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CHAIRMAN'S COLUMN

Thelast year has seen progress toward definition of bound-
aries between the stages of the Carboniferous System. Thisisin
keeping with the mandate of the ICS, our parent body, that all
GSSPs should be selected by 2008. This mandate was strongly
reconfirmed at amid-June | CSmeeting in Urbino, Italy.

Statusof Boundary Working [Task] Groups

Thedefinition of the Tournai sian-Viséan boundary proposed
by the Working [Task] Group chaired by George Sevastopulo
has been approved by the membership, asindicated in the Secre-
tary/Editor’s Report. | have appointed chairs for two new Task
Groups|[as Working Groups are now called by lUGS mandate to
ICS] dealing with two boundaries, one close to the Viséan-
Serpukhovian boundary, and the other close to the Bashkirian-
Moscovian boundary. The Task Group to establish aGSSP close
to theexisting Viséan-Serpukhovian boundary ischaired by Barry
Richards of the Canadian Geological Survey andisinthe process
of soliciting membership. The Task Group to establish a GSSP
closeto the existing Bashkirian-Maoscovian boundary is chaired
by John Groves of the University of Northern lowaandisasoin
the process of soliciting membership. There has been more
progress in focusing on lineages within fossil groups that will
ultimately define the boundaries close to the Moscovian-
Kasimovian boundary and close to the Kasimovian-Gzhelian
boundary, as shown in the report of that Working [Task] Group
chaired by ElisaVilla. Thusthere are now Task Groups either in
progress or just getting underway with the tasks of selecting
GSSPscloseto the boundaries of all the stagesthat are currently
recognized in eastern Europe, thelower two with classic western
European series names and the upper five with the classic Rus-
sian stage names. | ook forward to seeing the progress reports
on definition and selection of stage boundaries at the Workshop
on Carboniferous Stratigraphy that is planned for the Fifteenth
Conference on Carboniferous and Permian Stratigraphy [XV-
|CCP], whichwill be heldin Utrecht, The Netherlands, in August
2003,

Number of Stagesand Likely Names

It thus appears likely that there will be seven stages in the
Carboniferous System, threein the Missi ssippian Subsystem and
four in the Pennsylvanian Subsystem. Most workers seem to
regard this as a reasonable number [see Menning et al. 2001 in
Newsd ettersin Stratigraphy, 38: 201-207]. The names of theMis-
sissippian stages are [or likely will be] Tournaisian, Viséan, and
Serpukhovian, pending final selection of suitable GSSPs. The
names of the lower two Pennsylvanian stageswill very likely be
Bashkirian and Moscovian, pending selection of asuitable GSSP,
Thisisbecausethe potentially competing North American names
include the Atokan Stage, which straddles this boundary and
which isdifficult to define biostratigraphically because of inad-
equaciesinitstypearea. The names of the upper two Pennsylva-

nian stages could be either Kasimovian and Gzhelian or Missou-
rianand Virgilian because the lower boundaries of the Kasimovian
and Missourian arefairly close, and the lower boundaries of the
Gzhdian and Virgilian may be nearly coincident. Thechoicein my
opinion lies in which of the two name sequences have greater
recognition worldwide on the basis of their included biota, re-
gardless of where the appropriate boundary GSSPsmay ultimately
be chosen. One corresponding member has found the Russian
names to be useful in Canadaand India. | welcomeinput on this
matter from other workers in areas outside of the United States
and Russia, particularly from those working in southern Europe,
northern Africa, southern and eastern Asia, the Arctic region,
and the southern continents outside of the Gondwanan facies.
Series Subdivision

Thisbringsup theissue of series subdivision of the Carbon-
iferous, for which | and A. S. Alekseev presented two different
possibilitiesin separate articlesin last year’sNews etter [volume
19], asking for input by e-mail or asarticlesfor thisyear’sNews-
letter [volume 20]. | proposed that seriesnamesbe Lower, Middle,
and Upper Mississippian, and Lower, Middle, and Upper Penn-
sylvanian, with each series comprising asingle stage, except for
the Upper Pennsylvanian, which would comprise two stages.
Alekseev proposed four series based on all of the traditional
western European series names except for the Namurian, which
has been split by the mid-Carboniferous boundary. To compen-
sate for the loss of the Namurian, he proposed extending the
Westphalian Series downward to include the upper Namurian as
the lower part of the Bashkirian Stage, and extending the Viséan
Seriesupward toincludethelower Namurian Serpukhovian Stage
as its upper part. The lower part of the Viséan Series would be
subdivided into three stages, and the Tournaisian Series would
be subdivided into two stages, both using the established Bel-
gian names. | was rather surprised that | received no direct re-
sponseto thisissue. One article submitted to this Newsl etter, by
Wagner and Winkler Prins, commented favorably on severa as-
pects of both proposals, but noted problems with extending the
names Viséan and Westphalian far beyond what they tradition-
ally have encompassed. | find that the main problem with
Alekseev'sproposal isthat it would requirethree new stage bound-
ariesto be selected for the Belgian stages above the bases of the
Tournaisian and Viséan series, which would require expertsin
that part of the succession to form new Task Groups. | realized
another problem when | composed my article on Pennsylvanian
radiometric datesthat appearsin this Newsletter: Thetraditional
Stephanian may include only asmall part of late Pennsylvanian
time[defined by the official Carboniferous-Permian boundary in
the southern Urals], the remainder being represented by the
Autunian. Thisissue will also be discussed at the Carboniferous
workshop in Utrecht.
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Radiometric Dating

| have not been informed of any new significant datesfor the
Carboniferous beyond those reported in the articles by Menning
and others and Becker and othersin last year’s Newsl etter [vol-
ume 19]. Thereport by Davydov and othersin thisyear’s News-
letter that they have collections of both radiometrically datable
minerals and abundant conodonts from the same volcanic ash
bedsin critical southern Urals sections [near that where the Car-
boniferous-Permian GSSP was selected] iswelcome news. This
means that more biostratigraphically well constrained dates will
become availableto hopefully clarify the murky state of affairsin
Carboniferousradiometric dating’ . In the meantime, | was stimu-
lated by questionsfrom severa colleaguesto summarize my opin-
ions on the meaning of the various, often conflicting dates that
have been presented for the Pennsylvanian Subsystem. This
summary appears as a separate article later in this Newsletter.
The I CS meeting emphasized the importance of accurate radio-
metric dating throughout the stratigraphic column, and | expect
that radiometric dating will be discussed further in Utrecht.

Chemodratigraphy

Satzman [2002 GSA Bulletin 114: 96-108] reportsmorelocali-
tiesin the western U.S. that show the mid-Tournaisian delta **C
spiketo nearly 7, which he and coauthorsreported in 2000 [ Geol -
ogy 28: 347-350]. The research group coordinated by Ethan
Grossman at TexasA & M University [in apaper publishedinthe
volumefor the August 2002 Carboniferous Biostratigraphic meet-
ing in Ekaterinburg, Russia) illustrates adelta*C spike of some-
what |esser magnitude very closeto the Serpukhovian-Bashkirian
[Mid-Carboniferous] boundary inthe Urals. Thislatter shift from
relatively low values in the Serpukhovian has potential signifi-
cancein chemically correlating the Mid-Carboniferous boundary
into the Gondwana and Angararegions, whereit isnot yet accu-
rately identified because of the loss of thetypical late Mississip-
pian pantropical marine fossils in those regions as they cooled
significantly. It is hoped that some aspect of chemostratigraphy
may soon be able to record the exact times of inferred cooling,
one of which in the Kuznetsk Basin of Siberian Angaraland is
described inthearticleby Ganelin and Durantein thisNewsl etter.
Ongoing work in the stable isotope lab here at lowa shows a
pattern in alate Desmoinesian cyclothem that is different from
that in the mid-Missourian cyclothem mentioned last year, indi-
cating that each Midcontinent cyclothem needs to be analyzed
in detail and its pattern interpreted in terms of diagenetic factors
as well as severa environmental factors of local and regional
scale. Aninteresting new study from the University of Erlangen
[Horacek et a. in 2001 TerraNostra, 4: 20-24] showsthat delta®O
data extracted from the apatite of conodonts in Midcontinent
Pennsylvanian cyclothems appear to reflect ice-volume changes
as well as temperature changes that occurred during cyclothem
deposition. The mid-June ICS meeting also emphasized the im-
portance of integrating all the various newer chemical methodsin
stratigraphy with the classic biostratigraphic-based scale, and |
hope that more interesting trends in chemostratigraphy will be
presented in Utrecht.

‘Carboniferousof theWorld’

Manuscriptsare coming in for the remaining volumesof this

very useful compendium on global Carboniferous stratigraphy,
and general editors Robert Wagner and Cor Winkler Prins are
making plans for publication of Volume IV focusing on North
Americaas early as 2003. The Appalachian region is complete,
and the Midcontinent region is nearly so, and an appeal is made
to other regional coordinators to urge submission of remaining
Manuscripts as soon as possible.

St. LouisField and General Meeting

In September 2001, the SCCSmet in St. Louis, U.S.A.,inthe
heart of the type region for the Mississippian Subsystem, the
lower of the two basic Carboniferous subdivisions. Led by Paul
Brenckle and Rich Lane who have compiled a large amount of
biostratigraphic data on this succession, theinitial two-day field
trip up the Mississippi River visited type Kinderhookian and
classic Osagean localities [equivalent to Tournaisian and lower
Viséan] and type Meramecian [mid-Viséan] localitiesaround St.
Louis. The following day was spent in a general meeting with
eight presentations covering topics of Mississippian stratigra-
phy and biostratigraphy, with afocus on the Tournaisian-Viséan
boundary and apotential GSSPin China, and on the biostratigra-
phy of the Serpukhovian Stagein Russia. Thelist of authorsand
titles appears at the end of this column. Thelast three days were
spent on afield trip down the Mississippi River visiting mainly
Meramecian and type Chesterian localities [equivalent to upper
Viséan and Serpukhovian]. The updated guidebook for thisfield
trip will soon be available for purchase from the Illinois State
Geological Survey in Champaign, 111inois61820, U.S.A.

Speakersand Titles, St. L ouisGeneral M eeting, September
10, 2001

H. Richard Lane: Overview of Mississippian stratigraphy inits
type region

Geoff Clayton: Mississippian palynostratigraphy

George Sevastopul o, Francois-X. Devuyst, and Luc Hance:
Progress toward a better definition of the Tournaisian-
Viséan boundary: Implicationsfor long-distance correla-
tions

Francois-X. Devuyst, H.F. Hou, M. Coen, L. Hance. G.D.
Sevastopulo, F. Tian, and X.H. Wu: The Pengchong
section (South China, Guangxi Autonomous Region), a
GSSP candidate for the base of the Viséan

Nilyufer B. Gibshman and ElenaA. Kulagina: Lower Carbonif-
erous foraminiferal zonal standard of Russia, abasisfor
international correlation and definition of the approximate
position of the Tournaisian-Viséan boundary

Nilyufer B. Gibshman: Foraminiferaof the Serpukhovian Stage
type area (Moscow Basin) as abasis for international
correlation and determination of the position of the Viséan-
Serpukhovian boundary

SvetlanaV. Nikolaeva, ElenaA. Kulagina, and V.N. Pazukin: An
integrated biostratigraphy for the Serpukhovian of the
Urds

SvetlanaV. Nikolaevaand Juergen Kullmann: Updated
Serpukhovian ammonoid biostratigraphy in the Urals and
Central Asia

Philip H. Heckel
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SECRETARY / EDITOR’S REPORT
2001-2002

| want to thank all who provided articles for inclusion in
Volume 20 of the Newsletter on Carboniferous Stratigraphy and
those who assisted in its preparation. | am indebted to PH. Heckel
for editorial contributions; and to P. Thorson Work for coordinat-
ing the compilation of this issue

Ballot on Definition of Tournaisian-Viséan Boundary

At the time that the ‘Working Group to establish a boundary
close to the existing Tournaisian-Viséan boundary’ was estab-
lished at the 1995 Krakow Carboniferous Congress, the biostrati-
graphic definition was not specified. In 2000, George Sevastopulo
and Luc Hance [Newsletter on Carboniferous Stratigraphy, v. 18,
p. 6] reported for the Working Group that a lineage within the
foraminifer genus Eoparastaffella has the potential to provide a
biostratigraphic tool of high resolution for correlation around the
boundary. This lineage was illustrated by Hance in the 1997
Carboniferous Newsletter [v. 15, p. 40-41]. In the 2001 Carbonif-
erous Newsletter [v. 19, p. 7-8], Sevastopulo, Hance and others
summarized the encouraging results that have been obtained using
this biostratigraphic tool from the Pengchong section in South
China, which has good potential for being selected as a GSSP for
this boundary (see also Sevastopulo et al., p. 6-7, this issue). At
the September 2001 SCCS Meeting and Field Trip in St. Louis, the
Working Group proposed to submit officially to the SCCS voting
membership the biostratigraphic criterion based on the first ap-
pearance of Eoparastaffella simplex in the lineage
Eoparastaffella ovalis group » Eoparastaffella simplex to de-
fine the base of the Viséan. This definition was informally ap-

proved without dissent by attendees at that meeting. Accord-
ingly, aformal ballot on the Working Group’s proposed definition
of the Tournaisian-Viséan boundary was distributed to the Vot-
ing Members of the SCCS in early 2002, which was overwhelm-
ingly approved by the membership (19 affirmative votes, 2 non-
responses).

Future Issues of Newsletter on Carboniferous Stratigraphy

The recent decrease in funding received from ICS (down
20% in 2002) combined with the steadily increasing number of
corresponding members and the high volume of manuscripts re-
ceived makes the future of the Carboniferous Newsletter uncer-
tain. The relatively small number of donations received in 2001 is
insufficient to offset the increasing number of corresponding
members requesting copies, and makes it critical that financial
donations be received from members who can afford to donate,
in order to help offset the resulting increase in publication and
distribution costs. The Newsletter is expensive to publish and
distribute, and it is our hope that increased donations will enable
us to continue to distribute copies to al who desire them (please
refer to the instructions for donations on the last page of this
issue).

Next year’s Volume 21 will be finalized by July 2003, and |
request that all manuscripts be sent before May 31—but prefer-
ably much earlier. | ask al authors to please read the section
below (page 5) regarding submission format, especially manu-
script length and diagram scale. Finally, | would be most grateful
if al voting and corresponding members of the SCCS would let
me know of any changes to their postal and e-mail addresses so
that we may update our records.

David M. Work

SCCS ANNUAL REPORT 2001

; Secretary/Editor:
Membership Dr. David M. Work

The Subcommission had 21 voting
membersin 2001 [seelist at end of News-
letter]. In addition, corresponding member-
ship at the time of publication stands at

312 personsand 6 libraries.

Research Center
1301 Western Ave.

Officers U-SA.

Cincinnati Museum Center
Geier Collectionsand

Cincinnati, OH 45203

Project Group on a
chronostratigraphic level around the
Viséan V3aV 3b boundary, chaired by Nick
Riley and Bernard Owens (UK).

Project Group on aboundary closeto
the Viséan-Namurian/Serpukhovian
boundary, chaired by Nick Riley (UK).

Chair:

Dr. PhilipH. Heckel
Department of Geoscience
University of lowa
lowaCity, |IA 52242

U.SA.

Fax: +1(319) 335-1821
Email: philip-heckel @uiowa.edu
Vice-Chair:

Dr. Geoffrey Clayton
Department of Geology
Trinity College

Dublin2

IRELAND

Fax: 3531-6711199

Email: gclayton@tcd.ie

Fax: +1(513) 455-7169
Email dmwork@fuse.net

Working and
Exploratory Project Groups

Working Group to establish abound-
ary close to the Tournaisian-Viséan
boundary, chaired by George Sevastopul o
(Irland).

Working Group to establish abound-
ary close to the Moscovian-Kasimovian
boundary [which is also close to the
Desmoinesian-Missourian boundary],
chaired by ElisaVilla(Spain). Thisgroup
is also looking at potential boundaries
close to the Kasimovian-Gzhelian [and
Missourian-Virgilian] boundary.

Project Group on zonation in late
Namurian successions to help establish
the Bashkirian Stage as a geochronol ogi-
cal standard, chaired by Juergen Kullmann
(Germany).

Project Group on comparative Angara
and Gondwana biostratigraphy, chaired by
MarinaDurante (Russia).

Chief Accomplishments
in 2001:

Geoff Clayton [Ireland] was elected
Vice-Chair of the SCCS. We produced a
short document concerning the new offi-
cial nomenclature of the two parts of the
Carboniferous System that was officially
approved by the SCCS, ICSand IUGS in

Tuly 2002
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1999-2000. We are sending it out to jour-
nals of international distribution, notify-
ing them that the two basic subdivisions
of the Carboniferous System are the Mis-
sissippian Subsystem and the Pennsylva-
nian Subsystem, rather than Lower and
Upper Carboniferous (used in many parts
of theworld), which are ambiguousterms
from one part of the world to another.

Working and Project Group reportsre-
ceived aregiven later in thisNewsl etter.

In September 2001, the SCCS spon-
sored ageneral meeting at St. Louis, Mis-
souri, USA, with an associated field trip
led by Paul Brenckle and Rich Lane that
visited the type region of the Mississip-
pian Subsystem in the Mississippi River
valley north and south of St. Louis. This
meeting was attended by a total of 22
people, including 7 voting members of the
SCCSand 1 member of the ICS executive
board. A total of 8 participants, including
4 voting members, camefrom Europe. The
SCCS meeting included 8 presentations,
which focused on the promising candidate
section in south Chinafor a GSSP for the
Tournaisian-Viséan boundary, and on bio-
stratigraphy of the Tournaisian-Viséan and
Viséan-Serpukhovian boundary intervals
inRussia.

A 108-page guidebook entitled
‘Stratigraphy and Biostratigraphy of the

Mississippian Subsystem (Carboniferous
System) inits Type Region, the Mississippi
River Valley of Illinois, Missouri, and
lowa’ was published for the field trip as-
sociated with the September 2001 SCCS
meetingin St. Louis. Thisguidebook sum-
marizes the basic lithostratigraphy of the
type Mississippian, and the immense
amount of biostratigraphic information
collected and analyzed during the 1970s
by Paul Brenckle and Richard Lanewhile
supported by Amoco Production Com-
pany, along with a summary of current
knowledge on the Mississippian succes-
sion in lowa, which contains some enig-
matic units that only now are becoming
better understood.

The Newsletter on Carboniferous
Stratigraphy, Volume 19, published July
2001, containsreports of Working Groups
for 2000, and 24 articles on varioustopics,
including alternative possibilities for se-
riesand stage classification of the Carbon-
iferous and the latest data on radiometric
dating in the Carboniferous, as well as
many articles on various aspects of Car-
boniferous stratigraphy from many parts
of theworld, for atotal of 79 pages.

Work Plan for 2002 and
Following Years:

Inview of the lUGS mandate to have
all GSSPschosen by 2008, we believethat

it is time to establish two new Working
Groups, oneto deal with selection of aGSSP
closeto the existing Viséan-Serpukhovian
stage boundary, and the other to deal with
selection of aGSSP closeto the Bashkirian-
Moscovian stage boundary.

Weare encouraging further movement
toward consensus on competing sugges-
tions for series and stage names and clas-
sification of the Mississippian and Penn-
sylvanian Subsystems, along with the on-
going work on selecting appropriate glo-
bal stage boundaries within the Carbonif-
erous System.

We are urging more effort on recon-
ciling the disparate radiometric dates by
different methodsat many levelsinthe Car-
boniferous, for more dating of
biostratigraphically well-constrained
strata, and also for more work on stable
carbon and oxygen isotopes and other
methods of chemostratigraphy within the
Carboniferous, as outlined in the
Chairman’s Column.

Wearecaling for themoretimely sub-
mittal of remaining manuscriptsfor thefi-
nal two volumes of * The Carboniferous of
the World’ to general editors Robert
Wagner and Cor Winkler Prins.

IUGS Grant in 2001
TOTAL INCOME

EXPENDITURE

Bank Charges

Donations from Members

STATEMENT OF OPERATING ACCOUNTS FOR 2000/2001, Prepared by David Work,
Secretary (Definitive accounts were maintained in US currency)

INCOM E (Oct. 2000--Sept. 2001)

Newsdletter 19 printing and postage
Mailing Supplies (Newsdl etter 19)

TOTAL EXPENDITURE

BALANCE SHEET (2000- 2001)

$US
1,000.00
225.54

1225.54

2185.77

Funds carried forward from 1999 - 2000

PLUS Income 2000 - 2001

LESS Expenditure 2000 - 2001

CREDIT balancecarried forward to 2001- 2002

1892.84

1995.31
63.52
126.94

2853.07
1225.54
-2185.77

Carboniferons Newsletter



Donations in 2001/2002:

Publication of this Newdl etter is made possible with generous donationsreceived from members/institutes during 2001-2002
and anonymous donations, combined with an UGS subsidy of US$800 in 2002, and additional support from asmall group of
members who provide internal postal charges for the Newsletter within their respective geographic regions.

COVERILLUSTRATION

Mississippian (early Osagean) conodont and ammonoid from the Borden Formation, Milepost 135 roadcut section near
Morehead, Rowan County, northeastern Kentucky, USA (see Sandberg, Mason, and Work, Carboniferous Newsl etter, v. 19,
p. 23).

Left: Polygnathus communis carinus Hass, 2.3 m above base of Borden Formation [2.3 m above base of Henley Bed].
SEM: C.A. Sandberg.

Right: Kazakhstania colubrella (Morton), 17 m above base of Borden Formation [1.5 m above base of Nancy Member].
Photograph: D.M. Work.

CONTRIBUTIONSTO THENEWSLETTER

The Newletter on Carboniferous Stratigraphy is published annually (in July) by SCCS. It iscomposed of written contribu-
tions from its members and provides aforum for short, relevant articles such as:

*reports on work in progress and / or reports on activitiesin your work place
*news items, conference notices, new publications, reviews, letters, comments
*graphics suitable for black and white publication.

Contributions for each issue of the Carboniferous Newsl etter should be timed to reach the Editor before 31 May in the year
of publication. It isbest to submit manuscripts as attachmentsto Email messages. Except for very short newsitems, please
send messages and manuscriptsto my Email addressfollowed by hard copies by regular mail. Manuscripts may al so be sent
to the address bel ow on diskettes prepared with Microsoft Word (preferred) or WordPerfect but any common word process-
ing software or plain ASCI| text file can usually be acommodated; printed hard copies should accompany the diskettes. Word
processing files should have no personalized fonts or other code. Maps and other illustrations are acceptableinttif, jpeg, eps,
or bitmap format (plusahard copy). If only hard copies are sent, these must be camera-ready, i.e., clean copies, ready for
publication. Typewritten contributions may be submitted by mail as clean paper copies; these must arrive well ahead of the
deadline, asthey require greater processing time.

Duetotherecent increasein articlessubmitted by member sweask that author slimit manuscriptsto 5 double-spaced
pagesand 1 or 2diagrams, well planned for economic use of space.

Please send contributions as follows,

AIRMAIL to: David M. Work
Cincinnati Museum Center
1301 Western Avenue,
Cincinnati, OH 45203, USA

EMAIL to: dmwor k@fuse.net

Tuly 2002



WORKING/PROJECT GROUP REPORTS

Progress report of the Working
Group to establish a boundary
close to the existing Tournaisian-
Viséan boundary within the Lower
Carboniferous

G. Sevastopulot, F.X. Devuyst?, L. Hance?, H. Hou®, M.
Coen?**, G. Clayton!, S. Tian®and X.H. Wu*

Department of Geology, Trinity College, Dublin 2, Ireland
(gsvstpul @tcd.ie, gclayton@tcd.ie).

2Unitéde Géologie, Université Catholiquede Louvain, 3, Place
LouisPasteur, 1348, L ouvain-la-Neuve, Belgium
(devuyst@hotmail.com, Hance@geol .ucl.ac.be,
coen@geol.ucl.ac.be).

3Institute of Geology, C.A.G.S., 26, Baiwanzhuang road, Beijing
10037, China (hfhou@public.fhnet.cn.net,
sgtian2001@sina.com).

4Guizhou Bureau of Geology, Beijing road, Guiyang, China.

*Research assistant of the Belgian National Fund for Scientific
Research (FNRS).
**Research associate of the FNRS.

In September 2002, at the SCCSfield meeting onthetype Missis-
sippian held in St. Louis (USA), the group proposed to submit
officially to the voting members the biostratigraphic criterion
based on the evolution of Eoparastaffella proposed by Hance
(1997) to definethe base of the Viséan. Itisapreliminary step for
choosing the most appropriate stratotype. Thiscriterion isbased
on the morphological evolution of the genus from the Upper
Tournaisian to the Viséan regardless of the species. Simple mor-
phologic parameters can be used by non-foraminifer specialists
to characterizethisevolution and identify the base of the Viséan.
Two coefficientsare proposed: the e/r ratio (Hance, 1997) which
characterizesthe shape of thelast whorl and the sphericity index
(S) which is an approximation of the general shape of the test
(Fig.1). Both indexes display a general progressive increasing
trend from the Tournaisian to the Viséan and a shift at the bound-
ary which correspond to the entry of Eoparastaffella simplex.

E. simplex Vdovenko 1954
—
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Fig. 1. Eoparastaffella morphotypes and morphometric coeffi-
cients across the T/V boundary.

The proposed criterion has been tested successfully in Belgium,
Ireland, northern Iran and southern China. It should also be eas-
ily applied in the Czech Republic (Ondrackova, 2001). According
to the Working Group, it is the best criterion proposed so far to
define the base of the Viséan (Sevastopulo and Hance, 2000).

At the same meeting the group presented abundant new foramin-
iferal material from southern China constrained by conodonts
(Fig.2) documenting for the first time the early evolution of the
Ozawaineliids. Thismaterial showsthat the VViséan Eoparastaffella
simplex (morphotype 2 of Hance, 1997) evolves progressively
from E. ovalis among the other species (rotunda, fundata) of the
Tournaisian stock (all belonging to morphotype 1) (Fig. 3).
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Fig. 2. Distribution of the most significant conodonts and fora-
minifers taxa in the Pengchong section. a. conodonts biozones;
b. foraminifers biozones; c. Belgian stages.

Since then new field work has been conducted in southern China
and northern Iran to precise and test the criterion.

South China (Guangxi AutonomousRegion):

New sampling of the Pengchong section, the best candidate
stratotype so far (Hance et al., 1997a; Sevastopulo et al., 2001)
has been done to better document the sequence from the
Tournaisian to the Viséan. The work has focused on the follow-
ing points:

- re-sampling of the Tournaisian-Viséan transition for
conodonts (S. Tian, M. Coen — study of the material in
progress);
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- test sampling of shale inter-beds for condonts (G.
Sevastopulo — in progress);

- detailed sampling of dark shale interbedsfor palynomorphs
(G. Clayton—in progress);

- selectivere-sampling of thecritical interval for foraminifers
(L. Hance, E.X. Devuyst, X.H. Wu - study of the enormous
material well advanced);

- detailed sampling of selected limestone beds for petrogra-
phy (F.X. Devuyst - study almost completed).

Contacts have been taken with M. Saltzman of the Ohio State
University (USA) to study the C and O stable isotopes and with
M. Hu of the Lancaster University (UK) for the
magnetostratigraphy.
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Fig. 3. Evolution of Eoparastaffella acrossthe T/V boundary in
the Pengchong section. a, b., c. asfor Fig.2.

A southwards shallower equivaent of the Pengchong section,
the Longdianshan section has also been investigated in more
detail. A coral zonation has been established in this section by
Xu and Poty (1997). This should allow a better correlation be-
tween the platform and the basin in a sequence stratigraphical
framework (Hanceet d., 1997b).

Northern Iran (Alborz Range):

The Gaduk section (Gaduk valley, north of Teheran) has been
sampled for foraminifers and corals in collaboration with D.
Vachard of the Université des Sciences et Technologiesde Lille
(France) and of B. Hamdi of the Geological Survey of Iran. Fora
miniferal materia is abundant and the base of the Viséan has
been recognized on the basis of Eoparastaffella. Corals are be-
ing currently studied by E. Poty of the Université de Liége (Bel-
gium).

A global understanding of the sedimentology of the T/V transi-
tion integrated with the biostratigraphical datais critical in the
definition of a boundary stratotype. Work isin progress in this
respect with the publication of a sequence stratigraphy frame-
work for the Lower Carboniferous of the Namur-Dinant Basin
(type Dinantian) and its correlation with northern France (Hance
et al. 2001) and southern England (Hance et al, in press). The
drastic sealevel drop that |ead to the emersion of platform areas
in these regions has been traced to western Ireland and Southern
China(Hanceet al., 1997b). Current datatherefore show that the
T/V transition will be missing in most platform areas and that
suitable stratotypes have to be searched in deeper sedimenta-
tion zones.
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A report from the Working Group to
define a GSSP close to the
Moscovian-Kasimovian boundary

Searching for levels of correlation within the
upper part of the Carboniferous System

(Upper Pennsylvanian)

ElisaVillaand Working Group

Depto de Geologia, Universidad de Oviedo, Arias de Velasco s/n
33005 Oviedo, Spain.

Duringtheyear 2001, the SCCSworking group formally named
“Working Group to define a GSSP close to the Moscovian-
Kasimovian boundary’ has continued progressing with studies
related to several potential levels of correlation within the upper
part of the Carboniferous System (Pennsylvanian Subsystem).
Theselevelsarewithinaninterval from the uppermost Moscovian
(upper Desmoinesian) to thelower Gzhelian (lower Virgilian).

The main areasinvestigated are paleotropical areas such as
the Donets Basin (Ukraine), Moscow Basin and South Urals
(Russia), and Midcontinent region of North America, areas that
have served for establishing the classical Carboniferous
stratigraphic scales. During the study of successions from these
areas, we have found some stratigraphic events related to
conodont and fusulinoidean evolution which represent the basis
for the potential levels of correlation. These events have been
summarized in volume 19 of Newsletter on Carboniferous
Sratigraphy (report by E. Villaand Working Group, 2001).

The most recent studies by members of our working group
show that astrong fusulinoidean provincialism existed in Eurasia
during late Kasimovian time, making it difficult to establish
correlations on the basis of the fusulinoideans between the
western Paleo-Tethysareas (Central Asia, Cantabrian Zone, Carnic
Alps) and the Donetsand M oscow Basins (Villaand others, 2001,
2002). However, somelower Gzhelian fusulinoidean faunas[e. g.,
Rauserites rossicus (Schellwien)] show wider distribution and,
therefore, they seem to have a potential for correlation within
Eurasia(Villaand Ueno, 2002). Thiswider geographic distribution
could be the consequence of amajor early Gzhelian trangression
(Villaand others, in progress).

Conodont faunas are being intensively investigated in all
concerned areas. It is worth mentioning the new data gathered
from the North American Midcontinent and Paradox Basin (by
Jim Barrick, Phil Heckel and Lance Lambert), the Cantabrian Zone
(by Carlos Méndez) and the Moscow Basin and South Urals (by
Aleksander Alekseev and Natalya Goreva):

Jm Barrick, Phil Heckel and Lance Lambert report that a
revised preliminary conodont zonation for the Lower and Middle
Pennsylvanian of Midcontinent North Americawas presented at
the Pander Symposium at the North-Central Geological Society
of Americameetingin April, 2002 (Lambert and others, 2002). A
summary of the complete revised Pennsylvanian conodont
zonation for Midcontinent North Americawill be presented asa

poster session at the ECOS VIII meeting in Toulouse in June,
2002 (Barrick and others, 2002). Earlier versions of the zonation
were given previously in the Newsletter on Carboniferous
Sratigraphy (Barrick and Heckel, 2000; Lambert and others, 2001).

The American membersalso reported that apaper on Middle
and Late Pennsylvanian conodonts from the Honaker Trail
Formation in Utah was published by Ritter and others (2002), in
which severa of the major cyclothems of the North American
Midcontinent were correlated with Paradox Basin cycles using
conodont faunas. This paper also documentsthat the occurrence
of the fusulinoidean Protriticites in the Honaker Trail section
corresponds approximately to the Lower Pawnee cyclothem in
the Midcontinent, the third major cyclothem below the base of
the Missourian Stage. Thisis aso below the first appearance of
New Genus S, which was used by Lambert and others (2001) to
name the highest idiognathodontid conodont zone of the
Desmoinesian.

Other relevant conodont information concerns the Las
Llacerias section (Cantabrian Mountains, Spain), as reported by
Carlos Méndez. A significant finding is Gondolella pohli von
Bitter and Merrill 1998, recovered from athininterva withinthe
uppermost Fusulinella Zone (lower or middle part of the upper
Myachkovian); its youngest occurrence is slightly above the
last Neognathodus species recorded in this section
(Neognathodus aff. inaequalis). Gondolella pohli was described
from the late middle Desmoinesian of northwestern Illinois,
western Indiana and south-central lowain the United States, in
strata containing i solated Neognathodus assemblages. Therefore,
the presence of G. pohli in the Las Llacerias section could
suggest a correlation of part of the upper Myachkovian with the
late middle Desmoinesian of North America. Also aremarkable
fact higher inthissection istherecord of anisolated specimen of
Idiognathodus eccentricus (Ellison) in the upper part of the
Protriticites Zone, which could suggest the correlation of alevel
within the upper Kreviakinian with the lower Missourian. A
communication on the upper Moscovian-middle Kasimovian
conodontsfrom the Las Llacerias section will be presented at the
Ecos VIl meeting in June of thisyear (Méndez, 2002, in press).

Aleksander Alekseev reported an interesting finding
(Idiognathodusfischeri sp. nov.) inlimestone N3/2 of the Kainovo
section (Donets Basin, Ukraine). This occurrence suggests
correlation of limestone N3/2 with the upper part of the Suvorovo
Formation (lowermost Kasimovian) of the Moscow Basin. He
also informed usthat two monographic volumes dealing with the
stratigraphy and paleontology of the middle Carboniferous
(mainly Moscovian) of the Moscow Basin have been published
recently (Makhlinaand others, 2001a,b). These volumes contain
adiscussion on the lower Kasimovian boundary.

A detailed study of the deep-water Dalniy Tyulkas
succession (Bashkiria, South Urals) is being completed by Dr.
Alekseev and his group, who investigated the distribution of
fusulinoideans, rugose corals and conodonts at 27 levels
throughout the succession and have identified the position of
the Moscovian/Kasimovian boundary by means of conodonts.
This correlation with the Moscovian/Kasimovian boundary of
the Moscow Basin ishbased on: a) the presence of |diognathodus
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sagittalis (typical of the Neverovo Fminthe Moscow Basin, and
occurring also in Donets Basin, Spain, and American
Midcontinent) in the Dalniy Tyulkas 2 section; b) the record at
the top of the of Dalniy Tyulkas 1 section of Streptognathodus
makhlinae, a taxon that is characteristic of lower Kasimovian
(upper Krevyakinian) strata.

Beate Fohrer, TamaraNemyrovska, Elias Samankassou, and
Katsumi Ueno continued studying beds around the M oscovian-
Kasimovian boundary in the Kalinovo section of the DonetsBasin,
Ukraine. The multidisciplinary studies include sedimentology,
seguence stratigraphy, biostratigraphy, and pal eoecology. Fos-
sil groupsinvolved are ostracodes (Fohrer), foraminifers (Ueno),
and conodonts (Nemyrovska). Furthermore, they have measured
the Moscovian strata of the | zvarino section. The studiesare till
in progress and their results will be published soon.

During 2001, the Working Group did not hold ageneral meet-
ing. However, in August 2001, the Moscow group (led by
Aleksander Alekseev) carried out afield-trip to Dalniy Tyulkas
section as part of the preparation of the WG general meeting and
field-trip scheduled for the summer of 2002. The study of the
Dalniy Tyulkas section is of great interest since, as mentioned
above, it has yielded deep-water conodont faunas bearing po-
tential significance for correlation. Theinterval investigated by
the Moscow group during this last trip has been extended to
includethe Kasimovian-Gzhelian transition aswell.
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CONTRIBUTIONS BY MEMBERS

Views and interpretations expressed / presented in
contributions by members are those of individual authors/ co-authors
and are not necessarily those of the SCCS and carry no forma SCCS endorsement.

Observations and constraints on
radiometric dating of the
Pennsylvanian succession in North
America and its correlation with
dates from Europe

Philip H. Heckel

Department of Geoscience, University of lowa, lowaCity, 1A
52242, USA.

Since the publication of the excellent summary and discus-
sion of radiometric dates obtained for the Carboniferous System
by Menning and others (2000, updated 2001a), | have been asked
by anumber of colleagues about how the various dates obtained
primarily from western Europe relate to the succession in North
America, particularly to the Pennsylvanian Subsystem in the
Midcontinent. At the risk of grossly oversimplifying a complex
situation because | am not familiar with thetechnical detail of the
many methods of radiometric dating, | feel neverthelessthat itis
appropriate to summarize my observations on the stratigraphic
context of the dates that are provided from various sources and
the consequent significance to the dating of the
biostratigraphically constrained marine successions. These ma-
rine successions are where the global boundarieswithin the Car-
boniferous are being chosen and into which all other regional
successions will eventually need to be correlated.

North American Radiometric Dates

In contrast to the multitude of datesavailablefrom central to
western Europe listed in Menning et al. (2000) derived from the
large number of volcanic tuffs and tonsteins [reworked ash] in
that area, therearevery few radiometric dates availablefor North
America owing to the relative scarcity of these readily datable
beds here. The only date | am aware of that has been obtained
fromasimilar rock typein North Americaisthat fromtheFire Clay
tonstein in the Appalachian Basin reported by Kunk and Rice
(1994). This date of 310.9 + 0.8 Ma lies halfway between the
Kendrick and Magoffin marine members of the Breathitt Forma-
tion. Itiscorrelated with the upper part of the Trace Creek Mem-
ber in the lower Atoka Formation of the southern Midcontinent
based on ammonoid zonation (Rice et al. 1994) and with beds
near the Westphalian B-C [ Duckmantian-Bol sovian] boundary in
western Europe based on plant fossils. Thisdateis derived from
sanidine using the Ar/Ar plateau method and thusis considered
amaximum age[Scale B] by Menning et al. (2000, figure 6), who
(p. 10) suggested that this is the scale that should normally be
used. Thisdateisin close agreement with dates of ~310-311 Ma
[with wider spreads] around the Westphalian B-C boundary in
Germany shown by Menning et al. (2000, figure 6), also derived
from sanidines using the Ar/Ar plateau method, but with one U-

Pb zircon date. Thisnot only providesaradiometric tie point for
the late early Atokan Stage (Fig. 1), but also underpins the ap-
proximate correlation of the Atokan with Westphalian B and C
[Duckmantian and Bolsovian] based on various groups of fos-
sils.

Using aU-Pb method of dating certain penecontemporaneous
paleosol calcites [caliche], which are common between marine
unitsin the cyclic non-volcanic North American Pennsylvanian
succession, Rasbury et al. (1998) estimated the Carboniferous-
Permian boundary at 301 + 2 Ma and the Missourian-Virgilian
boundary at 307 + 3 Main the southwestern U.S. However, more
recent unpublished conodont data suggest that this succession
isnot aswell biostratigraphically constrained asoriginally thought
inthistectonically disturbed area. Using this same method inthe
same laboratory, Becker et al. (2001) reported dates for
biostratigraphically well constrained named unitsintherelatively
undisturbed western part of the Appalachian Basin. They dated
thepaleosol directly below thelower Virgilian AmesLimestone at
294 + 6 Ma, and the late Desmoinesian lacustrine Upper Freeport
Limestone at 302 + 4 Ma. These dates are more consistent with
the 310-Malate early Atokan volcanic sanidine datelower inthe
Appalachian succession than are the southwestern U.S. dates.
This is because they provide a span of 9 million years for the
middle and upper Atokan and nearly the entire Desmoinesian
stages, rather than the much shorter 4 million yearsfor the same
amount of Atokan, plusthe entire Desmoinesian and Missourian
stages provided by the New Mexico Missourian-Virgilian bound-
ary date of 307 + 3Ma.

Cyclothem Estimatesof StageDuration

Menning et al. (2000) used stratal thickness estimates to
help evaluate the many disparate radiometric dates and calibrate
the dated succession in western Europe. Using stratal thickness
to estimate timeisfraught with uncertainty because of the greatly
variable rates of tectonic subsidence that provided accommoda-
tion space. However, shelf successions of glacially induced
cyclothems of a constrained range of periodicities that are also
able to be biostratigraphically correlated by evolving conodont
lineages providethe most likely setting for relatively more accu-
rate estimates to be obtained by this method. Therefore, | use
numbers of recognized transgressive-regressive cyclothems in
Midcontinent North America, in various groupings as to scale,
to estimate relative durations of stagesin that region. Recogniz-
ing the lack of precision in the cyclothem data, and also in the
radiometric dates with wide data spreads, | nonetheless offer the
following age estimates of important boundaries in the
Midcontinent Pennsylvanian based only on the dates that are
biostratigraphically well constrained:

Thelower Virgilian sub-AmesLimestonedate of 294 + 6 Ma
and thelate Desmoinesian Upper Freeport Limestone date of 302
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+ 4 Ma provide a span of about 8 myr for the highest
Desmoinesian, lowest Virgilian and the entire intervening Mis-
sourian Stage. Considering that the Altamont cyclothem is the
probable Midcontinent correlative of the Upper Freeport Lime-
stone and the Oread Limestone is the known Midcontinent
equivalent of the Ames Limestone (Heckel, 1994), this span en-
compasses atotal of 32 cyclothemsof all scales, and providesan
average cycle period of 250 kyr. Because this period is halfway
between the 100-kyr and 400-kyr periods of thetwo longer orbital
parametersinvolvedin glacial eustasy, itimpliesthat cyclothems
of larger scales[mgjor and intermediate of Heckel (1986)] are more
strongly controlled by the longest period and those of minor
scale are more controlled by the shorter period[s]. Therefore, the
minor cycles are grouped with those of larger scaleto attempt to
delineate probable 400-kyr cyclothems. Within thissame Altamont
to Toronto [sub-Oread] succession, there are about 17 major and
intermedi ate-scal e cyclothems, which provide an estimate of about
470 kyr for the period of this scale of cyclothem, not far abovethe
400 kyr expected for the longest orbital parameter. Considering
the wide data spreads on these two younger Appalachian dates,
| will assume an average 400-kyr length for themgjor to interme-
diate cyclothems [each grouped with any adjacent minor
cyclothems] in this succession. The lowest three of these
cyclothems are in the Desmoinesian, and the highest two are in
the Virgilian, with 12 constituting the intervening Missourian
Stage. The Missourian would thus be about 5 myr long, and
would span the range from about 300 to 295 Ma. Below the
Desmoinesian Altamont cyclothem, there are 7 major and inter-
mediate cyclothemsdown to thewell known Verdigris cyclothem,
which is two fifths of the way to the base of the Desmoinesian
where it is most complete in eastern Oklahoma above the type
Atokan. [ Thiscomputation is based on the total number of about
40 cyclesof all scales obtained by adding thosein Heckel (1994)
to those identified below the Verdigris by Boardman, Marshall
and Lambert in this Newsletter]. Adding these 7 to the top 3 and
extrapolating the remaining three fifths, this would estimate 25
larger-scale [400-kyr] cyclothemsand a10-myr length for theto-
tal Desmoinesian. Thiswould placeitsbase at 310 Ma, whichis
just above the correlated Appalachian tonstein sanidine date of
311 Ma, and does not leave much time for the middle and upper
Atokan. From the Oread cyclothem upward, the lower Virgilian
contains 8 similar cyclothems through the Howard cyclothem,
which isabout two fifths of theway up to thetop of the Virgilian
whereit ismost complete and isoverlain by biostratigraphically
well correlated basal Permian strata. [ This computation is simi-
larly based on the total number of about 50 cyclothems of all
scales shown by Boardman (1999, p. 117)]. Adding the two
cyclothems below the Oread and then extrapolating the number
to 25 larger-scal e cyclothemstotal would provide 10 myr for the
total Virgilian, and would push the age of the Carboniferous/
Pennsylvanian-Permian boundary to 285 Ma, younger than even
therelatively young approximate Harland et al. (1990) estimate of
290+20Ma.

However, Boardman (1999) showed that the upper three-fifths
of the Virgilian in the Midcontinent include proportionally many
more cyclothems of minor scale than arein the lower two-fifths,
and he and his coauthors in this Newsletter show that more of
the Desmoinesian cyclothems below the Verdigris are similarly

less in scale than those above. Therefore, it is appropriate to
regroup the cyclothemswith respect to the 400-kyr averagecycle
length. Grouping two pairs of adjacent intermediate cyclothems
[Wyandotte-Plattsburg, and South Bend-latan] in the Missou-
rian provides ten 400-kyr cycles and a length of 4 myr for the
Missourian. Retaining the 300 Ma date for the Desmoinesian-
Missourian boundary then yields a date of 296 Mafor the Mis-
sourian-Virgilian boundary. Grouping moreintermediate and par-
ticularly the minor cyclestogether inthe Virgilian provides about
fifteen 400-kyr cyclesfor atotal length of 6 myr for the Virgilian.
This would put the top of the Virgilian [the Carboniferous-Per-
mian boundary] at 290 Ma, where the Harland et a. (1990) esti-
mate had it. Similarly grouping Desmoinesian cyclothemsof vari-
ous scales [athough lateral extent is much less well known for
the sub-Verdigris cyclothems] produces about twenty 400-kyr
cyclothems. This provides 8 myr for the length of the
Desmoinesian, placesthe Atokan-Desmoinesian boundary at 308
Ma, and leaves 3 myr for the upper part of the Atokan above the
correlated Appalachian tonstein sanidine date of 311 Ma. The
type Atokan containsfew readily recognizable cyclothemsbut it
isimmensely thick because of rapid subsidence in the Arkoma
Basin during that phase of Ouachita mountain-building. There-
fore, 3myr isareasonabletime span for itsmiddle and upper part.

Itisappropriate also to use the cycledatato further evaluate
the southwestern U.S. dates of Rasbury et al. (1998). Assuming
equal durations, recognition of all cycles, and no systematic dis-
tribution of missing cycles, they estimated an average cycle pe-
riod of 143 + 64 kyr for al cyclesin the successionsthey studied,
significantly shorter than the 400-kyr period typically ascribed to
them. However, they recognized only 29 cyclesin the Virgilian,
compared to the approximately 50 cyclesof all scalesrecognized
by Boardman (1999) in the Midcontinent where the successionis
more complete and isoverlain by basal Permian strataaccurately
correlated by conodonts with the Uralian succession where the
basal Permian boundary was selected. This means that about
two fifths of the Virgilian cyclesrecognized in the Midcontinent
are either missing or not recognized in their southwestern suc-
cession. Nonethel ess, thismore completefigure of 50 cyclespro-
vides an average cycle period of 120 kyr for the 6 myr length of
theVirgilian based on their dates, which iseven closer to the 100-
kyr orbital parameter involved in glacia eustasy. However, ap-
plying thisaverage cycle period similarly tothetotal of 24 cycles
of al scalesin the Missourian produces alength of 2.9 myr, and
thetotal of 40 cyclesof all scalesinthe Desmoinesianyields4.8
myr. Thistotal of 7.7 myr far exceedsthe 4 myr span between their
Missourian-Virgilian boundary date of 307 Maand the Appala
chianlate early Atokan tonstein sanidine date of 311 Mawithout
even including the middle and upper Atokan Stage. Even assum-
ing an exact 100-kyr cycle period, this computation produces a
6.4-myr duration for the Desmoinesian and Missourian, whichis
still incompatible with the late early Atokan Appalachian date.
Furthermore, their 301-Ma date for the Carboniferous-Permian
boundary makes the Permian about 50 myr long compared to a
maximum of only 20 myr for the Pennsylvanian. Whenitiscon-
sidered that roughly the lower one-third of the Permian com-
prises cyclothems of the same type that dominates the Pennsyl-
vanian, the early Permian would be similarly greatly shortened,
and the resulting much greater length of middle and late Permian
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time seemsexcessive. Therefore, theroughly 290-Madatefor the
C-P boundary and the 400-kyr periods for groupings of minor
cyclesaround the larger-scal e cyclothems appear far more com-
patible with the other data discussed above.

Significanceof Datesfor Correlation of Boundaries

Atthispointitisimportant to emphasize that the Carbonifer-
ous-Permian boundary isofficially defined in the southern Urals
by an event in aconodont lineage. Therefore, the only C-P bound-
ary dates that are meaningful are either those that are obtained
from that succession or those that can be biostratigraphically
correlated withit. From SHRIM P U-Pb dates of zirconsfrom tuffs
in the Urals succession reported by Chuvashov et al. (1996),
Menning et a. (2000, figure 7) provided an estimate of 292 Mafor
the Carboniferous-Permian boundary. This was based on inter-
polation between dates of 300.3 + 3.2 Ma at the Moscovian-
Kasimovian boundary and 290.6 + 3.0 Main thelower Asselian
[=lowermost Permian]. This estimate is much more compatible
with the Appalachian lower Virgilian sub-Ames pal eosol date of
294 Maof Becker et a. (2001) than with the older Rasbury et al.
(1998) date of 301 Mafrom southwestern U.S., or the Stephanian
Ar/Ar plateau dates of 300 to 303 Mafrom western Europe. In
strong support, the sub-Ames paleosol date can be
biostratigraphically correlated with the lower Gzhelian Stagein
the southern Urals succession via the North American
Midcontinent succession based on conodonts (Heckel, 1994;
Heckel et al., 1998). Furthermore, the 300 Ma date for the
Moscovian-Kasimovian boundary in the Urals is very close to
the 302 Malate Desmoinesian Appalachian date (Fig. 1), which
can aso be correlated with that boundary by means of bracket-
ing conodont faunas, via the Midcontinent succession (ibid.).

In a similar fashion, it is important to emphasize that the
estimates of any age [from ~290 to ~300 M a] for the Carbonifer-
ous-Permian boundary that are based on dates from successions
that are unconstrained as to correlation with the marine succes-
sion within which that boundary is defined are essentially mean-
inglessfor dating the boundary, no matter how precise they may
be, asMenning et al. (2000, p. 33) indicated. Thisincludesthose
dates from the entirely nonmarine Stephanian and Autunian
shown in the upper part of their figure 6, between which the
boundary has been considered by many workers to be the Car-
boniferous-Permian boundary in northwestern Europe. The 298
+ 8- and 300.0 + 2.4-Ma dates near the Stephanian-Autunian
boundary may date that particular boundary in that particular
place, but if the ~290-Ma date for the Carboniferous-Permian
boundary based on arguments above is accurate, then the pre-
cise290.7 + 0.9-Madate from the base of the Upper Rotliegend at
Saar-Nahe shown on the chart of Menning et al. (2000, figure 6)
means that the entire Lower Rotliegend [hence the Autunian] is
Missourian and Virgilian [and Kasimovian and Gzhelian]. Like-
wise, if accurate, the 275-Madate of Becker et al. (2001) for the
Monongahela-Dunkard contact in the Appalachian Basin, which
has traditionally been considered to be the Pennsylvanian-Per-
mian boundary in that region, means that most if not all of the
MonongahelaGroup islower Permian.

Estimatesof Boundary Dates

Based on the discussionsabove, | provide below asummary
of likely boundary age estimates and durations of North Ameri-
can stages at our current state of information:

Virgilian-Permian boundary: 290Ma
Virgilian Stage 6myr
Missourian-Virgilian boundary 296 Ma
Missourian Stage 4Amyr
Desmoinesian-Missourian boundary 300Ma
Desmoinesian Stage 8myr
Atokan-Desmoinesian boundary 308Ma
Atokan Stage 5myr
Morrowan-Atokan boundary 313Ma
Morrowan Stage 7myr
Mid-Carboniferous boundary 320Ma

The Mid-Carboniferous boundary istaken directly from Scale B
of Menning et al. (2000, figure 6), which they stated should be
used normally. This is reassuring, considering that this bound-
aryisat 312.5Maintheir Scale A, which would essentially elimi-
nate the Morrowan Stage from the geologic timescalein view of
the late lower Atokan Appalachian tonstein date of 311 Ma.

Because the Russian stage names are used for the marine
Pennsylvanian over much of the world and work is underway on
correlating them with the North American stages (e. g., Heckel et
al., 1998; Groveset ., 1999), | havetakentheliberty of providing
below asummary of likely boundary age estimates and durations
of Russian stages, based on these correlations and other consid-
erations discussed both above and below:

Gzhélian-Permian boundary 290Ma
Gzhdian Stage 6myr
Kasimovian-Gzhelian boundary 296 Ma
Kasimovian Stage 5myr
Moscovian-Kasimovian boundary 301 Ma
Moscovian stage 11 myr
Bashkirian-Moscovian boundary 312Ma
Bashkirian Stage 8myr
Mid-Carboniferous boundary 320Ma

The Kasimovian-Gzhelian and Missourian-Virgilian boundaries
are nearly coincident (Heckel et al., 1998). | assigned the age of
301 Mato the Moscovian-Kasimovian boundary becauseit cur-
rently appears to be about two cyclothems older than the
Desmoinesian-Missourian boundary based on preliminary con-
odont correlations (Heckel et al., 1998). Thisisvery closeto the
300 + 3.2-Madate for this boundary reported from the southern
Urals by Chuvashov et al. (1996; see also Menning et al., 2000,
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Figure 1. — Graphic chart of Pennsylvanian stages showing those radiometric dates from North America that are consistent with
radiometric dates from eastern and western European marine successions. Letters cc refer to tight conodont correlation of lower
M oscovian with Westphalian B-C boundary. This chart also shows recorrelation of western European named terrestrial succession
with marine successions that is more consistent with radiometric dates from Stephanian and Autunian series/stages than is the
traditional correlation with the Carboniferous-Permian boundary between them.

figure 7). | used the 312-Madate for the Bashkirian-M oscovian
boundary shown in Menning et al. (2001b) because it is well
correlated by conodonts near the basal M oscovian with the 309-
311-Madatesthey show for the Bolsovian of central Europe. The
314-Ma date that was used by Groves et al. (1999) for the Mid-
Carboniferous boundary is close to that of Scale A of Menning
et al. (2000, figure 6), which was specifically stated as minimum
ages, whereas| amusing their Scale B, which was stated as maxi-
mum ages to be used normally, and appears more reasonable as
outlined in the discussion above.

Conclusions

It ultimately appears from all this material that the
biostratigraphically well constrained boundary dates within the
Pennsylvanian Subsystem provided above are quite closely co-
incident between North America and both western and eastern
Europe near the mid-Westphalian B-C [ Duckmantian-Bol sovian]
boundary (Fig. 1). Specificaly, the311-Malate early Atokan Fire
Clay tonstein date from the Appalachian is correlated near the
Westphalian B-C boundary, which is shown by Menning et a.
(2001b) to be dated also at 311 Mabased on several 309-311-Ma
dates within the middle and lower Bolsovian. They also show
that the basal Bolsovian is correlated with a horizon just above
the basal Moscovian of eastern Europe by means of identical
conodont faunas. At higher levels, however, only the North

American and eastern European dates are nearly coincident. Spe-
cifically, the late Desmoinesian date of 302 Mafrom the Appal a-
chiansis close to the M oscovian-Kasimovian boundary date of
300 Mafromthe Urals, and the 292-Mainterpolated date for the
officially selected Carboniferous-Permian boundary in the ma-
rine eastern European succession is close to the estimated 290-
Madate for that boundary in the biostratigraphically well corre-
lated North American Midcontinent succession. In contrast, a
300-Ma date in northwestern Europe is reported from the late
Stephanian [traditionally regarded as highest Carboniferous], and
a291-Madate is shown at the Lower-Upper Rotliegend bound-
ary inthe Autunian (Menning et a., 2000, figure 6). If these dates
areaccurate, they call for both reclassifying much of the Autunian
of northwestern Europe as late Carboniferous and no longer us-
ing the Stephanian to definethe latest Carboniferous, asMenning
etd. (2000, p. 29) explained. Such areclassification also would be
consistent with recent commentsto meby R.H. Wagner that Mis-
sourian and Virgilian florasresemble L ower Rotliegend florasmore
than Stephanian floras.

In summary, | want to emphasize that the dates for bound-
aries of marine-based Pennsylvanian stages given aboveareonly
estimates derived from the radiometric dates from marine succes-
sions that appear most consistent with one another and with the
most reasonabl e grouping of cyclothem datafrom the most com-
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plete succession, the American Midcontinent. However, they seem
to be the most reasonabl e estimates to be used until more precise
and accurate radiometric age dates from biostratigraphically con-
strained marine successions become available.
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Historical

Numerous authors have pointed out the apparent discrep-
ancy between the duration of stages as defined in the West Euro-
pean, East European and North American regional
chronostratigraphic classifications for the Carboniferous Sys-
tem. The West European stages are markedly smaller than the
East European and North American ones, thisbeing the result of
upgrading the Namurian, Westphalian and Stephanian stages of
yore to series, which has led to the former substages being
recognised as stages. This process commenced with van
Leckwijck (1964), who raised the Namurian to Series rank, the
Westphalian and Stephanian following suit (George and Wagner,
1969, 1972). It isnoted, however, that West European stageswere
considered to be only of regional value and unsuitable for world-
widecorrelation (cf. Bouroz et al., 1977-1978).

In 1989, at the SCCSMeetingin Provo (UT) the SCCSWork-
ing Groups on the subdivision of the L ower Carboniferous (Mis-
sissippian) and Upper Carboniferous (Pennsylvanian) reported
on the most suitable horizons to be used for subdividing these
units into worldwide stages, as based on changes in the faunas
andfloras(cf. Brenckle, 1990; Winkler Prins, 1990). After discus-
sions both for the Mississippian and for the Pennsylvanian, three
horizonswere suggested and eventually six SCCSworking groups
were created to study the respective boundary intervalsin order
to cometo aspecific limit and boundary stratotype (GSSP), thus
potentially creating a total of seven stages. Unfortunately, no
definite proposals have been made so far, with the exception of a
recent note on the definition of the Tournaisian/Viséan bound-
ary. It may be regarded as essential to have the working groups
cometogether at the next SCCSmeeting (e.g. duringthe XV ICCP
at Utrecht, The Netherlands, 2003) in order to evaluate the suit-
ability of possible boundaries and to listen to proposals of pos-
sible boundary-stratotypes. It is obviously important to assess
the various proposals. Also, one should consider whether the
proposed threefold subdivision of both the Mississippian and
the Pennsylvanian, resulting in six series, isworthwhile, particu-
larly if the series should be found to coincide with the stages.

Heckel (2001) and Alekseev (2001) both proposed classifica
tionsfor the Carboniferous System with special reference to the
palacoequatorial belt (Table 1). The series suggested by Alekseev
(2001) arein our view inappropriate, since he changed the mean-
ing of unitsthat have along record and thus would create con-
fusion. Notably his Visean consisting of the Viséan and the lower
part of the Namurian (i.e. the Serpukhovian), and his Westphalian
which combinesthewell established Westphalian with the upper
part of the Namurian (i.e. alarge part of the Bashkirian) at the
bottom, and the lower part of the Cantabrian at thetop. Thisalso
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Table 1. General subdivision of the Carboniferous showing the boundaries for which SCCS working groups 1-8 were
created (cf. Brenckle, 1990; Winkler Prins, 1990) and the recent proposals by Heckel (2001) and Alekseev (2001).

Subsystems Heckel (2001) Alekseev (2001) suggested boundaries (1990)
Series Stages Series Stages
C/P boundary
U Gzhdlian Gzhelian 8
Kasimovian Stephanian Kasmovian ...
Pennsylvanian M Moscovian Moscovian ... 7.
....... 6.......
L Bashkirian Westphalian ~ Bashkirian 5
mid-Carboniferous boundary
U Serpukhovian Serpukhovian 4
Visean Warnantian ...
M Viséan Livian 3
Mississippian Molinacian ...
Ivorian
L Tournaisian Tournaisan ... 2o
Hastarian 1

D/C boundary

means that he reduced the size of the Stephanian by raising its
lower boundary, excluding thelower part of the Cantabrian, so as
to make it coincide with the M oscovian/Kasimovian boundary.

Analysis

The 1/2 (“mid-Tournaisian”) boundary apparently poses a
problem, since no suggestions have been made so far by the
working group. The 2/3 (“Tournaisian/Viséan") boundary appears
to be at an acceptable level, the remaining problem being the
selection of asuitableboundary stratotype. The 3/4 (“late Viséan”)
boundary poses some problems, but so would a Viséan/
Serpukhovian boundary (cf. Nikolaeva and Kullmann, 2001). It
would seem essential that at least one of these boundaries should
be established. The 5/6 (“Bashkirian/Moscovian”) boundary
appears to pose a serious problem since the originally proposed
boundary at the base of the Brannerocerasbranneri Zoneproved
impractical. Still, it seemsuseful to have alimit near that level for
a balanced subdivision. The 6/7 (“mid-Moscovian”) boundary
project has been (temporarily?) abandoned (cf. Engel, 1992). The
working group on the 7/8 (*Moscovian/Kasimovian™) boundary
has been the most active and it seems likely that eventually a
measured judgment can be made on this boundary. The
Kasimovian/Gzhelian boundary, as envisaged by both Heckel
and Alekseev, is discussed by the same working group, but less
progress seems to have been made so far.

It should be noted that the units defined by boundaries more
or less corresponding to the proposals of 1989 (Brenckle, 1990;
Winkler Prins, 1990; Engel, 1992) generally do not coincide with
existing regional stages or series, and wherethey appear to do so
(e.g. Bashkirian, Moscovian) these units pose serious problems
sincetheir boundaries areinadequately known. Asagenera prin-
ciple, it may be advisable not to deviate too far from historical
chronostratigraphic units, unlessthese are problematical, i.e. used
invery different waysin different parts of the world.

Heckel (2001) produced auseful summary chart in which six

possible subdivisions (“global series’) are proposed, and which
also reflects the current regional chronostratigraphic classifica-
tionsfor Eastern Europe, North America, and Western Europe, all
part of the palacoequatorial belt with warm water faunas and
warm, humid floras. The Pennsylvanian of the high palaeol atitude
Gondwanaand Angaraareaswas left undivided, whichisrealis-
tic, particularly for Gondwana. With regard to the historically
important West European classification it is noted that the West
European series are scaled down to stages by Heckel, and that
the“Asturian”, Cantabrian and Barruelian (sub)stages are marked
as “terrestrial in NW Europe’. The latter statement is factually
correct but likely to be misunderstood since the stratotypes are
in SW Europe and are predominantly marine (cf. Wagner and
Winkler Prins, 1985; Wagner et a ., in press).

Conclusions

The vexed question of the duration of stages has not been
addressed by Heckel (2001), but it isclear that the“ global series’
are meant to coincide with stages, particularly with regard to the
Mississippian Subsystem. Alekseev (2001) produced a three-
tiered classification in which subsystems are subdivided into
series and the series into stages. Unfortunately, his correlations
are partly inaccurate, such as equating upper Bashkirian and
M oscovian with the Westphalian, and Kasimovian and Gzhelian
with Stephanian (compare the more detailed correlation chart in
Wagner and Winkler Prins, 1997). Neither Heckel (2001) nor
Alekseev (2001) addressed the problem of inadequate stratotypes
for some of the existing (chrono)stratigraphic unitswhose names
were invoked. There is an inherent problem in the use of stage
names which have obtained biostratigraphic recognition beyond
the limitation of itstraditional stratotype. However, the general
principles enunciated by Alekseev (2001) are impeccable, and
the argumentsgiven by Heckel (2001) also make good sense. The
present writers concur to alarge extent with both Heckel (2001)
and Alekseev (2001), but, for practical reasons, prefer to ask first
of al for the results of investigations carried out by the various
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working groups, which should include data on correlations.
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Aswe reported in the last issue of the Newsletter, Viséan-
Serpukhovian boundary biostratigraphy was recently the sub-
ject of much study involving index fossil groups (foraminifers,
conodonts, ammonoids, ostracodes) as part of the Serpukhovian
Project sponsored by the Russian Academy of Sciences. A work-
ing group on this project (based in Moscow and Ufa) studied a
series of Serpukhovian sectionsincluding the Serpukhovian type
section at Zaborye, an auxiliary section in the Novogurovsky
Quarry (both in the Moscow Basin), and the Verkhnyaya
Kardailovka and Bolshoi Kizil sections in the South Urals. In
summer 2001 S.V. Nikolaeva resampled the Kiya section in the
South Urals (identifications are still in progress). One major task
was a search for a suitable level for definition of the Lower
Serpukhovian boundary based on different fossil groups and to
decide whether it is possible to choose one of any previously
proposed levels or to continue the search for a new one. To
approach thiswe sampled and studied boundary bedsin severa
of the most important sections. It isknown that in thetyperegion
in the Moscow Basin the boundary under study is located ap-
proximately at thelevel between the Venevian and Tarusian, while
in the South Uralsit is between the Venevian and Kosogorskian
(see Gibshman, 2001; Nikolaevaet a., 2001).

Thisisareport on the progress of our work. The Venevian-
Tarusian boundary in the type Serpukhovian section in Zaborye
was sampled for thefirst timefor conodontsand foraminifers. All
beds and sample levelswere marked in the section. Two borings
weredrilled in the quarry to provide more samplesfrom the cru-
cia level. Foraminiferal assemblages from the Novogurovsky
section were studied and zones established by Gibshman (2001)
were confirmed. In the South Uralsthe Verkhnyaya K ardailovka
section was re-examined around the boundary interval using
trenches, and new ammonoid and conodont levels were found.
Foraminifers from the Bolshoi Kizil section were studied and a
new foraminiferal zonation for the Serpukhovian was proposed.
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Ammonoids

Nikolaevaand Kullmann (2001) discussed recent criticism of
theuse of the cravenoceratid ammonoid Cravenocerasleion and
closely related species of the same genus for recognition of the
Viséan-Serpukhovian boundary. It was shown that despite short-
comings the use of these taxa is the best solution known today
for the ammonoid-based correlation of thislevel. One of there-
ported difficultiesin correlation of the beds with Cravenoceras
leion in Europe and synchronous beds in the Urals was the lack
of ammonoids in the beds intermediate between the Viséan and
Serpukhovian. Asaresult the geochronology of ammonoid fau-
nasinthecritical interval was not well supported by stratigraphic
occurrences. Inthe summer of 2001 new ammonoid-bearing beds
wereexposed inatrench inthe Viséaninterval of the Verkhnyaya
Kardailovkasection. Thisisso far the earliest ammonoid assem-
blage found in this section. Ammonoids were found in Bed 21
(sample 2711). The assemblage contains Goniatites sphaer oides
and Goniatites crenifal catus. These ammonoids are characteris-
tic of the Upper Viséan ammonoid Beyrichoceras-Goniatites
Genozone. In the South Urals ammonoids of this age are also
found inthe Orenburg region (SakmaraRiver) and in Kazakhstan
(Aktyubinsk region). Because neither of these species occurs
outside the South Urals and adjacent regions of Kazakhstan the
interregional correlationisbased ontheir similarity to Goniatites
species from Western Europe. Based on this, it is possible to
assume the correlation with the boundary beds of the Goa and
Gop Zonesin Germany. The succeeding assemblage found ca. 4
m above (in the Kosogorskian) (sample 011) indicates the
Uralopronorites-Cravenocer as Genozone (most likely its upper
part) (seeNikolaevaet a., 2001). Thus, theinterval of 4 minthe
Verkhnyaya K ardail ovka section between the above two samples
supposedly includes the Upper Viséan Hypergoniatites-
Ferganoceras Genozone (probably equivalent of the P2 Zonein
Europe) and the lower part of the Ural opronorites-Cravenoceras
Zone (Nm1b1) which is previously reported from the Kiya sec-
tioninthe Orenburg region). Thissituation isextremely interest-
ing because thisis the first section in the South Urals where the
transition between the Viséan and Serpukhovian ammonoid zones
can be observed and their real geochronology established. The
great potential of this section is supported by the fact that re-
sultsfrom ammonoidsare corroborated by those from conodonts.
The new ammonoid assemblage is found with conodonts of the
Gnathodus bilineatus bilineatus Zone, which suggests that the
missing Hyper goniatites-Ferganoceras assemblage may be re-
covered within the Lochriea nodosa conodont Zone. The am-
monoid-based correlation of the boundary bedswith the Zaborye
type section (Moscow Basin) is difficult because Zaborye con-
tains just a few ammonoid occurrences of Serpukhovian age
(mostly Cravenoceras) in the Tarusian and overlying Steshevian
much above the boundary level. However, the possibility of es-
tablishing thefirst appearances of Serpukhovianindex taxaamong
foraminifers, ammonoids, and conodontsin the deep-water rock
sequence of VerkhnyayaK ardailovkamakesit the best candidate
so far known for investigation and establishment of the GSSP of
the Viséan-Serpukhovian boundary.

Foraminifers

Markersfor thedefinition of the Viséan-Serpukhovian bound-
ary are proposed based on detailed bed-by-bed analysis of the
foraminiferal distributionin three carbonate sequences represent-
ing different facial types. The section in the Zaborye Quarry
(Gibshman, 2001) isrepresented by shall ow-water epicontinental
facies (limestone-clay sequence). The Verkhnyaya Kardailovka
section (Nikolaevaet al., 2001) indicates adeeper water environ-
ment and is considered so far the best candidate for the global
standard of the Lower Serpukhovian boundary. The Bolshoi Kizil
section (Kulaginaand Gibshman, in press) indicates a biohermal
sedimentary environment. Threeforaminiferal zonesare proposed
asastandard foraminiferal zonal sequence for the Serpukhovian
Stage of Russia; these are (in ascending order): (1)
Neoarchaediscus postrugosus-Janishewskina delicata-
Eolasiodiscus donbassicus Zone; (2) Eostaffellina paraprotvae
Zone; and (3) Monotaxinoidestransitorius Zone. The study was
focused on the search for theforaminiferal markersfor the Viséan-
Serpukhovian boundary. Although a single species marking the
Viséan-Serpukhovian boundary has not yet been chosen, the
following species may be used in different regions:
Neoar chaediscus postrugosus (tracked in Zaborye and
Verkhnyaya Kardailovka), Janishewskina delicata (best repre-
sented in Zaborye and Bolshoi Kizil), Eolasiodiscus donbassicus
(Bolshai Kizil) and “Millerella” tortula (Zaborye). The co-oc-
currence of “Millerella” tortula and Neoarchaediscus
postrugosusin the Zaborye Quarry is a potentially good marker
for the Viséan-Serpukhovian boundary and for correl ation of this
level with the base of the Mid-Chesterian Glen Dean Limestone
in Breckenridge County, Kentucky (Zeller, 1953) and with the
Mid-Chesterian Foraminiferal Zone 17 of the Black Warrior Ba-
sin, USA. Brenckle(1990), however, referred the Glen Dean Lime-
stone to the Upper Viséan. This precludes us from using the
species‘’Millerella” tortula as aboundary marker at thistime.

The underlying Upper Viséan Eostaffella tenebrosa Zoneis
determined largely on the cosmopolitan speci es Jani schewskina
typica, which isalso found at thislevel in Belgium, whereasthe
index species E. tenebrosa has a more restricted geographical
distribution. In Verkhnyaya Kardailovka this zone tentatively
corresponds to the beds with Endostaffella asymmetrica. The
species Howchinia bradyana, Loeblichia paraammonoides, and
Climacammina simplex can be used as additional uppermost
Viséanindex species.

The lower boundary of the Neoar chaediscus postrugosus -
Eolasiodiscus donbassicus - Janischewskina delicata Zone is
typified in the Zaborye section (Bed 3, sample 3a-1) (Gibshman,
2001) andisdrawn closethe base of the Tarusian (dlightly above).
The previously employed species Pseudoendothyra globosa
has been shown to be alocal zonal indicator strongly dependent
on facies and consequently has been excluded from the pro-
posed scale. The species Planoendothyra aljutovica, Eostaffella
mirifica, Monotaxinoides subplanus, Eostaffellina decurta,
Rectoendothyra latiformis, and Loeblichia minima also appear
in this zone, although distinctly above its base. Apart from the
Serpukhovian species, the assembl age contains species continu-
ing from the Upper Viséan: Janischewskina typica,
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Endothyranopsis sphaerica, Omphal otis omphal otis, Eostaffella
ikensis, E. raguschensis, Archaediscusgigas, etc., which some-
times dominate and may outnumber theindex Serpukhovian spe-
cies.

Inthe Verkhnyaya K ardail ovka section (deeper-water facies
with cephalopods) (Kulaginain Nikolaevaet a., 2001) thiszone
corresponds to the beds with Planospirodiscus —
Neoaracheodiscus postrugosus. The latter species appears on
the same level as “Millerella” tortula in the Zaborye section
suggesting acorrelation of thelower Kosogorskian and the lower
Tarusian. In Verkhnyaya Kardailovka foraminifers are rare and
represented by very small unidentifiable species of the genera
Endothyra, Endostaffella, Mediocris, and Asteroarchaediscus.
This zone in Verkhnyaya Kardailovka is constrained by am-
monoids of the lower part of the Uralopronorites-Cravenoceras
(Nm1bl) Zone, and by conodonts of thelower part of the Lochriea
cruciformisZone.

A new contribution to the foraminiferal studies is the re-
examined Bolshoi Kizil section. The sectionis represented by a
series of carbonateswith algal biohermsranging from the Upper
Viséanto the Lower Bashkirian (Kulaginaand Gibshman, in press).

Thetotal taxonomic diversity inthe upper part of the Viséan
(Venevian) and Serpukhovian isover 50 species, 27 of whichare
new. The Eolasiodiscus donbassicus Zoneis established in this
section based on thefirst appearance of theindex species, whereas
the species Janischewskina delicata may also be used as a
marker species of the Viséan-Serpukhovian boundary. We pre-
ferred using Eolasi odiscus donbassicus asazonal index because
of the high taxonomic diversity of Eolasiodiscidae and the pres-
ence of Howchinia subconica, Monotaxinoides gracilis, and M.
subplanus which are characteristic of the bioherm environment.
At the same time the appearance of Janischewskina delicata
indicates an important evolutionary innovation at the Viséan-
Serpukhovian boundary because this species shows almost syn-
chronous appearance at this level in Bolshoi Kizil and Zaborye
(Gibshman, 2001).

Conodonts

For the first time detailed conodont records were obtained
for the type Serpukhovian section in Zaborye (Barskov et al., in
press). Conodonts were recovered from 61 successive levels
(Venevian - 3levels, Tarusian -17 levels, Steshevian - 38 levels,
Protvian - 3 levels. Total isca. 7000 elements). The quantitative
distribution differsin the section (per 2 kg of rock: Tarusian 1-
few hundreds elements, Steshevian (limestone part)- 50-250, (clay
part) - 10-500 elements, Protvian - 5-250 elements).

Among platform elements, the Gnathodus girtyi group is
dominant (Gn. g. girty, Gn. g. intermedius, Gn. g. smplex). The
assemblage also includes “aberrant” elements with additional
ornament of the platform (Gn. g. soniae) whichfirst appear inthe
Steshevian. The group L. commutata-L. monodosa is slightly
less abundant (39 levels). The Serpukhovian index species L.
cruciformis, L. ziegleri, and L. senckenbergica are recovered
from 24 levels. Lochriea nodosa appears in the Venevian. The
Tarusian is marked by the appearance of the species with auxil-
iary ridges on either side of the platform (L. ziegleri, L.

senckenbergica, L. cruciformis) (Sample 3c, Bed 3). For arecent
review of the occurrences of these species see Skompski et al.
(1995). It is possible that these species represent asingle phylo-
genetic lineage, although the lineage has not been not tracked in
a single section. Because of the absence of phylogenetic data
supporting taxonomic assignments and the geochronological se-
guence of the appearance of index features, the best solution for
today would be a choice of one of these species similar to what
was suggested for definition of some Permian boundaries. Inthe
case of the lower Serpukhovian boundary, the best choice would
be between L. ziegleri and L. senckenbergica because there are
somereportsintheliteraturethat L. cruciformismay occur inthe
uppermost Viséan. In the type Serpukhovian section in Zaborye
L. zZiegleri occurs from the base of the Tarusian. Data on earlier
occurrences of this species in Germany need more satisfactory
support.

Inthe South Urals conodonts from the Viséan-Serpukhovian
boundary beds have been studied in many sections. The
Verkhnyaya Kardailovka and Kiya sections are particularly sig-
nificant because they also contain ammonoids at many levels
ranging from Upper Viséan to Upper Serpukhovian in age. In
Verkhnyaya Kardailovka all exposed beds of the Upper Viséan
and Serpukhovian were sampled by V.N. Pazukhin. Conodonts
wererecovered from 80 of 85 samples (averageweight of asample
2 kg). The most detailed sampling was performed for the upper-
most Viséan (in part by means of trenching) and Upper
Serpukhovian. In these parts conodonts were most abundant. In
total the collection of conodonts from this section includes ca
5500 specimens, of which Gnathodus and Lochriea are domi-
nant. The section contains a succession of conodont zones rang-
ing from the upper part of the Gn. texanus Zoneto the lower part
of the D. noduliferus Zone.

In the South Urals the Gnathodus texanus Zone is found in
the Radaevian, Tulian and the lower part of the Bobrikovian ho-
rizons. In VerkhnyayaKardailovka (Bed 18, thickness 2.0 m) the
zona assemblageisfound inthelower part of the Tulian Horizon
(Upper Viséan) and includes Gnathodus texanus, Mestognathus
beckmanni, Pseudognathodus homopunctatus, Psg. symmutatus,
Hindeodus scitulus, and others. The section above this level up
to the base of the L. cruciformis Zone is unexposed and was
studied in trenches. A geochronologically younger conodont
assemblage was recovered 6 m above the Gn. texanus Zone.

The Gnathodus bilineatus bilineatus Zone (Beds19.1-21.4,
thickness 12.3 m). Bed 19.1 (trench 2) contains atransitional as-
semblage provisionally assigned to the lower part of the
Gnathodus bilineatus bilineatus Zone based on Gnathodus
girtyi in association with Gnathodus texanus and
Pseudognathodus homopunctatus. The insoluble residue of this
sample contains small ammonoid shells. The zonal index species
isfound 6.6 m abovethebase (bore pit 4 andtrench 1), in associa
tion with Gnathodus girtyi girtyi, Gnathodus girtyi collinsoni,
and Lochriea commutata. The upper part of zone shows the
appearance of Gnathodus girtyi intermedius, Gnathodus girtyi
soniae, and Mestognathus bipluti.

The Lochriea mononodosa Zone (Beds 21.5-21.10, thick-
ness 1.85 m). The zoneis defined by the appearance of theindex
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Fig. 1. Conodontsin the type Serpukhovian section in Zaborye (Barskov et al., in press).

species. Lochriea monocostata appears in the upper part of the
Zone. The assemblage contains the long ranging species
Gnathodus bilineatus bilineatus, Gnathodus girtyi girtyi,
Lochriea commutata, and Pseudognathodus homopunctatus.

TheLochrieanodosa Zone (Beds 21.11-21.12, thickness 0.7
m). Lochriea costata, Lochriea monocostata, and Lochriea
nodosa appear inthisZone. The assemblageislargely composed
of the long ranging species Gnathodus bilineatus bilineatus,

Gnathodus girtyi girtyi, Lochriea commutata, and
Pseudognathodus homopunctatus.

Beds with Lochriea ziegleri (Beds 22a.1 and 22a.2, thick-
ness 0.58 m). The beds are defined based on the appearance of
theindex speciesin association with the majority of speciescon-
tinuing from the underlying zone. Lochriea ziegleri appears be-
low the base of the equivalents of the Namurian in England and
Germany (Skompski et al.,1995) and supposedly appears below
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Fig. 2. New dataon conodont and ammonoid distribution in the Visean-Serpukhovian boundary bedsin the Verkhnyaya Kardailovka
section (composed by V.N. Pazukhin).

the Serpukhovian in the Urals. appearance of the index species. Gnathodus girtyi simplex and
Gn. pseudosemiglaber appear in thiszone. The assemblage also
contains Gnathodus bilineatus bilineatus, Gn. girtyi girtyi,
Lochriea costata, L. monocostata, L. mononodosa, L. hodosa, L.

The Lochriea cruciformis Zone is recognized in the
K osogorskian and lower Khudolazian horizons (Beds 22a.3-lower
part of 24, thickness 23 m). Thelower boundary isdefined by the
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ziegleri and other species. In Verkhnyaya Kardailovka the spe-
cies Lochriea cruciformis is represented only by transitional
varieties. The conodont-based Viséan-Serpukhovian boundary
approximately corresponds with the base of the Lochriea
cruciformis Zone, which is the last member in the evolutionary
lineage L. commutata - mononodosa - L. monocostata - L. costata
- L. cruciformis. The species L. cruciformis is widespread in
Eurasia. Its first appearance corresponds to the base of the
Serpukhovian (and Namurian) in the shelf sequences of England,
Poland, and Ukraine. Inthemore basinal sectionsof Germany, it
is recorded below, in the Emstites schaelkensis ammonoid Zone
(Skompski et al., 1995).

The Gnathodus bilineatus bollandensis Zone is recognized
inthe upper part of the Khudolazian and the Yuldybaevian hori-
zons (Beds 24-26, thickness ca. 14 m). The base of the zone is
defined by the appearance of the index species. The assemblage
includes a number of long ranging species (e.g., Gnathodus
bilineatus bilineatus, Gn. girtyi simplex, Lochriea commutata,
L. costata, L. cruciformis, L. monocostata, L. mononodosa, L.
nodosa, L. ziegleri). Several specimensintermediate between Gn.
girtyi smplex and D. noduliferus are found in this zone.

The Declinognathodus noduliferus Zone (Bed 27, thickness
0.2 m) is defined based on the appearance of the infrequent oc-
currence Declinognathodus inaequalis against a background of
the typical Serpukhovian assemblage.

Conodonts of the Viséan-Serpukhovian boundary beds
show a successive change in the zonal assemblages based on
the evolution of the genus Lochriea. The closest level to the
ammonoid-based boundary isthe base of the L. cruciformisZone.
However, thisspeciesisrarein VerkhnyayaKardailovkaand other
sections in the South Urals and its representativesin thisregion
are morphologically different from the type specimen and are
somewhat similar to L. costata and L. ziegleri. The species L.
ziegleri is more frequent. It appears slightly earlier than L.
cruciformisand isprobably abetter choice asaboundary marker.

Conclusions

(1) The boundary beds in the Zaborye type section contain
the marker foraminifera species Neoarchaediscus postrugosus
and Janishewskina delicata. The species “Millerella” tortula
which is aso present in this section may prove to be a good
marker after itsdistributionisstudied in greater detail inthetype
Chesterian sections. Close to this level is the appearance of the
conodonts L. cruciformis, L. ziegleri, and L. senckenbergica,
which are potential boundary markers.

(2) The Verkhnyaya Kardailovka section in the South Urals
isawell-studied carbonate sequence containing ammonoids, fora
minifers and conodonts near the Viséan-Serpukhovian bound-
ary. The biostratigraphic resolution here is higher than in any
other section studied to date, although the entire biostratigraphic
potential of thissection for establishing aGSSPisyet to befully
understood. It isalready clearly seen that the potential boundary
choicesindicated by three fossil groups are set close together in
this section. The boundary interval shows the appearance of the
Serpukhovian ammonoids Dombarites and Cravenoceras, the
foraminifers Planospirodiscus and Neoaracheodiscus

postrugosus, and the conodonts Lochriea cruciformis and L.
ziegleri. Our futurework will focus on better exposing the Viséan-
Serpukhovian boundary interval in an attempt to recover more
fossiliferous levels for better documentation of boundary rela-
tionships.

(3) TheBolshoi Kizil section provides new, promising mate-
rial for correlation of the foraminifera zones of the South Urals
with those in the type Serpukhovian region in the Moscow Ba
sin, and we expect to be able to formulate broad interregional
correlations with the sections elsewhere.

This study was supported by Russian Foundation for Basic
Reasearch (project no. 99-05-65473).
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Foraminiferal and conodont subdivi-
sions in the Bashkirian-Moscovian
boundary beds in the South Urals

E.l.Kulagina! and V. N. Pazukhin?

12|nstitute of Geology, Ufa Research Centre, Russian Academy
of Sciences, ul. KarlaMarksa 16/2, Ufa450000, Russia

(kulagina@anrb.ru).
The Bashkirian-Moscovian boundary bedsin the South Urals

are best represented in the Western-Uralian Zone where they are
composed of carbonates containing many fossils. The Bashkirian-
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Moscovian boundary in this region is drawn at the boundary
between the Asatauian and Solontsian horizons. Foraminiferal
and conodont subdivisions have been studied in the Askyn and
Seryat sections (Fig. 1). In the Askyn section (stratotype section
for the Bashkirian Stage), foraminiferal zones were established
by Sinitsyna (see Sinitsyna et al., 1984; 1987), while conodont
zones were established by Nemirovskaya and Alekseev (1995).
The Seryat sectionislocated 150 km south of the Askyn section,
on the right bank of the Belaya River and was described by
Khvorova (1961) and Chuvashov et al. (1990). Sedimentological
analysis was conducted by Proust et al. (1996; 1998) for both of
these sections. We have continued to study these sections and
have established foraminiferal and conodont zonations in the
Seryat section.

In the Askyn section the foraminifera-based Bashkirian-
Moscovian boundary is established between beds 30 and 31
(Sinitsynaet al., 1984; 1987). Bed 30 iscomposed of medium- and
thick-bedded mudstonesinterbedded with algal bafflestonesand
thinly-bedded, coarse-grained, and fine-grained bioclastic
grainstones. The upper part is composed of medium- and thinly-
bedded limestones containing small lenses and nodules of chert
with bioclastic-oalitic grainstones at thetop. Bed 31 iscomposed
of thinly- and medium-bedded limestones with lenses and bands
of chert. Mudstones and microbioclastic wackestoneswith bands
of algae (Donezella) and foraminiferal-algal packstonesare domi-
nant. Foraminiferawere found only in the two latter rock types.

Theforaminiferal assemblage of the Asatauian correspond-
ing to the Tikhonovichiella tikhonovichi Zone is intermediate
between the Bashkirian and the Moscovian. The species Tikh.
tikhonovichi (Raus.) and Tikh. nibelensis (Raus.), and the first
representatives of the groups Profusulinella prisca (Deprat) and
Pr.rhomboides Lee et Chen, which become widespread in the
Moscovian, appeared for thefirst timein the Asatauian Horizon.
Eostaffella, Pseudostaffella, Archaediscida, Eoschubertella and
other taxa from the underlying beds continued their evolution.
The Solontsian Horizon correspondsto the Aljutovel la aljutovica
Zone (Beds 31-37). The species Schubertella gracilis Raus.,
Aljutovella aff. arrisionis Leont., Aljutovella aljutovica (Raus.),
and A. subaljutovica Saf. appear successively from the base to
the top of Bed 31. Higher in the section the species diversity of
Aljutovella and Profusulinella increases. Of Profusulinella, the
species Pr. prisca timanica Kir., Pr. prisca sphaeroidea Raus.
aretypical.

Conodonts of the Asatauian and the lower part of the
Solontsian horizons (Beds 30-32) belong to asingle assemblage
of the Neognathodus atokaensis Zone. Neognathodus
atokaensis Grayson, Diplognathodus coloradoensis Murray et
Chronic, and Dip. orphanus Merrill first appear in this zone.
Idiognathodus aljutovensis Al., Barsk. et Kon., and
| diognathoides ouachitensis Harlton appear in the upper part of
thiszone. Conodonts of the Neognathodus uralicus Zone appear
beginning in Bed 33. Thelower boundary of thiszoneisdefined
by the appearance of N. uralicus Nem. et Al. and
Sreptognathodus einori Nem. et Al. Higher in the section, in
Bed 35, N. kashiriensis Goreva and Neognathodus sp.1 appear.
The species Declinognathodus donetzianus Nem., which is used

as a marker for the base of the Moscovian in the Donets Basin
and the Russian Platform, appears considerably above the base
of the zone in the South Urals.

In the Seryat section the boundary beds are composed of
thickly-bedded limestone with lenses of chert. The top of the
Bashkirian is composed of a thick, non-fossiliferous series of
dolomites (Beds 27-35). The upper part (Beds 36-37) is mainly
composed of fine-grained bioclastic and lump packstone with
interbeds of fusulinid-rich, strongly dolomitized limestone. The
lower boundary is drawn provisionally. The Moscovian (Beds
38-40) iscomposed of wackestones, fine-grained bioclastic, algae-
foraminiferal-bioclastic grainstones, and, more rarely, algal
bafflestone. Rocks are often dolomitized. Because of strong
dolomitization, foraminiferaare often difficult to identify, athough
it is observed that the sequence of appearances of taxaissimilar
to that in the Askyn section. Conodont zones are the same asin
the Askyn section and their species composition is similar.
Conodonts in the boundary beds in the Seryat section are
represented by alarger number of specimens (per kg), although
their species diversity is reduced. This section does not contain
Diplognathodus and Sreptognathodus, whereas | diognathodus
aljutovensis, which appears only in the upper part of the N.
atokaensis Zone in the Askyn section, appears aimost from its
base in the Seryat section.

The main rolein foraminifera-based definition of the lower
Moscovian boundary belongs to the evolutionary lineage
Profusulinella — Tikhonovichiella — Aljutovella. The lower
boundary is defined by the appearance of fusulinids with fluted
septawhich form arches in the flanks of the test and in the axial
ends in the final two-three volutions (genus Aljutovella Rauser
1951). The genus Tikhonovichiella Solovieva in Rauser-
Chernousovaand others, 1996 includes more primitive species of
Aljutovellidae Solovievain Rauser-Chernousovaand others, 1996,
which differ from Aljutovellain their smaller size, semi-rhomboid
test, and weakly fluted septa, rarely with arches in the last
volution. Members of the family Schubertellida, which occur in
facieslessfavorablefor largefusulinids, may be used asadditional
markers for the lower Moscovian boundary. In such facies the
lower boundary may be drawn based on the appearance of
Schubertella gracilis Raus.
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Figure 1. Distribution of selected taxain the Askyn and Seryat sections. Stratigraphic column and foraminifersin the Askyn section
are according to Sinitsyna and Sinitsyn (1987), conodont ranges are according to Nemirovskaya and Alekseev (1995) and
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Biostratigraphy of the Carboniferous
of Angaraland
Viktor G. Ganelintand MarinaV. Durante?
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per. 7, 109017 Moscow, Russia.

The characteristic feature of Carboniferousbiotaisthe high
degree of biogeographic differentiation. Therewerethreediffer-
ent endemicfloras: I) Early Carboniferous[mostly Mississippian]
lepidophytean flora; I1) very poor post-lepidophytean flora
(Serpukhovian?—first half of Bashkirian); I11) Late Carbonifer-
ous [mostly Pennsylvanian] — Permian Cordaitean flora, which
followed one another during the Late Paleozoic within
Angaraland.

Theriseof endemisminthe Angarafloratook place near the
Devonian-Carboniferous boundary. At the stratotype section of
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the Angaran continental Lower Carboniferous in the Minusa
Basin, the uppermost Famennian cosmopolitan Cyclostigmazone
wasfollowed by the endemic |epidophytean association (Meyen,
1976; Zorin, 1998). Theglobal palynological “lepidophytus’ zone
top, marking the Devonian-Carboniferous boundary (base of the
Gattendorfia limestone) is available in the Minusa Basin, and
also in the uppermost part of the Bystrjanka suite, i.e., near the
samelevel asthe Cyclostigma zone.

I. The Early Carboniferous [Mississippian] |epidophytean
floraof Angaraland is represented by two different geofloras. 1)
Theolder one (Tournaisian) consists of mainly thin-stemmed and
small leaf-cushioned l|epidophytes (endemic genera
Pseudol epidodendron, Ursodendron, Tomiodendron, and cos-
mopolitan Eskdalia). Very rare fern-like plants are regarded as
cosmopolitan taxa also. They are certain species of Adiantites,
Triphyllopterisrarinervis, Aneimitesacadica, and Rhacophyton?
sp. 2) The younger (Viséan — Serpukhovian?) geoflora consists
of mainly thick-stemmed unbranched lepidophytes (genera
Tomiodendron, Angarophloios) with amixture of more delicate
Lophiodendron and Angarodendron. There are no cosmopoli-
tan lepidophyte genera at this level. Fern-like plants are repre-
sented by endemic genera Abacanidium and Angaropteridium
with cyclopteroid pinnules. Only very rare Rhodeopteridiumand
problematical Cardiopteridium may be regarded as cosmopoli-
tan taxa.

Near the end of the Early Carboniferous most of the
lepidophytes suddenly disappeared. Meyen (1968, 1987) regarded
this event as a result of a strong cooling. We agree with this
conclusion because analysis of the constituents of the post-
lepidophytean Abacanidium flora determined that it consists of
Viséan — Serpukhovian |epidophyte assemblage relics. Many spe-
cies of Abacanidium and Angaropteridium predominate here.
Rare lepidophytes are represented by Angarodendron and some
new genera with small leaf cushions and small stems. Meyen
(1968, 1987) discovered the disappearance of thick stemmed
lepidophytes (“Ostrogskian episode”) in the middle of the
Ostrogsky series, near the boundary between the Evseevsky and
Kaezovsky suitesin the Kuznetsk Basin.

I1. The poor Post-lepidophytean flora, characterizing the
Kaezovsky suiteand widely distributed all over Angaraland con-
sists of the following plants: Angarodendron, Paracalamites
mrassiensis Radcz., Abacanidium spp., Angaropteridium spp.,
rare Rhodeopteridium, and Trigonocar pus minimus.

Meyen (1968) compared the “Ostrogskian episode” with
Gothan’s* Florensprung” that took place near the Namurian A/B
boundary (base of the Reticuloceras Zone). Thislevel was re-
garded in the 1970s as the L ower/Middle Carboniferous bound-
ary and the boundary between the Mississippian and Pennsyl-
vanian (Bourozeta., 1975)

The present authors do not agree with this point of view. At
theend of the 1970sit became clear that Gothan’s* Florensprung”
was due to a stratigraphic gap rather than climatic change
(Havlena, 1977). Thereforeit was uselessfor determining the age
of the* Ostrogskian episode” . On the other hand, the Ostrogskian
cooling event coincideswith the very short marine transgression
indicated by marine beds at the Evseevsky/Kaezovsky suite

boundary. According to V.G. Ganelin, the age of the brachiopod
assemblageinthisbedislatest Viséan (P,ammonoid zone). There-
fore, the Ostrogskian cooling episode is older than the Missis-
sippian-Pennsylvanian boundary.

It is necessary to mention that a very similar cooling event
(the disappearance of awarm-climate |epidophytean florato and
replacement by a poor Nothorhacopteris flora) took place in
Gondwanaduring thelate Viséan through early Namurian. There-
foreitispossibleto speak about aglobal cooling event, expressed
outsidethetropical region and marking the middle Carboniferous
climatic change. That is why the boundary between
lepidophytean and post-lepi dophytean floras of Angaraland may
be regarded asaglobal correlation level.

[11. Theyoungest Angaran Carboniferousfloraisthe Pteri-
dosperm — Cordaitean flora. It isthe oldest geoflora of the long-
lived Cordaitean flora. Cordaites, represented by two genera
Cordaitesand Rufloria (mainly Praerufloria) predominated here.
Pteridosperms (Angaridium, Angaropteridium,
Paragondwanidium, some neuropterids) werewidely distributed
also. Fernswererather rare. There are various Euramerican taxa
(Calamites, Autophyllites, Calamostachys, some Sphenophyllum
and Annularia) among arthropsids. Most plants of the Pteri-
dosperm — Cordaitean florahave no ancestorsin older florasand
more likely appeared in Angaraland because of migration (Du-
rante, 1995). The age of the Pteridosperm — Cordaitean florais
most of the Late Carboniferous [Pennsylvanian] after early
Bashkirian.

In marine basins surrounding the Angara continent (Taimyr
Peninsula, northeastern Russia, Transbaikal region, northern
Mongolia, eastern Kazakhstan), endemic faunas without con-
odonts, fusulinids or other warm-climate groups appeared dur-
ing the late Viséan (Ganelin and Tschernjak, 1996). Older
(Tournaisian — early Viséan) deposits are classified here as the
Prykolymsky and Neruinsky regional series. The Devonian-Car-
boniferous boundary was carefully studied in the Omolon massif
and identified on the basis of conodont evolution (change from
presul catato sul cata standard zones). According to Gagiev (1996),
three standard early Tournaisian conodont zones (sulcata,
duplicata, sandbergi) may by recognized inthe Kolyma—Omolon
region. The late Tournaisian — early Viséan zones are different
from the standard zones, but may be correlated with them with-
out any problem (Gagiev, 1996). Younger zones have been estab-
lished provisionaly.

In the younger deposits there were two types of endemic
late Viséan — Late Carboniferous [ Pennsylvanian] boreal marine
faunal communitieshere.

1) The Taimyr—Kolyma fauna (Magarsky regional series of
the Russian Northeast and analogs in other boreal regions) is
characterized by the disappearance of genera of European affin-
ity among the predominant brachiopods. Some endemic genera
(Balakhonia, Orulgania, Verkhotomia, Sajakella, Flexaria—
Balkashiconcha phylogenetic line) appeared. The Magarsky
foraminiferal community isrepresented mainly by archaediscids.
Ammonoids from the lower part of the Magarsky series
(Goniatites americanus, G. granosus, Neoglyphioceras
abramovii) are of late Viséan age. The early Bashkirian age of the
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upper part of the Magarsky seriesis determined by the presence
of middle Bashkirian ammonoidsin the lower part of the overly-
ing series.

2) The Verkhoyansk type of marine faunal communities
(Olchinsky and Parensky series of the Omolon massif and their
analogs in other regions) is characterized by poorly diversified
faunal assemblages and the predominance of endemic taxa. Fo-
rams are mainly represented by sessile and arenaceous forms.
Among brachiopods some new endemic genera (Verkhoyania,
Jacutoproductus, Jakutella, Taimyrella) together with primitive
anidanthids are widely distributed. Corals and trilobites are ab-
sent. Ammonoids are known from some levels. The oldest
(Yanshinoceras — Yakutoceras) assemblage from the lower part
of the Olchinsky seriesisrepresented by endemics. The younger
(Diaboloceras— Kayutoceras) assemblageisacorrelative of the
standard Diaboloceras — Axinolobus ammonoid Zone (latest
Bashkirian). Thereforethe age of thelower part of the Ol chinsky
seriesis late Bashkirian. Its upper part with avery poor marine
fauna may be regarded as Moscovian.

The overlying Parensky seriesis characterized by new spe-
ciesof the same endemic generaas Olchinsky forms. In addition,
some genera of East-European affinity appeared among forams
(Protodosaria) and brachiopods (Waagenoconcha, Muirwoodia
and others). Ammonoids are represented by late Moscovian —
Kasimovian Eoshumardites. The presence of Asselian—Sakmarian
ammonoids in the lower part of the overlying series alows the
Parensky series to be determined as Kasimovian — Gzhelian in

age.
Conclusions

1. As shown above, the greatest event in Angarafloral his-
tory was the “ Ostrogskian episode”, a sudden disappearance of
warm-climate endemic lepidophytes due to global cooling. This
event may also be recognized in Gondwana. Thereforethislevel
may be regarded as a global event. Other floristic boundaries
may befollowed only within Angaraland.

2. Only Tournaisian—lower Viséan subdivisionsinthe Angara
faunal succession have a good correlation potential. The great
change in younger (endemic) faunas took place only near the
Magarsky and Olchinsky series boundary coinciding with the
base of the standard Branneroceras — Gastrioceras ammonoid
Zone. This level may be followed within and outside of
Angaraland. Other boundaries may be used for correlation only
into the Boreal realm.

3. The history of the Angara Carboniferous biota showsthe
existence of great breaks in floral and faunal successions near
the middle of the system. Nevertheless, none of these breaks
coincides with the selected boundary between the Carbonifer-
ous subsystems.

References

Bouroz, A., Einor, O.L., Gordon, M., Meyen, S.V., and Wagner, R.H.
1975. Proposals for an international chronostratigraphic classifi-
cation of the Carboniferous. In: Common problems of Carbonifer-
ousstratigraphy. 8-th international Congresof Carboniferous stratig-
raphy and geology. Moscow, 8-13 September 1975. Transactions.
V.1. Moscow: Nauka. p. 52-69. (In English)

Durante, M.V. 1995. Reconstruction of climatic changes in the Late
Palaeozoic of Angaraland (on the basis of phytogeographic data).
Stratigraphy and Geological Correlation, v. 3, no. 2, p. 25-37. (In
Russian)

Gagiev, M.H. 1996. Middle Paleozoic of Northeast Asia. Magadan:
NESC FEB RAS. 120 p. (In Russian)

Ganelin, V.G., and Tschernjak, G.E. 1996. Marine basins of Northeast
Asia. The Carboniferous of the World, b.I11, Instituto Technologico
GeoMinero de Espana. p. 207-234. (In English)

Havlena, V. 1977. The Namurian of Czechoslovakia and stratigraphic
comparisons. (V.M. Holub and R.H. Wagner, eds.) Symposium on
Carboniferous stratigraphy. Geol. Survey of Prague. p. 265-279.

Meyen, S.V. 1968. An age of the Kuznetsk Basin Ostrogsky suite and
the Namurian anglogous at the continental deposits of Northern
Asia. USSR Academy of Sci Reports, v. 180, N 4. (In Russian)

Meyen, S.V. 1976. Carboniferous and Permian Lepidophytes of
Angaraland. Palaeontographica, Abt. B, 157(5-6), p. 112-157.

Meyen, S.V. 1987. Fundamentals of palaeobotany. London: Chapman
and Hall. Ltd. 432 p.

Zorin, V.T. 1998. Lower Carboniferous of the Minusinsk Trough
(Stratigraphy and Plants). St.Petersburg. ZAO “Monitek”. 143 p.

Sea-level fluctuation curve for the
Cherokee Group (lower and middle
Desmoinesian/upper Moscovian) in
the Arkoma-Cherokee Basin area of
eastern Oklahoma

Darwin R. Boardman?, Tom R. Marshall?, and LancelL.
Lambert®

t2School of Geology, Oklahoma State University, Stillwater, OK
74078, USA.

3Earth and Environmental Sciences, University of Texasat San
Antonio, San Antonio, TX 78249, USA.

Based on surface exposures and selected near-surface core
analysis, we present asea-level curvefor the Cherokee Group of
Oklahoma and southeastern Kansas. This sea-level curve aug-
ments an earlier curve by Heckel (1986) that included the top of
the Cherokee Group along with the upper Desmoinesian
Marmaton Group of Midcontinent North America. The Cherokee
Group comprises 29 cyclothemic depositional sequences
(cyclothems), ten of which contain black fissile and phosphatic
shales deposited at maximum transgression. Significantly, 19 of
these cyclothems contain conodonts that for the first time will
enable documentation of the complete Desmoinesian conodont
succession from Midcontinent North American.

Introduction

The Desmoinesian stratigraphic succession in the North
American Midcontinent haslong been argued as one of the most
fossiliferous and complete in the world, for this time interval.
However, the lower two-thirds of the Desmoinesian, the Chero-
kee Group, has been inadequately studied both in terms of its
cyclicity and also in terms of its faunal succession.

The most complete stratigraphic succession of the Chero-
kee Group occursinthe ArkomaBasin in east-central Oklahoma.
Inthisregion the Cherokee Groupisexceedingly thick (in excess
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of 1000 meters), dueto rapid basin subsidence along with glacial -
eustatic sea-level rises and penecontemporaneous highstand
deltai ¢ sedimentation. Northward through the Cherokee Basin of
northeastern Oklahoma and southeastern Kansas toward the
northern shelf area of the Midcontinent, the Cherokee Group
thinstremendously to 100 metersor lessand istypically missing
many of the minor and some of theintermediate cyclothems seen
southward, due to either nondeposition or erosion. The type
Desmoinesian in lowa on the northern shelf is significantly less
completethan coeval stratain the Arkoma-Cherokee Basin area.

Thesea-level curve presented hereinisderived from surface
exposuresinthe Arkomaand Cherokee Basins, based on prelimi-
nary reports of Marshall and Boardman (2002) and Boardman
and Marshall (2002). Additionally, some stratigraphic intervals
not seen on outcrop are based completely on near-surface cores
provided by the Oklahoma Geol ogical Survey.

Magnitudeof Cyclothems

Estimating the magnitude of sea-level risesis based prima-
rily on acombination of lithofacies and biofacies analysis.

Those sequences with black-fissile and phosphatic shales
represent major cyclothems and are interpreted to have been de-
posited beneath athermocline associated with upwelling (Heckel,
1977). These major sea-level fluctuations are thought to repre-
sent maximum water depths between 50 and 200 meters. The
black fissile phosphatic shales are characterized by the
I dioprioniodus-Gondolella Biofacies, which according to Heckel
and Baesemann (1975) represents the most offshore conodont
association. These shaleslocally carry from 100 to over 1000 Pa
conodont elements per kilogram. Additionally, they contain lo-
cally abundant ammonoids and shark debris. Preliminary analy-
sis shows that these major cyclothems are traced across all parts
of the North American Midcontinent. Ten of these areidentified
within the Cherokee Group in addition to the four recorded from
the Marmaton Group by Heckel (1986), yielding atotal of four-
teen for the Desmoinesian Stage asawhole (Figure 1).

Intermediate cyclothems are represented by either gray
shales or carbonates characterized by moderately abundant con-
odonts (from 50 to 300 per kilogram) representing the
Idiognathodus Biofacies. These maximum transgressive depos-
its are interpreted to represent deposition near the base of the
euphotic zone around 50 meters of water depth. Five cyclothemic
sequences of this scale are identified in the Cherokee Group in
the Arkomaand Cherokee Basins.

Minor cyclothems comprise avariety of lithofacies includ-
ing carbonates and shales. They are characterized by low num-
bers of conodonts from the Idiognathodus or Adetognathus
Biofacies, or contain no conodonts at al. In this study, these
minor cyclesareidentified almost exclusively inthe ArkomaBa
sin, and few have been identified north of that region.

Summary of Cyclothems

The lowermost part of the Cherokee Group includes the
Hartshorne and McAlester formations in ascending order (Fig-
ure 1). Thelower Hartshorne sandstone complex islargely del-
taic and associated with the underlying Atoka Formation. The

upper Hartshorne is commonly recognized as an incised valley
complex and represents the initial lowstand stage of the first
Desmoinesian cyclothemic sequence. The McAlester Formation
containstwo major cyclothems, oneinthe basal McCurtain Shale
and the other near the top of the McCurtain Shale. These se-
guences contain the conodont Idiognathodus obliquus
K ossenko and K ozitskaya, which allows correl ation of the lower
Cherokee Group with the base of the upper Moscovian Stage in
the Donets and Moscow Basins of eastern Europe. The upper
McAlester Formation contains five minor cycles, in which only
the unnamed limestone above the Tamaha coa contains con-
odonts. This part of the McAlester Formation is thought be
missing from the northern shelf area.

The Savanna Formation (Figure 1) contains two major
cyclothems, oneincluding the Doneley Limestone, and the other
above the Drywood coal. Additionally the Sam Creek is recog-
nized asan intermediate cyclothem, whereasthetwo lower cycles
are considered minor. The upper two major cyclothems are be-
lieved to be traceable across the Midcontinent.

The Boggy Formation (Figure 1) includes one major
cyclothem, the Inola, which liesabove the Blugjacket coal, andis
traceable acrossthe Midcontinent. Additionally, oneintermedi-
ate cyclothem above the Wainwright coal and five minor cycles
arerecognized. None of theintermediate or minor cycleswithin
the Boggy Formation has yet been traced into the northern shelf
area.

The Senora Formation (Figure 1) includes five major
cyclothems, one above the Weir-Pittsburg coal, one above the
Tebo coal, one above the Tiawah Limestone, one above the
Croweburg coal (Verdigris), and one above the Mulky coal
(Excello-Lower Fort Scott). At least the upper three of theseare
traceable across the Midcontinent. Three intermediate
cyclothemsarerecognized, one abovethe Mineral coal, oneabove
the Fleming coal, and one above the Bevier coal. All of these
contain conodonts and at |east the upper one is traceable across
the Midcontinent. Additionally, two minor cycleswith morelo-

calized distribution are present.
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Figure 1. Sea-level fluctuation curve for Desmoinesian Stage based on outcrop and core data from northeastern Oklahoma. MR =
maximum regression; M T = maximum transgression. Curve of Heckel (1986) from Verdigris cyclothem upward shows greater number
of minor cyclesthat are distinguished only on northern shelf. That curve also classifies cyclothem that includes Excello shale (L ower
Fort Scott) with Marmaton Group rather than with Cherokee Group (asin thisarticle), but this does not alter total number of major
Desmoinesian cyclothems.
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Report on the Pennsylvanian con-
odont zonation from the Nashui
section of Loudian, Guizhou, China

Wang Zhi-hao' and Qi Yu-ping?

L2Nanjing Institute of Geology and Palaeontology, Chinese
Academy of Sciences, Nanjing, 210008, China.

Carboniferousand Permian marine sedimentsarewidely dis-
tributed and well devel oped in South China, especialy in Guizhou.
In many places, such asat the Nashui section near Luodian, they
form a continuous sequence of limestone containing conodonts,
fusulinids, foraminifers, ammonoids, corals, and brachiopods, thus
providing an excellent opportunity to study the Pennsylvanian
biostratigraphy, mid-Carboniferous and Carboniferous-Permian
boundaries, and the conodonts of thisinterval.

In the last two decades of the 20" Century, knowledge of
mid-Carboniferous, Pennsylvanian (Upper Carboniferous), and
Carboniferous-Permian conodont biostratigraphy in South China,
mainly in the Nashui section, has been rapidly advanced. Many
papers describing the conodont biostratigraphy of this interval
in South China have been published. Based on studies by Xiong
and Zhai (1985), Dong et al. (1987), Kang et a. (1987), Rui et al.
(1987), Wang et al. (1987), Zhang et al. (1988), Wang and Higgins
(1989), Wang (1991, 1996) and Zhang (2000), the Upper Carbonif-
erous conodont zonation in South China can be summarized in
descending order as follows: the Streptognathodus
wabaunsensis, S. elongatus, S. elegantulus, S. oppletus, S.
parvus, Neogondolella clarki, Idiognathoides sulcatus parva,
Idiognathodus primulus, Neognathodus symmetricus,
Idiognathoides sinuatus, |. sulcatus and Declinognathodus
noduliferus zones. In the period from 1991 to 2001, the present
authors three times collected conodont samples systematically
and abundantly from uppermost Lower Carboniferous through
Lower Permian strata in the Nashui section, near Luodian,
Guizhou. The purpose of these studies is to investigate and de-
scribe the Pennsylvanian conodont sequence from the Nashui
section in more detail, and to correlate it properly with that of
Russiaand North America.

This study was supported by the Ministry of Science &
Technology, China. It isthe Basic Research Project (G99-A-05) of
the Ministry of Science & Technology, China.

Conodont zonation at the Nashui section

The Nashui section, located on the side of the Wangmo-
Luodian highway, about 44 km southwest of Luodian town, is
easily accessible by car from Guiyang, the capital of Guizhou
Province. The Pennsylvanian stratain the Nashui section, which
have not been named up to now, are mainly composed of black,
dark-grey and grey thin- to medium-bedded wackestone,
packstone, grainstone, mudstone and chert, with normal graded
bedding and massive bedding, representing basin-marginal,
gentle-slope deposits. The biota is characterized by planktonic
and benthonic faunas, which have been found in association
with each other. The benthonic fauna is composed of non-
fusulinacean foraminifers, fusulinids, cal careous algae and cor-

als (very rare), while the planktonic faunais very rich in con-
odont species. Firstly, Xiong and Zhai (1985) discovered the
Sreptognathodus elongatus, S. wabaunsensis, S. elegantulus,
S. suberectus, Idiognathodus delicatus, Streptognathodus
oppletus, Gondolella giannanensis, |diognathoides corrugatus
and Declinognathodus lateralis zones in the Upper Carbonifer-
ous strata at this site. Later, Wang, Rui and Zhang (1987) and
Wang and Higgins (1989), who studied the same sequence at this
site, erected the following conodont zones, from top to bottom:
the Sreptognathodus elongatus, S. elegantulus, S. oppletus, S.
parvus, Neogondolella clarki, Idiognathoides sulcatus parva,
Idiognathodus primulus, Neognathodus symmetricus,
Idiognathoides sulcatus-l. sinuatus- |. corrugatus,
Declinognathodus noduliferus and Gnathodus bilineatus
bollandensis zones. Most recently, Wang (1991) described the
Sreptognathodus barskovi and S. wabaunsensis zones above
and below, respectively, the Carboniferous-Permian boundary.
Wang (1996) also described the Idiognathoides sinuatus, .
sulcatus and Declinognathodus noduliferus zones at the base
of the Upper Carboniferous sequence at this site. The specimens
from the Nashui section described as “ Streptognathodus
barskovi” by Wang (1991) are referred to Streptognathodus
longilatus Chernykh and Ritter (1997). With additional collec-
tions and restudy of existing collections a more detailed con-
odont zonation is possible. The vertical distribution of the con-
odonts in the Nashui section is shown in Fig. 1 and this newer
zonation, from youngest to oldest rocks, is as follows:

Permian Asselian Streptognathodus isolatus Zone
Pennsylvanian Mapingian S. wabaunsensis Zone
S tenuialveus Zone
S firmus Zone
S sp. nov. A Zone
Dalaan S simulator Zone
S sp. nov. B Zone
S gracilis- S. excelsus Zone
S. cancellosus Zone
S clavatulus Zone
S nodocarinatus Zone
Idiognathodus podolskensis Zone

Mesogondolella clarki-
I diognathodus robustus Zone

Huashibanian Diplognathodus ophenus-

D. ellesmerensisZone
Idiognathoides ouachitensis Zone
Luosuan Sreptognathodus expansus Zone
Idiognathoides sulcatus parva Zone

Idiognathodus primulus-
Neognathodus bassleri Zone

[. primulus- N. symmetricus Zone

Tuly 2002

29



d

1€S an

f conodont speci

istribution o

Vertical d

Fig.1

. [R5 sdoayioq ffo snpoyivudoaN /&
L4 o0 00000 SISU20pP110]02 snpoypudoydiq 9¢
[ XYY N Y XY L3 SISUDIYIPNO SIPIOYIDUSOIP] §F

. oo oee see o X X o o ® SHSONUIS SHPOYIDUSOIP] £
. o = SHIDINIA2GN] SIPIOYIDUSOIP] €€
e o o0 o0 SAIDAUIGHS “S 7€
e o0 o0 = snsupdya °§ | £
oe ® 0000 00000000000 0000 000 1] e = SHIDIN AP SAPOYIDUSOIP] O
® 3 1210 DALIYIOJOIN 67

. o0 LX) (] ® % $nSOpou SnpoyIPusoIp| 97
. ® o eo0ccves o paand smpopns sapioyiousoIpy L7

eee o ®00e0 0 o000 oo s000ss0e o oo . .
o0 ]

of
L ]

Ranges

snamd °§ 97
= @ aou “ds snpoymusoidans ¢z
3 MAISSDG "N $T
g aouds -7z
Daouds -fzz
® = snpmutad snpoyiusopy 17

26

SHOLIAUIULS SHPOYIDUSOIN ()7
E SDENLI0D [ 6]
= snoifiond [ 91
o o= sypnbavuy *(f /]
e 0 0000000000 0000 0 00 0 0s0 o o000 " smpnuis | 9f
X SHIDINS °|
= snxajoad smymuSoIstyovyy |

L]
® & & 6 0 & 0 O
L]

[]
O 00000000000000000 0 00 ¢ 0000 0 00000 " SAIDIJHS SHIDINS SIPIOYIDUSOID] €[
o8 snotodpl snaafipnpou *q 7|
psopounn 7 [
STULIOIIUN SFDUSSHADY) (}]
snaafinpou sniafiynpou " 6
SHDAID] SHPOYIDUSOUI]I2(] §
P DSOPOUOUOU T [

L] ¢ o0 0 ® 060 ® 0000 o
os. & 00 L

® < snIpauLIagul 161415 0 9
L2 J 000 o o ® [ 3 [} e SMRUIW SNPOPUIE ¢
000000000 0 psSopou ] f
° 00000 OGO O DIDIUAUOD DI2AYIOT] €
smpaulg q-n g
— SISUIPUDIIOq STIDAUIIG SHPOYIDUL) [

soliad b gl
S e onen

Z 7|27

Ni25
NI124
NI23
Nil9
11
11
11
NI115
Ni14
NI13
NI11
N110
NI09
N108
NIO7
N99
N98
N97
N96
N94
N92
N9O
Nge6
N85
N8O
N79
N78
N77
N76
N75
N70
N69
N68
N67
N66
N65
N64
N63
N62
N61
N60
N58
N57
N56
5
5
5
5
N50
N48
N46
N44
N43
N42
N41
N40
N38

I
[
|
]
I
I
I
I
I
]
[
I
Si

[

Si
S

Lithology
I
I
I
I
[
[
1
[
[
[
[
I
I
I
|
[
I
1
1
|
Si |
I
[
[
[
I
[
[
I
[
1
I
|
[
I
1

mudstone

B
11.40
Legend
limestone
siliceous limestone
thin-bedded chert

2.30
9.18
5
4.10
270
6.90
9.80
17.40
245
18.40
13.60
12,90
830
1110
16.50
31.60

12.10

oML

bl
2
21
»
1©
8
7
6
5
1
B
2
i
10
9
8
7
6
i

Carboniferons Newsletter

30



conodont zones in the Nashui section of Luodian, Guizhou

conodont

species

Conodont zones

Streptognathodus isolatus

Streptognathodus wabaunsensis

Streptognathodus tenuialveus

-

Streptognathodus firmus

Streptognathodiis sp. nov. A

Streptognathodus simulator

Streptognathodus sp. nov. B

Streptognathodus gracilis-
S. excelsus

Streptognathodus cancellosus

Streptognathodus clavatulus

o

Streptognathodus nodocarinatus

B

Idiognathodus podolskensis

Mesogondolella clarki-
Idiognathodus robustus

(XX XN XXX HJ
(A XX N XXX HJ

Diplognathodus ophenus-
D. ellesmerensis

Idiognathoides ouachitensis

Streptognathodus expansits

Idiognathoides sulcatus parva

Idiognathodus prinmulus-
Neognathodus bassleri

Idiognathodus primudus-
Neognathodus symmetricus

Neognathodus symmetricus

Idiognathoides corrugatus-
1. pacificus

Idiognathoides sinuatus

Idiognathoides sulcatus sulcatus

Declinognathodus noduliferus

Gnath bili boll

38 N. atokaensis

39 N. medadultimus

40 Diplognathodus ophenus

41 D. ellesmerensis

42 Idiognathoides lanei

43 Idiognathodus sp. nov. A

44 Mesogondolella clarki

45 M. sp. nov.

46 Idiognathodus robustus

47 8. ¢f di

=
=
<
b

48 Idiognathoides tuberculatus
49 Idiognathodus incurvus

50 1. podolskensis

51 8. nodocarinatus
52 8. clavatulus

53 Gondolella donbassica

54 Neognathodus medexultimus

55 Idiognathodus magnificus

56 S. cancellosus
57 S. oppletus

58 Gondolella elegantula

59 8. gracilis

60 S. excelsus

61 ldiognathodus magnificus

62 S.sp.nov. B

63 8. elegantulus

lator

65 S.sp.nov. C

. St

648

66 Adetognathus paralautus

67 S. sp. nov. A
68 S. firmus

69 S. paushkaensis
70 S. simplex

71 S. tenuialveus

72 S. bellus

73 8. elongatus

74 S. wabaunsensis

75 8. nodulinearis
76 S. longilatus
77 S. isolatus

(Notes:
The lithologic column
in this figure is not drawn to

scale.)
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. Xiong et Wang, Rui et Wang et
This paper Zhai, 1985 Zhang, 1987 | Higgins, 1089 | V@, 1991 Wang, 1996
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5 i primulu_s-N. < . primulus . primulus
S | g|__symmetricus %
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| pacificus S 3
— &
. Si ‘E| 1. sinuatus
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I. sulcatus L. sinuatus I. corrugatus S| 1. sulcatus
sulcatus 5
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Tablel Comparison between some conodont zonations of the Pennsylvanian in the Nashui section of Luodian, Guizhou
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Neognathodus symmetricus Zone

Idiognathoides corrugatus-
|. pacificus Zone

|. sinuatus Zone
|. sulcatus sulcatus Zone
Declinognathodus noduliferus Zone

Mississippian Duwuan Gnathodus bilineatus
bollandensis Zone

A comparison between the conodont zonations presented by
previous authors and that presented in this paper from the
Nashui section can be made (see Table 1).
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Volcanic ashes in the upper Paleo-
zoic of the southern Urals: New per-
spectives on Pennsylvanian time
scale calibration
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Northrup.?, T.A. Schiappa!, and W.S. Snyder?
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Geology and Geoshemistry, Uralian Scientific Center of
Russian Academy of Sciences, Pochtovy Per. 7,
Ekaterinburg, Russia, 620219 (chernykh@igg.uran.ru).

The Late Pennsylvanian through Early Permian was an im-
portant interval in Earth’s history — significant events of thisage
include the final assembly and early evolution of Pangea, major
eustatic changesin sealevel, and global climate changefromthe
Pennsylvanian “ice house” to the Permian “hot house”’. Unfor-
tunately, the poor temporal resolution of the geologic time scale
during thisinterval limits substantially our ability to clarify and
correlate many aspects of late Paleozoic geologic history. The
late Paleozoic provides an important example: commonly cited
timescalesdiffer by asmuch as 14 Main the estimated age of the
Pennsylvanian-Permian boundary, and vary by as much as 500%
intheinferred duration of various stages (e.g., DNAG 1983, Ross
and Ross 1988, Harland et a. 1990, Gradstein and Ogg 1996, Cowie
and Bassett 1989, Jones (AGSO) 1995; Rasbury et al., 1998;
Menning et al., 2001, Becker et al, 2001). Without arigorously
calibrated Pennsylvanian and Permian time scale, basic ques-
tionsregarding thefinal assembly and early evolution of Pangaea,
duration of Pennsylvanian cyclothems, aswell asahost of other
late Paleozoic problems, will remain unresolved. Significant un-
certaintiesin this part of the time scal e ari se because the numeri-
cal ages assigned to period and stage boundaries are based on
linear interpolation between relatively sparse control points.
Moreover, the existing control points were obtained from strati-
graphic sections in different parts of the world, assigned posi-
tionsinthetime scale using several different taxa (marinevster-
restrial) and /or from the different biogeographic provinces, and
moreover dated by several different radiometric techniques. Be-
cause many fundamental aspects of geologic research depend
directly ontheaccuracy and precision of the geologic timescale,
improvingitsagecalibrationiscritical and requiresarobust, well
constrained, and internally consistent framework of biostrati-
graphic and geochronologic data for the Late Carboniferous
through Early Permian.

Numerous volcanic ash layers with numerous clear, multi-
faceted zircons of high optical quality occur within the Upper
Pennsylvanian and Cisuralian successions of the southern Urals,
and most of these ash layers contain abundant radiolaria and
well-preserved conodonts. Such ashes have been used routinely
elsewhere for radiometric age control, but rarely studied from a
paleontologic perspective. Paleontologic investigations have

Tuly 2002

33



seldom focused on volcanic ashes because: 1) they are arela-
tively minor component in most stratigraphic sections; and 2)
techniquesfor recovery of micropal eontol ogic objectsfrom ashes
are not well established. Nevertheless, the potential to obtain
detailed pal eontol ogi ¢ dataand preci se absol ute age control from
the same stratigraphic horizon can provide a powerful tool for
understanding process ratesin pal eobiol ogy, paleoecol ogy, sedi-
mentology and in the rest of geological disciplines.

The study of zircons from the Late Pennsylvanian through
Early Permian at the stage/substage level using the type sections
and principal reference sections in the foreland of the southern
Urals in Russia-Kazakhstan offers an unparalleled opportunity
for accurate and precise time scale calibration for several rea-
sons. First, the southern Urals contain the Global Stratotype
Section and Point (GSSP) for the base of the Permian and this
regionisacandidate for the GSSP' sfor the Cisuralian and Penn-
sylvanian stages as well. Regardless of the final outcome of the
Pennsylvanian GSSP stage designations, the Russian sections
will, at minimum, becritical reference sectionsfor global correla
tion. Thus, the internationally accepted biostratigraphic defini-
tion of the Pennsylvanian through Cisuralian (Early Permian) time
scale is linked directly to the southern Urals. Second, marine
fossils are numerous and well preserved in this region, making
detailed multitaxa biostratigraphic control possible. Finally, the
late Paleozoic sections of the southern Urals contain numerous
interstratified vol canic ash layers, making preciseradiometric age
control possible. Here, we document the occurrence of zircons,
conodonts and radiolariain upper Paleozoic volcanic ash layers
of the southern Ural foreland. More details, particularly about
techniques we are developing to recover zircons and microfos-
silsfrom volcanic matrix, will be published soon.

Principal tectonic elements within the region areillustrated
inFigure 1A, and include: the European continent, consisting of
the Baltic Shield, Russian Platform, Timan-Pechoraregion, Kama-
Kinel and Pre-Caspian basins; Uralian Orogenic Belt (including
the Pre-Uralian Foredeep); Ustyurt microcontinent (a
paleoTethyan terrane), and the Kazakhstan and Siberian conti-
nents. Historically, the Uralian system has been divided into sev-
eral major fault-bounded longitudinal belts, or megazones. This
longitudinal tectonic zonation has been reinterpreted recently to
reflect modern terminology (Brown et al., 1996). From east to
west, the megazones are now regarded as (Figure 1B): accreted
arcs and microcontinents including (1) Eastern Uralian
microcontinents, and (2) Tagil-Magnitogorsk Arc; (3) orogenic
hinterland (Ural Tau); (4) the Sakmaraand Krakanappes, foreland
fold-thrust belt, including (5) Bashkirian Precambrian basement;
(6) Ordovician-middle Devonian shelf succession; (7) Zilair Se-
ries (Late Devonian-Mississippian basina succession); and (8)
foredeep basin; and (9) undisturbed Russian Platform.

The Pre-Uralian Foredeep (Figures 1B, 2) wasinitiated dur-
ing the Middle Carboniferous, and formedin responseto aseries
of collisionsaong the eastern margin of the European continent.
Collision and accretion involved a combination of arc terranes,
and continental fragments (the Tagil-Magnitogorsk Arc, Ural Tau,
and Eastern Uralian microcontinent). Overthrusting of the East
European continent margin by thetectonic elementsof the Uralian
Highlandsis presumed to have produced aflexural load that cre-

ated aclassic foreland basin, the Pre-Uralian Foredeep. Uralian
orogenesis concluded with the collision and suturing of the
Kazakhstan and Siberian continents to the EC in Late Permian-
MiddleTriassictime(Zonenshainet a., 1990; Snyder et d., 1994).
Overadl, the Late Carboniferous-Early Permian foredeep shallowed
eastward and deepened westward and was broken up into a se-
ries of sub-basins (Figure 1B; Snyder et a., 1994). Two sub-
basins within the southern foredeep have been delineated: the
northern Ural ( or Uralo-lkskaya) sub-basin, and the southern
Aqtobe (or Aktyubinsk) sub-basin (e.g., Ruzhencev, 1951,
Khvorova, 1961; Chuvashov et a.,1993; Snyder et a., 1994).
Geophysic data and facies changes suggest the boundary be-
tween these two sub-basins most probably are structural
(Melamud, 1981). The uppermost Carboniferous through
Cisuralian strataof the Aqtbe sub-basin are predominantly clas-
tic, consisting of micritic siltstone, fineto coarse allochemic sand-
stone, and conglomerate units (Khvorova, 1961; Snyder et a.,
1994). Correlative unitsin the Ural sub-basin include predomi-
nantly carbonate dominated strata, consisting of silty micrites,
allochemic wackestone-packstone-grainstone packages,
floatstone and rudstone. Abundant fossil faunas are present in
the micrites and wackestone-packstone-grainstone packages.
The southern Pre-Uralian Foredeep is bounded to the north by
the Karatau Fault and widens southward where the foredeep strata
become covered by Mesozoic/Cenozoic strataand mergesin the
subsurface with upper Paleozoic strata of the Pre-Caspian Basin
(Figure1B).

Vol canic ash horizons are widely distributed in the southern
Ural foreland, and are present in some of the classic late Paleo-
zoic sections of theregion. Most ash layersare easily recognized
in the field because of their striking colors, including yellow-
brown, red-brown and various shades of green. Their thickness
variesfrom 1to 20 cm. Both lower and upper contacts of volcanic
ash layers are sharp, generally planar, and can be clearly deter-
mined. Thetuffaceous material isaltered and poorly consolidated,
making them weather recessively relativeto the surrounding clas-
tic and carbonate strata. Most of volcanic ash layershave adis-
tinctive soft, soapy texture.

The most probable volcanic source for the ash layersin the
southern foredeep isthe eastern part of the Tagil- Magnitogorsk
Arc, where Permian and possibly Pennsylvanian dikes and hy-
pabyssal silicic and akaline intrusions cut marine Viséan and
Serpukhovian sediments (Chervyakovsky, 1978; Mizens, 1997).
Thin but widespread air-fall volcanic ash layersform potentially
important stratigraphic markersin the offshore facies of the Penn-
sylvanian- Cisuralian of the Preuralian Foredeep Basin. Preser-
vation of volcanic ash in the southern Pre-Urals was strongly
influenced by depositional environment. Specifically, volcanic
ash deposited inrelatively deep environments (middle ramp, outer
ramp, basin) had a high preservation potential. Ash beds depos-
ited at inner ramp positions were highly affected by reworking
and erosion.

Asapart of ongoing research in the southern Urals, we have
systematically sampled several key sections in the region for
multitaxa pal eontology. Our sampling strategy included the col-
lection of volcanic ashes for radiometric age control. However,
during the processing of relatively small (1.0-1.5kg) preliminary
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Figurel Structural elementsof Eurasian Pangea (1A) and southern Urals (1B). Shadow box on 1A - southern Uralsenlarged in
figure 1B. Accreted terranes. 1 - Eastern arc/microcontinent; 2 - Tagil-Magnitogorsk arc; 3 BUraltau; Foreland; 4 - Oceanic
nappes (S- Sakmara, K - Krakau); Fold-Thrust belt: 5 - Precambrian basement (Bashkirian anticlinorium; 6 - Ordovician-middle
Devonian shelf succession; 7 - Zilair Series (Late Devonian-Mississippian basinal succession); 8 - Pre-Uralian foredeep
(Pennsylvanian-Triassic); 9 - Russian Platform; 10 - Pre-Caspian Basin. U-DT (black box in the upper center) B location of the

studied sections.

TIMAN-PECHORA

SIBERIAN CONTINENT

N

MAIN URALIAN
FAULT

T
.

4
.

4
.
N

MICRITE/SILTY
MICRITE WITH
BRECCIA,
SLIDES,
TURBIDITES

MICRITE/SILTY
MICRITE WITH
FINE-GRAINED
TURBIDITES

' R b
BALTIC N b ol
97
%
SHIELD 2, [ 3
4“ LLLLL
i b [
Kama-Kinel ot [T T]
Basins KAZAKHSTANIAN .:',F,,.': et TP 7
CONTINENT o I // 5
ﬁ,a I 7)
J RusSAN URALIAN 02 008 !
R \
PLATFORM OROGENIC iz 0 ( - 6
Preuralian BELT Subsurface ¥ ) EER S [
o™ v Basin +ot
Foredeep south of this line 'y 3 A +d
— VVVVVVVVV <)
T~ VVVVVVVVVV .3 + \
~ VVYVVVVVYVVVA *Yv/ )
USTYURT e o g oy AKTOBE: * ‘:\
MICROCONTINENT ASAAAAAAAET r 8
0 600
— |
km A E=p
VVVVVV:V:V 10
77, 8, )
|77 7/
1B
RUSSIAN USOALKA
CARBONATE [ '
PLATFORM DAL ')IY TULKAS STORM NORMAL
[ ] WAVE BASE WAVE BASE
SHIKAN OUTER -
" (REEF) BASIN DISTAL RAMP OUTER - RAMP MIDDLE - RAMP INNER - RAMP  DELTA-BRAIDPLAIN
0
- e @ e ‘ (Ol CHEN M

= SHOREFACE  BRAIDPLAIN-
SILTSTONE, MicRiTIC N SLICICLASTIC 2ELTAte
) oANDSTONE  CONGLOMERATE
MICRITE & MICRITIC
SILTSTONE with some
WACKESTONE
(SILTY) EVENT BEDS
| TEMPESTITES AND
FINE-MEDIUM
SANDSTONE
TEMPESTITES

SILTSTONE &

FINE-COARSE

SANDSTONE EVENT

BEDS / TEMPESTITES +
ISOLATED CARBONATE
PATCHES/ BUILD-UPS ;
(pelmatazoan-bryozoan-brachiopod)

SANDSTONE

2

Figure2 Southern Pre-Uralian foredeep basin model, late Pennsylvanian- Cisuralian. Mixed carbonate-siliciclastic setting.

ash samples for zircon recovery, we noted the presence of well-
preserved conodonts in many samples. Consequently, we began
to empirically derive methodsthat would allow simultaneousre-
covery of zirconsand micropal eontol ogic materia sfrom the ashes.
We collected volcanic ash beds within mid-ramp carbonate as
well asoffshore mixed carbonate-siliciclastic successionsin three
sections: 1) Usolka, 2) Dalny Tulkasroadcut, and 3) Dalny Tulkas
Quarry (Figure 1B and Figure 3).

After field and laboratory processing of 61 samples, wefound
well-preserved conodontsin many. Infact, conodontsin several
samples were so numerous that the concentrates were essen-
tially “conodont sands” (e.g., Figure4B). Eighteen samples con-

tain abundant conodonts, 14 samples contain enough conodonts
(20t0 100 specimens) to get taxonomically reliableidentification,
and 7 samples contained rare to very rare conodonts. Abundant
radiolariawerefound in 22 samples; however, their preservation
was usually poor.

Although biostratigraphic investigation of the studied sec-
tions is not yet complete, most of the Pennsylvanian and
Cisuralian stage boundaries there are well constrained
(Chuvashov et al. 1993, 2000; Chernykh and Ritter, 1997). They
potentially could be (and we hope will be) precisely constrained
radiometrically. Numerous clear, multifaceted zircons of high op-
tical quality werefound in many samples after we processed vol-
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Figure4 Volcanic ash bed at the D. Tulkas quarry section, (A) and conodont fauna recovered from this ash bed (B).
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canic ashes collected thisyear inthe Urals. The ash layer at 32.4
Mab in the Usolka section, i.e. 0.6 m above the previously sug-
gested C/P boundary (Chernykh et al., 1997) contains numerous
and well preserved zircons and the conodont Sreptognathodus
isolatus - the index species for the base of the Permian.

We plan to perform high-precision U-Pb zircon geochronol -
ogy from these samples. Isotopic compositions will be deter-
mined using isotope dillution B thermal ionization mass spec-
trometry (ID-TIMS) inthe geochronology |aboratory at the Mas-
sachusetts Institute of Technology under the supervision of S.
A. Bowring. We anticipate analyzing as many as fifteen indi-
vidual zircon fractions from each sample in order to clearly re-
solvetheisotopic systematics of the zircons and obtain the high-
precision (+/- 0.25 B 0.5 Ma) age determinations needed for a
robust calibration of the timescale. Volcanic ash samples from
the southern Urals also provide the opportunity to analyze K/Ar
and “° Ar/®* Ar isotopic systems. Other minerals separated from
the collected samples include crystals of volcanic K-feldspars
(i.e., orthoclase/microcline, sanidineetc.) and possibly hornblende.
Hopefully within a decade “... the murky state of affairs sur-
rounding radiometric dating of the boundarieswithin and delim-
iting the Carboniferous System...” (Heckel, 2001, p. 2), will no
longer an issue.

The authors wish to express their appreciation to BSU stu-
dent Dustin Sweet who greatly assisted throughout the entire
field phase of this project; and to Uralian Mining Institute stu-
dents Katrin V. Likhacheva and Maria P. Titovafor their assis-
tance in the field. This project was supported by National Sci-
ence Foundation grant EAR 0106796.

Conclusions:

1. Ash layers in the southern Urals are a potentially important
source of biostratigraphically significant microfossils such
as conodonts and radiolariaand radiometrically datable zir-
cons and K-feldspars. The co-occurrence of both increases
the global significance of Pennsylvanian and Cisuralian sec-
tions in the southern Urals.

2. Out of 61 ash layers collected, 18 contained abundant con-
odonts, 14 contained 20 to 100 conodont specimens, 8 con-
tained rare to very rare conodont specimens. Abundant
radiolariawerefound in 22 samples; their preservation, how-
ever, was usually poor.

3. Discovery of ash layerswith conodonts, radiolaria, and radio-
metrically dateable minerals(i.e. zirconsand K-feldspars) in
the Pennsylvanian and Cisuralian type sections in southern
Urals open an exceptional opportunity to develop a well-
constrained numerical time scale and Graphic Correlation
Composite Standard Section for the Pennsylvanian-
Cisuralian geological time period and to examine rates of
geological and paleobiological processes in the late Paleo-
zoic.
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Bursum Stage, uppermost
Carboniferous of North America

CharlesA. Rosstand JuneR. P. Ross?

!Department of Geology and 2Departmant of Biology, Western
Washington University, Bellingham, WA 98225, USA.

Inreply to Davydov (2001), itisnot amatter of Orenburgian
versus Bursumian. The Orenburgian Stage in the Uralsfillsthe
top of the Carboniferous above the Gzhelian Stage and below the
Permian Cisuralian Series. TheBursumian Stagein North America
fillsthe top of the Pennsylvanian above the Virgilian Series and
below the Bennett Shale Member of the Red Eagle Formation to
completethe North American Pennsylvanian succession to make
it equivalent to the top of the Carboniferous.

The Bursumian and Orenburgian have different stratigraphic
bases; the lower Orenburgian, Noginian Horizon is apparently
equivalent to the upper part of the North American Virgilian Se-
ries. We find Davydov’s figure 1 (2001) in error. The Virgilian
Series is overlain in continuous succession by the base of the
Bursumian Admire Group of Kansas and the top of the Bursum
would be placed at the top of the Glenrock Member of the Red
Eagle Formation. The Bursum faunaasused by Thompson (1954)
includes in Kansas only those faunas from the Admire Group
and lower part of the Council Grove Group up to and including
the Glenrock. Thisincludes Wilde (1990) Bursum fauna PW-1
which, at that time, he placed in the Wolfcampian. The Grenola
Limestone, about 16 m higher has, in the Neva Limestone Mem-
ber, Paraschwagerina and is considered of Nealian age so that
the top of the Bursumian has not been suggested as high as the
Eskridge Shale.

Theregional Late Pennsylvanian-Early Permian stratigraphy
is summarized by Kottlowski (1962) for New Mexico and Ross
(1973) for southeastern Arizona. The Bursum Formation was
described by Wilpolt and Wanek (1951) for a stratigraphic unit
that is transistional between the dominantly marine carbonates
of Virgilian age below and overlying red beds of the Abo Forma-
tion in southcentral New Mexico. Thetype Bursum section was
selected for its stratigraphic position rather than its fauna but it
does contains a merger, but identifiable, fusulinid fauna of
Triticites, Leptotriticites, and Schwagerina (Lucas and others,
2000). Prior to this study, however, the Bursum Formation has
been widely traced in the region (Thompson, 1954) and was re-
ported in detail from the Sacramento Mountains (Pray, 1961, Otte,
1959) and Robledo Mountains in southcentral New Mexico
(Wahlman and King, 2002). Steiner and Williams (1968) reported

onthefusulindsin the Sacramento Mountains and Wahlman and
King (2002) reported on the Robledo fusulinids. The Bursum
Formationistraced asfar south asthe Hueco Mountainsin West
Texas(Williams, 1963).

The Bursum fusulinid fauna also appears in northcentral
Texasinthe Waldrip and lower Camp Creek Membersof the Pueblo
Formation (Thompson, 1954). A much morediverse Bursumfauna
appearsin thick and expanded sectionsin the Chiricahua Moun-
tains of southeastern Arizonaand in the Big Hatchet Mountains
in southwest New Mexico. Southeastern Arizonaincludes shelfa
strata, included in the Earp Formation, and the shelf marginsand
marginal slopes sediments included in the Horquilla Limestone
around the Pedregosa Basin. In southeastern Arizona, in the
Whetstone Mountains, the fusulinids from the shelf part of the
Bursumianinterval hasbeen described by Rossand Tyrrell (1965)
fromthelower part of the Earp Formation. Also, from thelower
part of a much thicker Earp Formation, Sabins and Ross (1963,
1965) described Bursumiam fusulinids in the shelf margin and
upper shelf slope deposits of the Chiricahua Mountains, where,
in the Portal section (between117 to 398 m [385 to 1315 ft]) the
stratigraphic interval containing the Bursumian fauna reaches
303 m (1000 ft) in thickness before passing into carbonate beds
bearing Nealian Pseudoschwagerina uddeni (Sabins and Ross,
1965). At Dunn SpringsMountain, a121 m (400 ft) thick sectionis
not complete at itstop, but doesincludes Leptotriticites tumidus
and S providens and, higher, S. vervillei so that it includes
Nealian bedsthat are exposed at the top (Sabins and Ross, 1965).
The Bursumian part of the Dunn Springs section, 110 m (360 ft)
thick, isamore shelfal faciesand contains additional Bursumiam
species. The Bursumian fusulinid faunabased on acomposite of
all the Portal and Dunn Springs sections is Triticites pinguis, T.
creekensis, T. meeki, T. cellamagnus, Schwagerina dunnensis,
S silverensis, S. emaciata, S. compacta, and Rugosofusulina sp.
Schubertella kingi ranges slightly lower in the upper part of the
Virgilian and higher into the Nealian. The Portal section is our
candidate stratotype section for the type Bursumian Stage based
on its fauna and supplemented by the Dunn Springs Mountain
section.

In the Big Hatchet Mountains in southwest New Mexico,
the Bursumian sections are carbonate facies and called a part of
theHorquillaLimestone. There, they are also shelf, shelf margin,
reef, and upper slopedeposits (Zeller, 1965). Thefusulinidslisted
by Zdller (1965) wereidentificationsby Skinner and Wilde. Above
the Virgilian platform carbonate, they reported from the Bugle
Ridge section Triticites ventricosus tribe, Schwagerina sp., T.
uddeni, T. ventricosus var. meeki, S. huecoensis, Schwagerina
sp. (shaped like S. thompsoni), Triticitessp. (large, massiveinter-
nal deposits), S. cf. emaciata, and Schubertella sp. From the
New Well Peak section Skinner and Wilde (in Zeller, 1965) re-
ported Triticites sp., Schubertella kingi, Rugosofusulina? sp.,
Schwagerina sp., T. pinguis, and T. ventricosus, and from the
Borrego Section, they reported Triticitessp., T. ventricosustribe,
T. ventricosus, Schwagerina spp., and Schubertella sp.

With rare exception, the Bursumian fusulinid fauna shows
little similarity with the Upper Orenburgian faunawhichisdomi-
nated by Ultradaixina.
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Davydov (2001) also isin error to say that the Nealian has
not been proposed adequately. In the Glass Mountains, West
Texas, the Wolf Camp Hillssection 24 of King (1930) isthetype
section and the interval from King's Bed 3 up to the base of the
Lenox Hills (King's Hess) conglomerates comprises the Neal
Ranch Formation (Ross, 1959, 1963). The Nealian Stageand the
Nealian Age are based on these outcrops. Davydov has no
evidence for where the conodont-defined base of the Permianis
inKing's(1930) Section 24. It might bein, below, or ontop of the
Gray Limestone (Bed 2 of King'sWolf Camp Hillssection), or it
might be missing because of erosion.

Davydov (2001) calculates the Bursumian is a short stage,
1.0-1.5Ma, butitfillsagap of at least 1.6 million yearson hischart
and, based on the Kansas sections, we consider the Bursumian
to be at least five or six fourth-order depositional sequences at
about 100 Ma each, and, therefore, to be twice as long as the
Asselian, i.e., at least three fourth-order depositional sequences.

Wefind the Bursumian Stagecritical infilling the nomencla-
ture gap at the top of the Virgilian Series. It has awell known
faunathat is widely distributed on the southern craton of North
America. Itiswell known in sections along the cratonic margin
and passes continuously upward from Virgilian strata and it, in
turn, passes upward into Nealian Agerocks of Early Permian age.
We do not find the stratigraphic defects that Davydov (2001)
triesto see. We believe theinclusion of the Bursumian Stage at
thetop of the Virgilian Seriesisneccessary in North Americafor
the correlation of the interval between the top of the Virgilian
Series, asestablished by Moore (1936), and the base of the newly
conodont-defined, higher stratigraphic base of the Permian in
North America
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Carboniferous-Permian transition at
Carrizo Arroyo, New Mexico, USA
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Carrizo Arroyo is located on the eastern edge of the Colo-
rado Plateau, 50 km southeast of Albuquerque in central New
Mexico (~34°45'N, 107°07' 30" W). Here, an approximately 100-m
thick section of intercalated clastic rocks and limestones appar-
ently encompasses the Carboniferous-Permian boundary and
yieldsextensivefossil assemblages (including two L agerstétten)
of marineand nonmarineorigin (Fig. 1).

The base of the section is relatively thick, ledge-forming
gray limestone (composed mostly of bioclastic wackestones, and
subordinate crinoidal packstone and bioclastic grainstone) and
interbedded drab shal es of the upper part of the Atrasado Forma-
tion of the Madera Group. Fusulinaceans of middle Virgilian age
from uppermost Atrasado limestones are Triticites arcuosoides
Ross, T. whetstonensis Ross & Tyrell and T. cf. T. bensonensis
Ross & Tyrell (identificationsby G. L. Wilde).

Most of the section at Carrizo Arroyo (Fig. 1) can be as-
signed to the Red Tanks Member of the Bursum Formation, a
dominantly clastic (nonmarine) lithofacies of the more marine
lithofacies that generally characterize the Bursum Formation to
the south. Indeed, Carrizo Arroyo is the type section of the Red
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Figure 1. Measured stratigraphic section of Carboniferous-Permian transition at Carrizo Arroyo, central New Mexico.
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Tanks Member (Kelley and Wood, 1946). The section is 98 m
thick and is mostly green and red shale, mudstone and siltstone
of nonmarineorigin. Crossbed azimuthsand imbricate pebblesin
beds of sandstone and conglomerate in the section indicate
paleoflow dominantly to the southeast. Like Kues and Kietzke
(1976), we interpret Red Tanks deposition to have been on a
coastal plain influenced by a fluvio-deltaic complex sourced to
the northwest in the Zuni highland of the Ancestral Rocky Moun-
tains.

The stratigraphic architecture of the Red Tanks Member at
Carrizo Arroyo can beinterpreted to indicate the presence of six
depositional sequences(Krainer eta., 2001) (Fig. 1). Each begins
with a conglomerate or sandstone sharply incised into underly-
ing mudrocks that fines upward into mudrock-dominated flood-
plainor lacustrine strata. A marine limestone caps each sequence,
and these limestones identify six marine flooding events. Each
seguence consists mostly of mudstone/siltstone beds, some of
which contain abundant cal crete nodules and other evidence of
pedogenesis. A thin coa bed in the middle of depositional se-
guence 2 is underlain by fossiliferous siltstone (plants, ostra-
cods) and overlain by marly mudstone containing marginal ma-
rine molluscs and plant debris. Carbonate conglomerates at the
bases of depositional sequences 3 and 4 probably represent up-
per shoreface deposits, and as thin layers in depositional se-
guence 4 represent small channel fills. Sandstones are present at
the base of sequence 1 (shoreface deposits), in the upper part of
sequence 1 (fluvia channel fills) and in sequence 6 (thin fluvial
channel-fill deposits).

Thin, fossiliferous gray limestone beds or gray mudstone/
limestone interbeds are at the top of each sequence. Limestones
of the lower three sequences contain abundant bioclasts indicat-
ing deposition in ashallow, open marine environment. Dominant
microfacies are bioclastic wackestones containing fusulinids
(Triticitesin sequence 1), foraminiferal wackestones with abun-
dant calcivertellids (sequence 2), and bioclastic wackestones
containing abundant fragments of brachiopods, molluscs, smaller
foraminifers, echinoderms, ostracods, bryozoans, raretrilobites,
Tubiphytes, the problematic alga Nostocites and
Palaeonubecularia (encrusting bioclasts and forming small
oncoids). Limestones of sequences 1, 2 and 3 yield conodonts.
The fossils in limestones at the tops of sequences 4, 5 and 6
indicate arestricted marine environment. Typical microfaciesare
ostracod wackestones (sequence 5) and bioclastic mudstones
and wackestones containing gastropods and bivalves, some os-
tracodsand rare small foraminifers (sequence 6).

The Red Tanks Member sequences indicate that the coastal
plain environment represented by mudstones/siltstones was re-
peatedly inundated by short term transgressive events that de-
posited fossiliferous, shallow marine limestones during relative
highstands of sealevel. Eustatic fluctuations of sealevel may be
the source of at least some of these transgressive events, but the
Carrizo section was deposited in the Ancestral Rocky Mountain
foreland, and we suspect that regional tectonism wasthe primary
forcedriving local sedimentation.

At Carrizo Arroyo, nonmarine red beds of the Abo Forma-
tion overlie the Red Tanks Member. These strata are regionally

assigned a Wolfcampian age, largely because they interfinger
with the Wolfcampian Hueco Group to the south (e.g., Cook et
al., 1998). The Abo Formation is fluvial deposits derived from
highlandsto the north. At Carrizo Arroyoit yieldsasparsefossil
record of plant impressions (mostly Walchia) and tetrapod foot-
prints (principally Dromopus and Batrachichnus).

The Red Tanks Member yields fossils from many beds, and
at stratigraphic levels 43 m and 68 m above the base of the sec-
tion (Fig. 1) are Lagerstétten of plants, insects, crustaceans, eu-
rypterids and other fossils. Red Tanks fossils include
palynomorphs (Traverseand Ash, 1999), charophytes, megafossil
plants(Tidwell and Ash, 1980; Ashand Tidwell, 1982, 1986; Tidwell
et al., 1999), ostracods (Kietzke, 1983), foraminiferans, bryozo-
ans, brachiopods, gastropods (Kues, 1983), bivalves (Kues, 1984),
nautiloids, eurypterids (Kues and Kietzke, 1981), crustaceans
(Schram, 1984), insects (K ukal ova-Peck and Peck, 1976; Durden,
1984; Rowland, 1997), echinoids, fish ichthyoliths and bones of
amphibiansand reptiles (Cook and L ucas, 1998; Harrisand L ucas,
2000).

Placement of the Virgilian-Wolfcampian boundary in the
Carrizo Arroyo section has been contentious. Various workers
have considered the Red Tanks Member entirely Virgilian, en-
tirely Wolfcampian, or have placed the Virgilian-Wolfcampian
boundary at diverse pointsin the section (see review by Tidwell
etal., 1999). Indeed, it is possible that the entire section, at |east
up to the base of the Abo Formation, is of Carboniferous age.
Conodontswe have recently collected and now under study hope-
fully will resolvethisissue.

Ongoing studies of the Carrizo Arroyo section encompass
its geology and many aspects of its paleontology. They will be
brought together in 2003 in amonograph to be published by the
New Mexico Museum of Natural History.
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In search of chemotaxonomic sigha-
tures of Pennsylvanian pteridophylls
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Fragments of large dissected fronds (compound leaves) of
seed ferns and true ferns preserved as foliar adpression
(pteridophylls) are commonly found worldwide in the Pennsyl-
vanian. As aresult of relatively low maturity or having experi-
enced minor tectonic disturbances and limited buria or both,
coal-forming fossil plantsin the Sydney Coalfield, Nova Scotia,
Canada, are noted for their excellent preservation that includes
cuticles, naturally macerated cuticles, and in-situ reproductive
organs (spores and pollen). However, phylogenetic study of the
adpressionsis hindered by the difficulties of establishing areli-

abletaxonomy that isbased on floral morphol ogy, limited knowl-
edge of frond architecture, and reproductive organs.

In our research for additional taxonomic parametersto fur-
ther phylogenetic studies, we have analyzed numerous foliar
specimens from the Sydney Coalfield using infrared spectros-
copy (FTIR), and pyrolysis-gas chromatograph/mass spectrom-
etry (py-Gc/Ms). Thefocus of the research isto identify chemi-
cal signaturesfor devel oping achemotaxonomic basisfor classi-
fication of the Pennsylvanian foliage species. The plant groups
studied include seed and true ferns (“tree ferns’), and second-
arily cordaites trees. The magjority of species studied belong to
the more systematically studied seed ferns (neuropterids,
odontopterids, alethopterids, eusphenopterids, and
reticulopterids), followed by true fern sphenopterids and
pecopterids. For well-defined tree fern species belonging to
Alethopteris, Odontopteris, Pecopterisand Reticulopteris, FTIR-
derived CH_/CH, ratios, in conjunction with contributions from
carboxy! groups, demonstrated abetter potential for discriminat-
ing between genera and species than molecular signatures ob-
tained by py-Gc/Ms. However, the latter technique provided bet-
ter datafor generically differentiating Alethopteris, Odontopteris,
and Reticulopteris from Pecopteris (as groups of Medullosales
and Marattiales, respectively).

Sphenopterids represented in the Sydney Coalfield sample
set include the true fern species Oligocarpia brongniartii and
Zeilleria delicatula that are preserved as naturally macerated
cuticles (NMC), and the seed-fern Eusphenopteris
neuropteroides that additionally is preserved as coalified
adpressions. FTIR spectra of NMC seed fern E. neuropteroides
and the true fern sphenopterid O. brongniartii are very similar,
except that thelatter does not have aromatic bandsin the 700-900
cnt out-of-plane region. Py-Gc/Ms indicates the presence of
more aromatic compounds for the seed fern than for thetwo true
fern sphenopterids. Another difference between seed and true
fern sphenopteridsisalower ratio of integration areas of CH,and
CH, bands in chemically treated NMC specimens for the seed
fern. These observations suggest sightly higher aromaticity for
the seed ferns, perhaps related to some chemotaxonomic differ-
ences. Itisa so noted that py-Gc/Msisamore efficient analytical
technique for obtaining potentially useful chemotaxonomic data
fromadpressionsthanisFTIR. FTIR isbest suited for analysis of
cuticular samples.

In all species studied, however, recognizing and extracting
robust and chemotaxonomically useful information from FTIR
and py-Gc/Ms datais still hindered by the difficulty of separat-
ing the effects of variable maturation and preferential preserva-
tion of certain organic carbon compounds from the true make-up
of the once-living species.
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Database management of a collec-
tion of Carboniferous macrofossils:
Sydney Coalfield, Nova Scotia,
Canada

ErwinL.Zodrow! and Jim Tobin?

tUniversity College of Cape Breton, Sydney, Nova Scotia,
Canada, B1P 6L 2 (ezodrow@ucch.ns.ca).

2 Sydney Mines Community Heritage Society, Sydney Mines,
NovaScotia, CanadaB1V 2X4
(smheritage@ns.sympatico.ca)

For the past 26 years, the senior author has been systemati-
cally collecting Carboniferous macrofossilsfrom coastal outcrops,
waste piles of coal mines, and from open-pit and underground
coal mines mainly in the Sydney Coalfield (Bolsovian to early
Cantabrian age) on Cape Breton Island, Nova Scotia, Canada.
Represented in the collections are the main plant groups (ferns,
“seed ferns’, lycophytes, cordaites, sphenopsids) known from
the Late Pennsylvanian Period. Inthe main, the preservationis
by compression/impression, but in sightly lessthan 2 percent of
the specimens the plant cuticle is preserved through the process
of natural maceration. Although siderite concretions are abun-
dant in the roof shales of coal seams, plants are rarely preserved
in them. Those that are, are acellular. The comparison is with
siderite concretionsfrom Mazon Creek inthe U.S.A.

Thecollection consists of ca. 15,000 macrofloral specimens.
All specimens are properly accessioned, stratigraphically docu-
mented, and are organized into a palaeobotanical collection that
ishoused at the University College of Cape Breton, Sydney, Nova
Scotiaand curated by Professor E.L. Zodrow.

The collections are being computerized through agrant from
the Canadian Government, Human Resources Department
Canada, and an in-kind donation of software (MIMS) from the
Nova Scotia Museum, Halifax, in 2001. MIMS software (Man-
agement Information Museum System) has been especially de-
veloped for this purpose and is an efficient and user-friendly
system. Theinitial phase of the computerization consists of data
transcription of basic information about the specimens (acces-
sion number, initial taxonomic data, location, and stratigraphy in
reference to officially recognized coal seams in the Sydney
Coadlfield). Thiswill be accomplished by November, 2002. The
second phase will incorporate into the database detail s about the
type and published specimens of the collections, synonymy,
description, and digitized pictures.

A websiteisbeing developed in parallel with the computer-
ization of the macrofloral collectionswhich eventually will con-
tain the complete data of phases 1 and 2 to servetheinternational
community as aresearch and educational base.

Report on the 9" Coal Geology Con-
ference held in June 2001 at Prague,
Czech Republic

Jiri Pesek
Dept. Geol. Paleontol., Fac. Science, CharlesUniversity, 128 43
Praha2, Albertov 6, Czech Republic.

The 9" Coal Geology Conference was held at the Faculty of
Science, Charles University. The co-conveners were the Czech
Geological Survey and the Geological Ingtitute of the Academy
of Sciences, Czech Republic. Two parallel technical sessionswere
held on June 26-28. Two pre- and two post-conferencefield trips
to the Blanice and Boskovice Permo-Carboniferous grabens and
the Sokolov and North Bohemian Tertiary basinswere held. The
conference was attended by 51 Czech geologists and 35 foreign
professionalsfrom the Federal Republic of Germany, Federal Re-
public of Russia, Federal Republic of Yugoslavia, India, Peoples
Republic of China, Poland, Rumania, Slovenia, Taiwan, Turkey,
Ukraine, and USA. Altogether 55 papers and 16 posters were
presented at the conference.

Selected papers presented at the conference will be pub-
lished in a Special Volume of Acta Universitatis Carolinae,
Geologica, 2002. The Volume of Abstractsfrom this conference
can beordered for USD 15 + 5 or 10 postal chargesin Europe and
oversess, respectively at thefollowing address: ir@natur.cuni.cz.

PUBLICATIONS BY SCCS MEMBERS

Sandberg, C.A. 2002. Mississippian. McGraw-Hill Encyclope-
diaof Science & Technology, 9thed., v. 11, p. 254-258.
Zodrow, E.L.,and Mastalerz, M. 2001. Chemotaxonomy for natu-
rally macerated tree-fern cuticles (Medullosales and
Marattiales), Carboniferous Sydney and Mabou Sub-Basins,
Nova Scotia, Canada. | nternational Journal of Coa Geology,

47:255-275.

Zodrow, E.L, Cleal, C.J,, and Thomas, B.A. 2001. A layman’s
guideto coal-fossil plantsfrom the Sydney Coalfield, Cape
Breton Island, Nova Scotia, Canada. University College of
Cape Breton Press, Sydney, Nova Scotia, B1IP6L 2, 112 pp.,
12pls.

Zodrow, E.L., and Mastalerz, M. Inpress. FTIR and py-GC-Ms
spectra of true-fern and seed-fern sphenopterids (Sydney
Coalfield, Nova Scotia, Canada, Pennsylvanian). Interna-
tional Journal of Coal Geology.

Zodrow, E.L., Snigirevskaya, N., and Palmer, C.A. In press.
Palaeoenvironments, carbonate processes in plant-tissue
preservations of calcite coal balls: Donets Basin, Russiaand
the Ukraine (Middle Carboniferous). Proceedings, XIV In-
ternational Carboniferous Congress, Calgary, 1999.
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XV International Congress on Carboniferous and Permian Stratigraphy

Utrecht,

The Netherlands,
University Centre De Uithof
August 10-16, 2003

TheXVth International Congresson Carboniferousand Permian Stratig-
raphy will be organised by the Netherlands Institute of Applied Geo-
science TNO - National Geological Survey (TNO-NITG) and the Fac-
ulty of Earth Science of the Utrecht University, in Utrecht, the Nether-
landsin close co-operation with the Royal Geological and Mining Soci-
ety of the Netherlands (KNGMG). The congress will take place at the
campus of the Utrecht University in the period between 10 - 16 August
2003. Thevenueiswithin 5 minuteswalking distance from the buildings
of the Faculty of Earth Sciences of Utrecht University and TNO-NITG.

The theme of the XV ICC-P is the ‘ Permo-Carboniferous around the
Southern North SeaBasin’. Permian and Carboniferous deposits are of
great economic importance around thisbasin. Numerous gasfields occur
in these deposits in this mature exploration area. In addition, this area
hasalong tradition of mining activitiesrelated to Carboniferous coa and
Permian copper and salt. Thisled to agood understanding of the geology
and stratigraphy of these deposits. Despite the fact that recent oil and
gas exploration studies contributed to several new insights, few of these
have been published to date. The objectiveisto bring these new results
to the attention of the participants of this Congress.

In order to visualise the geology of the Southern North SeaBasin, vari-
ous field excursions will be organised to several classical exposuresin
Germany, Belgium and the U.K.

Weinviteyou to cometo Utrecht to meet and discussideaswith univer-
sity, industry and consulting geoscientists working in different fields of
research.

Associated meeting: 55th meeting of the International Commit-
tee for Coal and Organic Petrology

In the same period and at the same location the International Commit-
tee for Coal and Organic Petrology (ICCP) will hold its annual
meeting.

For moreinformation on this meeting see www.nitg.tno.nl/eng/
55ICCP.shtml or www.iccop.org.

Scientific Programme

The programme of the International Congress on Carboniferous and
Permian Stratigraphy includes a5 day meeting with oral and poster
presentations, and workshops. Pre- and post-meeting field trips will
be organised.

Topics of the scientific programme:

1 Economic geology
NW Europe
Pericaspian and Caspian region
World petroleum
CO,, storage and Coalbed methane

St

2 Carboniferous stratigraphy, sedimentology, and
tectonics
Lower Carboniferous [Mississippian] stratigraphy
Upper Carboniferous [Pennsylvanian] stratigraphy

3 Permian stratigraphy and tectonics
Rotliegend sedimentation
Zechstein basin devel opment
M agnetostratigraphy

The Permian-Triassic boundary in Europe

5 Late Paleozoic Paleontology and paleobotany
M acropal eontology
Micropal eontology
Palynology
Pal eobotany

6 Variscan tectonics and basin development
7 Global correlations and Pangea
Workshops

1.  Carboniferous stratigraphy
2. Permian stratigraphy
3. Core workshops

Field trips

1. Carboniferous outcrops at the eastern margin of the
Southern North Sea (Germany) (3 days)

2. Carboniferous outcrops at the western margin of the

Southern North Sea, UK (4 days)

Geology of the Rhenohercynian zone, Germany (3 days)

Coa mine and mine museum, Germany (1 day)

Stratigraphy and tectonics of the intra-Variscan Carbonifer-

ous-Rotliegend basin (Saar Trough;

Rheinland-Pfalz), Germany (2 days)

6. Lower Carboniferous [Mississippian] outcrops aong the
Meuseriver, Belgium (2-3 days)

7. Lower Carboniferous [Mississippian] carbonates, Belgium
(2-3 days)

8. Lower Carboniferous [Mississippian] of the Boulonnais
region, Northern France (3 days)

9. Lower Carboniferous [Mississippian] rocks in the Harz and
Central Germany (2 days)

10. Rotliegend rocksin the Harz and Central Germany (3 days)

11. Permian rocksin the Harz and Central Germany (3 days)

12. Permian and Triassic of Central Germany (3-4 days)

13. Borth salt mine, Wesel, Germany (1 day)

14. Historical sites of coal mining in the Netherlands, Germany,
and Belgium (2 days)

15. Visit to the Carboniferous fossil and plant collection of
Naturalis, Leiden, the Netherlands (1 day)

arw

Publications

A selection of paperswill be published in aspecial issue of the Nether-
lands Journal of Geosciences accompanied by a CD-ROM covering the
remaining papers. The contributions will be limited to 10 printed pages
per paper. Papers have to be submitted electronically and will be re-
viewed. A strict time frame will be kept to ensure publication of the
proceedings within 18 months after the Congress.

Participation Fees

Participants: EUR 330, -
Students: EUR 40, -
Early registration EUR 300, -

(Before March 1%, 2003)
Second announcement

The Second Announcement will be published in December 2002 and
will provide detailed information

Call for papers

Please sugmit your abstract for oral presentation or poster before De-
cember 17, 2002. See our website for instructions to authors.

For moreinformation contact:

Mrs. Margriet de Ruijter
FBU-Congresbureau

PO. Box 80125

3508 TA Utrecht, the Netherlands
Tel. +31 30 253 2728

Fax: +31 30 2535851

E-mail: m.deruijter@fbu.uu.nl

Or see our website: www.nitg.tno.nl/eng/iccp.shtml
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SCCS VOTING & CORRESPONDING MEMBERSHIP 2002
Please check your entry and report any changes to

the Secretary

ALGERIA

Mrs Fatma Abdesselam-
Rouighi

Centre de Recherche et
Developpement

Ave du 18" Novembre
35000 Bounerdes
ALGERIA

A. Sebbar

Universite de Boumerdes
Faculte des Hydrocarbures
et de la Chimie

Dept. Gisements Miniers et
Petroliers.

Ave du I’ Independance
35000 Boumerdes
ALGERIA

Fax: (213) 248191 72
Email:
sebbar_2001@yahoo.fr

ARGENTINA

Dr S. Archangelsky
URQUIZA 1132

Vicente Lopez

1638 Buenos Aires

Rep. ARGENTINA

Fax: 54-1-982-4494
Email:
sarcang@overnet.com.ar

Dr Carlos Azcuy

Depto. de Ciencias Geoldgicas

Pabellén 2, Ciudad
Universitaria

1428 Nufiez, Buenos Aires
Rep. ARGENTINA

Fax: 54-1-638-1822

Email:
azcuy@aspapa.org.ar

Dr Silvia Césari

Div. Paleobotanica
Museo de Cs. Naturales
‘B.Rivadavia’

Av. A. Gallardo 470
1405 Buenos Aires
Rep. ARGENTINA

Dr N. Rubén Cuneo

Palaeontological Museum ‘E.

Feruglio’

Av. 9 de Julio 655
9100 Trelew, Chubut
Rep. ARGENTINA

Dr Carlos R. Gonzalez
Direccion de Geologia
Fundacion Miguel Lillo
Miguel Lillo 251

4000 Tucumén

Rep. ARGENTINA

Fax: 081-330868

Email:
fmlgeo@tuccbbs.com.ar

Mercedes di Pasquo

Facultad de Ciencias

Exactas y Naturales.

Depto. Geologia. Ciudad
Universitaria. Pabellon II.
Nufiez.

Capital Federal. C.P. 1428.
Rep. ARGENTINA

Email: medipa@aspapa.org.ar
medipa@tango.gl.fcen.uba.ar

Dr Arturo C. Taboada
Instituto de Paleontologia
Fundacion Miguel Lillo
Miguel Lillo 251

4000 S.M. deTucuman
Rep. ARGENTINA

Dr M.S. Japas

Depto. de Ciencias Geoldgicas
Pabell6n 2, Ciudad Universitaria
1428 Nufiez, Buenos Aires

Rep. ARGENTINA

Dr Nora Sabattini
Universidad Nacional de la
Plata Facultad de Ciencias
Naturales Y Museo

Paseo del Bosque

1900, La Plata

Rep. ARGENTINA

AUSTRALIA

Prof. N.W. Archbold

School of Ecology

and Environment

Deakin University,

Rusden Campus

Clayton VIC 3168
AUSTRALIA

Fax: 03-9244-7480

Email: narchi@deakin.edu.au

Dr J.C. Claoué-Long

Aust. Geol. Survey Organisation
P.O. Box 378

Canberra City, A.C.T. 2601
AUSTRALIA

Fax: 06-249-9983

Email: jclong@agso.gov.au

Dr J.M. Dickins

Innovative Geology

14 Bent Street

Turner Canberra, ACT 2612
AUSTRALIA

Fax: 06-249-9999

Dr B.A. Engel

Department of Geology
University of Newcastle
Callaghan NSW 2308
AUSTRALIA

Fax: +61-049-216-925

Email:
bengel@geology.newcastle.edu.au

Dr P.J. Jones

Department of Geology
Australian National University
Canberra ACT 0200
AUSTRALIA

Tel: 02-62493372

Fax: +61-2-62495544

Email:
peter.jones@geology.anu.edu.au

Dr I. Metcalfe

Asia Centre

University of New England
Armidale, NSW 2351
AUSTRALIA

Fax: 02-67733596

Email:
imetcalf@metz.une.edu.au

Prof. G. Playford

Department of Earth Sciences

The University of Queensland
Queensland 4072

AUSTRALIA

Fax: 07-365-1277

Email:
geoff@sol.earthsciences.uqg.edu.au

Prof. J. Roberts

School of Applied Geology

The University of

New South Wales

Sydney, NSW 2052
AUSTRALIA

Fax: 61-2-9385-5935

Email: J.Roberts@unsw.edu.au

Dr Guang R. Shi

School of A.S. & N.R.M.
Deakin University,

Rusden Campus

Clayton VIC 3168
AUSTRALIA

Email: grshi@deakin.edu.au

S. Stojanovic

71 Barracks Road
Hope Valley
Adelaide, SA 5090
AUSTRALIA

Fax: 373-4098

Dr S. Turner

Queensland Museum

P.O. Box 3300

South Brisbane, QLD 4101
AUSTRALIA

Fax: 61-7-3846-1918
Email:
s.turner@mailbox.uq.oz.au

AUSTRIA

Dr F. Ebner

Institut fir Geowissenschaften
Montanuniversitat Leoben
A-8700 Leoben

AUSTRIA

Dr K. Krainer

Inst. fur Geol. und
Paléontologie
Universitat Innsbruck
Innrain 52

A-6020 Innsbruck
AUSTRIA

Fax: 0043-512-507-5585
Email:
Karl.Krainer@uibk.qc.at

Prof. Dr H.P. Schoénlaub

Geol. Bundesanstalt Wien
Postfach 127
Rasumofskygasse 23

A-1031 Wien

AUSTRIA

Fax: +431-712-5674-56

Email:
hpschoenlaub@cc.geolba.ac.at

BELGIUM

Dr A. Delmer

16 Av Col Daumerie
B-1160 Bruxelles
BELGIUM

F. X. Devuyst

Unité de Géologie,

Université Catholique de Louvain,
3 place Louis Pasteur,

1348, Louvain-la-Neuve,
BELGIUM

Email:

devuyst@hotmail.com

Dr E. Groessens

Service Géologique de Belgique
13 rue Jenner

B-1000 Bruxelles

BELGIUM

Dr Luc Hance

Unité de Géologie,

Université Catholique de Louvain,
3 place Louis Pasteur,

1348, Louvain-la-Neuve,
BELGIUM

FAX: 322-647-7359

Email:

hance@geol.ucl.ac.be

Prof. Bernard L. Mamet
Laboratoire de Geologie
Universite de Bruxelles
50 avenue F.D. Roosevelt
Bruxelles BI0O0O
BELGIUM

Prof. E. Poty

Service de Paléontologie
animale

Universite de Liege

Bat. B18, Sart Tilman
B-4000 Liege

BELGIUM

Fax: 32-43-665338

Tuly 2002

47



Hon. Prof. Maurice Streel
University of Liége
Paleontology,

Sart Tilman Bat. B18
B-4000 LIEGE 1
BELGIUM

Fax: 32-4-366 5338
Email:
Maurice.Streel@ulg.ac.be

Dr Rudy Swennen
Fysico-chemische geologie
Katholieke Universiteit Leuven
Celestijnenlaan 200C

B-3001 Heverlee

BELGIUM

BRAZIL

Mr L.E. Anelli

Instituto de Geosciéncias
Universidade de Sao Paulo
CP 11348 CEP 05422-970
Sao Paulo

BRAZIL

Fax: 55-011-818-4129
Email: anelli@usp.br

Dr U.G. Cordani

Instituto de Geosciéncias
Universidade de Sao Paulo
CP 11348 CEP 05422-970
Sao Paulo

BRAZIL

Dr Marleni Marques Toigo
Rua Domingos

José de Almeida 185
90420 Porto Alegre
BRAZIL

Dr A.C. Rocha-Campos
Instituto de Geosciéncias
Universidade de Sao Paulo
CP 11348 CEP 05422-970
Sao Paulo

BRAZIL

Fax: 11-818-4129

Email: acrcampo@usp.br

Paulo Alves de Souza
Instituto de Geoldgico/SMA
Av. Miguel Stéfano, 3900
04301-903 Sao Paulo, SP
BRAZIL

Email:

psouza@igeologico.sp.gov.br
BULGARIA

Dr Y.G. Tenchov

Geol.Inst. ul. Acad.

Bonchev bloc. 24

Sofia 1113

BULGARIA

Email: geoins@bgearn.acad.bg

CANADA

Dr Wayne Bamber
Geol.Surv.Canada, Calgary
3303-33rd St. N.W.
Calgary AB, T2L 2A7
CANADA

Fax: 403-292-6014

Email:
bamber@gsc.nrcan.gc.ca

Dr B. Beauchamp
Geol.Surv.Canada, Calgary
3303-33rd St. N.W.
Calgary AB, T2L 2A7
CANADA

Dr A.R. Berger

Geological Survey of Canada
Room 177, 601 Booth Street
Ottawa ON, K1A OE8
CANADA

Dr P.H. von Bitter
Royal Ontario Museum
100 Queen Park
Toronto ON, M5S 2C6
CANADA

Dr W.R. Danner

University of British Columbia
Dept Earth & Ocean.Sciences
6339 Stores Rd.

Vancouver B.C., V6T 1Z4
CANADA

Dr Martin Gibling
Department of Geology
Dalhousie University
Halifax N.S., B3H 3J5
CANADA

Prof. Charles Henderson
Department of Geology

& Geophysics

The University of Calgary
2500 University Drive, N.W.
Calgary AB, T2N 1N4
CANADA

Fax: 1 403 284 0074

Email:
henderson@geo.ucalgary.ca

Dr W. Nassichuk

Geological Survey of Canada
3303-33rd St. N.W.

Calgary AB, T2L 2A7
CANADA

Dr M.J. Orchard

Geological Survey of Canada
101-605 Robson Street,
Vancouver, B.C., V6B 5J3
CANADA

Ph: 604-666-0409

Fax: 604-666-1124

Email:
morchard@gsc.nrcan.gc.ca

Dr Sylvie Pinard

7146 - 119 Street N.W.
Edmonton, Alberta T6G 1V6
CANADA

Fax: 403-436-7136

Dr B.C. Richards

Geological Survey of Canada
3303-33rd St. N.W.

Calgary AB, T2L 2A7
CANADA

Fax: 403-292-5377

Email:
brichards@gsc.emr.ca

Dr Michael Rygel

Department of Earth Sciences
Dalhousie University

Halifax,

Nova Scotia B3H 4J1
CANADA

Ph: 604-666-0409

Fax: 902-494-6889

Email: mike rygel@hotmail.com

Dr J. Utting
Geol.Surv.Canada, Calgary
3303-33rd St. N.W.
Calgary AB, T2L 2A7
CANADA

Fax: 403-292-6014

Email:

JUtting@NRCan.gc.ca

Dr Erwin L. Zodrow

Univ. College of Cape Breton
Dept Geology, Glace Bay H'way
Sydney N.S., B1P 6L2
CANADA

Fax: 902-562-0119

Email:
ezodrow@sparc.ucch.ns.ca

CZECH REPUBLIC

Dr Jiri Kalvoda
Dept. Geol. Paleont.
Kotlarska 2

61137 Brno

CZECH REPUBLIC
Email:
dino@sci.muni.cz

Dr Jiri Kral

Dept Genetics & Microbiology
Fac. Science, Charles
University

Vinicna 5

128 44 Praha 2

CZECH REPUBLIC

RNDr Stanislav Oplustil
Charles University

Institute of Geology &
Palaeontology

Albertov 6

CZ-128 43 Prague

CZECH REPUBLIC

Email:
oplustil@prfdec.natur.cuni.cz

Dr Jiri Pesek

Dept. Geol. Paleontol.,
Fac.Science

Charles University

128 43 Praha 2, Albertov 6
CZECH REPUBLIC

Fax: +02-296-084 or +02-297-
425

RNDr Zbynek Simunek
Czech Geological Survey
Klarov 3/131

CZ-118 21 Prague
CZECH REPUBLIC
Email:

simunek@cgu.cz

EGYPT

Dr Mahmoud M. Kholief
Egyptian Petroleum
Research Inst

Nasr City, 7th Region
Cairo

EGYPT

Fax: 202-284-9997

FRANCE

Dr J-F. Becg-Giraudon
BRGM-BP 6009
F-45060 Orleans, Cédex
FRANCE

Fax: 33-38-64-36-52

Dr Robert Coquel

Lab. Paléobotanique (SN5)
Univ. des Sciences et Techn. de
Lille

F-59655 Villeneuve d’Ascq
FRANCE

Henri Fontaine

8 Allee de la Chapelle
92140 Clamart
FRANCE

Fax: 33-1-40940892

Dr Alain Izart

Université de Nancy |
Département des Sciences de
la Terre

BP 239, 54506 Vandoeuvre les
Nancy

FRANCE

Fax: (33) 83 91 25 89

Email:
Alain.lzart@g?2r.u-nancy.fr

Dr G. Lachkar
Labor.Micropal., Univ.Paris VI
4 Place Jussieu

F-75252 Paris CJdex 05
FRANCE

Dr J.P. Laveine
Lab.Paléobot.,UFR Sci.de la
Terre

Univ. des Sci. et Techn. de Lille
F-59655 Villeneuve d’Ascq
CJdex

FRANCE

Fax: 33-2043-6900

Email:
Jean-Pierre.Laveine@univ-
lilled.fr

Dr Marie Legrand-Blain
Institut de Géodynamique
Université de Bordeaux 3
1 Allee F. Daguin

33607 Pessac

FRANCE

Fax: 56-848-073

Home: “Tauzia”

33170 Gradignan
FRANCE

Fax: (0)5-56-89-33-24
Email:
legrandblain@wanadoo.fr
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Dr S. Loboziak

U.S.T.L.

Sciences de la terre
F-59655 Villeneuve d'Ascq
Cedex

FRANCE

Fax: 00 333 20 43 6900
Email:
Stanislas.Loboziak@univ-
lillel.fr

Dr D. Mercier

Ecole des Mines de Paris
35, Rue Saint-Honoré
F-77305 Fontainebleau
FRANCE

Dr G.S. Odin
Lab.Géochron.et
Sedim.Oceanique

Univ. P.& M.Curie, 4 Place
Jussieu

F-75252 Paris Cédex 05
FRANCE

Fax: 33-1-4427-4965

Dr M.F. Perret
Université Paul-Sabatier
Lab.Géol.Structurale

38 rue des 36 Ponts
F-31400 Toulouse
FRANCE

Fax: 61-55-82-50

Email:

perret@cict.fr

Dr P. Semenoff Tian-Chansky
Institut de Paléontologie

8 Rue de Buffon

F-75005 Paris

FRANCE

Dr D. Vachard

Univ.des Sciences et Tech-
niques

Science de la Terre

F-59655 Villeneuve d’Ascq
Cédex

FRANCE

Fax: 00-33-20-43-69-00
Email:
Daniel.Vachard@univ-lille1.fr

Dr M. Weyant
Dept.Géologie
Université de Caen
Esplanade de la Paix
F-14032 Caen
FRANCE

GERMANY

Dr H.W.J. van Amerom
Geol.Landesamt Nordrh.-
Westfalen

De Greiff Str.195
D-47803 Krefeld
GERMANY

Fax: 2151-897-505

Prof. Dr Michael R. W. Amler
Institut fir Geologie und
Palaeontologie

der Philipps-Universitaet
Marburg
Hans-Meerwein-Strasse
D-35032 Marburg
GERMANY

Tel: +49 (0)6421 282-2113
oder 0172-6725998

Fax: +49 (0)6421 282-8919
Email:
amler@mailer.uni-marburg.de

Dr Z. Belka

Inst.und Mus.fur Geol.und
Paléaont.

Universitat Tubingen
Sigwartstr. 10

D-72076 Tubingen
GERMANY

Fax: +49-7071-610259
Email:
belka@ub.uni-tuebingen.de

Prof. Dr Carsten Brauckmann
Technische Universitat
Clausthal

Institut fiir Geologie und
Paléontologie
Leibnizstrasse 10

D-38678 Clausthal-Zellerfeld
GERMANY

Fax: 05323-722903

Email:
Carsten.Brauckmann@tu-
clausthal.de

Dr Peter Bruckschen
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Palaeont.Sect.,Geological
Survey

Private Mail Bag X112
Pretoria 0001

SOUTH AFRICA
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Lab. Palaeobotany & Palynology
Budapestlaan 4

NL-3584 CD Utrecht

THE NETHERLANDS

Subcommissie Stratig.
Nederland

Nationaal Natuurhistorisch
Museum

Postbus 9517

NL-2300 RA Leiden

THE NETHERLANDS

Dr C.F. Winkler Prins
Nationaal Natuurhistorisch
Museum

Postbus 9517

NL-2300 RA Leiden

THE NETHERLANDS
Fax: 31-71-5687666
Email:
winkler@naturalis.nnm.nl

TURKEY

Prof. Dr Demir Altiner

Department of Geological
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Consultancy

Winceby House

Winceby

Horncastle

Lincolnshire

LN9 6PB

UNITED KINGDOM

Fax: 01222 874326

Email:
abarnett@badley-ashton.co.uk

Dr Karen Braithwaite
Exploration & Geological
Analysis

British Gas Research Centre
Ashby Road

Loughborough, LEICS, LE11 3QU
UNITED KINGDOM

Fax: 01509-283-137

Email:
karen.braithwaite@bggrc.co.uk

DrC.J.Cleal

Department of Botany

National Museum & Gallery of
Wales

Cathays Park

Cardiff CF1 3NP

UNITED KINGDOM

Fax: 01222-239-829

Email:
100015.567@compuserve.com

Dr Patrick J Cossey

Division of Natural Sciences
(Geology)

School of Sciences
Staffordshire University
College Road
Stoke-on-Trent

ST42DE

UNITED KINGDOM

Tel/Fax 01270 872002
(base for project)

01782 294438 (SU office)
Email: P.J.Cossey@staffs.ac.uk

DrR.M.C. Eagar

23 High Bond End
Knaresborough

North Yorks HG5 9BT

UNITED KINGDOM

Fax: 01423-865-892

Email:
100305.1736@compuserve.com

Dr A.C. Higgins

Meadowview Cottage,

2 Rectory Row,

Cliddesden,

Basingstoke,

Hants, RG25 2JD

UNITED KINGDOM

Email: alan@s-data.u-net.com

Dr G.A.L. Johnson
Department of Geology
University of Durham
Durham DH1 3LE
UNITED KINGDOM

Mr M. Mitchell

11 Ryder Gardens

Leeds, W. Yorks. LS8 1JS
UNITED KINGDOM

Dr B. Owens

British Geological Survey
Keyworth

Nottingham NG12 5GG
UNITED KINGDOM

Dr W.H.C. Ramsbottom
Brow Cottage

Kirkby Malzeard

Ripon, N.Yorks HG4 3RY
UNITED KINGDOM

Dr N.J. Riley

British Geological Survey
Keyworth

Nottingham NG12 5GG
UNITED KINGDOM

Fax: 44-115-9363200
Email: n.riley@bgs.ac.uk

Dr A.R.E. Strank

British Petroleum Res.Centre
Chertsey Rd, Sunbury-on-
Thames

Middlesex TW16 7LN
UNITED KINGDOM

Dr N. Turner

British Geological Survey
Keyworth

Nottingham NG12 5GG
UNITED KINGDOM

Dr W.J. Varker

Department of Earth Sciences
The University of Leeds
Leeds LS2 9JT

UNITED KINGDOM

Prof. V.P. Wright

Department of Earth Sciences
University of Cardiff

Cardiff CF1 3YE

UNITED KINGDOM

Tel: 01222 874943

Fax: 01222 874326

Email: wrightvp@cardiff.ac.uk
U.S.A.

Dr James E. Barrick
Department of Geosciences
Texas Tech University
Lubbock, TX 79409-1053
U.S.A.

Phone: (806) 742-3107
Fax: (806) 742-0100

Email: ghjeb@pop.ttu.edu

Dr Jack D Beuthin

Department of Geology

Univ. of Pittsburgh-Johnstown
Johnstown, PA 15904

U.S.A.

Email: beuthin@pitt.edu

Mitch Blake

West Virginia Geological
Survey

PO Box 879

Morgantown, WV 26507-0879
U.S.A.

Email:
blake@geosrv.wvnet.edu

Dr Darwin R. Boardman
School of Geology

Oklahoma State University

105 Noble Research Cir.
Stillwater, OK 74078

U.S.A

Email:
ammO0001@okway.okstate.edu

Dr Paul Brenckle

1 Whistler Point Road,
Westport, MA 02790

U.S.A.

Fax: 1-713-366-7416

Email:
saltwaterfarm@compuserve.com

Dr D.K. Brezinski

Maryland Geological Survey
2300 St Paul Street
Baltimore, MD 21218

U.S.A.

Dr Lewis M. Brown
Department of Geology

Lake Superior State University
Sault Sainte Marie,

MI 49783-1699

U.S.A.

Fax: 906-635-2111

Email:
Ibrown@lakers.Issu.edu

Dr J.L. Carter

Carnegie Museum of Natural
History

4400 Forbes Ave.
Pittsburgh, PA 15213

U.S.A.

Fax: 412-622-8837

Email:

jcld@vsm.cis.pitt.edu

Dr D.R. Chesnut

Kentucky Geological Survey
228 Min.Res.Bldg,

University of Kentucky
Lexington, KY 40506-0107
U.S.A.

Fax: 859-257-5500

Email:
chesnut@ukcc.uky.edu

Dr H.H. Damberger

lllinois State Geological Survey
200 Nat.Res.Bldg, 615
E.Peabody Dr.

Champaign, IL 61820-6964
U.S.A.

Dr William C. Darrah
2235 Baltimore Pike
Gettysburg, PA 17325
U.S.A.
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Dr Vladimir I. Davydov
Dept. Geosciences

Boise State University
1910 University Drive
Boise, ID 83725

U.S.A.

Tel: (208) 426-1119

Fax: (208) 426-4061
Email:
vdavydov@boisestate.edu

Dr J.T. Dutro Jr

5173 Fulton St. NW
Washington, DC 20016
U.S.A.

Fax: 1-202-343-8620
Email:
dutro.tom@simnh.si.edu

Dr Cortland Eble

Kentucky Geological Survey
228 Min.Res.Bldg, Univ.
Kentucky

Lexington, KY 40506-0107
U.S.A.

Dr Kenneth J. Englund
40236 New Road
Aldie, VA 20105,
U.S.A.

Dr F.R. Ettensohn

Dept. of Geological Sciences
University of Kentucky

101 Slone Building
Lexington, KY 40506-0053
U.S.A.

Fax: 859-323-1938

Email: fettens@uky.edu

Dr Robert Gastaldo
Dept. of Geology
Colby College
Waterville, ME 04901
U.S.A.

Geology Library

The University of lowa
136 Trowbridge Hall
lowa City, IA 53342-1379
U.S.A.

William H. Gillespie

U.S. Geological Survey

916 Churchill Circle
Charleston, WV 25314-1747
U.S.A.

Dr Brian F. Glenister
Department of Geoscience
University of lowa

lowa City, IA 52242-1379
U.S.A.

Fax: 319-335-1821

Dr Ethan Grossman

Dept. of Geology & Geophysics
Texas A&M University

College Station, TX 77843-3115
U.S.A.

Fax: 979-845-6162

Email: e-grossman@tamu.edu

Dr John Groves

Dept. of Earth Sciences
University of Northern lowa
Cedar Falls, 1A 50614
U.S.A.

Email:
John.Groves@uni.edu

Dr Philip H. Heckel

Department of Geoscience
University of lowa

lowa City, IA 52242

U.S.A.

Fax: 319-335-1821

Email: philip-heckel@uiowa.edu

Dr Thomas W. Henry

U.S. Geological Survey
Denver Federal Center, MS 919
Denver, CO 80225

U.S.A.

Dr Peter Holterhoff

ExxonMobil Upstream

Research Company

ST-4102

P.O. Box 2189

Houston, TX 77252-2189
U.S.A.

Email:
peter.holterhoff@exxonmobil.com

Dr John Isbell

Department of Geosciences
Univ. of Wisconsin-Milwaukee
P.O. Box 413

Milwaukee, WI 53201

U.S.A.

Fax: 414-229-5452

Email:

jisbell@csd.uwm.edu

Dr Thomas W. Kammer

Dept. of Geology and Geogra-
phy

West Virginia University

P.O. Box 6300

Morgantown, WV 26506-6300
U.S.A.

Fax: 304-293-6522

Email:

tkammer@wvu.edu

Claren M Kidd

100 E Boyd R220
University of Oklahoma
Norman, OK 73019-0628
U.S.A.

Fax: 405 325-6451 or
405 325-3180

Email: ckidd@uoknor.edu

Dr Norman R. King

Dept. of Geosciences
University of Southern Indiana
Evansville, IN 47712

U.S.A.

Email: nking@usi.edu

Albert Kollar

Carnegie Museum of Natural
History

Invertebrate Paleontology

4400 Forbes Ave

Pittsburgh, PA 15213

U.S.A.

Email:
KollarA@CarnegieMuseums.Org

Ms Andrea Krumhardt

Dept of Geology & Geophysics
University of Alaska

P.O. Box 755780

Fairbanks, AK 99775

U.S.A.

Fax: 907-474-5163

Email: fnapk@aurura.alaska.edu

Dr Lance Lambert
Department of Physics
Southwest Texas State
University

601 University Drive
San Marcos, TX 78666
U.S.A.

Email: CW12@swt.edu

Dr N. Gary Lane

Dept. of Geological Sciences
Indiana University
Bloomington, IN 47408.
U.S.A.

Fax 812-855-7899.

Email: lane@indiana.edu

Dr H. Richard Lane

National Science Foundation
4201 Wilson Blvd., Room 785
Arlington, VA 22230

U.S.A.

Tel: +1- 703-306-1551

Fax: +1-713-432-0139
Email: hlane@nsf.gov

Dr Ralph L. Langenheim

Dept Geol.,Univ. of lllinois

254 N.B.H.,1301 W. Green St.
Urbana, IL 61801

U.S.A.

Dr R.L. Leary

Illinois State Museum

Research & Collections Center
1011 East Ash Street
Springfield, IL 62703

U.S.A.

Fax: 217-785-2857

Email:
Leary@museum.state.il.us

Dr Spencer G. Lucas
Curator of Paleontology
& Geology

New Mexico Museum

of Natural History

1801 Mountain Road N.W.
Albuquerque, NM 87104
U.S.A.

Fax: 505-841-2866
Email:
SLucas@nmmnh.state.nm.us

Dr Richard Lund
Department of Biology
Adelphi University
Garden City, NY 11530
U.S.A.

Dr W.L. Manger
Department of Geology
Univ. of Arkansas
Fayetteville, AR 72701
U.S.A.

Email:
wmanger@comp.uark.edu

Dr Gene Mapes

Dept of Envir. & Plant Biology
Ohio University

Athens, OH 45701

U.S.A.

Dr R.H. Mapes
Department of Geology
Ohio University
Athens, OH 45701
U.S.A.

Dr C. G. Maples

Dept. of Geological Sciences
Indiana University
Bloomington, IN 47405
U.S.A.

Charles E. Mason

Dept. of Physical Sciences
Morehead State University
Morehead, KY 40351
U.S.A.

Fax: 606-783-2166

Email:
c.mason@morehead-st.edu

Dr Greg Nadon

Dept. of Geological Sciences
Ohio University

Athens, OH 45701

U.S.A.

Dr Hermann W. Pfefferkorn
Department of Geology
University of Pennsylvania

240 S 33rd St.

Philadelphia, PA 19104-6316
U.S.A.

Fax: 215-898-0964

Email: hpfeffer@sas.upenn.edu

John P. Pope

Department of Geoscience
University of lowa

lowa City, IA 52242

U.S.A.

Dr E. Troy Rasbury

Department of Geosciences
SUNY Stony Brook

Stony Brook, NY 11794-2100
U.S.A.

Fax: 631-632-8240

Email:
troy@pbisotopes.ess.sunysb.edu
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Dr Donald L Rasmussen
Paradox Basin Data

1645 Court Place, Ste 312
Denver, CO 80202

U.S.A.

Fax: 303-571-1161

Email:
paradoxdata@interfold.com

Dr Carl B. Rexroad

Indiana Geological Survey
611 N. Walnut Grove
Bloomington, IN 47405

U.S.A.

Fax: 812-855-2862

Email: crexroad@indiana.edu

Dr C.A. Ross

GeoBioStrat Consultants

600 Highland Drive
Bellingham, WA 98225-6410
U.S.A.

Fax: 360-650-3148

Email:
rossjpr@henson.cc.wwu.edu

Dr June R.P Ross

600 Highland Drive
Bellingham, WA 98225-6410
U.S.A.

Fax: 360-650-3148

Email:
rossjpr@henson.cc.wwu.edu

Dr C.A. Sandberg

U.S. Geological Survey
Box 25046, Federal Center,
MS 940

Denver, CO 80225

U.S.A.

Dr Matthew Saltzman

Dept. of Geological Sciences
275 Mendenhall Laboratory
Ohio State University
Columbus, OH 43210-1398
U.S.A.

Fax: 614-292-7688

Email: saltzman.11@osu.edu

A. Sartwell, Chief Info.
Services

Geological Survey of Alabama
P.O.Drawer 0, University
Station

Tuscaloosa, AL 35486-9780
U.S.A.

Dr W. Bruce Saunders
Geology Department

Bryn Mawr College

Bryn Mawr, PA 19010
U.S.A.

Email:
wsaunder@brynmawr.edu

Dr Tamra A. Schiappa
Department of Geosciences
Boise State University

1910 University Dr

Boise, ID 83725

U.S.A.

Email:
tschiapp@boisestate.edu

Dr Steve Schutter
2400 Julian Street, #1
Houston, TX 77009
U.S.A.

Serials Department

Univ. of lllinois Library
1408 West Gregory Drive
Urbana, IL 61801

U.S.A.

Dr Gerilyn S. Soreghan
Geology & Geophysics
University of Oklahoma
100 E. Boyd St.

Norman, OK 73019
U.S.A.

Email: Isoreg@uoknor.edu

Dr C.H. Stevens
Department of Geology,
School of Science

San Jose State University
San Jose, CA 95192-0102
U.S.A.

Fax: 408-924-5053

Email:
stevens@geosunl.sjsu.edu

Ms Mathilda Stucke

30 Oakland Avenue

West Hempstead, NY 11552-
1923

U.S.A.

Fax: 516-877-4711

Email:
stucke@adlibv.adelphi.edu

Dr T.N. Taylor

Department of Botany,
Haworth Hall

University of Kansas
Lawrence, KS 66045

U.S.A.

Email:
ttaylor@falcon.cc.ukans.edu

Dr T.L. Thompson

Missouri Geological Survey
Box 250

Rolla, MO 65401

U.S.A.

Dr Alan L. Titus

Grand Staircase-Escalante
National Monument

180 W 300 N

Kanab, UT 84741

U.S.A.

Fax: 435-644-4350

Email: Alan_Titus@ut.bim.gov

U.S. Geological Survey Library
12201 Sunrise Valley Drive
National Center, MS 950
Reston, VA 20192

U.S.A.

Dr Peter R. Vall

Dept Geol., Rice University
P.O. Box 1892

Houston, TX 77251

U.S.A.

Dr G.P. Wahlman

BP Amoco

P.O. Box 3092
Houston, TX 77253
U.S.A.

Fax: 1-281-366-7567

Email: wahimagp@bp.com

Dr Bruce Wardlaw
U.S. Geological Survey
970 National Center
Reston, VA 22092
U.S.A.

Dr J.A. Waters

Department of Geology
West Georgia College
Carrollton, GA 30118
U.S.A.

Fax: 770-836-4373

Email: jwaters@westga.edu

Dr W. Lynn Watney

Kansas Geological Survey
1930 Constant Avenue -
Campus West

Lawrence, KS 66047

U.S.A.

Fax: 785-864-5317

Email: lwatney@kgs.ukans.edu

Dr Keith Watts
P.O. Box
Wilson, WY
U.S.A.

Dr Gary Webster
Department of Geology
Washington State University
Physical Science 1228
Pullman, WA 99164

U.S.A.

Fax: 509-335-7816

Dr R.R. West

Dept Geol., Thompson Hall
Kansas State University
Manhattan, KS 66506-3201
U.S.A.

Fax: 913-532-5159

Email: rrwest@ksuum.ksu.edu

Dr Garner L. Wilde
5 Auburn Court
Midland, TX 79705
U.S.A.

Dr David M. Work
Cincinnati Museum Center
Geier Collections and
Research Center

1301 Western Ave.
Cincinnati, OH 45203
U.S.A.

Fax: +1 (513) 455-7169
Email: dmwork@fuse.net

Dr Thomas Yancey
Department of Geology
Texas A&M University
College Station, TX 77843
U.S.A.

Email: yancey@geo.tamu.edu

UKRAINE

Dr N.1. Bojarina

Institute of Geology

Ukrainian Academy of Science
ul. Chkalova 55b

252054 Kiev

UKRAINE

Dr O.P. Fissunenko
Pedagog. Inst.
Oboronnaja 2

348011 Voroshilovgrad
UKRAINE

Dr R.l. Kozitskaya

Institute of Geology

Ukrainian Academy of Science
ul. Chkalova 55b

252054 Kiev

UKRAINE

Dr T.I. Nemyrovska
Institute of Geological
Sciences

Ukrainian Academy of
Sciences

Gonchar Str., 55b

252054 Kiev

UKRAINE

Email: themyrov@i.com.ua

Dr V.I. Poletaev

Institute of Geology

Ukrainian Academy of Science
ul. Chkalova 55b

252054 Kiev

UKRAINE

Dr Z.S. Rumyantseva

ul. Vasilovskaja 42, Kv.33
252022 Kiev

UKRAINE

Dr A.K. Shchegolev

Institute of Geology

Ukrainian Academy of Science
ul. Chkalova 55b

252054 Kiev

UKRAINE

Dr N.P. Vassiljuk
Donetskij Politekhn. Inst.
ul. Artema 58

Donetsk

UKRAINE

Mrs M.V. Vdovenko

Institute of Geology

Ukrainian Academy of Science
ul. Chkalova 55b

252054 Kiev

UKRAINE

UZBEKISTAN

Dr F.R. Bensh

Inst. Geol. & Geophys.
ul. Sulejmanovoj 33
700017 Tashkent
UZBEKISTAN

Dr Iskander M. Nigmadjanov
ul. G. Lopatina 80, kv. 35
700003 Tashkent
UZBEKISTAN
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SUBCOMMISSION ON CARBONIFEROUS STRATIGRAPHY (SCCS)
OFFICERS AND VOTING MEMBERS 2000-2004

CHAIR:

Dr Philip H. Heckel

Department of Geoscience
University of lowa

lowa City, |A 52242

USA.

FAX: +1319 3351821

Email: philip-heckel @uiowa.edu

VICE-CHAIR:

Dr Geoffrey Clayton
Department of Geology
Trinity College

Dublin 2

IRELAND

FAX: +353 1671 1199
Email: gclayton@tcd.ie

SECRETARY/EDITOR:

Dr David M. Work

Cincinnati Museum Center

Geier Collections and Research Center
1301 Western Avenue

Cincinnati, OH 45203

U.SA.

FAX: +1513-345-8501

Email: dmwork@fuse.net

OTHER VOTING MEMBERS:

Dr Alexander S. Alekseev

Dept of Palaeont., Geol. Faculty
Moscow State University
119899 Moscow GSP V-234
RUSSIA

FAX: 70953391266
Email:aaleks@geol.msu.ru

Dr Demir Altiner

Department of Geological Engineering
Middle East Technical University
06531 Ankara

TURKEY

FAX: +90-312-2101263

Email: demir@metu.edu.tr

Dr Darwin R. Boardman

Geology Department

Oklahoma State University

105 Noble Research Cir.

Stillwater OK 74078

U.SA.

Email: amm0001@okway.okstate.edu

Dr Paul Brenckle

1 Whistler Point Road,

Westport, MA 02790

USA.

Email: saltwaterfarm@compuserve.com

Dr Boris Chuvashov

Inst. Geology/Geochemistry
Russian Academy of Sciences
Pochtoryi per. 7

620219 Ekaterinburg

RUSSIA

FAX: 7 3432 515252

Email: chuvashov@igg.uran.ru

Dr MarinaV. Durante
Geological Institute

Russian Academy of Sciences
Pyzhevsky per. 7

109017 Moskva

RUSSIA

FAX: +7 95 231 0443

Email: durante@ginran.msk.su

Dr CarlosR. Gonzélez
Direccién de Geologia
Fundacion Miguel Lillo
Miguel Lillo251

4000 Tucumén

ARGENTINA

FAX: +54 81330868

Email: fmlgeo@tuchbs.com.ar

Dr Luc Hance

Unitéde Géologie,

Université Catholique de Louvain,

3 place Louis Pasteur,

1348, Louvain-la-Neuve,

BELGIUM

FAX: 322-647-7359

Email: hance@geol.ucl.ac.be
luc.hance@skynet.be

Dr lan Metcalfe
AsiaCentre

University of New England
Armidale NSW 2351
AUSTRALIA

FAX: +61-67-733596
Email: imetcalf @une.edu.au

Dr T.l. Nemyrovska

Institute of Geological Sciences
Ukrainian Academy of Sciences
Gonchar Str., 55b

252054 Kiev

UKRAINE

Email: tnemyrov@i.com.ua

Dr B.C. Richards

Geological Survey of Canada
3303-33rd St. N.W.

Calgary AB, T2L 2A7
CANADA

FAX: 403-292-5377

Email: brichards@gsc.emr.ca

DrN.J. Riley

British Geological Survey
Keyworth

Nottingham NG12 5GG
UNITED KINGDOM
FAX: +44-115-9363200
Email: N.Riley@bgs.ac.uk

Dr G.D. Sevastopulo
Department of Geology
Trinity College

Dublin 2

IRELAND

FAX: +353-1-671 1199
Email: gsvstpul @tcd.ie

Dr Katsumi Ueno

Dept. Earth System Science
Faculty of Science
FukuokaUniversity,

Jonan-ku, Fukuoka 814-0180
JAPAN

Email: katsumi @fukuoka-u.ac.jp

Dr ElisaVilla

Depto de Geologia
Universidad de Oviedo
Arias de Velasco §/n

33005 Oviedo

SPAIN

FAX: +34 8 510 3103
Email: evilla@geol .uniovi.es

Dr R.H. Wagner

Unidad de Paleobotanica
Jardin Boténico de Cérdoba
Avenidade Linneo s/n
14004 Cérdoba

SPAIN

FAX: +34 57 295 333
Email: crlwagro@uco.es

Prof. Wang Zhi-hao

Nanjing Institute of Geology and
Palaeontol ogy

AcademiaSinica

Nanjing 210008

CHINA

Email: fmxu@nigpas.ac.cn

Dr C.F. Winkler Prins

Nationaal Natuurhistorisch Museum
Postbus 9517

NL-2300 RA Leiden

THE NETHERLANDS

FAX: +31 715133 344

Email: winkler@naturalis.nnm.nl
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Now Available! - Memoir 19- Carboniferousand Per mian of theWorld
Proceedingsof the X1V International Congressof the

Carboniferousand Permian (M 19)

Thismemoir highlights a 100 million year interval during which the supercontinent Pangea was assembled, addressing i ssues of
sedimentology, stratigraphy, resources, and pal eontology. Memoir 19 contains 57 refereed papers representing the selected
proceedings of the X1V International Congress on the Carboniferous and Permian held at the University of Calgary in August
1999.This publication will be valuable to geoscientists interested in Carboniferous and Permian geology, not only in Western
Canada, but also around the world. Topics covered include:

Belloy Formation sequences and paleogeography in the Peace River Basin

Seven papers on Cyclothems from Western Canada, USA, and Spain

Coal Resources and aNorth Sea gas play

U-Pb geochronology, sedimentology and stratigraphy of tuff in the Exshaw Fm.
Carboniferous palynology and megaflora

Carboniferous sedimentology and stratigraphy of eastern North America

Paleontological correlations of the Carboniferous and Permian

Discussions on Global Stratotype Sections and Points for Carboniferous and Permian stages.

The International Congress on the Carboniferous and Permian (ICCP) was first held in June 1927 in Heerlen, The Nether-
lands. The meetings have been held mostly in Europe (Heerlen, Paris, Sheffield, Krefeld, Moscow, Madrid, Krakow), but also in
South America (Buenos Aires), Asia(Beijing), and North America (Urbana, lllinois and for thefirst timein Canada at Calgary,
Albertain August 1999). The meeting began by looking only at the Carboniferous from the perspective of understanding the
geology of this resource-rich, coal-bearing system. At Beijing in 1987 the Permian System was added to the congress, which was
anatural extension to many Carboniferous geological problems. The ICCP is one of the oldest and most prestigious of the
stratigraphic congresses associated with the International Commission on Stratigraphy and the International Union of Geologi-
cal Sciences. Almost three hundred people attended the Calgary meeting and presented over 300 talks, posters, and core

displays. The meeting was in part sponsored by the Canadian Society of Petroleum Geologists.
Edited by Len V. Hills, CharlesM. Hender son, and E.Wayne Bamber, 2002, har d cover, 947 pages, | SBN 0-920230-008
LIST PRICE - $136.00, CSPG MEMBERS- $102.00 (Canadian $prices, multiply by ~0.64for US$)
SHIPPING IN CANADA - $10.00; SHIPPING TO THE U.S. - $15.00

Order forms at: www.cspg.or g/memoir 19memoir s.html
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REQUEST FOR DONATIONS

Newsletter on Carboniferous Stratigraphy is expensive to prepare
and mail and ICS subsidies have declined in recent years. We
must rely on voluntary donations. If you would like to make a
donation toward SCCS operational costs and publication of the
Newsletter, please send it (together with the form) to the address
below.

IUGS SUBCOMMISSION ON CARBONIFEROUS STRATIGRAPHY

| would like to make a donation to the operating costs of SCCS.
| enclose a bank draft made out to “Subcommission on Carboniferous
Stratigraphy” in the amount of:

| (0wish/1do not wish) my donation acknowledged in the next Newsletter

Name:

Address:

Please return form and donation to:

David M. Work,

Cincinnati Museum Center,
1301 Western Ave,
Cincinnati, OH 45203, U.S.A.




