, foraminifers, ammonoids etc. Moreover, there
appeared the first data on palynological assemblages of this
section (Dunn, 1998).

Information about plant megafossils of the Aidaralash sec-
tion is meager (Asselian-Sakmarian: Vladimirovich, 1986;
Artinskian: Dunn, 1997) or completely absent (Gzhelian inter-
val of Aidaralash section). Nevertheless, detailed bed-by-bed
collecting of plant megafossils produced quite abundant
stems, leaves, roots, generative organs and seeds in Upper
Carboniferous and lowermost Permian of the Aidaralash sec-
tion.

This paper focuses on the preliminary description of seeds
from the Upper Carboniferous of the Aidaralash section.
Much of the material was collected by A. A, Shkolin
(Paleontological Ingtitute, Russian Academy of Sciences,
Moscow). Almost all specimens described and figured herein
(Fig. 1, PI. 1) originated from bed 17/2 according to the de-
scription of section (cf. Bogoslovskaya et a., 1995), which
belongs to Daixina boshytauensis-D.robusta zone of Gzhelian
(Upper Carboniferous). The age determination is also sup-
ported by the presence of numerous ammonoids Aristoceras
appressum and Almites reverendus. These orictocoenoses,
the so-called “goniatite bullions’, are characteristic for other
flishoid Carboniferous formations (Scott et a., 1997). One
specimen (Fig. 2) came from bed 21 (lowermost Asselian,
Fhaeroschwagerina vulgaris-S. fusiformis zone).  Fossil
seeds of the present collection can be divided into seven mor-
photypes preliminarily determined in open nomenclature:

Cardiocarpus sp. A (Fig. 1, B). Seeds of this type are round
or aimost cylindrical to ovoid, with round base and pointed
acute apex, shaped like a sharp "beak". The inner "cast"
probably corresponds to upper surface of sclerotesta. The cast
is covered by more friable organic tissues, dightly deformed
by sediment pressure. Thislayer may be sarcotesta, i. e. a soft
outer cover of integument.

Cardiocarpus sp. B (Fig. 1, D). These seeds are similar to
Cardiocarpus sp. A by the presence of two distinctive zones
(inner "cast" and more soft outer zone). The inner zone may
be nucellus with the integumental cover (endotesta and sclero-
testa). The outer zone, according to such interpretation, is
sarcotesta.  The difference between these morphotypes is in
the general outline of the seeds. Cardiocarpus sp B is much
bigger and bears a concave base. One specimen of this mor-
photype has dense tissues at the base part of seed, which must
correspond to chalaza.
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Fig. 1. Seeds from the Gzhelian of Aidaralash section, Southern Urals. General morphology.

A, J - Trigonocarpus sp. A; B - Cardiocarpus sp. A; C, H - Trigonocarpus sp. B; D - Cardiocarpus sp. B; E-G - "Cornucarpus"” sp. (F-interpretation of
inner structure); | - Carpolithes sp.

All figured specimens came from one concretion, spec. N 4856/1, Aidaralash, bed 17/2 (Daixina bosbytauensis - D. robusta). Scale - 1 mm.
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Fig. 2. Cardiocarpus (?) sp. C, the seed from the lowermost Asselian of Aidaralash section, Southern Urals. General morphology and inner struc-
ture. A -real section, B - interpretation of inner structure: 1 - sarcotesta, 2 -sclerotesta, 3 - endotesta, 4 - nucellus (?), 5 - megaspore membrane,

- chalazal conducting tissues.

Figured specimen N 4856/2 came from bed 21 (Sphaeroschwagerina vulgaris-S. fusiformis zone). Scale — 0.5 mm.

6 -zone of megagametophyte development, 7
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Plate 1. Cornucarpus sp. Microstructure of supposed scleroteste surface. 1-2, 4 - basal part of the seed; 3, 5-6 - apical part of the seed, Spec. N
GIN 4856/1, Aidaralash, bed 17/2 (Daixina bosbytauensis D. robusta). Scale - 100 mkm (1, 2); 40 mkm (3-4, 6); 20 mkm (5).
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Cardiocarpus ? sp. C (Fig. 2). In genera outline, these
seeds are fusiform, with the seed base dightly wider. The
apex is narrow, and acute. The integument consists of three
zones. sarcotesta, sclerotesta and endotesta. The sarcotesta is
constructed of prolonged cells, which are perpendicular to
sclerotesta surface. The thin sclerotestais represented by very
dense tissues, probably sclereids. The inner zone of' integu-
ment (endotesta) is constructed of ovoid and prolonged cells,
which are similar to cells of sarcotesta. The inner zone of in-
tegument (endotesta) is constructed of ovoid and prolonged
cells, which are similar to cells of sarcotesta. The nucellus of
Cardiocarpus ? sp. C conforms to the inner surface of the in-
tegument. The nucellus is not well preserved and consists of
parenchyma cells. The only well distinguished structure is the
thin-walled, dightly deformed megaspore membrane.

Trigonocarpus sp. A ( Fig. 1, A, J. Very particular seeds
with three distinct layers. The inner zone (see Fig. 1, J, right)
is obviously nucellus. The nucellus bears longitudinal ribs,
which correspond to vascularisation of integumental endotesta
(Fig. 1, J, shown by points area). The next one is a very thin
layer, which probably is sclerotesta. This layer lies between
endotesta and sarcotesta. Sarcotesta is represented by soft
organic tissues, which are shown by lined area (Fig. 1, J).

Trigonocarpus sp. B (Fig. 1, C, H). Seeds with short fusi-
form outlines bear three robust prolonged ribs and covered by
fine striae. One specimen (Fig. 1, C) has two layers, but the
latter are difficult to interpret.

Carpolithes sp.(Fig. 1, I). This morphotyte is represented
by one single specimen in my collection. The seed is broken
along its main axis. The ovoid seed has two well-developed
layers. The outer layer, the sclerotesta of integument, is very
dense. The inner layer is nucellus. Some organic matter is
deposited on the lower part of the seed in the nucellus area.
This matter can be interpreted as megaspore membrane with
megagametophyte tissues. In the middle part of proposed
megagametophyte can be seen a prolonged structure with sev-
eral (maybe three?) longitudinal folds. Probably it is an em-
bryo with embryonic cotyles. Quite similar structures were
described as embryos in the conifer seeds of the Walchiaceae
family (Mapes et a., 1989).

Cornucarpus sp. (Fig.1, E-G). These enigmatic remains can
be preliminarily interpreted as seeds, but their nature is till
unclear. These remains are similar to the seeds described as
Cornucarpus kojimensis Neub. (Neuburg, 1965; Ignatiev,
1983). These specimens have ovoid outlines, a prolonged
base and bicornuted apex (Fig.1, G). One of the specimens
(Fig. 1, E) is chopped off at an oblique angle, the circum-
stance that allowed us to study its inner structure. The inner-
most layer (on fig, E- F shown by dense lines) may be inter-
preted as megaspore membrane. More outer layer may corre-
spond to the outer surface of the nucellus. The top layer is
integment. Integumental surface was studied by a scanning
electron microscope (Plate 1). We can see a membrane cov-
ered by specific papillate relief. The papillae are round and
isometrical at the seed's basal part (Plate 1, 1-2, 4), or pro-
longed ovoid at the apical part of the seed (Plate 1, 3, 5-6).
The dtratificated nature of this membrane is clearly seen in
severa places (Plate 1, 5-6). Seeds with specific papillary
relief of sclerotesta were described by the present author

(Naugolnykh, 1997) as Cardiocarpus sp. SVN-1 from the Ur-
minskian formation (Sarginian horizon, Upper Artinskian) of
the Middle Cis-Urals. It is possible that two morphotypes be-
longed to related plants.

The present project was supported by the Russian Founda-
tion of Basic Research, grant N 98-05-64880.

Conclusions

Upper Carboniferous floras of the Southern Cis-Urals
were taxonomically quite diverse and included conifers (seeds
of conifer affinity and undescribed stems of Tylodendron
type), trigonocarpoid pteridosperms (Trigonocarpus sp. A,
Trigonocarpus sp. B) and, most probably, cordaites
(Dadoxylon woods and some seeds of Cardiocarpus sp.).
Good preservation and considerable amount of plant megafos-
silslet us hope that our knowledge about Late Carboniferous/
Early Permian vegetation of the Southern Urals will rapidly
extend in the near future.
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Degraded Permian Palynomor phsfrom
North-Eas Himalaya, India

by Suresh C. Siivadava A. K. Sivadava, A. P. Bhatacha:
ryyaand Rgni Tewai

The Parmian sequence of West Sang Didrict, Arunachd Pradesh in
the North-East Himdayan region of Indiaiis divided into the Rangit and
Garu formations (Text-figures 1, 2). Each isfurther divided into different
members ad lithounits (Sivadava & a., 1980). The Following
lithologicd successionisrecognizedinthearear

Siwalik Group
(Miocene-Oligocene)

Thrust
Garu Formation 3. Coarsegrained ferruginous sandstone, shale
with concretions.

2. Fineto medium grained white feldspathic
sandstone, intercalated carbonaceous shale
and coa with coa ball.

1. Bluish grey medium to coarse grained
sandstone intercalated carbonaceous shale
and coal with coa ball.

< X m T

A Rangit Formation Rilu Olive green splintery shale greenish
Member siltstone and mudstone with scattered clasts

N
Diamictite Massive conglomeratic rock with poorly
Member sorted angular clast setindark grey or

greenish argillaceous matrix.
Thrust
Miri Formation Dominantly quartzite and limestone

The Garu Formetion, represented by dternating sequences of sand-
sone, carbonaceous shdle and cod, contains numerous faund cod bells
(Anend-Prakesh & al. 1988) as wdl as brachiopods, gastropods, cepha
lopods and crincids The cod bdls have yidded sporepollen essam-
blages, acritarchs, scolecodont jaws chitinozoa (?) and foraminifera The
evidence suggests the deposition in margind svamps with periodic mer
rine incurdons during Ealy Permian (Sivastava & Bhdtacharyya,
1998).

Payndlogicd studies of carbonaceous shdes bdonging to different
lithounits of the Permian sequence of West Siang indiicate presence of
five pynozones (Sivastava& Bhattacharyya, 1996).

Paynozone-1, characterized by Plicatipollenites sigmeatus is derived
from the Rilu Member of the Rangit Formation. The cother four zones
are represented by Callumispora gretens's, Crudisacdites indicus, Psau
doreticulatigpora barakarenss, and Prinuspallenites plus Rhizome:
spora bdong to the Garu Formation. The assemblagesare smiilar tothe
mioflora of the Tachir, Karharbari and Barekar formetions of the Par-
mian Gondwanasequence of Peninsular India

Morphotaxonomic invedtigations of palynologicd assemblages indi-
cate frequent occurrences of degraded spores and pollen. Some of the
gransshow the presence of thefunga coloniesover their surfaces. Other
patterns are comparable with pyritic degradation and sructuresknown to
be developed due to atack by the sgorophiytic fungd organism Palyno-
nmorphitesdiversformis The fallowing types of degradation and micro-
bid activity arerecorded intheassemblages

Pyritic Degradation
The surfaces of pyrite affected grains exhibit different patterns ranging
from varioudy shaped cavitiesperforationsgholes/pits or dircular to ro-

sdte type grooves and meandering scratches Pyritization of gpore-pallen
retsin intense damage of assamblages Although the pyrite aysds are
dissolved during the process of maceration, Sites of deposition are discermi-
ble under trangmitted light in the form of bligers Neves and Sullivan
(1964) described three types of modification petterns of spore exine sruc-
turedueto pyrite aryddization. The present floracontainsal threetypes of
pyritic degradation.

i. SmplePdygonal Cavities(Flae1, figures1-3)

Thisisthe mogt common degradation observed indmog dl types of
gpores and pollens - trilete, zonate-dngulate gpores; mono - bisac-
cate, drigte non driate pollens The &ffected grains bear dircular to
irregularly shaped perforationshdles or pits Their borders are nor-
mally smooth but occasondly dight thickeningisnaticed. The cavi-
ties range in sze from 2-25nm in diameter; interestingly, the outer
margin and shape of the degraded grainsare wd | preserved and their
body and saccus ornamentation are dso perfectly demarcated.

Affected grains : Callumispora, Granulatisporites, Densoigporites,
Indotriradites, Parasacdtes, Cahenisacdtes  Rhizomagpora,
Scheuringipallenites, Faunipollenites, Sriatopodocarpites, Sriatites

ii. Compound Faviform Cavities(Plate 1, figures4, 5)

Smple perforations surrounded by dugers of amdl, 1-20mrm in di-
anger hericd dructures ae d0 presat in the assamblage
Srands of resdud exinethat are separated from the adjacent polygo-
nd paforaionsarewdl digayed. Nevesand Sullivan (1964) have
discussd the hog-minerd rdationship which ultimatdy produces
such sructures

Affeted grains Callumigpora, Parasaccites Paravescaspora,
Sheuringipollenites

iii. Compound Cribrate Cavities(Plae 1, figures 6-8)

Commonly, mono and bisaccate pollen grains possess a number of
cavitiesin arow or in branches scattered over the surface, generdly
over the zone of atachment of body and saccus. The cavities are
normaly drcular, 5-15 nm in diameter and with awdl defined mar-
gin. The characteridtic fegtures and bligers of cribrate cavities were
sudied in detall by Neves and Qulliven (1964), who suggested thet
they are causad by aggregates of large pyritearystds

Affeted grans Potonidgporites Plicatipdllenites, Parasacdtes
Caheniasacdtes Rhizomespora, Scheuringipollenites, Paraves-
cagpora, Faunipdllenites, Sriatites, Sriatopodocarpites Tiwarias
poris, Crescentipallenites.

Pyrite degradation is wel-known in fossl spore-pallen assamblages
(Love 1958, 1962; Elsk 1966, 1971; Moore 1963; Neves & Sulivan
1964; Lde & Shukla 1980; Tiwari e al, 1990). While investigating the
Gondwana paynomorphs of Indig, Tiwar e al. (1990) demondrated thet
the formation of pyrite indde pallen and spores is the result of becterid
adtivity during early diagenetic $age under edific conditions Nevesand
Sullivan (1964) dso favored bacterid action for pyrite precipitation. Bacte-
rid decay rdesses aulfideions, and asareault affected gpore exine becomes
acenter for pyriteformation. During the process arysdsdevdopinddethe
acesformed by bacterid action.

Fungal Degradation

Soorespallen possessing gohericd cdls and skdetonization of body
exineand saocus have been attributed to fungd degradation.
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i. Fungal Cdony (Plate 1, figures9-11.)

Randomly digtributed coocoid cdls messuring 1-2 nmin diameter
are obxved over the surface of dfected grains The cdls nor-
maly occupy the saccus of mono and bissocate grains Aggre
gaes of cdls are large in number and their digribution over the
entire surface commonly obscures the origind shepe of the grain,
forming a deceptive undulating margin. In between the odlls, there
is ddusive evidence of filaments However, it is difficult to merk
ther digribution pattern and nature dueto overcrowding of cdlular
gructures. Cdlsarewd | defined, dark and contain pele ydlow to
colorless contents

Affected grains : Parasacdtes, Mrkkipallenites, Faunipollenites
Sriatites, Sheuringipollenites, Paraves cagpora, Rhizomaspora.

ii. Skdetonization Of Exine(Rae1, figures12-15.)

In afew trilete and saccate grains the sculpture of the exine hes
been converted into a reticulate pattern.  The structure possibly
represents fungd growth on thick walled spores where initid de-
struction of pore exinewas followed by development of reticulate
pattern by skdetonization of the filaments of the decaying fungd
organism.

Affected grains Callumispora, Leatriletes, Indatriradites, Den-
soigporites, Scheuringipallenites, Rhizomaspora.

The occurrences of cocooid cdls and skletonization of pore exine
were reviewed fully by Moore (1963) whom conddered them to repre-
sent the sgprophytic fungus Palynomor phites diversformis  The organ
ism atacks the exing, sometimes completely destroying the pores; but
commonly leaving askeletd pattern reflecting the structure of the exine
Thick waled spores produce a Palynomorphites skeleton with the con-
centric development or filaments around cavities of hales (Plate 1, figure
13) whereas, thin walled laevigate spores show anetwork of filaments,

The saprophytic fungus Anthracomyces cannellensis on the surfece of
micro and megasporesis known from Carboniferous and Permian occur-

rences (Renault, 1900). Wl documented evidence of fungd hyphee
and colonies over the surface of Carboniferous miogpores eg. Schul-
205p0ra, Lyoogpora, Densogporites, Laatriletes, Granulatisporites, Con-
volutigpora, Punctatisporites, Microreticulatiporites,  Knoxigporites,
Auroraspora and Diatomozonatriletes, favorsasgprophytic role (Moore,
1963). The expaimentd work of Goldgtein (1960) and Sangder ad

EXPLANATION OF PLATE 1
Pyritic Degradation

Figure 1 Callumispora gretensis showing simple circular
cavities.

Figure 2 Callumispora gretensis with irregular shaped
large cavities.

Figure 3 Parasaccites korbaensis, saccus with polygonal
cavities indicating the site of pyrite crystals.

Figure 4 Callumispora tenuis showing compound faviform
cavities near the point of attachment of saccus
and body.

Figure 5 Callumispora tenuis showing faviform cavities
with distinct margin.

Figure 6-8 Different grains of Callumispora gretensis show-

ing compound cribrate cavities.

Fungal Degradation

Figures 9-10 Scheuringipollenites maximus showing randomly
distributed coccoid cells of Palynomorphites di-
versiformis over the entire surface of saccus and
body.

Caheniasaccites indicus showing cells of Palyno-
morphites diversiformis mainly over the saccus.
Callumispora tenuis spore showing initial destruc-
tion of exine by fungi in the form of circular to
polygonal areas.

Complete damage of Callumispora spore in the
form of skeleton.

Vesicaspora sp. Pollen showing reticulation of
saccus.

Scheuringipollenites maximus showing skeletoni-
zation of saccus.

Figure 11

Figure 12

Figure 13
Figure 14

Figure 15
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Figure 1 Geological map of the area indicating five lithounits. Inset shows the location of Arunachal Pradesh and West Siang District (Srivastava &

Bhattacharyya, 1998).

33




Plate 1.
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Figure 2 Permian lithological succession of West Siang District.

Rde (1961) dealy demondrates that phycomycetaceous fungi, epe-
ddly chytrids, attack the pallen of modern plants  ChytridHike organ-
isms discovered on the Cordaitesn pallen Sullisacdites, of Penngylvanian
age, examplify the paradtic assoddion of fungi in fossl gpecmens
(Millay & Taylor, 1978).

Discussion

Biodegraded spore-pallen assamblages are common in the Parmian
sequenceof India(Bharadwg & Tiwari 1977; Tiwari & Sngh 1986) but
they have not been andlyzed dueto poor presarvation. However, Lee&
Shukla (1980) have destribed the degraded pollen from the T chir For-
mation and direct and indirect microbid action and pyritic degradation of
exine have been evduated by them. Tiwari et al. (1990) have obsarved
thet the exine is preferentidly affected by pyrite predipitation in gymno-
spermous pallen wheress in pteridophytic spores pyritic growth is fre-
quently found in the contact areaand on the germind gperture.

The present assemblage provides for the firg time the direct evidence
of fungd attack in Permian spores and pollen of Arunachd Pradesh, In-
dia Studies on the degradaion of Permian plant fossils of India have
brought out the sgnificance of fungi and bacteria as degrading agents
The plaquelpit-like structures over the surface of seed cutide recovered
from glossopterid fruitification showing possesson of becterid colony
and degraded damaged odlular tissues suggest the possible evidence of
bacterid degradation (Sivastava& Tewar 1994). Occurrence of fungd
hyphae and spores dong with degraded cdlular tissuesin leef pecimens
indicate the paragitic neture of fungi (Sivastava, 1993).

This assemblage containing degraded and dameged paynomorphsin
al probahility reflects bacterid and fungd adtivities However, ariticd
invedtigation (at presant under progress) a dectron microscopic leved
will hdp to determine the Specific host-pathogenic rd aionship.
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Diver s Permian Coral FaunasareWiddy
Digributed in Thailand

by Henri Fontaine

Permian cords are common in Thailand. They have been obsarved a&
more than one hundred locdities They are pralific in many arees where
they are assodiated with diverse faunas and abundant dgee. They may
locdly form refs However, ther sraigraphic distribution is not uni-
form. The vaiaion of the cord fauna composition provides information

on Permian paleogeography.

1- Biogratigraphy
Cords have been found in dl the gages of the Permian, but nat in the
samequantity and the same diversiy.

1A - Upper Parmian or Lopingian

In the Upper Permian rocks of Thailand, cords show alow diversty
and are generdly not abundant. They have been found only & afew lo-
cdities

Dorashamian (Changhdingian) rocks are not widespreed in Thailand
and are known in afew amdl aress of north Thalland (Lampang areg),
northwest Thailand (Chiang Dao areg) and east Thaland (Klaeng area
according to new dataof acurrent sudy). Cord's have been naticed only
in Lampang area. An agillaceous limestone exposad dong Hual Thek
dream hes yidded rare Sdlitary Rugosa which have been assgned to
Asxradlinia (Fontaine and Vechad 1988, p. 17). A sample of

Waagenophyllumdf. virgalense (Waegen &t Wentzd) has been cdllected
from the same areg; it might d o bdong to the Dorashamian (Yanagida
1988).

Dzhulfian (Wuchigpingian) rocks arewdl dated only in afew aress of
north and eest Thailand. In north Thailand (Lampang areg), two locdities
(Phra That Muang Kham and Ban Cham Kha) have yidded Slitary
(Lophophyllidium) and fasdculate  (Liangshanophyllum) — cords
(Fontaine and Vachard 1988). In eest Thailand, solitary (Paracaninia)
and fasdculate (Waagenophyllum) cords have dso been found; in addi-
tion to thet, a massive cord (Aridophyllum) has been collected from
limestone that is dose to the boundary between Capitanian and Dzhul-
fian; it isnat cartainly Dzhuifian in age (Fontaine et d., 1997, new data).
In northwest Thailand in Sop Pong areabetween Chiang Dao and Mae
Hong Son, Waagenophyllum cf. virgalense (Waegen et Wentzd) has
been cdllected from a limestone which belongs probably to the Dzhul-
fian, but might bealittle older (Fontaineet d., 1993).

1B - Middle Permian or Guaddupian

Middle Permian limestones contain the richest and the mogt diverse
Permian cord faunas of Thaland. They are digributed dl over the counr
try, without being perfectly uniform. At an important number of locdli-
ties large cord cdlonies are prominent and massive Rugosaarein abun-
dance

Midian limestones containing Yabeina and Lepidolina are widespreed
in east Thailand dong the Cambodian border (Fontaine et d., 1997).
They ae locdly rich in cords Tabulda (Snopora), ity Rugosa
(Tachylasma, Lophocarinophyllum, Khmerophyilum), fasdculae Ru-
gosa (Waagenophyilum) and messve Rugosa  (Multimurinus,
Parawentzddla). Multimurinusis represented o far by asngle oedies

In Peninsular Thaland, cords are dso presant, but are less diverse: they
condg of Tabulata (Snopora, Protomichdinia) and fasciculate Rugosa
(Weagenophyilum). They are assodaed with Hemigordiopss and
Shanita (Fontaineand Suteethom, 1983).

Murgabian limestones are widespreed in alarge part of Thailand; they
aericher in cordsthan the Midian limestones Cords have been found at
many locdities of centrd, northeagtern, northern, northwestern Theiland
aswdl asin Peninsular Thalland where the compogtion of the faunais
peculiar. In northern Thailand, the cord fauna gppears to be poor, as
compared with the faunas of the ather aress, maybe because of alack of
intendve dudies At two locdities of Nan ares, Tabulata (Snopora) and
fedaulate Rugosa (Pseudohuangia &f. aberrans Fontane and
Chihdaphyllumaff. kanmerai Sugiyama) have been observed (Fontaine
et d., 1994). In northwest Thailand dong the road from Chiang Dao to
Mae Hong Son, Multinurinus khmerianus Fontaine hes been found &
Ban Mae Suya and is assodiated with Neoschwagerina mergaritae and
Kahlerina g, foraminifersindicating a L ate Murgabian age (Fontaine et
d., 1993). Hugd (1997) hasidentified 3 spedies of Multimurinus from
the same area. In centrd Thailand (aress of Muak Lek, Saraburi, Lop-
buri, Lam Nara, Khok Samrong, Tekfa, Ta Khli, Phetchabun), many
locdities contain rich and diverse cord faunas; this paper isnot the place
to go into detal about thee faunas The cords condg of Tabulaa
(Snopora, Pratomichdinia, Tetraporinus), dlitary Rugosawithout dis-
Ssepiments (Such as Lophophyllidium), sdlitary Rugosawith dissspiments
(Pavagtehphyllum, Laophyilum, Iranophylium), fasdculate Rugosa (4
edes of Pseudohuangia, rare Waagenophylium, Chaophylium,
Chihdaphyllum, Yatsengia) and massive Rugosa (7 spedes of 1pdphyi-
lum, 5 gpedies of Multimurinus 3 gpedies of Crasiparietiphyllum, 1
ediesof Paraipdphyllum and of Wentzd ophyllum). Khmeria hasbeen
found in a Murgebian-"Midian limestone In northeest Thailand, the
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Murgabian isless devdoped than in centrd Thailand. The cord faunais
dightly different. It is composed of Tabulata(Snopora), litary Rugosa
(Lophophyllidium, Pavastehphyllum), fasciculate Rugosa
(Psaudohuangia, Chihdaphyllum) and messve Rugosa (Ipcphyllum,
Phaphungia, Multimurinus, Crassparietiphyllum). In Peninsular Thai-
land, the Murgabian isvery poor in cordsa its base and moderady rich
a itstop with apart of the cords continuing into the Midian. The cords
condg of Tabulaa (common Snopora, veary rare Protomichdinia),
common Slitary Rugosa (Amplexocarinia, Ufimia, Lophophyllidium,
Paracaninia, Pleroptyllum, Pavagehpylum, Iranophyllum), fascicu
late Rugosa (Waagenophyllum) and massve Rugosa (Chombungia,
Paraipdphyllum, Wentzddla).

Cords have been cdllected from limestone of northesst Thailand con-
Sdered Kubergandian or partly Kubergandian in age; they condgt of
Tabulata (Protomichelinia, Snopora), <solitary Rugosa
(Lophophyllidium) and fasciculate Rugosa (Chihdaphyilum, Pseudo-
huangia).

1C- Lower Pemian or Cisurdian

The Lower Parmian of Peninsular Thailand is compasad manly of
shde, pebbly mudgone and sandgtone; it containsno cordl. In centra and
northeedt Thailand, cordsare presant & severd locdities

The upper part of Lower Parmian (Artinskian) in northeast and central
Thailand hasyidded acord faunawhich isnot diverse and consstsgen+
erdly of Tabulata (Protomichdinia) which are locdly in abundance
Psaudohuangia hes been found & a locdity of centrd Thailand (sl
hill southesst of Kheo Amorn Rat).

The lower pat of the Permian (Asdian — Sekmarian) of northeest
Thailand (Ban Na Din Dam, Phu Khao) contains a diverse fauna com+
posad of solitary Rugosa without dissepiments (Cyathaxonia, Paradu-
plophyllum, Amplexocarinia, Calophyllum, Lophophyllidium) and with
dissepiments (Caninia, Caninophyllum, Pseudozaphrentoides, Amygda-
lophylloides), fasdiculate Rugosa (Dendcolumophyllum) and massive
Rugosa (Anfractophyllum, Nephdophyllum, Antheria; these three genera
bdong to the same family, the Kepingophyllidag, which has bean recog-
nisad in China gnce 1974). In centrd Thailand, Pseudozaphrentoides
has been found south of Khao Pang Sawong in Muak Lek areas At Kheo
Tham Rud Laat wegt of the road from Lam Nara to Phetchabun
(Coordinates 15°48 10°N, 100°57 45'E), amore diverse faunais pres-
ent without being in abundancg it conssts of: sdlitay Rugosa
(Pseudozaphrentoides, ?Caninophyllum), fasciculate Rugosa
(Akagophyllum) and massve Rugosa (Chusenophylium). It is assodiated
with few foraminiferswhich do nat indicete a precise age; the cords fo-
cusonan Early Permian age (Fontaine and Sutegthorn, 1995).

1D - Bidtic cridgsof theend of the Permian

Thiscrissisdready dear in the preceding paragraphs. The Rugosaas
wedl as the fusulinaceans disgppeared completdy a the dosure of the
Permian. Before that, the cords experienced high caaudties in two
events At the end of Middle Permian (“Pre-Lopingian criss’ of Jn,
1993), the cerioid Rugosa disgppeared dmost completdy. In Thailand,
only a angle specimen of a cerioid colony (Aridophyllum) has been
found in alevd correponding to the boundary between Capitanian and
Dzhulfian. This colony is posshly Early Dzhuifian in age, but a further
study is necessary to decipher precisdy its age A severe inddence of
extinction occurred dso at the end of the Murgabian with the disppear-
ance of theimportant | pciphyllumassemblage.

2 - Paleohiogeography

Forty years ago, the Permian of Thailand appeared to be monatonous
and agngleterm “Ratburi Limestone” was usad to designate dl the Per-
mian limegones of Thaland. Thisisno longer 0. Two regionsin par-
ticular are recognisad as very different from eech other: 1 - aregion cov-
ering alarge part of Thaland (eest Thailand dong the Cambodian bor-
der, agreat part of centrd Thailand and northeest Thailand); this region
digdlays large autochthonous accumulaions of limestone deposited on a
broad sdf and isrich in cords the fossls are amilar to those found in
Cambodia, Laos, Vietnam and South China. 2 - Peninsular Thailand; this
region extendsto northwest Peninsular Maaysaand hasbeen the subject
of ashort note in Permaophiles (Fontaine, 1991) and of alonger paper in
another periodicd (Fontaine & d., 1994). Genera of cords such as Ipdi-
phyllum or Psaudohuangia as wel as genera of fusulineceans such as
Lepidalina, Yabeina, Neoschwagerina or Verbeskina are absent from
thisregion.

Cords are different in the two regions aswell as foraminifers; this dif-
ference exigsfor dmog dl the gages of the Permian. Thelig of the fos:
dlsmentioned in the previous paragrgphs gives anideaof this difference
Fontaineet d. (1994) gave more detailed informeation.

Lower Permian of Peninsular Thailand isbarren of cordls it condstsof
dadtic rocks which are partly gladid depodts for some authors. On the
contrary, carbonate dominated fadies are wel devdoped in the fird re-
gion and contain cords with diverse forms of Rugosa, and in patticular,
massve Rugosa

Middle Permian of Peninaular Thaland is very poor in cords & its
base and growth bands have been naticed in the rare samples of massve
cords collected from this part of the Permian (Fontaine and Jungyusuk,
1997); these bands gppear to suggest a seesond dimate: At the top of
Middle Permian, cordsdo nat digplay growth bands; they may belocdly
in ardative abundance, they arelargdy peculiar. They suggest awarmer,
lessseasondl dimatethan that of the beginning of Middle Permian. Inthe
fird region, cord faunas are pralific and diverse in dl the Middle Per-
mian gages, resfd environments are uggested. This high diversty indi-
cates a uniform warm dimeate and a Sdlow sea The dfinities of the
cords are dearly with faunas of Cambodia, Laos, Viet Nam and South
China. Growth bandshave yet to be obsarved in the cords of dl theMid-
dle Permian of thisfird region.

Cords of the Upper Permian are a grongly dedining fauna They do
not provide much information on biogeography .

The cords of north and northwest Thaland remain poorly known.
The large depasition of limestone during dl the Permian (Forntaineet d.,
1983) and the characteridtics of the cord and fusulinacean faunas cdl-
lected 50 far, however suggest adissmilarity of northwest Thailand with
Peninaular Thaland, which has been indicated in some common peleo-
geographic recongructions.
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New Paleontological Data from the Early
Kazanian Type Area

by V.M. Igonin and O.N. Klevtsov

According to a decision of the Russian Stratigraphic Commit-
tee, the composite Early Kazanian type section is defined as lo-
cated in the upper reaches of the Sok River, at the settlements of
Baitugan, Kamishla, Krasny Yar (Samara region of Russian
Federation). The areais well known among geologists, and has
been extensively studied paleontologically. However, we could
not find in available geologicd literature any information about

one of the most important Late Permian biological groups, fora
miniferids, before conducting this study.

The authors recovered arich foraminiferal complex, including
approximately 70 species of 26 genera and 15 families, mainly
represented by Nodosariidae (genera Nodosaria, Pseudonodo-
saria, Lingulonodosaria, Geinitzina, Jchtyolaria). Within the
Early Kazanian, foraminiferia are confined to three stratigraphic
levels: Baituganian (P.kz;%), Kamishlinian (Pkz:%), and Kras-
noyarian (Pkz,%).

Baituganian foraminiferia are most abundant and diverse.
They include 54 species, 17 genera, 9 families among which are
Nodosaria hexagona (Tscherd.), N. elabugae Tscherd., Lingu-
lonodosaria clavata Paalz., and L. kamaensis K.M.-Macl.

Kamishlinian complex is the least diverse. It includes 16 spe-
cies, 10 genera, 12 families among which, including secretory
calcareous forms, are such agglutinated species as Hyperam-
mina borealis delicatula Gerke, Reophax compositus composi-
tus Voron., and Glomospira artictdosa (Plumm.).

Krasnoyarian layers were found to contain 30 species of 13
genera and 7 families including Pseudonodosaria elongata K.
M.-Macl. and Falsopalmula permiana (Tscherd.). The complex
issimilar to Baituganian but only half as diverse.

There are four species groupings: endemic, relict, cosmopoli-
tan forms, and immigrants.

Endemic forms from the East European Platform are Nodo-
saria urmarensis KM.-Macl., Pseudonodosaria nodosariaefor-
mis KM.-Macl., Lingulonodosaria kamaensis KM.-Macl., Fal-
sopalmula permiana (Tscherd.) and others.

Relict forms are represented by Hemigordius schlumbergeri
Howch., Syzrania samarensis (Raus.), Geinitzina postcarbonica
Spand, and others.

The immigrants include three species groups:

- Biarmian (North Russian Platform, Taimyr, Novaya
Zemlya, Spitsbergen) Hyperammina borealis ddlicatula
Gerke, Hyperamminoides affectus Voron., Pseudoam-
modiscus megasphaericus (Gerke), Rectoglandulina
borealis Gerke, and others.

Species which are widespread in the Zechstein of West-
ern Europe: Ammodiscus bradynus Spand., Tetrataxis
lata Spand., T. corona Cushm. et Wat., Lingulonodo-
saria clavata Paalz, and others.

Austrdian species. Reophax aff. belfordi Cresp., Glo-
mospira articulosa (Plumm.), Trepeilopsis australiensis
Cresp.

Pseudoammodiscus kinkelini  Spand., Nodosaria krotowi
Tscherd., Geinitzina postcarbonica Spand. and some others are
cosmopolitan forms.

The immigrants and cosmopolitans offer an opportunity to
correlate the Early Kazanian of this type area with other regions
of the world.

V.M. Igonin

O.N. Klevtsov

Kazan State University
Geologica Department
420008, Kremlevskaya 18
Kazan, Russia
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Uniform Usage of Upper Carboniferousand
Lower Permian Stage Names

by V. I. Davydov and Claude Spinosa

The International Commission on Stratigraphy recently rati-
fied a standard Permian Time Scale consisting of three series:
(Lower Permian) Cisuralian Series with stratotypes in the
southern Ural Mountains of Russia and Kazakhstan, (Middle
Permian) Guadalupian Series with stratotypes in the
Guadalupe Mountains of southwestern U.S.A. and (Upper
Permian) Lopingian Series with stratotypes in south China.
Having approached international consensus on the subdivi-
sions of Permian time, it is now appropriate to seek agreement
on English spelling of geographic and stratigraphic names in-
volved. We are close to achieving a common international
language, and should now seek consensus on spelling.

The present report suggests standards for spelling of Upper
Carboniferous and Lower Permian terms that were originally
published in Russian. Many of the Russian stratigraphic terms
appear in the literature in several different forms: as many as
five different English spellings have been employed for the
same term. Some differences can be attributed to simple case
changes that occur with words in the Russian language. We
offer a standard English spelling and invite suggestions and
corrections from our colleagues. Future reports will seek to
develop uniformity for Chinese terms.

Stages, Substages, Horizons (or Regional Stages) of the
Russian Upper Carboniferousand L ower Permian

Stage, substage or horizon names of Russian origin are
tranditerated directly into English, letter by letter and the “an”
or “ian” ending is added. For example, ? 22?2?2772 trandliter-
ates directly as Artinskyi and trandlates into Artinskian. How-
ever, historically, certain tranditerations have been made
without the “sk.” For example, Sakmarskyi is usualy trans-
lated as Sakmarian rather than “ Sakmarskian.” Terms that are
widely used in literature in one form should continue with
such usage; those occurring in both forms - with the “sk” and
without, should be used without “ sk.”

Formations, Members, Beds and Sections

We suggest direct trandliteration of these terms from Rus-
sian into English as the most expeditious procedure. In some
cases, the name of the section and the geographic name pro-
viding that name are the same, for example the Nikolsky sec-
tion derives its name from Nikolsky village. In this case the
name of the village and the name of the section are the same.
Some confusion arises when the names of the section and the
village differ dlightly. For example, the Kondurovsky
(22222?2?2?272?7) section derives its name from Kondurovka
(2222?222227) village. 2 2?2?2?2?2?222?7?? should be trandliterated
as the Kondurovsky section, rather than Kondurovka

The term“Gorizont”, for example the Tastubskyi Gorizont,
Tastubsky Horizon, or Tastubian, has been used in Russian
Literature with aregional connotation. Some terms, however,
such as Baigendzhinian and Aktastinian, are being recognized
asinternational standards for substages.
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Russian Upper Carboniferousand L ower-Middle Permian Termsand Suggested Usage

Direct Transgliteration of Russian

Tatarskyi Yarus
Vyatskyi Gorizont
Severodvinskyi Gorizont
Urzhumskyi Gorizont

Kazanskyi Yarus

Ufimskyi Yarus
Sheshminskyi Gorizont
Solikamskyi Gorizont

Kungurskyi Yarus
Iren”skyi Gorizont
Fillippovskyi Gorizont

Artinskyi Yarus
Baigendzhinskyi Gorizont
Aktastinskyi Gorizont
Saraninskyi Gorizont
Sarginskyi Gorizont
Irginskyi Gorizont
Burtsevskyi Gorizont

Sakmarskyi Yarus
Sterlitamakskyi Gorizont
Tastubskyi Gorizont

Assel “skyi Yarus
Shikhanskyi Gorizont
Uskalykskyi Gorizont
Sjuren”skyi Gorizont
Sokol “egorskyi Gorizont
Kholodnolozhskyi Gorizont

Orenburgskyi Yarus
Melekhovskyi Gorizont
Noginskyi Gorizont

Gzhel “skyi Yarus
Pavlovoposadskyi Gorizont
Amerevskyi Gorizont
Rechitskyi Gorizont

Kasimovskyi Yarus

Y auzskyi Gorizont
Dorogomilovskyi Gorizont
Khamovnicheskyi Gorizont
Krevyakinskyi Gorizont

M oscovskyi Yarus
Myachkovskyi Gorizont
Podol “skyi Gorizont
Tsninskyi Gorizont
Kashirskyi Gorizont
Vereyskyi Gorizont

Trandation into English

Tatarian Stage

Vyatsky Horizon or Vyatskian
Severodvinsky Horizon or Severodvinian
Urzhumsky Horizon or Urzhumian

Kazanian Stage

Ufimian Stage
Sheshminsky Horizon or Sheshminian
Solikamsky Horizon or Solikamian

Kungurian Stage
Irensky Horizon or Irenian
Fillippovsky Horizon or Fillippovian

Artinskian Stage

Baigendzhinsky Horizon or Baigendzhinian
Aktastinsky Horizon or Aktastinian
Saraninsky Horizon or Saranian

Sarginsky Horizon or Sarginian

Irginsky Horizon or Irginian

Burtsevsky Horizon or Burtsevian

Sakmarian Stage
Sterlitamaksky Horizon or Sterlitamakian
Tastubsky Horizon or Tastubian

Asselian Stage

Shikhansky Horizon or Shikhanian
Uskalyksky Horizon or Uskalykian
Sjurensky Horizon or Sjurenian

Sokolegorsky Horizon or Sokolegorian
Kholodnolozhsky Horizon or Kholodnolozhian

Orenburgian Stage
Melekhovsky Horizon or Melekhovian
Noginsky Horizon or Noginian

Gzhelian Stage

Pavlovoposadsky Horizon or Pavlovoposadian
Amerevsky Horizon or Amerevian

Rechitsky Horizon or Rechitian

Kasimovian Stage

Y auzsky Horizon or Yauzian
Dorogomilovsky Horizon or Dorogomilovian
Khamovnichesky Horizon or Khamovnichian
Krevyakinsky Horizon or Krevyakinian

M oscovian Stage

Myachkovsky Horizon or Myachkovian
Podolsky Horizon or Podolian
Tsninsky Horizon or Tsninian
Kashirsky Horizon or Kashirian
Vereysky Horizon or Vereyian
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