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1. SECRETARY’'S NOTE

I should liketo thank all those who contributed to thisissue of
@Permophiles@. The next issue will bein November 1996 and
will be prepared by the new secretary, Claude Spinosa. Please
send your contributionsto him (see note bel ow from Forthcoming
Secretary).

| should like to express my gratitude to those of you who have
submitted contributions during my eight year term of office. You
have hel ped make=Permophiles@auseful, informative, and timely
Newsletter of the Subcommission on Permian Stratigraphy.

J. Utting

Geological Survey of Canada (Cagary)

3303 - 33rd Street N.W.

Cdgary, Alberta, Canada T2L 2A7

Phone (404) 292-7093 FAX (403) 292-6014
E-mail INTERNET address: utting@gsc.nrcan.gc.ca

2. ELECTION OF NEW OFFICERS

Theresults of the recent el ections of new officersvoted on by
the Titular membersare asfollows.

The new chairman will be Dr. Bruce Wardlaw, and the new
Vice-chairmenwill beDr. E. YaLeven and Dr. Clinton Foster. Dr.
Claude Spinosawill be secretary and editor of “Permophiles’.

Congratul ationsto the new dlate of officers! They will take up
their responsibilitiesafter the 30th I nternational Geologica Con-
gressin Beijing in August of thisyear.

3.NOTE FROM FORTHCOMING
SUBCOMMISSION SECRETARY

This note represents the first communication from me as the
forthcoming secretary of the Subcommission on Permian Stratig-
raphy and editor of Permophiles.

First of al, on behalf of the Permian community, | wish to ex-
pressmy appreciationto Dr. John Utting for hiswork as secretary
of the Subcommission and asthe editor of an excellent series of
Permophiles newsl etters; we are indebted to John. My objective
isto achievethesamelevel of excellence.

Thenext issue of Permophilesisscheduled for November 1996.
Everyoneisencouraged to submit manuscripts- before October .

Permophileswill be prepared using WordPerfect 6.1. The pre-
ferred method of manuscript submission, therefore, is on IBM
computer diskette using WordPerfect 6.1. Hard copies of thetext
and figures should al so accompany the diskette. Filesmay also be
sentin ASCII format or earlier WordPerfect versions. Weexpect
contributionsto be submitted as such, but contributionsmay aso
be submitted as hard copies (on paper) consisting of text and il-
lustrationsasafinal resort. Hard copiesor FAX versions must be
received well beforethe deadline, asthey will require greater pro-
cessing time. Files can be sent as e-mail attachments; however
details should be discussed with Ms. Valencia Garrett, our office
coordinator, prior to submission:

Voice: (208) 385-1631; fax (208) 385-4061 e-mail:
voarrett@trex.idbsu.edu

| have discussed the matter of financial support for Permophiles
with many of the members of the Permian Subcommission; the
consensusisthat we should request voluntary donationsto offset
processing, mailing and paper costs. We are asking for contribu-
tions of $10 to $25. However, Permophileswill be mailed to ev-
eryoneonthemailing list regardless of whether acontributionis
made.

We have established accessto Permophilesviathe Internet; the
addresswill be;

http://earth.idbsu.edu/permian/permophiles

Our intentionisto provideaversion of Permophilesthatisreadily
availablethroughthelnternet. TheInternet version of Permophiles
will have multipleformats. Initially theformat of the Internet ver-
sionwill bedifferent fromtheofficial paper version. Because new
taxonomic names can hot be published in Permophiles, a hard
copy, downloaded from the interned will suffice for many of us.
Permophileswill also be published asahard copy version, ashas
been doneinthe past; for the purposes of citation, the paper copy
will betheonly official Permophilesnewsletter.

Claude Spinosa Permian Research Ingtitute
Boise State University Boise, |daho 83725 Phone (208) 385-
1581 FAX (208) 385-4061 E-mail cspinosa@trex.idbsu.edu

4. SUBCOMMISSION ON PERMIAN STRATIGRAPHY
Report of theMeetingin AlpineTexas
April 11,1966 at 2: 30 pm.

The following titular members were in attendance: Brian
Glenister, GalinaKotlyar, Heinz Kozur, Manfred Menning, Ernst
Ya. Leven, CharlesA. Ross, Claude Spinosa, Jin Y ugan and Bruce
Wardlaw,

Themeeting wasa so attended by: JmW. Adams, Aymon Baud,
Vladimir Davydov, William M. Furnish, DoraM. Gallegos, Ernest
Gilmour, William Grauton, Tatjana Grunt, James Jones, Lance
Lambert, TatyanaB. Leonova, Spencer Lucas, LewisMcNaughton,
Don McGookie, Mike Orchard, Shannon Rudine, Rob Stamm,
Maureen Steiner, Tim Tozer, and Garner Wilde.
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A) COMMENTSBY JIN YUGAN, CHAIR,
SUBCOMIMISSION ON PERMIAN STRATIGRAPHY:

a REPORT OF ELECTIONS: Bruce R. Wardlaw - Chair Ernst
Ya. Leven - First Vice Chair Clinton Foster - Second Vice Chair
Claude Spinosa - Secretary. The terms of newly elected officers
will beginin August 1996.

b. CARBONIFEROUS-PERMIAN BOUNDARY': The ICS has
voted and accepted the proposal, made by the Permian Subcom-
mission, that the Global Boundary Stratotype Section and Point
(GSSP) for the base of the Permian System belocated at Aidaralash
Creek. The proposal will be ratified formally by the IGC at the
meeting in Beijing this August.

¢. MEMBERSHIP IN THE SUBCOMMISSION: Prof. Wu
Wang-shi hasresigned and areplacement isbeing selected. Walter
Nassichuk has resigned and will be replaced by Mike Orchard.
The Subcommission on Permian Stratigraphy isrequired to make
a30% changein membership. Because many existing members
are active and becausethe Subcommissioniscloseto completing
recommendations regarding several major boundaries, the sub-
commission will achieve the required 30% change in member-
ship by expanding its membership from 16 to 19.

d. INTERNATIONAL GEOLOGIC CONGRESS IN BEIJING
- AUGUST 1996: The Subcommission on Permian Stratigraphy
will formally meet in Beijing in August during the IGC. There
will be ahealthy program in paleontology with symposiaon Per-
mian stratigraphy, paleobiology and ecology. A poster session,
chaired by Brian Glenister, is devoted to biostratigraphy, with
emphasis on the Permian and it boundaries.

B) DISCUSSION REGARDING GUADALUPIAN
ASTHE MIDDLE PERIMIAN SERIES:

a. Developing aformal proposal for aMiddle Permian Series-
athree-fold division of Permian. A three-fold subdivisionismore
practical in the view of many American workers.

b. A two-fold division of the Permian - in Russiathereisapref-
erencefor using atwo-fold subdivision.

¢. The Guadal upian was proposed formally with seriesstatusin
1902; component stages have been utilized as time stntigraphic
unitssince 1961.

d. The need to separate the concept of definition and the con-
cept of con=elation of stratignphic units.

e. Some of the same points raised at this meetings have been
raised at various geol ogic meetings during the last 60 years. It is
timeto arrive at aconsensus.

MOVED BY THE SUBCOMMISSION:

“TOPROCEED WITHALL APPROPRIATE SPEED TOESTAB-
LISH THE GUADALUPIAN AS THE MIDDLE PERMIAN SE-
RIES”

THE VOTE BY MEETING PARTICIPANTS WAS: 25 IN
FAVOUR, 0 AGAINST, 4 ABSTENTIONS,

C) DISCUSSION REGARDING STAGES
OF THE CISURALIAN:

a. The definition of the base of the Asselian at the Aidaralash
Creek successionisto beratified by the |GC at their next meeting
in Beijing this August.

b. Use of Kungurian. Most of the commentswerein agreement
that Kungurian strata in the Urals cannot serve as a time-strati-
graphic unit. Theterm “Kungurian” or “Kungurian-Cathedralian”
can be used if Leonard Mountain is utilized as the boundary
stratotype.

¢. TheKungurian“Formation” isnot agood successionto serve
as a stratotype for the interval of time between the top of the
Artinskian and the base of the Roadian.

d. The Kungurian interval should have the boundary and body
stratotype sectionsat Leonard Mountain.

e. Why use the term “Kungurian” with a stratotype in West
Texas?

f. Use“Kungurian-Cathedralian” or “Kungurian ( Cathedralian)”
or “Cathedralian.”

MOVED BY THE SUBCOMMISSION:

“TO ACCEPT THE CISURALIAN SERIESAS COMPOSED OF
ASSELIAN, SAKMARIAN, ARTINSKIAN  AND
KUNGURIAN-CATHEDRALIAN.”

THE VOTE BY MEETING PARTICIPANTS WAS: 13 IN
FAVOUR, 8 AGAINST, 8 ABSTAINED.

D) DISCUSSION REGARDING THE LOPINGIAN:

a. The Lopingian should be the Upper Permian Seriesand should
be comprised of Laibinian, Wuchiapingian and Changhsingian.

b. The L opingian should comprisethe Laibinian, Wuchiapingian
a Changhsingian.

¢. The Upper Permian Series should not have alower division
from China, amiddle division from Transcaucasia, and an upper
division from China. The entire series should bein China.

d. Theuse of Dzhulfian haslong been established and can serve
asatime unit. It should be used.

MOVED BY THE SUBCOMMISSION:

“THAT THE LOPINGIAN SERIES BE ACCEPTED AS COM-
PRISING TWO SUBDIVISIONS: THE LAIBINIAN-
WUCHIAPINGIAN AND THE CHANGHSINGIAN.”

THE VOTE BY MEETING PARTICIPANTS WAS: 19 IN
FAVOUR, 5 OPPOSED, 5 ABSTAINED.

It was suggested that these motions, although not binding, be re-
ferred to asthe“ALPINE ACCORDS’
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A meeting of the Subcommission on Per mian Stratigr aphy was
convened at 6:30am on April 12, 1996.

The following titular or corresponding members were in atten-
dance:

Aymon Baud
Vladimir Davydov
Brian Glenister
GalinaKotlyar
Heinz Kozur
Manfred Menning
Ernst Ya Leven
CharlesA. Ross
Claude Spinosa
Jn Yugan

Bruce Wardlaw

A) INTRODUCTION BY BRIAN GLENISTER:

The need for thismeeting isto send aconcise message to Pro-
fessor Jurgen Remane, Chairman, International Commission on
Stratigraphy, that the Subcommission on Permian Stratigraphy is
making progresstowardsarriving at aconsensus on major subdi-
visions of the Permian System. A report must be sent by the Sub-
commission to Professor Remane regarding the accord achieved
in Reston and Florida. Thereport should present that accord. The
draft that was circulated for discussion at Friday’ s general meet-
ing of Guadalupe Il participants was flawed in several respects:

a. It wasfundamentally changed from the agreementsthat were
previously reached. For example: There had been previousagree-
ment on three Permian series, the draft showed two.

b. The draft wasfar too detailed to serve asareport to the ICS.

This morning’'s meeting is an informal meeting to express the
group’ sconclusionsto Professor Remane.

B) DISCUSSION REGARDING USE OF CISURALIAN,
GUADALUPIAN, AND LOPINGIAN, WITHOUT THE
USE OF LOWER, MIDDLE AND UPPER:

MOVED BY THE SUBCOMMISSION: “EMPLOY THREE
PARTS FOR THE PERMIAN B IN THREE REGIONS -
CISURALIAN IN THE URALS, GUADALUPIAN IN WEST
TEXAS, AND LOPINGIAN IN CHINA. WHEN MORE WORK
IS DONE, ADDITIONAL SUBDIVISIONS CAN BE MADE.”

THE VOTE WAS
8 IN FAVOUR, 2 AGAINST, 1 ABSTAINED. (Ayman Baud
attended the meeting but did not vote)

C) DISCUSSION REGARDING THE LEVEL OF
DETAIL TOBEUSEDINTHEREPORT TOPROFESSORREMANE:

a. How detailed should the report beto Professor Remane? Brian
Glenister suggested that the level of detail arrived at in Floridais
adequate: There were no objections. That level of detail will be
used.

D) DISCUSSION - USE OF “KUNGURIAN":

Brian Glenister. The Kungurian will not serve either asbody or
boundary stratotype. There is agreement that the succession of
strata at Leonard Mountain will serve as the stratotype for
“Kungurian”. Garner Wilde will investigate the possibility of se-
curing formal accessto Leonard Mountain. Thereport to Profes-
sor Remane should befrom the entire Subcommission.

Other suggestions:

Use “Kungurian/Cathedraian”

Use “Leonardian/Kungurian”

Use “Kungurian-Cathedralian” in Russia and “Cathedralian-
Kungurian” in USA

Use “Kungurian” aone

Use“Leonardian” alone

Jin Y ugan: Professor Remane needs asimple scale - without de-
tails. I will not send him the sheet used for discussion last Friday.
We need definition only of bases so we use only Kungurian.

Leven: Agreed with Jin. Names of stages are not politically de-
rived but are of historical and ethical significance and should re-
flect thework of previousworkers. Now we agreethat Kungurian,
Cathedralian and Bol orian are approximately the same age. Aban-
don the terms Bolorian and Cathedralian - retain Kungurian.

MOVED BY THE SUBCOMMISSION:

“THE LEVEL OF DETAIL TO INCLUDE IN THE REPORT TO
BE SENT TO PROFESSOR REMANE SHOULD BETHE SAME
AS SHOWN ON THE CONSENSUS ARRIVED AT IN
FLORIDA.”

THEVOTEWAS: 8IN FAVOUR, | OPPOSED, | ABSTENTION.

THE FLORIDA, “AGREEMENT
| POSSIELE
SERIES | STAGES CONODONT
| IDENTIFIER
CHANGIINGLAN Q. whcannais
LOPINGLAN | DEHULFLAN . leven
: LAJRD AN i, prosrbirdr?
| CAFTANTAM . persrsersara
GUADALLPLAN WORDAAN o aderode
ROADIAN o mamamgenms
| HLMNGLRIAN N, pnew
N axculpurs
| ARTINSRLAN T witites
CISURALLAN & Hovensis
SH.EL".-‘.'.-;R..'_.-L-‘-\' Swe. marrdl
1 o barskon
’H ASSELLAN T, axpanaue
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MOVED BY THE SUBCOMMISSION:

“TO RECOMMEND THAT THE LOPINGIAN BE USED WITH
2 SUBDIVISIONS AND THAT ALL SUBDIVISIONS BE IN
CHINA."

THE VOTE WAS 6 IN FAVOUR, 4 AGAINST, 1 ABSTAINED.

MOVED BY THE SUBCOMMISSION:

“THAT THE TERM =KUNGURIAN-LEONARDIAN= BE
USED IN PLACE OF =KUNGURIAN= ALONE.”

THE VOTE WAS: 4 IN FAVOUR, 5 AGAINST, 1 ABSTAINED.

Meeting adjourned at 8:30 AM.

5.AGLOBAL CHRONOSTRATIGRAPHIC
SCHEME FOR THE PERMIAN SYSTEM
TWO DECADESOF THE PERMIANSUBCOMMSS ON

The Permian Subcommi ssion hasbeen attempting for two
decadesto establish aglobal time scalefor the Permian
System and the GSSPsfor itsinitial boundary and intra-
systemic boundaries. Thishasbeen widdly known asadif-
ficult task sincethat the sequence abovethe Artinskian of
thetraditional standard sectionsintheUralsisvirtually
uselessinintercontinental correlation, and that the avail -
abledtratigraphic datahavelong beeninadequatein estab-
lishing aconfident and precisecorrel ation of post-Artingkian
successonsingtrongly differentiated biogeographicregions.
We are pleased to seethat the conclusion of such along
story tointegratethe suitablemarinereference successions
into asingle Permian chronostrati graphic scheme seems
now to beapproaching.

A generally agreed integrated scheme was achieved
through the devel opment of several draftsduring thelast
twodecades(Figs. 1, 2).

A. Attemptsto build up acomposite scheme based on
marine sequences as asubstitute for thetraditional stan-
dard werelaunched in the sixties (Glenister and Furnish,
1961). Subsequently, composite successionsintegrating
variousregiona stageswere proposed based mainly onthe
interpreted evol utionary succession of regionally limited
ammonoid, brachiopod and fusulinid faunas. (Stepanov,
1973; Furnish, 1973; Waterhouse, 1976; Kozur, 1975).
However, none of these has gai ned an overwhel ming ac-
ceptancebecauseit isoftenimpossibleto provethe objec-
tive stratigraphic superposition of neighbouring stages.
Communi cationsthrough the newd etters of the Subcom-
mission (Permophiles) led memberstoredizethat itisbet-
ter to integrate the reference successionsfrom aminimum
number of typeregionsinto astandard succession. The
scheme suggested by Waterhouse (1982) reflected amo-
mentum brought about by the Subcommission.

B. In 1985 aninternational committee of the Subcom-
mission was organized. Theregional correlation charts

worked out by various national working groupsin 1987,
and discussed in Beijing, showed aconsiderable consis-
tency in key stratigraphic leve s of the marine successions
abovethe Kungurian. In 1988, on behalf of the Subcom-
mission, we recommended Harland and his collaborators
to replacethe Ufimian, Kazanian and Tatarian stageswith
the Guadal upian and L opingian Subseries. They accepted
it and cong dered theintroduction of the L opingian Subseries
wasanotablenovel featureof their new version of theglo-
bal time scale (1990).

In Perm, Russia, 1991, the succession of Asselian,
Sakmarian and Artinskianwasfurther documented asapo-
tentidly qudifiedinternationa standard (Chuvashov et dl.,
1992), and the Guadal upian Serieswasformally proposed
asagloba standard (Glenister et a., 1992). I nternational
working groups were organized for erecting the
chronogtrati graphi c successionscorregponding respectively
with the L opingian, the Pre-Artinskian and that between
the Guadalupianand Artinskian.

C. Leaving asidethewiddy different usageof thenames
Early, Middle, and L ate Permian, an operational scheme
incorporating three most promi sing reference successions
was proposed asaworking templ atefor the Permian Sub-
commissoninGuiyang, China, 1994 by itscurrent and past
chairpersons(Jdinetd., 1994). Updated fossil zoneswere
selected for thescheme. It wasfollowing anumber of com-
ments, which indicated that among four series recom-
mended, the Uralian and the L opingian Seriesare gener-
ally acceptable asthey are privileged by their historic pri-
ority, relatively complete succession and extensivestudies.
Two middle Permian series, particularly, the Chihsian\the
Cathedrdian Seriesin the proposed scheme can not bede-
fined precisely because of the uncertainty in correlation
between the Tethyan and the North American successions.
Moredataare desirableto establish thisunit.

D. During the International Guadal upian Symposium ||
(IGSII) inAlpineof U.S.A. thisApril, theWorking Group
on Post-Artinskian Series suggested to retai n the name of
the Kungurian Stagein the scheme and to defineitsinitia-
tion at the base of the Neostreptognathodus pnevi - N.
exscul ptus Zone with the understanding that this stage
should be established based on full marine successionsin
North Americaor in Tethysbecause of thelack of normal
marine success on of the Kungurianinitseponymousarea.
At the Subcommission’ smeeting, thisproposal wasac-
cepted by all Titular Members and the usage of the
Cisurdian Seriesanditssubdivisions, namey, theAssdian,
the Sakmarian, Artinskian and the Kungurian Stagewas
passed by voting. An emendation to use “the Kungurian
Stage\the Cathedralian Stage” asthe substitute of “the
Kungurian Stage’ hasbeen put forwarded by someTitular
Membersbut did not gain amgjority of votes.

At thismeeting, theusage of theL opingian Seriesandits
two subdivisions, namely, the Wuchiapingian and the
Changhsingian Stagefor the uppermost seriesof the Per-



Permophiles Issue #28 1996

Present scheme

Jinet al., 1994

Harland et al., 1989

Waterhouse, 1982
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Figure 1.
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mian System, and the Guadal upian Seriesand itssubdivi-
sions, namédy, theRoadian, theWordian and the Capitanian
Stagefor the middl e seriesof the Permian Systemwasa so

passed by voting.

E. Withregard to the basal boundary of thissystem, the
Working Group on the Carboniferous\Permian boundary
wasre-organizedin Beijing, 1987. Two yearslater, thepo-
tential stratigraphiclevelsfor the OP boundary were nar-
rowed down to two horizons at a meeting of the WGCP
duringthe 28th 1GCinWashington D.C. A proposal tode-
finethe Carboniferous-Permian boundary at Aidaralash
Creek, Northern Kazakhstan was passed in the Subcom-
mission and the Commission on Stratigraphy in 1995, and
now hasbeen ratified by the executiveboard of IUGS. Itis
marked by thefirgt gppearance of Sreptognathodusisolatus.
Theboundary level islocated withinthe Bed 19, dightly
bel ow the boundary between theShumar dites-Vidrioceras
and the Svetlanocer as-Jur esanitesGenozone, and approxi-
mately coincideswith the base of Sohaeroschwagerina
wvulgaris- S fusiformisZone.

The steady progressin devel oping an integrated scheme
during thelast two decadesrevealsthat it isan interna-
tional program with increasing support fromthemembers
of the Subcommi ssion but should not be understood asa
recent event favoured only by part members(Grunt, 1995).
It also provesthe strength of animproved succession of
conodont zoneswhich can provide asound biostratigraphic
basisin establishing anintegrated scheme, and the evolu-
tionary clinesof conodont claudesareableto providewith
the best bi ostrati graphic criteriain defining the GSSPs of
theintra-systemic boundaries.

Many partsof the conodont succession need urgently to
bed aborated, classification of theleading taxaof conodonts
should beclarified based onwell represented sampl es, cor-
rel ati on between the successi ons of conodontsand other
leading fossilsshould be erected asmuch aswecan, and so
forth. Neverthdess, all of theseimpliesmerdy that weneed
toinvest moreinthisframework.

Notes on the present scheme

A. 7he Cisuralian Series. The namewas proposed by
Waterhouse (1982) to denoteaninterval fromthe Assdlian,
the Sakmariantothe Artinskian, but inthe present scheme,
it also comprisesthe Kungurian, and therefore, correspond-
ingtothe Lower Permian of alargely Russian schemesfor
the Permian (Licharev, 1966; Kotlyar, 1984), and the
Rotliegendes of Harland et al. (1990). The name of the
Urdian Seriesemployed by Jnet a. (1994) whichhasbeen
usedtodenotevarioustimeinterval, andtheY ukian Series
newly recommended by L even (1994) areboth not accepted.

Thetimesgpan of thisseriesisrelatively longer than the
other two, and the eustatic and biotic changeswithin the
Artinskian areremarkable. Consequently, thereisapoten-
tial to dividethisseriesinto twoindependent seriesor two
subseries, of which the upper oneis approximately an
equivalent of the Chihsian\the Cathedralian Seriesof the

preceding scheme (Jinet a., 1994).

Definitionsof the constituent stages are suggested asfol -
lows based on the biostrati graphi c successions of their
eponymousareas. Theinitial Sakmarian Stage boundary
liesat the base of the Streptognathodus postfususinthe
Shihanskian Horizon. Theinitial Artinskian Stage bound-
ary liesat the base of the Sveetognathuswhitei Zonewithin
the Bursevsk Horizon Formation. Theinitial Kungurian
Stageboundary liesat the base of theNeostr eptognathodus
pnevi Zoneda the base of the Saraninsk Horizon (Chuvashov,
1991). The corresponding conodont zonesin Tethyan and
North American successions are dominated by N.
exscul ptus. Of course, the stageswill be defined at the
boundary stratotype, but itisnot yet clear wherethe GSSP
will be.

B. The Guadal upian Series |t hasbeen decided to stan-
dardizethis seriesand its constituent stagesaccording to
the biostratigraphic sequence in West Texas and New
Mexico. Thebasal level of the Guadal upian Seriesispro-
posed to be indicated by the first appearance of
Jinogondolella nankingensiswithinan evolutionary cline
from Mesogondol ellaidahoensisto J. nankingensisinthe
El Centro M ember of the Cutoff Formation.

Sofar as| understand, its corresponding zone of other
fossil groups can not bedirectly fixed inits proposed type
section. Moreover, thislevel hasnot yet beenrecognizedin
Tethyan successions. In South China, thelowest leve of J.
nankingensis known is the Praesumatrina
neoschwagerinoides Zone, but the Roadian ammonoid
faunaissaid to befound from the Cancellina cutalensis
Zone (Bogodovskaya, 1994). The proposed initia bound-
ary of theWordian and the Capitanian Stageisrespectivey
indicated by the earliest occurrence of J. aserrata within
the Gateway Limestone Member of the Brushy Canyon
Formation and that of J. posraserratawithin the Pinery
Member of the Bell Canyon Formation.

C. The Lopingian Series. Establishment of acomplete
succession of conodont zonesfrom the Capitanian Stageto
the Wuchi apingian Stage of L opingian Seriesstrengthened
theinternational momentum to use the L opingian Series
and itsconstituent stages astheinternational standard for
thelast series of the Permian System. It issuggested to
placetheinitial boundary of thisseriesat the base of the
Clarkina postbitteri Zone. Theinitial boundary of the
Changhsingian Stage lies at the base of the Clarkina
subcarinataZonewithinthe Changhsing Formation.

Because of priority of the Dzhulfian Stage over the
W uchiapingian Stage, attempt has been madeto replace
the Wuchi apingian Stage with two stages, namely the
Laibinian Stagein thelower part and the Dzhulfian Stage
intheupper, for thelatter theinitial boundary ischangedto
the base of the Cl. leveni Zone. This suggestion was put
forward in order to definethe stratotype of the Dzhulfian
Stagein South China. The Permian Subcommissionagreed
to takethe advantages of integrating thetyperegionsas
smpleasposs ble, and therefore, declinedto kegp thename
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of the Dzhulfian Stage. The Arctic-Gondwanacounterparts
of the Lopingian depositsin Tethyshaslong beenin confu-
sion. Re-study on the Permian conodontsfrom the Salt
Rangeby Dr. Wardlaw provesthat ClarkinadukouensisMei
and Wardlaw of early Wuchiapingian Stage appearsinthe
upper part of the Wargal Formation. Thisfact confirmsa
L opingian age of the Cyclolobusfauna, whichwaswidely
foundintheuppermost part of Permian successonsin Arc-
tic and Gondwana.

D. ThePermian magnetostrati graphic sequencehasbeen
revised recently by Menning (1993). He pointed out that
the Carboniferous-Permian Reversed M egazone (CPRM)
comprises’5 normal zones, and the Permian part of the Per-
mian-Triassic Mixed Megazone (PTMM) may comprise
morethan 15 norma zones. A corrdation chart of thePTMM
sequences made by Steiner (unpub., 1996) indicatesthat
most normal zones can berecognized internationally. Ac-
cordingto Dr. Haller and hiscollaborators, thelllawarra
Reversal (IR) occurred inthe upper part of the Maokou
Formation in South Chinaand the Lower part of theWargd
Formationinthe Salt Range, which correspond with the
Neoschwagerina margaritaeZone and theJinogondolella
aserrara Zoneof theWordian Stage. Therearetwo or pos-
sibly three normal zonesin thelate Guadal upian Series.
TheWuchiapingian Stage containstwo normal zonesinits
lower part, and oneupper inthe Sat Rangeand South China.
At the M eishan Section, the Changhs ngian Stage comprises
anormal zoneét the base, at | east three mixed zonesinthe
lower part, anormal zoneinthe upper and areversal near
thetop. Dr. M. Menningisnow working with uson defin-
ingtheaccuratelevel of thel R, thebaseof PTMM in South
China. Hepredictsthat thel R should bewithintheWordian
Stage.

E. Theisotopic age of Permian boundariesisnow under
anoveral re-study ontheash bedswith finebiogtratigraphic
control by severdl labs. Anageof 250 Mafor thePermian -
Triassic boundary clay bed of the M ei shan Section, South
Chinahasbeen confirmed recently. Dr. J. C. Claoue-L.ong
reported in the 13th Carboniferous-Permian Congresslast
year the dating of samplesfrom theUrals. Theage of the
Upper Asselian is 290 M a, and that of the Sakmarian/
Artinskianboundary is280 Ma

Conclusions

Thereal strength of ageneral schemeisitspotential in
correlation. Thisintegrated scheme enableusto correlate
the Permian marine sequencesover dl theworld with higher
resolutionthan previoudy. Sincethe Permianwasaperiod
characterized by theconsolidation and the zenith of Pangesa,
Permian deposits of Pangeaaretypified by thesuccession
intheUralsin variousextent and thus, thetraditional stan-
dard successionwould beus=sful in correl ation betweenthese
depositiond successions(Kotlyar, 1995). Anatempttoerect
thecorré ation between the proposed standard and the con-
tinental succession, whichwill beundertaken by aninter-

national working group headed by Drs. Lozovsky and
Schneider, ishighly important for getting an overall view
of Permian correlation.

Potentiality of correlationisal so abasi c requirement of
an acceptabl e stratigraphic boundary level aswell asthe
GSSP. Inthisregard, the proposed stratigraphic level s of
intra-systemi c boundariesin thisscheme areopenfor care-
ful testingintheareasaway fromthetypesectionto seeif
it isworkable. For selecting aGSSP, ahandful of candidate
sectionswould be much better than asingle candidate sec-
tion. Members of the Subcommission are encouraged to
recommend the candidate sections of the basal GSSPs of
Permian stagesand series.

For speeding up the compl etion of the Subcommission’'s
task, | wouldliketo emphasizeagain ‘ thegreatest expecta
tion” when | conclude my termsof chairmanship, thatis,
‘thesubstantial contributionsto be madeinimprovingthe
international correlation of Permian sequencesandthemini-
mi zati on of geopoalitical influencethat would cloudtheis
sue’ (Jineta., 1994).
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6. MIDDLE PERMIAN STRATOTYPE

Regarding sel ection of the Middle Permian Stratotype, | would
liketorefer to the PermophilesNo. 27, November 1995, page5 -
item 6 (Field work on the Lopingian Stratigraphy in Iran).

Jin Yugan and Zhu Zili of the Nanjing Ingtitute of Geology and
Paleontol ogy visited the Abadeh section Central Iranin may 1995
and writethat (the Guadal upian and the L opingian sequenceswere
fully devel oped, and there is no obvious sedimentary evidence of
depositional gap between the sequences of thesetwo epochs, ... ).
This statement supports my previous statement that the Abadeh
sectionin Central Iran, which islocated in the central part of the
Tethys, contains a complete marine geologic sequence from
Artinskian to Dzhulfian, which can serve as the Middle Permian
Stratotype.

Detailed paleontological study of this section, especially the
lower part of Unit 1 should be done in cooperation with the Geo-
logical Survey of Iran sometimein the future. | invite authorities
to concentrate on this study, and cooperate with the Geological
Survey of Iranfor this purpose.

Hooshang Taraz, PhD.
Nicholls State University
Thibodaux, LA U.SA.

7. A SUCCESSOR PROJECT FOR IGCP 328:
PALAEOZOIC MICROVERTEBRATES?

Following on from the success of IGCP 328 (see 1995 publica
tion listing in Turner ed. 1995 Ichthyolith Issues no. 16) and the
proposa by Schneider et a. for anew SCPS project on“ The Con-
tinental Permian of theWorld” (see Permophilesno. 26), workers
particularly inthe Late Carboniferousto Triassic are preparing a
proposal for a successor project to examine “Late Palaeozoic/
Mesozoic Vertebrate Biostratigraphy of Pangea and globa ma-
rine-nonmarine correlation” with emphasis on preparing
microvertebrate standard zones for the Carboniferous, Permian
and Triassic and examining their relationship to conodont, pa-
lynological and invertebrat
ezonations.

Work carried out already by | GCP 328 indicatestheimportance
of xenacanth and hybodont shark teeth as useful zone fossils
throughout this time span. These fishes can be found in marine,
marginal marineand freshwater deposits. The principal proposers
will include Professor JF6rg Schneider (Germany), Dr. Georges
Gand (France), Dr. Spencer Lucas (USA) and Dr. S. Turner (Aus-
tralia)

Background and objectives: Late Palaeozoic and early Meso-
zoic continental clastics and marine shelf carbonates areimpor-
tant sourcerocks (coals, black shales), aswell asreservoir rocks
(sandstones, carbonate buildups, oolitic grainstones), for fossil
fuels, especialy gasand oil. Thistime period covers the forma
tion and the start of the break up of the Pangea Supercontinent
(transition from the Variscian (Hercynian) to the Al pidic Geotec-
tonic Supercycle) aswell asthetransition from thelate Carbonif-
erous/early Permian glaciation vialate Permian aridisationto the
late Mesozoic greenhouse. It covers the Permian/Triassic mass
extinction aswell asthe following recovery and radiation of ma-

rine and continental vertebrates. For practical purposes, e.g. the
exploration of coal, gas and ail, as well as for understanding of
global climatic and environmenta changes, and biotic and geo-
tectonic events, we need an exact time control which has been
missing up to now. Therefore, themain goal of the projectisinte-
gration of the results of basic research with the large amount of
datafrom practical research of fossil fuel exploration. Fromthis
we shall develop new biostratigraphic tools using macro- and
microvertebrate:, arthropods, palynomorphs, to solve the prob-
lemsof local (intrabasinal; drilling cores, X-ray curves), interre-
gional to global correlation of nonmarine, transitional continen-
tal-marine and marine rocks. We shall also produce a synthesis
and calibration of the biostratigraphic data with
magnetostratigraphic scales, i sotopi c agesand sealevel curvesof
|ate Palaeozoicto (Early)

Mesozoictime.

Work in progress. Within IGCP 328 we aready have anetwork
of committed vertebrateworkerson L ate Pal acozoic fishesaswell
asinterested partiesin Mesozoic research and tetrapod workers.
Also in touch with the project are a number of geologists (con-
odont workers, palynol ogists, pal eobotanists etc.) who have sup-
ported IGCP 328. The newsletter Ichthyolith | ssues (editor Dr. S.
Turner) acts as an anchor, disseminator of information, news and
ideasfor the working groups. Work plan: A possible 1996 work-
shop connected with field work inthe Donezk basin of the Ukraine.
This area offers acomplete section ranging from mixed marine/
continental Devonian up to the Lower Permian Asselian marine
and continental deposits, the Gzhelian/Asselian boundary section
(the proposed Carboniferous/Permian boundary) containing ma-
rineand lacustrinelimestones, rich inichthyolithsaswell asblack
shales with arthropods, plant remains and palynomorphs.

Russi an-German co-operation on this project has already been

planned. V. Lozovsky (Geological Prospecting, Russia) and
Schneider have aready proposed “The Continental Permian of
the World” (see Permophiles no. 26); in the Bruxiere basin of
France, where there are uranium quarries, very rich in fishesand
amphibians, an France/German project for scientific cooperation
isin progress together with Georges Gand and Jan Marc Poulin;
with Jean-Claude Gall (Europal), Schneider has discussed a Eu-
ropean scientific network on Fossil I nsectsfrom which we could
expect substantial input to our new project. Individual work in
progress on Carboniferous, Permian and M esozoi ¢ vertebratesand
related matters are recorded in I chthyolith I ssues. Schneider has
aready anew insect/conchostracan range chart (base Westphalian
up to the Tatarian/Midian) prepared for German gas companies
and amworking ondrill cores of Permian marine carbonates, do-
ing microfacies analysis for oil exploration. New work on Car-
boniferous and Permian/Triassic fishesisinitiated in Australia,
South America and South Africaaswell asin classic regionsin
the northern hemisphere such asthoseinthe U.K. and U.S.A. and
new areas including British Columbia of Canada.
If accepted by the UNESCO/1.U.G.S. scientific committeethefirst
meeting of the new project will be held in mid 1997 at the 2nd
Mesozoic Fishes meeting in Berlin (co-organizers Pr. Dr. H.-P.
Schultze and Dr. G. Arratia).

Work of the IPA International Microvertebrate group has been
motivated over the past five years by the aims and objectives of
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| GCP 328: Palaeozoic Microvertebrates and especially the need
for marine-nonmarine correlation. 1996 isayear on extended term
for 328 and afinal report isbeing produced which isdestined for
CFS. International co- operation is planned between Prof. G.D.
Johnson and Dr. P. Murry (USA) and Wang N-Z and Prof. Liao
Zhuoting (China) to study the Permian fishes of the Turpan Basin,
Xinjiang and Anhui Province. Johnson is aso working on Lower
Permian microvertebrates of the southwestern USA (Texas, Okla-
homa) and their potential for correlation. Renewed work on the
Permian fishes of central Europe (Hampe, Heidtke and Schneider
in Saar-Nahe and Saxony, Germany; Stamberg and Zgjic in the
Krkonose Basin, Czechia) has led to greater understanding and
use of xenacanth and hybodont teeth for biocorrelation. New Per-
mian vertebrate siteshave been foundin NSW, Australiaand Bra-
zil.
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8. A SUMMARY OF FLORAL DISTRIBLTION
IN THE PERVIIAV GONDWANA SEQUEVCE OF INDIA

The Permian sequence of India, commonly referred to as the
Lower Gondwana, is divided into Talchir, Karharbari, Barakar,
Barren Measures and Raniganj formations. The sequencesarewell
represented in different basins of Peninsular Indiae.g. Damodar,
Kodl, Son-Mahanadi and Pranhita-Godavari. Plant fossil assem-
blages are recorded from almost al the formations of these ba-
sins.

Thefloraknown asthe Glossopteris flora due to presence of
glossopterid leaves showsthe classic similarity with the Gondwana
floraof other southern hemispheric continentsi.e. Australia, Ant-
arctica, South Americaand southern Africa. However, it indicates
adistinct pattern in having characteristic association at different
stratigraphic level in India.

Theearliest stage, i.e. Talchir Formation, inall likelihood con-
tainsthe early stage of theflora, iscommonly known by theleaves
of Gangamopterisand Noegger athiopsis. Other elementsarere-
corded by afewer number of specimens (Chandraet a., 1992).
Theflorafromthe Karharbari Formation showsdiversity and pro-
liferation of the Gangamopteris- Noegger athiopsis association
together with the characteristic elements of its own e.g.
Botrychiopsis, Buriadia, Euryphyllumand Rubidgea (Lele, 1976).
Thesuccessiveyounger horizon, the Barakar Formationismarked
by the presence of two floral zones. The assemblages of thelower
Barakar indicate the continuation of the older flora of the
Karharbari Formation i.e. Gangamopteris - Noeggerathiopsis
complex but lack the presence of other forms. The plant fossils
from the Upper Barakar demonstrate the compl ete elimination of
the earlier floraand show the dominance of Glossopterisl|eaves
(Srivastava, 1992). Quite often sterile foliage frond of
Neomariopterisisassociated withtheflora. Thefossil assemblage
fromthe Barren Measuresisinadequatel y known and exhibitsthe
similarity with the floraof Upper Barakar in having frequent oc-
currence of Glossopterisspp., but presence of thelycopsid genus,
Lycopodiopsis (= Cyclodendron) makesthefloradistinct (Surange,
1975). Raniganj Formation representing the Upper limit of Per-
mian shows the greatest diversity of the flora both in quality as
well as in quantity. The maximum number of Glossopteris spe-
cies (about 50), glossopterid fructification (10), filicales (8),
equisetales (4), sphenophylls (2) and number of seeds and spo-
rangia are known from this formation (Srivastava, 1986). Thus
the glossopterid-pteridophyte association marks the end of the
Permian Gondwanafloraof India.

The flora change at different stratigraphic levels of the Per-
mian Gondwana of Indiasuggeststhat after the early stage of the
Glossopterisflorainthe Talchir Formation thefloraacquired major
shift at three levels. Dominance of Gangamopteris-
Noegger athiopsis and appearance of newer formsintheKarharbari
Formation marked thefirst breakthrough, the extinction of older
formsand dominance of Glossopteris spp. during Upper Barakar
signifiesa diversion of the florafrom gangarnopteroid phase to
glossopteroid phase, the third and final level of changeisvisible
in the Raniganj Formation where the flora flourished with many
new types of glossopterid leaves, fructifications, sterileand fer-
tile fronds of pteridophytes, seeds and sporangiain abundance.
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9. THE SIGNIFICANCE OF EXINE STRUCTURES
IN THE GENE-POOL OF SACCATE POLLEN
FOR THEIR REAL IDENTITY

An extensive microscopic observationin saccate pollen hasbeen
made by usto study theintricate nature of exine structure on cen-
tral body surface. For this objective the monosaccate as well as
bisaccate pollenin Permian and Triassi ¢ sequencesin Europeand
Indian peninsula have been observed.

It includes several type materials from Europe and India
(Leschik, 1956; Schaarschmidt, 1963; Madler, 1964; Klaus, 1960,
1963, 1964; Potoni é and Klaus, 1954; Scheuring, 1970; Playford
and Dettmann, 1965; Sinha, 1972; Bharadwgj and Tiwari, 1977,
Tiwari and Rana, 1980) by the authorsfor the research paper en-
titled — Differential morphographic identity of Gondwanic
palynomorphsinPal aeobotanist 44: 62-115, to expeditethereal
vis-a-visapparent form similarity among the bisaccate pollen taxa
of two hemispheresduring the sametime span. Thebasis, formu-
lated for discussionin morphogaphy are—exine structures, cappa,
saccus and organi zation.

Moreemphasisislaid onto theexinestructures. The Gondwana
pollen exhibit mostly microreticul ate structure constituted by per-
fect muri and meshes. Thus, there are three main patterns of exine
structuresin Gondwanapollen— (1) perfectly infrareticulum. (2)
rarely infrapunctation, and (3) microverrucose scul pture.

Butinseveral of striate, taeniate and non-striate saccate pollen
groups from Euromerican Permian and Triassic have basically
different lines of structure pattern. Theinfrastructure of exine, is
given here anew terminfraver miplexate, it consists of variably
shaped island-like elements, vermiculate, ridge shaped imparting
alook of a drainage system. The infravermiplexate structure of
exineisnot at all typical “reticulate network”.

This study revealed real differencesin similar looking pollen
formsin differential development of sexineonthe proximal face
of the central body and saccus covering on to the body. In addi-

tion, the bisaccate pollen taxaof Permian and Triassic Gondwana
assemblagesin India, whichweredescribed under Lunatisporites,
Lueckisporites and Klausipollenites, have now been given new
namesto differentiate them from northern taxa.

I. Arcuatipollenites Tiwari and Vijaya1995
2. Dicappipollenites Tiwari and Vijaya1995
3. Krempipollenites Tiwari and Vijaya1995

Beside the taxonomic assignment, on the basi s of valuabl e ob-
servationsof certain type specimens, comments on someimpor-
tant taxa — Kraeuselisporites, Cordaitina, Hexasaccites,
Crucisaccites, Sulcatisporites, Falcisporites, Crescentipollenites,
Chordasporites have also been given to provide moreinsight in
red vis-a-visapparent fromsimilarity.

Differential morphographic flowsin palynofloral structuring of
Euromerican and Indian Gondwana paynofloras, which had re-
sulted dueto latitudinal disparity, have been discussed in this pa-
per.

Reference

Tiwari, R.S. and Vijaya, 1995. Differential morphographic
identity of Gondwanic palynomorphs. Palaeobotanist v. 44,
p. 62-115.

Vijaya

Assistant Director

Birbal Sahni Institute of Palaeobotany
Lucknow

10.”DCB” - A GOLDEN JUBILEE TRIBUTE

The Birbal Sahni Ingtitute of Palaeobotany is running in the
Golden Jubilee Y ear with afruitful history of the past 49 years.
The palaeobotanical research has covered various aspects, viz.,
early life, origin, radiation and decline of the Glossopterisflora,
exploration of fossil fuels, affinities and genetic rel ationshi ps of
Paleozoic and Mesozoic floras of the Himalayaregion withaglo-
bal perspective on continental drift, evolution and diversification
of Tertiary floras of India with emphasis on the spread of An-
giosperms, Pre- and Protohistoric culture, biopetrol ogical assess-
ment of coal sand lignites, reconstruction of phytogeographic and
palaeoclimatic modelsfor the Quaternary, vegetational dynamics
and conservation of forests, geochronometry, pal aeobiochemistry,
and geobotany.

Theresults of thisresearch are published in Indian and Foreign
Journals. The growth of any organization is reflected in the in-
crease of the strength of the staff and the number of publications,
Thegrowth of the I nstitute showstotal strengthto be onehundred
ninety-six in March 1995. The publication of theinstitute records
43 volumes of the Journal, The Palaeobotanist, special publica-
tionsincluding monographs, books, catal ogues, annotated synop-
sisand hundreds of research papersby the scientists. Theincreas-
ing number of publicationshasgiven athought for the use of com-
puter in the data handling. At present most of the leading organi-
zationshavedevel oped their own DataBank intheir specificfield.
Theuseof thecomputer reflectsthetwenty-first century to bethe
century of computers. In the Birbal Sahni Institute, Dr. D.C.
Bharadwaj, ex-deputy Director, realized the need for computers
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since the late 1970s. He initiated the cataloguing of references
pertaining to palynological studiesof Indian Gondwana sediments
and allied aspectsbeing done at the Department of Pre-Gondwana
and Gondwana Palynostratigaphy (PGGP) since 1973. This pro-
vided away to usethe computer in palynology. Theplan of devel-
oping the Data Bank pertaining to the objective of the catalogue
became true. Under able guidance of Dr. R.S. Tiwari, Director,
BSIP, the team of paynologists - Suresh C. Srivastava, Archana
Tripathi, Pramod Kumar, Vijaya, B.N. Jana, Ram-Awatar, K.L.
Meenaand A.P. Bhattacharyyaworking inthe Department of PGGP
a BSIP have developed a Data Bank in dBASE 111 Plus Software.
The work started with the development of a computer program
(Rajagopalan, Tiwari, Srivastava, Tripathi and Singh, 1984) for
storage and retrieval of palynological references. The program
was coded in Business Basin (BBASIC) language provided by
UPTRON Digital System Ltd. for the S-810 microcomputer, with
the technical expertise of Dr. G. Rajagopalan, Deputy Director,
Birbal Sahni Institute of Palaeobotany, Lucknow.

With new aid of the IBM Computer —Mi crosoft Computer 8088
PC/XT the datais now availablein dBASE I11 Plus software. The
datafield records about 2000 references on the subject concerned.
For the effectiveand purposeful utilization the searchretrieval of
datawas felt necessary. With this objective it was planned to de-
velop aprogrammeto retrievethe referencesaccording tothefields
identified for arecord. Thisfield could be an author, year, area,
basin, a e and various subjects, e.g., palynostratigraphy,
morphotaxonomy, el ectronmicroscopy, palynological techniques,
palaeoclimate, boundary problems, geology, stratigraphy, etc.
Hence a computer-aided program has been developed by R.S.
Tiwari. Arachana Tripathi and R. Nandhgopd at the Birbal Sahni
Ingtitute of Palaeobotany, in a microcomputer — SOSS, PC,' XT.
This program is coded in dBASE Il Plus Data Base Software.
Theprogramisclassified in variousretrieval options. The options
could be for one field or combination of more than one fields.
This program has been named "DCB” in memory of the late Dr.
Dinesh Chandra Bhandwaj, Ex-Deputy Director, Birbal
Shani Institute of Palaeobotany, India who initiated the
palaeopalynological researches with the identification of
Gondwanic palynomorphs.

Archana Tripathi
Birbal Sahni Institute of Palaeobotany
Lucknow, India

11. PALYNOSTRATIGRAPHIC STUDIES IN
LATE- PALAEOZOIC AND MESOZOIC
SEQUENCES IN NITI AND SPITI AREAS
OF TETHYS HIMALAYAS

Recovery of spores-polleninthetectonically effected sediments
of Tethys Himalayais avery difficult task. The preservation of
palynomorphs, because of taphonomic factors, isnot good enough
to be utilized in morphotaxonomy. However, during recent years
efforts have been madetowardsthe palynostratigraphic studiesin
thisregion, and satisfactory results could be achieved.

With this objective, the Late Permian, Early Triassic and Late
Jurassi ¢ sequences have been worked out in about eight sections
—Niti Pass, Hoti Gad, Shal Shal Nala, Raulibagar, Rambakot and
Lapthal, of the Niti area.

Successional palynosequence representing Permo-Triassic
boundary transitionisrecoveredinthe Hoti Gad Section. Similar
record of the Jurassic palynoassemblage in Spiti Member of
Lapthal sectionissignificant.

The palynoassemblages recovered in Tethyan sequence of Niti
areahave been assessed for their qualitative composition, and arc
being tagged with well-established pal ynosequence on Indian pen-
insula. Intotality, ageneral trend of similarity isrevealed between
the palynofloras of the two regions. The age of non-marine Per-
mian-Triassi ¢ sequences has also been evaluated in the Niti area.

The manuscript isin press and will be published in Review of
Palaeobotany and Palynology, by R.S. Tiwari, Vijaya, B.D.
Mamgain and R.S. Misra.

In the Spiti area, the Permian and Early Triassic Tethyan se-
guenceshave beeninvestigated for their palynostratigraphy. These
include — Takcha section, Mandaksa section, and Ganmachidam
Hill Sectioninthe Upper Spiti Valley and Poh Hillock sectionin
the Lower Spiti Valley. The taphonomic observations of
paynomorphsreflect high diagenetic activity withinthe sediments.

The Permian sequence is represented in the Mandaksa Nala,
Ganmachidam Hill. Lingti Road and Lingti Hill sections
(Ganmachidam, Gechang and Gungri formations) and hasyiel ded
—Densipollenites, Faunipollenites and Crescentipollenites.On
the basis of varied relative frequency of these taxa, Barakar and
Raniganj palynoassembl ageshave beenidentified inthis sequence.

Thelimestone shale of Lilang Formationinthe Lower Triassic

sequenceof Lingti Road and Lingti Hill sections, hasyielded the
Early Triassic palynofossilsLundbladispora, Krempipollenites,
Arcuatipollenites. Quantitative determination of palynofossilsis
difficult because of poor recovery.
Besidethe palynostratigraphic study, in view of field observation
by two authors (TSand RA), the stratigraphic status of many litho
units— Ganmachidam Formation and Gechang, Gungri Members
isalso discussed.

Thismanuscript was published very recently inJour nal of Geo-
logical Society of India.

Inthe 30th International Geological Congressat Beijing, China,
| shall give an ora presentation on the present knowledge of
palynologic Permian- Triassic boundary transition in Tethys
Himalaya and Indian peninsula, i.e. in marine vis-a-vis nonma-
rine sequence at the P/T boundary.

Vijaya

Assistant Director

Birbal Sahni Institute of Palaeobotany
Lucknow
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12. THE PALYNOLOGY AND AGE OF
KONGSHUHE FORMATION OF
TENGCHONG BLOCK IN WEST YUNNAN, CHINA

Since the recovery in the 1970s of glacio-marine deposits of
L ate Palaeozoic age on the Baoshan and Tengchong Blocks, the
geology (especially palaeontology) hasbeen exhaustively studied
by geologists in both China and abroad. However, work on the
fundamental geology in both biostratigraphy and
pal aeobiogeography did not progress quickly until the 1990s. Two
significant contributions are worthy of mention. One isthe sys-
temati c sedimentary study of the upper Palaeozoic depositsonthe
Tengchong and Baoshan Blocks by Prof. Wopfner and Dr. Jin,
and the other, the palynological study of thelower Permian rocks
in Tengchong Block by the author.

Based upon the sedimentary study by Prof. Wopfner and Dr. Jin
(1994), athree-fold clastic sequence consisting in ascending or-
der of 1) diamictitesand coarse clastics, 2) pebbly mudstonesand
laminites, 3) black pyritic, organic-rich mudstone (with or with-
out carbonate concretions) of Late Carboniferous to Early Per-
mian age, iswiddy distributed in the Baoshan block and Tengchong
block of West Y unnan. They claimed that the Baoshan Block with
its glacio-marine deposits apparently originated from a position
proximal toissuing glaciers, possibly near the northwest-coast of
Austrdia, whilethe Tengchong Block occupied amore peripheral
position (Wopfner and Jin, 1993).

Thecontroversy in age between fusulinidsand other fauna(such
asbrachiopods) in Baoshan and Tengchong Blockswas di scussed
by Dr. Nie Zetong et al. (1993). They suggested late Carbonifer-
ous fusulinids were reworked into the lower Permian to explain
the age controversy between faunain their paper of ”Biota Fea-
tures of the GondwanaAffinity Faciesand Review of their Strati-
graphic Agesin Western Yunnan”. They accepted the opinion of
former workersthat thefollowing fusulinids: Triticitesohioensis,
T. pusillus, T. parvulus, Hemifusulina maoshanensis, H.
pseudosimplex etc. in Baoshan and Tengchong Blocks were as-
signed to the Triticites Zone of Ghzelian age. After re-examina-
tion of the fusulinids by Dr. Wang Y ujing, it was concluded that
the fusulinid assemblage in the above areas should belong to the
Pseudoschwagerina Zoneinstead of the TriticitesZonebecause
in addition the assembl age contains Eoparafusulina (Triticites)
pusilla, E. (Hemifusulina) maoshanensis, E. pseudosi mplex.

With the discovery of Gondwana type spores and pollen in
Kongshuhe, Tengchong of West Y unnan, the geol ogi cal age of the
Kongshuhe Formation has been confirmed as early Permian
(Asselian to Sakmarian). The spores and pollen were extracted
from the above mentioned 3) black pyritic, organic-rich mudstone
of thethree-fold clastic sequencesof Kongshuhe Formation. Most
species are of Gondwana affinity. They are Microbaculispora
tentula, Jayantisporites pseudozonatus, Horriditriletes
tereteangul atus, Propinguispora praetholu.s, Procoronaspora
spinosa, Vittatina fasciolata, Prorohaploxypinus sp.,
Punctarisporitescf. gretensis, Retusotriletessp. Thisassemblage
in Tengchong has been correlated to the well-studied Gondwana
zones, such asthetop part of Unit Il in Canning Basin by Kemp et
a. (1977); zonel intheKaroo Basin by Anderson (1977), aswell

asthe Granulatisporites confluens Oppel-zone from the Grant
Formation of the Barbwire Terrace, Canning Basin by Foster and
Waterhouse (1988), and the P, confluensZoneinthe CollieBasin
by Backhouse (1991).

If we accept Wopfner and Jin’sidea that the above mentioned
3) sequenceof black shaleand organic-rich mudstonein Tengchong
represents deglaciation, we can then confirm the correlation from
Petrography and Palynology between the Tengchong and Canning
Basin. This conclusion strongly supports the suggestion that
Tengchong waslocated quite closeto West Australiaat that time.
Further detailed comparative studies based upon the material be-
tween Australiaand West Y unnan hopeful ly will beinitiated soon.

Dr. Yang Weiping

Nanjing Institute of Geology and Palaeontol ogy
Academia Sinica, No. 39 East Beijing Road
Nanjing, 210008, P. R. China
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13. DISCOVERY OF PALAEOFUSULINA FAUNA
IN THE LOWER PART OF THE HESHAN FORMATION
(EARLY WUCHIAPINGIANIN LAIBIN, GUANGXI, CHINA

Palaeofusulina, one of the most widespread fusulinids in the
latest Permian in Tethys, was regarded as the index fossil of the
Changhsingian in Chinaas well asin other regions of the Tethys
(Sheng, 1963; Rui, 1979). It is now found having itsfirst occur-
renceinthelower part of Heshan Formation in Laibin, Guangxi.
Thelimestone succession and associated other fossils suggest an
Early Wuchiapingian age.

The section with the Palaeofusulina fauna is located in
Penglaitan 18 km east of Laibin County, Guangxi, wherethe Per-
mian succession iscompletely exposed d ong the Hongsuihe River.
Permian deposition was continuous except for a short time-gap
between the Artinskian and Chihsian in this section. The forma-
tionis150 mthick and ismainly composed of limemudstoneand
siliceous lime mudstone with variousfossils. The upper 20 mis
composed of mudstoneinterbedded with limestone, yielding abun-
dant Changhsingian ammonitesPseudotirolites, Tapashanites and
Changhsingoceras; the middle 60 m islime mudstone interca-
lated with siliceous limestone, siliceousrock, siltstone and coal
seam, containing Wuchiapingian ammonites Sangyangites,
Zonglingites and Protoceras, theconodont Clarkina orintalis, and
plant fossils Cordaites, Tanaeopteris, thelower 70 missiliceous
limestoneintercalated with limestone and siliceousrock, contain-
ing conodonts Clarkina postbitteri and C. dukouensisinitsbasa
part. The basal contact with the underlying Maokou Formation
was considered conformable based on the lithological and con-
odont succession (Jinet a., 1994). Thetop 8 m of Maokou For-
mation is composed of medium bedded to massive bioclastic
wackestone and packstone, containing the Maokouan conodont
Mesogondol ella altudaensis, M. xuhanensisand M. granti, and
the fusulinid Codonofusiella. In another section 14 km west of
the Penglaitan Section thetop 7 m of the Maokou Formation con-
tainsthe above conodontsaswell astypical Maokouan fusulinids
Metadoliolina doullvi, Colania sp., Chsenella sp., Kahlerina
sinensis and Lantschi chites minima.

The Palaeofusulina fauna occursin an interval between 10 m
to 20 m above the M aokouan-L opingian boundary in association
with the conodont Clarkina cf. asymetrica. Nine speciesfrom5
genera including Palaeofusulina jiangxiana, P. fusiformis, P.
minima, P, fluxa, P. parafusiformis, Gallowayinellalaibinensis,
Tewoella brevicylindrica, Nankinella sp. and Staffella sp. have
been recognized, of whichP. fusiformi’ s, P. minima iswidespread
in the Changhsingian in South Ching; P, jiangxiana has a large
shell and been reported in the Palaeofusulina sinensis zone of
Late Changhsingian in Loping, Jiangxi (Sheng et Rui, 1984); T.
brevicylindrica was found in association with Palaeofusulina
minima in Lopingianin Tewo, Gansu (Sun, 1979). Gallowayinella
laibinensisisanew species proposed in this paper on itstransi-
tional morphology between Russiella, Gallowayinella and
Tewoela. Itissimilar to Russidlla pulchraM.-Maclay initssmaller
proloculum, an endothyroid juvenariumandit hasirregularly fluted
septasimilar to that of Tewoella. Ontheother handitissimilar to
Gallowayinella meirienensis Chen by itsrounded polesand com-
pacted volutions. Kanmera et al. (1976) suggested that

Gallowayinella is derived from Russiella. Our new species G
laibinensis gives alinkage between Russiella of Maokouan and
the Galloivayinella meitienensis species group of the Late
Wauchiapingian. Tewoella may also be derived from the G.
laibinensis species group. This Wuchiapingian Pal aeofiisulina
faunacontainsboth primitiveforms (P. minima andG. laibinensis)
and advanced forms(P. jiangxiana). Thissuggeststhat L opingian
fusulinids have a rapid morphological divergence in the
Wuchiapingian and that they flourished in the Changhsingian. The
difference between this Wuchiapingian fusulinid fauna and
Changhsingian fusulinid faunaisthat the former is dominated by
species of Palaeofusulina with fusiform shellsand the latter by
species of Palaeofusulinawithinflated fusiform shells.
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14. THE CHIHSIAN SERIES IN SOUTH CHINA

The ChihsiaLimestone, named by Richthofenin 1882, wasfor-
mally defined by Huang (1932) as a dark limestone between the
light colour Chuanshan Limestone and the Kuhfeng Chert. Inthe
typearea, thefusulinidsof thisformation were grouped into four
zones: Misellina claudiae zone, Nankinella orbicularia zone,
Schwagerina chihsiaensiszone and Par afusulina multiseptara
zone in ascending order (Zhou and Zhang 1984). The term
Chihsian, was widely used as a stage with various modifications.
A common usage of Chihsian is to represent the Misellina
genozone, which is only correlated to the lower part of Chihsia
Limestone (Kozur, 1977), but the Chihsian Series, proposed by
Jin et a. (1994), is an equivalent of whole Chihsia Limestone
corresponding with to the Bolorian, Kubergandinian and prob-
ably lower Murgabian in Pamir.

Asawhole, there is no remarkable lithological and biological
change within the Chihsian Seriesin South China. A sharp biota
change has been reported between the Bolorian and the
Kubergandinian in Pamir (Leven 1994, Bogoslovskaya and
Leonova1994), has not been recognized in South China. It seems
that thefauna change of Bolorian/Kubergandinianisalocal event
resulting from regional environmental change rather than global.
Within the Chihsian Series of South China, the only disputable
horizon in South China is Parafusulina multiseptata zone. In
Zhgjiang (Wang and Tang 1986) and Anhui (Zhao 1989), the P.
multi septata zone containsPraesumatrina neoschwagerinoides,
acharacteristic species of Early Maokouan initseponymousarea
of southern Guizhou. Thisoverlapping part, roughly correspond-
ing with the Parafusulina multiseptata zone of restricted shelf
facies, the Praesumatrina neoschwagerinoides zone or the
Neoschwagerina simplexzone of open shelves, hasbeen assigned
to the Chihsian by some Chinese stratigraphers and to the
Maokouan by others. Other faunas of the overlapping part do not
show adecisive difference from typical Chihsian faunas. Among
the fusulinids, Neoschwagerina is a characteristic genus of
Maokouan, Praesumatrina is restricted to the overlapping part,
Pseudodoliolina and Verbena appear firstly in the bed dlightly
lower and flourish in the Maokouan, but amgjority of component
speci es bel ong to the generaSchwagelina and Par afusulina rang-
ing from Chihsianto Maokouan. The Corasaretypical of Chihsian,
and the brachiopods reveal a transitional character between
Chihsian and Maokouan. Including this part into the Maokouan,
then the Chihsian would be correlatable to the Bolorian and
Kubergandinian.

The lower boundary of the Chihsian Series is marked by an
unconformity in successions of South China. It is this sharp
lithological and fauna change from Chuanshan Limestone to
ChihsiaLimestonethat lead Chinese stratigrapher to havetakeniit
asthe C/P boundary for decades. Recent investigation reveal that
aregression took placeinthelatest Zisongian (latest Sakmarian)
andtheearly Longliaian (early Artinskian) and asubsequent trans-
gressionoccurredinthelate Longlinian (late Artinskian) (Jinand
Sheng, 1994; Zhu 1995). In the slope and basinal successionsin
eastern Y unnan, southern Guizhou and western Guangxi, deposi-
tion was continuous from the Zisongian to the Chihsian. Corre-
sponding deposits of lowstand appear inthe middle of Longlinian

succession. Neostreptognathodus excul ptus, akey speciesfor the
base of Kungurian occurs just above thislevel, the upper part of
the Pamirina darvasi cazonein the L uodien Section of Guizhou
(Wang, 1994). Thisfact impliesthat the newly defined Kungurian
Stage should include part of the Yachtachian in Pamir, and the
upper Longlinian of South China.

With regard to the key conodont elements of the basal
Guadaupian, Jinogondolella nankingensis, | has been reported
in South Chinafrom several localities. The type locality of this
species is the Kuhfeng Formation overlying the bed of
Para.fusulina multiseptata Zone in Nanjing. It has been found
fromthetop part of the Chihsian Formationin Susong and Tongling
County, Anhui, below the Kuhfeng Formation with J. aserrara
and J. postserrata. (Wang et al., 1993). Occurrence of
Praesumatrina neoschwagerinoidesin abed 90in below thetop
of the Chihsia Formation in Guichi Section close to the Sosung
Section suggests apossibility that J. nankingensis appearsabove
the bed with P. neoschwagerinoides. In Ziyun and Luodien, south-
ern Guizhou, J. nankingensis occurs in the beds of
Neoschwagerina mar garitaezone and Yabeina inouyei zone. The
available data suggest that J. nankingensis occursin higher level
than the fusulinid P. neoschwagerinoides does in South China.
However, Mesogondol ella phosphoriensis, regarded asWordian
in age by Behriken et al. (1986) and from Roadian to Wordian by
Kozur(1995), occur in the beds of theMisellina paramegal oculd
zone. T'his means that the base of that fusulinid zone of
L uodianian, correspondent with the base of the Kubergandinian,
iscorrelatableto the base of the Roadian, acorrel ation supported
by the data.of ammonoidsfrom thebasal part of the Kubergandian
in Pamir (Bogoslovskaya and Leonova 1994, Leven 1994,
Davydov 1994, Kotlyar 1995). Ibisconclusioniscontradictory to
the occurrence of M. idahoensis, atypical late Cathedralian ele-
ment inthesamelevel.
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Late Chuanshanian and Chihsian conodont and fusulinid sucession in
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15. ANALOGUE OF THE UFIMIAN, KAZANIAN
AND TATARIAN STAGES OF RUSSA IN
NORTH-WESTERN CHINA BASED

ON MIOSPORES AND BIVALVES

According to regional stratigraphic schemes the Upper Permian
of the Uralsand Russian Platform is subdivided into stages, sub-
stages, horizons. Their stratotypes are situated in the European
part of Russia(Figures 1, 2). Ufimian Stage, Solikamsky Horizon
(Fig. I, stratotype section I). This horizon yields abundant
miospores. Thesporesinthe palynological assemblages (PA) are
represented by subturma Azonotriletes Luber and Zonotriletes
Waltz. Azonotriletes includes single specimens of the genera
Calamospora, Punctatisporites, Cyclogranisporites,
Granulatisporites, Eikshorisporites, Acanthotriletes, and
Rai strickia. Zonotriletes episodically dominatesand includesthe
following species: Cirratriraditesornatus (L uber), C. procumbens
(Luber), Kraeuselisporites setul osus Virbitskas, Kraeuselisporites
sp. Among the polleninfraturmaCostati Jansonius predominates.
It mainly consists of abundant Weylandites striatus (L uber), sig-
nificant amounts of Vittatina costabilis Wilson, V. subsaccata
Samoilovich ex Wilson, Weylandites persecrus (Sauer),
Ventralvittatina vittifera (L uber) f.minor Samoilovich, V. tumida
Koloda. Striatiti Pant dominates, including aconsiderable amount
of Protohaploxypinus perfectus (Naumova), P. perfectiformis
(Poluchina), P. latissimus (L uber), Hamiapollenitestracfiferinus
(Samoailovich) and sporadic Striatoabieites brickii Sedova, S.
elongatus (Luber), S. striatus (Luber), Hamiapollenites
bullaeformis (Samoilovich), Paucistriatopinites sp. Subturma
M onosaccites Chitaley emend. Potonie and Kremp subdominates
inthePA, anditisrepresented by lunctella ovalis Kara-Mursaex
Djuping, I. rotunda Kara- Mursaex Djupina, Florinitesluberae
Samoilovich, Cordaitina uralensis (Luber), Luberisaccites
convallatus (Luber). LimitisporiteslatusL eschik, L. monstruosus
(Luber), lllinitesparvus Klaus, 1. pemphicuus Klaus, Jugasporites
delasaucei (Potonieet Klaus), Gardenasporitesleonardii Klaus,
G. magnus Hou et Wang, Gigantosporites p., Vesicaspora wil sonii
Schemel, V. schemeli Klaus, Alisporires sublevis (Luber) are
among the nontaeni ate saccate pollens.

Association of nonmarine bivalvesis present in the upper part
of Solikamsky Horizon and represented by species: Redikorella
starobogatovi (Kanev), R kanevi Slantiev, Palacomutelaoblonga
(Krotow), P. voinovae (Kanev), P. grata Kanev, Khosedael la
subconcentrica (Krotow), Kh. permica Kanev, ICh. alta
(Pogorevitsch), Neoanthraconaia angusta (Kanev), Intaella
trapezoidalis (Krotow), Anthraconauta declive Kanev,
Concinnella angulata Pogorevitsch. Therearethree marinelay-
ers (Borovsky, Pyskorsky, Dobryansky) in the stratotypical sec-
tion of the Solykamsky Horizon. Stutchburia (Netschajewia)
tschernyschewi Licharew, Pleurophorus costatus Brownhavebeen
found in the Borovsky layer. The Dobryansky layer contains
Schizodus rossicus Verneuil, Solemya (Janeia) solikamica
Muromzeva, Bakewellia bicarinata King., Pseudobakewellia
ceratophagaefor mis Noinskyi, Promytilisretusus Chronick.

Sheshminsky Horizon (Fig. 1-11).The sporesin the Sheshminsky
Horizon are more diverse. Leiotriletes subintortus (Waltz),
Verrucosisporitesvarkaensis Virbitskas, Jar oslavtsevisporites
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aculeolatus Belozertsevaet Virbitskas, Kraeuselisporitesvulgaris
f. elegans (Luber ex Warjuchina), Lunulasporitesvulgaris Wil-
son appear in this PA. Among the pollen Vesicaspora wilsonii
Schemel dominates, Florinitesluberae Samoilovich, Cordairina
uralensis (Luber), Luberisaccites subrotatus (Luber),
Crucisaccitesornatus (Samoilovich), Limitisporites monstruosus
(Luber), Gigantosporites spp., Striatolebachiites spp.,
Protohaploxypinus nudus (Luber), P. suchonensis (Sedova),
Vittatina costabilis Wilson and V .subsaccata Samoilovich ex Wil-
son episodically subdominate.

The association of nhonmarine bivalves of the Sheshminsky
Horizon stratotype and the Elabuga section includes the follow-
ing species: Palaeomutela goldfussiana (Krotow), P.
stegochephalumNetschgjew, P. opima (Kanev), P. ovataeformis
Gusv, Intaella tzapezoidalis (Krotow), I. komiensis (Kanev),
Abiella ovara (Betekhtina), A. kolvae Kanev, Concinnella
vertnajensis Kanev, C. insueta Kanev, Anthraconauta uralica
Kanev, A. probus Kanev.

Kazanian Stage, Lower Substage (Fig. 1-111). The PA are char-
acterized by small amounts of different spores and by abundant
pollen. The single specimens of Calamosporacf. C. breviradiata
Kosanke, C. plicata (Luber et Waltz), Punctatisporites cf. P.
punctatus lbrahim, Leiotriletes subintortus (Waltz),
Cyclogranisporites aureus (Loose), Jaroslavtsevisporites
aculeolatus Belozertseva et Virbitskas, Verrucosisporites
varkaensis Virbitskas, Lophotriletes spinosellus (Waltz),
Pustulatisporites strobilatus Belozertseva et Virbitskas,
Capillatisporitestenuispinosus (Waltz), Brevitriletes hispidus
Andreeva, Apiculatisporites sp., Acanthotriletes rectispinus
(Luber), Raistrickiaobtusosaetosa (Luber), Horriditriletes p.,
Cirratriradites procumbens (Luber), Lunulasporites vulgaris
Wilson are present in the PA from Lower Kazanian Substage.
Among the pollen themost representative groups are Disacciatril eti
Leschik, Striatiti and Costati. These are mainly composed of
Vesicaspora schemeli Klaus, Alisporitesnuthallensis (Clarke), A.
splendens (L eschik), Klausi pollenites sp., Protohapl oxypinus
perfectus (Naumova), P. perfectiformis (Poluchina), Vittatina
costabilis Wilson, V. subsaccata Samoilovich ex Wilson and
Weylandites striatus (Luber). Several species, such as
Striaropodocar pitestojmensis Sedova, Protohaploxypinuslatis-
simus (L uber), Hamiapollenites bullaefor mis (Samoilovich),H.
tractiferinus (Samoilovich), Striatolebachiites varius (Sauer),
Ventralvittatina rotunda Koloda, are subdominate. The pollen
Florinites luberae Samoilovich, Cordaitina uralensis (L uber),
Luberisaccires subrotatus (Luber), Libumellarugulifera (Luber)
aresporadic. Limitisporitesaureus (L uber), L. rectusL eschik, L.
latus Leschik, L. monstruosus (L uber), Gar denasporites hei sseli
Klaus, G. leonardii Klaus, G. moroderi Klausarerare.

Marine bivalves include — Nuculana kazanensis (Vemeuil),
Lithophaga consobrina (Eichwald), Pseudobakewellia
ceratophagaeformis Noinsky, Pseudomonotis speluncaria
Schlotheim, Schizodus rossicus Verneuil, Stutchburia
(Netschgjewia) globosa (Netschajew) in the Lower Kazanian
stratotype section.

Upper Kazanian Substage (Fig. 1-1V). The sporesinthe PA are

more monotonous compare to the Lower Kazanian one. Among
the pollen Striatiti and Costati also dominate, Disacciatrileti
subdominates, but M onosaccites and Disaccimonoleti in thisPA
are rare. The main species of pollen are Protohapioxypinus
perfectus (Naumova), Vittatina subsaccata Samoilovich ex Wil -
sonand Weylandites striatus (L uber). Inindividual samplesacon-
siderable amount of Prorohaploxypinus latissimus (L uber),
Florinites luberae Samoilovich, Acusporidatina reticuloida
Koloda, Vitreisporites signatus L eschik, Vesicaspora schemeli
Klaus have been observed. Among scarce pollens, such as
Striatopodocarpites spp., Protohaploxypinus perfecriformis
(Poluchina), P. jacobii (Jansonius), P. samoilovirchii (Jansonius),
Hamiapollenitestractiferinus (Samoilovich), Paucistriatopinites
op., Vittatina costabilis Wilson, Ventralvittatinarotunda Koloda,
Weylandites striatus (L uber) f. angusti costata Sauer, anew spe-
ciesLueckisporitesvirkkiae Potonieet Klausappearshby thistime.

Palaeontol ogists from Kazan have described bivalvesfrom the
Upper Kazanian Substage: Nuculopsistrivialis (Eichwald), Modio-
lus modiolaloidea Netschgew, Solemya (Janeia) kazanensis
(Stukenberg et Netschajew), Liebea seprifer King, Aviculopecten
rossiensis Netschgew, A. sectilicostatus Netschgjew, Palaeolima
permiana (King), Pseudomonotis kazanensis Verneuil,
Pseudobakewellia krasnowidowiensis (Netschgjew), Sutchburia
(1Vetschajewia) elongata (Netschgjew), . (N.) alara Netschgew,
St. (1V.) oblonga (Golowkinsky), Pleurophorina simplex
(Keyserling), Prospondul usliebeanus Zimmermann, Vacunella
lunulata (Maslennikov), Oriocrassatella plana (Golowkinsky),
Siphogrammyssia kazanensis (Geinitz) (Netschajew, 1894;
Soloduho, Tihvinskaya, 1977).

Marine deposits of the K azanian Stage stratotypes (Pechishchi-
Krasnovidovo-Kamyshla) gradually changefor lagoona -continen-
tal depositstowards east. The Kazanian Stagein the Grahan (river
Vyatka), Leninogorsk (river Stepnoy Zay), Belebey (river
Belebeika) are represented by continental deposits with nonma-
rinebiotx flora, miospores, ostracods, bivalves, insecta, vertebrates
(Fig.l; Varyuhinaet a ., 1981, text-figs 10-12). The assembl age of
bivalves is characterized by Palaeomutela attenuata Gusev, P.
umbonata Fischer, P. pseudoumbonata Gusev, P. quadriangularis
(Netschajew), P. krotowi Netschajew, P. olgae Gusev,
Neoanthraconaia longissima (Netschajew), N. rhomboidea
(Netschajew), N. sambulakovi (Kuloeva), Abiella subovata
(Jones).

The Tatarian Stageissubdivided into two Substages. The Lower
Substage with one horizon - Urzhumsky, and the Upper Tatarian
with two, i.e. the Severodvinsky Horizon and Vyatsky Horizon
(Fig.2). PA of Urshumsky Horizon (Fig. 1-V) was studied from
thewell inthe stratotypic region. Inthelower part of thishorizon
miospores are characterized by abundant Striatiti and Costati, by
asubdominanceof Disacciatrileti. Themain speciesare Alisporites
splendens (Leschik), A.nuthallensis (Clarke), Vesicaspora
schemeli Klaus, Protohapl oxypinus amplus (Balmeet Hennelly),
P. perfectus (Naumova), P. suchonensis (Sedova),
Striatolebachiites spp. (Svarius, S sp.), Vittatina costabilis Wil-
son, V. subsaccata Samoilovich ex Wilson, Vittatina sp. and
Weylandites striatus (Luber). In addition, Scheuringipollenites
ovatus (Balme et Hennelly), Protohaploxypinus jacobii
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(Jansonius), P. samoilovitchii (Jansonius), Ventralvittatinarotunda
Koloda are common. Sporadic specimens of pollen include
Limitisporites moersensis Klaus, Gardenasporitesheisseli Klaus,
Vitreisporitessignatus Leschik, Falcisporites zapfei (Potonie et
Klaus), Platysaccus papilionis Potonie et Klaus, Gigantosporites
sp., Pteruchipollenites sp., Protohapl oxypinus minor (Klaus),
Sriatopodocar pitesantiquus (Leschik), Sriatoabieiteswil sonii
(Klaus), S.jansonii (Klaus), S. multistriatus (Balmeet Hennelly),
Srichteri (Klaus), Paucistriatopinites ., Lueckisporitesvirkkiae
Potonie et Klaus, Weylandites striatus (L uber) f. angusricosrata
Sauer, Vittatinacf. hiltonensis Chaloner et Clarke, Fusacolpites
ovatus Bose et Kar. The spores include single specimens of
Cyclogranisporites aureus (Loose), Jaroslavtsevisporites
aculeolatus Bel ozertsevaet Virbitskas, Lophotril etes spinosel lus
(Waltz), Apiculatisporites sp., Kraeuselisporites sp.,
Laevigatosporites call osus Bame, Punctatosporites sp.

Thetypical association of nonmarinebivavesinthe Urzhumsky
Horizonincludesthefollowing species. Palacomutel a vjatkensis
Gusev, P. extensiva Gusev, P. krotowi Netschajew, Prilukiella
mirabilis (Gusev), P. nitida Gusev, P. lata (Netschajew),
Neoanthraconaia castor (Eichwald), Concinnella concinna
(Jones), C. alla (Ragozin), Anadontella subparallela (Khalfin),
Anthraconauta acuta Khdfin, A. volgensis Gusev, A. uslonensis
Gusav.

Severodvinsky Horizon (Fig. 1-VI). PA of the Severodvinsky
Horizon containsmorepollen, than spores. The pollen aremainly
composed of Disaccites, represented by Alisporitesnuthallensis
(Clarke), A. splendens (Leschik), A. sublevis (Luber), A.
tenuicorpus Balme, Vitreisporitesgop. (V. elegans, V. subrotatus,
V. pallidus), Protohapl oxypinusamplus (Balme et Hennelly), P.
latissimus (Luber), P. perfectus (Naumova), P. suchonensis
(Sedova), Striatolebachiites spp. Inindividua samplestheremay
bemany Giganrosporites spp., Lueckisporitesvirkkiae Potonie
et Klaus and a few Pteruchipollenites reticor pus Ouyang et Li,
Klausipollenites schaubergeri (Potonie et Klaus),
Striatopodocarpires pantii (Jansonius), Scutasporites spp.,
Taeniaesporites spp., Vittarina sp.

Association of the nonrnarine bivalves in the Severodvinsky
Horizon includes Palaecomutela subparallela Amalitzky, P.
keyserlingi Amalitzky, P. orrhodonta Amditzky, Oligodontella
tetraedroides (Plotnikov), Opokiella tscher nyschewi Plotnikov,
Verneuilanio verneuili (Amalitzky). Palaeanodonta netschajewi
Lobanova.

Vyatsky Horizon (Fig.l-VII). PA of the Vyatsky Horizon has
been determined from the Aristovo section (Malaya Severnaya
Dvinariver). Itssporesinclude Calamospora landiana Balme, C.
nathorstii (Helle), Osmundacidites senectus Balme,
Verrucosisporites ., Brevitriletes gop., Apicul atisporitesdecorus
Singh, Apiculatisporites sp., Limatulasporitesfossulatus (Bame),
Polypodiisporites sp., Kraeuselisporites spinosus Jansonius,
Kraeuselisporites sp. The pollen are mainly represented by
Vitreisporites spp. (V. pallidus, V. brevis, V. signatus, V.
subrotatus), Alisporites nuthallensis (Clarke), A. splendens
(Leschik), Protohaplo.rypinus suchonensis (Sedova),
Striatolebachiites spp. andlessby Klausipollenites schaubergeri

Klaus, Pteruchipollenites reticorpus Ouyang et Li,
Protohaploxypinus microcorpus (Schaarschmidt), P.
samoilovitchii (Jansonius), Sriatopocar pites pantii Jansonius,
Striatoabieites leptosetus Hou et Wang, Luecki sporites singhii
Balme, Ephedripites sp. Its specific feature is in more notable
amount of Cedripitespriscus Bame, Cedripites 9., Lueckisporites
virkkiae Potonie et Klaus, Taeniaesporites labdacus Klaus,
Taeniaesporites sp., Scutasporites spp. Scheuringipollenites
ovatus (Balme et Hennelly), Platysaccus papilionis Potonie et
Klaus, Klausipollenites stapiinii Jansonius, Protohapl oxypinus
minor (Klaus), Vitratina hiltonensis Chaloner et Clarke,
I naperturopollenites nebulosus Bame in this PA arerare. The
bivalvesin the stratotype section of the Vyatsky Horizon arerare
too. They arerepresented by Palacomutela curiosa Amditzky, P.
plana Amalitzky, Oligodontella geinitzi (Amalitzky),
Neoanthraconaia sol emyaefor mis (Netschag ew). Themost com-
plete sets of miosporesand bivalves, with their biostratigraphical
analyses in the stratotypical sections of the Ufimian, Kazanian
and Tatarian Stages have been described in our publications
(Varyuhinaet a., 1981; Kanev, 1986, 1995; Molin et al., 1986;
Koloda, Molin, 1995).

According to the characteristics of spores, pollen and bivalves
assemblages we correlate the of Ufimian, Kazanian and Tatarian
Stagesstratotypeswith stratigraphic divisionsof the Permian sec-
tionsin Northern Xinjiang (China), containing abundant fossils,
such asmiospores, megaspores, floras, bivalves, ostracods, verte-
brates (Yang et a., 1984; Permian and Triassic strata ..., 1986;
Hou et Wang, 1990; Brand, Y ochelson, Eagar, 1993; Sheng et Jin,
1994) (Fig. 3).

Lucaogou and Hongyanchi Formations (Upper Jijicao Group)
have been correlated with the Ufimian Stage. These formations
arecharacterized by PA Cordaitina- Hamiapollenites-Vitlatina,
in which Cordaitina uralensis (Luber), C. rotata (Luber),
Libumella rugulifera (Luber), Crucisaccites ornatus
(Samoailovich), Hamiapollenites bullaeformis (Samoilovich),H.
tractiferinus (Samoilovich), Protohaploxypinus perfectus
(Naumova), Ventralvittatina vittifera (Luber), Vittatina costabilis
Wilson are main taxa as in the Ufimian Stage. Bivalves from
Lucaogou and Hongyanchi Formations are poorly studied. The
few generaknown are Anthraconauta, Mrassiella, Microdonta,
Palaeanodonta (Sheng, Jin, 1994, p. 73). According to modern
systematics of Permian nonmarine bivalves Mrassiella Ragozin
corresponds to Intaella Kanev, 1989, and Microdonta Khalfin
(fromlower layersof Upper Permian) to Khosedaella Kanev, 1983.
They aretypical of the Ufimian Stage (Kanev, 1995).

ThePA Alisporites-Protohapl oxypinus-Sul catisporites of the
Quanzijie Fm. (Lower Changfanggou Group) is dominated by
pollen, generally containing Cordaitina uralensis (Luber),
Crucisaccites ornatus (Samoilovich), Hamiapollenites
tractiferinus (Samoilovich), Platysaccus, Vittatina, rarely-
Protohapl oxypinus and Gardenasporites, various spores. The
sporesare sporadic and contain Punctatisporitescf. P. punctatus
Ibrahim, Cyclogranisporitesaureus (L oose), Acanthotriletescf.
multisetus (Luber)( Kikshorisporites superbus Virbitskas),
Kraeuselisporites. This PA is compared with the PA of the
Kazanian Stage. Thisformation containsbivalves Palaeonodonta
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cf. longissima (Netschajew), P. solonensisLiang, Anthraconauta
iljinskiensis Fedotov. The first of them is atypical species of
Neoanthraconaia Kanev, 1995 and isacharacteristic speciesin
the continental facies of the Kazanian Stage (Kanev, 1995).
Palaeanodonta solonensis with morphological peculiaritiesis
close to Palaeanodonta oblonga Belova from Kazankovo-
Markinsky regiohorizon of the Kazanian Stage in Kushass. The
Anthraconautailjinskiensisisahiozonal form of the Kazankovo-
Markinsky Horizon. The Quanzijie Fm. by itsbivalve association
iscorrel ated with red-col oured and coal bearing faciesof Kazanian
Stagein Russia.

ThePA Kraeuselisporires-Potoni ei sporites-Sul catisporitesof
Wutonggou Fm. and PA Limatulasporites-Alisporites-
Luecki sporites of the Guodikeng Fm. (Lower Cangfanggou Group)
arerather similar to the PA of the Tatarian Stage. The generaand
species of miosporesin these formationsinclude Calamospora
nathorstii (Helle), Apiculatisporites decorus Singh,
Verrucosi sporites, Tuberculatosporiteshomotubercularis Hou et
Wang ( Polypodiisporites sp.), Potonieisporitesturpanensis Hou
et Wang (= Gigantosporites sp.), Pteruchipollenitesreticorpus
OuyangetLi, Vitreisporitespallidus (Reissinger), Elausipollenites
schaubergeri (Potonie et Klaus), Protohapl oxypinus minor
(Klaus), Taeniaesporites, Lueckisporitesvirkkiae Potonieet Klaus.
The PA from the Wutonggou and Guodikeng formations are of
Tatarian age. Bivalves Palaesomutela keyserlingi Amalitzky, P.
orthodonra Amalitzky, Palaeanodonta castor (Eichwald), P.
subcastor Amditzky, P. fischeri Amalitzky have been established
from the lacustrine deposits of the Wutonggou Fm. (or
Xiolongkou), developed north of Turpan (Brand et al., 1993, text-
fig. 1). From the Guodikeng Fm. in the Dalongkou area of Simsar
Palaeanodonta brevisLiang, P. cf. parallela Amditzky havebeen
described (Zhang Y uxiuin” Permian and Triassic strata,.”, 1986).
These associations are close to bivalves assemblage of the
Severodvinsky Horizon of Tatarian Stage in Western Russia by
thetaxonomic composition.

Thus, the L ucaogou and Hongyanchi FormationsageisUfimian,
and the Quanzijie Fm. isK azanian, the Wutonggou and Guodikeng
Formations are Tatarian (Koloda, Kanev, 1994 and in this paper
Fig. 3).

A different correlation of Upper Permian Stageswith Permian
and Triassic stratigraphic divisionsin Northern China, based on
the flora, was published by N.K. Esaulova (1995). In this paper
by N.K. Esaulovathe L ucaogou and Hongyanchi Formations (Up-
per Jijicao Group) were correlated with the Ufimian Stage, the
Quanzijie, Wutonggou and Guodikeng formations (Lower
Cangfanggou Group) - with the Kazanian Stage, the Jiucaiyuan,
Shaofanggou formations (Upper Cangfanggou Group) and
Karamay Formation (Lower Xiaoquangou Group) - with the
Tatarian Stage (Fig. 3).

We believe, that N.K. Esaulova made an error in the
biostratimaphical correlation of the Upper Permian deposits of
theVolga-Ural regionwith North-West China.

Palynologists in China have established and described Triassic
PA from the Jiucaiyuan, Shaofanggou, Karamay, Huangshanjie
and Haojiagou Formations (Qu et Wang, 1990; in " Permian and
Triassic...”, 1986). The Triassic age of these PA, formations and

the position of Permo-Triassi ¢ boundary within the Cangfanggou
Group has been proven by them.
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16. KUNGURIAN AND UFIMIAN PERMIAN
HYPOSTRATOTYPESIN
NORTH CISURALS, PECHORA

The Permian system stage scale was €l aborated on the basis of
Uralsand Russian Platform sections. However, inthe stratotypical
region Kungurian and Ufimian stages are represented by either
sea-coastal or continental facies, which leadsto difficultieswith
their identificationin marine basins. Presently, there areanumber
of suggestionsregarding recognition of these stagesin other con-
tinents: in North America, China, Australia. Meanwhile, correla-
tion potential of the Urals sectionsthat have avery advantageous
geographic location, are still not being used in the Cisurals to
their full capacity. For example, to the north of the stratotypical
region in the Pechora Cisurals analogues are known of the
Kungurian and Ufimian stages. In these units - besides continen-
tal sediments- marine and subsaline-water sediments containing
abundant and variousfauna, floraand rich palynologic complexes,
traditionally corresponding to the European scale are known.

Analogues of the Kungurian stagein the areaare the sediments
of Lekvorkutskayasuite outcropping along the VorkutaRiver and
represented by cyclic alternations of marine, lagoon-marine and
continental sediments. These include sandstones, siltstones,
claystones, coaly claystones and coals. Beds with marine fauna
dternate with those containing flora. Thefaunaisrepresented by
brachiopods, pelecypods, bryozoans, gastropods, ostracods, fora-
minifers; flora are represented by cordaiteans, lycopods,
arthrophytes, pteridophytes, gymnospermous seeds, etc. Within
the suite 13 horizonswith marinefaunaand 4 zones of freshwater
pelecypods, 8 floristic zonesand horizons, and 3 palynozonesare
marked. The Lekvorkutskaya suite boundaries, that are observed
in the Vorkuta River exposures, are marked with horizons, con-
taining marine fauna. The suite' s thickness ranges from 1000 to
1200 in. The section islocated within Vorkutacity limits, and is
open and accessible. Besides Kungurian stage analogues along
Vorkuta River there are well exposed analogues of Artinskian,
Sakmarian, Assehan, and the lowermost strata of Ufimian stage.

Analogues of the Ufimian stage in the Pechora Cisuras are;
Intinskaya, Kooshorskay, Tabyuskayaand other suites connected
by lateral transitions. Mainly, these suites are represented by con-
tinental facies, anditisonly inthe northern part of theregion that
in Intinskaya (rivers SilovaY aha, Nyamdo-Yu, Hei-Y aga,
Y angarey) and Tabyuskaya (rivers Tab-Yu, Yer-Y aga, Leoor-Y aga)
suites containing marine faunaand defining boundaries, areknown.
It should also be noted, that d ong the Y er-Y aga River marinefauna
occurs stratigraphically up section in sediments of the
Y eryaginskayasuite, the anal ogues of the K azanian stage (Guskov,
V.A., Pukhonto, SK., Yatzuk, N.Y ., 1980).

On the basis of the evidence given above, we think that these
PechoraNorth Cisural s sections should be used as hypostratotypes
of the Kungurian and Ufirnian stages.

SVETLANA KIRILLOVNA PUKHONTO
(OTJISC TOLYARNOURALGEOLOGIA’, RUSSIA)
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17. PERMIAN PLANT LOCALITIES IN THE
NORTHERN CISURALS (see Fig. | p. 26)

Localitiesof VorkutaSeries
(Kungurian—L ower Ufimian) (&)
of Pechora Series(Upper Ufimian Tatarian) (B)
accordingtoNeuburg, 1965:

1- Er-Yacraand Liur-Yagarivers
2-Tab-Yuriver

3 - Bolshaya Talatariver

4 - Yangarey river

5, 6 - Khey-Yagariver

7 - Tabey-Shor river

8- Nadotoriver

9, 10 - Namda-yunko brook

I 1 - Nyamda-Yu river

12 - Nyarndavozh river

13- Sylovaryagariver

14 - Khalmeryu coal field

15 - Nezarnetny brook

16 - Parallelny brook

17 - Verkhnesyryagacod fiel

18 - Promezhutochny brook

19 - Buradan river

20- Nizhnesyryagacoalfield

21 - Vorgoshor coafield

22 -Vorkutacoalfield

23 - Yunyagacoalfield

24,25 - Vorkutacoalfield

26 - Eletsk coalfield
27-Usacoalfield

28 - Talbey codfield (Adzvariver)
29 - Usariver

30, 31 - Nechariver

32 - Intacoafield (Bolshayalntariver)
33- Kyn-Yuriver

34 - Sed-El river

35 - Bolshaya Synyariver

36 - Bolshoy Aranezriver

37 - Khudayariver

38, 39 - Perebor river

40, 41, 42 - Pechorariver

43 - Ust-Voyariver

44 - Danko-Shor brook

45 - Pechorariver between Mal. and Bol. Soplyas
46 - Bol. Patok river

47 - Podcheremriver

48 - Shchugor river

49 - Usacodlfield

50 - Nizhnesyryagacoalfield

51 - Borehole SDK-1249

52 - Inta-Nechaprofile, borehole | K-465

Localities of Lower Permian plants according to
Vladimirovich, 1981, 1986:

53 - Kozhim river, outcrops 201 and 202 of V.P. Gorski, 1972.
Ayach-Y aga and Rudnizk Fms. Kungurian (Vladimirovich, 1986)
54 - Shchugor river, near the mouth of Sr. Vorot river. Vochael
Fm., Artinskian (Vladimirovich, 1981 + Daranin Fm., Kungurian

(Vladimirovich, 1986)

55 - Bal. Katya-d river, tributary of the Shchugor river. Daranin
Fm., Kungurian (Vladimirovich, 1986)

56 - Shchucgor river, near the mouth of Mal. Patok river.
Vochael Fm., Artinskian (Vladimirovich, 1986)

57 - Shchugor river near Michebichevnik village. Orlovkino Fm.,
Artinskian (Vladimirovich, 1981).

L ocalities of Permian plants according to Pukhonto and
Fefilova, 1983:

58 - Taatariver. Eryaga Fm., Upper Ufimian-Lower Kazanian
59 - Tdatariver, Tabyu Fm., Lower Ufimian

60 - Boreholes VK- 18, VK- 19, SeidaFm., Upper Ufimian-Lower
Kazanian

61 - Boreholes VK-17, VK-20, VK-27. Talbey Fm., Upper
Kazanian-Tatarian

62 - Paemboy coalfield, boreholesHK-1064, HK -1056, HK - 1065.
Tabey Fm., Upper Kazanian-Tatarian

63 - Khameryu coalfield, borehole 1057. Talbey Fm., Upper
Kazanian-Tatarian

64 - Seida coalfield, borehole SDK-74. Talbey Fm., Upper
Kazanian-Tatarian

L ocalities of Permian plants according to Chalyshev and
Varyukhina, 1968:

65 - River Sharyu, Chernyshev uplift. Ufimian and Kazanian

66 - Russell creek. SeidaFm., Kazanian

67 - Kosyu river. Intaand Seida Fms., Ufimian and Kazanian

68 - Kosyu river. Ufimian

69 - Sasha-El creek, Bol. Synyariver basin. Kazanian and Tatarian
70 - Sasha-El creek, Bol. Synyariver basin. Ufimian

L ocalitiesof Permian plantsaccordingto Smoller, 1988: 71 -
Bagan area. Analogsof | ntaFm. and Pechora Series72 - Veyak
area. Analogs of Inta Fm. and Pechora Series 73 - Sandyvey
area. Analogsof Inta Fm. and Pechora Series

74 - Chernaya Rechka borehole. Ekushan and Telwiss Fms.

L ocality of Permian plantsaccordingto Dedeev et al., 1993:
75 - Kharyaga area. Ekushan and Telwiss Fms.

L ocality of Permian plants according to Bogomasov,
Makedonov, Gor sky, Guseva, Kashevar ova, Vladimirovich and
Faddeva, 1984:

76 - Naryan-Mar area. Kachgord, Ekushan and Telwiss Fms.

I.A. Dobruskina

Institute of Earth Sciences
Hebrew University of Jerusalem
Givat Ram, Jerusalem 91904
Isragl

M.V. Durante

Geological Institute of USSR
Academy of Sciences
Pyzhevsky 7, Moscow 17
Russia109017
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18. PERMIAN PLANT LOCALITIES
IN THE SOUTHERN CISURALS (see Fig. 1, p. 28)

LOWER PERMIAN

Localitiesof the Asselian stage

1 - Aidaralash village near Aktyubinsk. Kholodny Log Forma-
tion, Asselian (Vladimirovich, 1986a).

2 - Beltushkavillage. Shikhany Formation, Asselian
(Vladimirovich, 19864).

LOWER PERMIAN

L ocalities of the Sakmarian stage

3 - Aktasty River. Sterlitamak horizon, Sakmarian
(Vladimirovich, 19864).

4 - Bolshoy Ik borehole 20, Aktyubinsk area. Sakmarian ?
(Vladimirovich, 19864).

LOWER PERMIAN

Localitiesof the Artinskian stage

5 - Bolshoy Ik River basin, the Syuren River near farm
Dmitrievka. Aktasty horizon and Baygendzhinsk horizon,
Artinskian (Vladimirovich, 1981).

LOWER PERMIAN

Localities of the Kungurian stage

6 - South Bashkiria, West Syntas. Philippovo horizon,
Kungurian (Vladimirovich, 1986).

7 - South Bashkiria, Abzal section. Kungurian (VIadimirovich,
1986).

UPPER PERMIAN

Localitiesof the Ufimian stage

8 - Akshat village, Aktyubinsk area. Akshat Formation,
Ufimian (Vladimirovich, 1986).

UPPER PERMIAN

Localities of the Kazanian stage

9 - Bekechevo, the Nakyz River. Upper Kazanian substage
(Konkov, 1967).

10- Staroseika, the Bolshoy Ik River, basin of the Sakmara
River. Lower Kazanian and Upper Kazanian substages
(Konkov, 1967).

11- Davletkulovo, Yushatyr River basin. Upper Kazanian
substage (Kuleva, 1974).

12- Zheltoye, southeast of Bolshoy Ik River mouth. Upper
Kazanian substage (Kuleva, 1974).

13- Aktivnoye, south-southeast of Bolshoy Ik River mouth.
Upper Kazanian substage (Kuleva, 1974).

14- Opanasovsky gully, 6.6 km northeast of Imangulovo. Upper
Kazanian substage (Meyen, 1971).

UPPER PERMIAN

Localitiesof the Lower Tatarian substage

15- Bekechevo, the Nakyz River. Lower Tatarian substage
(Konkov, 1967).

16- Tuyumbetovo, the Bolshoy Ik River, basin of the Sakmara
River. Lower Tatarian substage (Konkov, 1967

17- Kichkas. Amanak Formation, Lower Tatarian ? substage
(Minikhetal., 1992).

UPPER PERMIAN

L ocalities of the Upper Tatarian substage

18- Chernigovsky, left bank of the Nakyz River, basin of the
Sakmara river. Upper Tatarian substage (Gomankov and
Meyen, 1986).

19- Aleksandrovka, 6 km north of Troizky, the Bolshoy Ik
River, basin of the Sakmara River. Upper Tatarian substage
(Gomankov and Meyen, 1986).

20- Vyazovka (51 km east-southeast from Orenburg). Upper
Tatarian substage (Gomankov and Meyen, 1986).

21- Novokulchumovo, the Sakmarariver in Saraktash region.
Upper Tatarian substage (Gomankov and Meyen, 1986).

22- Blumental in Burtyaregion. Upper Tatarian substage
(Gomankov and Meyen, 1986).

I.A. Dobruskina

Institute of Earth Sciences
Hebrew University of Jerusalem
Givat Ram, Jerusalem 91904
Isragl

M.V. Durante

Geological Instituteof USSR

Academy of Sciences Pyzhevsky 7, Moscow 17
Russia109017

19. PERMIAN OF EAST YAKUTIA

In Western Verkhoyan it is possible to correlate successions
containing Angara pal eoflora complexes and marine boreal fau-
nas and to date Upper Paleozoic deposits containing floras de-
rived from Angara.

TheVerkhoyan paleobasinisin aunique geographical position.
Tothewest it bordersthe East European paleobasin, where Rus-
sian stratotypes for the Carboniferous and Permian systems oc-
cur. Tothesouthit is adjacent to areas where Boreal and Tethyan
faunasare devel oped. Therefore, theregionisimportant for com-
paring three coexisting International Scales, that is, the East Eu-
ropean, North American and Tethys scales. Permian ammonoids
from Verkhoyan werefirst described by Y.N. Popov (1964). Sub-
sequent ammonoid work by Ruzhenzev (1975) provided impor-
tant correlations between Verkhoyan and indeed all of Northeast
Asiawith standard successions el sewhereintheworld. Still later,
important ammonoid research was conducted by V.N. Andrianov
and his last monograph, published in 1985, has become a stan-
dard reference. Therein, ammonoids from five complexes were
described (Fig. 1).

Inthe Kharaulak Anticlinorium of northern VVerkhoyan, diverse
formsof Bulunites, Metapronorites, Agathiceras, Tabantalites,
aswell asearly representatives of Metal egoceras, occur indi cat-
ing an Asselian-Sakmarian age.

In the Echian complex representatives of Uraloceras and
Paragastrioceras, suggest the presence of both Sakmarian and
Artinskian strata.
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The Tumarin complex is characterized by abundant and diverse
representativesof Tumaroceras. Representatives of Neouddenites,
Paragastrioceras, Epijuresanitesand Popanocerasarelesscom-
mon but suggest a Kungurian age. The complex can be divided
into two subcomplexes, the first of which is characterized by
Tumar oceras yakutorumRuzh., and the second by Tumaroceras
kashirzevi Andrianov.

The Cherkambalian (Delendjinian) complex, contains the
goniatites Sverdrupites, Pseudosverdrupires gen. nov.,
Daubichites, Anuites and Popanoceras and is thought to be of
Roadian age.

The Dulgalahsky (Imtachanian) complex is characterized by
Mexicoceras ( Paramexicoceras Popo) in the Imtachan suiteand
by the ceratite Kingoceras ? from the Upper Dulgalach subsuite
inWestern Verchoyanye. The age of thiscomplex isdeterminedto
be Abadehan - Dzhulfian.

Brachiopods, represented mainly by Siberian species are the
most widespread benthic group inthe areaand permit oneto sub-
divide sectionsinto biostratigraphic units. At some stratigraphic
levels, usualy interval sindicative of maximum transgression, bra-
chiopodsare generally of Boreal aspect and enablewidecorrela-
tionsto be made from the Uralsin the west through Taimir in the
Northeast, through to the Far East and to Mongoliain the south.

Igor V. Budnikov

Siberian Research I nstitute of Geology
Geophysicsand Mineral Resources
Novosibirsk, Russia

Aleksandr G. Klets

United I nstitute of Geology
Geophysicsand Mineralogy
Novosibirsk, Russia

Vitaly S. Grinenko State
Y akutsk Exploration-Survey Expedition
Yakutsk, Russia

Rudan V. Kutygin
Institute of Geology
Yakutsk, Russia

20. RADIOMETRIC (SEGKNP) DATES FOR SOME
BIOSTRATIGRAPHIC HORIZONS AND EVENT
LEVELS FROM THE RUSSIAN AND EASTERN
AUSTRALIAN UPPER CARBONIFEROUSAND PERMIAN

Estimates of the duration of the Permian System have remained
speculative since its inception in 1841: they have ranged from
32.5t056 Ma(Menning, 1995). Thereason for such speculation
issimple: no rocks from the reference areas, particularly on the
Russian platform and in the Urals, have been studied using radio-
metric techniques. The current boundariesfor the Permian period,
with the base at 298 Ma and top at 251 Ma, are derived respec-
tively, from successions in Germany (see Roberts et a., 1995)
and China(Claoué-Long et al., 1991). Correl ation between these
areasand Russian standard sections, where the Permian wasorigi-
nally defined, isreliant on fossil faunas and flora, theresults are
oftentenuousand highly speculative, because dataisderived from
marine and nonmarine palaeoenvironments, as well as very dif-
ferent pal aeoclimatic regimes.

Despitethelack of reliable age datafor the Permian, thereisan
urgent demand for accurate radiometric ages, particularly for ap-
plication in computer driven geologica modelling. Currently ap-
plied dates for the Permian (e.g., Harland et al., 1990), arelittle
more than guess work, often made to appear respectable by best
fit models of spurious data. What islacking are biostratigraphic
constraints for dated sampl es, and the application of appropriate
analytical techniques to tuff samples, and the application of ap-
propriate analytical techniques. The development of high resolu-
tion ion microprobe (SHRIMP) dating method, analysing U/Pb
from selected parts of individual zircon crystals, has improved
accuracy and precision greatly, with errors of one per cent. Our
studies apply, SHRIM P techniquesto tuff samplesfrom fossilif-
eroustypelocalitiesfrom the Russian Upper Carboniferous and
L ower Permian of southern Uralsand eastern Australia (see Fos-
teretal., 1996).

Tuff sampleswere collected by G. Mizonsfrom key sections of
the Carboniferousand L ower Permian flysch depositswhich crop
out in the southern Urals, Russia (Fig. 1). Each sample is
biogtratigraphically constrained by either marinemicrofossils(e.g.,
small foraminifers, fusulinids, radiolaria or conodonts) or
megafauna, such as ammonoids, brachiopods. Table 1 give the
biochronological relationship between these samples. Analytical
details of the SHRIMP dating will be discussed el sewhere by Dr.
Claoué-Long, together with tabulation of the complete isotopic
data.

Biostratigraphiccontrol

Locality dataand brief field description for each samples re-
ported here are given below and in Figures 1-4, Plate |. Four
sampleswere derived from reference areas for the Russian Car-
boniferous and Permian. The fusulinid zonation referred to are
those used in the European Russiaand inthe Urals.

a. Late M oscovian stage, uppermost part of Myachkovskian hori-
zon; zone Fusulinella bocki. Sample 1822-6 (51'05'N; 75' 35'E).
The section crops out on the left bank of the Ural River, 32 km
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south of thetown of Mednogorsk. Thetuffsform aband about 11
m thick, within a sequence of sandstone and conglomerate. The
gravel stone bed with numerous fusulinidsthereisin 30 m below
of tuff bottom. Fusulinids Schubertellainflata Raus., Fusulinella
bocki (Mo€ller), F. exgr. colaniae Leeet Chen, Pulchrellapulchra
(Raus. et Bei.), Fusulina elegans Raus. et Bdl., F. forrissma Raus,,
F. cf. kamaensis S&f., Putrella brazhnikovae (Putrya) were de-
fined in this bed. 'lhe tuff level could be adopted as the lower
boundary of Late Carboniferous. The next fauna bearing sand-
stonebed occurs 250-300 m stratigraphically abovethetuff band.
Fusulinid assemblage of one belongsto the Jigulitesjigulenses
zone of Gzhelian stage.

b. Lower Permian - mid Asselian stage- Sphaeroshwagerina
moelleri - Pseudofusulina fecunda zone. Sample 1580-17
(53'55'N; 56’ 35'E) istaken from the Khol odnol oshskian Hori-
zon (Bed 17) Krasnousol sk section, UsolkaRiver. Within Bed 17,
which is 2.1 m thick; the tuff layers are interbedded with an
altemating sequence of argillaceouslimestone, and greenish grey
argillaceous marls (Chuvashov et al., 1993, p. 60).

Ammonoidsarerepresented by Artinskia ., Neopronoritestenuis
(Karp.), Neoglaphyrites satrus Max., Agathiceras uralicum
(Karp.), Juresanites aff. primitivus Max., Prostacheoceras
juresanensis Max., Tabantalites sp. thereareimmediately below
of Bed 17. Bed 18 contains an ammonoid assemblage of
Neopronorites tenuis (Karp.), Artinskia nalivkini Ruzh.,
Agathicerasuralicum(Karp.), Svetlanoceras sp. nov. Theinter-
val of Bed 17-20 bel ongsto conodont Sreptognathodus constrictus
Zone. Within Bed 24 (8.5 m above Bed 17) there are numerous
fusulinidsof Sphaer oschwagerina sphaerica - P. prma Zone.

¢. Lower Permian - top Sekmarian stage- Pseudofusulina uralensis
Zone. Sample 1727-233 (55'N; 57' 40’ E) from the Sim River sec-
tion, istaken from aquarry, 120 km east of Ufa-City. Beds of 9-
12 within the upper 5.6 m of the section, consists of alternating
blue-grey fine- grained sandstoneand dark argillites; they areflysch
deposits which show turbidite bedding. A thin interlayer of light
greenish-grey tuff ispresent inthe uppermost part of this segquence.
Late Sakmarian ammonoids Agathiceras uralicum (Karp.),
Neopronorites tenuis Karp., Thalassoceras multifidum Ruzh.,
Propopanoceras incallidum (Ruzh.) and conodonts of
Neogondolella bisselli Zone are defined 22 and 20 m below of
the tuff level; 50 m above one there are fusulinids of
Pseudofusulina pedissequa L ower Artinskian Zone (Chuvashov
etal., 1990).

d. Lower Permian - base Artinskian stage Pseudofusulina
pedissequa Zone. Sample 1630-45-70 (53’ N; 56’ 35’ E) was col -
lected 341 m above the bottom of Artinskian stage within athick
upto 1076 m Lower Artinskian flysch sequenceof the Belay River
section (Chuvashov et al., 1993, p. 94). Thetuff layersare 1- 12
cm thick, alternating with finely detrital limestones containing
small foraminifers, sponge spicules, brachiopod shell fragments,
bryozoans and very small ammonoids. The argillites containsra-
diolarians and ammonites. Fusulinids of Burtsevskian Horizon
Pseudofusulina vissarionovae Raus., P. pedissequa Viss,, P.
urdalensisRaus., P. praesubstricta Zol. et Mor., P.ex gr. confusa
Raus., P. prima Mor. et Ogneva, P. ovata Raus. are 100 m below
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of thetuff level.

Some SHRIMP zircon dates from Permian ignimbrites and tuffs
associated with fossiliferous strata within Sydney-Bowen Basin
and New England Orogen (Plate 1, figs. 2-4) areused to establish
atimescalefor the Permian Systemin eastern Australia. Thesome
levels only which could be correlated with Uralian stratotype
boundaries are given below.

e. The Branxton Formation, a unit of sandstone, siltstone, con-
glomerate and rare tuffs, was deposited as the result of marine
transgressi on which onlapped thetop of the GretaCoal Measures.
Thelower part of the Branxton Formation contains brachiopods,
bryozoans, paynofloras. Theammonoid Neocrimiresmeridionalis
(Teichert and Fletcher, 1943) Aricoceras meridionalis after
L eonovaet Bogosl ovskaya (1990) is present in the Branxton For-
mation near Farley. Aricocerasmeridionalisisconsidered, after
L eonova and Bogoslovskaya, as the immediate successor of the
Uralian Neocrimites (Sarginskian Horizon of Artinskian stage)
evolution.

Sample 72015 from Branxton Formation, taken at adepth of 558.5
m in southland Kalingo DDH 18 at GR 354572 near Ellalong
NSW (Fig. 3), comesfrom brown to buff tuffaceous siltstone 12
m above the top of the Greta Seam, the uppermost seam in the
GretaCoal

Measures in that part of the Lochinar Anticline. The age of 31
analysed crystalsis272.2 + 3.2 Ma. Thislevel will correspondto
Saraninskian Horizon of the Urals.

f. The Mulbring Siltstone on the northern Sydney Basin isasuc-
cession of grey siltstone and minor claystonewhich conformably
overlieseither the Muree Forrnation, or the Branxton Formation
wherethe Muree Formationisnot separately recognised. The sedi-
mentation of conglomerates and sandstone of the Muree Forma-
tion reflected a very important episode of the Middle Permian
regression which may be coeval to grandiose Middle Ufimian
rey’ ession of the Northern Hemisphere.

Sample 21793 isfrom tuffsat 129.90 mwithin Mulbring Forma-
tion in MCC Lupton Park DDHS8, drilled at GR105290, 2 km
north of Muscle Creek, east of Muswellbrook (Fig. 3). Ageof 34
from 40 analysed zircon grainsis 264.1 + 2.2 Ma.

g. Ingelara Formation within the Denison Trough in the western
Bowen Basin, central Queensland (Figs. 2, 4), consists of thinly
bedded mi caceousto cal careous silty mudstone and mud-rich sand-
stone, which isextensively bioturbated, locally richin shelly fos-
sils, and also contains erratic cobblesand ash bands. Itispart of a
thick and essentially continuous clastic succession extending
throughout most of the Permian system.

The dated samples of the Ingelara Formation were taken from
GSQ Springsure 18 in the northern part of the Denison Trough
(Fig. 4). Biostratigraphic control of the Ingelara Formation with
GSQ Springsure 18 is provided by foraminifera, palynofloraand
sparse marinefossils. Of greatest importanceistheidentification
of the Pseudonodosaria borealis Zone. Within theforaminiferal
assemblage, P. borealis occurswithNodosariakrotovi, N. noinski,
Frondicularia bella, an association diagnostic of the Kazanian
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stage, and thereisatotal of 12 species common with early Late
Permian Kazanian assemblages from Arctic Russia and adjacent
area(Palmieri et al., 1994).

Sample Z1899 comes from a pale grey-green tuff at a depth of
between 480.75 and 480.83 min Springsure 18. A dominant popu-
lation of 28 zircon grains has amean age 253 + 3.2 Ma.

New SHRIMP ages from South Urals and Australia presented in
this paper now allow accurate correlation of some
biostratigraphical and eventslevel to be made between two conti-
nents and, by another words, between Gondwana and Northern
hemisphere. The exact duration of stages and biostratigraphical
zones could be defined using the new reported SHRM P ages. One
of themajor applications of the new timescalewill bein the deter-
mination of rates of deposition within different sedimentary ba-
sins. More research is continuing, using Arabian and Australian
material.
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21. CONODONT FAUNA FROM THE
PERMIAN- TRIASSIC BOUNDARY:
OBSERVATIONS AND RESERVATIONS

Intwo recent studies, theauthor (inOrchard et d., 1994; Krystyn
and Orchard, in press) has described the conodont faunas from
Otocerasbearing bedsin Selong, Tibet and from several sections
in Spiti, India. Three conclusions drawn from these studies and
fromasurvey of theliterature are:

a Neogondolella faunas of the Changshingian and Griesbachian
stages can be distinguished and have few, if any, speciesin
common.

b. Hindeodus | atidentatus, the supposed predecessor of
Isarcicella parva, is confined to the upper Dorashamian and
upper Changshing Limestone. Most records of H.
latidenratus (emend.) from higher stratigraphic levelsare
referred to Hindeodusn. sp. X.

c. Palecenvironmental factorsexerted asignificant influenceon
the appearance and rel ative abundance of Neogondol ella
and Hindeodus (+ I sarcicella) species.

Inthis paper, conodont succession about the Permian- Triassic
boundary in somekey localitiesarereviewed in thelight of taxo-
nomic revisions of Griesbachian conodont fauna, and observa-
tions on conodont biofacies.

Taxonomic status

A preliminary taxonomy of Permian-Triassic boundary con-
odontshas been presented recently by Orchard et al. (1994), anda
summary of the distribution of additional Griesbachian taxa is
presented by Krystyn and Orchard (in press). The description of
Spiti speciesisin preparation.

Thecharacteristic conodont faunaof the Changshing Limestone
(not all co-occurring) is: Neogondolella subcarinata (2
morphotypes, Orchard et al., 1994), N. wangi, N. postwangi, N.
orientalis, N. changxingensis,” N. deflecta” , N. xiangxiensis, N.
sosioensis, N. n. sp. A, Orchard 1994; Hindeodus | atidentatus,
H.typicalis.

In contrast, the Griesbachian faunas of Selong and Spiti con-
tain the following (not all co-occurring): Neogondolella ex gr.
taylorae, N, ex gr. tulongensis, N. aff. changxingensis, N. aff.
carinata, N. carinata, N. planata, N. nevadensis, N. meishanensis,
N. n. sp. A, B, C, D, E of Orchard (see Krystyn and Orchard, in
press); Hindeodus n. sp. X (see Krystyn and Orchard, in press),
H.typicalis, Isarcicellaparva, ?I. turgida, . isarcica.

Some comments on generic nomenclature. For now,
Neogondolellais preferred over both Gondolella (restricted to
L ate Carboniferous species) and Clarkina (insufficiently defined).
Useof thelatter genusisdeferred until afuller understanding of
multiel ement apparatuses and phyletic rel ationshipsare established
for theentirerange of Late Permian and Triassic heogondolellids.

Amongst Hindeodus and its derivatives, all specimens with a

conspicuously elevated cusp, equi-dimentional mid-blade den-
ticles, and abruptly terminated posterior margin thickened | ateral
margins - accessory nodes, are herereferred to Isarcicella. This
includesbothl. parvaandl. turgida. These morphological crite-
ria provide an adequate basis for recognizing a separate genus,
particularly when it is of chronostratigraphic importance (cf.
Chiosella). Multidlement considerationsare not obviously in con-
flict with this classification, in spite of the apparatus of |. parva
being likethat of Hindeodus (K ozur, 1995); many generadistin-
guished by referenceto platform morphology have similar appa-
ratuses. Theappearanceof thegenus Isarcicdla of thisscopewould
provide asuitable datum for the base of the Triassic.

Conodont biofacies

It haslong been understood (e.g., Druce, 1973) that, throughout
the Permian and beyond, Neogondol ellais more common in off-
shore, deeper, and/or cooler water marine environments, whereas
Hindeodus anditsantecedentsflourishedinthe near-shore, shal-
lower, and/or warmer regions. Although neither the precise envi-
ronmental controls nor indeed the habitats of conodont animals
arefully understood, therelative distributionsarewel | established.
Fortunately, thefaunal partitioning isnot absol ute and so in many
collections elements of both biofacieswill be present, allowing
calibration of thetwo faunal successions. However, in some con-
odont collections only one biof aciesisrepresented. Exampl es of
such faunas are to be found in the Alpine carbonate successions
(Schonlaub, 1991), which arewholly a Hindeodus (+ I sarcicella)
biofaciesfauna, and in Permian oceanic radiolarian chertswhere
Neogondolella occursaone (Orchard, 1986).

Theimpact of biofaciesonthe correlation of Permian- Triassic
boundary sections has been largely ignored in previous studies,
partly because I sarcicella species are widespread and have been
reported from several important sections. However, Isarcicellais
rare inNeogondol el la dominated faunas such asthose at Selong
and Spiti (Orchard et a., 1994; Krystyn and Orchard, in press), so
their occurrence hasbeen previoudy disputed. Theextent towhich
the occurrence of Isarcicella may be influenced by
paleoenvironmental factors is discussed below. The following
summarizesthe dominant biofaciesin the Griesbachian of several
key sections:

1. Spiti - Neogondol elladominates. Minor Hindeodusl Is.

2. Selong - Neogondol elladominates. Minor Hindeodusl I s.

3. Kashmir - Hindeodusl I's. dominates, replaced by
Neogondolella

4. Meishan -.Neogondol el ladominates, replaced by
Hindeodusd! Is.

5. Alps - Hindeodusl Is. exclusively.

6. Ar ctic - Neogondol elladominates. Minor Hindeodus! Is.

Guryul Ravine, Kashmir

As documented by Matsuda (1981, Table 1), conodont faunas
from Guryul Ravine are sparse in the lower Khunamuh Forma:
tion: member El has produced only 5 elements, including both
1Veogondolella carinata and Hindeodus sp. In member E2, no
conodont elementsare recorded with thefirst Otoceras(beds52-
53), but an exclusive Hindeodus biofaciesis represented by the
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first conodonts that appear above, in bed 55. Neogondolellare-
appearsand becomes common in the upper part of E2 through E3
(beds 59-64) concomitant with amarked declineinHindeodus.

About 30 cm above bed 55, bed 56 contains Isarcicella sp. and
|. parva (Matsuda, 1981), which represents about 7 per cent of a
fauna dominated by Hindeodus typicalis. In smaller succeeding
collectionsinwhich it occurs, Isarcicellarepresents about 3 per
cent of thetotal. Based on theseratios, 1-3 elementsof 1. parva
might be expected in the documented collection from bed 55, as-
suming it wasextant. Larger collectionsare needed to resolvethe
possibility of collection failure, particularly in view of the pres-
enceof aspecimenvery closeto, if not conspecificwithl.isarcica
inbed 55 (Matsuda, 1981, Plate5, fig. 8). Neogondolellaispre-
sumably absent from beds 55 and 56 for environmental reasons.
A lsarcicella parva datum drawn at the base of bed 56, aswould
be dictated by the proposed GSSP (Yang et a., 1995), would be
poorly constrained from below. It would also have the effect of
assigning Otoceraswoodwar di bedsto the Permian, for whichno
supporting conodont evidenceexists. Furthermore, the sparse data
from member El issuggestive of Griesbachian age.

Meishan, China

Several additiona papers and many additional illustrations of
conodonts from the Permian-Triassic transition beds at Meishan
have become availablerecently. Fromthese, and earlier reports, it
appearsthat transition bed 1 (beds 25, 26 880, 881) contains con-
odonts of apredominwt Neogondol ella biofacies, asdoesthe un-
derlying Changhsing Limestone. In contrast, above the base of
transition bed 2 (bed 27) the Neogondol ell a biof acies becomes
increasingly replaced by aHindeodus biofacies (Zhang, 1987,
Table 1; Wang, 1995a, Table 2). The Permian-Triassic boundary
has been proposed within the “monofacies’ bed 2, where
Isarcicella parva reputedly evolvesfrom Hindeodus latidentatus,
and “Permian” Neogondol ella species disappear (Wang, 1995b;
Yang et d., 1995).

The Neogondolella fauna of the transition beds below the
I sarcicella parva datum has been compared repeatedly with that
of the Changshing Limestone, in spite of generally sparse num-
bers and its fragmentary nature. The character of this
Neogondol ella faunaisnot yet fully resolved. Amongst theillus-
trated specimens from Meishan, several resemble species from
the Griesbachian taylorae Zone (Krystyn and Orchard, in press)
rather than those from the Changshing Limestone. For example,
some specimensresemble Neogondolella ex gr. tayl orae (Wang,
1994, Pl. 1, figs. 12, 13; 19953, Pl. 1, figs. 5, 8, 9, 13) and N.
tulongensis(Wang, 1994, PI. 1, fig. 14; 1995a, PI. 1, fig. 12). The
occurrenceof Neogondolellameishanensis Zhangetal. (1995) in
thelower transition bed is particul arly notable. Each of thesetaxa
occur throughout the Griesbachian of Spiti (Krystyn and Orchard,
in press) and are now recognized al so from Selong. Wang (1995a)
did not recordHindeodus (or Isarcicella) speciesbelow bed 27,
but showed three species appearing at the base of that bed, and
another three, including |. parva, appearing midway through the
bed. A seventh species, |. turgida appeared higher till, although
I. cf. turgidaisillustrated (but not tabul ated) from lower bed 27
(Wang, 1994, 1995a). This flourish of Hindeodus- Isarcicella
speci es emphasi zes the biof acies change that begins at the base of

bed 27 and becomes more pronounced upsection through the
sampled Yinkeng Formation. This changeisnot evident from the
work of Zhang et al. (1995) because no numeric dataispresented,
but aformidentified

as Hindeoduslatidentatusfrom bed 25 isillustrated (op. cit., PI.
2, fig. 12). This specimen has a large, high cusp and abruptly
terminated posterior carina- although some separation of the pos-
terior denticlesis apparent, the former attributes suggest closer
affinity to Isarcicella parvathanto H. latidentatus. A specimen
from upper bed 27 assigned to H. latidentatus (Wang, 1994, PI. 1,
fig. 9) is an example of Hindeodus n. sp. X (see Krystyn and
Orchard, in press).

Of the other Hindeodus and/or 1sarcicella speciesrecorded from
thetransition bedsat M el shan, acharacteristic speciesthat occurs
both beneath and above the proposed GSSP, but not in the
Changshing Limestone, is Hindeodus changxingensis, inwhich
the author would alsoinclude H. julfensis sensu Wang (1994, PI.
1,fig. 11; 19954, M. 3, fig. 1). Hindeodus julfensis sensu stricto
isaDzhulfian species.

In summary, both lower and upper boundary beds 1 and 2 (
beds 25-27; beds 880-882) at Meishan appear to contain a con-
odont faunathat differsfrom that of the Changshing Limestone. It
doescontain several e ements characteristic of Griesbachian strata
at both Selong and Spiti. At Meishan, Otoceras? sp. (in bed 26),
Isarcicellaaff. pawa (-H. latidentarus sensu Zhang et d., 1995in
bed 25), I.ex gr. turgida (in lower bed 27+), Neogondolellaex gr.
taylorae, N. tulongensis, N. meishanensis(all inlower boundary
bed+), Hindeodus changxingensisand H. n. sp. X (both through-
out bed 27) are al faunal elements that are absent from the
Changshing Limestone, but occur in the transition beds both be-
neath and above the proposed GSSP in bed 27. Each of thesetaxa
are, or could bedefined as, indicators of Griesbachian rather than
Changshingian time. The rarity (or absence) of 1. parva below
mid transition bed 2 may result from the predominance of a
Neogondol ella biofaciesthrough thisinterval.

Alps

Schonlaub (1991) and Kozur (1995) have determined andillus-
trated Hindeodus | atidentatusfrom the Tesero Oolite of the Al-
pine Permian- Triassic succession. Intheauthor’ sview, thesetaxa
are examples of Hindeodus n. sp. X, which postdates the late
Changshingian H. |latidentatusin Meishan. Examples of the new
species are also known from the Griesbachian of Spiti and else-
where (Krystyn and Orchard, in press). Thisrevisionisin line
with therecord of |sarcicella parva from the Reppwand outcrop
of the Teseroin the Carnic Alps(Schonlaub, 1991), which should
therefore be regarded as Griesbachianin age.

Nepal

Conodontsindicative of the tayl orae Zone have beenillustrated
by Garzanti et al. (19944, PI. 2) from the Manang area of central
Nepal. The specimens of both N. orientalis transcaucasica and
N. carinata correspond to N. taylorae. Specimens assighed to
Hindeodus latidenratus emend. are exarnples of Hindeodus n.
sp. X or, inthe case of one specimen from Tilicho, of Isarcicella
parva (Garzanti et al., 19944, PI. 3, fig. 9) Reinterpreted thus, the
conaodonts show affinity to Griesbachian faunasfrom Selong and
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Spiti, rather than to those from the upper Dzhulfian (asin N. o.
transcaucasica) or Changhsingian.

Most recently, Belkaand Wiedmann (1996) have dsoillustrated
tayl orae Zone conodontsfrom the Griesbachian of the Thakkhola
region of Nepal, although, in part, they too were assigned to
Changshingian species.
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22. TETRAPOD BIOCHRONOLOGY
SUPPORTS THREE-EPOCH PERMIAN

Introduction

Recent proposal to dividethe Permianinto three epochs (Early,
Middleand Late) by Glenister et al. (1992) challengeslongstanding
tradition of dividing the Permian into two epochsthat dates back
to the old concept of Dyas. Thisproposal must have strong merit
tooverridepriority. Itsstrongest valuewill beif thethreefold Per-
mian can be correlated globally, particularly in marine stratawhich
providethebasisfor the standard global chronostratigraphic scale.
It is also worth considering whether a threefold Permian can be
recognized in the nonmarine stratathat were deposited acrossthe
vast Pangean supercontinent. Here, | argue that tetrapod verte-
brates (amphibians and reptiles) provide a strong basis for the
recognition of three Permian epochs.

ThePermian tetrapod record

Anderson and Cruickshank (1978), Olson (1989), Milner (1990,
1993a) and Olson and Chudinov (1992) provided excellent, up-
to-date overviews of the record of Permian tetrapods. The idea
that three distinct phases of tetrapod evol ution can be recognized
inthe Permian datesback at |east to Romer (1966, Table 2). It has
been developed along evolutionary, pal eobiogeographic and/or
paleoecologic lines by Bakker (1977, 1980), Anderson and
Cruickshank (1978), Olson (1989) and Olson and Chudinov
(1992). Here, | discussitsbiochronological significance.

As extensive and long studied as the Permian record of tetra-
podsis, it isnot without biases and imperfections. For my analy-
sis, most significant is the virtual geographic restriction of
Artinskian tetrapodsto thewestern United Statesand therarity of
Kungurian and Ufimian tetrapods, a very rea gap in the record
(Milner, 1993a). However, despite this gap-and perhaps accentu-
ated by it-three phases (varioudly called complexes, chronofaunas,
dynasties or empires by previous workers) of Permian tetrapod
evolution (Fig. 1) can beidentified: (1) Early Permian (Asselian-
Sakmarian- Artinskian); (2) Middle Permian (Kungurian-Ufimian-
Kazanian); and (3) Late Permian (Tatarian sensu lato). To charac-
terize these three phases | employ recent global compilations of
Permian family-level tetrapod diversity by Benton (1993) and
Milner (1993b) (Figs. 2-4). Although beset by some problems(see
below), these compilations provide a standardized database that
delineates the same three phases of Permian tetrapod evolution
identified by other means.

Early Permian tetrapods

Most Early Permiantetrapodsare holdoversfromthe Late Car-
boniferous (Figs. 2-4). They identify asingle pal eobiogeographic
province (the edaphosaurid empire of Anderson and Cruickshank
[1978] or the edaphosaur-nectridean province of Milner [1993a])
from the southern region of Euramericacloseto the pal eoequator.
Semi-aquatic temnospondyl amphibians, microsaurs,
anthracosaurs, seymouriamorphs, cotylosaurs, avariety of preda-
tory pelycosaurs and the herbivorous pelycosaur Edaphosaurus
are characteristic Early Permian tetrapods.

Thecontinuity of tetrapod familiesfrom the Carboniferousinto
the Permian indicates how difficult it istoidentify the beginning
of the Permian Period using tetrapods. However, the extinction of
26 tetrapod families at or near the end of the Artinskian (trunca-

tion of Bakker [1977] dynasty |) makesit easy toidentify an Early-
Middle Permian boundary. The Kungurian-Ufimian gap in thetet-
rapod record may in part explain thelow number of family origi-
nations following this truncation. It emphasizes that knowledge
of the Middle Permian phase of tetrapod evolution isamost re-
stricted to the Kazanian.

MiddlePermiantetrapods

The first therapsids essentially appeared during the Kazanian,
marking what Bakker (1980) aptly termed the " Kazanian revolu-
tion” intetrapod evolution. The Middle Permian amphibian fauna
(Fig. 2) consists mostly of Early Permian holdoverswith only a
few new appearances. Indeed, by the Kazanian the tetrapod fauna
isreptile dominated, whereas during the Early Permian, amphib-
ians and reptiles were almost equally represented. Anderson and
Cruickshank (1978) identified the Middle Permian fauna as the
firstfully terrestria tetrapod faunaand termed it the tapinocephalid
empire.

By the Kazanian, diapsid reptiles had diversified into their two
great clades, thelepidosauromorphs (younginids and tangasaurids)
and the archosauromorphs (protorosaurids and proterosuchids)
(Fig. 3). Synapsid reptilesnumerically dominated Kazanian tetra-
pod faunas (Fig. 4). Especialy abundant were the herbivorous
dinocephalians and early anomodonts. The Middle Permian thus
had atetrapod faunavery distinct from that of the Early Permian.
TheMiddle-Late Permian (Kazanian-Tatarian) boundary iseasily
identified by numeroustetrapod extinctions (16 families) and origi-
nations (29 families).

L atePermian tetrapods

Only a few new families of amphibians and diapsid reptiles
appeared during the Late Permian (Tatarian) (Figs. 2-3). Thedis-
tinctiveness of the Late Permian tetrapod faunaisdueto itsdomi-
nation by dicynodont herbivores and therapsid carnivores, espe-
cially the gorgonopsids and therocephalians. Many of these taxa
continued at thefamily level intothe Triassic. Late Permian tetra-
podsdefinethedicynodontid empire of Anderson and Cruickshank

(1978), which was widespread across L ate Permian Pangea. Par-

ticularly significant was the widespread dicynodontid genus

Dicynodon (-Daptocephalus); itsfossils are known across much

of Late Permian Pangea— from South and East Africa, England,

Russiaand China. Some caveats and conclusions The type of da-

tabase shown in Figures 2-4 and the support it providesfor recog-

nizing athreefold Permian is not above criticism. Some caveats
include;

1. Correlating many nonmarinetetrapod fossil occurrencesto
the standard global chronostratigraphic scaleisfraught with
problemsand uncertainty.

2. The Kungurian-Ufimian gap in the tetrapod fossil record
makesit less certain whether areal evolutionary turnover
occurred at the end of the Artinskian or was” smeared” over
Artinskian-Ufimiantime.

3. Theglobal compilationsof tetrapod family diversity used
hereincorporate awelter of problemsdueto taxonomy,
paraphyly and intensity of study. It would be better to
analyze Permian tetrapod diversity at the genus and species
level, though thiswould not eliminate al these problems.

4. Such compilationsalso suffer from the compiled correlation
effect (Lucas, 1994). To wit, they only plot taxon ranges at
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Figure 1. Tetrapod vertebrates (amphibians and reptiles) delineate a threefold Permian.

theleve of stage-age, which artificially concentrates
originationsand extinctions at the stage boundaries.

These caveats underscore just how coarse-scaled an analysis|
have undertaken. Nevertheless, | doubt that a finer-scaled analy-
siswould alter theidentification of three phases of Permiantetra-
pod evolution. Romer (1966) identified these phases long ago,
and they provide astrong basisfor recomizing three Permian ep-
ochs. What vertebrate pal eontol ogists have known for 30 yearsis
at last being recognized by students of marine Permian
biochronology.
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AMPHIBIANS
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Plegethodontidaeg
Diplpcaulidze
Scincosauridas
Uracorgylidae
Microbrachidae
Brachystalechidae
Hapsidopareiontidae
Pantylidae
Gymnarthidae
Ostodolepidas
Rhynchonkidas
Cocytinidae
Edopidas
Cochlaosauridas
Trimerorhachidas
Saurermpodontidas
Dvinosauridas
Brachyopidae
Actinodontidae
Intasuchidae
Archegosauridas
Rhinesuchidas
Uranacentrodontidas
Zatrachydidag
Eryopidas
Paroxyidae
Trematopidae
Pelobatrachidaas
Dissgrophidae
Micromelerpedontidas
Branchiosauridas
Amphibamidae
Eogyrinidae
Archariidas
Chromosuchidae
Seymouridae
Discosauriscicas
Leptoraphidas
Engsuchidae
MNyctercleteridas
Tokosaundae
Lanthanosuchidae
Limngscelidae
Tseajaiidas
Diadectidas

Figure 2. Temporal distribution of amphibian families during the Permian based on Milner (1993b).
Timescale abbreviations at top denote (from left to right): Carboniferous, Asselian, Sakmarian,

Artinskian, Kungurian, Ufimian, Kazanian and Tatarian.
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ANAPSID AND DIAPSID REPTILES
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Bolosauridae
Acleistorhinidae

Eunotosauridae
Mesosauridae
Millerettidae
Pareiasauridae
Captorhinidae
Nyctiphruretidae
Procolophonidae
Protorothyndidae
Araeoscelididae
Mesenosauridae
Weigeltisauridae
Claudiosauridae
Heleosauridae
Galesphyridae
Younginidae
Tangasundae
Saurosternidae
Protorosaundae
Froterosuchidae

Figure 3. Temporal distribution of anapsid and diapsid reptile families during the Permian based on Benton (1993). Timescale abbrevia-

tions as in Figure 2.
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SYNAPSID REPTILES
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Eothyrididae
Casaidas

Varanopseidaa
Cphiacodontidas
Edaphosauridas
Sphenacodontidas
Phthinosuchidaa
Biarmosuchidas
kctiderhinidaa
Burnetiidaa
Eotitanasuchidae
Watongiidas
Gorgonopsidae
Estemmenasuchidaa
Anteosauridaa
Titanosuchidaa
Tapinocephalidas
Dromasauridaa
Ctsheariidaa
Galeopidas
Venjukoviidae
Eodicynodontidae
Endothiodontidaa
Cryptodontidaa
Aulacephalodontidae
Dicynodontidaa
Pristerodeontidas
Emydopidaa
Robertiidae
Kingaoriidae
Pristerognathidae
Holmayeriidaa
Euchambarsiidae
Whaitsiidae
lctidosuchidas
Scaloposauridae
Lycideopsidas
Dviniidaa
Procynosuchidae
Galesauridas

Figure 4. Temporal distribution of synapsid reptile families during the Permian based on Benton (1993). Timescale

abbreviations as in Figure 2.
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23. REVISED PERMIAN LITHOSTRATIGRAPHY
IN THE NETHERLANDS

Recently, acompletely revised lithostrati gaphic nomenclature
of the Netherlands has been published (Van Adrichem Boogaert
and Kouwe, 1993-1995), which replaces the NAM and RGD
(1980) edition. Since 1980, aconsiderabledrilling effort hasbeen
carried out in the Netherlands onshore and offshore areas. The
additional well information led to new insights in the
lithostratigraphy of the Permian deposits. The most important
changeswill be described below.

Permian depositsare now recognized in amuch larger areathan
previoudy. In much of the basin fringe areain the southern Neth-
erlands stratawhich previously were assigned to the Carbonifer-
oushavebeenidentified asUpper Permian deposits. Thishasbeen
proved by palynological analysisinthe uppermost claystones, The
strata consist of sandstones and conglomerates of the Upper
Rotliegend Group and claystones of the uppermost part of the
Zechstein Group (Van Adrichem Boogaert and K ouwe, 1993-1995;
Geluk etal., 1995). Thisnew interpretation indicates, that hereno
important overstepping of the permian basin margins occurred
during the Triassic, aswas assumed previously, but that the basin
margin stayed more or lessin the same position.

Intwo distinct areasin the Netherlands, namely the eastern on-
shore area and the area of the Central North Sea Graben,
volcanoclastic deposits of the Lower Rotliegend Group have been
identified. No detailed age dating have been performed, but in
analogueto Germany, the depositsareregarded as Early Permian
(Asselian?). The occurrence of these deposits indicate an early
phase of activity of the Central North Sea Graben.

The Upper Rotliegend Group isidentified in almost the entire
country; itis, after thework of Menning (1995), now considered
to beof Late Permian age. Several new memberswereintroduced
for an adequate description of the situation where the sandy
Slochteren Formation interfingers with the argillaceous Siverpit
Formation.

In the Zechstein Group, the redefinition of the boundary with
the overlying Buntsandstein enables a better separation between
thelithostratigraphic Permian and Triassic. Inthe pagt, thisbound-
ary had not been described clearly and transitional beds had been
grouped together in the Basal Buntsandstein Member, now the
lower part of these beds have been defined asthe Upper Zechstein
Claystone Formation and the overlying part is considered to be-
long to the Triassic. Palynological associationsin these bedsare
dominated by the presence of Lueckisporitesvirkkiae. Thebound-
ary amost matches the lithostratigraphical boundary as defined
in Germany and Poland. Furthermore, the clastic depositsrepre-
senting the basin fringe facies has been incorporated in the
lithostratigraphic scheme.

Attempts were undertaken for a definition of the
chronostratigraphical boundary between the Permian and Trias-
sic on the basis of palynomorphsin the Everdingen-1 well in the
central Netherlands. The Permian-Triassic boundary is believed
to be situated within the Lower Buntsandstein. Despite several

grey intervalsin the Lower Buntsandstein, the strata were found
barren.
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24. RESEARCH IN PROGRESSON THE
PERMIAN DEPOSITS OF SARDINIA ITALY)

Two yearsago, ateam of Italian geologistsrenewed research on
the Permian sedimentary and volcanic deposits of Sardinia. The
need of such research arosefrom the scarcity of detailed informa-
tion on this subject, and from the pressing imminence of the new
Sheet 541 Jerzu”, 1:50,000, of the Geol ogical Map of Italy. Sub-
sequently, French (J. Broutin, F. Lethiers, P. Freytet) and Italian
(P. Pittau, A. Tintori) specialists were invited to take part in this
research.

The Perdasdefogu and Escalaplano intramontane basins, in
southeastern Sardinia, were the subject of the most thorough in-
vestigation. Detailed research by Ronchi on these basins led to
new paleontological findings, to the reconstruction of the strati-
graphic successions of the basins, to new insights into the par-
ticular nature of some carbonate and siliceous deposits, and to a
definition of volcanic activity in the area during Permian.

OGLIASTRA: Perdasdefogu basin

A representative stratigraphic section of this basin, which is
located near thevillage of Perdasdefogu, isgiveninFigure 1. The
succession beginswith areddish conglomerate (max. 30 mthick)
that bears rock fragments derived from the Hercynian metamor-
phic basement. The boundary with this complex is marked by a
pronounced unconformity. Above, grey-dark laminated sandstones,
siltstones and shales crop out, in association with more or less
consistent calcalkaline andesitic products.

From the numerous specimens collected by Ronchi in thislower
unit, Broutin points out the presence of the following plants:
Asterophyllites longifollus (Sternberg) Brongniart, Annularia
mucronata Schenk, Pecopteris elaverica Zeiller, Odontopteris
lingulata (Goeppert) Schimper, 1Veuropterisosmundae (Artis)
Kidston ( Odontopteris dupesnoyi ), Taeniopteris abnormis
Guthier, Autunia (al. Callipreris) conferta (Brongniart) Haubold
et Kerp, Rhachiphyllum(al. Callipteris) schenkii (Heyer) Kerp,
Rhachiphyllum (al. Callipteris) lyratifolia (Goeppert) Kerp,
Dichophyllum (al. Callipteris) flabellifera (Weiss) Kerp et
Haubold, Lodevia (al. Callipreris) nicklesii (Zeiller) Haubold et
Kerp, Ernestiodendronfiliciforme (Sternberg) Florin, Otovicia(al.
Walchia) hypnoides (Florin) Kerp et al., Walchia piniformis
Sternberg (sensu Visscher et a., 1986), Culmitzchia (al. Lebachia)
laxifolia (Florin) Clement-Westerhof, etc. According to Broutin,
theseformsenableustore atethese stratato A utunian of the French
and Pyrenean Catalan basins. At the top of the same unit, Ronchi
also discovered a large number of amphibians of very small di-
mensions (on average 5-6 cm). Tintori considersthesevertebrates
as belonging to the Branchiosauridae fam., of which no sighting
has so far been made in Italian areas. Ostracods, which are re-
ferred by Lethiersto Candona n. sp., cf. planidorsata Cooper,
1946 and Whipplella aff. carbonaria Scott, 1944, also occur in
thewhole unit.

Thefossiliferouslevelsarefollowed upwardsby stratified lime-
stones, which arelocally involved in silification phenomena, and
areintercal ated with black bedded cherts of volcanic origin.

Above, the af orementioned sediments comeinto contact witha
widespread dacitic lavaflow, calcalkalinein nature, of which the
thickness reaches up to a maximum of 180 m. However, in the
northwestern sector of the basin, these dacitic rocks are associ-
ated with, or are followed by, rhyalitic vol caniclastic sediments,
mostly in the form of tuffs and ignimbrites, which are again of
calcalkaline composition. Sparse dacitic and rhyolitic dikeslinked
to this younger volcanic activity also appear in the basin area,
wherethey crossthe Hercynian crystalline complex and the over-
lying units already described.

Thetotal thickness of the sedimentary and vol canic succession
of the Perdasdefogu basin, which can be generally ascribed to
Lower Permian, shows an average value of 250 m. Upwards of
these deposits, very coarse grained Mid-Jurassic conglomeratic
massive beds crop out.

GERREI: Escalaplanobasin

About 10 km south of Perdasdefogu, the Permian Escalaplano

basinisalsolocated near thevillage. A representative stratigraphic
sectionisshown in Figurel. The base of the successionisagain
characterised by the presence of conglomerates (max 15 m thick),

which contain rock fragments pertaining to the Hercynian crys-

talline substrate. Contact with this complex is underlined by a
marked unconformity. The overlying depositsconsist of repeated
alternation of sandstones, siltstones, shales, silicified limestones,

bedded cherts, al intercal ated with abundant vol caniclastic prod-

ucts, which have been interpreted as rhyalitic tuffs and ignim-

brites, and, further up, as andesitic lahars, all three being of

calcalkaline composition. These rocks are followed by a thick
andesitic body, whose products are correl atable with those of the

lower part of the Perdasdefogu basin.

Scarce reddish clastic sediments, which areinterbedded at the
top with chalky and marly-clayey sediments, unconformably over-
liethe Hercynian metamorphic basement at the margin of the ba-
sin . These clastic deposits could pertain to a transitional
Buntsandstein, prior to marine Middle Triassic carbonate trans-
gression. The deposits yield a microfloristic assemblage, with
Alisporites microreticulatus Reinhardt, Angustisul cites klausii
Freudenthal, Cuneatisporites radialis Leschik, Falcisporites
snopkovae Visscher, Minutosaccus crenulatus Dolby,
Rimaesporires potoniei Leschik, Stellapollenites muelleri
(Reinsch and Schmitz) Pittau Demelia, Triadispora stabilis
Scheuring, T. obscura Scheuring, T. suspecta Scheuring, T. vilis
Scheuring, VitreisporitessignatusLeschik, aswell asother forms,
which are generally ascribed by Pittau (pers. comm.) toaMiddle
Anisian (Pelsonian) age. However, in the Escalaplano basin, the
above-cited andesites and the presumed former late-Paleozoic
cover were widely sutured by the already mentioned Middle Ju-
rassic conglomerates, and, even more evidently, by Eocene de-
posits.

Although the Escal aplano basin succession hashot yet provided
paleontological data, regional comparison leads researchers to
consider the present depositsas L ower Permian (Autunian).

GERREI: Mulargiabasin.
Thisbasinissituated alittle to the west of the Escalaplano ba-
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sin, around Lake Mulargia. The siltstones and shales of the lower
stratigraphic succession near Rio Melas gave anumber of vegetal

fossils,amongwhich Broutinrecognized: Pecopteris cf. densifolia
(Goeppert) Weiss, Ernestiodendronfiliciforme (Sternberg) Florin,
Otovicia (al. Walchia) hypnoides (Florin) Kerp et a., Walchia
piniformis Sternberg (sensu Visscher et al., 1986), Hermitia(al.
Walchia) spp., Culmitzchia(d. Lebachia) laxifolia (Florin) Clem-

ent-Westerhof. According to Broutin, theseformsindicatethe pres-
ence of Autunian, a hypothesis which has aready been advanced
(Francavillaet al., 1977).

NURRA: Lu Caparoni basin and surroundings

Located in northwestern Sardinia, near Alghero, this area has
recently been subjected to new stratigraphic and petrographic re-
search (Cassiniset al., in press). The post-Hercynian continental
succession can be subdivided into at least two main
tectonosedimentary cycles. The lower cycle is characterised by
the Lu Caparoni Formation, which reaches up to about 15 miin
thickness. Accordingtothestratigraphic section of Figure 1, this
formation begins with a thin and discontinuous conglomeratic
deposit, 1-1.5 m thick, which bears metamorphic fragments de-
rived from the Hercynian substrate. The boundary is marked by a
distinct unconformity and by a palacosol. Upwards, this basal
conglomerateisfollowed by aluvia-lacustrine, black, laminated,
sandstones, siltstonesand shales, all richinfossil plants.

From anumber of specimenscollected by Ronchi at two levels,
Broutinrecognised: Autunia (a. Callipteris) conferra (Brongniart)
Haubold et Kerp, Odontopteris cf. subcrenulata Rost, Walchia
piniformis Sternberg (sensu Wisscher et al., 1986), Otovicia (a.
Walchia) hypnoides (Florin) Kerp et al., Ernestiodendron
filiciforme (S ternberg) Florin, Dichophyllum (al. Callipteris)
flabellifera (Weiss) Kerp et Haubold, Pecopteris sp.,
Rachiphyllum (al. Callipteris) lyratifolia (Goeppert) Kerp,
Taeniopteris sp., Remia pinnatifida (Gutbier) Knight, Pecoperis
polymorpha Brongniart. Likethe previousauthors(Pecorini, 1972;
Francavillain Gasperi and Gelmini, 1980), Broutin pointsout that
theseformsindicatethe Autunian, and hethusreproposesal ower
Permian agefor the af orementioned deposits.

The onset of subsequent volcaniclastic activity is documented
by the presence of some kaolinized cinerites. In al probability,
the overlying massive polygenic conglomerates and sandstones
represent aconsequence of thisnew explosiveactivity. However,
between these clagtics, we again observetwo flat and eroded lenses
of fine-grained stratified bodies, which resemblethe Lu Caparoni
Formation units. These sediments are accompanied by kaolinized
andillitized vol caniclastic products, similar to the underlying ones,
and alsoincludetracesof presumed pal aeosols.

Asisevident alittlebelow the Lu Caparoni peak, the starting of
the upper tectonosedimentary cycle is marked by a slight
unconformity. The detrital succession of thiscycle, thethickness
of which may be estimated at around 250-300 m, has been subdi-
vided into four Units (Gaspari and Gelmini, 1980).

These Unitsare characterized, from bottomto top, by (Fig. 1):
I) quartz whitish massive conglomerates, with variable amounts
of sandy matrix, and white sandstones, with horizontal bedding

and bioturbation. This unit essentially consists of metamorphic
and volcanic quartz; the latter is connected with a more or less
coeval volcanic activity, and is mixed with kaolinized products
(30-40 mthick); 2) alternation of reddish conglomeratesand sand-
stones, both characterized by tabular and trough cross-stratifica-
tion, channel fills, and intercal ated with vivid red siltstonelenses.
The conglomerates range in thickness from 2 to 15 m, and are
composed of quartz, red vol canic and basement fragments (about
150 mthick); 3) grey-greenish sandstones, from centimetrical to
metrical in thickness, alternated with intense red siltstones. The
sandstones show tabular and trough cross-stratification, mud
cracks, aswell asripplemarks (about 50 mthick); 4) reddish fine
and medium-grained sandstones, in decimetrical beds, with tabu-
lar and trough cross-stratification and, at the top, ripple marks
and bioturbation. A very coarsewhite quartz conglomerate, 3-6 m
thick, with red matrix, cropsout at the lowermost part of the unit
(50-60 mthick).

With the exception of number 1, the units show a notable
lithological affinity with the Buntsandstein of France and Spain;
thisisparticularly so for Units 3 and 4.

Moreover, thetemporal distribution of al thisdetrital succes-
sion clearly rangesfrom Autunian to L adinian times. However, if
we consider firstly the paucity and the inconclusiveness of the
paleontological findingsrelativeto these clastics (Pecorini, 1962;
Pittau Demelia and Flaviani, 1982 ), and secondly the data re-
ported by studies on the subsequent Triassic transgressioninthis
part of Sardinia (Pomesano Cherchi, 1968; Pittau Demelia and
Flaviani, 1982; Gandin et al., 1982), it also seems plausible to
suggest that the continental succession examined generally began
during undefined Permian times and ended during the Anisian.

The volcanic products locally intercalated within the middle-
lower part of the af orementioned succession (their presumed po-
sition isindicated beside the column) appear to be excessively
weathered to yield reliable data. About 15 km to the north of the
Lu Caparoni area, only ahandful of samplespicked near M. Santa
Giusta can be interpreted as tuffs and ignimbrites of alkaline af-
finity (see also Lombardi et al., 1974). In Nurra, therefore, the
hypothesis of a second similar magmatic cycle, which has been
widely recognized and studied outsidetheidle, i.e., insidethe post-
Autunian and pre-Triassi ¢ sections of Corsicaand South-France,
is probably appropriate. These volcanic data lend weight to the
assumption that the Sardinia block was connected to stable Eu-
rope during the Permian.
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