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EDITORIAL NOTES 
One of my most trusted students, Melinda Blackwell, has completed her degree and, as ofDecember 1, I could no longer rely 

on her to assist with the production ofthis newsletter. As a result I was unable to devote the time necessary to perfect figures of 
and correct typographical errors in contributions. Tue result is that several figures are basically unusable and that several 
contributions contain many typographical errors. 

CM Gunter Freyer wrote stating that be had retired some years ago and therefore wishes to withdraw from SDS membership. 
CM Freyer did not provide an alternate address to that of the enclosed membership !ist, other than his postal code is now D-9 599 
(Freiberg). 

MESSAGE FROM THE CHAIRMAN 
Tue annual SDS meeting held in Bologna on June 23rd 1998 during the Seventh Interna

tional Conodont Symposium in Europe (ECOS Vll) andin association with a meeting ofIGCP 
421 was attended by more than 25 SDS members and by many participants in the ECOS VII 
Symposium. Conodonts, Devonian rnatters, IGCP 421 and historical Italian cities have prov
en to be an attractive combination. 

To begin with I wisb to congratulate and to thank our hosts from the Universities of 
Bologna and Modena, M.C. PERRI, E. SERP AGLI, C. SP ALLETT A and many others for the 
extremely smooth organization. The accurate and well-reasoned proposals and the animated 
discussions conceming the subdivision ofthe Emsian, Frasnian and Famennian indicate a 
large interest in a further elaboration of the present global Devonian chronostratigraphic 
scale. A questionnaire surnmarizing alternative conclusions of our discussions in Bologna is 
submitted to all SDS members (see p. ). May we insist that you return the questionnaire as 
soon as possible but no later than in order to enable us to assess the preliminary opinions of 
the about 100 SDS members and to use this information as an orientation for further discus
sions during the next SDS meeting in Morocco. In this Newsletter you will find the program 
ofthis meeting with field trips in the Anti-Atlas and the Meseta including sections that are 
most relevant to the definition of the stage subdivisions under discussion. In order to have 
successful discussion sessions, please inform in advance but no later than April 1, 1999 the 
chairman or secretary ofnew or more elaborated proposals. 

Finally I wish to draw your attention on a SDS symposium "Devonian paleogeography 
and paleoclirnatology ofWestern Gondwana" that will be organized during the IGC meeting 
in 2000 in Rio de Janeiro. SDS members and other Devonian-fellows are invited to submit 
titles oftalks and posters at the next SDS meeting in Morocco. 

Tue SDS is looking forward to your collaboration, because our activities may positively 
influence the support from IUGS. 

P. BULTYNCK 
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Minutes of the SDS Business Meeting, 23rd June, Bologna 
The annual business meeting was held during the aftemoon of Tuesday the 23n1 June, in the Dipartimento di Scienze della 

Terra e Geologico Ambientali ofthe University ofBologna. lt took place during the first (Bologna) part ofthe 71h International 
Conodont Symposium held in Europe (ECOS VII) which was superbly organized by M.C. Perri, C. Spaletta, E. Serpagli, and others. 
In conjunction with ECOS VII and the SOS meeting, there was also a "round table session" ofIGCP 421 on "North Gondwanan 
Mid-Paleozoic Bioevent/Biogeography Patterns in Relation to Crustal Dynamics". Many talks presented during the oral ses
sions, mostly on June 25th, dealtwith Devonian conodonts. Other aspects ofDevonian stratigraphy (Morocco, Iran, Carnic Alps, 
Mauretania, Victoria) were covered in talks related to IGCP 421. Pre- and post-symposium excursions to Sardinia and the Camic 
Alps visited many Devonian sections and a wealth of new data was presented in volurninous field trip guidebooks. 

PRESENT: ChairmanP. Bultynck, secretary R.T. Becker; TMs: 1. Chlupac, J.L. Garcia-Alcalde, R. Feist, W.T. Kirchgasser, G. 
Klapper, C.A. Sandberg, J.A. Talent, K. Weddige, W. Ziegler; CMs: A. Blieck, D. Brice, P. Carls, A. EI Hassani, J. Hladil, R. Mawson, 
M. Murphy, N. Ovnatanova, P. Sartenaer, E. Schindler, H.T. Schönlaub, M. Streel, T.Uyeno, Wang Cheng-yuan; guests: 0. Babek, 
E.M. Benfrika, C. Derycke, B. Fordharn, C. Girard, A. Harris, P. Koenigshof, B. Mistiaen, T. Nernirovskaya, M.F. Perret, G. Plodows
ki, N. Savage, G. Schraut, I. Schülke, L. Slavik, J. Valenzuela Rios, J. Zuskova. 

1. Introduction and apologies 

The chairman opened the annual meeting and thanked the ECOS organizers for hosting SOS during their symposium. Tue high 
number of attendents gave evidence that the first joint SDS-ECOS meeting was attractive to many Devonian stratigraphers, not 
only to conodont specialists. In order to take part in the ECOS ice-breaking party, the meeting had tobe finished by 7 .00 pm. 

Apologies for absence were recorded from vice-chairmanR. Crick, from TMs V. Menner, S. Turner, E.A. Yolkin, and Yu Chang 
Min, and from CMs M. Ginter, M.R. House, A. Kuz'min, Dr. J.E.A. Marshall, W.A. Oliver Jr., M.A. Rzhonsnitskaya, M. Truy6ls
Massoni, T. Wright, and G. Young. [In this context the secretary would like to ask all other SOS members to take their correspon
dence duties seriously, to indicate their absence and/or to provide reports and written comments.] 

For various topics ofthe agenda, a total ofthirteen documents were presented at the meeting. According to their subjects, 
they were numbered in the following order: 

Document 1: CHLUPAC, I. & LUKES, P.: Examples oflower Zlichovian and Dalejan boundary intervals in the Barrandian area, Czech 
Republic. - 7 pp. + 4 figs. 

Document 2: YoLKIN, E.A.: Devonian substages in West Siberia sequences. - 2 pp. 

Document 3: GARCIA-ALCALDE, J.L., TRUY6Ls-MAssoNI, M., SoTO, F.M., GARciA-LoPEZ, S. & MoNTESINOS, J.R.: Lower Ernsian/Upper 
Emsian in the Cantabrian Mountains (N Spain). State ofthe art. - 3 pp + 2 figs. 

Document 4: JAHNKE, H. & JANSEN, U.: Subdivision of the Ernsian stage - compilation of sections in W-Europe and palaeontological 
rernarks. - 7 pp. + 6 figs . 

Document 5: JANSEN, U. ( comp. ): Subdivision of the Emsian stage - state of discussion in the German Subcommission on Devonian 
Stratigraphy. - 1 p. 

Document 6: BECKER, R.T.: Prospects for an international substage subdivision ofthe Famennian. - 7 pp. + 1 fig. 

Document 7: STREEL, M. , BRicE, D. , DEGARDIN, J.-M., DERYCKE, C., DREESEN, R., GROESSENS, E., HANCE, L., LEGRAND-BLAIN, M., 
LETIIlERS, F., LosozlAK, S., MAZIANE, N., Mil.HAU, B., MisnAEN, B., PoTY, E., RoHART, J.-C., SARTENAER, P., THoREZ, J. , VACHARD, D. & 
BLIECK, A.: Proposal for a Strunian Substage and a subdivision ofthe Famennian Stage into four Substages. - 5 pp. + 4 figs. 

Document 8: STREEL, M. & LoBOZIAK, S. : Proposal ofboundaries for subdivision ofthe Famennian Stage: miospore implications. 
- 2 pp. + 1 fig . 

Document 9: PrncHA, M. & SCHINDLER, E.: Redefinition ofthe German Late Devonian 'Stufen'. - 2 pp. 

Document 10: SANDBERG, C.A. & ZIEGLER, W.: Comments on Proposed Frasnian and Famennian Subdivisions. - 6 pp. 

Document 11 : BECKER, R.T. & HousE, M.R.: Proposals for an international substage subdivision ofthe Frasnian. - 8 pp. + 1 tab . 

Document 12: STREEL, M.: Quantitative palynology in late and latest Famennian swamp environments, an accurate tool for 
Marine/Non-marine correlation. - 2 pp. + 1 fig . 

Document 13: SCHINDLER, E.: Report ofthe German Subcommission on Devonian Stratigraphy at the SOS meeting in Bologna 
(Italy), June 1998. - 1 p. 

2. Minutes of the Rochester Meeting 1997 

The Minutes of the 1997 meeting were circulated in SDS Newsletter 14 (pp. 2-5 ). No comments concerning the minutes were 
received prior to the Bologna session. Tue Minutes were signed as correct. 

3. Chairman' s Business 

In relation to problems and dissatisfaction with the definition of the Ernsian, the chairman pointed out that currently no 
revision ofDevonian stratotypes is possible. He drew attention to the new rules ofIUGS as outlines by Remane et al. 1997 (see 
Newsletter 14: p. 19) which require a period often years before stratotypes may be re-considered. CM Carls suggested to give 

2 -



lla 
1al 
rs. 
an 
:s-
)S, 

lic 

G. 
)11, 

:k, 
rs-

gh 
tot 

ng 
ls-
1n-

ts, 

eh 

>er 

:al 

an 

!1., 
& 

llS. 

b. 

for 

;na 

:re 

no 
;ee 
1ve 

Subcommission on Devonian Stratigraphy-(December 1998) News fetter No. J 5 

clear reference in publications to the kitabicus Boundary as base ofthe Emsian to allow distinction from the base ofthe Emsian 
as it has been used classically in other regions and by former authors. TM Weddige answered that the case of a large difference 
between the classical Gerrnan and the kitabicus level is still unproven. TM Ziegler gave a summary of different statements and the 
Secretary asked TM Weddige to submit his views to the Newsletter in order to continue this important discussion in public. 

4. Proposals for Devonian substages and additional stages 

Tue Chairman gave abrief introduction to the task of substage definitions and the provisional agenda distributed by mail was 
slightly changed to give priority to discussions on the Emsian and Famennian. Frasnian and Givetian subdivisions were tobe 
discussed only iftime allows. 

4A. Emsian (Documents 1-5) 

Tue Chairman briefly summarized the current discussion and drew attention to the various levels that have been emphasized 
by different authors: 

• the base ofthe Dalejan Shales near the base ofthe Now. cance/lata or Po. inversus Zones 

• the base ofthe nothoperbonus Zone in Siberia (e.g., Document 2) 

• the global Upper Zlichovian Event (UZE) within the gronbergi Zone (see Document 3) 

Tue document authors, as far as present, were asked to summarize their contributions. 

TM Chlupac gave some brief comments on the base of the Zlichovian and raised taxonomic problems on the clear distinction 
between Guerichina strangulata and Guer. infundibulum. He argued strongly in favour of an intra-Emsian substage boundary 
near the base of the Dalejan Shale which is very close to the entry of Gyroceratites graci/is, the former "gracilis boundary". In 
an important section near Srbsko, Now. cancellata is separated by a small gap from older Now. elegans in the upper part of the 
Zlichovian Limestones. Po. /aticostatus enters a little above Now. elegans in a marker bed at the top of the local Chynice 
Limestone. Transitional forms between e/egans and cance/lata were found just below and above the marker bed. lt was adrnitted 
that more precision is needed concerning the entry of marker polygnathids. For further details see Document 1. 

U. Jansen (Senckenberg/Frankfurt a.M.) gave an overview ofwork conducted by a special Emsian Working Group of the 
German Subcommission on Devonian Stratigraphy. Tue German groups also has concentrated on the elegans/cancellata and 
inversus boundaries. Tue Cantabrian Mountains, Celtibera, and the Barrandian wei-e regarded as key areas for more international 
work. Studies in Morocco are currently being undertaken. Integration with palynological data is hoped to allow correlation of the 
traditional early/late Ernsian boundary of the siliciclastic type region with the nowakiid and conodont succession. Unresolved 
taxonomic problerns ofthe e/egans-cancellata transition and insufficient knowledge ofthe precise entry of Po. inversus were 
highlighted. Further details are included in Document 5. 

TM Garcia-Alcalde gave a brief summary of Ernsian successions and events in the Cantabrian Mountains, including the 
distinction between Upper Zlichovian (UZE) and Daleje-Cancellata (DCE) Events. Tue occurence ofvarious brachiopods (see 
Document 3) in beds thought tobe equivalents of the Daleje Shale were emphasized. In the subsequent discussion, TM W eddige 
stated that it was too early to decide on substage names and recommended the prelirninary neutral use of an "Inner-Emsian" 
[rather Intra-Emsian] boundary. CM Carls pleaded for a conservation ofthe name Zlichovian in its traditional sense rather than 
adopting the kitabicus Zone base for a Zlichovian in a new international definition. Tue Chairman answered, that in other cases 
definitions were changed. For example, the Givet Limestone enters above the base ofthe internationally defined Givetian. CM 
Sartenaer drew attention to the significance ofthe Ems Quarzite and suggested that the base ofthe Now. richteri Zone should be 
included in the discussion [ see Rochester Minutes]. Tue Secretary commented that the UZE would be a poor level for subdivision 
since it lies in the middle of the Anetoceras faunal complex (Stufe). Tue graci/is-boundary is also still difficult since no sequence 
from Gyro. laevis to Gyro. graci/is has been properly documented in any section. TM Garcia-Alcalde gave a clear statement that 
he agrees completely that a level near the cancellata boundary was the best position for substage subdivision. Tue Chairman 
drew attention to the fact that there is still insufficient information about the precise relation between the entries of Po. laticos
tatus and Po. inversus. CM Carls proposed to decide first on a stratigraphical level for subdivision, and later on substage names. 
CMs Murphy and Mawson argued that lower and upper Ernsian could be used in a preliminary way until final decisions will be 
made. TM Chlupac reminded SDS members of a rule that requires lower rank chronostratigraphic units to have different names 
from higher ones. Tue Secretary answered that this, however, is not the case with Devonian series names. TM Sandberg explained 
that the terms Lower, Middle, and Upper should be preferred since they are more practical and easier to remember for the wider 
geoscientific audience such as mapping geologists. Tue discussion was closed after it was agreed to hold an informal postal 
ballot about the level for Ernsian substage subdivision and about substage terrninology. 

4B. Famennian (Documents 6-10) 

Tue Secretary summarized his proposal for a threefold substage subdivision based on the classical German Oberdevon
Stufen sequence which followed the ammonoid sequence in pelagic facies . lt was emphasized that this succession has been 
succesfully applied in many regions outside Germany, such as SW England, southern France, North Africa, North America, the 
Urals, and NW Australia. Tue three substages should be of roughly equal length, with a Lower Famennian approximating Upper 
Devonian II, a Middle Famennian consisting ca. ofUpper Devonian III and IV, and an Upper Famennian correlating ca. with Upper 
Devonian V and VI. Use ofthe Gerrnan regional Stufen names (Nehden-, Hemberg-, Dasberg-, and Wocklum-Stufen) was discour-
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aged, at least until further revision (under way, see Document 9). lt was recommended to consider the base of the velifer Zone as 
the base ofthe Middle Famennian, and a level around the base ofthe Lower expansa Zone for the base of an Upper Famennian. 
For further details see Document 6. 

TM Ziegler repeated proposals oflast years Rochester Meeting for a Lower-Middle Famennian boundary at the start ofthe 
marginifera Zone, and for a Middle-Upper Famennian boundary at the base ofthe Lower expansa Zone (see Document 10). TM 
Sandberg argued that the base of the velifer Zone is not suitable since it coincides with a rnarked regressive phase and since the 
level is poorly represented in North America. CM Streel introduced the audience to the views of the large group of Belgian 
specialists (Document 7) who propose to preserve the Strunian time interval as Uppermost Famennian in a fourfold substage 
subdivision. The wide distribution ofthe shallow-water index form Quasiendothyra kobeitusana and of Retispora lepidophyta 
was emphasized. Since the base of the type Strunian seems to correlate with a level in the Upper expansa Zone, the base of the 
latter was proposed as the base of an Uppermost Famennian. Following traditional Belgian subdivision, the base of a Middle 
Famennian was suggested to coincide with the base ofthe rhomboidea Zone, the base of an Upper Famennian should coincide 
with the base of the velifer Zone. TM Sandberg replied to a question of CM Streel that the base of the Upper expansa Zone is not 
as easily identifiable as the base ofthe Lower expansa Zone. The Secretary commented that the base ofthe rhomboidea Zone lies 
well within the classical do Ila (lower Nehden-Stufe) of the German subdivision and that a Middle F amennian as in the Belgian 
proposal would probably include a shorter interval than the other substages. In a fourfold substage subdivision other levels such 
as the global Annulata Event could be considered. As with topic 4A, a preliminary postal ballot (see this Newsletter) was agreed 
by present members. 

4C. Frasnian (Documents 10-11) 

Since time bad proceeded significantly, only a brief introduction to the topic was given. Tue Secretary summarized his joint 
proposal with CM House. Tue base of the punctata Zone (Montagne Noire Zone 5) was proposed as a base for a Middle 
Frasnian. Tue Upper Frasnian could either be defined following the traditional German Separation of a do 18, roughly coinciding 
with the span from the Lower to the top of the Upper Kellwasser Limestone, or by using the global transgression which allowed 
the spread of Pa. semichatovae (near the base ofMontagne Noire Zone 11 ). Further details are given in Document 11 . TM Ziegler 
(see Document 10) agreed completely with a punctata Zone boundary and emphasized the wide recognition ofthe semichatovae 
transgression which makes it the most suitable level for the base of an Upper Frasnian. lt was decided to defer further discussions 
ofthe Frasnian and ofthe Givetian to future meeting. 

5. Marine-Non-marine correlation (Document 12) 

CM Streel briefly explained new palynological methods to use indicators of upstream and coastal swamp extensions and 
retraction to reconstruct climatic and sealevel changes which allow correlation. CM Blieck announced that IGCP 328 was finished 
and that a volume with final results will contain 25 papers by a total of 40 authors. Publication is planned in 1999 in the Courier 
Forschungs-Institut Senckenberg series. [Loud noise from the street and by car drivers pushing their horns interrupted the 
meeting and indicated that ltaly had won their world championship soccer game.] 

6. IUGS matters 

The Chairman introduced the new geological chart produced by IUGS. Unfortunately, there are printing errors such as the 
misspelling ofPragian. [The new Geological Time Table (51h Edition), compiled by Haq & Eysinga is now available - costs: 25 US 
$]. An IUGS internet discussion forum connecting all IUGS officers has been established early in 1998. 

7. Membership 

7A. Withdrawelsfrom Membership 

CM G. Freyer has retired from the Saxonian Geolological Survey [ see 1997 Minutes] and has stated that he wishes to withdraw 
from membership. SDS has also lost any contact with CM Yatskov after he left the Paleontological Institute ofthe Academy of 
Science and even Russian colleagues could not supply any new address. 

7B. Election of CMs 

There were four written nominations presented prior to the meeting: 

Jed Day (Illinois State University, Normal, Illinois): specialist in brachiopod and sequence stratigraphy of North America 
(USA, Canada). 

James R. Ebert (Department of Earth Sciences, State University of New York, Oneonta, New York 13820-4015 , USA, 
ebertjr@oneonta.edu) : specialist in Devonian stratigraphy ofNew York (Lower Devonian) and working on radiometric dating. 

Zhu Min (Institute ofVertebrate Paleontology and Paleoanthropology, Academia Sinica, P.O. Box 643, Beijing 100044, People ' s 
Republic ofChina, zhumin@ht.rol.cn.net): specialist in Devonian fish with emphasis on Yunnan and the Tarim Basin. 

Christoph Hartkopf-Fröder, Geologisches Landesamt Nordrhein-Westfalen, De-Greiff-Str. 195, D-4 7803 Krefeld, Germany, 
hartkopf-froeder@mail.gla.nrw.de ): specialist in palynostratigraphy of the Rhenish Massive. 

All proposals were approved unanimously. 

7C. Election of TMs 
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Tue Chairman drew attention to the problematical lack of any TM from Canada which always has been an important region for 
Devonian stratigraphy and traditionally has made valuable contributions to SDS matters. CM Uyeno noted that currently there is 
no active young worker at hand that is in an appropiate permanent position and that there are also funding problerns to attend 
SDS meeting. Tue topic remained unsolved. [After the meeting, however, CM Uyeno agreed to stand for TM election.] 

8. Reports 

SA. Financial Report 

Tue Chairman gave the financial report which is as follows: 

Income for 1998 

- carried forward from 1997 

- IDGS subvention for 1998 

total 

Expenditure for 1998 
- Secretary expences 

- N ewsletter allocation for no. 15 

- Support for the forthcoming Moroccan Meeting 

total 

Provisional balance November! 998 

in US$ 

342.66 

1,425.00 (same as in 1997) 

1,767.66 

220.00 

250.00 

1,000.00 

1,470.00 

297.66 

Following a suggestion by TM Klapper, support for the Moroccan Symposium and SDS Field Trip was decided at the meeting. 

SB. German SDS (Document 13) 

CM Schindler gave abrief summary of activities ofthe German Subcomrnission on Devonian Stratigraphy. An annual meeting 
was attended by ca. half ofall 63 members. Very active working groups (see topic 4) on Ernsian and Famennian subdivision were 
established. Tue long-awaited monograph on the Devonian of Germany is close to completion. TM W eddige drew attention to the 
last supplement ofthe Devonian Correlation Charts which are published in Senckenbergiana lethaea [ e.g., 76 (1/2), 1996 and 77 ( 1/ 
2), 1998]. Contributions from anywhere in the world are welcomed for future issues. CM Schindler also informed about a new 
German Research Foundation initiative, led by W. Buggisch, on "Evolution ofthe system Earth during the younger Palaeozoic in 
the light of sedimentary geochernistry" which includes co-operation between geochernists, sedimentologists, palaeobiologists 
and stratigraphers. Tue Secretary asked other national Subcornissions and Working Groups to subrnit activity reports. 

SC. Radiometrie Dating 

TM Talent reported that G. Dunning has received various samples which hopefully will be analysed later in this year. The 
Secretary reported that zircons have been extracted at the Potsdam Geoforschungszentrum from the additional Hasselbachtal 
bentonites sampled by D. Weyer (Magdeburg). R.D. Tucker (Washington University) has agreed to work on these zircons but 
samples have not yet been sent to him. 

9. SDS Publications 

Tue Chairmen drew attention to Courier Forschungs-Institut Senckenberg 199, "On sea-level fluctuations in the Devonian", 
edited by CM House and TM Ziegler, which includes the contributions to the 1994 SDS meeting in Moscow on "Devonian 
Eustatic Changes of the W orld Ocean Level". F or the planned Devonian Correlation volume some manuscripts are still rnissing, 
such as contributions on the Eifelian, Givetian, and Frasnian stratotypes. There are also no reviews on the Devonian ofMorocco, 
Germany, and ofW estern North Amerika. Some stratigraphically important fossil groups ( e.g., acritarchs) are also not yet covered. 
[Tue decision to contact T. Servais proved tobe succesful - abrief joint manuscript by several authors on Devonian acritarchs is 
prornised for the end of 1998.] Tue Chairman gave the following listof current manuscript lengths: 

Description ofGSSPs 66 pp. 

Regional reviews 423 pp. 

Stratigraphically important fossil groups 366pp. 

total 832pp. 

TM Ziegler stated that this amount is much to high for a single Courier volume and proposed to divide contributions in two 
volumes. P. Königshof from Senckenberg explained the current difficult funding situation for Courier issues and said it was 
unlikely that all manuscripts could be published in one go. Tue Secretary suggested to go ahead with all completed manuscripts 
since several of them are waiting for so long that any further delay is unacceptable for authors. TM Ziegler stated that a 
contribution on the WettelsdorfRichtschnitt could be finished within ten days after all other manuscripts had arrived at Senck-
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enberg. Tue Chairman announced to visit the Senckenberg Institute this auturnn [planned for November], to discuss the publica
tion procedure with responsible staff, and to transfer manuscripts which have been submitted by then. 

10. Future Meetings 

JOA. Meeting in 1999 

A decision on a 1999 meeting was difficult since three different offers bad arrived. Tue Chairman read a letter by TM Y olkin who 
invited SDS to hold a symposium in Novosibirsk and to visit sections in tbe Rudnyi Altai and Siberia. Since, unfortunately, no 
informed Russian colleague was present, no further details could be given. CM EI Hassani gave a warm invitation to SDS to hold 
in spring 1999 a meeting in Morocco and to visit relevant sections for the current substage discussion in the Anti-Atlas andin the 
Moroccan Meseta. TM Talent informed about a planned meeting oflGCP 421 in Peshawar, Pakistan with possible excursions from 
Kasbgar (Xinjiang, China) across the Karakoram to Pakistan (see SDS Newsletter 14: p. 26). The present SDS members voted 
strongly in favour of a symposiurn and excursion to Morocco. [The first circular has been distributed by e-mail and is also 
included in this Newsletter. The joint SDS and IGCP 421 meeting and excursions will take place from 241h April to 3rd May. For 
further details please contact CM EI Hassani or the Secretary]. 

JOB. Meeting in 2000 

SDS is obliged to hold a meeting at the 31 '1 International Geological Congress in Rio de Janeiro, from 61h to 171h August. The First 
Circular has been distributed widely and the SDS proposal for a symposiurn on "Devonian Paleogeography and Paleoclirnatology 
of Western Gondwana" has been accepted (General Symposium 1-8). CM Isaacson promised to assist in the organisation. In 
addition, a nurnber ofplanned field trips will visit South American Devonian section: Bft 27: Paleozoic of Western Gondwana 
active margin (Bolivian Andes ), Aft 03: Parana Basin records of Siluro-Devonian to Permo-Triassic biological and environmental 
changes, southern Brazil, Aft 04: Late Paleozoic glacial sedirnentation in the eastern Parana Basin, Aft 06: The Gondwana 
sequence in the eastern flank of the Parana Basin, Southem Brazil, Aft 35: Paleozoic rocks of the Amazon Basin along the Tapajos 
River (Para State) and around the city of Manaus (Amazonas State), Nortb of Brazil. [Information can be obtained from the 
website: http://www.31igc.org] 

Any other business 

CM Mawson drew attention to the planned AUSCOS II meeting in 2000 which is planned just before or after the Sydney Olympic 
Games. lt is intended to keep conference costs very low. 

Tue annual meeting closed just in time for the ice-breaking party. 
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PROVISIONAL BALLOT 
SDS decided during its Annual Meeting in Bologna, on 23n1 of June 1998, to hold a provisional ballot in order to obtain the 

opinion of its membership concerning the future international subdivision ofthe Emsian, Famennian :md Frasnian stages. Note 
that this questionaire is not binding for any future decisions. Please fill this form ( or a copy of it) and send it to the chairman, P. 
Bultynck, before the lS'h ofMarch 1999. We expect an answer from all TMs and CMs. Additional opinions of other Devonian 
specialists, e.g. organized in national subcornissions, are welcomed to retrieve a broad background for the continuation of the 
discussion. If you have no opinion in some cases, please leave space open. 

Name: 

Address (to update our address file): 

Country: 

e-mail: 

Emsian Substages 

A. Preferred substage names: 

Lower/Upper Emsian yes no 

Zlichovian/Dalejan yes no 

other name for lower substage yes no 

proposed name: 

Dalejan for upper substage yes no 

other name for upper substage proposed name: 

completely different proposals: 

B. Lower/Upper substage boundary 

level near the entries of Now. cancel/ata, yes no 

Po. inversus, Po. laticostatus, or Gyro. gracilis 

entry of Now. richteri yes no 

other level: 

Famennian Substages 

A. N umher of substages 

Three substages: 

Lower, Middle and Upper Famennian yes no 

other substage names: 

Four substages: 

Lower, Middle, Upper, and Uppermost Famennian yes no 

other substage names: 
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B. Substage levels (you may give your opinion both for three and four substages) 

Threefold division 

base ofMiddle Famennian: 

(e.g., base of rhomboidea, marginifera, or velifer Zone; other proposals) 

base ofUpper Famennian: 

(e.g., base of expansa Zone; other proposal) 

Fourfold division 

base ofMiddle Famennian: 

( e.g., base of rhomboidea, marginifera, or velifer Zone; other proposal) 

base ofUpper Famennian: 

( e.g., base of velifer Zone, near Annulata Event level, or base of L. expansa Zone; other proposal) 

base ofUppermost Famennian: 

( e.g., base ofUpper expansa Zone; other proposal) 

Frasman Substages 

A. Three Substages yes no 

different proposal: 

B. Substage names 

Lower, Middle, and Upper Frasnian yes no 

different proposal: 

C. Substage levels 

base of middle substage: 

base of punctata Zone (MN 5 zone) yes no 

different proposal: 

base of upper substage: 

near "semichatovae transgression" yes no 

near base ofLower Kellwasser Lst. (base do Iö) yes no 

different proposal: 
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1. U. G. S. SUBCOMMISSION ON DEVONIAN STRA TIGRAPHY (SDS) 
And 

INTERNA TIONALGEOLOGICAL CORRELA TIONPROGRAM (IUGS/UNESCO) IGCPProject421 : 
North Gondwana Mid-Palaeozoic Bioevent/Biogeography Patterns in Relation to Crustal Dynamics 

Under the Collaboration and Organization of: 
Tue Scientific Institute ofthe Mohammed V University Rabat, 
Tue Geological Direction ofthe Ministry ofEnergy and Mine, 

Tue Faculty ofSciences and Techniques, Moulay Ismail University, Errachidia 

SDS/IGCP 421 Morocco Meeting, 1999 - April 24th - May 3n1 

FIRSf CIRCULAR 

Tue next international meeting ofIGCP 421 will be held in connection with the SDS Annual meeting and will take place in 
Errachidia/Rabat, Morocco, on April 24th - May 3rd 1999. Tue field excursion connected with the joint meeting will focus 
primarily on Silurian to Early Carboniferous sequences in the Eastern Anti Atlas (Tafilalet and Maoder basins) andin the 
Moroccan Western Meseta, with special emphasis on Devonian sequences. This excursion will start at Errachidia and finish 
at Rabat. Tue opening ceremony and sessions are scheduled in the Faculty ofSciences and Techniques in Errachidia (500 km 
SE ofRabat). 

Arrival ofparticipants to Errachidia. 
Registration of the Participants 
Night in Errachidia 

Opening ceremony and scientific sessions: 
Night: in Errachidia 

PROGRAM: 

Saturday April 24!!! 

Sunday April 25!!! 

N.B . other scientific sessions can be arranged in Erfoud at the conference room after dinner. Otherwise this hotel have 
irnportant spaces in the hall, that will allow to small groups to discuss cornfortably. 

PART 1: The Atlas Anti (Tafilalet and Maider basins) 

Monday 26!!! 
8h00 Departure for the excursion. Eastern Tafilalet 
Tue Boutchrafine section 
Tue Harnar Lakhdad mud mounds 
Guide: Coordinator Prof. BUL TYNCK (Belgium) 
Night: hotel EI Ati (in Erfoud) 

Tuesday 27!!! 
Western Tafilalet or SE Maider (Mrakeb section) 
Tue jbel Amelane section and/or Tue Mech lrdane section 
Tue Mrakeb section 
Guide: Coordinator Dr. Thomas BECKER (Berlin) 
Night: hotel EI Ati (inErfoud) 

Wednesday 28!.!! 
Erfoud - Msissi - Erfoud 
Tue Jbel Issemour section. 
Guide: Coordinator Dr. Eberhard SCHINDLER (Frankfurt) 
Night: hotel EI Ati (in Erfoud) 
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Journey crossing ofthe High Atlas: Erfoud-Khinifra 
Night : Hotel Zayani in K.henifra 

Thursday 29.!!! 

PART II : The north-western Meseta. 

Tue Mrirt sections 
Guide: Coordinator Prof. Ahmed ELHASSANI (Rabat) 
Night: Hotel Zayani (Khenifra) 

Friday 3()!h 

Saturday May lfil 
Khenifra- Oulmes 
Tue Ziar section 
Tue Moulay el Hassane section 
Guide: Coordinator Prof. Abdelfatah TAHIRI (Rabat) 
Night :Hotel des Thermes (in Oulmes) 

Sunday May 2!!!! 
Oulmhs - Rabat 
Tue Rabat Tiflet zone 
Tiflet area : the Tiflet river section. Eo-variscan conglomerates and Tournaisian transgression. 
Rabat area: sections ofthe Bou Regreg. We shall show the Late Silurian and Lower Devonian, with Bohemian facies and 

fauna. 
Guide: Coordinator Prof. Ahmed EL HASSANI (Rabat) 
Night: hotel Terminus in Rabat. 

REGISTRA TI ON FEE: 8100 DH ( = 900 $ at present exchange) Registration forms will be included with the second circular, 
which will be sent to all who respond to this first circular. Tue registration fee for participants covers admission to all scientific 
sessions, a guidebook copy, accomrnodations and participation to the excursion. N.B. Registration fees will be reduced for 
those who participate with their own car ( exclusively 4WD). Details will be sending in the second circular. 

ACCOMMODA TION: Rabat and Oulmes are 3 stars hotels. Errachidia, Erfoud and K.henifra are 4 stars hotels 
More details for the accomrnodation will be sent to all who respond to this first circular. 

DEADLINES: Inscription tothemeeting: January lOth 1999. Registration fee: March lOth 1999. Note: Places forthe 
meeting and the excursion are lirnited. Registration after March 1 Oth ( 10% extra), because hotels should be hooked by the 
organizing committee early. 

ORGANIZINGCOMMITIEE: 
Leader : Prof. Ahmed EL HASSANI, Head of the Geological Departrnent, Institut Scientifique RABAT 
Co-Leaders: 1) Othmane FADIL, Head ofthe Geological Survey inMideltTil andFax: +212 5 58 21 63 ; 2) AbdellahEL 

MANSOUR, Vice Dyne ofthe Faculty ofSciences and Techniques, Errachidia. Fax: +212 5 57 44 84; Responsible ofthe 
excursion: Prof. Abdelfatah T AHIRI, Geological Departrnent, Institut Scientifique, Rabat; Technical pro gram: Dr. Lahcen 
BAIDER, Geological Departrnent, Faculty ofSciences, Casablanca. 

CONTACT ANDCORRESPONDENCE : 
Leader: Prof Ahmed ELHASSANI, Head ofthe Geological Departrnent, 
Institut Scientifique RABAT 
B.P. 703RABAT-AGDAL 
10106RABAT 
Til: + 212 7 77 45 48 
Fax:+ 212 7 77 45 40 
E-mail: hassani@emi.ac.ma 
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REGISl'RATIONFORMFORIGCP421-SDSMEETING 
Morocco,1999 

First narne: 
Surnarne: 
Title: 
Address: 

(City) 
(Post or Zip code) 

Phone: ( office) 
E-mail address: 
Fax: 

(State) 
(Country) 

(home) 

I will attend the IGCP42 l-SDS meeting in Morocco: Yes 

I will present a paper: Yes 

I will present a poster: Yes 

I intend to publish the paper (s) in the meeting volurne: Yes 

I am interested in participating in the excursion: Yes 

I shall travel with my own car ( 4WD) Yes 

IfYES please indicate : 
1. Registration number ofthe car (if it's known), 
2. Names of colleagues who are going to travel with you in the same car. 

No 

No 

No 

No 

No 

No 

This form should be returned as soon as possible (before January JOth 1999) to: 
Prof. Ahrned EL HASSANI 
Institut Scientifique 
B.P. 703RABAT-AGDAL 
10106 RABAT, MOROCCO 

FAX: +212 7 77 45 40 
e-mail: hassani@emi.ac.ma 

N. B. the Bankaccount Number for transferring registration fees will be provided in the second circular. 



Newsletter No. 15 (December 1998)- Subcommi_s~ion on Devonian Stratigraphy 

Second circular information for the field trips in South China 
Adjustment of Fees 

W e have tried our best to minimize the expenses for the field trips as possible. The adjusted expenses for the field trips are: 

1. Paleozoic to Triassic biostratigraphy in Guizhou Province, southwestem China 

Dates: August 31-September 6 (7 days) 

Cost: US$550.00 

2. Stratigraphy and Paleobiology in Devonian reef complexes and Lower Carboniferous in Guilin, South China 

Dates: September 7-11(5 days) 

Cost: US$450.00 

3. Field trips 1 + 2 

Dates: August 31-September 11 (12 days) 

Cost: UD$960.00 

The payment will include access to the visit localities, a guidebook, the accommodations of stars-level hotel, all meals, traffic 
tools in the course offield excursions, etc; For the participants joining in the Field trips 1 +2 the payment will include the fees for 
the inter-provincial traffic tool by overnight train or by flight. 

Payment 

Payment should be made only in US Dollar no later than 31 March 1999 by bank transfer to: 

Bank ofChina 

Nanjing Branch 

Bai Zhi Ting Office 

Account No.4447839-0188-004512-8 

Account Name: HUI ZHEN YU 

Cancellation 
In case of cancellation, the cancellation charges are 

Onorbefore31 march,1999 .............. . US$50 

After 31 March ......................... US$100 

Refund will be made after deducting bank service charges and the above cancellation fees after the field trips. 

Application form 
Surname: Given name: Citizenship: 
Sex: Date ofBirth: 
Participating 

1 Field trip 1 Guizhou Province with payment of$ 
2 Field trip 2 Guilin with payment of$ 
3 Field trips 1 + 2 with payment of $ 

Please fill it and return to the following address no later than March 31 1999 (by the postmark) 
Prof.Yu Chang Min 
Nanjing Institute ofGeology and Paleontology, Acadernia Sinica 
No.39 Beijing Dong Road 
210008 Nanjing, China 
E-mail: yucm@jlonline.com (not yucm@njnet.ni .ac.cn as mentioned in the information from Sendai) 

Tue third circular information will be issued and sent only to the participants who have returned the application form and 
notice of the bank receipt. 
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Minutes for the German SDS 
The yearly meeting of the German SDS took place at the Senckenberg Museum in Frank

furt on F ebruary, 14 with 31 members and two guests being present. Brief comments are 
given on those topics not dealing exclusively with commission affairs. Main topics have 
been the working groups for the subdivision of the Emsian stage ( coordinated by Ulrich 
Jansen, Frankfurt) and for the subdivision ofthe Late Devonian stages, namely the Famen
nian ( coordinated by Matthias Piecha, Krefeld); addresses of the coordinators and further 
informations see previous SDS Newsletters. Details can also be obtained from the contribu
tions to the SDS meeting in Bologna, elsewhere in this newsletter. 

The members ofthe working group for the Emsian subdivision gathered in Göttingen on 
May, 11, 1998 for a 'theory meeting' where future activities have been proposed and dis
cussed. Besides notes for the Bologna meeting, two excursions have been considered in 
detail; one on anational scale and an international field trip of a selected number of partici
pants. The first has already been undertaken to some ofthe classical localities ofthe German 
neritic facies in the Rhein-Mosel area ofthe Rhein. Schiefergebirge. In cooperation with the 
Spanish colleagues from Oviedo (namely TM Jenaro Garcia-Alcalde), a small group (Carls, 
Jahnke, Jansen) will visit Emsian sections in the Cantabrian Mountains with its intermediate 
neritic/pelagic facies (planned for 1999). A sirnilar trip to the sections ofthe classical pelagic 
Barrandian area is under discussion with the Czech colleagues. 

Tue working group for the subdivision ofthe Late Devonian stages met two times in the 
field. During the first meeting in the Thüringisches Schiefergebirge on May 16 and 17, 1998, 
classical sections of this area have been visited. As one of these localities "won" new 
sections due to active quarrying (Kahlleite E Quarry, SW ofRödersdorfnear Schleiz), de
tailed research will be arranged on the whole Upper Devonian sequence, present in hemipe
lagic to pelagic cephalopod limestone facies. The second field meeting has been held in the 
Harz Mountains on October 24 and 25, 1998. Late Devonian sections of different facies 
(siliciclastic basinal, condensed cephalopod limestones on submarine rises as well as turbid
itic 'Flinz' facies with reworked material present) have been visited and vividly discussed. 
Tue sections are located in both parts (E and W) of the Harz Mountains; among them the 
type locality for the widely distributed 'Kellwasser Limestone' situated in the Kellwasser 
valley close to Altenau in the Northwestem Harz Mountains . 

Briefly, 1 want to give some short notes on other matters: Sorry to say that about the 
bentonites, mentioned in the SDS Newsletter No. 14, which have been sent to dating labs, we 
can not yet tell anything due to lacking data. The new ( and substancially expanded) issue of 
the 'Devonian Correlation Chart' (Devon-Korrelationstabelle, DK) is published in volume 77 
ofthe Senckenbergiana lethaea (1998). Requests should be directed to TM Karsten Weddi
ge. Finally I want to mention that members of the German SDS have been present numerously 
and very active in discussions of SDS matters and joint IGCP 421 affairs and contributions at 
the joint meeting of the IGCP 421 and SDS held together with the ECOS VII Conodont 
Symposium at the universities ofBologna and Modena (Italy) . 

For addresses, phone/fax numbers, and e-mail addresses ofmentioned persons see pre
vious SDS Newsletters. 

Eberhard Schindler (Frankfurt) 
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DOCUMENT SUBMITrED TO 1HE INTERNATIONAL SUBCOMMISSION ONDEVONIAN STRA TIGRAPHY 
Annual Meeting at Bologna, 1998 

PROSPECTS FOR AN INTERNATIONAL SUBSTAGE SUBDIVISION OF THE 
FAMENNIAN 

R. Thomas Becker (Berlin) 

Introduction 

Most of the Famennian succession in the Belgium type 
area consists of shallowwater deposits with predominantly 
neritic or poor faunas. Conodont faunas are often sparse, and 
to a large extent they represent nearshore, peritidal or even 
restricted marine biofacies (Dreesen et al., 1986) with partly 
regional signatures. Ammonoids are restricted to very few fau
nal levels and localities. This limits the potential ofthe classi
cal area for the establishment of substages that can be corre
lated internationally. In addition, the former Strunian stage 
has been incorporated by SDS into the Famennian and, as a 
consequence, the classical subdivision into a Lower Famenni
an (Fa 1, Pa. triangularis and crepida Zones, Famenne Shales) 
and an Upper Famennian (Fa 2, rhomboidea to parts of the 
expansa Zone, Condroz Sandstone Group; see Thorez & Dree
sen, 1986) cannot be transferred easily to the Famennian of 
current international usage. This may require somewhat con
fusing changes to the meaning ofterrns which are entrenched 
in the Belgian literature. If, for example, the Strunian is rede
fined in the future as the Upper Famennian substage ( current
ly Uppermost Famennian; e.g., Conil et al., 1986), readers must 
realize that there has been a complete change in the timespans 
associated with the term before and after an assumed formal 
recognition (see Sartenaer, 1997). SDS must either accept such 
alterations of the undestanding of the Lower and Upper Fa
mennian as chronostratigraphic units in the type region or 
should choose new names free of potential misunderstand
ing. 

Generally, it is recommended that preference is given to 
subdivisions in pelagic successions which have the best po
tential for world-wide correlation. Historically, the first pelagic 
Famennian sequences that were studied in detail, and which 
were given regional stage names, were the basinal shale and 
cephalopod limestone sequences of the Rhenish Massif and 
Thuringia. Moreover, the German "Oberdevonstufen", based 
on ammonoids, have been succesfully applied to other widely 
seperated regions such as Devon and Cornwall (House, 1963), 
the CamicAlps (Gaertner, 1931), NorthAfrica(e.g., Petter, 1959, 
1960), former Soviet Union (e.g., Bogoslovskiy, 1971, 1981) 
and Western Australia (Teichert, 1949; Petersen, 1975). Ruan 
( 1978) compiled evidence that correlation with Chinese pelag
ic successions is also possible. 

Tue terms Strunian and Etroeungt have been used widely 
and internationally in a chronostratigraphic sense for late Fa
mennian deposits (Sartenaer, 1997). However, definitions of 
authors differed significantly, may be vague, and there is still 
limited information about the conodont age of the Strunian 
base in sections of the type region and in other basins where 
the name has been applied (Milhau et al., 1997). According to 
Dreesen et al. ( 1993) and Maziane & Vanguestaine ( 1997), the 
shaly Strunian (s.1.) base at Chanxhe falls in the Upper expan-
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sa Zone (top Lowerto basal Middle costatus Zone). This level 
correlates roughly with the base of the Wocklumeria-Stufe 
(Upper Devonian VI) of the eastern Rhenish Massif (Korn & 
Luppold, 1987; Becker in Weddige, 1997). Tue "Strunian Trans
gression", therefore, postdates by far the base of depophase 
Ilf of Johnson et al. ( 1985). A substage boundary at this posi
tion would leave a rather short period for an upper substage. 
Tue typical biostromal Strunian (Calcaire d'Etroeungt s.s.) is 
even younger (?praesulcata Zone; Milhau et al., 1997). 

lt seerns more desirable to divide the Famennian into peri
ods of about equal length. This, however, is not necessarily 
indicated by the number of conodont zones as suggested by 
Sandberg & Ziegler (1996) and Ziegler & Sandberg (1997). 
House (1995), for example, has provided good evidence for 
!arge differences in zone durations in the Middle Devonian. 
Anyway, the author does not favour the recognition of the 
Strunian as an international substage. This should not dis
courage others from establishing more precise definitions of it 
as a regional stage in order to irnprove correlations with other 
terminal Devonian shallow-water regions. 

Historical subdivision of the German Famennian 

In the last century, Kayser ( 1873) first provided detailed 
evidence that ( cheiloceratid) faunas from the famous 
"Nehden-Schiefer" differ from those ofthe goniatite shales of 
Budesheim in the Eifel Mountains. Consequently, he estab
Jished a subdivision of the upper part of the Upper Devonian 
(now Famennian) with the Nehden fauna followed by faunas 
with clymenids. Frech (1887) recognized the Nehden faunal 
level as the middle part of the Upper Devonian ("Stufe des 
Goniatites curvispina", "mittleres Oberdevon") below his 
"Clymenien-Stufe". Later, Denckmann & Lotz ( 1900) and Frech 
( 1902) separated two successive clymenid levels, a lower level 
with platyclymenids, and an upper Jevel with Cl. laevigata 
and gonioclymenids. At the turn of the century, therefore, a 
threefold subdivision ofFamennian strata, as currently envis
aged by SDS, was already proposed for pelagic successions. 
Laterit became clear (review in Becker, 1993) that two distinc
tive faunal overturns, the extinction of cheiloceratid and of 
platyclymenid faunas separate the three levels at a global scale 
giving two "natural boundaries" which are here proposed for 
future substage definition. 

Already Denckmann ( 1901) introduced a further refinement 
of the ammonoid stratigraphy and distinguished faunas with 
cheiloceratids, Goniatites [now Prolobites] delphinus, Cl. [now 
Platyclymenia) annulata, the Dasberg Limestone with Cl. 
laevigata, and the Wocklum Limestone with Cl. [now Kallo
clymenia} subarmata. Frech (1902) included Pseudoclyme
nia faunas in his lower part of clymenid Iimestones with platy
clymenids and prolobitids. This formed the background when 
Wedekind (1908, 1913, 1914) both erected the principle Upper 
Devonian ammonoid zonation and an ammonoid "Stufen"(= 
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stage) succession (Upper Devonian I-VI) which was correlat
ed with lithostratigraphic units . Stufen 11 (Cheilocerasstufe) 
and III (Prolobitesstufe) were part ofthe Enkeberg Limestone, 
Stufe IV was represented by the Annu/ata Limestone, Stufe V 
(Gonioclymenienstufe) equaled the Dasberg Limestone, and 
Stufe VI corresponded to the Wocklum Limestone. The basi
nal "Fossley" facies was not yet recognized as a lateral 
deeper-water equivalent ofthe fossiliferous cephalopod lime
stones. Tue original tripartite Famennian gave way to five bio
stratigraphic units. Based on faunal similarities, however, 
Schmidt ( 1924) not only combined Stufen m and IV in a single 
Platyclymenia-Stufe, he also merged Stufen V and VI, 
re-establishing a threefold upper part of the Upper Devonian. 

Schmidt ( 1924) also correlated bis ammonoid zones and 
stufen with partly new lithostratigraphical units: the Cheilo
ceras Stufe with the Nehden Beds ("Schichten"), the Platy
clymenia Stufe with bis Hemberg Beds, and the Gonioclyme
nia Stufe with the Dasberg Beds (including the WocklumBeds). 
Tue base ofthe Dasberg Beds was drawn above a black shale 
marker unit representing a regional and global hypoxic event 
(Becker, 1992), the "Annulata-Schiefer". Withoutprecise def
inition and selection of type sections for these formations 
(see Ziegler & Sandberg, 1997), the Prussian Geological Sur
vey turned these lithostratigraphical units into five regional 
chronostratigraphical stages: Adorf-, Nehden-, Hemberg-, 
Dasberg- and Wocklum-Stufe (Matern, 1929, 1931 ). These were 
thought to equal Wedekind's ammonoid Stufen I to VI and 
were used widely in German post-war literature. However, in 
the meantime ( e.g., House & Ziegler, 1977; Becker, 1992) it has 
become clear that lithological boundaries mostly do not coin
cide with stufen boundaries and it remains open whether a 
revision of the regional chronostratigraphical stages (Stufen) 
should follow the ammonoid biostratigraphy ( ammonoid StUfen 
I to VI) or the lithostratigraphical units bearing identical names 
as the stages. For example, the Annulata-Schiefer is now 
known to lie at the base of Stufe IV (Korn & Luppold, 1987), 
not at the top ofthe Platyclymenia Stufe (Paproth, 1986: Tab. 
4 ), which assigns a !arge part of the Dasberg Beds to the Hem
bergian (Becker, 1992, 1993a) ifthe common equation ofthe 
Hemberg- andP/atyclymenia-Stufe (Stufen III-IV) is followed. 

Proposed substage boundary names and levels 

Conflicts between German lithostratigraphical, biostrati
graphical and chronostratigraphical terrninologies currently do 
not support their use as names for international Famennian 
substages. Revision by the German SDS, however, is under
way. 

Despite the potential of rnisunderstanding reading old and 
future Belgian geological literature, it is proposed to recognize 
Lower, Middle and Upper Famennian as future substage names. 
Tue Strunian should be kept as a defined regional term for the 
uppermostpart ofthe Famennian in the Ardennes. Future sub
stage definitions should distinguish periods of roughly equal 
duration and should be based on sequences with rieb pelagic 
faunas that allow easy long distance correlation. Stratotype 
decisions, however, should await correlation with shallow-water 
successions. 

lt is proposed to follow the classical three-fold division of 
the upper part of the Upper Devonian of the German pelagic 
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(ammonoid) sequence whose subdivision has been succes
fully applied on a world-wide scale. Substage definitions, of 
course, should concentrate on the most useful fossil groups 
such as conodonts, ammonoids, rniospores and ostracods. 

The significance of major eustatic changes for potential 
subdivision (Ziegler & Sandberg, 1997) is acknowledged but 
problerns arising from associated facies changes and faunal 
discontinuities have to be considered. Tue same applies to 
short-termed hypoxic incursions such as the Annulata Event 
which, anyway, is not in an appropiate stratigraphic position. 

The boundary between Lower and Middle Famennian sub
stages should approximate to the classical boundary between 
the Upper Devonian II and III. Becker ( 1993b) discussed the 
originally vague definition of Stufe III and showed that only 
Lange (1929) defined a precise base in the Enkeberg section. 
His placing is not in conflict with the later understanding of 
other authors and, therefore, should be accepted. Both in the 
Rhenish Massif (Becker, 1993b) andin the Canning Basin 
(Becker & House, 1997), Pemoceras and Protomoceras spread 
slightly below the entry of Scaphignathus ve/ifer In conodont 
terrns, the base of the old velifer Zone (now Uppermost or 
Latest marginifera Zone) seems an acceptable level. Tue base 
ofthe (Lower = Early) marginifera Zone, as proposed by Zie
gler & Sandberg ( 1997), lies much too low in the succession 
and falls in Germany, Morocco and Western Australia in the 
top part ofthe classical Upper Devonian lla (Becker, 1993b; 
Becker & House, 1997). Tue main phase of an international 
eustatic rise, marked by the spread of early sporadoceratids 
(base ofthe classical 119), does not coincide with the base of 
the marginifera Zone but correlates with a level within the 
lower zone part. 

Tue boundary between Middle and Upper Famennian sub
stages should approximate to the faunal overturn and extinc
tions between the Upper Devonian IV and V. Unfortunately, 
the ammonoid zonation of this boundary interval still needs 
further revision (Becker, 1993a) and the extinction of platycly
menid faunas is still insufficiently documented. In Southern 
Morocco, there is a clear faunal break between the fossilifer
ous Sporadoceras orbiculare Marker Bed (with last Platycly
menia) and subsequent limestones with mass occurences of 
Cl. laevigata, Cymaclymenia striata, "irnitoceratids" and ko
smoclymenids. In Germany, faunas from the Franconic/yme
nia serpentina Zone need further investigation. In conodont 
terrns, the faunal overturn took place within the Lower (Early) 
expansa Zone (Upper styriacus Zone; Korn & Luppold, 1987). 
Therefore, the base of the expansa Zone, as proposed by 
Ziegler & Sandberg ( 1997), may represent an acceptable level. 
However, it is suggested that the conodont succession is fur
ther revised in order to find .and test more detailed conodont 
sequences and to search for possible alternatives that can be 
widely correlated and which fit closely the entry of typical 
Stufe V ammonoids such as C/. laevigata, early goniocly
menids and kosmoclymenids. 

Potential stratotype regions and sections 

Despite the overall regressive trend of long parts of the 
stage, fossiliferous Famennian pelagic sequences have been 
described from many regions: Rhenish Massif, Harz Moun
tains, Thuringia, Saxony, Holy Cross Mountains, South De-
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von, Camic Alps, Montagne Noire, Pyrenees, Cantabrian 
Mountains, Southem Morocco, Algeria, Mugodzhar Moun
tains, Urals, Novaya Zemlya, Kazakhstan, South China 
(Guizhou), Northem China (Great K.hingan), and Western Aus
tralia. All these regions have potential type sections. Howev
er, some regions ( e.g., Pyrenees, Urals, Novaya Zemlya, Taimyr, 
Great K.hingan) are still poorly studied and others (Algeria, 
Novaya Zemlya) are currently rather inaccessible. Regions 
such as the Holy Cross Mountains and SW England do not 
have good permanent outcrops. This diminishes the number 
ofpotential areas . 

Fossiliferous prime candidatesfor the definition ofthe 
base ofthe Middle Famennian, at a Level proposed here, 
are currently as follows (the /ist may be incomplete): 

Rhenish Massif: Beringhausener Tunnel section (Clausen 
etal., 1991;Becker, 1993b),Burgberg(Stritzke, 1989), possibly 
more basinal section such as the Nie Brickwork Quarry (e.g., 
Becker & Schreiber, 1994). 

Southern Morocco: Bou Tchrafine, Harnar Laghdad (Beck
er, 1993b),RichBouKourazia(Becker, 1995). 

Western Australia: Casey Falls (Becker & House, 1997), 
"Straight Gully". 

An Upper Famennian base (as proposed here) could 
perhaps be defined at the following places: 

Rhenish Massif: Effenberg Quarry (Korn & Luppold, 1987), 
Kattensiepen Quarry (Korn & Luppold, 1987); more basinal 
sections such Reitenberg (Becker, 1992) and Oese (Paproth & 
Streel, 1982). Problems arise from the fact that quarries are still 
in work and sections rnight not be preserved. 

Thuringia: rather basinal sections such as the Bohlen 
(Schindewolf, 1952) and Kahlleite-East Quarry (Bartzsch et al. , 
1995). 

Cantabrian Mountains: Horcada del Oro (Montesinos & 
Arbizu, 1987). 

Carnic Alps and Montagne Noire: potential not yet fully 
exploited. 

Southern Morocco: Bou Tchrafine, Harnar Laghdad, 
Ouidane Chebbi, Jebel Erfoud, Mrakeb (Becker, 1993b, 1995, 
unpublished data). 

Mugodzhar Mountains (Kazakhstan): Kia River Section 
(Simakovetal., 1983). 
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PROPOSALS FOR AN INTERNATIONAL SUBSTAGE SUBDIVISION OF THE 
FRASNIAN 

R. Thomas Becker (Berlin) & M.R. House (Southampton) 

Introduction 

Due to the global sealevel maximum ofthe Frasnian (House, 
1983; Johnson et al., 1985), outer shelf sediments with pelagic 
faunal elements have a wider distribution than in any other 
part of the Devonian system. This, and the associated decline 
of endernism, should make the Frasnian the best Devonian 
stage for precise interbasinal correlation and should provide 
good opportunities for international stage subdivisions. How
ever, as a consequence of the new definition of the Middle/ 
Upper Devonian boundary by SOS (Klapper et al., 1987), clas
sical subdivisions into lower, rniddle and upper parts cannot 
be transferred easily. This applies both to the Belgian type 
area and to other areas oflong research such as Germany and 
eastern North America. In the current literature, terrns such as 
Lower and Upper Frasnian are used without any precision, are 
subjective, and usages differ widely. We, therefore, will review 
briefly common past usages, identify suitable faunal and se
quential levels, recommend potential stratotype regions, and 
propose levels that should be considered for a three-fold stage 
subdivision. Ultimately, we hope that a rigid substage defini
tion will aid future identifications of evolutionary, tectonic, 
paleobiogeographic and paleoceanographic trends within the 
Frasnian on a world-wide scale. This will require serious im
provements of pelagic-neritic and marine-nonmarine correla
tions . 

Classical Frasnian Subdivisions 

Belgium 

In the Belgian type area, the base of the Frasnian histori
cally has been placed in different positions, but the majority of 
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authors (House, 1982) used the base ofthe Assisse de From
melennes rather than the Assisse de Frasnes. The Fl to F3 
divisions, widely applied until recent time, go back to this un
derstanding and gave a classical tripartition. By redefinition of 
the Middle/Upper Devonian series boundary, the base ofthe 
Frasnian now lies close to the base ofthe F2a or ofthe Nismes 
Formation ( e.g., Bultynck et al. , 1987), and F 1 is relegated to 
the Givetian. There is no current agreement about the range of 
a Lower Frasnian or a Middle Frasnian. Tsien ( 1989), for exam
ple, even gave up a Frasnian tripartition and employed only 
Early and Late Frasnian divisions with a boundary at the base 
ofthe poorly-defined Ancyrognathus triangularis Zone. The 
F3 or Matagne Shales and equivalents have always been as
signed to the "Frasnien superieur' but the lower boundary of 
the formation is not isochronous in different regions ( e.g., 
Reisen & Bultynck, 1992; Bultynck et al., 1988). Therefore, 
there is no precise agreement on the definition of the F3 or of 
an Upper Frasnian. Gatley (1983) provided evidence that Ar
choceras, the indicator ofUD II-K (Becker et al., 1993), enters 
near the base ofthe Matagne Formation. This is in accordance 
with oldest conodont faunas suggesting a Lower Kellwasser 
age for the initial Matagne transgression. In surnmary, the Fras
nian of the type area does not give clear evidence for interna
tional definition and the terrns Lower, Middle and Upper Fras
nian seem not to be endued with common historical under
standing. 

Germany 

Kayser (1873) regarded the unusually multilobed Gonia
tites [ now Synpharciceras] clavilobus as a faunal element of 
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the upper Middle Devonian, and the overlying lower part of 
the Upper Devonian was named as "Intumescensstufe", fol

lowing the widespread occurrence of Goniatites [ now Man
ticoceras J intumescens. Frech ( 1887, 1988) recognized the 
significance of a level with multilobate "Devonian prolecanit
ids" (now pharciceratids) in the German pelagic sequences 
and placed it at the base of the Upper Devonian. This was 
subsequently confirmed by Denckmann ( 1900, 1901, 1903) who 
mostly studied more basinal, shaly successions in the north
em Rhenish Massif. W edekind' s ( 1913) classic goniatite zona
tion ofthe lower Upper Devonian (Manticocerasstufe or Ober
devonstufe 1) included three zones above the Pharciceras

zone (Ia), characterized by Gephyroceras [now Costamanti
coceras] nodulosum (IB), Manticoceras cordatum and 

Mant. carinatum (ly), and by Crickites holzapfeli and 
Mant. [now ?Sphaeromanticoceras] crassum (15, including 
and ending with the Upper Kellwasser Limestone ). Just below 
Crick. holzapfeli, and in the Lower Kellwasser Limestone of 
some localities (Martenberg, Beul), a fauna with Mant. ador
fense was found which (Wedekind, 1913: p. 31) was loosely 
attached to 18 or said (p. 55) to have been found "above Iy". 
Apart from pharciceratids and pseudoprobeloceratids (follow
ing redefinition ofthe Frasnian base now typical late Givetian 
groups), Wedekind regarded the following species as charac

teristic representatives ofla (taxonomy updated): Sandberg
eroceras costatum, Koenenites lamellosus, Koen. sublamel
losus, Hoeninghausia hoeninghausi (Archiac & 
d'Verneuil) [ = Hoen. archiaci Gurich, non Koen hoeninghausi 
(v. Buch)], Pont. aequabile, Acanthoclymenia forcipifera, 
Acantho. planorbe, ?Gen. nov. triphyllus, Timanites key
serlingi (= acutus Keyserling non Munster). Most of these 
species have since been recorded from or are likely to have 

come from the lower part of Frasnian strata. Only Acantho. 
forcipifera was recorded very rarely from the higher, main part 
of the Frasnian. Wedekind (1918) added Pont kayseri and 

Epitornoceras mithracoides from Ia. Without explanation, 
Mant. adorfense was assigned to zone ly. 

Matern ( 1929, 1931) tried to revise Wedekind's zonation 
and did not accept the distinction between III and Iy, creating 
a combined to l(B)y. He also added records of Manticocer
as [now Archoceras] bickense frorn the Lower Kellwasser 
Limestone but due to the lack of Crickites, the latter was re
garded as the top part of l(B)y. His chronostratigraphic 
Adorf-Stufe, an abstraction from the lithostratigraphic term 
AdorfLimestone in conjunction with the biostratigratigraphi
cally defined Manticoceras-Stufe, had a clear tripartition which 
became widely accepted in subsequent German literature. Ra
bien ( 1954 ), for example, used -it in his classic ostracod mono
graph. Tue Middle Adorf-Stufe was correlated with the base 
of the cicatricosa Zone whilst, following Matern ( 1931 ), the 
base of the Upper Adorf-Stufe was drawn above the Lower 
Kellwasser level (cicatricosa/materni Interregnum; see also 
Schindler, 1990). Tue German Adorf-Stufendivision and am
monoid zonation was also succesfully transferred to other 
widely separate regions such as North America (House, 1960), 
SW England (House, 1963 ), and, partly, to former Soviet Union 
(Bogoslovskiy, 1969) and South China (Ruan, 1978). This sys
tem forms the oldest precise Frasnian threefold division with 
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international application and should be seriously considered 
for formal substage definition. 

In more recent years, House & Ziegler ( 1977) have 
re-established Wedekind's (1913) separation ofIII and ly. A 
much refined ammonoid zonation (Becker et al., 1993; House 
& Kirchgasser, 1993) with twelve international zones has re
placed Wedekind' s succession. lt has been shown that nearly 
all the lower half of the Frasnian is very poorly represented by 
goniatite faunas in Germany; proper ammonoid sections are lack
ing now completely. Also, and rather unfortunately, the definition of 
the base of the Upper Devonian by SDS has pushed most of the 
classical Ia (Pharciceras Stufe of House, 1985) into the Givetian 
leaving no clear understanding on the use ofa Lower Manticoceras
or Lower Adorf-Stufe. Becker ( 1986), therefore, proposed to in
clude all those faunal levels left in the Frasnian which are character
ized by fonner typical Ia goniatites ( especially members of the 
Koenenitidae) in a "Lower. Frasnian". The Upper Frasnian was used 
by Becker (1993) in the sense ofWedekind's (1913) vague under
standing of 18, which is the interval from the base of the Lower 
Keilwasser Limestone (base ofUD I-K, characterized by the spread 
of Archoceras and with Mant. adorfense) to the top ofthe Upper 
Keilwasser Limestone (UD 1-L with crickitids). lt should be noted 
that this closely correlates with the maximum extent of the Belgian 
F3 interval and with the extented Keilwasser Crisis of Schindler 
(1990). 

North America 

The well-studied Frasnian of eastern North America was divided 
in the last century more into facies realms .(Naples, Portage and 
Chemung) rather than into clear successive bio- and lithostratigraph
ical units. This prob lern was addressed by the famous paper of Chad
wick (1935), and subsequently, a detailed picture of clastic wedges 
with intercalated transgressive, black shale tongues emerged (Rick
ard, 1975) which was recently summarized by House & Kirchgasser 
( 1993). Traditionally, and until 1942 without disagreement (House, 
1982), the base ofthe Upper Devonian was placed in North America 
at the base of the Tully Limestone which correlates weil with the 
base of the Belgian Assisse de Frommelennes. With the new SDS 
definition, the series boundary now lies within the Genesee Group, 
near the base of the Penn Yan Shale and just above the Lodi Lime
stone. Currently, the New York Frasnian comprises three divisions: 
the remaining upper half of the Genesee Group, the Sonyea Group 
(Middlesex and Cashaqua Shales), and the West Falls Group whose 
top seems to correlate precisely with the Frasnian 

Famennian boundary (Over & Reynolds, 1997). The group 
boundaries might be considered as potential substage levels. Howev
er, the base ofthe Rhinestreet Shale, marking a eustatic deepening at 
the base of the West River Group, lies roughly (according to con
odont and ammonoid zones) in the middle part of the Frasnian and 
would create a rather extended upper division that includes much of 
the vaguely defined middle stage parts of most other regions. The 
North American tripartition, at least the highest group boundary, is 
difficult to recommend for, international substage definition. 

Proposal for the definition of the Middle Frasnian 
Classical pelagic to hemipelagic sequences ofboth Germany and 

New York offer a possible level for a base ofthe Middle Frasnian 
which agrees with classical ammonoid biostratigraphy, lithostratigra
phy and a global eustatic pulse that should allow easy international 
recognition and correlation: the base of Zone 5 (Klapper, 1989) or of 
the punctata Zone. 

Characteristic la goniatites such as most Koenenitidae (Koenen
ites, Hoeninghausia, Timanites) disappear in North America 
(House & Kirchgasser, 1993), the Timan (House et al., in prep. ) and 
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in NW Australia (Becker et al. , 1993) near the end ofZone 4 (tran
sitans Zone) and this global smallscale exctinction (initial phase of 
the Middlesex Event; "Domanik Crisis" of Kuz'min et al. , 1997) 
provides us with an excellent marker that follows the tradition of 
Wedekind (1913, 191 8). Only Sandbergeroceras ranges into much 
younger beds (House & Kirchgasser, 1993; Becker et al. , l 997a) but 
it is likely that only the pharciceratoid sutures and shell form ofthe 
genus led to its former inclusion in la lists. No Sandbergeroceras has 
yet been recorded together with typical Koenenitidae. More data are 
needed to document the ammonoid faunal changes associated with 
the koenenitid extinction around the transition from UD 1-C to 1-D. 

In eastern North America, the Middlesex Shale marks the base of 
the Sonyea Group and this transgressive pulse has been used 
to define T-R-Cycle Ilc of Johnson et al. ( 1985). There is still 
uncertainty about the age of the basal Middlesex Shale in 
conodontterms butmore detailed work is underway. (J. Over, 
oral cornm.). In the Timan, the same level seems tobe repre
sented by the Domanik deepening (Kuz'min et al., 1997; House 
et al. , in prep.) andin NW Australia there is a sirnilar spread of 
hypoxia (Becker et al., 1993; Becker & House, 1997) with rich 
haematized faunas. The eustatic pulse has been noted in Can
ada (Johnson et al., 1985), western North America (Johnson & 
Sandberg, 1989), Morocco (Becker et al., 1997a), Pomerania 
(Matyja, 1993), andin South China (e.g., Ji et al., 1992; Shen, 
1995). In the Belgian type area, the development of the Arche 
Reefs is associated with the same global sealevel rise. In the 
boreal Amazon Basin of South America, black shales which 
transgressed over a paraconforrnity have been roughly corre
lated with the beginning of depophase Ilc (Loboziak et al. , 
1996). Ifthe base ofthe punctata Zone is accepted for subdi
vision, it will be important to sort out sedimentary effects such 
as condensations and gaps which are cornmonly formed dur
ing rapid sealevel rise. 

Proposals for the definition of the Upper Frasnian 

Depending on -whether preference is given to the classical 
German subdivision or to a more equal stage subdivision, two 
alternative levels are available and perhaps both should be 
studied in more detail before a choice is made. Classical Ger
man biostratigraphy as outlined above, suggests as a poten
tial base of the Upper Frasnian levels near the Lower Kell
wasser level, and the base of the latter is proposed here. Os
tracod workers have drawn the base ofthe Upper Adorf-Stufe 
only slightly higher (Rabien, 1954). Equivalents ofthe Lower 
Kellwasser Limestone have enormous international distribu
tion (Schindler, 1990, Becker & House, 1994) andin areas lack
ing hypoxic facies ( e.g ., Australia, Timan), the level can per
haps be identified as a transgressive pulse. In the old con
odont terrninology, such a base ofthe Upper Frasnian would 
correspond with the base of the Upper gigas Zone which is 
slightly above the base of the Late rhenana Zone sensu Zie
gler & Sandberg ( 1990). At the Coumiac stratotype (Klapper 
et al. , 1993) and other sections ( e.g., Martenberg), Pa. bogar

tensis (= rotunda) , the defining conodont ofZone 13 ofKlap

per ( 1989), enters above the Lower Kellwasser Limestone. In 
other sections ( e.g., Bine Jebilet, Southern Morocco; Schmidt 
Quarry, Ziegler & Sandberg, 1990), it was found in the upper 
part of the latter. Conodont distributions may have been af
fected by biofacies changes associated with the Lower Kell
wasser Event. This emphasizes the necessity of very precise 

studies and documentation before decisions are made. As 
mentioned above, the Lower Kellwasser Limestone contains 
in places marker goniatites of zone 1-K (Wedekind, 1913; 
Matern, 1931). 

An alternative that differs significantly from the classical 
German subdivision ofthe Adorf-Stufe was proposed by Zie
gler & Sandberg (1997) : the semichatovae Transgression. Its 
advantages lie in the fact that it seems to split off an Upper 
Frasnian part that has a sirnilar duration as the lower two divi
sions as proposed here. Sandberg et al. ( 1992) have docu
mented a transgressive episode leading to the spread of Pa. 
semichatovae in the Belgian type area, where it is linked with 
the drowning ofF2h (Lion) reefs. Johnson & Sandberg ( 1989) 
earlier showed the same sealevel rise and an incursion ofpal
matolepids in shallow-water successions in western North 
America (see also Johnson & Klapper, 1992). 

The relations between the semichatovae Transgression 
and the base ofT-R-Cycle Ild of Johnson et al. ( 1985), unfortu
nately, are complicated. These authors defined Cycle Ild both 
by the base of the West River Group as well as by the base of 
Kellwasser Limestones and by the base of the Matagne Shales. 
Thus the original derfinition was exceedingly ambiguous . The 
base of the Rhinestreet significantly predates the entry level 
of Pa. semichatovae and is dated as top part ofZone 6 (House 
& Kirchgasser, 1993). The Belgiansemichatovae level is weil 
below the base of the Matagne Shale (Sandberg et al. , 1992) 
which mostlybelongs to Zone 13 (Bultynck et al. , 1998). As a 
consequence, the understanding ofT-R-Cycle Hd has differed 
widely between authors (e.g., Becker, 1993: base of Lower 
Kellwasser level; Johnson & Klapper, 1992: base ofZone 9). A 
precise revision of the Ild definition is needed and should 
involve a re-evaluation of faunas from Sweetland Creek ( oral 
comm. G. Klapper). 

Regardless of such revision, the semichatovae Transgres
sion can be recognized internationally. lt seems to correlate 
with the Syrachoi and Lyaiol (Member II), deepening ofthe 
Timan (House et al., in prep.), possibly with a short-termed 
hypoxic pulse ofKellwasser-type beds in S-Morocco (Becker 
et al., l 997a), and with transgressive cephalopod limestones 
yielding UID II-II goniatites ofthe Canning Basin (Becker & 
House, 1997). Wang (1994) documented in South China (Gui
lin area, Guangxi) the incoming of Pa. semichatovae near a 
facies change at the base ofthe Liujiang Formation. Problem
atic is the current correlation of the Belgian ( and international) 
entry of Pa. semichatovae with the Early rhenana Zone ofthe 
so-calledstandardzonation ofZiegler & Sandberg (1990). Fau
nas from Martenberg and the main Lion acces road show that 
the Belgian Pa. semichatovae, dated as Early rhenana Zone 
(Sandberg et al., 1992), are accompanied by typical Zone 11 
conodonts (Klapper & Becker, 1998 in press) whilst the base 
of the Early rhenana Zone at the Martenberg type section 
clearly falls in Zone 12. In other words, the semichatovae level 
projects to a position below the base of the Early rhenana 
Zone in the type section, where it can probably be correlated 
with solid limestones assigned to the jamieae Zone. This is 
supported by the dating of Pa. sernichatovae faunas from the 
TimanasZone 11 (Klapperetal., 1996) and bydata from West
ern Australia (G. Klapper, pers . comm.) . lt is also important to 
note that there is a significant facies break within the basal 
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part ofthe limestone (Bed q; Ziegler, 1971) which yielded Zone Basal Upper Frasnian: JE Lower Keilwasser Boundary 
11 conodonts (jamieae Zone) at Martenberg. Crinoidal lime
stones with sheet cracks indicating a discontinuity surface 
are overlain by micrites with goniatite mass occurences form
ing the main part of the bed. Similar transgression of Zone 11 
( or jamieae Zone) micrites over unconformities are known from 
other condensed German seamount sections (Schrickel, 1988; 
Huneke, 1995). 

In summary, the entry of Pa. semichatovae should be seri
ously considered as a level for the definition of the base of an 
Upper Frasnian substage, but conflicting conodont data, partly 
hidden in different taxonomic concepts, need to be resolved. 
Tue base of the jamieae Zone and of Zone 11 sensu Klapper 
( 1989) should be included in the investigation of the critical 
timespan. Both Pa. semichatovae and Pa. jamieae are cur
rently affected by some taxonomic problems. lt also has tobe 
emphasized that the semichatovae level correlates roughly with 
the base of ammonoid genozone 1-1 (Becker et al., 1993; Beck
er & House, 1997) which would transfer nearly all classical 
(not only German) Iy ammonoids, as well as a large part of 
ostracod and brachiopod faunas of the Middle Adorf-Stufe 
into a new Upper Frasnian. 

Potential Stratotype Regions and Sections 

Since Frasnian pelagic to hemipelagic sequences are so 
widespread, only selected sections will be recommended here 
which appear to have a good conodont, ammonoid or other 
faunal record. This list is, of course, somewhat biased, partly 
by personal experience, and incomplete. lt is only meant to 
suggest areas and sections for further study and does not 
necessarily mean that all localities can eventually be shown to 
be suitable as stratotype sections. Knowledge of large areas 
such as the former Soviet Union, Middle Asia, Central Asia 
and SW Asia, is still so limited, at least on a bed-by-bed basis, 
that no sections are currently included. lt is hoped that formal 
substage subdivision will encourage work in neglected re
gions. Other important Frasnian basins and basin parts such 
as in Spanish Sahara, Algeria, in the Kaukasus, Afghanistan 
and Arctic Russia are currently rather inaccessible. 

Basal Middle Frasnian: punctata Boundary 

Rhenish Massif: Burgberg (Stritzke, 1991 ). 

Montagne Noire: Col de Puech de Ja Suque (House et al., 1985; 
Klapper, 1989), La Serre, trenches A and D (Feist & Klapper, 1985; 
Klapper, 1989). 

Timan: Chut River (House et al., in prep.) 

Southem Morocco: Hassi Nebech (Bensaid et al., 1985), Ouidane 
Chebbi (unpublished). 

South China: Licun Section (Ji et al., 1992) 

Basal Upper Frasnian 1: Semichatovae Transgression 
(base Zone 11) 

Rhenish Massif: Beringhausener Tunnel (Clausen et al., 1991 ), 
Martenberg (House & Ziegler, 1977; Ziegler & Sandberg, 1990). 

Belgium: Lion Access Road (Sandberg et al., 1992). 

South China: Duongcun Section, 

Guangx.i (Wang, 1994). 

NW Australia: Horse Spring (Becker et al. , 1993; Klapper, un
published) 
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Rhenish Massif: Beringhausener Tunnel (Clausen et al., 1991 ), 
Schmidt Quarry (Schindler, 1990), Benner Quarry (Schindler, 1990), 
Silbecke-East (Sehricke), 1988; Klapper, unpublished). Harz Moun
tains: Huhnertal (Schindler, 1990). 

Belgium: Nismes Section (Heisen & Bultynck, 1992), ?others 
described in Bultynck et al. (in press) 

Montagne Noire: Upper Coumiac Quarry (Klapper, 1989; Klap
per et al., 1993; Becker & House, 1994), Causses et Veyran S (Becker 
& House, 1994), La Serre C (Schindler, 1990). 

Moroccan Meseta: Gara d'Mrirt (Lazreq, 1992; Becker et al., 
1997b). 

Nevada: Devils Gate (Ziegler & Sandberg, 1990). 

South China- Longmen and Sihongshan Sections (Wang & Zie
gler, 1985; Wang, 1994), Lali Section (Ji & Ziegler, 1993), probably 
some others. 

NW Australia: Horse Spring (Becker et al., 1993), "Windy Knolls" 
(unpublished). 
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Table 1: Late Givctian to Frasnian correlation of ammonoid and conodont zones with some classical regional ·subdivisions, the timing of 
eustatic pulses, and the position ofproposed su~stage boundary levels. Shaded areas indicate intervals tobe investigated in detail. The 
terminology of "standard" conodont zones of Z1egler & Sandberg ( 1990) is changed from Early and Late into Lower and Upper as in the 
current Givetian conodont scale. The correlation of Frasnian conodont zones follows preliminary data of Klapper & Becker ( 1998), based 
on German type sections, but should not be uncritically transferred to published zonal assignments in other regions. Diachroneity of the 
base ofthe rhenana Zone refers to discrepancies ofits correlation with Montagne Zones in Belgium and at Martenberg (see p. 5). Ilal etc. 
are subdivisions of international depophases of Johnson et al. ( 1985). Arrows to the right indicate transgressions, arrows to the left 
regressions. Small-scale eustatic changes, indicated by short arrows, have been discussed in recent publications such as Becker & House 
(1997) and Becker et al. ( 1993, 1997). F. = Frasne Event, Gen. = Genundewa Event, Tim. = Ti man Event, M. = Middlesex Event, Rh. = 

Rhinestreet Event, sem. = semichatovae Transgression, LKW = Lower Keilwasser Beds, UKW = Upper Keilwasser Beds. 
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Comments on Pragian/Zlichovian and Zlichovian/Dalejan boundaries in the 
Barrandian area, Czech Republic 

TM lvo Chlupac & Pavel Lukes (Praha) 

Extract of the paper presented at the SDS Meeting in Bolo
gna (June 1998) and subrnitted for press in Newsletters on 
Stratiqraphy in August, 1998 

Tue Lower Devonian sequences ofthe Barrandian area of 
central Bohernia are distinguished by marine, mostly carbon
ate development. Tue carbonate facies persist here from the 
Upper Silurian up to the early Middle Devonian (Eifelian). 

Tue dominant carbonate development is also characteris
tic for strata ofthe Zlichovian and Dalejan stages ( or substag
es) which have here their type areas and proposed lower 
boundary stratotypes, as summarized by Chlupac ( 1976, 1982). 
Tue sections were visited by members ofthe Subcornmission 
on Devonian Stratigraphy during field meetings in 1977 and 
1986. These sections, however, should be newly discussed 
and studied according to recent data and principles estab
lished by the International Cornmission on Stratigraphy (Re
mane et al. 1996) and the International Stratigraphie Guide (Sal
vador, ed. 1994). 

Selected examples of sections, which can be considered 
potential international stratotypes of the Zlichovian and Dale
jan lower boundaries are here illustrated and the associated 
problems discussed. 

The lower Zlichovian boundary 

Tue original definition of the lower Zlichovian boundary, 
made in the Conclusion ofthe First Silurian-Devonian Sympo
sium 1958 (Svoboda, ed. 1960:511) in the stratotype section 
below Praha-Barrandov, corresponds to the base of the Ka
plicka (Chapel) "Coral Horizon" (now Kaplicka Member) which 
reflects the first effects of the Basal Zlichovian Event as de
fined by Chlupac &Kukal (1986, 1988). This level also corre
sponds to a marked influx ofnew forrns particularly in benthic 
faunas (brachiopods, trilobites, ostracods, etc.), some ofwhich 
can be used for interregional correlations with other facies 
realms, including the Rhenish Lower Emsian. 

Tue wider than merely regional significance of the Basal 
Zlichovian Event was confirmed by confrontation with the 
sea-level curve elaborated especially by Johnson et al. ( 1985), 
and by studies of different authors, e.g. Talent and Yolkin ( 1987 
- Australia and Siberia), Garcia-Alcalde et al. ( 1990), Garcia
Alcalde (1997, 1998 - Spain, NWFrance, NW Africa), Yolkinet 
al. ( 1997 - Siberia), Bai etal. (1994 - South China). Apparently, 
the impacts ofthe Basal Zlichovian Event were underestimat
ed in time of its definition (Chlupac & Kukal 1986) and its 
influence on wide-range rnigrations and evolution, marked e.g. 
in trilobites ( Chlupac 1994 ), brachiopods (Havlicek 1994 ), final 
extinction of graptolites (Jaeger 1983) and somewhat later ap
pearance of goniatites (Chlupac 1976, House 1985, 1989, Beck
er & House 1994) illustrate the probable effects and conse
quences of this event. Tue original Zlichovian base lies sub
stantially higher than the base of the Polygnathus dehiscens 
conodont Zone, which was accepted by SDS in 1989 as the 
lower Emsian boundary marker, and the same concerns the 
recently establishedP. kitabicus Zone (Yolkin etal. 1994). Both 

23 

levels are projected within the original and traditional volume 
of the Pragian Stage, and even change the original concept of 
the Emsian Stage (camp., e.g., Carls & Valenzuela-Rios 1993, 
1997, stratigraphic tables edited by Weddige 1996, 1998). Con
sequently, the bases of dehiscens or kitabicus Zones cannot 
be identified with the Zlichovian base, which lies higher than 
the newly officially redefined base of the Emsian (Y olkin et al. 
1997). 

In the tentaculite biostratigraphy, the original Zlichovian 
base lies in the Barrandian sections usually several metres 
above the first occurrence ofthe zonal index Guerichina stran
gu/ata Bouc. et Ptl, but within the range of this species, as 
evidenced in the sections at Stydle vody, Praha-Klukovice etc. 
Also forms belonging to the lineage ofthe globally distributed 
Nowakia (T .. ) acuaria overlap the lower Zlichovian boundary 
( camp. the section Praha-Klukovice in Chlupac et al. 1986, newly 
studied sections at Srbsko, see also Alberti 1982, 1997). lt seems 
that especially the subspecies N. (T) acuaria posterior Al
berti may appear as stratigraphically useful. Tue type subspe
cies N. acuaria acuaria (Richt.), however, should be retained 
as the index species of the Pragian Stage where it enables 
world-wide and easy correlations. 

Tue onset of Guerichina strangulata, though usually not 
far from the Zlichovian base, seems to be less advantageous 
indicator in biostratigraphy, as G. strangulata is hardly distin
guishable from G. infundibulum, which starts its occurrence 
rather deep within the Pragian. Tue same concerns the genus 
Peneauia and its type species P. biannulata (Peneau) which 
was newly found in the Barrandian also deep in the Pragian, 
even below the Reporyje Limestone at Stydle vody. Among 
tentaculites, the closest level to the original Zlichovian base 
seems to be the onset of Viriatellina exigua Mu. Tue range 
and correlative value ofthis species, however, should be fur
ther studied. 

Tue onset of Nowakia zlichovensis Bouc. cannot be used 
in drawing the lower Zlichovian boundary, as the first occur
rence of this species falls at considerably higher level, and 
usually above the most marked effects ofthe Basal Zlichovian 
Event and the corresponding change in benthic faunas. Tue 
same concerns the onset of Po/ygnathus gronbergi Mapper 
et Johnson. 

As for the stratotype of the lower Zlichovian boundary, 
the original stratotype section below Praha-Barrandov (road
cu t at the Chapel quarry), approved by the First 
Silurian-Devonian Symposium in 1958 (Svoboda, ed. 1960), 
should be further studied by modern methods. Tue same should 
be applied to the sections Zbuzanska rnramorka and Stydle 
vody which show advantage in persisting pelagic facies 
throughout the broader Pragian-Zlichovian boundary inter
val. once these studies are completed a qualified potential re
definition of the Zlichovian base might be realized. 

This procedure will be in agreement with recent cornments 
by Carls & Valenzuela-Rios (1997), Jansen & Schindler 
( 1997),Walliser ( 1997) and Chlupac ( 1995, 1997). 



11 

Newsletter No. 15 (December 1998) - Subcommission on Devonian Stratigraphy 

The lower Dalejan boundary blages are promising for correl~tion with non-marine sequenc-

The original lower Dalejan boundary was proposed at the 
limit between the tentaculite Zones Nowakia elegans and N. 
cancellata (Chlupac 1976, 1982). This level has not been 
changed since its introduction and even presently it seems to 
be the best level for the following reasons: 

1. The junction between the Nowakia elegans and N. can
cellata Zones is readily distinguishable in the tentaculite zo
nation and the index fossils show a worldwide distribution, 
being evidently members of the same lineage ( cf., Lukes 1977, 
last version in Alberti 1997). Both index fossils are less depen
dent on facies and appear in diverse limestone and shale types 
ofrocks. 

2. The level seems to be close to the lower Polygnathus 
laticostatus -P. inversus conodont Zone boundary ( comp. col
umns in Weddige, ed. 1996, 1998), which, however, needs tobe 
more precisely established in individual sections. 

3. The eleganslcancellata boundary is very close to ( or 
even identical) with the lower limit ofthe Gyroceratites graci
/is Range Zone, which has a wide correlative value in the goni
atite biostratigraphy, and was in the past frequently used even 
as the internationally applied Lower/Middle Devonian bound
ary (Prague Symposium 1958, Bonn-Bruxelles Symposium 
1960), before the correlation reform was made by Carls et al. 
(1972). 

4. The advantages in the goniatite biostratigraphy are ac
centuated by facts that the acme-development of the typical 
Anetoceras fauna remains below this boundary (though some 
elements persist higher, e.g. Teicherticeras), and the onset of 
anarcestids falls above the boundary, being an important fea
ture in the goniatite evolution (House 1985, Chlupac & Turek 
1983, Becker &House 1994, etc.). 

5. The boundary falls within the culmination of the widely 
recognizable and transgressive Daleje Event. This may be use
ful for interregional approximate lithostratigraphic correlations 
and geological mapping, though this event cannot be desig
nated as abrupt and having a marked impact on pelagic faunas. 

Disadvantages of this boundary level seem to be lesser 
than in other levels. For instance, transitional forrns between 
Nowakia elegans and N. cancellata exist, and the same is true 
of Gyroceratites laevis and G. gracilis, in both cases indicat
ing an uninterrupted evolution. This may cause difficulties in 
deterrnination ofless favorably preserved specimens. Howev
er, the same may be regarded as advantage, demonstrating 
absence of significant breaks in sedimentation and continu
ous evolution. 

The original lower boundary stratotype of the Daleje Stage 
has not been defined during the establishment of this stage 
(Chlupac 1976), though ·later the Prokop Valley at 
Praha-Hlubocepy was proposed as the type area (Chlupac 
1982). In the Barrandian sections, the effects of the Daleje 
Event, marked by gradual onset of calcareous shale sedimen
tation in most sections, caused gradual changes in facies. 
Among the sections with the Daleje Shale, the section at Cisar
ska rokle near Srbsko seems to be one of the best stratotype 
candidates, as tentaculites are continuously frequent, index 
conodonts and goniatites are present, and rieb spore assem-
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es. 

Tue Pekarkuv rnlyn section offers additional information 
on goniatites and other faunas and rnight be regarded as the 
potential auxiliary stratotype (parastratotype ). 

Tue sections in the Koneprusy area, where the elegans/ 
cancellata interval is developed in the biornicritic or bioclastic 
facies with the Daleje Shale rnissing, seem to be less useful, 
since above the Pragian reef complex of the Koneprusy Lime
stone a marked break in sedimentation exists just below the 
broader boundary interval (the most part ofthe Zlichovian is 
rnissing), though the Dalejan sequence is otherwise ideal par
ticularly from the viewpoint of the conodont biostratigraphy 
( see Klapper et al. 1978, Chlupac et al. 1979 etc.). 

As is the case with the lower Zlichovian boundary, the 
Zlichovian-Dalejan boundary interval needs further studies 
and the Barrandian sections, all protected by law and situated 
in the vicinity of Prague, are readily accessible for internation
al tearns ofworkers. 

Comments on the names Zlichovian and Dalejan 

The names Zlichovian ( 19 5 8) and Dalejan ( 197 6) were orig
inally formally defined as stages in the Bohernian (Hercynian) 
facies development ofthe Devonian. Consequently, they be
came a status of regional stages. However, the international 
usage of Zlichovian and Dalejan substantially grew and at 
present these names are obviously applied in different conti
nents either as subdivisions ofthe Emsian, or as separate stag
es. 

Tue volume of these units has remained stable since their 
establishment and practicability of them has been proved by 
the common stratigraphic usage in different areas ofthe world. 

In case ofthe subdivision ofthe inadequately !arge Emsian 
into two separate formal units, the names Zlichovian and Dale
jan are available. Tue establishment ofLower Emsian and Up
per Emsian as formal subdivisions ofthe Emsian, would be in 
contrast with, recommendations ofthe International Stratigraph
ie Guide, where is stated , that" when a unit is divided into two 
or more formal component units, the geographic name of the 
original unit should not be employed for any of the subdivi
sions" (Int. Strat. Guide, 2nd. ed., Chapter 3, page 21, colurnn 
vi). 

Tue same principle should be applied for the 5 proposed 
subdivisions ofthe Famennian, where the names Nehden Sub
stage etc. are fully corresponding the nomenclature recom
mendations. 
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(Chlupac et al. 1986, supplemented: tentaculites 
after Lukes - orig., conodonts after Weddige 1986 
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Praha-Barrandov (supplemented, Chlupac et al. 1986, conodonts 
after Schonlaub 1980 and Weddige 1986). 
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Fig. 3. The broader Pragian-Zlichovian boundary 
interval exposed in the Stydle vody quarry 
(Chlupac et al. 1986, conodonts after Schonlaub 
1986). 
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Now. (N.) cancallata Fig. 5. The Zlichovian-Dalejan boundary interval in the old quarry 
near Pekarkuvv mlyn near Trebotov (Chlupac et al. 1986, 
supplemented). 
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TM Rex E. Crick & Brooks B. Ellwood (Texas) 

While we did not prepare a specific proposal to be considered, we urge the membership to 
adopt MagnetoSusceptibility Event and Cyclostratigraphy (MSEC) as a standard non-bios
tratigraphic method for the definition of stage and sub-stage boundaries. In consideration of 
our request, we urge members to reread the ICS revised guidelines for the establishment of 
global chronostratigraphic standards (Remane et al., 1996). In the revision the statement was 
made that Magnetostratigraphy, sequence stratigraphy, cyc/ostratigraphy, analysis of sta
ble isotopes should be given due weight in the selection of a GSSP. ff a choice has to be 
made between candidates having more or less the same biostratigraphic qualities, the one 
offering the better applications of non-biostratigraphic methods should be preferred. The 
progressive nature of the SOS and the fact that we (SOS) are embarking on the unprecedent
ed path of formally establishing substage boundaries offers the SOS the opportunity of 
establishing substage GSSPs on the basis ofboth biostratigraphy and the magnetostratigra
phy method established as MSEC. W e respectfully request that the selection of GSSP 
candidate sections be chosen with the same care in developing MSEC profiles as they are in 
developing biostratigraphic zonation. W e have shown numerous times that, in almost all 
cases, MSEC chronocorrelation offers an increase in resolution over coeval biozones and 
has the important added advantage of allowing high-resolution chronocorrelation between 
pelagic and neritic/hernipelaic sequences. lt is highly unlikely that MSEC chronocorrelation 
or any other known form ofnon-biostratigraphic method will replace biostratigraphy as the 
prernier correlation tool, this is particularly true for MSEC because of its reliance/dependence 
on biostratigraphy. However, in most instances, MSEC can add a degree ofresolution to 
chronostratigraphy that is typically not available with biostratigraphic methods. We consid
er this tobe a "win-win" situation for SDS and one that can be easily sampled for and applied. 
Examples of the application of MSEC appear under our authorship in the Reports from the 
Membership section. 

Remane, J. , Bassett, M.G., Cowie, J.W., Gohrbandt, K.H., Lane, H.R., Michelsen, 0. , and Naiwen, W., 1996, 
Revised guidelines for the establishment of global chronostratigraphic standards by the lntemation 
Commission on Stratigraphy (!CS): Episodes, v. 19, p. 77-81. 
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LOWER EMSIAN/UPPER EMSIAN IN THE CANTABRIANMOUNTAINS 

(N SPAIN): STATE OF THE ART 
J.L. Garcfa-Alcalde, M. Truyols-Massoni, F.M. Soto, S. Garcia-Lopez & J.R. Montesinos. 

According to Garcia-Alcalde ( 1997), the best stratigraphi- sections could be a relatively important dark shale intercala-
cal interval to select a GSSP for the Lower/Upper Ernsian bound- tion in the lower half ofthe La Pedrosa Fm. (Fig. 2) . As outlined 
ary would be the one in between the UZE (Upper Zlichovian by Garcia-Alcalde ( 1997), the UZE would coincide very closely 
Event) and DCE (Daleje-Cancellata Event) litho-events. Both with the Lower Emsian/Upper 
global events can be rather well recognized and correlated in 
the Cantabrian Mountains (N Spain) in measured sections cor
responding both to off-shore and near-shore facies. 'A project 
designed to contribute to the definition and worldwide corre
lation of the Lower Emsian!Upper Ernsian boundary is being 
developed by the Oviedo Devonian paleontologists team head
ed by TM J.L. Garcia-Alcalde (brachiopods) and constituted 
by CM M. Truyols-Massoni ( dacryoconarids ), S. Garcia-Lopez 
(conodonts), F.M. Soto (corals) and J.R. Montesinos (am
monoids). For this. project four measured sections have been 
selected. Two of the sections correspond to different near
shore paleogeographical settings (La Vid and Villayandre sec
tions ). Tue other two sections correspond to different off-shore 
paleogeographical settings (N Vanes Lac and Arauz River sec
tions) (Fig. 1 ). 

Tectonics is always important everywhere in the Cantabrian 
Mountains. Tue selected sections have usually strong (some
times even reversed) dipping that provokes at least bed slid
ing, which could cause loss of some of the softer and thinner 
rocky layers. However, they are essentially continuous, very 
well exposed, non-faulted sections. 

Macro- and rnicropaleontological sampling has repeatedly 
been accomplished on the four sections, but new and more 
detailed sampling is being currently achieved. La Vid and Vil
layandre sections have been sampled for C and O stable iso
tope ratio analyses. Samples will be processed starting at the 
end ofthis summer. La Vid and the Arauz River sections will be 
sampled from next july for magnetosusceptibility and cyclos
tratigraphic (MSEC) analysis by TM Rex Crick and Brooks 
Ellwood (University ofTexas at Arlington) . 

Tue UZE has been recognized in the off-shore facies do
main ofthe Cantabrian Mountains in the lithological transition 
from the Requejada Lst Member ofthe Abadia Fm. to the over
lying "Vanes beds" (Fig. 2) (Garcia-Alcalde, 1997). Erbenoc
eras ji.lalense and Mimagoniatites tabuliformis, the first rep
resentative ofthe "Anetoceras Fauna" in the CantabrianMoun
tains, have been found 2-3 m. above the litho-event in the 
Vanes section. Tue first occurrence of this ammonoid fauna 
corresponds to the upper part of the Nowakia barrandei zone 
within the Polygnathus gronbergi zone (Garcia-Alcalde, et al., 
1990). In the near-shore facies domain, the UZE has been iden
tified, by indirect comparison based on conodonts and scanty 
occurrences of nowakids, from a modest brachiopod radiation 
(Faunal Interval 9; Garcia-Alcalde, 1996), mainly character
ized by the first appearance of Tetratomia gr. amanshauseri, 
Nucleospira cf. sirael, Spinat,ypa aff. orba, Resserella sp. D, 
Tyersella tetragona, and Stenorhynchia briceae. This fauna 
allows more or less accurate correlations with different North 
Gondwanan regions, and even with Euroamerican (Baltican) 
regions. Tue UZE litho-event in the La Vid and Villayandre 
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Emsian boundary as discussed in Garcia-Alcalde & 
Truyols-Massoni ( 1994) and in Truyols -Massoni & 
Garcia-Alcalde (1994). 

Tue DCE is recognizable everywhere in the Cantabrian 
Mountains from the most clear onset ofblack and dark shales 
in all the known sections. Tue Nowakia elegans/N. cancella
ta zone transition is more or less represented everywhere both 
in the near-shore andin the off-shore facies domains (Fig. 2). 
Polygnathus laticostatus appears in the same beds or a bit 
higher and its phylogenetic derivation from P. gronbergi is 
even represented in the Arauz River section ( Suarez-Diaz, 199 3). 
Some ammonoids also occur in the offshore sections. For ex-
ample, in the Arauz River section the first ammonoid fauna, 
with Mimagoniatites spp., and Mimosphinctes spp. occur at 
the base of the Nowakia cancellata zone (Montesinos, 1991) 
at the P. gronbergi/P. laticostatus zone transition. In near-shore 
facies, thin bioclastic limestone lenses develop into the shales 
at the base of the N. cancellata zone. In these beds brachio
pods of the Faunal Interval 10 (Garcia-Alcalde, 1996) occur. 
Tue brachiopod fauna comprises forms with mixed facies affin
ities as Crinistrophia, Aesopomum, Reticulariopsis cf. indif
ferens, Straelenia cf. losseni, Triathyris, Brachyspirifer aff. 
carinatus, "Uncinulus "suborbignyanus, Arduspirifer arduen
nensis /atronensis, Plicathyris collensis, Protodouvillina tae
niolata, Anathyris phalaena and Struveina ferronesensis. This 
fauna allows rather good correlations mainly within Northern 
Gondwana (Garcia-Alcalde, 1997). 

Garcia-Alcalde, J.L. 1996. EI Devonico del Dominio Astur-Leones en la 
Zona Cantabrica (N de Espana). Revista Espanola de Paleontologia, 
no extra, 58-71. 

Garcia-Alcalde, J.L. 1997. North Gondwanan Emsian events. Episodes, 
19 (1-2): 241-246. 

Garcia-Alcalde, J.L., Arbizu, M., Garcia-Lopez, S. , Leyva, F., Montesinos, 
R., Soto, F. & Truyols Massoni, M. 1990. Devonian stage boundaries 
(Lochkovian/Pragian, Pragian/Emsian, and Elfelian/Givetian) in the 
Cantabric region (NW Spain). Neues Jahrbuch Geologie 
Palaontologie Abhandlungen, 180(2): 177-207. 

Garcia-Alcalde, J.L. & Truyols-Massoni , M. 1994. Lower/Upper Emsian 
versus Zlichovian/Dalejan (Lower Devonian) boundary. Newsletters 
in Stratigraphy, 30: 83-89 . 

Truyols -Massoni, M. & Garcia-Alcalde, J .L. 1994. Faune 
rheno-bohemienne (Dacryoconarides, Brachiopodes) A Ja limite 
Emsien inferieur (superieur au Cabo La Vela (Asturies, Espagne). 
Geobios, 27(2): 221-241. 

Montesinos, J.R. 1991. Ammonoideos de las Capas de Vanes (Formacion 

Abadia, Devonico Inferior) del Dominio Palentino (Palencia, NO de 
Espana). Cuademo Laboratorio Xeoloxico Laxe, 16: 193-201. 

Suarez Diaz, J.R. 1993. EI estudio de las biofacies de conodontos y su 
aplicacion a la Zona Cantabrica (Emsiense Inferior) y parte basal del 
Emsiense superior) . Seminario lnvestigacion Departamento 
Geologia, Universidad Oviedo, 74 p. 
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Subdivision of the Emsian stage - compilation of sections in W-Europe and 
palaeontological remarks 

H. JAHNKE (Gottingen) & U. JANSEN (Frankfurt) 

Tue following description of sections in W-Europe was 
subrnitted to a meeting of the German Subcomrnission on De
vonian Stratigraphy by the first author (JAHNKE 1994). Tue 
present translation from the original German version is supple
mented by additional information. Tue subdivision ofthe Em
sian stage into two parts should be adapted to the classical 
boundary between Early and Late Ernsian in the type area of 
the Ernsian, the Mosel/Middle Rhine area in the Rhenish Slate 
Mountains. Here the Late Ernsian lithostratigraphically starts 
with the "Ems-Quarzit" and its equivalents. 

On the right side of fig. 1. the ranges of important index 
fossils in this neritic succession are shown. On the left, strati
graphies of pelagic groups are figured, conodont and dacryo
conarid zones as well as first ammonoid zones. Arguments for 
the correlation of pelagic and neritic subdivisions are shown 
in between and discussed in the remarks. 

Fig. 1 shows that the boundary between Early and Late 
Ernsian approximately coincides with the Zlichovian/Dalejian 
boundary ofthe Bohernian subdivision and therefore also with 
the Daleje Event or cancellata Event (HOUSE 1985, W ALLIS
ER 1985, CHLUP AC & KUKAL 1988). In many pelagic and 
hernipelagic successions, a gradual transition from pelagic lime
stones to pelitic and marly sediments can be observed. Tue 
lithological change is accompanied by a faunal change, espe
cially expressed in the ammonoid evolution. Reflected by the 
lithological and palaeontological changes, there is a gradual 
sea-level rise beginning in the early Zlichovian. 

Tue boundary interval is characterized by the transition 
from Nowakia e/egans to N. cancellata. Tile transition may be 
not so clear as previously assumed - a reinvestigation of the 
two species with the help of statistical methods is urgently 
desired. Specimens resembling N. cancellala already occur in 
the Zlichovian together with N. elegans (ALBERTI 1998, writ
ten communication). 

Tue conodont fauna of the boundary interval may be less 
distinctive because of its position within a conodont zone, the 
inversus/laticostatus Zone (CHLUP AC, LUKES & ZIKMUN
DOVA 1979;KLAPPER.ZIEGLER&MASHKOVA 1978). How
ever, after the new conodont zonation (CARLS & WEDDIGE 
1996) the inversus Zone is situated slightly above the Zlicho
vian/Dalejian boundary. Further studies are requested. 

In order to define an international boundary stratotype 
within the Ernsian pelagic fossils are highly valuable, whereas 
neritic fossils are unsuitable due to frequent biogeographical 
and facies differences. In which sections should a definition 
bemade. 

Tue Barrandian has the clear advantage of continuously 
pelagic facies. Tue evolution ofthe conodonts and nowakiids 
can be observed entirely. However, the sections discussed 
below have aditionally the advantage of containing pelagic 
and neritic facies altemating in vertical direction. Therefore, 
they offer the chance to correlate the different facies. Tue cor
relation of sections in entirely pelagic facies with sections char-
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acterized by vertically changing facies seems tobe an impor
tant point in the dicussions about the subdivision of the Em
sian stage. In this document some of the sections interesting 
in this regard are figured . 

Renn ar C'Hrank (Rade de Brest, Brittany) (Fig. 
2) 

Tue section Reun ar C'Hrank of the Rade de Brest contains 
an undisturbed succession from the high part ofthe "Forma
tion du Faou" (Early Emsian) to the ,Formation Pen an Ero" 
(equivalent ofthe Kondel Substage, in German terrninology) . 
Biostrati graphical information is given in the following publi
cations: RENAUD 1962, LARDEUX 1969, BULTYNCK & 
MORZADEC1979,MORZADEC&WEYANT1982,LEMENN 
etal.1976,MORZADEC 1983a, 1983b, MORZADECetal.1988. 

Probably because of the heterogenous state of investiga
tion ofthe faunas there are some contradictions with regard to 
(1) the range of index fossils :the deterrnination of Jcriodus 
/atus from the levels 48-52 (serotinus Zone), (2) the deterrnina
tion of Euryspirifer paradoxus from the levels 11 - 16 in the 
Formation Reun ar C'Hrank, and (3)the very early occurrence 
of Rhenops lethaeae in the levels 26-30 within the laticosta
luslinversus Zone. 

Tue boundary between Early and Late Emsian is placed by 
LEMENN etal. (1976) in the vicinity ofthe base ofthe Forma
tionReunarC'Hrank(cf BRICE&MORZADEC 1983, MORZA
DEC 1983). 

Tue Fm. Beg an Arreun is assigned to the laticostatusl 
inversus Zone; MORZADEC (1983) reported Nowakiacan
cel/ata from the highest layers ofthe formation whereas LAR
DEUX ( 1969) mentioned Viriatellina hercynica. 

This would not be a contradiction if the boundary between 
Zlichovian and Dalejian is placed inside the transition interval 
between the Fin. Beg an Arreun and the Fm. Prioldi. Tue Kon
del Substage, proven by the first occurrence of spiriferids of 
the mosel/anus group, begins with the Fm. Pen an Ero repre
senting a level that is above the levels 48-52 ofthe Fin. du Fret 
dated as serotinus Zone. 

La Lezais (Syclinorium median Brest-Laval, 
Brittany) (Fig. 3) 

Tue Devonian ofthis area consists ofthe following forma
tions: Fm. de Gahard, Fm. de Bois-Roux, ( corresponding to Fm. 
l'Armorique & Fm. du Faou), Fm. de la Foulerie (correspond
ing the Fm. Reun ar C'Hrank) and the Fm. des Marettes which 
is subdivided in three members: the Lower Member consisting 
of limestones with shaly intercalations, the Middle Member 
consisting of shales and the Upper Member, a nodular marl. 
Tue section, investigated by a French team in 1981, includes 
the top of the Fm. de la F oulerie, the Lower member and the 
Middle Member ofthe Fm. des Marettes (MORZADEC et al. 
1981). 

At level G 47, dacryoconarids ofpossible Zlichovian age 
were found: Nowakia cf praecursor and N. cf zlichovensis. 
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However, this interval is correlated with the Late Ernsian (Wiltz 
Formation, Rhenish Slate Mountains) on the base ofthe joint 
occurrence of Rhenops lethaeae, Schizophoria vulvaria and 
Arduspirifer arduennensis arduennensis. This is contradicto
ry to the data from the Celtiberian Chains. Nowakia e/egans is 
reported from the layers G 122 and G 136, N. cancel/ata from 
the Jayer G 146. Therefore, the Daleje Event should be situated 
between the levels G 136 and G 145, consequently near the 
base ofthe Shale Member. 

Palencia (E' Cantabrian Mountains, Spain) (Fig. 
4) 

Literature: 

KULLMANN 1960, 1965, AMBROSE 1972, JAHNKE et al. 1983, 
SMEENK 1983, HENN & JAHNKE 1984, HENN 1985, FRICKE 
1981, GARCIA-ALCALDE et al. 1990. 

In the eastern Cantabrian Mountains, in the 
Pisuerga-Carrion Unit, there is a succession ofDevonian stra
ta, that is similar to the succession in the Asturoleonese Re
gion, although many lithostratigraphical units were deposited 
in deeper water than their equivalents in the Asturoleonese 
Region. The Devonian in these areas is cbaracterized by a 
repeated change of pelagic, herrnipelagic and neritic facies. 
Unfortunately, the sections mostly bave only a small vertical 
extent. Therefore one must be content with the investigation 
of sbort stratigraphical fragments that are to be connected 
afterwards by the usage of litho- and biostratigrapbical crite
ria. 

The Emsian is cbaracterized by the succession ofthe Cortes, 
Arauz and Polentinos Formations. Within thebigb Cortes Fm. 
the Zlicbovian Stage begins, proven by dacryoconarids. The 
start of the Zlicbovian is situated not far above a faunal suc
cession witb A rduspirifer prolatestrialus, Acrospirifer 
beaujeani, Acrospirifer fallax ,Euryspirifer dunensis and oth
er taxa, that can be dated as Late Siegenian and Early Emsian 
(in tbe classical sense in Germany). 

The Requada Member following above and dated as late 
dehiscens Zone contains spiriferids at its base resembling Ar
duspirifer arduennensis antecedens, wbicb is an index fossil 
of the Early Emsian. The Requada Limestone corresponds to 
the middle and late parts of the Zlicbovian; the late part of the 
N. zlichovensis Zone, the barrandei and elegans Zones are 
present. The beginning of the cancellata Zone is cbaracter
ized lithologically by a decreasing frequency oflayers of nod
ular lirnestones wbereas sbales become dominant to the top. 
N. richteri appears very early and is accompanied by Nowakia 
cancellata. The N. richteri Zone bas a )arge vertical range - it 
ranges into the basal part of the Polentinos Formation. In the 
Lezna Member, approxirnately 15 m below the base ofthe Po
Ientinos Fm. and within the N. richteri Zone there is a layer 
with a rieb. neritic fauna containing Arduspirifer arduennen
sis arduennensis, Euryspirifer paradoxus, Bojodouvillina 
morzadeci (tbe same species occurs in the Fm. du Fret ofthe 
Rade de Brest). Because there are no spiriferids ofthe mosella
nus group in this Jevel, it may be older than Kondel time. Tue 
Kondel Substage is documented in the Polentinos Limestone. 

Sections: 

Pantano de Vanes, Arauz Celtiberian Chains (Fig. 5) 
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Literature: 

CARLS 1965, 1969, 1979, 1988, CARLS et al. 1972, CARLS & GANDL 
1967. GANDL 1972, CARLS et al. 1993. 

CARLS (1988) gave a comprehensive description of the Devonian of 
Celtiberia. The Early/Late Emsian i.e. the Zlichovian/Daleji an 
boundary interval is situated within the Mariposas Formation 
following CARLS. 

The sections in this stratigraphical succession are charac
terized by bemipelagic facies. On the one hand pelagic ele
ments like dacryoconarids, pelagic trilobites and presumably 
epiplanctonic brachiopods are present, on the other hand also 
Asteropyginae, Homanoloticlae, neritic brachiopods like Ar
duspirifer and the Pleurodictyidae, typical of the bemipelagic 
and the neritic facies can be observed. 

In the unit d4ba ofthe Mariposas Formation, Anetoceras 
and Mimagoniatites zorgensis occur together with Nowakia 
barrandei. N. elegans bas not been deterrnined yet but may be 
present in the highest layers ofthe d4ba. In the d4bß, predom
inantly consisting of a carbonatic sbale, N. cancel/ata occurs 
together with Rhenops lethaeae. The Daleje Event is clearly 
documented lithologically and faunistically. 

The predominantly pelagic and bemipelagic part of the d4 b 
is overlain by an increasingly neritic facies called Castellar 

·Formation that still contains neritic brachiopods of the Kondel 
Substage in the range of Nowakia richteri (serotinus Zone). 

Section: road cut NE Nogueras, d4ba/d4bß with minor tec
tonic perturbations in the Jower part. 

Southern Cantabrian Mountains, Prov. Leon (Fig. 6) 

Literature: 

COMPTE 1959, RUPKE 1965, CARLS et al. 1972, GARCIA-ALCALDE 
et al. 1979, HENN & JAHNKE 1984, 

KELLER 1988, GROTSCH 1988, TRUYOLS et al. 1990, 
GARCIA-ALCALDE 1996) 

In the southem Cantabrian Mountains (province Leon) tbe 
Devonian is well exposed and not much disturbed by tecton
ics. Generally, the facies is more neritic than in tbe eastem 
Cantabrian Mountains, althougb in some parts of the sections 
pelagic facies predominates, e.g. in tbe Zlicbovian/Dalejian 
interval. 

Altbougb tbe Jate Early Devonian sections in tbe southeni 
Cantabrian Mountains generally show common features and 
similarities, there are lateral differences in the facies and the 
faunas. If sections with sligbtly different facies developments 
are correlated and put together to a synoptical section. it is 
possible to get more biostratigraphical time markers than it 
would be possible regarding only a single section. No descrip
tion has been published yet of any of the sections under con
sideration. Some important time markers ofthe Villayandre sec
tion are figured here, that significantly represent the Zlicho
vian/Dalejian boundary interval. 

Sections: road cut La Vid - Vegacervera Villayandre Adra
dos Grandoso W' Abelgas Caldas de Luna and others. 

Remarks on the correlation of neritic and pelagic succes
sions in the Early/Late Emsian boundary interval (Fig. 1) 

(a) Occurence of Anetoceras arduennensis in the Stadtfeld 
Formation and the Hunsruck Shale on the one band and tbe 
late Zlichovian (barrandei Zone) on the otber band. Dacryo
conarids from tbe Hunsruick Sbale correspond to tbe praecur-
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sor Zone ofthe rniddle Zlichovian Stage. ( e. g. ERBEN 1953, (3) Treveropyge prorotundifrons: SOLLE ( 1972): Iate Early 
CARLSetal.1972,ALBERTI 1993). Emsian, not passing over the Early/Late Emsian boundary; 

(b) Rhenops lethaeae, an index fossil of the early Late Em
sian (Wiltz level), occurs in tile cancellata Zone oftile Celtibe
rian Chains. (GANDL 1972, CARLS etal. 1972). 

(c) Rhenops /ethaeae was described from the Reun ar 
C'Hrank section in the Rade de Brest, where it was found at a 
level that must be dated as late Zlichovian judging after the 
accompanying dacryoconarids. Slightly above, conodonts of 
the laticostatus Zone were deterrnined. (MORZADEC 1983, 
LARDEUX 1969,BULTYNCK&MORZADEC 1979). 

( d) Tue lower and rniddle parts of the Fin. de Hierge 
(Lahnstein and Laubach Substages) in Belgium belongs to the 
/aticostatuslinversus Zone. (BUL TYNCK & GODEFROID 1974, 
GODEFROID 1980). 

( e) In Thuringia. spiriferids of the late Kondel Substage 
occur in the uppt;r parts of the cancellata Zone and indicate 
like the co-occurring ostracodes a correlation with the Heis
dorfFormation. (ZAGORA 1978, SOLLE 1953, 1972, CARLS et 
al. 1972, ALBERT! 1957). Tue representatives ofthe genus 
Arduspirifer recorded in Thuringia may not belong to the Ar
duspirifer mosellanus group, but represent mosellanus- like 
forms of the group of Arduspirifer arduennensis latronensis, 
whose onset is much earlier, e. g. in the Dra Plains (JANSEN, in 
prep.). 

(f) A presumably new species of Anarcestes was found in 
strata belonging to the latest Laubach Substage 
(Rotelgallen-Schiefer) ofthe Olkenbach Syncline (Rhenish Slate 
Mountains). In Bohernia the onset ofthe genus takes place in 
the Trebotov Limestone. (WALLISER pers. comm.). 

(g) Spore assemblages of the Bohernian Devonian allow 
the following correlations (MCGREGOR 1979): Tue top ofthe 
Pragian Stage corresponds to the Siegenian Stage and the 
Early Emsian Stage. Tue barrandei-elegans Zone ranges from 
the Early Emsian to the prae-Wiltz time. Tue base ofthe Daleje 
Shale is older than the base ofthe Wiltz Formation in the Eifel 
region. 

(h) Rhenops lethaeae and and Schizophoria vulvaria have 
been reported from a level ofthe Zlichovian Stage from the ha 
Lezais and the Reun-ar-H'Crank sections, in the first case jointly 
with Nowakia cf praecursor and N. cf zlichovensis. Rhenops 
/ethaeae from the Reun-ar-C'Hrank level seems tobe different 
from the species (CARLS, pers. comm. 1998). Schizophoria 
vulvaria " described by MELOU ( 198 1) from the sections in 
Brittany does not belong to this species. lt is a form that is 
much more primitive than the species from the Rhenish Slate 
Mountains (JANSEN, in prep.). 

Remarks on index fossils ofthe neritic (Rhenish) Early De
vonian 

(]) Rhenops lethaeae is restricted to the early Late Emsian 
(afterGANDL 1972). 

(2) Treveropyge rotundifrons has its onset at the base of the 
Late Emsian (SOLLE 1972, GANDL 1972, R. & E. RICHTER 
1943). 

GANDL (1972): early Early Emsian. 

(4) Kayserops koch i; occurring within the Late Emsian 
(WERNER 1969, SOLLE 1972, GANDL 1972, HAAS 1970). 

(5) Tue following homanolotids just reach the Early/Late Em
sian boundary: Bunneisterella quadrispinosa, Bunneisterel
/a armata, Bunneisterella vixarmata, Dipleura laevicauda. 
Digonus ornatus ornatus. Others appear at the same bound
ary: Parahomalonotus mutab(iis, Trimerus crassicauda, Digo
nus intennedius(WENNDORF 1990). 

(6) Digonus gigas gigas: late Lahnstein Substage and Laubach 
Substage (WENNDORF 1990). 

(7) Tropidoleptus carinatus is restricted to Late Siegenian and 
Early Emsian strata in the Rhenish Slate Mountains, but oc
curs in strata ofGivetian age in the USA and Libya, in Moroc
co even in strata of early Late Devonian age (ISAACSON & 
PERRY 1977,BOUCOTetal.1983,COOPER&DUTRO 1982, 

· MERGL&MASSA 1992,HA VLICEK&ROHLICH 1987). 
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(8) Schizophoria provulvaria: records from strata of Middle 
Siegenian to latest Early Emsian age. 

(9) Schizophoria vulvaria: Late Emsian, onset at the begin
ning ofthe Late Emsian (SOLLE 1972). 

(] 0) Arduspirifer arduennensis anlecedens: Forms with high
ly projecting ,Muskel-Zapfen"(= steinkern of thedeeply im
pressed ventral muscle field) are restricted to the late and lat
est Early Emsian(SOLLE 1972); after SOLLE(1953) thewhole 
subspecies ranges from the Middle Siegenian to the latest 
Early Emsian. Tue Siegenian forms probably represent juve
nile specimens of Acrospirifer primaevus (JANSEN, in prep. ). 

(11) Arduspirifer arduennensis arduennensis: Lahnstein to 
Laubach Substage, but many convergences in the Early Em
sian. These may belong to the group of Arduspirifer arduenn
ensis latronensis, which is frequent in western Europe and 
N orth Africa. 

(12) Arduspirifer mosellanus: onset at the beginning of the 
Kondel Substage and ending at he Early/Middle Devonian 
boundary. In the Eifel region the mosellanus group appears 
with tile onset ofthe WetteldorfFormation (SOLLE 1953, 1972, 
WERNER 1969). 

(13) Arduspirifer mose/lanus dahmeri: onset in the Late Kon
del Substage and dissappearing little below the boundary be
tween the Reisdorf Formation and the Lauch Formation (SOLLE 
1953, 1972). 

( 14) Euryspirifer dunensis: ranging until the Early/Late Emsian 
boundaryinterval(SOLLE 1972,JAHNKE 1971). 

( 15) Euryspirifer paradoxus: base ofLate Emsian to late Kondel 
Substage. 

( 16) Alatiforrnia has lts onset at the beginning of the W ettel
dorflevel (STRUVE 1964 ). 

( 17) Paraspirifer praecursor: typical specimens appear at the 
base of the Laubach Substage, ranging from early to latest 
Late Emsian (SOLLE 197 1, 1972). 

(18) Paraspirifer sandbergeri appears in the late Lahnstein 
Substage (SOLLE 1971 ). 
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(19) Paraspirifer cultrijugatus ssp.: HeisdorfF ormation (Eif
el region), main occurrence in the Lauch Formation (SOLLE 
1971). 

(20) Brachyspirifer ignoratus: Lahnstein Substage (SOLLE 
1972, 1971). 

(21) Crinistrophia (Douvillinella) filifer: in the Rhenish State 
Mountains and North Africa the species is restricted to the 
late Kondel Substage (WERNER 1969, SOLLE 1976, JAHNKE 
1981). 
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Reun ar C 'Hrank 
(Fig. 2) 

Paraspirlfer begins 
Arduspirifer mosellanus dahmeri, Ardusp. mosellanus gracilis 

Breezops lanceolatus (50-60) 
Kayserops inflatus (51 -60) 
Kayserops kerfornei (50-55) 
Greenops struvei (52-53) 
cf. Arduspirifer arduennensls ssp . 
Bojodouvillina morzadeci 

• ,,,r f 
. '"' . ,~) 

Polygn. linguiformis bultyncki, lcriodus latus 
(serotinus Zone) 

,TN . ;-,.,,,. . ;""' 
. ,, 
. " :,,~ .,~ .r~-, 

Nowakia cancellata 
Viriatellina hercynica ( 40-41 ) · 

) 

lcriodus fusiformis, lcriodus corn. ancestralis, lcriodus rectirostratus 
corresp. to laticostatus / inversus Zone 

Rhenops lethaeae (26-30) 
Ardusp. arduennensis arduennensis ( B.& M.79) 

Ardusp. arduennensis arduennensis, Eurysp. pellicoi (B. & M. 79) 

I Eurysp. pellicoi, Eurysp. paradoxus, Ardusp. arduennensis ssp. 

Nowakia praecursor? Nowakia zlichovensis? 
CJeistodictyum porosum, Pleurod. microspinosum, Pleurod. latum, Kayserops obsoletus 

} Acrosp. falla.x. Eurysp. pellicoi, Ardusp. arduennensis, Leptaenopyxis bouei 
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Subdivision of the Emsian stage - state of discussion in the German 
Subcommission on Devonian Stratigraphy 

U. Jansen, Frankfurt ( comp.) 

Tue working group ofthe German SDS for subdivision of 
the Emsian stage (compare SDS Newsletter No. 14) held its 
second meeting this May in Gottingen. Among the partici
pants, the stratigraphical levels under discussion (elegans/ 
cancellata and inversus boundaries) have still been consid
ered to lie within the best interval. Discussions focused on 
distinct areas and sections that should be selected for future 
work. lt has been stressed, that efforts must be carried out 
internationally. As conceming the target areas, the sections in 
the Cantabrian Mountains and the Celtiberian Chaines as well 
as the Barrandian area were regarded as key areas (e.g. Vil
layandre section, Nogueras section, Cisarska Rokle section 
near Srbsko) and shall be debated with respect to distinct plans 
for field-work during the present meeting. Tue type area of the 
Emsian, i.e. the German neritic sections, shall be considered, 
too. 

Tue Rheinisches Schiefergebirge ( especially the Middle 
Rhine area) with the classical boundary between Early and 
Late Emsian shall be reinvestigated and clearly documented. 
Correlations to other areas, e.g. the Armorican Massif, the 
Celtiberian Chaines, the Cantabrian Mountains and the 
Anti-Atlas have to be thoroughly checked. Such investiga
tions should be based e.g. on brachiopods, trilobites, and pa
lynomorphs of the neritic facies and compared with pelagic 
elements e.g. conodonts, nowakiids, goniatites. Areas where 
neritic and pelagic facies are co-occurring are ofmain interest. 

Tue sections in the Barrandian area have to be reinvesti
gated with regard to the Zlichovian/Dalejian boundary inter
val. Systematic problems concerning the distinctive nowak-

ilds Nowakia elegans and N. cancellata must be resolved 
quickly. Linkage to conodont data must be elucidated. 

In tile Cantabrian/Celtiberian sections (see document by 
JAHNKE & JANSEN to this meeting) containing both neritic 
and pelagic facial elements, already existing investigations 
should be intensified by international cooperation. Due to the 
different facies developments, the chance for comparison of 
neritic and pelagic faunas is highly promising. 

Investigations in the Moroccan Pre-Sahara are currently 
under way. Sections yielding both neritic and pelagic facies 
promise good possibilities for correlation. 

Future aims/activities: 

The transition from Nowakia elegans to N. cancellata 
should be clarified in the Barrandian area. Subsequently, con
odonts from around the Polygnathus inversus level should be 
investigated in great detail Tue development of both faunal 
groups must be compared to other areas ( e.g, in the Spanish 
sections). Palynological studies shall be integrated as much as 
possible. Correlations to areas with neritic facies (mainly based 
on brachiopods and trilobites) are required, especially to the 
type area of the Emsian. To clarify the position of distinct 
conodont and nowakiid evolutionary stages in the Zlichovian/ 
Dalejian boundary interval in comparison to the classical Ear
ly/Late Emsian boundary must be one of the main goals of 
future work. Tue newly defined upper part should be named 
Dalejian. Ifthe lower part is named Zlichovian as favoured by 
some ofthe working group's members the base ofthe Emsian 
as presently defined would have tobe reconsidered in order to 
leave the base of the original Zlichovian unchanged. 

Redefinition of the German Late Devonian 'Stufen' 
Matthias PIECUIA (Krefeld) & Eberhard SCHINDLER (Frankfurt) 

At the annual meeting of the German Subcommission on 
Devonian Stratigraphy on March 1, 1997, a working group has 
been set up with the aim to redefine the traditional 'Stufen' of 
the German Late Devonian. Problemsand misunderstandings 
of these 'Stufen' that historically arose, have already been 
stated by Willi ZIEGLER at the annual meeting ofthe interna
tionalSDS in Rochester, July, 1997. These 'Stufen' have often 
been misleadingly regarded as chronostratigraphic units even 
though they neither have been biostratigraphically defined 
exactly nor did exist any reference sections. Therefore, a mod
ern revision is required. Tue subdivision of the German Late 
Devonian into five 'Stufen' is strongly related to lithostrati
graphic subdivisions used by the different German Geological 
Surveys which therefore have great interests in the redefini
tion of these 'Stufen'. 

Tue German Late Devonian traditionally is subdivided as 
following (' Stufen); the boundary between the Adorf/Nehden 
and the Frasnian/Famennian correlates roughly, notprecisely. 

Recently, proposals also exist for subdividing the Frasnian 
and Famennian stages. At the annual meeting of the SDS in 
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Rochester, July 1997, WilliZIEGLER& Charles A. SAND BERG 
proposed a conodont-based subdivision of the Famennian 
into three substages and introduced the possibility of creating 
a Late Frasnian substage. For the 1998 SDS meeting in Bolo
gna, R. Thomas BECKER & Michael R. HOUSE proposed a 
subdivision of the Frasnian based on cephalopods. A second 
proposal for subdividing the Famennian into three substages 
by R. Thomas BECKER is also based on cephalopods. A com
ment on the proposed Frasnian and Famennian subdivisions 
will be given by Charles A. SAND BERG and Willi ZIEGLER. 
Differences on the suggested boundaries between the 
conodont-based and the cephalopod-based proposals still 
have to be discussed in the future, the cooperation of further 
specialists will be required to solve'> the problems. 

Since March 1997, the working group met three times. Tue 
following persons have participated: 

Michael AMLER (Univ. Marburg), Konrad BAR TZSCH 
(Saalfeld), R.Thomas BECKER (Mus. f.Naturkunde, Berlin), 
Peter BENDER (Univ. Marburg), Horst BLUMENSTENGEL 
(Geol. Survey Sachsen-Anhalt, Halle), Peter BUCHHOLZ (Univ. 
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Braunschweig), Claus-Dieter CLAUSEN (Geol. Survey Tue third meeting was arranged in Thuringia (Thuringis-
Nordrhein-Westfalen, Krefeld),Helga GROOS-UFFENORDE ches Schiefergebirge) on May 16 and 17, 1998, by Konrad 
(Univ. Gottingen), Reiner I HEGGEMANN (Geol. Survey I less- BARTZSCH, Horst BLUMENSTENGEL, and Dieter WEYER in 
en, Wiesbaden), Dieter KORN (Univ. Tubingen),Matthias the area ofthe Schwarzburg Anticline and the Berga Anticline. 
PIECHA (Geol. Survey Nordrhein-Westfalen, Krefeld) , Tue most important section oftbis area is situated at the Kahl-
Karl-Heinz RIBBERT (Geol.Survey Nordrhein-Westfalen, leite quarry and ranges from the Frasnian up to the Lower 
Krefeld), Eberhard SCHINDLER (Forsch.-Inst. Senckenberg, Carboniferous. A revision of the conodont faunas and inves-
Frankfurt), Immo SCHULKE (Univ. Hannover), Dieter WEYER tigations on sedimentological features of the Late Devonian 
(Mus. f Naturkunde, Magdeburg), Willi ZIEGLER (Forsch.-Inst. beds are provided. 
Senckenberg, Frankfurt). 

Tue first meeting took place at the University ofMarburg 
on August 29, 1997. Tue bistorical problems ofthe 'Stufen' 
and the aims of the working group were discussed. Tue partic
ipants proposed field trips to different German areas with weil 
known Late Devonian sections of the basinal facies with strati
grapbically important faunal groups, such as conodonts, ceph
alopods, and ostracods. 

Tue second meeting was field on October 18 and 19, 1997, 
in the area of the northern border of the Rhenish Massif, east 
of the river Rbine (Rechtsrheinisches Schiefergebirge), i.e. in 
the region from where the names of the traditional German 
'Stufen' bad been derived. Tue working group visited six clas
sical Late Devonian sections guided by R. Thomas BECKER, 
Dieter KORN, Claus-DieterCLAUSEN andKarl-HeinzRIBBERT. 
Two ofthese sections (i.e. Ziegelei Nie and Beringhauser Tun
nel) were considered to be most interesting at present; de
tailed sampling for conodonts, cephalopods and ostracods 
has already been done in 1997. The samples are currently un
der investigation. 

Tue next meeting of the working group is planned for Octo
ber 24 and 25, 1998. A field trip to Late Devonian sections in 
the Harz Mountains will be organized by Peter BUCHHOLZ 
und Heiko HUNEKE (Univ. Greifswald). 

Literature: 
BECKER, R.T. (1998): Prospects for an international substage subdivision 

of the Farnennian. - Document submitted to the Subcommission on 
Devonian Stratigraphy, Bologna, June, 1998: 7 pp., 1 tab.; Bologna. 

BECKER, R.T. & HOUSE, M.R. (1998): Proposals for an international 
substage subdivision of the Frasnian. - Docurnent submitted to 
the Subcommission on Devonian Stratigraphy, Bologna, June, 1998: 
1 Opp., 1 tab.; Bologna. 

SANDBERG, C.A, & ZIEGLER, W. (1998): Comrnents on proposed 
Frasnian and Famennian subdivisions. - Document submitted to the 
Subcommission on Devonian Stratigraphy, Bologna, June 1998 : 5 
pp.; Bologna. 

ZIEGLER, W. (1997): Remarks on the German Late Devonian Stages 
(Stufen). - Document submitted to the Subcommission on Devonian 
Stratigraphy, Rochester, NY, July 21, 1997: 2 pp., 1 fig.; Rochester. 

ZIEGLER, W. & SANDBERG, C.A. (1997): Proposal of boundaries for 
a Late Frasnian Substage and for subdivision of the Famennian Stage 
into three Substages. - Document Submitted to the Subcommission 
on Devonian Stratigraphy, Rochester, NY, July 21, 1997: 2 pp., 1 
fig .; Rochester. 

Document subrnitted to 
IUGS SUBCOMMISSION ONDEVONIAN STRATIGRAPHY 

Meeting in Bologna, Italy, June 22, 1998 

Comments on Proposed Frasnian and Famennian Subdivisions 
Charles A. SANDBERG1 & Willi ZIEGLER2 

1U.S. Geological Survey, Denver, Colorado, 80225, USA; 
2Forschungsinstitut Senckenberg, D-60325 Frankfurt am Main, Germany 

Introduction placed at the start of the Early marginifera Zone and a 

With great interest we have read advance copies kindly 
provided by T. Thomas BECKER oftwo documents tobe sub
rnitted by him to the IUGS Subcomrnission on Devonian Stratig
raphy (SDS) meeting atBologna, Italy, onJune 22, 1998: "Pro
posals for an International Substage Subdivision of the Fras
nian," by R. Thomas BECKER & M. R. HOUSE and, "Pros
pects for an International Substage Subdivision ofthe-Famen
nian," by R. Thomas BECKER. We are in agreement with some 
of the Substage boundaries suggested in these documents, as 
we have already proposed in our document (ZIEGLER & SAND
BERG, 1997) subrnitted to the SDS meeting at Rochester, N.Y. 
on July 21, 1997. Therein, we proposed the semichatovae Trans
gression within the Early rhenana Zone as the boundary to 
separate out an Upper Frasnian Substage, with no opinion 
being given on a possible Lower Middle Frasnian Substage 
boundary. For the Famennian, we proposed a tripartite subdi
vision with the Lower-Middle Famennian Substage boundary 
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Middle-Upper Famennian Substage boundary placed at the 
start ofthe Early expansa Zone. Now, we would strongly sup
port the BECKER & HOUSE ( 1998) additional proposal of a 
Lower-Middle Frasnian Substage boundary situated at the start 
of the punctata Zone. 

Following are our comments on the two Frasnian Substage 
boundaries proposed by BECKER & HOUSE (1998) and the 
two Famennian Substage boundaries discussed by BECKER 
(1998). 

Lower-Middle Frasnian Substage Boundary 

The start of the punctata Zone would be an ideal position 
for this boundary, even though the major worldwide trans
gression (Ilc) takes place in the rniddle oftbis zone (JOHNSON 
et al. , 1985; JOHNSON & SANDBERG, 1989, JOHNSON & 
KLAPPER, 1992). Palmato/epis punctata is an easily recog
nized pelagic species within a lineage between Pa. transitans 
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and Pa. jamieae (ZIEGLER & SAND BERG, l 990). Identifica- Zone, and not in the jami~ae Zone. Moreover, KLAPPER et al. 
tion ofthis zone is supported in shallower water sequences by (1996) showedPa. semichatovae as occurring only above Zone 
the appearance of Ancyrodella gigas s.s. A further aid to iden- 11. However, this position is BELOW their first occurrence of 
tification is Ancyrodel/a gigas sensu ZIEGLER. which SAND- Pa. foliacea. In contrast. we have recorded Pa. foliacea as 
BERG et al. ( 1989b) showed to first occur just slightly before first occurring much earlier, that is, at the start of the jamieae 
the start of the punctata Zone. Zone. Consequently, it seems apparent to us, that these two 

Middle-Upper FrasnianSubstage Boundary first occurrences, as recorded by KLAPPER et al. (1996), are 
retarded biofacies entries. 

BECKER & HOUSE (1998) discussed two possible bound-
ary positions: (1) at the semichatovae Transgression, and (II) 
at the base of the "Lower Kellwasser interval." We previously 
advocated and still most strongly support their first choice at 
the start of the semichatovae Transgression for the Substage 
boundary. This position marks the transgression within the 
Late Devonian and within the entire Devonian (JOHNSON et 
al., 1985, i.a.) and is a natural boundary that can be readily used 
by biostratigraphers globally. In shallower water carbonate 
platform sequences, which are the most widespread of Fras
nian deposits, the entry of the opportunistic species Palma
tolepis semichatovae provides the only marker within an oth
erwise monotonous sequence of multitudinous species of 
Polygnathus, the morphotypes and relationships ofwhich are 
presently not well understood. In fact, being a shallow water 
genus, Polygnathus includes many provincial species oflirnit
ed utility for interregional or intercontinental correlation. Pal
matolepis semichatovae, however, provides a unique tie, un
paralleled in the Devonian, between pelagic and neritic con
odont faunas. Palmatolepis faunas within carbonate-platform 
sequences may contain 70-100% Pa. semichatovae, whereas 
basinal or pelagic sequences contain <10% of this species 
(SANDBERGetal., 1989a). 

Arguing against the entry of Pa. semichatovae at the start 
of the Ild Transgression as a useful position, BECKER & 
HOUSE ( 1998) apparently were influenced by JOHNSON & 
KLAPPER ( 1992). That paper, in contrast to previous papers 
on the Devonian sea-level curve (JOHNSON et al., 1985; 
JOHNSON & SAND BERG, 1989; JOHNSON et al., 1991 ), inter
preted that the Ild Transgression did not coincide with, but 
was earlier than, the semichatovae Transgression. This inter
pretation, however, was based primarily on a condensed sec
tion at Sweetland Creek, Iowa, in which their conodont Zone 
11 (= ourjamieae Zone, according to BECKER & HOUSE, 
1998, but more likely our Early rhenana Zone before the entry 
of Pa. semichatovae, see below) is thought tobe represented 
by 73 cm of siltstone without conodonts. This interpretation is 
supported by a subsurface section in which their Palmatole
pis domanicensis (= one ofthe morphotypes of our Pa. hassi) 
is succeeded about 4 m higher by Pa. semichatovae. They 
mentioned the same succession as occurring in the Martin 
Formation near Globe, Arizona. Both the Iowa and Arizona 
areas are located on the Transcontinental arch (SAND BERG et 
al., 1989, fig. 1), where there are many hiatuses and irregulari
ties because the Ud Transgression occurred through drowned 
valleys and over an uneven topography. In contrast, SAND
BERG et al. (1989a) documented the coincidence ofthe semi
chatovae and Ild Transgression at 14 carbonate-platform, 
slope, and basinal localities in the western United States. At 
many of these sections, and now at even more studied locali
ties, Pa. semichatovae occurs in succession with its immedi
ate ancestor, Pa. rhenana brevis, within the Early rhenana 
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lt is also probable that BECKER & HOUSE ( 1998) employed 
different identifications of some of our species of Palmatole
pis in equating the entry of Pa. semichatovae with the start of 
Zone 11, which they equate to ourjamieae Zone. This position 
is notpossible because we (ZIEGLER & SANDBERG, 1990) 
have shown that Pa. semichatovae first occurs within the Ear
ly rhenana Zone and does not range higher. Only a single 
specimen, which may have been reworked, has been recorded 
in the Late rhenana Zone in the extensive D/C Conodont Da
tabase (CHARPENTIER& SANDBERG, 1992). As shown by 
ZIEGLER & SANDBERG (1990, fig. 9), Pa. semichatovae 
evolved from Pa. rhenana brevis ( e.g., their PI. 13, fi.gs. 1-2), 
which together with Pa. rhenana nasuta, marks the start of the 
Early rhenana Zone. Some transitional forrns, which are diffi
cult to assign, connect the two species. In turn, Pa. rhenana 
brevis evolved from long-lobed forrns of Pa. hassi ( e.g., ZIE
GLER & SAND BERG, PI. 2, fig. 7), which do occur within the 
jamieae Zone. Some workers may have confused these mor
photypes of Pa. hassi with Pa. rhenana nasuta or with Pa. 
rhenana brevis, which commonly can be distinguished by their 
more strongly nodose carinas. Below Pa. semichatovae, KLAP
PER et al. (1996, figs. 7.3, 7.5, 7.8) also recorded specimens that 
we would interpret as being ancestral to Pa. semichatovae. 
Thus, we do not find any evidence to agree with the BECKER 
& HOUSE ( 1998) interpretation that the semichatovae Trans
gression occurred at the start of the jamieae Zone. 

At Steinbruch Schmidt, below the Lower Kellwasser Lime
stone, we have recorded Pa. semichatovae (ZIEGLER & 
SAND BERG, 1990, fi.g. 4 and table 2, key no. 21) at <1.25 m 
below the entry of Pa. rhenana nasuta (key no. 23) and < 2 m 
below the entry of Pa. rhenana rhenana (key no. 24/2), which 
marks the start ofthe Late rhenana Zone. Ifbed (key no. 21) 
were in the jamieae Zone, there would be too short a rock 
interval to record the entire Early rhenana Zone in comparison 
to the Late rhenana Zone, give the approximately equal length 
ofthese two zones and the comparatively equal rates of depo
sition at Steinbruch Schmidt. lt should be noted that although 
beds (key no. 21 and 22) do not contain Pa. rhenana nasuta, 
they do contain Pa. gigas gigas, which first occurs within the 
Early rhenana Zone. 

Furthermore, BECKER. andHOUSE (1998, p. 5) stated: 

"Faunas from Martenberg and the main Lion access road 
show that the Belgian Pa. semichatovae dated as Early 
rhenana Zone (SAND BERG et al., 1992), are accompanied by 
typical Zone 11 conodonts ... whilst the base of the Early 
rhenana Zone at the Martenberg type section clearly falls in 
Zone 12. In other words, the semichatovae level projects ( our 
emphasis) to a position below the base ofthe Early rhenana 
Zone in the type section, where it can probably be correlated 
with solid lirnestones assigned to the jamieae Zone." 
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Tue thick bed to which they refer is bed. "q" of ZIEGLER 
(1971), which was erroneously drafted as being assigned en
tirely to the Ancyrognathus triangularis Zone (now Late has
si andjamieae Zones). Although this bed was later shown by 
ZIEGLER& SAND BERG (1990, fig. 3, table 1 ), to belong entire
ly within the jamieae Zone, using a similar lithologic profile, 
this published section is only one of three profiles that we 
sampled for conodonts at this locality. Tue reason for sam
pling additional profiles is that Martenberg deposition occurred 
near a pelagic, deep-water hematitic smoker that produced hot, 
highly oxygenated waters. Whereas such an environment in
duced prolific growth of conodont organisms, it was also re
sponsible for production of many rninor submarine disconti
nuities or hiatuses due to different rates of strong current flow. 
Tue conodont faunas are so !arge that workers must search 
carefully to discern the incorning of the first few new zonal 
indicators. From two other nearby sections in the same 10-meter 
block, we have collected three and five sequential samples, 
respectively, from the same 38-centimeter bed ("q") . In these 
other two sections we found that bed "q" contains faunas of 
the Late hassi, jamieae, and Early rhenana Zones, thus en
abling us to later correct the erroneous drafting in the original 
profile ofZIEGLER ( 1971 ). 

Tue alternative position for the Middle-Upper Frasnian 
boundary, more strongly advocated by BECKER & HOUSE 
( 1998), is at the base of the Lower Keilwasser interval. This 
position is not marked by the incorning of any species of con
odont known to us. Hence, it would be a position difficult, if 
not impossible, to recognize globally merely on the basis of a 
facies change from lighter to darker lirnestone, such as occurs 
in Germany, France, Morocco, and south China. In the westem 
United States, for example at Devils Gate and Coyote Knolls 
(SANDBERG et al. , 1997), there is not generally a change in 
sedirnentation within deposits of the Late rhenana Zone. How
ever, a black shale may be present at this position at Little 
Mile-and-a-Half Canyon. 

Lower-Middle Famennian Substage Boundary 

As we have previously stated (ZIEGLER & SAND BERG, 
1997), the best position for this boundary would be at the start 
of the Early marginifera Zone. This position, easily recog
nized by a major change in conodont faunas, coincides with an 
irnportant eustatic rise that can be identified in North America, 
western Europe, Asiatic Russia, South China, and western 
Australia (HOUSE & ZIEGLER, 1997). Tue only other usable 
position, easily recognized in conodont faunas is the Latest 
crepida Zone, but this position. is too low for approxirnately 
equal subdivisions of the Famennian. Tue alternate position, 
the start of the former velifer Zone ( = Latest marginifera Zone) 
as proposed by BECKER (1998) is not as weil recognized as 
the Early marginifera Zone, because it is based on the incom
ing of a shallow water species. This incoming coincides with a 
major eustatic fall. F or example, a major regression and conti
nent-wide erosion begins with the Latest marginifera Zone in 
North America (SAND BERG et al., 1997, and references there
in). The same regression can be recognized in many other re
gions (HOUSE & ZIEGLER, 1997). 

Middle-Upper Famennian Substage Boundary 

As we have previously stated (ZIEGLER & SANDBERG, 
1997) and as BECKER ( 1998) has partially agreed with, this is 
probably an ideal position for a Middle-Upper Famennian Stage 
boundary. This position coincides with a major eustatic rise 
and is probably the best documented of all late Famennian 
positions. For example, SAND BERG ( 1976) initiated the recog
nition of interregional conodont biofacies extending between 
shallow-water and deep-water environments, based mainly on 
an extensive study of the former Lower styriacus (= Early 
expansa) Zone. The conodont faunas ofthis Zone in Germany 
and elsewhere in westem Europe are equally well studied al
ready (ZIEGLER, 1962; SAND BERG & ZIEGLER, 1979), so we 
foresee nothing that could be accomplished by additional con
odont studies in order to discem a faunal change correspond
ing to the change in ammonoid faunas, as suggested by BECK
ER(1998). 
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Proposal of boundaries for subdivision of the Famennian Stage: miospore 
implications 

Streel, M.1 & Loboziak, S.2 

1 Universite de Liege, Geologie des Argiles I Paleontologie, Sart-Tilman B 18, B-4000 LIEGE 1, Belgium 
2 Universite des Sciences etTechnologies de Lille, Sciences de la Terre, F-59655 VILLENEUVE D' ASCQ, France. U.R.A. 1365 du 
C.N.RS. 

Ifsubdivision ofthe Famennian Stage is tobe basedon the 
first occurrence of conodont zones that can be widely recog
nized not only by their zonal indicators, but also by their ac
companying faunas (Ziegler & Sandberg, 1997), they should 
also calibrate with the floral zonations, particularly the miospore 
zonation, the unique tool for correlating the continental and 
marine realms in the Famennian. 

Ziegler & Sandberg (1997) proposed the base ofthe Early 
expansa Zone as the lower boundary of an Upper Famennian 
Substage. However the base ofthis zone occurs stratigraphi
cally well below one ofthe most useful biohorizons suggested 
for the base ofthe Strunian (Conil & Lys, 1980) i.e. that of the 
miospore Retispora lepidophyta which starts somewhere in 
the Mid4le or Late expansa Zones, most probably close to the 
base ofthe Late expansa Zone (Dreesen et al. , 1993; Streel & 
Loboziak, 1996). In the Franco-Belgian basins, the Early expan
sa Zone is poorly known and the eustatic rise, if any, really 
begins higher, at the base of that Strunian i.e. the base of the 
Epinette Shales or the Comblain-au-Pont Beds (The base of 
the Fa2d sensu Bouckaert et al. 1969). R. lepidophyta probably 
derived from the older R. macroreticulata, noted for the first 
time from the Montfort Formation in a section which contains 
also the Latest marginifera Zone. R. lepidophyta is a very dis
tinctive miospore, present worldwide, from subpolar to equa
torial regions, and is certainly one of the most common bios
tratigraphical marker used in Palaeozoic palynology. 

The base ofthe Early marginifera Zone, proposed by Zie
gler & Sandberg ( 1997) as the lower boundary of a Middle 
Famennian Substage, is near the base of Grandispora famen
ensis, another distinctive miospore which first appears some
where in the Late rhomboidea or in the Early marginifera Zones 
(Streel & Loboziak, 1996). G. famenensis var. minuta, a variety 
with reduced omamentation, first occurs in the upper part of 
the Esneux Formation ( Condroz Sandstone Group ), immediate
ly followed by the first occurrence of the typical variety ( G. f. 
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famenensis), a succession also observed at the Eletz / Petrik
ov lirnit in Byelorussia (Loboziak et al., 1997). Thus the first 
occurrence ofG. famenensis appears tobe a good marker for 
long distance correlation within the southem and northem 
provinces ofEuramerica. 

Significantly, the four Substages ofthe Famennian as pro
posed by Streel et al. in press, can also be characterized by the 
first occurrence of miospores as shown here on Fig. 1 which 
also indicates the range of uncertainty in the correlation of 
conodonts and miospores. 
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Fig. 1-Proposal for Famennian Substages after Streel et al. , in press, their correlation with current and old conodont zones and the 
occurrence of a few selected miospores (FOB = weil defined first occurrence biohorizon, LOB= weil defined last occurrence biohorizon). 

SDS Meeting, June 23, 1998, Bologna 

Proposal for a Strunian Substage and a subdivision of the Famennian Stage into 
four Substages 

Streel, M. (1), Brice, D. (2), Degardin, J-M. (3*), Derycke, Cl. (3*), Dreesen, R. (4), Groessens, E. (5), Hance, L. (5), 
Legrand-Blain, M. (6), Lethiers, F.(7), Loboziak, S. (3*), Maziane N. (1), Milhau, B. (2*), Mistiaen, B. (2*), Poty, E. (1), 
Rohart, J -C. (2), Sartenaer, P. (8), Thorez, J. (1), Vachard, D. (3*), Blieck, A. (3*) 

( 1) Universite de Liege, Geologie des Argiles I Paleontologie, Sart-Tilman B 18, B-4000 LIEGE 1, Belgium 
(2) Institut catholique de Lille, Faculte libre des Sciences, rue de Toul, 13, F-59046 LILLE, France 
(3) Universite des Sciences etTechnologies de Lille, Sciences de la Terre, F-59655 VILLENEUVE D'ASCQ, France 
(4) V.I.T.O, Raw Materials, Boeretang 200, B-2400 MOL, Belgium 
(5) Service geologique de Belgique, rue Jenner, 13, B-1000 BRUXELLES, Belgium 
( 6) Universite de Bordeaux 3, Institut de Geodynarnique, Av des Facultes, F-33405 T ALENCE, France 
(7) Universite Pierre et Marie Curie, Micropaleontologie, 4, Place Jussieu, F-75252 PARIS Cedex 05, France 
(8)1nstitut Royal des Sciences naturelles de Belgique, rue Vautier, 29, B-1000 BRUXELLES, Belgium 
(*) U.R.A. 1365 du C.N.RS. 

Strunian Substage 

1. The Strunian is based upon the Etroeungt Limestone 
("Calcaire d 'Etroeungt") and was introduced by de Lapparent 
( 1900, p . 860) and later considered as a Stage by Barrois ( 1913, 
p. 16) and Maillieux & Demanet (1929), This limestone was 
studied by Gosselet ( 1857) in the Parcq Quarry at Etroeungt 
near Avesnes (Department ofthe North, France) and has been 
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updated by Sartenaer & Mamet ( 1964 ). The Strunian has been 
widely used, following Gosselet's guide-line, for beds contain
ing a transitional fauna between the late Devonian and the 
early Carboniferous (as understood before the latest modifica
tion ofthe Devonian/Carboniferous boundary) . The Strunian 
has been mentioned and investigated in almost one hundred 
sedimentary basins on most continents. Its faunas and floras 
have been studied by various authors and, in some regions, 
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the Strunian has even been subdivided into two or three parts 
according to their fossil content or sedirnentary facies. Tue 
latter are concerned with the Velbert Anticline (Bergisches Land, 
Germany : Paul, 1939), North Devon (England: Goldring, 1957) 
or, in the type area, the Dinant Synclinoriurn (Conil, 1964).Stra
ta assigned to the Strunian may reach a thickness of 180 m to 
430 min Algeria or 100 to 260 min Arrnenia. We believe there
fore that the terrn Strunian is worth being properly defined and 
retained (Sartenaer, 1997). 

2. In this paper we do not intend to review the many inter
pretations ofthe terrn Strunian in the literature. We will focus 
on the relevant micro-faunas and -floras available in the type 
area, in Belgiurn and northern France. We shall keep in mind 
that all the Devonian Stages are characterized by the first 
occurrence ofmicrofossils (basically conodonts). Consequently 
it would be irnportant to use the same kind of criteria to define 
the Substages. 

3. Forarninifers, miospores, and to a lesser extent, con
odonts and ostracods have been discovered in many localities 
across the Dinant Synclinorium. However, it is in the eastern 
part ofBelgium, notably in the Ourthe Valley, a classical area 
for the lithostratigraphy ofthe middle and late Famennian, that 
these biostratigraphical data are the most reliable. Correlation 
between the Chanxhe section and the Tohogne borehole us
ing the first occurrence and biometric analysis of the popula
tions ofRetispora lepidophyta (Fig. 1 ; Streel, 1966; Bouckaert 
et al., 1978 ; Dreesen et al., 1993 ; Maziane et al. in press ; 
Maziane, unpublished ) shows the following relevant bios
tratigraphical events. In ascending order these are : 1) first 
occurrence ofR. lepidophyta, 2) foraminifers ofthe Df3dZone, 
associated with conodonts belonging to the Late expansa Zone 
including Bispathodus ultimus, 3) first occurrence ofQuasien
dothyra kobeitusana (Df3e Zone) 

4. The same sequence of miospores and foraminifers is 
observed in the type area (Avesnois, northern France), at lev
els situated more than 100 m below the Etroeungt Lirnestone, 
i.e., near the base ofthe Epinette Shales (Fig. 2). For this rea
son Conil & Lys (1980) have defined the Strunian in the 
A vesnelles and Saint Hilaire sections (France ), at the first oc
currence (in unit i) ofR. lepidophyta, followed by bilaminated 
Eoendothyra (E. communis radiata and E. radiata), character
ized by a radial inner layer. Many carbonate microproblematica 
(Kamaena spp, Menselina spp, . .. ) occur at the same levels. 

5. Ifthe Df3d foraminifer Zone obviously belongs to the 
Late expansa Zone (see 3 above), it is still unknown whether 
the base of the R. lepidophyta Zone also belongs to the same 
conodont Zone, or better to the upperrnost part of the Middle 
expansa Zone. The latter zone is found in the nearby Esneux 
railway section some 55 m below the Late expansa Zone. There
fore, unlike Conil & Lys (1980), we donotpropose to define the 
lower boundary of the Strunian Substage in the Franco-Bel
gian shelf area by foraminifers or miospores, but instead we 
recommend that boundary be defined at the base of the Late 
expansa Zone in a pelagic facies . The various sections ofthe 
reference Franco-Belgian area should thus be used as either 
"parastratotypes" or "auxiliary reference sections". 

6. Ziegler & Sandberg ( 1997) proposed the base of the 
Early expansa Zone to define the base ofthe highest Substage 
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ofthe Famennian. However this would be well too below the 
base of the Strunian and would prevent any possibility of 
correlating this Substage in the shelf areas around the world, 
due to the scarcity of stratigraphically significant foraminifers 
or miospores at this level. On the contrary, the successive 
appearances of R. lepidophyta and double-walled Eoendot
hyra, which approxirnate the base of the Late expansa Zone, 
have been, found in shelf facies in many places around the 
world, particularly in central and eastern Eurasia. R. lepido
phyta probably evolved from R. macroreticulata. The double
walled Eoendothyra evolved from single-wall Eoendothyra 
(Df3g Zone) and gave rise to true Quasiendothyra which are 
typical of the upperrnost Devonian Df3e Zone. Elements of 
these sequences of bioevents have been controlled world
wide (Fig. 3). Otherpaleontological groups display major chang
es at this level, such as the Rugosa which radiate after their 
decline during the late Frasnian (Poty, in press ). W e now have 
a precise correlation between conodont and ichthyolith Zones 
in the pelagic facies. The Phoebodus lirnpidus Zone equates 
with the expansa + praesulcata Zones ( Ginter & 1 vanov, 199 5, 
andin press). 

Other Substages of the Famennian 

7. Ziegler & Sandberg's (1997) suggestion to subdivide the 
Famennian Stage into three Substages only, would significantly 
change the current usage of the Middle Famennian in the 
Belgian type area. Sartenaer (1969) has reemphasized a long
standing (Mourlon 1882) Middle Famennian subdivision cor
responding to the "Macigno de Souverain-Pre", i.e., approxi
mately to the Late and Latest marginifera Zones. A subdivi
sion of the Famennian Stage which took into account this 
widely used "Middle Famennian" subdivision would be ap
propriate to avoid confusion. However a Substage correspond
ing to only two conodont zones would unbalance the subdivi
sions of the Stage, therefore we recommend the definition of a 
Middle Famennian Substage between the base of the Early 
rhomboidea Zone and the base ofthe Latest marginifera Zone 
(Fig. 4). 

8. Consequently, we propose that the Famennian Stage be 
subdivided into four Substages, Substage 1 (Lower Famenni
an), defined at the base of the Early triangularis Zone and 
composed of 7 conodont zones, Substage 2 (Middle Famenni
an), defined at the base of the Early rhomboidea Zone and 
composed of 4 conodont zones, Substage 3 (Upper Famenni
an), defined at the base of the Latest marginifera Zone and 
composed of 7 conodont zones and Substage 4 (Upperrnost 
Famennian or Strunian), defined at the base ofthe Late expan
sa Zone and composed of 4 conodont zones. The base of the 
Middle Famennian is nearly coincident with the Condroz Event 
(Thorez & Dreesen 1986 andin press, Dreesen et al. 1988, 
Becker 1993). The base ofthe Middle Famennian and the base 
of the Upper Famennian, would more or less correspond re
spectively to the two major falls of sea-level noted in Ile by 
Johnson et al. (1986). The base ofthe Upperrnost Famennian 
corresponds to a new transgressive system which, in the Fran
co-Belgian area, brings limy sediments containing foramini
fers. 
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9. In conclusion, a subdivision ofthe Famennian into four 
Substages as proposed here above appears appropriate for 
the following reasons: 

a more accurate definition ofthe Strunian allows the 
retention of this historical concept which has been widely used 
for about one century; 

the Substage boundaries based on conodonts will 
allow long-distance correlation tto be made and facilitate cor
relation between shelf carbonates and deeper water facies; 

the classical "Middle Famennian" of the type area in 
Belgium becomes a Substage in the new subdivision; 

the proposed pattern appears rather well balanced in 
terrns of conodont zones. 
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Fig. 1. Correlation between the Chanxhe section and the Tohogne borehole in eastem Belgium. 
R. lepidophyta FOB = Retispora lepidophyta first occurrence biohorizon 
Q. kobeitusana FOB = Quasiendothyra kobeitusana first occurrence biohorizon 
Biostr. = biostrome 
LE = lepidophyta explanatus Zone 
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TST = Transgressive Systems Tract 
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= faunal occurrence level in the section 
= faunal occurrence level in a nearby section 
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Proposals for an International substages subdivision of the Devonian stages. 
M.A.Rzhonsnitskaya 

All Russian Geological Institute (VSEGEI); Devonian Stratigrafie Commission ofthe Russia. 
199106 Srednii pr. 74, St.Petersburg, Russia 

Introduction 
In the present materials there are given suggestions of the 

Devonian Commission ofISC ofthe Russia about the substage 
subdivision ofstages ofthe Devonian system. In so doing the 
boundaries of stages were taken by us in accordance with the 
solutions oflntemational Subcommission on Devonian stratig
raphy (SDS) and are govemed by selection of chronostrati
graphic standard determining the boundaries of stages in 
GSSP's. In spite ofthe fact that we do not agree with many 
boundaries ( especially Emsian, Eifelian and Frasnian) because 
they are not in line with earlier historically traditionally taken 
boundaries of stages in stratotype region oftheir evolution we 
decided not to revise the bases of stages suggested by SDS. 
However inside of some stages it is necessary to mark addi
tional stages. lt is mainly true for Emsian having great volume 
and clearly divided into two additional stages - Zlichovian 
and Dalejan divided by large inter stage biotic events. Besides 
the Emsian stage with the lower boundary in the base ofkitab
icus zone probably also embraces the upper part ofthe Pragian 
stage. Eifelian stage may be subdivided into three substage as 
in the Eifel Mount.Givetian stage on at basis of evolution of 
ammonoidea (with the lower boundary taken in the base of 
hemiansatus conodont Zone ) may be subdivided into 3 sub
stages: 1/ Lower Givetian in the volume of goniatite Zone -
Maenioceras undulatum and conodont Zone - hemiansatus; 
2/ Middle Givetian - in the volume of goniatite Zones - Mae
nioceras molarium, M. terebratum and Sellagoniatites and con
odont Zones - Lower and Middle varcus; 3/ Upper Givetian, 
which may be determined as independent Fromelennian stage, 
corresponding to the great part of Pharciceras Genozone ac
cording to ammonoidea (in Weddekind,1918, is understand
ing). This stage is subdivided by T.Becker [Becker, Hause, 
1998) into the following Zones (from the bottom upwards): 
Pharciceras amplexum, Synpharciceras clavilobus - Stenophar
ciceras lunulicosta, Pseudoprobeloceras pemai, Petteroceras 
pemai and P.errans. These zones according to conodonts are 
correlated with the Zones: Upper varcus, hermanni-cristatus, 
disparilis and norrisi ( = Lowermost asyrnmetricus). 

In relation to substages subdivision of the Upper Devo
nian stage now at present there are some different opinions 
besides that ofthe decides ofthe Devonian stratigraphic com
mission ofthe Russian [Resolution, 1990). 

Lower Devonian 
Lochkovian stage. Tue Lochkovian stage may be subdi

vided by graptolites into two substages. Tue lower boundary 
ofthe Upper Lochkovian is drawn at the base ofthe Monograp
tus hercynicus Zone;according to tentaculites, it corresponds 
to the base of Homoctenonowakia bohemica Zone and to the 
appearance of the genus Paranowakia and according to con
odonts - to the base of pedavis pesavis Zone. 

In the carbonate sections of the Urals this Upper Lochk
ovian boundary may be correlated by brachiopods with the 

53 

base of the Karpinskia vagranensis Zone. Late Lochkovian 
time is characterized by the appearance of the bivalve genus 
Hercynella /Kulikova, 1977 / and the trilobite genus Lochkovella. 

Stratotype ofthe lower boundary ofthe Upper Lochkovian: 
Barrandian, Czech Republic :.'.. the Cerna rocle gorge near the 
village Kosor, RadotinLirnestone [Chlupac, 1958, 1977).Key 
section ofthe North Urals / East slope /, Russia - the Sauma 
horizon with Karpinskia vagranensis Zone. [Early Biostratig
raphy and fauna ofthe East slope ofthe Urals,1977).Key sec
tion ofCentral Asia: KykMountain with Graptolites and Dac
rioconarides [Koren' et al., 1982). 

Pragian stage. Tue Pragian stage according to SDS is not 
subdivided into substages. But this question should be de
fined more accurately because graptolites: thomasi, yukonen
sis, craigensis Zones were earlier considered as the Late Pragi
an. Tue lower boundary of the Upper Pragian substages may 
correspond to the base of Polygnathus pireneae conodonts 
Zone and possible to the base ofGuerichina strangulata tenta
culites Zone. By brachiopods the Upper Pragian substages 
may be defined in the Uralian section at the base of the 
Toschemka horizon [Kulikova, et al, 1978), with Leviconchidi
ella tenuiplicata venusta Breiv., Cymostrophia stephani / Barr. 
!, Glossinotoechia princeps / Barr./, Karpinskia consuelo Gort., 
Nymphorhynchia pseudolivonica / Barr. /,etc.In Upper part of 
the Pragian stage in the Camian Alps in the pireneae conodont 
Zone tentaculites of the genus Guerichina IG. africana Alb./ 
also occur in the Upper Pragian [Schonlaub, 1985). 

Stratotype section possible of the Upper Pragian, Czech 
Republic - at Kaplicky 

and this vicinity, beds with Monograptus yukonensis and 
guerichina strangulata [ Chlupac, Barrandian, 1977). 

Emsian stage. Tue Emsian stage is established by Dorlodo 
/1900/ with its stratotype in Rheinisches Schifergebirge near 
the little town ofEms near Koblenz town, Germany, it is subdi
vided into two substages. Tue lower boundary of the Upper 
Emsian is drawn at the base ofthe Emsquarzit with brachio
pods and trilobites of the Ardennian- Rhine types: Euryspiri
fer paradoxus /Schloth/, Arduspirifer arduennensis /Schnur/, 
Paraspirifer auriculatus /Kayser/, Homalonotus gigas /Roem./ 
etc. 

In the carbonate section of the Barrandian, Czech Repub
lic, stratigraphic analogy by the Emsian is subdivided also into 
two the stages : Zlichovian and Dalejan , which it is necessary 
take to as independence stages. 

Tue faunistic differences between this Stages very con
spicuous. Tue Zlichovian /Lower Emsian/ contains more early 
of the complex of the faunas brachiopods, Anetoceras fauna 
on ammonoidea, tentaculites /Nowakia zlichovensis , 
N.barrandei, N.elegans/, trilobites etc. Tue Dalejan stage /Up
per Emsian/ contents many younger middledevonian elements 
of the faunas: Anarcestes lateseptatus, Gyroceratites gracilis 
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from ammonoidea; Nowakia cancellata, N.richteri, N.holynensis, 
N.procera from tentaculites; Zdirnir pseudobaschkiricus, 
Z.baschkiricus, Carinatina signifera, Kransia parallelepipeda 
etc. from brachiopods. This deposits were traditionally regard
ed as Middle Devonian. 

Tue global Daleje Event and the eustatic sea level variation 
on the Zlichovian / Dalejan boundary with the occurrence of 
dark shells /Walliser,1985/, also support this subdivision of 
the Emsian stage. 

International Subcommission on Devonian Stratigraphy / 
SOS/ decided to deterrnine the Global Stratotype Section and 
Point /GSSP/ for the base of the Emsian stage in Zeravshan 
mountain range in Central Asia [Y olkin,ct al., 1997]. Lower 
boundary of the Emsian is drawn here along Zinzilban Gorge 
into the base of the kitabicus conodont Zone - in lower part of 
the Zinzilban beds. 

Tue Emsian stage in this region is deterrnined in volurne of 
the Kitab horizon, which may be subdivided into four parts : 
Zinzilban, Kirn, Dzhaus and Obisafit beds. 

Tue Zinzilban beds are characterized by a rieb assemblage 
Graptolites : Monograptus 

thomasi Jaeger , M. telleri Lenz et Jackson, M. yukonensis 
Lenz et Jackson, M. aequabilis notaequabilis Jaeger et Stein; 
tentaculites - Nowakia !Turkestanella/ acuaria /Richter/, N .!T./ 
recta Klisch. [Koren' ,Klischevich, 1982]; brachiopods, except 
local forrns, there are species - Gorgostrophia gorgo Havl., G. 
neutra /Barr./ etc., known from the Pragian stages ofthe Bar
randian. Emong conodonts found here are: Pandorinella rniae, 
Pedavis mariannae, Polygnathus pannonicus, P.pireneae, P. 
kitabicus, P. sokolov~ P.tamara.[Yolkinetal.,1997]. 

lt is possible the Zinzilban beds may be regarded as Upper 
Pragian substages. Tue Kirn (=Norbonak) beds and Lowerpart 
of the Dzhaus bed with zlichovian goniatites / Anetoceras kirni . 
Bogosl., Mirnosphinctes tripartitus Eichenb., M. erbeni Bog
osl., Theicherticeras rudicostatus Bogosl. etc/ ; tentaculites -
Nowakia zlichovensis Bouc., 

N. barrandei Bouc. et Prantle and conodonts - Polygnathus 
dehiscens, P.gronbergi, P.perbonus may be regarded as the 
Zlichovian stage or the Lower Emsian, Upper part of the Dzhaus 
beds with Gyroceratites laevis, Nowakia cancellata and Obisafit 
beds are correlated with the Dalejan of the Czechia or the Up
per Emsian. 

GSSP - Lower boundary of the Emsian stage; Zeravshan 
mountain range, Uzbekistan, the section at the Zinzilban Gorge 
in the Kitab State Geological Reserve-170 km SSE of Samar
kand, near the base of Zinzilban beds. [Y olkin et al, 1997]. 

Stratotype of the lower boundary of the Upper Emsian / 
Dalejan/: Barrandian, Czech Republic - the sequences ofDale
jan stage exposed particularly at the North slope ofthe Procop 
vallei at Praho-Hlupacepi. [ Chlupac, 1959, 1977, 1982]. 

Middle Devonian 

Eifelian stage. Tue Eifelian stage should be subdivided into 
three substages as it is adopted in the stratotypical Eifelian 
region, Germany [Struve,1982, 1996, /in Weddige/]. In this re
gion lower boundary of the Lower substage should be drawn 
at the base of partitus conodont Zone. This substage here 

54 

includes: the Uppermost part ofthe Heisdorfbeds, Lauch and 
Nohn Formation. 

Tue Middle substage boundary of Eifelian stage shoud be 
drawn at the base of the australis conodont Zone.Middle Eife
lian substage in the Eifelian region corresponds to Ahrdorf 
and Yunkerberg beds, whiches contain the brachiopods fauna 
ofthe Spinocyrtia ostiolata Zone and Bomhardtinoid brachi
opods ofthe genus Gerothyris and Yeothyris. From the con
odonts this substages correlated with australis and lower part 
kockelianus conodont Zone [Weddige, 1996].From the coralls 
there are many Calceola sandalina subsp.subsp.; from the Ten
taculites here founded - Cepanowakia pumilio, Nowakia chlu
paciana. 

Lower boundary ofthe Upper Eifelian substage is drawn at 
the base kockelianus conodont Zone. This substage includes 
the Freilingen Formation and oflower part of the Ahbach F or
mation (Maiweiler beds). Tue Upper substage ofthe Eifelian 
stage is comprises Nowakia chlupaciana and Now. otomari 
Zones on Tentaculites, and Agoniatites Genozone from am
monoidea; Primipilaria primipilaris group and Spinatrypa /Isos
pinatrypa/ aspera aspera from brachiopods. Stratotype sec
tion Eifel Mount, Prumer Mulde, Germany [Struve, 1982, 1996). 

Key sections ofthe Russia: in the Salair, Gurjevsk region, 
the sections of the Akarachkino and Malaya Salairka quarries 
[Rzhonsnitskaya and al., 1985]. 

Tue Lower Eifelian substage boundary here is drawn in 
the Uppermost part of the Shanda horizon with brachiopods 
Zdirnir pseudobaschkiricus sibiricus, Megastrophia uralensis 
and conodonts of partitus Zone : Polygnathus linguiforrnis 
bultyncki, P.ex gr.costatus,P. partitus. Lower boundary ofthe 
Middle substage at this region is drawn in the basement of 
Malaya Salairka beds with Pinacites jugleri and conodonts 
Polygnathus costatus Zone and Urella asiatica and Lazutkinia 
mamontovensis Zone from brachiopods. 

Tue Lower boundary of the Upper substage of the Eifelian 
stage is drawn in base of the Akarachkino horizon with con
odon ts of the kockelianus Zone.[Rzhonsnitskaya and 
al., 1985,Gagiev and al., 1987). 

Tue key sections the Transcaucasus: Nakhichevan Repub
lic Earli of the USSR Velidag Mount, the south slope; the 
Karaburun Mount; the left bank of the Arpachai River near 
Danzik village etc [Mamedov etRzhonsnitskaya,1985]. 

Tue lower boundary ofthe Lower substage ofthe Eifelian 
here is drawn at the Upper part of the Sharur Formation - beds 
with Zdirnir rossicus /Karp./ and conodonts Eognathodus bi
pennatus montensis Weddige, Icriodus struvei Weddige, 
Polygnathus costatus costatus Klapp. 

Tue base of the Middle substage of the Eifelian stage is 
drawn at the lower boundary of the Danzik Formation with 
australis conodonts Zone and Spinospirifer araxicus - Eman
uella takwanensis brachiopods Zone. 

Tue lower boundary ofthe Upper Eifelian substage is drawn 
in the base: ofthe Volchie Vorota Formation with kockelianus 
conodonts Zone; Spinatrypa (lsospinatrypa) aspera aspera -
Undispirifer rzhonsnitskayae brachiopods Zone and with 
Nowakia otomari from tentaculites in the Uppermost part of 
this Formation [Mamedov, Rzhonsnitskaya, 1985). 
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The sames Russian specialists are proposed Eifelian stage 
are subdivided into two substage with lower boundary of the 
Upper Eifelian substage at the base australis Conodont Zone. 
[ Gagiev, 1996; and other]. 

Givetian stage. This stage, in the range adopted SDS [Wal
liser et al., 199 5) at the base of the herniansatus conodont Zone, 
may be subdivided into three substages on conodonts, am
monoids and brachiopods. 

Lower boundary of the Lower Givetian substage is drawn 
at the base of the herniansatus conodont Zone, Maenioceras 
undulatum Zone on Goniatites and the beds with Invertatrypa 
kelusiana on brachiopods [W eddige, 1996). 

Lower boundary of the Middle Givetian is drawn at the 
base of Lower varcus conodont Subzone, Maenioceras molar
ium on the Goniatites Zone and Stringocephalus burtini - Un
cites gryphus on brachiopods. 

The Upper Givetian substage is drawn at the base of Phar
ciceras Genozone /=Ph.amplexurn/ on Goniatites [T.Becker, 
House, 1996; 1998), the Upper varcus and lowerpart ofMiddle 
varcus conodont Zone. On brachiopods in the Rheinisches 
Schiefergebirge and Eifelian muldes at the base of Upper 
Givetian substage is drawn at the lower boundary Parastringo
cephalus Genozone [Struve in Weddige,1996). 

This boundary by W.Struve is corresponded to the base 
Middle varcus conodont Zone. In the Altai-Sajan area of the 
Russia lower boundary of the Upper Givetian substage is 
drawn at the base of Euryspirifer cheehiel brachiopods 
Zone. [Rzhonsnitskaya, 1968, Rzhonsnitskaya et al., 1985). This 
Zone correlated with Upper part of the Middle varcus, with 
Upper varcus and possible with hermanni - cristatus conodont 
Zones [Krasnov, et el, 1992; Karaulov, 1992). 

The Stratotypes for International Givetian substages are 
proposals ofthe Belgium types Sections ofthe southern bor
ders ofthe Dinantian basin, Fromelennes Formation. 

Key sections pelagic Ammonoid Zone, Rheinishes Schief
ergebirge, Germany [T.Becker in Weddige,1996; Becker et 
House,1998). 

Key sections neritic in stryngocephaloid Facies, Germani
Rheinishe Schiefergebirge [Venn, Bergische Landes, Eifel]. 

Key sections ofthe Russia and the Early USSR: 

1/ SW margin ofthe Kuznetsk basin /NE slope ofthe Salair 
ridge/: the Section of the Zarechnaya village along Bachat 
River [Rzhonsnitskaya, 1968, Gagiev et al, 1987). 

Here Lower boundary of the Middle Givetian substage there 
are at the base ofthe Safonovo Formation with Ammonoidea
Maenioceras terebratum and Sellagoniatites discoides, bra
chiopods - Indospirifer pseudowilliarnsi, Spinatrypina prae
bodini etc. and at the base ofthe Lower - Middle varcus con
odont Zones [Rzhonsnitskaya and al, 1985). 

2/ North margin ofthe Kuznetsk basin, Anzhero-Sudzhenka 
region, Lebedyan quarry in Lebedyan village. Here there are 
lower boundary of the Upper Givetian substage is drawn in the 
base ofthe Alchedat Form. with Euryspirifer cheehiel /Stuck
erberg sensu/, Uncinulus group goldfusi, Upper part Middle 
varcus and Upper varcus conodont Zones . 
[Rzhonsnitskaya, 1968;Types sections of the Middle - Upper 
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Devonian and Frasnian - Famennian boundaries deposits of 
the Kuznetsk basin, 1992]. 

Key sections ofthe Transcaucasus /Nakhichevan Repub
lic, the Early ofthe USSR/. 

In this region there are very good sections ofthe Givetian 
stage in neritic Facies /with many brachiopods, corals, stro
matoporoids etc./. One from this sections are as more typical 
are the section along the left bank of the Arpachai River in 
region early Danzik village [Mamedov ,Rzhonsnitskaya, 1985; 
Rzhonsnitskaya and al., 1984). In this section the lower bound
ary of the Middle Givetian substage is drawn into at the base 
of the Lower Arpachai subformation with Spinocyrtia tran
scaucasica = Sp.mediotextus sensu Frech [Mamedov et al].This 
deposits may be correlated with the Terres d'Haurs Member of 
the Middle Givetian substage of the Dinantian basin of the 
Belgium [Tsien, 197 4 ]. 

The lover boundary of the Upper Givetian substage in the 
Transcaucasus on conodonts is drawn at the base at the Chra
khana Formation, which correlated with Fromelennes Form. of 
the Belgium. The Chrakhana Form. of the Transcaucasus is 
consisted of the Fauna Cyrtospiriferoides brachiopods such 
as this had take place in the Fromellennes ofthe Belgium. 

Upper Devonian 

Frasnian stage. The Frasnian stage may be subdivided into 
two substages. The lower boundary of the Upper substage 
should be drawn at the base of gigas conodont Zone. In the 
interval from Upper asymmetricus Zone to gigas Zone there 
are great regressive and transgressive Event and biotic Event. 
Among brachiopods, numerous the Cyrtospiriferdaethe groups 
Cyrtospirifer disjunctus - C. schelonicus disappear and Spirifer
ids of the genus Theodossia of the group Theodossia anos
sofi N em.l appear. Among ammonoids appear numerous forrns 
of the group Manticoceras cordatum - M. intumescens by 
B.J.Bogoslovsky /1991/, which it possibly corresponds to Neo
manticoceras paradoxum and Archoceras varicosus by 
T.Becker, 1996 and Crickites holzapfeli. This lower boundary of 
the Upper Frasnian substage is drawn at the Russian Platform 
[Rzhonsnitskaya, 1988; Rzhonsnitskaya et al., 1991). 

In the Stratotype ofthe Frasnian stage in Belgium this stage 
is subdivided into two substages with the lower boundary 
Upper Frasnian at the base of Ancyrodella triangularis zone 
[Tsien,1974). V.A.Aristov and A.Zhuravlev also suggest to 
distinguish the lower boundary ofUpper substage at the base 
of the Ancyrognathus triangularis Zone. 

Stratotype section of the Frasnian Stage and its the lower 
boundary Upper substage at the southern border of the Di
nantian basin/Tsien,1974/. 

Key section ofthe Upper Frasnian substage at the base of 
gigas zone - in the Russian Platform - at the base of the Petino 
Formation ( Correlation table, sheet 1) . 

On the Interdepartrnental of Stratigraphie Conference by 
Devonian of the Russian Platform [Resolution, 1990) the Fras
nian stage were proposed subdivision into the three substage. 
The lower boundary of the Middle substage drawn into the 
base Sargaevo horizon (Lower asymmetries conodont Zone). 
But this boundary necessary more accurate definition. 
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Fammenian stage. Famennian stage may be subdivided 
into three substages in stratotype section of Belgium /where 
these deposits are represented by neritic facies/, as well as one 
in the pelagic ammonoid facies ofGermany. 

In Belgium, the lower boundary of the Middle substage is 
drawn at the base of Esneux /Fa 2a/ beds /with Septatour
nayella rauserae, Sporadoceras latiloba, rhynchonelloids of 
the group Centrorhynchus letiensis/ and its partial equiva
lents Souverain Pre' IF a 2c/ beds with Septatournayella rauser
ae, Polygnathus rhomboidea etc. 

The lower boundary ofthe Upper substage ofthe Famen
nian is at the base ofthe Fa 2d and is included into Comblain 
au - Pont /Tn 1 a/ with Quasiendothyra kobeitusana , Spheno
spira julii, "Spirifer"strunianus, Spinocarinifera niger, Cyma
clymenia euryomphala , rniospores - Retispora lepidophyta, 
R.pussilites etc. 

In Germany the lower boundary ofthe Middle substage is 
drawn at the base ofthe Hembergian with Pemoceras dorsat
um of the Genozones Prolobites - Platyclymenia and accord
ingly, at the base ofvelifer conodont Zone. Lower boundary of 
the Upper substage is at the base ofKalloclymenia subarmata 
Zone and Middle costatus conodont Zone. 

W.Ziegler [1997] proposed lower boundary for Upper sub
stage of the Famennian is drawn into the base expansa con
odont zone on conodonts and Dasberger stage of the Germa
ny. 

Key sections of Russia and the Early USSR. In neritical 
facies are: Transcaucasus /Nakhichevan Republic/ the lower 
boundary of the Middle substage of the Famennian is drawn 
at the base ofthe Schamarnidzor Formation /= Enchondrospiri
fer ghorensis Zone/ it is accordingly velifer conodont Zone. 
The lower boundary of the Upper Famennian substage is at 
the base of Arshakiakhpur Formation with Sphenospirajulii, 
Araratella araratica, Spinocarinifera niger etc. This boundary 
corresponds to the lower boundary Etroeungt beds ofFamen

w].ian in Belgium. 

In the pelagical facies: the Southern Urals, western slope 
(sections along the rivers: Sikasa, Rjauzak, basin ofthe Zigan, 
Zilim, Inzer Rivers) the lower boundary of the Middle substage 
of the Famennian is drawn at the base of the Murzakaevo 
Formation with Platyclymenia annulata Prolobites delphinus, 
Pseudoclymenia sandbergeri and Zigania ursa [Bogoslovsky, 
1991]. The bas of the Upper Famennian substage is drawn here 
at the Lytwa horizon (Abuskan and Zigan beds) ofthe Wock
lumeria - Kalloclymenia Zones, correlated with Quasiendot
hyra kobeitusana Zone on foraminifera, Sphenospira julii on 
brachiopod Zone and Retispora lepidophyta on miospores 
Zone. The same specialists of the Russia 
[ A.Zhuravlev ,M.Gagiev, V .Krasnov et al., 1998] proposed for 
the lower boundary Upper Famennian substage is drawn into 
the base expanse zone on conodonts also as [W .Ziegler, 1997]. 

Correlation Table (sheets 1-4) demonstrating the position 
ofthe Devonian stage boundaries (it is advisable SDS) in the 
Devonian sections of the Russia and proposals for an Sub
stages subdivision ofthe Devonian system from Russian com
rnission on Devonian Stratygraphy. 

56 

References 
Alberti G. (in K.Weddige, 1996). Neue planktonische Tentaculiten-Taxa 

aus dem Alteren Unter-Devon.- In book: Devon-Korrelationstabelle. 
- Senckenbergiana lethaea, 76, Y,: p. 275. Frankfurt a.M. 

Becker R.Th. et House M.R. (1998). Proposals for an International 
substage subdivision of the Frasnian.- Document Submitted to the 
International Subcommission on Devonian Stratigraphy. Meeting 
at Bologna. 

Bensaid M.(1974). Etude sur des Goniatites a la limite du Devonien 
moyen et superieur du Sud Marocain.- "Notes et Mem. Serv. Geol. 
(Maroc)", N 264: "Notes Serv. Geol. Maroc", t.36, p.81-140 

Bogoslovsky 8.1. (1982). Earli Devonian and Eifelian Ammonoids of 
the USSR, extend and zonation of the Eifelian.-Biostratigraphy of 
Lower and Middle Devonian boundary deposits, Leningrad "Nauka" 
: 23-26 pp.(in Russian). 

Bogoslovsky 8.1. (1988). The evolution and biochronology of 
ammonoidea at the Devonian - Garboniferous boundary. - The 
Devonian and Carboniferous boundary at the territory of the USSR, 
Minsk "Nauka; Technica": 248-254 pp.(in Russian) 

Bultynck P ., Coen M. (1982) . Conodont distribution in the 
Frommelennes formation and the lower part of the "Assise de 
Frasnes" (Middle/Upper Devonian boundary of the Ardennes).
Biostratigraphy of Lower and Middle Devonian boundary deposits. 
Leningrad ''Nauka": 38-46 pp.(in Russian) 

Chlupac 1. (1959). Facial development and biostratigraphy of Daleje 
Shells and Hlubocepy Limestones (Eifelian) in the Devonian of 
central Bohemia.- "Sborn. Ustr. Ust. Geol., 25: 445-511 Praha. 

Chlupac 1. (1977). Barrandian, 1977. A Field trip Guidbook.- Field 
conference of the International subcommision on Devonian 
Stratigraphy, Praha: 23 p. 

Chlupac 1. (1982). The Bohemian Lower Devonian stages.- Cour. 
Forsch.- Inst. Senckenberg, 55 : 345-400, Frankfurt am Main. 

Chlupac 1. (1985). Comments on the Lower-Middle Devonian Boundary.
Cour. Forsch.- Inst. Senckenberg, 75: 389-400, Frankfurt am Main. 

Early Devonian biostratigraphy and fauna of the East slope of the 
Urats, 1977. M. Nedra: 245 p. (in Russian) 

Gagiev M.N.(1996). Middle Paleozoi of the Nord-Eastern Asia. Magadan: 
120 p.(in Russian) 

Gagiev M.Kh., Rzhonsnitskaya M.A., Rodygin S.A., Timofeeva 0.8. 
(1987). Conodonts and correlation of the Devonian deposits of the 
Salair.- Materials on Stratigraphy and Paleontology Sibiri. Tornsk, 
University: 30-46 (in Russian). 

Karaulov V.B. (1992) . About of the position of the Middle-Ober 
Devonian boundary in Altai-Sayan Folded Area.- Geology and 
Rasvedka, N l, Moskow 23-28.(in Russian). 

Kirn A.I., Yolkin E.A., Eerina M.V. (1982). Biostratigraphy of the 
Lower and Middle Devonian of Central Asia.- Biostratigraphy of 
the Lower and Middle Devonian boundary deposits. Leningrad, 
"Nauka" (in Russian). 

Koren T.N. (1973). Lower Devonian biostratigraphy of Pai-Khoi, 
Polar Urals and Podolia on Graptolites.- Biostratigraphy of the 
Lower and Middle Devonian boundary deposits. Leningrad: pp. 142-
148.(in Russian). 

Koren T.N., Klishevich V.L. (1982). Biostratigraphie subdivision of 
the Devonian Key sections of Central Asia based on Graptolites and 
Dacrioconarids.- Biostratigraphy of Lower and Middle Devonian 
boundary deposits . Leningrad "Nauka" (in Russian). 

Krasnov V., Rzhonsnitskaya (ed.) (1992). Types sections of the Middle
Upper Devonian and Frasnian-Famennian boundaries deposits of 
the margins Kuznetsk basin. (Proceedings of V Field Session o-n 
Devonian comission !SC, Kuznetsk basin, 16-29.VIl.1991). 
Novosibirsk: 136.(in Russian). 

Kulikova V.F. , Rzhonsnitskaya M.A., Mizens L.l. (1978). The section 
of the Lower and Middle Devonian along Sevemaya Toshemka and 
Sauma River. - In book: Abstracts on Biostratigraphy of the Lower/ 
Middle Devonian boundary of the USSR. Leningrad, VSEGEI: 38-
41.(in Russian). 

Mamedov A.B., Rzhonsnitskaya M.A. (1985). Devonian of the South 
Transcaucasus, Zonal subdivision, boundaries of series and stages, 
correlation. - Cour. Forsch.- Inst. Senckenberg, 75: 135-156. 
Frankfurt am Main. 



Subcommission on Devonian Stratigraphy- (December 1998) Newsletter No. 15 

Resolution of the Jnterdepanmental Regional Stratigraphie Conference 
by Middle and 

Upper Palaeozoy of the Russian platforms. Devonian system. 
Leningrad,1990, p. 1-59 (in Russian). 

Rzhonsnitskaya M.A. (1968). Biostratigraphy of the Devonian of the 
margins of the Kuznetsk basin . Vol. 1, part. 1. Stratigraphy.- Trans. 
VSEGEI, Leningrad , 'Nedra": 287 p.(in Russian). 

Rzhonsnitskaya M.A. (1982), The present state of the knowledge of 
the boundary and the stage subdivision of the Lower and Middle
Devonian on the USSR. - Biostratigraphy of Lower and Middle 
Devonian boundary deposits. Leningrad "Nauka": pp. 12-18 (in 
Russian). 

Rzhonsnitskaya M.A. (1988). Biostratigraphie scheme of the Devonian 
of the Russian Platforrn.- In. Devonian of the World. Canadian Soc. 
Petr. Geol., Mem., 14(lll): 691-702, Calgary. 

Rzhonsnitskaya M .A. (1991 ). Devonian System-Zonal Stratigraphy of 
the Phanerozoi of the USSR. VSEGEJ, M. "Nedra", 48-63.(in 
Russian). 

Rzhonsnitskaya M.A., Kulikova V.F., Petrosian N.M . (1982). The section 
of the Lower Devonian and the Lowerrnost Middle Devonian of 
South Fergana. - Biostratigraphy of Lower and Middle Devonian 
boundary deposits. Leningrad, "Nauka".(in Russian). 

Rzhonsnitskaya M .A., Kulikova V.F., Gagiev M.N., Timofeeva 0 .8 . 
(1985) Boundaries of stages of the Middle Devonian in Salair.- Cour. 
Forsch. - Inst. Senckenberg, 75: 113-122, Frankfurt am Main. 

\ 

57 

Schonlaub H.P. (1985). Devonian conodonts from section Oberbuchach 
II in the Camic Alps (Austria) . - Cour. Forsch .-lnst. Senckenberg. 
75: 353-374. Frankfurt am Main. 

Struve W. (1982). Eifelian with the Devonian fauna, history, boundaries, 
definitions.- Cour. Forsch.-lnst. Senckenberg, Bd. 55, S. 401-432. 

Struve W. (1996). Eifel (Venn, Bergisches Land) in Weddige "Devon
Korrelationstabelle", 280 S. 

Tsien H.H. (1974). Paleoecology of Middle Devonian and Frasnian in 
Belgium.- International Symposium on Belgian Micropaleontological 
limit, Namur. 

Walliser O.H. (1985). Natural boundaries and Commission boundaries in 
the Devonian.-Cour. Forsch.- Inst. Senckenberg, 75, 401-408. 

Walliser O.H., P.Bultynck, K.Weddige, R.T.Becker and M.R.House 
(1995). Definition of the Eifelian - Givetian Stage boundary. -
Episodes, Vol. 18, no 3. 

Weddige K. (1996) . Devon - Korrelationstabelle.- Senckenbergiana 
lethaea, 76, Y,, ss. 267-286, Frankfurt am Main. 

Weddige K. (1998). Devon-Korrelationstabelle.- Senckenbergiana lethaea, 
77 (l /2), SS. 289-326, Frankfurt am Main . 

Wedekind R. (1918). Die Genera der Palaoammonoidea (Goniatiten).
Paleontologr.,62: 85-184. 

Yolkin E.A., Kirn A.I., Weddige K., Talent LA. and House M.R. (1997). 
Definition of the Pragian/Emsian stage boundary.- Episodes, vol. 
20, N 4: pp. 235 -240. 

Ziegler W., Sandberg Ch. (1997). Proposal ofboundaries for Late Frasnian 
Substage and for subdivision ofthe Famennian stage into thee substage 
Subcommission Devonian Stratigraphy, Newsletter, N 14. 



V, 
00 

, Shlll l 
• ·- ·--·--·· • - • • • . • • 1 

Correlation Table (sheets 1-4): Position of 1_ stages and substages1 
1 

··-::,. 

1 •1 ~oeivt 11andanl 
- . ~i~phic.teak 1i 41' 

; --- ·"~·~· DEVöNiAN .. -.... -
w "' . . •. • •. - • . •• 

rtaE ··· ·· ... 
. . . .. . .. ·- .. ' •• 

. ·-·· · 1" MAIN . •.-.. •· - !·- •• 

ll 1~ • ~81ldarl i 
·CQnOdont 1 

J i 
mnat,on 

~, 
,l1 

l zoNES Ru .. ; .. pla<fo..,;,- ··· , . .. , .. - · .. [ ,;.,·u~,; . 
·,Ari\i))O!l~ , iBndiiopo&: - . ~~;;Q~: jwe$~Sl.op~~r·~~l~ 1 
. ~ptolrt~~ t.:: .. . ·-- ·· ---- · . -·-·- · ·-

rNo~j; . 
[z.e~9~-- t-

~Ifß.~N Acwamn«•as 
prot"liulll l~Lm!~o·_ 

~ -- - - - -- - -~ ~ 

r ·--. 

;z; 
< ....... 

.JSr3e$ülca~ i j ~i..,.;~ :~~"': 1 .. L)1Va. ~ ~·- !r.----?-----t-
- - . ll.llb:I_ ........ ,,. ~Öt~~Bi' ~ ,. · · · --- - --. ' - 1 J:h"11avmj 

exp~nSII boech~.a· --·-··- ... ..;.,;.. j K.uishelp i ' ~ 
~~~irlii~iij. ?t~ • _ .. ' . .• • 111,--

~- -----~ . •·-· "- i::1· Zip,.."'9) 

posten 8 ~1 :H ~· 1 . . - . ·-·. ·. . 'üiit·~~ \v-~~~~.;ljl&tl~ . . . DtoiO <:l 
U.. ~ J ~:,=~t! Bllovo fm. 1 ub<:d1e.n · 1 · · -· • ..... 1 M.lr=kiu!'l'O. 

tnlchytcra ;l1 !I.. ~ loN<ijanicu, .• . • . . . . • · • · 

""i-----------
--1 
": !-l ddf'a ... 

;z; . . " "'· ... ll>ffSttl ,._ - J .z margm1,cra r ~ --, 

... 
1-.. 
N 

ll1 . ------,-:1 
l rhomboidca 

Sp (M...,....,.,, c:,....~r- Tudet fm. 
pompocljl ... .....,,.t,...,;. . . . , l.~teu: .. 1 r n~~~ .:..j fu~~.-_rm:~. 

1 ~~;uiuu.,. 1-
l'J>.illli• • ..... ,._ 
c.--,,_p,ee., ....,hiaa) 1-<· ~: 1~ . ttl!!'pid:l & -· z! .. --------- ---------- 1inlt ___ _ _ _ .....__ 

-"·-·c I ll r--Cbcllece,u - - ~,...;~ 
)Zak1k 

DU"Wi1pnm tJl&ÄKDUa•- , • • ,. • • I iadöriffl: · "~~aimY 
Zlk ... ""'-' prmn~o rm. , .... - .. - . -

r·~~-Jjia~ ... 

0. triangulari! ? ''7l.i,,,oi<lci11i..,..&1a" ,~ ...:.'.'.:.;.;. 1 11 l3arma 11u·~1P.tt 11111, • >·1 · - • ;.; __ :r+----
_______ __ ... ____ ______ . ~ -

? l ·71,..,,...ic. .,,..,..&1a" 1 1 1 ,-..;t1, 
P.J.n.~L 

tl:l. 1·1ngu'1focn,·,. Oi<li,osholz,pf•\- i·.K·~~ im'. 1 LiYli:~··· · ·· · · · ·· · 1. A,kyn I_ ~"~-· IMffialli.kx:N,· •lru ,r-,. • {.'f.<~«=• Th~-· ' · . - · .... . 1 U - L1 • . . 'r, t-l l--C : l!"\J 1 1~11rpynr1M . • ., ... '\,.U--~ IITJ. __ _, ____ _ _ - - - --- 1l"liiliolui,.- .. J111.1ua1• 

l l J U l.r.., [ · .....,..,r,. S,,01ino,.l..o,uf111 r ~:\MY'O ' · c,,~, ... ,r„ 
1 ~ :z· h ~ t.b,.;""~'"' .....i,11111 H,i,nf,,rni,u ruha~, • · 1 )..fiendym Tallh1u9a ,er,:,c·.Jurr,t 

f ~ ' I 1 cna11a !M. ;..,.IIIOICC6$) • , a l. _ _ 
·p.j <· l. 
:.Q.,' .... . . - . Mm,.,..,.............. ~inr .. 
t :;:l : z Jam1cac ~ ,,;1i,,,.... tl'w-..oo,.,.) ~·'- • •. _ .. 1-

~ ~'! ey,, .. p .1„J_, .. , 1· . I ,..:_,__ : . <":,,,,,ipritw 
) j , .. . _ ·. ~1uuk .~~r:tdmun fm . ... ,uuianik Jisj .. , .... 

1 
..! 1 c,,..,.pmlrr ~ ., ki. r. Sem1lula ,_ .. _ t.i:" kltlA<1ic:Wi tnhU 

h1"iottt.M1 __ _ --- -1--

>luc:~i L>dos11m,ycnd<>..'1l1-
1 

t:I a..tbb '')'1 c..... Sa1' I "- . . u.t'-- rm s ... m ..... n ..... u„ le,talinp t1e .. ~~1 gat'i'O .,...rgec~ ! ,-.9 1. • &l'ßlll!ll'O ...... ,;i,,,;11 

_..,-.;Jstbinn , , - - -- - - -t-
L, •11111pr,r1&1 rp "'~~-:~:,r.s,~ 

1 
~-- .J 

Hucnag._.eu U::lnupiri(et 'l' 1 1 
ud:.cni"' 'Tll.-;•1nsor11Z:..~S -1--' 

1( n1li,%il'* - • - - - - - - -

r·Kyn 
-+-Ama.t frn. j_ 1; Timan .J-i !,man.'-+- __,_ 

~ 

f 
"' ~ 
~ ., 
~ ..._ 
V, 

B 
Cl> 
0 
Cl> 

~ 
Cl> ..., 
....... 

'° '° 00 -
~ 
0 

1. 
"' "' g· 
0 = 
t:J 
~ 
0 e. 
~ 
(/) 

~ 
::t. 

J 



Ul 

'° 

boundaries in the Devonian deposits of the Russia. 

1 . . ~~~I_ON._ OF' ·THE RUSSiA ... 

~, p~!S=· l ~~-ni~< r ~ . Altoi; c s~"". a;;,; 11 . - ·-·. --·-· ·-North Eut 
of thc R ussi an 

--!---?·- - -·- ---- f~~o 
- .. 

I Fokino 

-

-4- ----?----

-
_J j, 

1. ·-j.S 
-1 •ie 

I~ 
1t -1 III 

I KalS:,.sc,n > __, . 

-
-

' beds.irr:iil: 
lw~irif,r 

,uahdno I Pcdonino fm. 
1 

~ --- -- - 1 1 

h!tlt ii;I); 
C'y,tolpin"'la
~i 

I btd, .;.,~· 
,l,~fio;,irifor 

tttcmcjr:Yi 

i _d I Milillt. w.:11 .! , .. 
~ 

'~~~Utc;J 
·,bedi- . 

. Solomioo 

rctiubokäya 
I t;~ .. l,:ak 

Tr c:rckhino . · 

:::t:_-.... 1 · I tm.. 1~~-- l'a 

.., __ ______ _ 

I PiM"""1iar111. 

- ~ 1 

1
1 M!'°I Cut: 

iSni:~n.rm. 1 

. bed" .!.t 
M.nicoc.ns 

, 1 

tr~~ &a. 

, A_Y( fm. 

isa1-.~_fm. 

L. ---
1 
1 . ••. . 

IF~Easl 
West-

5ibirlan pla.01 

tff "'lta.~r --.- - - - -
31, ........... 1 

i•lii 

lioaiwitJi -...-c,ocfl, 
, . . 

1 ! ij 

lila ~':.. s , ~ ... ; ... ~I . ~ 
.i 11 !~ 
IJ l.s 
;H ! 1 • 
1 : 

'brdlvrilh 
T1lodl'flld, 

rncJ:1KDJQli1, 

T.JIOIIIIIIS 

· - +----- - -1 

1. 

:«§ 
.,Q 

1a 

-

-

:t,oJ; ii;il 
()m.nr .. 

;)Sf<ll\<lla 

beJ • .fiti 

Va.s·si~ 
j,g_ 
!~ , n 
'), ---------•' s .... 

u11j 

1htii,.-1b 
C)t'lo_..,;r.,. 

:111:tmcc 

'°"""tte.l, ~Mauchll.ll r~. b.J~ 1 Whkt.clmclla Budii?I• .§ ,.... .. ....,.,H 
"::'.:,':"" . 

0 
c~o1u~mr.. 

«hti .. 
-~~--- - -- -

bcd• 'Ul'llh 

:·1::1 
~ 

·.3 

-

~- --- --

El:u.h~1'1o'conma 
f'l("Ynsi~rlrl 

... -1 - -- -~ 
1--· lzyly 

-t-

.\~"tTud11:lla 

rr:,:wthlulu 
l~enjuh lin. . 

-t-1 ~-- -·+- -----
-~--- i ---

Slt«t1 

Cl) 

g. 
0 

1. 
tll 
tll g· 
g 
t, 
~ 
0 e. 
~ 
Cl) 

;i 
::t. 

~ 
~ 

1 

B 
"' n 

! 
"' .... -'° '° 00 
'-' 

~ 
~ 
~ 

~ 
~ .._ 
V, 



°' 0 

Sh.ee,J . 

1--------~ - - .. - - - - - - ~------
'[' ll ·1- - Gauia fm. l . zl dispu1 I~ . Plor,i,c-.,.y,r... _ _ · Fuhije 

• l. r"> !.! r1. ~;u;,.... - - - - --- r·•··. · Yaran ! Z <· hennanni- U . ;:: ]: ~ ·n, . 1 • .,,u11co,,, . _ • ·.,......:.... ~ 
·-, 1 1 (.'1as<011:G-ns 1-

EI~ ~ 
1)1.Je:1' .1 

~ . < ..... cri,s;uru~ L '-. - • l:.llf!<Sp. <locd>,d- --
... 1 
:::, 

· ...... F-' . '-' ~ ----'-.-~~~ ·-z . ' 1 u - - - - - - .,... - - z .... n~n,,,.. c, - k I 
i:t.: 1 .. · · •1 - -..;; ' ~;':""', .. '"~"'"""'!· SITirE=rih~•~ - ~ · Burtnidc fm.' S: ary1 Oekc! ..it al'"}"l CJ~ 0 , 0 > 1 ~,ITLll~ L• ...'.. ~ ''!~'!M('~~~!O(fl)!I . . . . > · L :> ·::. . ~,,:a,Lonm11t1 zr. ~•rn1n1· ----c:'.!hll.!O'l'a'l'U 

1Z1' ;_;; . ' G - :·J ,';::;::;, """" •••'~ - -- --- -- - Dirn" : Tub, - - • - --• • -

i ! J'lcclcn~I• _ 
::i · ..c 1 ,rr~u•!•· • . 0 Un~ap1lcr 

V~tinoi Chelllavka 

""' 1>1'TJllilnsa!us _3 luli111•hs ~lrul hn . y d 
- 1---+------ -,!-- t--~. :r - - .- - - . 8 . , ai~,,., ar fm.; .... 

. . r<i 1 ("lll,nc,crn,, l . - . - -- ·- .. --- A~ . • j ";l:l Z · ~,,t.:k<".li.in•Js /, )i: ,,.,.,,s.,.,,., - ·- - - - - - - . ··:· - • zoruno . l.aniUJ'' 1 
-l ...-4 ~ ~ - - - - - - - - - 1..i. ""....._.... ~ 

1 
. 1 Orru,no I 

0 ..., . ~ :.., Luu1Jci1111 ,::.- 1 .!O '1Vo • · · :, i'f 
- ::; . •m>,J>< •~,;~;.,... __ ,...... N~-· (m. . . , J ·~ 
c, ' 1 •---·~ .KJO>uo,o' ltodn,n,, ? _ ------- Pl . j 

Zdlmi.J 1id,jitua· 
t..döm.cra l
i1Tticul1111 

~ ...... 
z. 
0: 
> 

I j i --,;,;;,;;;;,:.-- - . Dorooobu,h · . · .:;,:~~;:;,;, n e;,, . . '! .iJ 1 
' Nf'l'"'h'"SI! t1oou<111c111cus- Pj. · unu fin. . . RiJa . ,t f' 1 - ·- Taltlja · 'D 

I

I M, ,,..._,._ ' f,n. 1 • . . m. 1 F. "' ... .., .. .,., 1 .. :-- . l:: p,llulus 

~-i I sern,intt~ I ur 
in versus 

·:r ._g'l 

t 

h1uq:1&1W .... 1cru.. --- - .. .. .. --r!.lli°1t1-----ra.:-~,us-- II-. ------ '='-'"-
Vja!ltl-<äy~ , • _yjas;w.Jya I 

Sdl-Cila 
•ate.kcnh.chi 

t.ot,,,t, , u.,e,1, ... 

t,.11 . ,~ddm.1is . 
liJ"'l'M•~nrhia 

R.c.eknc fm ! 1 . R.iiu.hsk fin. i ---------
I T e.ka.t2c• fm. 1 .... 

r:n _.i. . , 
Tf'flTTlnrilTllrrfrTll11111 ---------

J,l 

a1 ' Karpindc • 

lncliufinlcr 
rruririmH 

l!l<lilmc• ............... ~·-
,: no1 hope1bonus .,n1lir> ,.. .... '". 

(f„bc:m..::cna.l a;,. 
.-el 

'iJ •w:llamc 

1-

... 
f-

~ 

p..) 
f.T(mbc:r g1 uJ 

Mc11~Cn...Mti1u 
r,n,nöJ,. 

"'"""""'' il ~ · Ji ~m',iisp"lirrc, 1-
. , • .a ........ 

~11 .1 d~Jii~ens 1--
l1i 
" ---------[~ 1 ...,.,.-. .,;..,1 ..... 

t,; .... ~·rr- ~ )UlonrnSts -4- - ..L~== 
i 1 

t.1.c~"""'i' 
Phiii_J~1d1uk ! ManQlai~'. 

(up~r pari l 

-~1-;;~b--l-
'"'--~· t~~l-- To- .~- ... -. -.. _-l-+4'· -~Ullll-r 

~1-~--r--~ 

~
. r~ .. ort,y,Äa ..... , ... li ........ ~ 

...; _ M. Lwm .... i 

~11 1:1- ~::: 1 J 1 1 1 

\lmidn1 1r,11Qefo"'41-
LJ10Jcn<><ch11 ''""'"· 
s::..i-i.. ~-.,... ! l IM. fmcu~ ~1. fllu,im 

·11 
..... 1 

,~t 
Vrzhai i 

----.-~-1-........._.. .. 
> 'Nllliill 

Tllu~ 1-
. .... .... 

........ ,VII..... .::=- 1111111-c.,.:.-_;:':.:.,-:=-...:·_J 111111111 ~.~;~ 1 -- . 1. 1

71:1~-.. J 
· ~ 11 dcta I q i 5J , ..... ,...k... ~;:,..°1:

1
;, 1111 ir-·-·-.. .,." .... I 111111111 ,:;;;--c·-'il .:iaum~ 1 ,~~.,,~•:nJ.<.i-

• ----·-·-"i• 111111 .Övmparma , I M.,mtonni~ 11111111 r~~ak'J Sarajnay.l t· gf 1-
-~~ ~ - ··· - -~- -· ·~-- -- 1•· ·-· .,_ .... 

i 
"' 
f 
~ ._ 
V, 

B 
CII 
(") 
CII 

g. 
~ -IO 
IO 
00 .._, 

1 
CZl g. 
(") 

1. 
"' "' c5 · 
i:, 

g 
t:I 
~ 
0 e . 
§ 
CZl g 

J 



~ ~ 

- l: ab,ld!.o,z r... 

--- - - -- - - - --

'? 

~wi~ 
Srrinl(l(epb:o)a 

<• 11. lnr.iri 

lzy)y 
',L 

r------ ----
Afchcdat 

r --- - - ~--
~'lri,h, 
~~;rifi, 

[~lt!, 

[bc~li) 

J;.,;,.;_~ i.vl1~1 

l'h.l, ,; IA:l'm ~ 

ktllitu;;, 
1-- ------

D-~\'Wov l 7:acadcd.n~~ 

i :~ Safönovo 

1 ~ 
1- - - - - - - - - - · i-...- · Upj:,er 

Kuroi:r, ,k I~ fübtin. 

fm. fm. 

-
''g _ _ _ _ - ice11~scin -

( V- • a ari~k J 2,a, ...... ~ut.-a.• . "'-UJ . S . ·.~L 
~ • iJilo°"t•~h - - - - - ~ 

· :t'u't.ta 
~----- · = arachkmo 

-

--, 

--t 

-t Mantürovo 

-

~ 
1i 
~ 

p,. 
~tnrll 
u.Jilpi,lkr 

unditc:.,,: 

1 ,---· --

~tnlli 
-+- l l',!c~·· 

cr . ..,1 ...... 

~ - ~ ----.-.--
hf,;I, "1111 
~'ijd~i· 

:mrun 

--,- .. ---'? --- - --t--~- --~- -btrl,~lh_ 

-

-

~ 
:a 
.:i) 

8 
-1{ ;1:,;vedcw;;h~mi,;.t-

F1.n.a.i1a. 
~:LrjJ~ITIIIJ• 
Tnpi~nch1l 
r,c,,sr..:~ ...... 

!' 311 lni;;ut'~ . 
~. 

l f'.·~~:~ 
nAt-.~. l,ed1 

KuJ"f:ik" 
·;:i T ol~lc be118 
"6 
i. llf.1';U.lll:bc4e 

.... !-< 

Z.ub .; Bilola:l!i!ll!lft. 
:., kds 

~. rwi~ 
~ 
j --.;ti-~aj,.....1,_Lbub,..,....,... ~ I 
..i ~-------

I Ur -rtb. 

&t·,ivi-.rt;n~:ttfm. 

I Uppc:-
'11 Sh·arida L~al'\reev.sk 

bed.!S. 
· 1-- - - - -

~ . 

~ 
(31 l.ow'er 

~1:Ja.nda 

.ßcloYO' 
{ ~kuku,k,m) 

·"h~~gw~ ~·· J:Wtt :--
. i\la.sl'l 

d ~ , brJC with 
.f': ~ Lt'.'ICOh· 
..d ..0 . dl.idiclla 

.. 1ä -p.;-
t.5 w· >~~ :s 
116 > ~~.i.,, 
~ ::J ~!J·.tg 
"~ t„..i!;? 

i:Q „ ill] f~ 

i-1--s-a-Ja-i.r--k-a. - -11 Ki~~; 
btiJ, 

Süi,.haii rm. 

~ _!•~_!.~, . Tilll-~i fnr. 
~ r~ 
~ 111.h_f.ii.. 

·~n:.::211wnli. ITfrTmT1 
bfJs) 

l.,r;,i,uiiM f1n, . .' 
(-::~~-

1 ~ ,.:; 

~ :ii 
' .O· 
. al 

'"E 
~ 

r· 

!J;i.b~ lxids 

-- --

P~liak ~' .. . . . 

Iil:!!?ll>Cl:'!I 
:>eJi 

-llill u Jl1)tt' n 1tm. 
, IL~ 

V~aai fm. 
ci Fn,y,pyifu 

"'""'h,cl 

r---1-- --

fiml'<i~nrfr 
=-1 ;r,1r,.::~11a 

"5 
l,j 

.!i fr~n~ 
<1l 

l ,:111rr. !l'ct.fui. 

~~~LLU.J.UJ.U.u.J. fl 

r .. -
llmln•c frr'.I. 

1ted,e...,1aya. 
(ir.. 

----- --
. Groto'll:i~ii i"r.i. 

[',ft'.,[1L<li111aya fr.!L 

c~. ~ir.) 

..... 

:, Ul)'X)®Oltfl.a 
bl'.J<:U>Up;<>ki11111 

---- -
[lroYillllMI 

Ns,.iea.rliili> 1:.. . 

Cilf.t1.t.l11 
Tn!ui...1rurm 

!-- i t.«li(,YI 

L. 
1, 
> c; z 

·.3 
r-"<: .. 

-;::: 
d: 

I.APl'.ll'l'OJ••rt11 
d~k, 

Mrplwilin.icb 
pa:1'rTI011)1J,1 

S<lldnc, .. ,dc f4. 

1.rf""""'"fit:i~II• 1: Afml.C!löl: f.'11 . 
"'~(.UClt~ 

Gt,J.,.1rurl,.a ~ • .. .. 

,,.,u<!.11°>,.,..:"' M K,v.b1c,nk.a·,r.1. frr .. 1.,sr~n1 
11~:.~n'l:i 

Sheet 

r.n g. 
n 

1. 
"' "' g' 
g 
t:, 
~ 
0 e . 
§ 
r.n 
~ 

t· 
~ 

1 

B 
~ 
n 

i 
~ ... ..... 
\0 
\0 
00 
'-" 

~ 
~ 
~ 
:::t 
~ 

~ 
..._ 
<.,, 



II 

111 1 

News/etter No. 15 (December 1998)- Subcommission onDevonian Stratigrap_hy 

Devonian substages in West Siberia sequences. 
TM E.A. Yolkin (Novosibirsk) 

Substage units are traditionally used in the regional strati
graphical scales of Siberia. Two or three such subdivisions are 
recognized within individual Devonian stages. They are indi
cated as "lower-upper" or "lower-middle-upper". All seven 
stages, defined by the SDS, are identified in the Devonian 
successions of West Siberia with acceptable accuracy. As in 
the other regions ofthe World, only Pragian and Eifelian stag
es could not be subdivided here into substages. 

Tue Lochkovian Stage is subdivided into two substage 
units. Tue base of the upper Lochkovian coincides with the 
Kyk (praehercynicus) Event (Yolkin et al., 1993). This level 
corresponds to the beginning of clear expressed transgressive 
event in Siberia, Central Asia and other regions near the base 
of the delta-Zone (Talent et Y olkin, 1987; Yolkin et al., 1997) . 

Equivalents of the Emsian Stage within a territory of the 
Former USSR, as it is known, were included up to 1989 into the 
Elfelian. This stratigraphical interval is located between the 
Zinzilban (kitabicus) Event and Chotec (c.costatus) Event 
(Yolkin etal., 1993; Yolkin, 1998) and isnamedas the Telengit 
Suprahorizon ('Yolkin et al., 1982) . By the benthic fauna and 
cyclicity, it is subdivided into three equal parts that are consid
ered as substages with their boundaries at the bases of exca
vatus and nothoperbonus zones (Yolkin, 1968, 1983; Y olkin et 
Izokh, 1988) . However within this interval there exist most 
sharp transgressive as well as evolutionary level in a develop
ing ofpolygnathids (Yolkin et Izokh, 1988; Yolkin et al., 1994), 
that divides the Emsian into two parts (substages). lt is situat
ed at the base of the nothoperbonus-Zone, just below the 
Dalejan Stage ofBarrandian, and corresponds to the start (not 
"to the culmination of the transgressive Daleje Event": see 
Chlupac, 1997, p.8) . So, there are two versions ofthe substage 
division ofthe Emsian Stage. Now two-fold division has obvi
ous preferences because of clear correlations. At the same 
time, three-fold division should be considered as well. it also 
has the historic usage and evidences, at least within the terri
tory of the Former USSR. 

Tue Givetian Stage is traditionally subdivided in West Si
beria into two substages. Tue base ofthe upper Givetian cor
responds to the large-scale transgression that could be aligned 
with the Taghanic onlap in North America. This substage is 
characterized by so-called "chehiel-fauna". 

Tue Frasnian Stage in West Siberia is subdivided into two 
substages. Delirnitative level for these substages is expressed 
by a sharp T-R event (up to the stratigraphical discontinuity) 
that is situated near the base of the rhenana-Zone. 
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For the Famennian Stage in West Siberia it was applied 
two-fold division. However, new standard position ofthe D/C 
boundary compels to consider three-fold substage division of 
this Stage. 

Notes to discussion 

Tue SDS Newsletter No.14 includes a half of submissions 
that are devoted to the Emsian Stage. They show a clear ten
dency to a replacing the Emsian Stage by two new ones: Zli
chovian and Dalejan. Obviously the main task of these pro
posals is to exclude the stage name Emsian. I believe that we 
should keep the Emsian Stage in the Devonian standard scale 
dividing the Emsian Stage into two or three substages without 
specific names. Discussed reasons and evidences to exclude 
the Emsian Stage are really in a contradiction with SDS guide
lines and leads to a re-consideration of Subcommission deci
sions. 
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Yolkin E.A., lzokh N.G., Sennikov, N.V., Yazikov A.Yu., Kirn A.l. and 
Erina M.V. 1993. Vazhneishie global'nye sedirnentologicheskie i 
biologicheskie sobytiya devona yuzhnogo Tyan' Shanya i yuga 
Zapadnoi Sibiri. - Stratigrafiya. Geologicheskaya korrelyatsiya, 2 
(3) : 24-31, 3 text-figs ., Moskva. 

Yolkin E.A., Weddige K., Izokh N.G. and Erina M.V. 1994. New Ernsian 
conodont zonation (Lower Devonian). - Cour. Forsch.-Inst. 
Senckenberg, v. 168, p.139-157, 4 text-figs., 1 tab., 1 pi.; Frankfurt 
am Main. 

Yolkin E.A., Gratsianova R.T., Bakharev N.K., lzokh N.G. and Yazikov 
A.Yu . 1997. Devonian sea-level fluctuations on the south-western 
margin of the Siberian continent. - Cour. Forsch.-lnst. Senckenterg, 
v. 199, p. 83-98, 5 figs., Frankfurt am Main. 

Yolkin E.A. 1998. Silurian-Devonian tri lobite evolution and depositional 
cyclicity in the Altai - Salair region (western Siberia, Russia) - The 
N.Y. State Museum Bulletin, v. 491. 



- Subcommission on Devonian Stratigraphy- (December 1998) News/etter No. J 5 

REPORTS FROM THE MEMBERSIDP 

CM G.K.B. ALBERTI (Grosshansdorf) 

1. Continued study ofplanktonic tentaculitids concerning sys
ternatic and biostratigraphical aspects with special regard to 
taxa (and their ranges) from the Pragian/Ernsian boundary in
terval of several sections particularly in North-Africa, among 
them the relevant sections of "Marhouma/Ougarta- Km 30" 
and of"Ben Zireg" (both of them: SW-Algerian Sahara). 

1. Within the "Marhouma - Km 30" Section there is the follow
ing (partial) succession: 

a) Tue siliciclastics (beds ofsandstone/greywacke, embedded 
in sandy marls) in the upper part ofthe "Dkhissa Formation" 
(LEGRAND 1968, ALBERT! 1993,1998) contain rieb succes
sive brachiopod faunas ofRhenish character. Tue uppermost 
beds ofthis sandstone/greywacke contain the post-Siegenian 
Acrospirifer Ja/lax assemblage (LE MAITRE 1952, LEGRAND 
1968, ALBERT! 1993, 1998), which is underlaid by beds with 
Hystero/ites aff. Hystericus, C/eistopora geometrica and rare 
specirnens of Jcriodus sp. A few m below this level very rare 
thin lirnestone lenses/beds with Nowakia sp. gr. acuaria, rem
nants of Guerichina sp. gr. africana (?) and with Asteropygi
nae occur, underlaid by lirny beds with Nowakia anteacuaria 
and Nowakia acuaria acuaria. 

b) Tue "Dkhissa Formation" overlying "Formation ofTefer
guenite" (LEGRAND 1968, ALBERT! 1993) starts with the mor
phologically clearly elevated lirnestone-bar (n° A) ofthe "Mu
raille de Chine" with abundant Guerichina strangu/ata stran
gulata (in addition Guerichina africana africana, Nowakia 
sp. gr. acuaria etc., trilobites and conodonts such as Po/yg
nathus gr. "dehiscens", Pe/kysgnathus sp., Ozarkodina sp.) 
approxirnately in its basal and its top bed. See here in Fig.1. 

c) Above the "Muraille de Chine" siliciclastics come again 
with spiriferids such as Euryspirifer hercyniae and Brachys
pirifer carinatus carinatus (teste W. STRUVE 1985)from a bit 
different stratigraphical levels, suggesting an age of lower 
Upper Ernsian (STRUVE 1985). 

Only a bit higher in the sequence (in the lirnestone/dolornite-bar 
n° B) late Lower Zlichovian age indicating planktonic tentacu
litids (with co-occurring conodonts) have been found. 

2. Within the Pragian/Ernsian boundary interval of the "Ben 
Zireg Section" (ALBERT! 1981 :Fig.2, 1982:Fig.2 and 1998:Fig.8) 
which is of deeper neritic or hernipelagic biofacies (marly lirne
stones and silty marls) the successive entries and ranges of 
Guerichina africana africana. Guerichina strangu/ata stran
gulata (with different morphotypes, among them those ones 
with remarkable strongly curved tubes/shells at a very small 
percentage ofthe "populations"), Nowakia c/athrata arctoaf 
ricana, Nowakia cf. hercyniana and Peneauia in comparison 
with the ranges of conodonts (Po/ygnathus gr. "dehiscens", 
Pe/kysgnathus etc.) are currently studied in detail. By means 
of recent finds of Guerichina strangu/ata strangu/ata and of 
Guerichina africana from new samples these taxa enters 
earlier-than demonstrated inALBERTI 1998:Fig.8. Tue Lower
most Zlichovian indicating rich planktonic tentaculitid faunas 
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from the "Ben Zireg Section" co-occur with conodont faunas 
similar to those ones from the "Jbel Amlane Section" (Tafilalt) . 

II. Completion of our knowledge ofthe planktonic tentaculit
ids (and theirranges) from the "Tentaculitenknollenkalk refer
ence Section ofEbersdorf' (Upper Franconia), see herein Fig.2. 

III. Continued study of planktonic tentaculitids (and a bit on 
conodonts too) from the Givetian styliolinid/goniatite sections 
east of the "mole d'Amguid" (central Sahara) (ALBERT! 
l 997b, 1998). Tue goniatites from here are currently studied by 
Dr.T.R BECKER, Berlin. 

IV. Taxonomie study ofrecently found complete tubes/shells 
ofreal species (new taxa) ofHomoctenus, but ofreliable Lower 
Devonian age (paper subrnitted to press) . 

V. Continued trilobite study, concerning now the biogeographic 
distribution of several groups ofHercynian taxa, starting with 
that of the Struveaspis micromma/Eopa/pebra/ia hermanni 
assemblage (ALBERT! 1981) ofLate Dalejan age (paper in 
press). 

Recent publication 
ALBERT!, G.K.B . (1998):Planktonische Tentakuliten des Devon .111 . 

Dacryoconarida FISHER aus dem Unter-Devon und oberen 
Mitteldevon .- Palaeontographica,Abt.A.,250(1-3 ): 1-46, 9 fig. , 12 
pls .; Stuttgart. 



L 

Newsletter No. 15 (December 1998)- ~llbcommission on Devonian Stratigrap_hy 

1' 
-·-. - : - ·~~ 
"Muroillt dt Chin•" 

.~ 
1 1 

1·. 1 1 

;~',: ;il 
:~ ...... · .. ~· ·. >( 
':"::'}·: · . 

. ,:-y.:..:-=-~=-1 

Acroaoirlt ..-.n 

OdOlltachil• gr. ru~um 
Gutrichifla straflguiara , G. africana 

Alaifla .sp.A 

l'olyg- ··--· Nawakia gr. acuaria 
Crotalac•phalina glabifr~ austr,r 
GuPrichifla straflguia1a 
Gu.richina africana 

AcraspinfH fa/1(11( 

( Acrosprilt!r fallax) 

~ 

~ 1 i I e: =1 ~,& .: ~ g llloi. :J 

~ Q. "' :J~~,~~~ 
- ·1g ~ 11~ ~ 

u O ::: C .!: (./) ~ .. .!:h I 
I~ ~ .~ 4 

~ Q. ~ ~·o 1 ~ 
w 

1

0 0 -~ • ·; I "' -~ ~ ~ 1 ~ ·~ ~ ~I\ l ~ a o .:, <.:> 
~ 1 c: I~ f "" a • Q t~ ~ ~ "1 1 ·~ 

,, '' " .••. c: 1 ~-, ~ ... ... 0 :l 

• l{ .,_ ~ .-gi 1 :. 
... ... 0 " ·-1 • "' 1, 1 ·-

1 ~ S O 
::E: 1 i ~ ~ 

~ Q ::) 

<!) 

<( 

0::: 
a.. 

" " .~ 1 
Q. 
..: 

" 
-~ 
0 , ... 
" 

~ 

s 
0 .g 

'.2: Cl :.. 

"ö " 
~ 1 ~ 
" ~ 
>! 

" c: 
0 .~ - .. 
~ :~ 

" . -~ 
• ·O . ~ • • 

~ .. ·1 Q. !'. °' ~ ~ ~ .s ]I : 

':! 

r,,m 

ALBEftT!'98 

Figure 1 - Table showing the observed occurrences oftaxa in the 
Lower Emsian sequence ofthe "Marhouma- Km 30 Section" (SW 
Alerian Sahara). Modified and completed from Alberti 1998. 
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TM R. Thomas Becker (Berlin) 

V arious research programmes were continued intensively 
in 1998. To complete the joint project on the Timan Upper 
Devonian, large new ammonoid collections were studied dur
ing a stay in Moscow which was made very pleasant by our 
hosts V. Menner and N. Ovnatanova. Outcrop conodont sam
ples and the regional conodont-goniatite correlation were re
vised together with G. Klapper and A. Kuz'min. lt tumed out 
that there were serious discrepancies in the use some marker 
species, e.g. Pa. domanicensis and Pa. jamieae, which require 
future revisions. Generally, there are no difficulties to apply 
the Montagne Noire zonation to the Timan Frasnian but re
cently published Timan conodont accounts will need to be 
further revised. Rich goniatite collections by S. Yatskov showed 
that Nordiceras is indeed a good regional zonal marker for the 
Middle and Upper Domanik formations, and additional spe
cies were first found. Tue enigmatic Goniatites strangu/atus 
of Keyerling ( 1844) was re-discovered and tumed out to be a 
close but older relative of the German Lobotornoceras 
ausavense. Other new species (Hoeninghausia) come from 
sections in the Northem Timan/Polar Urals. Results hopefully 
will be published next year. 

At ECOS VII, the correlation ofMontagne Noire and so
called "Standard" Frasnian conodont zones, based on the Ger
man type-sections, was introduced as a joint contribution by 
Gil Klapper. There is an important, so far overlooked sedimen
tary break in the Martenberg succession, followed by a trans
gression which might be the "semichatovae transgression". 

In the second half of July, field work in the Canning Basin 
was continued together with J. Reitner from Göttingen. This 
time, special emphasis lay on microbialites, stromatolites and 
sponge-rich limestones but additional goniatite samples were 
taken as well. Ammonoid coquinas yielded some proetid trilo
bites from younger levels than previously known from the 
region (Feist & Becker, 1997). Canning Basin conodont and 
ammonoid data have been prepared for ajoint Geological Sur
vey of Australia Bulletin. A manuscript on buchiolids from the 
area is in preparation together with M.C. Grimm from Mainz. 

Sampling also continued at Hasselbachtal, where digging 
with Thomas Steuber (Erlangen) allowed to free some 1.5 m of 
section below the oldest parts known so far. Of special interest 
are peculiar redbeds in the lowest part of the Wocklum Beds. 
Carbon isotopes of D/C boundary sections give a distinctive 
small shift from the Devonian to the Carboniferous, which can
not be explained by diagenetic alteration. A revision of wock
lumeriid evolution is close to completion. More than 1.500 spec
imens have been exarnined, including the Richter and Schinde
wolf types. Unfortunately, all holotypes ofSchindewolf (1937) 
have been lost and neotypes had to be chosen. 

Together with V. Ebbighausen and J. Bockwinkel, morpho
metric analyses ofMoroccan ammonoid populations from sin
gle beds are under way. A revision of Alpinites has made 
progress. Work on pharciceratid taxonomoy, stratigraphy and 
phylogeny was continued together with Michael House. A 
new Ph.D. student, Mrs. Sarah Abousalam, has started with 
detailed work on the Taghanic Event in Germany, Belgium, 
Southem France, and Morocco. Distinctive sedimentary breaks 
were sampled in late Oktober in Harz and Kellerwald sections. 

65 

Two masters students have finished mapping thesis in the 
Sötenich Syncline of the Eifel Mountains. Another masters 
student is about to start with studies on the pathology of the 
well-preserved Lower Famennian goniatites from Bergisch Glad
bach. G.H.K. Alberti has supplied lower Emsian goniatites from 
the Harz Mountains and Givetian goniatites from the NW of 
Tassili-n-Ajjer (Southem Algeria) for joint publication. There 
are also new early Eifelian goniatites from the Ardennes (leg. 
G. Schraut, Senckenberg, and E. Edinger, Leverkusen) . 

References for 1998 
Klapper, G. & Becker, R.T.: Comparison of Frasnian (Upper Devonian) 

conodont zonations . - Seventh Internat. Con . Symp., ECOS VII, 
Abstr.: 53-54. 

Becker, R.T.: Palaeobiogeographic aspects of Australian Upper Devonian 
ammonoid faunas. - Abstr. IGCP 421 Meeting, Isfahan . 

Annual Meeting of tbe Deutsche 
Paläontologische Gesellschaft 1998 

This years annual meeting was part of the largest geosci
entific congress Gerrnany has seen in decades. Geo-Berlin '98 
was organized at the Technical University (TU Berlin) to cele
brathe the 150lh anniverary ofthe Deutsche Geologische Ge
sellschaft and was attended by more than 1.400 paricipants 
who gave more than 500 talks and presented more than 240 
posters. lt brought together the German Geophysical Society, 
the Gerrnan Mineralogical Society, the German Geological So
ciety, the Society for Geo-Sciences, the Palaeontological Soci
ety and the German Pedological Society. Paleontological top
ics were organized in symposia on black shales, palaeogeogra
phy, isolated Eocene deposits, palaeobotany, micropalaeon
tology, vertebrate palaeontology, reef systems, and on climat
ic change. As usual, abstracts and excursion guides were pub
lished in Terra Nostra, vol. 98/3 and 98/4. Tue following Devo
nian contributions (titles here translated) were made: 

Talks: 
Brühl, D. : First record of Nowakia (Nowakia) ex gr. otomari BOUCEK 

& PRANTL I 959 (Dacrycoconarida) in the lower Freilingen 
Formation (Middle Devonian, Eifelian) of the Dollendorf Syncline 
in the Eifel (Rhenish Slate Mountains). 

Kerp, H. & Hass, H.: Plants and substrate in the Lower Devonian : 
examples from the Rhynie Chert, Scotland. 

Korn, D.: Phylogeny of Lower and Middle Devonian ammonoids. 

Jansen,U.: Brachiopod stratigraphy in the Lower Devonian of the Dra 
Plain (Morocco, southern Anti-Atlas) . 

May , A.: The reef in the Pragian (Lower Devonian) of Koneprusy 
(Bohemia) and its stromatoporoid fauna . 

Schmid, D.U.: Palaeoecology of incrusting microorganisms : Palaeozoic 
and Mesozoic in comparison. 

. Schröder, S.: Rugose corals and stratigraphy of the upper Eifelian and 
lower Givetian of the Dollendorf Syncline/Eifel (Middle Devonian; 
Rhenish Slate Mountains). 

Schultka, S.: New finds of Sporogonites e.xuberans in the Rhenish Lower 
Devonian. 

Tragelehn, H.: Facies development, stratigraphy and palaeogeography 
in the Devonian and Carboniferous of NE Bavaria and South 
Thuringia. 

Posters: 
Otto , M.: Brachiopods with soft body preservation in the Hunsrück 

Slate? 

Pohler, S.: Facies development of Devonian carbonates in an intra
oceanic island arc system, Tamworth Bell, N.S.W., Australia. 
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Schöne, B. & Basse, M.: New stratigraphic subdivision of the marine 
Middle Devonian at the Eifel/Givet transition (eastern Rhenish Slate 
Mountains). 

TMlvo Chlupac (Praha) 

Continued study ofDevonian ofthe Barrandian and meta
morphic Paleozoic ofthe northern part ofthe Bohemian Massif 
(Jested Mts. etc.) 

Tue works in the Barrandian were concentrated on the 
broader Pragian-Zlichovian boundary interval at the type and 
other localities with emphasis on tentaculite and trilobite fau
nas ( together with P. Lukes , report in press). Cyclostratigraph
ic studies, started in 1987, continued after an interruption and 
reached the final stage (report presented for publication). 

Tue quarrying in the Koneprusy Reef Complex exposed 
new phenomena ( especially neptunian dykes of different gen
erations) and offered some new materials which allowed to 
complete former observations (see the recent papers). 

Due to financial difficulties ofthe Geological Survey, the 
edition of the completely ready joint monograph (Chlupac, 
Havlicek, Kriz, Kukal, Storch) on the Paleozoic ofthe Barrandi
an (Cambrian to Middle Devonian, in English), which is in the 
state of the 2nd proof, was stopped and a new publisher is 
searched. 

Recent publications 
Chlupac, 1. (1996): Neptunian dykes in the Koneprusy Devonian: 

Geological and palaeontological observations. - Bull. Czech Geol 
Surv., 71: 193-208, Praha. 

- (1998): Comments on facies and stratigraphy of the Lower Devonian 
Reef Complex at Koneprusy (Barrandian area, Czech Republic, in 
Czech, Engl. summary). - Bull. Czech Geol. Surv. 

73: 1-13, Praha. 

Chlupac !., Ferrer E., Magrans J., Mane R. & Sanz J. (1997): Early 
Devonian eurypterids with Bohemian affinities from Catalonia (NE 
Spain). - Batalleria, 7. : 9-21, Barcelona. 

Chlupac 1. & Lukes P.: Examples of Pragian/Zlichovian and Zlichovian/ 
Dalejan boundary intervals in the Lower Devonian of the Barrandian 
area, Czech Republic. Newsl. Strat. (submitted). 

Chlupac 1. (partly with Kukal Z., Lukes P .): Barrandian 
chronostratigraphy, Barrandian goniatites, Barrandian planctonic 
tentaculites, Barrandian graptolites, Barrandian trilobites, Barrandian 
events, Barrandian formations and members. In Weddige, K. (ed.): 
Devon-Korrelationstabelle. Senckenbergiana lethaea 77: 289-326, 
Frankfurt a. M. 

TM Rex E. Crick & Brooks B. Ellwood (Texas) 

An Update on MSEC and lts 
Applications 

Tue global MSEC framework required for acceptance and 
utilization of MSEC for chronocorrelation magnetostratigra
phy cannot be developed without the creation ofMSEC CRSs. 
In the following sections we describe work completed on the 
Anti-Atlas MSEC CRS and how these data can be used to 
investigate and better understand the 4 7 Ma represented by 
the CRS. We also briefly illustrate the established MSEC sig
nature for the Eifelian-Givetian GSSP and demonstrate chro
nostratigraphic correlation between the GSSP and a neritic se
quence from the Iowa Basin. W e also illustrate work recently 
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Figure 1 - Arrangement in time and space of the 52 stratigraphic 
sections sampled for magnetic susceptibility since 1996. The vertical 
lines are an accurate representation of the geologic time covered in 
each section. Concentration on stage boundaries has resulted in MSEC 
profiles across 52 boundary sequences with the Frasnian-Famennian 
boundary receiving the most attention ( 15 profiles) and the Pragian
Emsian and Famennian-Toumaisian the least attention with 3 profiles 
each. Tue Pragian-Emsian GSSP in Uzbechistan has not been studied. 

submitted to establish MSEC signatures for the Frasnian-Fa
mennian GSSP and for the Pridoli-Lochkovian (Silurian-Devo
nian) GSSP. 

Anti-Atlas MSEC Composite Ref erence Section 
(CRS) 

Figure 1 summarizes the work completed thus far in our 
pursuit of establishing MSEC as a valid means of chronocorre
lation. Figure 2 shows the MSEC CRS for the Devonian ofthe 
Moroccan Anti-Atlas exclusive ofthe upper two-thirds ofthe 
Famennian, and based mostly on section in the Tafilalt. Tue 
positioning of conodont biozone boundaries for the Pragian 
and Zlichovian is only approxirnate and awaits completion of 
identifications by TM W eddige and CM Schindler and their 
colleagues at Forschungs-Institut Senckenberg. We eagerly 
look forward to matching the MSEC with qualified biozones. 
Tue construction of an MSEC CRS differs little from the con
struction of a CRS based exclusively on biostratigraphy ex
cept that the greater frequency ofMSEC events generally pro
vides for greater chronostratigraphic control. W e have com
pensated for the higher rates of sedirnent accumulation during 
the Ernsian in the Anti-Atlas (Fig. 2A) by normalizing the CRS 
to the stage durations ofthe revised Devonian time scale (Tucker 
et al., 1998) (Figure 2B). 

Tue large number of data points provides considerable 
detail about the variability in the depositional system and 
serves to document general trends on the 4 7 Ma time scale of 
the CRS, especially in regards to eustasy. Tue position ofbio
events relative to the MSEC signature lend support to the 
interpretation ofhigh and low MS magnitudes as being indic
ative of low and high stands of sea level (Crick et al., 1997; 
Ellwood et al., 1998). Two of the 13 events, Basal Pragian 
Event and CondrozJCheiloceras Event correlate with peaks of 
high MS magnitude (Fig. 2B) and these two bioevents have 
been described by various authors as occurring during peri-

.-..:.:;,,iii 
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Figure 2 - MSEC CRS for the Devonian ofthe Anti-Atlas of eastem 
and central Morocco. The CRS is complete, in terms of conodont 
zones, from the latest Pridoli through the Palmatolepis rhomboidea 
CZ of the Famennian and covers 280 m in composite form. The 
MSEC data are shown first at the scale of outcrop thickness (A). The 
thicker Emsian (60% ofthe exposed Devonian) distorts a CRS scaled 
to outcrop thickness. The CRS was constructed from 3164 data 
points using a combination of overlapping MSEC curves and biozones 
from several sections in two adjacent basins, the Tafilalt and the 
Maider (westem Sahara, southeastem Morocco). The dashed line 
above the Pragian-Emsian boundary marks the unofficial position of 
this boundary prior to the IUGS/ICS acceptance ofthe SDS proposal 
to place it lower (Y olkin et al., 1997). Figure 28 shows the same data 
with the ordinate scaled to account for differences in the duration of 
Devonian stages. Stage durations are from Tuckeret al. (1998). The 
position of the Late Eifelian MSEC Event (Crick et al., 1997) is 
shown along with the Devonian bioevents through the Early 
Famennian. See Fig. 4 for the key to these and other abbreviations. 

Fi.gure 3 - The approximation of mean sea level (MSL) and 
indentification of transgressive and regressive events. The MSL 
reference was determined by subtracting the mean ofthe MSEC data 
from all data points. Values that fall to the right of MSL have MS 
values indicative of lower stands uf sea level (higher concentration of 
iron minerals susceptible to magnetization) while those that fall to 
the left of MSL have MS values indicative of higher stands of sea 
level (lower concentration of iron minerals susceptible to 
magnetization). The duration of transgressions and regressions 
following Tand R events is measured either in terms of stratigraphic 
thickness or duration ofT or R trends. Reversals in a trend related to 
single, isolated data points are ignored. This allows the plotting ofthe 
data ofFigure 5 from the perspective of MSL. While it is clear that 
the position ofthe vertical line defining MSL will change somewhat 
with different data sets, its position relative to major high and low 
peaks is quite stable, at least within the region of the Anti-Atlas. 
Included along the left margin is a graphic interpretation of the 
transgressive and regressive character ofthe MSEC data. See Fig. 4 
for details . 
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Regressive or 
Mixed sequence - a number of short lived deepening or gressive event at the base of histor

ical Zlichovian (W alliser, 199 5). At 
the time of the subrnission of the 
GSSP proposal in 1995 and its accep
tance in l 997(Yolkin et al., 1997), it 
was not known if the effects of the 
Basal Emsian Event could be found 
outside the region of the GSSP (Zer
avshan Range, Uzbekistan). Tue po
sition and character of these two 
events are best seen on Figure 3 
where the Basal Pragian Event oc
curs near MSL during transition from 
a T trend to a R trend, while the Basal 
Ernsian Event occurs during a transi
tion from a R trend to a T trend. W e 
can document that the Basal Emsian 
Event does occur in at least one ad
ditional geographic region (Anti-At
las Morocco) outside the stratotype 
area. 

Shallowing Profile -----+ 
+-shallowing episodes intercalated within a profile dominated by a 

shallowing or deepening trend. 

Transgressive or 
Deepening Profile ----------+ 

+-Stable sequence - an interval within deepening or shallowing 
profiles for which there are only minor variations. 

+---- Interval of change from a profile dominated by 

Regressive or 
Shallowing Profile -----+ 

transgression (regression) to a profile dominated by 
regression (transgression). -Figure 4-Key to bio-events {in order of oldest to youngest):BLE-Basal Lochkovian Event, BPE-

Basal Pragian Event, BEE-Basal Emsian Event, BZE-Basal Zlichovian Event, UZE-Upper 
Zlichovian Event, DCE-Dalejanlcancel/ata Event, CJE-Chotedjug/eri Event, KOE-Kacaklotomari 
Event TPE-Taghanic!Pharciceras Event, FME-Frasne/Manticoceras Event, KWE I-Kellwasser 
Event I (Lower Keilwasser), KWE II-Keilwasser Event II (Upper Keilwasser), CCE-Condroz/ 
Cheiloceras Event. Key to conodont zonation: bes, Jcriodus woschmidti hesperius; eur, 
Ozarkodina eurekaensis; del, 0. delta; pes, Pedavis pesavis; sul, Eognathodus sulcatus su/catus; 
kin, E. s. kindlei; pir, Polygnathus pireneae; kit, Po. kitabicus; exc, Po. excavatus; not, Po. 
nothoperbonus; inv, Po. inversus; ser, Po. serotinus; pat, Po. costatus patulus; par, Po. eo. 
partitus cos, Po. eo. costatus; aus, Tortodus kocke/ianus australis; koc, T. k. kockelianus; ens, Po. 
ensensis; hem, Po. hemiansatus; varcus, Po. varcus; her, Schmidtognathus hermanni; dis, 
Klapperina disparilis; nor, Po. norrisi; fal, Mesotaxis fa/siovalis ; tra, Palmatolepis transitans; 
pun, Pa. punctata; has, Pa. hassi; jam, Pa.jamieae; rhe, Pa. rhenana; lin, Pa. linguiformis; tri, 
Pa. triangularis; cre, Pa. crepida; rho, Pa. rhomboidea 

ods ofregression (Walliser, 1995). lt is generally accepted that 
the remaining 11 bioevents occurred during times of elevated 
sea levels (Walliser, 1995) and all correlate with peaks oflow 
MS magnitude or intervals of sustained low MS magnitudes 
(Fig. 2B). Work proceeding in Spain with 1M Jenaro Garcia
Alcade, CM Montserrat Truyols-Massoni, and their Univer
sidad de Oviedo colleagues prornises to fine tune the biostrati
graphic and MSEC boundaries ofthe CRS. 

A general point of reference for the position of high and 
low peaks ofMS magnitude, relative to mean sea level (MSL ), 
is not easily deterrnined from Fig. 2. One method of illustrating 
MSL is shown in Fig. 3 with details in the figure caption and 
Fig. 4. Using these data, the Anti-Atlas Devonian CRS con
sists of 12 major R events (Rl-R12) and corresponding epi
sodes and 12 major Tevents (Tl-Tl2) and corresponding ep
isodes. Fig. 3 also shows the position ofthe T-R Cycles for 
North America (Johnson et al. , 1985). lt is necessary to com
bine adjacent Tand R events to approximate T-R Cycles. lt is 
perhaps not too surprising that there is little correspondence 
between MSEC Rand T events and T-R Cycles. T-R Cycles 
are defined on different criteria and the exact character ofT-R 
Cycles does not always agree with events outside North Amer
ica. Tue temporal spacing of MSEC T & R episodes cluster 
into three distinct pattems over the course of 47 Ma. Tand R 
durations for the CRS are surnmarized in Fig. 5. 

Tue type of graphical analysis ofMSEC data illustrated in 
Fig. 3 is also helpful in revealing the relationship between MSL 
and the timing ofbioevents. Comparison ofthe position ofthe 
bioevents to the MSEC MSL reveals that 11 of 13 bioevents 
occurred during periods when sea level was stable (gray bars 
ofFig. 3). Ofthe two bioevents that do not occur during stable 
sequences, the Basal Pragian Event (BPE) has been interpret
ed as representative of conditions consistent with a relatively 
quick but non-drastic global lowering of sea level (Chlupac 
and Kukal, 1986), and the Basal Ernsian Event (BEE) has been 
interpreted as the beginning of a prominent sea level rise in the 
type area, the effects of which lead ultimately to the Basal 
Zlichovian Event (BZE), a well documented and major trans-
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A close look at the Givetian 

Fig. 6 illustrates the Givetian portion (including latest Eife
lian and earliest Famennian) ofFigs. 2 & 3. Tue Givetian por
tion is a composite of Jbel Mech lrdane, Jbel Amelane, and 
Bou Tchrafine sections. Tue conodontzonation ofthe Givetian 

7 

6 

5 
..s 
~ 
.51 4 

.g 
; 3 
Q 

2 

0 

• Transgression • Regression 

Givctian • 
Daleian • Eiz!ian 

~;~~~~~~~~~~~~~~~~~~==~~ 
1-< i-: 1-< i-: 1-< i-: 

MSEC Transgressive & Regressive Trends 
Figure 5 - Summation of transgressive and regressive events and 
trends contained within the MSEC CRS of Fig. 6. The 19.4 Ma 
spanning the interval latest Pridoli through Zlichovian (Note: 
Zlichovian and Dalejan are used for the Early and Late Emsian 
respectively) consists of only 3 T and 2 R events with average 
durations on the order of 4.6 and 2.9 Ma, respectively. With exception 
ofthe rather long Tl events that begins earlier in the Pridoli the Tand 
R events are of roughly the same duration. The succeeding 12.1 Ma 
ofthe Dalejan through Eifelian interval consist of 6 T (T4-T9) and 7 
R (R3-R8) events. Although the Dalejan and Eifelian are alike in 
exhibiting a high number ofT and R events and episodes, they differ 
in that R events account for 78% of Dalejan time but only 27% of 
Eifelian time. The 15.5 Ma interval for the Givetian, Frasnian, and 
early Famennian consists of 3 T (TIO-T12) and 3 R (RIO-R l2) 
events with average durations on the order of 3.9 and 1.2 Ma, 
respective ly. Transgressions are three times the duration of 
regressions, although regressions do increase in duration overthe 15.5 
Ma. Duration from Tucker et al. ( 1998). 
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Figure 6- Givetian portion ofthe CRS (including latest Eifelian and earliest Farnennian). Shown is the stratigraphie position ofthe Terebratula 
pumilio event beds that extend from Germany to the Anti-Atlas of Moroeeo and eonsidered to be individually isoehronous as a result of 
deposition by tsunami (Lottrnann, 1990). A, values of MS plotted in stratigraphie position as they oeeur in the 16 m represented by the 
Givetian. B, the data of A with the mean subtraeted from eaeh value to provide an approximation of mean sea level (MSL) and a better 
illustration of the position and duration of MSEC events at the seale of the Givetian. 

is mature but roughly 50% ofGivetian time falls into the Polyg
nathus varcus CZ. Plotting the MSEC curve at the scale ofthe 
Givetian greatly increases the resolution of the data and per
rnits the definition of27 Givetian MSEC chronozones for high
resolution chronocorrelation (Fig. 6B). Fourteen chronozones 
occurred during R events and 13 during T events. Of the 13 T 
events, only events 6 & 22 are equal to or longer that associat
ed ammonoid or conodont zones. The greatest increase in 
chronocorrelation resolution occurs in the Middle Po. varcus 
CZ where 5 T events and 6 R events subdivide the Zone. 

MSEC events are not of equal duration. Longer duration 
events occur in the Early and Late Givetian and shorter dura
tion events occur in the Middle Givetian, specifically in the 
late Middle Po. varcus CZ and the early Upper Po. varcus CZ. 
This pattern strongly suggests that events controlling either 
climate or sea level or both were constantly changing immedi
ately prior to the biotic Taghanic/Pharciceras Event. MSEC 
events ofthe Early Givetian (Po. hemiansatus and Lower Po. 
varcus CZs) were generally oflonger duration and developed 
under regressive conditions. Long duration MSEC events 
following the Taghanic/ Pharciceras Event were developed un

der transgressive conditions with only short regressive events 
through the latest Klapperina disparilis CZ. 
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Using a Givetian duration of5 Ma (Tuckeret al., 1998) it is 
possible to derive a first order estimation for the duration of 
MSEC chronozones. The summation ofthese data appears in 
Fig. 7. lt is interesting that 18 of the 27 events are high fre
quency events with durations of25 Ka, 50 Ka, and 100 Ka. The 
50 Ka and 100 Ka events correspond well to the 54 Ka and 106 
Ka eccentricity orbital forcing cycles. The 25 Ka events may 
represent one or more of the shorter obliquity cycles or longer 
precession cycles when adjusted for Middle Devonian time. 
Of the remaining nine events, 3 and 24 occur with a duration 
close to the 413 Ka eccentricity cycle and others fall close to 
orbital forcing cycles of lesser magnitude. The stability of 
eccentricity cycle durations and changes to precession and 
obliquity cycle durations over geologic time is discussed in 
Berger (1989) (Berger et al., 1989). There is also the distinct 
possibility that unidentified MSEC events belong to tectonic 
events. 

Eifelian -Givetian boundary sequence ( eastern
central Iowa) 

Fig. 8 shows the MSEC chronostratigraphic relationship 
between the Eifelian-Givetian GSSP (Crick et al., 1997) (Fig. 8A) 
and the MSEC profile for equivalents of the upper Spillville/ 
Otis Formation and the lower Pinicon Ridge Formation con
tained in core from eastem-central Iowa (Fig. 8B). This work is 
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FREQUENCY & DURATION OF GIVETIAN MSEC EVENTS 
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Figure 7 - Frequency and duration ofGivetian MSEC events. The 16 
m represented by the Givetian in Fig.- 8 is also considered to represent 
5 Ma on the revised Devonian time scale (Tucker et al., 1998). The 
duration ofthe 27 MSEC events was read directly from Fig. 8 and the 
frequencies of durations were used to construct the height ofbars. 
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Figure 8 - Chronocorrelation between the Eifelian-Givetian GSSP 
(Morncco) (A) and a coeval boundary sequence from the lowa 8asin 
( eastem-central lowa) (8). Tue MSEC profile for the Eifelian-Givetian 
boundary sequence from the Iowa 8asin (8) is part of a 60 meter core 
sampled for MS at S cm intervals. The work is part of an ongoing 
project directed by CM Jed Day (Illinois). 

in collaboration with CM Jed Day. Tue lithology ofthe Iowa 
sequence ranges from oolitic grainstones to dolomitic mud
stones to mudstones. Many units are brecciated, all or in part. 
What fauna exists (few brachiopods - mostly assigned to 
Emanue/la - and gastropods) is impoverished and decidedly 
not pelagic (Day and Koch, 1994). Conodonts are rare in the 
Spillville/Otis of east-central lowa and nonexistent from most 
portions of the overlying Pinicon Ridge Formation (Klapper 
and Barrick, 1983). Lower portions of the sequence were 
thought tobe Late Eifelian on the basis of a probable correla
tion between endemic Eifelian conodont faunas, described from 
the lower part of Spillville/Otis Formation in northern Iowa and 
southern Minnesota, and the standard Polygnathus ensensis 
CZ as itwas then defined (Klapper and Barrick, 1983). 

Correlation of the Iowa MSEC profile with the GSSP signa
ture allows (1) clear identification ofthe Late Eifelian MSEC 
Event ( event 2), (2) the description ofthe interval correspond
ing to the Kacak!otomari bioevent previously unreported from 
the mid-continent Devonian, and (3) the deterrnination of the 
position ofthe Eifelian-Givetian boundary in unit 8 immediate
ly above the base of the Pinicon Ridge by virtue of the posi
tion ofMSEC Event 3. The MSEC signature between MSEC 
Events 5 and 7 is not resolvable due to an interval ofbrecciat
ed dolomudstone from the upper half of unit 9 through the 
lower half of unit 11 . A similar lithology leaves the MSEC 
signature unresolved from the interval thought to contain 
MSEC Events 8 and 9. 
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MSEC signature for the Frasnian-Famennian Hladil, J., 199!, Evaluation of the sedimentary record in the Silurian/ 
GSSP Devonian boundary stratotype at Klonk (Barrandian area, 

Czechoslovakia): Newsletter in Stratigraphy, v. 25, p . 115-125. 
Tue MSEC signature for the Frasnian-Farnennian GSSP has 

been cornpleted in collaboration with TM Raimund Feist and 
Catheme Girard (Lyons) (Fig. 9). A paper has been subrnitted 
to EPSL describing the MSEC signature for the F-F GSSP, cor
relations with three other Montagne Noire sequences, and the 
relationship between the MSEC profile and proportional chang
es in the rnakeup ofthe conodont fauna. Details ofFig. 9 are 
given in the figure caption. Prelirninary work in Belgiurn, Ger
rnany, Morocco and southem Oklahorna (Woodford Shale) in
dicates that the GSSP MSEC signature has correlative power 
outside ofthe Montagne Noire. 

MSEC signature for the Pridoli-Lochkovian 
(Silurian-Devonian) GSSP 

In collaboration with TM Chlupac, CM Hladil, and Fran
tisek Hrouda (Jecna, CZ) we have cornpleted the MSEC signa
ture for the Pridoli-Lochkovian GSSP (Fig. 10). A paper de
scribing the MSEC signature and dernonstrating correlations 
with Pridoli-Lochkovian boundary sequences in the Tafilalt 
and Maider Basins has been subrnitted to Palaios. Nine MSEC 
events are identified in the GSSP MSEC signature, two of which 
are described as boundary events (Fig. 10). Five ofthe events 
are defined by peaks of low rnagnitude and four events are 
defined by peaks of high rnagnitude. Large-scale transgres
sive and regressive pattems in the MSEC data establish that 
the Silurian-Devonian boundary falls between a short-lived 
transgressive pulse in the latest Pridoli and an equally short
lived regressive pulse in the earliest Lochkovian (Fig. 11 ). Sev
eral first and last appearances ofLate Pridoli and Early Lochk
ovian species are coincident with transgressive or regressive 
events. 

Berger, A., Loutre, M.F., and Dehant, V., 1989, Influence ofthe changing 
lunar orbit on the astronomical frequencies of Pre-Quaternary 
insolation patterns .: Paleoceanography, v. 4, p. 555-564. 

Chlupac, 1., Jaeger, H., and Zikmundova, J., 1972, The Silurian-Devonian 
boundary in the Barrandian : Bulletin ofCanadian Petroleum Geology, 
V . 20, p. J04-]74. 

Chlupac, 1., and Kukal, Z., 1977, The boundary stratotype at Klonk: 
International Union of Geological Sciences Publication, Ser. A, v. 5, 
p . 96-109. 

Chlupac, 1., and Kukal, Z., 1986, Reflection of possible global Devonian 
events in the Barrandian area, C.S.S.R, in Walliser, O.H., ed ., Global 
bio events, Volume 8: Berlin, Springer-Verlag, p. 169-179. 

Crick, R.E., Ellwood, B.B ., Hassani, A.E., Feist, R., and Hladil, J. , 1997, 
MagnetoSusceptibility Event and Cyclostratigraphy (MSEC) of the 
Eifelian-Givetian GSSP and associated boundary sequences in 'north 
Africa and Europe: Episodes, v. 20, p. 167-175. 

Day, J. , and Koch, W.F., 1994, The Middle Devonian (Laie Eifelian
Early Givetian) brachipod fauna ofthe Wapsipinicon Group of eastem 
Jowa and northwestern Illinoic, in Bunker, B.J., ed ., Paleozoic 
Stratigraphy of the Quad-Cities Region East-Central lowa, 
Northwestem Illinois, Volume Guidebook 59: Jowa City, Geological 
Society of Jowa, p. 31 -43. 

Ellwood, B .B ., Crick, R.E., and EI Hassani, A., 1998, The 
MagnetoSusceptibility Event and Cyclostratigraphy (MSEC) method 
used in geological correlation of Devonian rocks from Anti-Atlas 
Morocco : American Assoication of Petroleum Geologists Bulletin, 
v. (in press). 

Girard, C., and Feist, R., 1996, Eustatic trends in condont diversity 
across the Frasnian /Famennian boundary in the stratotype area, 
Montagne Noire, Southem France : Lethaia, v. 29, p . 329-337 . 
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Figure 9- MSEC signature for the Frasnian-Famennian GSSP. The 
ordinate is stratigraphic thickness in cm and the abscissa represents 
MS magnitude in units ofMS normalized by the mean ofthe signature. 
Each small black dot is 1 sample. Numbered black circles identify 
MSEC events used for chronocorrelation. Intervals over which 
samples were not collected are dashed. The UKW interval is shaded. 
Unit designations and biozone boundaries are from Girard & Feist 
(1996). 
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Figure 10 - MSEC signature for the Pridoli-Lochkovian GSSP. The signature is based on 320 data points from the same number of samples 
taken at approximately 5 cm intervals over the boundary sequence. The lithologic determinat ions and bed numbers are those ofChlupac et al. 
( 197;?) with later modifications by Hladil ( 1991 ). Tue magnetic susceptibility scale was normalized to the value of the lowest magni tude. The 
position shown for the Si lurian-Devonian boundary in the upper one-thi rd ofBed 20 is that determined by biostratigraphic data (Chlupac and 
Kukal, 1977). lt should be noted that lcriodus woschmidti woschmidti has not been recorded from the GSSP. !. w. woschmidti is placed within 
the GSSP on the basis of its occurrence at nearby Certovy schody. Biostratigraphie information for all taxa but Ligonodina elegans detorta 
(Jeppsson, 1988, 1989)) came from Chlupac et al. ( 1972). 1, Bituminous Limestone; 2, Crinoidal Limestone; 3, Calcareous Shale. 
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Figure 11 - Transgressive/Regressive Events and conditions within 
the Pridoli-Lochkovian GSSP boundary sequence. The position of 
MSEC magnitudes relative to the profile mean provide illustration of 
the general environmental and sea level conditions for the boundary 
sequence. Ranges of important taxa are from Chlupac et al. (1972). 
FA, first appearance. See Figure 10 for other details. 

CMJedDay 

I am currently engaged in a number of projects that rnight 
be interest to SDS members and are briefly summarized below. 

High-resolution Middle-Late Devonian neritie stable ear
bon and oxygen isotope profiles.- Goals are to characterize 
isotopic signatures of platform carbonates spanning Devo
nian T-R cycles Id-Ilf and document records associated with 
intervals ofknown Middle-Late Devonian sea level changes, 
bioevents, and clirnate changes. Detailed sampling ofthe late 
Givetian and Frasnian of the Iowa Basin carbonate platform 
was completed as of October of 1998 with Michael Jochirnski 
and Robert VanGeldern (University ofErlangen). Future sam
pling of the Eifelian-early Givetian of central and northern Ohio 
and Michigan are planned with Chuck Ver Straeten and Carl 
Brett in 1999. 
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North Ameriean Neritie Magnetie Suseeptibility 
Reeords.-Work was initiated to develop and test the utility of 
high-resolution magnetic susceptability profiles for enhanced 
correlations ofNorth American Middle-Late Devonian neritic 
(carbonate platform) and pelagic successions. Sampling of 
cores and surface exposures the Eifelian-early Frasnian ofthe 
Iowa Basin was completed with Brooks Elwood and Gretchen 
(Univ. Texas-Arlington) in June of 1998. Initial MS profiles 
generated from measurements in well preserved platform car
bonates and dolomites through the late Eifelian and 
early:Givetian are comparable to profiles generated from a va
riety ofEifelian-Givetian boundary sections in pelagic facies 
from Europe and Africa. Additional MS sampling through the 
rernainder ofthe Iowa Basin Frasnian is planned for 1999-2000. 
Detailed lithologic sampling for development of MS profiles 
for the Eifelian-early Givetian of central and northern Ohio and 
Michigan are planned with Chuck Ver Straeten and Carl Brett 
in 1999-2000. 

Devonian Eustasy-Proposed subdivision of Frasnian T-R 
eycle Ild.-In a study of the distribution of Frasnian atrypid 
brachiopods ofcentral and western NorthAmerica (Day, 1998) 
informal division ofDevonian T-R cycle Ild ( Johnson et al., 1985; 
laterrevised by Johnson and Klapper, 1992) is proposed. Tue 
two divisions consist of a lower T-R cycle Ild-1 and upper T-R 
cycle Ild-2. Tue base of the former corresponding to a posi
tion at or near the base ofM.N. Zone 11 ofKlapper ( 1989), and 
the base of the latter corresponding to the deepening event 
correponding the Lower Kellwasser Horizon at or near the base 
ofM.N. Zone 13 ofKlapper ( 1989). Formal proposal of subdi
visions ofT-R cycle Ild in North America will be published in 
1999or2000. 

Biostratigraphie and Sequenee Stratigraphie lnvestiga
tion of Late Givetian-Famennian-Western Canada.-Substan
tial progress was made this field season on biostratigraphic 
and sequence-stratigraphic investigation of the Miette and 
Ancient Wall reef platforrns with Michael Whalen (Univ. Alas
ka-Fairbanks) We completed Iithologic sampling at 50 cm inter
vals through neritic and platform-to basin transition sections 
spanning the late Givetian-early Famennian at Ancient Wall 
and Miette, as well completing sampling ofFrasnian and Fa
mennian brachiopod and conodont faunas . Tue new litholog
ic sarnple suite ( approx. 2500 samples) are suitable for MS mea
surement that will be used to develop MS profiles through the 
late Givetian-Early Famennian interval to test the utility ofMS 
profiles for intrabasinal correlation, and comparison of neritic 
profiles generated from the Frasnian of the subtropical lowa 
Basin and coeval pelagic sections. 

Nertitic Braehiopod Records-U.S.-Development of de
tailed biological records ofMiddle-Late Devonian carbonate 
platforms in central and western North America. Work contin
ues on the biostratigraphy, biogeography and taxonomy of 
the Eifelian-Famennian brachiopod faunas of central andwest
ern North America. A number of recent papers feature revi
sions or descriptions of elements of the the lowa Basin Devo
nian brachiopod fauna . Work continues wiih collaborators on 
Middle and Late Devonian faunas from the Michigan, Illinois, 
and Appalachian basins in the central and eastern U .S . and the 
Great Basin (Famennian). A focus of current work in New York 
with Jeff Over (SUNY-Geneseo) is to document pre- and post 
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F-Fextinctionshellyfaunas. WorkwithJohnBratton(USGS- Day, J. , 1998,Distribution of latest Givetian-Frasnian Atrypida 
Woods Hole) is intended to refine biostratigraphic range data (Brachiopod.a) in central and western North America. Acta 
and the revise the brachiopod systematics of early Famennian Palaeontologica Polomca., v. 43, no. 2, P· 205-240. 

post-extinction platform faunas from carbonate debris flows in 
the Pilot Shale and West Range Limestone. CM Peter E. Isaacson (ldaho) 

Neritic Brachiopod Records-Western Canada.-Work 
began in 1997 in the NWT andAlberta and continued in 1998. 
W ork in Alberta is intended to develop detailed data on bra
chiopod and conodont sequences and faunas in and around 
the Miette and Ancient Wall detached carbonate platforms 
aiding correlation of major sequence packages comprising the 
main platform architectural units ofthe buildups in collabora
tion with Michael Whalen (Univ. Alaska-Fairbanks). Data on 
the brachiopod sequence is also intended to develop informa
tion on extinction patterns of tropical shelly platform faunas 
through the Frasnian and early Famennian. Conodont sys
tematics and zonal correlations are being handled by Gil Klap
per. Work in Frasnian-early Famennian ofthe Mckenzie Shelf 
in the NWT began in 1997 and is intended to recongnizeand 
characterize sequence boundaries and refine correlations of 
sequence packages deposited during Late Devonian T-R cy
cles Ilc-Ile and document the Frasnian-early Famennian bra
chiopod sequence and extinction record of near equatorial
tropical platform shelly faunas. 

Devonian brachiopod systematics.-Recent studies were 
completed on biostratigphic and biogeographic distribution 
of late Givetian and Frasnian atrypids of central and western 
North America, and systematic revision of late Givetian and 
Frasnian atrypids of central North America with Paul Copper. 
Bill Koch (Oregon State Univ.) and I are making progress on 
two papers describing the late Eifelian-early Givetian faunas of 
T-R cycle Ie from the Michigan Basin (Rogers City and Lake 
Church formations) and Iowa Basin (Spillville Formation). Re
lated work on the Eifelian faunas ofOhio are in early stages of 
development with C. Ver Straeten and C. Brett. Dr. Xueping 
Ma (Univ. Peking, Beijing) is in the middle ofa year-long visit 
and we have completed the first of four papers focused on 
systematic revision, biostratigraphy, and biogeography ofthe 
Frasnian and Famennian species ofthe cyrtospiriferid brachi
opod genera Cyrtiopsis, Cyrtospirifer, and Tenticospirifer fcom 
North America and south China. Work continues on comple
tion of two other papers describing late Devonian brachiopod 
and conodont faunas from the Hanover Shale of New York 
(with JeffOver) and the Chattanooga Shale ofTennesee (with 
J. Over and Juergen Schrieber, Univ. Texas-Arlington). Work 
will begin in early 1999 on systematic revision of late Givetian 
and Frasnian rhynchonellid brachiopods of the Iowa Basin 
with Paul Sartenaer. 

New Frasnian Trilobitefrom North America.-Fras
nian trilobites are extremely scarce in North America. 1 recov
ered a very handsome specimen of a scutellid trilobite from the 
late Frasnian Ares Member of the Southesk Formation in west
ern Alberta in July. This material was forwarded to Raimund 
Feist for study and abrief report on its taxonomic and biogeo
graphic significance is planned for sometime in 1999. 

Publications in 1998. 
Day, J. & Copper, P., 1998, Revision of latest Givetian and Frasnian 

Atrypida (Brachiopoda) from central North America . Acta 
Palaeontologica Polonica, v. 43, no. 2, p. 155-204 
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Tue principal news for Andean Devonian work is expan
sion ofthe areal and temporal extent ofthe glaciations. Com
bined withBrazilian data (principally fromMario Caputo), evi
dence for the glaciation is very convincing. Albeit primarily 
dated in the latest Famennian, 1998 work has shown that there 
were dropstones significantly lower in the section. These are 
being palynologically dated at this time. We suggest that the 
glacial drawdowns had worldwide impact. We have a paper in 
press, with the Geologische Bundesanstalt (Vienna), whose 
abstract follows: 

Authors: Peter E. Isaacson, Jindrich Hladil (Prague), She11 
Jian-wei (Nanjing), Jiri Kalvoda (Brno), and George 
Grader (ldaho) 

Famennian events present a more significant timespan than 
earlier acknowledged. lt has recently been shown that Gond
wana' s well-known Carboniferous glaciations began in Late 
Devonian time. Tue Devonian glaciation event occurred over 
a broad area, including much ofBrazil (Parna!ba, Amazonas, 
and Solim"es basins) and Bolivia (Madre de D!os an Altiplano 
areas ofthe Paleozoic foreland basin), and this initial glacia
tion continued into earliest Carboniferous (Tournaisian) time. 
lt is dated within at least the LE, LN and VI palynozones. Bo
livian glaciation events include unbedded and poorly bedded 
diamictites with striated and faceted clasts of sedimentary and 
granitic rocks sourced from the adjacent foreland fold- and 
thrust- belt. Some evidence suggests that at least two major 
ice advances occurred within Devonian time. Coeval with the 
Gondwanan glacial event is a geologic record in North Ameri
ca, central Europe and southern China that suggests a very 
rapid sea- level fall that exhumed and eroded carbonate plat
forms, deposited siliciclastics, and generated lacunae in the 
Famennian record. Tue lowstand resulted in extensive car
bonate breccias, shoal-deposits and evaporites in western 
U.S.A. and Canada. Widespread early Famennian and older 
carbonate breccias located in Idaho and western Montana may 
manifest coeval subaerial exposure and interaction with a fluc
tuating phreatic weathering zone related to varying sea-levels. 
Possible similar breccias occur also in Nevada. Lowstand clas
tic-wedges were deposited in a major forced regression in black 
shales ( eastern U.S.A. ). Tue glaciation was apparently re
sponsible for lacunae in the Famennian rock-record in many 
places. In Moravia, Famennian physil and siliclastic influx 
increased as a result ofweathering in newly- emergent highs 

. that resulted from sea-level drop. Partial sea level drops were 
manifested by ferruginous oolites, which developed in near
shore environrnents and were subsequently dispersed onto 
adjacent slopes by storm resedimentation. In southern China 
(Guilin), aggradation, siliciclastic influx, dolomitization from 
evaporation, and shallow-water carbonates resulted from Fa
mennian sea-level lowering. Tue coupling of glacial and low
stand events explains the sudden appearance of shallow-ma
rine, as weil as subaerially-affected features within a generally 
transgressive sea that breached the North American craton 
during Late Devonian (Frasnian) time. 
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We are pursuing palynological dating ofthe lower drop
stones, investigating extent of diarnictite outcrops in Peru, and 
we are working with colleagues on consequences ofthe glaci
ation on Famennian events elsewhere. 

We welcome any comment. 

CM Ruth Mawson & TM John Talent (New South Wales) 

News from Macquarie University Centre for Ecostratigraphy 
and Palaeobiology (MUCEP) 

Ruth Mawson and John Talent report that at last their pa
per on allochthonous carbonates of the Tolga "Calcarenite", 
Nubrigyn Fmn, Jesse Lirnestone and Cunningham Formation 
ofthe Dripstone-Euchareena area of central New South Wales 
is in press and that another paper on Early Carboniferous con
odonts from the Ruxton Formation ofthe Clarke R. Basin of 
northern Queensland will be sent offto Italy as a contribution 
to the ECOS VII volume. Another paper on Ordovician, and 
Devonian conodonts from Chitral, Pakistan is nearing comple
tion. The manuscript in collaboration with Covadonga Brime, 
University of Oviedo on pattems of illite crystallinity and con
odont colour-alteration indices in relation to Ordovician-Early 
Carboniferous tectonic events in the Townsville hinterland 
(Broken River, Burdekin and Clarke River Basins) ofnorth
eastem Queensland will be completed when John visits Oviedo 
in late November, 1998. A manuscript on the Silurian of Aus
tralia has been completed; it will probably see the light of day 
even prior the Devonian summary paper subrnitted early in 
1997! 

Radiometrie dating for irnproving the rnid-Palaeozoic time 
scale is progressing slowly because of tirne-lags in accessing 
the SHRIMP at Curtin University and comrnitrnents our collab
orator in TIMS dating of zircons, Greg Dunning from Memorial 
University, Newfoundland. Prelirninary dates, however, are look
ing good. 

Most of our other activities have been connected with IGCP 
421 "North Gondwana rnid-Palaeozoic bioevent\biogeography 
patterns in relation to crustal dynarnics" ( coordinators Raimund 
Feist and John Talent). Tue edited volume emanating from the 
inaugural meeting of the project held in Vienna is now in press 
(North Gondwana Terranes, Stratigraphy and Biota. Bah. Geol. 
Bund. Wien, Vol. 54, 415 pp., 20 contributions ). IGCP activities 
for the year included a highly successful session held in con
junction with ECOS VII in Bologna and Modena ( 19 June-2 
July, 1998). The fourth meeting ofIGCP42 l is scheduled for 5-
20 December in Isfahan, Iran. Attendance indicated to date 
includes 70 Iranians and 40 non-Iranians. 

Glenn Brock, Lecturer in·Palaeontology at Macquarie, has 
undertaken a study of Late Devonian brachiopod biogeogra
phy with emphasis on the northem Gondwana margin. He con
tinues to edit Alcheringa as well as continuing work on Cam
brian and Ordovician faunas. Theresa Winchester-Seeto con
tinues her work on Ordovician to Devonian chitinozoan fau
nas. Zerina Johanson successfully completed her PhD and is 
now an ARC-supported Fellow at the Australian Museum. 
Alison Baseden nears the completion of her PhD on Early 
Devonian fish faunas from eastem Australia. Margaret Ander
son and John Klyza both completed MSc dissertations during 
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the year and Ken Bell' s PhD on Devonian foraminifers is close 
to subrnission. 

Visitors to MUCEP include Charles Harper (University of 
Okalahorna) who has been working on a manuscript for the 
Struve memorial volume and probing the use of computers in 
field studies. We very much enjoyed showing hirn our sec
tions at the Broken River. Daniel Drygant from the Ukraine and 
Igor Bardashev from Tajikistan spent 2 months with us during 
working on their conodont faunas. Rose Toni (University of 
Alexandria) was with us for 12 months as a Visiting Adjunct 
Professor. 

Plans for AUSCOS 2 to be held in conjunction with an 
IGCP42 l meeting tobe held in Australia are firming up. Please 
keep aside some of your well-eamed dollars or whatever to 
make the trip to the antipodes .... We'll certainly make you 
welcome! 

JeffOver(Geneseo,NewYork) 

Myself and students continue to concentrate our work on 
the Middle and Upper Devonian black shales in eastem and 
central North America. Samples from numerous sections of 
the New Albany and Chattanooga shales were collected and 
are currently being processed for conodonts. These samples, 
and conodonts collected by F. Ettensohn, R. Norby, and J. 
Scheiber, will document ranges of taxa in the shales. Other 
notable studies are precise biostratigraphic placement of the 
Center Hill Ash from the Appalachian Basin in MN Zone 13 
( upperrnost Frasnian) and description of a post-Frasnian (Lower 
triangularis Zone) brachiopod fauna from the upper Hanover 
Shale in New York State (w/J. Day). 

CM Eberhard Schindler (Frankfurt) 

Research concentrated on various continuing projects and 
on the start of new investigations in the Russian Urals. Among 
ongoing work, the Sessacker Trench section in the Rhein. 
Schiefergebirge shall be mentioned. The extremely detailed in
vestigations ofthe Frasnian/Famennian boundary interval have 
been published together with Immo Schülke and TM Willi Zie
gler (Senckenbergiana lethaea, vol. 77; also orally presented at 
the ECOS VII/IGCP 421/SDS meeting in Bologna and Modena, 
ltaly). Activities in the Eifel Hills area also continued - espe
cially cooperative work on an early Late Devonian section at 
'Steinbruch Reichle' near Loch and a core ( drill hole 'Büdeshe
irner Bach') from the center ofthe Prüm Syncline, yielding Fras
nian to Famennian strata in siliciclastic (younger) and partly 
calcareous ( older) rocks. Joint work on this core with different 
researchers is under way. W ork on Albanian samples from the 
Korabi-Unit also continued. A paper on an isolated graptolite 
locality is already in press (Maletz, Königshof, Meco & Schin
dler: Senckenbergiana lethaea, vol. 78). In the frame of the 
cooperation program in the Moroccan Anti-Atlas between the 
Forschungsinstitut Senckenberg (FIS) and the University of 
Marrakech (additional cooperations with CM Ahmed EI Has
sani, Rabat, and the geomagnetic group at Arlington, i.e . TM 
Rex Crick and Brooks Ellwood), investigations on mainly Low
er Devonian strata continued. New sections ofLower and Mid-
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dle Devonian rocks in the SE Maider have been measured and CM Streel, M. (Liege) 
sampled during recent field work. 

New cooperations started with the stable isotope group 
from Erlangen University (Buggisch, Joachimski, van Geldern) 
in order to get a very detailed record of stable isotopes in well 
preserved brachiopod shells from biostratigraphically well
dated strata. 

A new project between the FIS and the Academic Institute 
at Ekaterinburg (Russia), granted by the 'Deutsche Forschungs
gemeinschaft', started with a joint field campaign to Western 
Uralian areas. Own investigations in this project will focus on 
homoctenids and facial/sedimentological phenomena from two 
Upper Devonian sections in close cooperation with the other 
participants ofthe project (i.e . 1M Willi Ziegler, 1M Karsten 
Weddige, Peter Königshof, Gunnar Schraut, Gerhard Becker, 
Gerhard Plodowski, Ulrich Jansen from FIS; Alexander Bik
baev, Maria Snigireva, Kirill lvanov, Larissa Mizens from Eka
terinburg). 

Finally, there shall be mentioned the participation at the 
joint ECOS VII/IGCP 421/SDS meeting in Bologna and Mode
na (ltaly) as well as the contribution to both working groups 
(Emsian and Late Devonian subdivisions) of the German SDS. 

Short note: 

At the Forschungsinstitut Senckenberg (Frankfurt, Germa
ny) palynological investigations have started recently on sec
tions in the Moroccan Anti-Atlas and in the Rheinisches 
Schiefergebirge (Germany). The aim ofthe studies is to com
pare both regions and to contribute to refinement oftheir bio
stratigraphy. The material will be dealt with by Rainer Brocke 
(address: Dr. Rainer Brocke, Paläobotanik, Forschungsinstitut 
Senckenberg, Senckenberganlage 25, D-60325 Frankfurt.IM. -
phone ++49-69-97075189, fax ++49-69-97075137, e-mail 
rbrocke@sngkw.uni-frankfurt.de). There will be a close coop
eration with the newly elected CM Christoph Hartkopf-Fröder 
(Krefeld, Germany) 
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IGCP 421 round table, June 25, 1998, Bologna 

Quantitative palynology of latest 
Famennian events in the Sauerland 
During the late and latest Famennian, quantitative 

palynology allows to recognize four continental ecological 
niches, three marine megaenvironments and two contrasting 
palynofacies ( oxic / anoxic ). Miospore analysis recognises a 
recurrence of high sea levels developing downstream "coal" 
swamps and a recurrence of wet climates developing upstream 
swamp rnargin plant communities. 

Applied to a sequence around the Hangenberg Event in 
Sauerland, Germany, where the changes in sea level are known 
to have been severe, miospore analysis suggests a high rate of 
sedimentation and short cycles involving clirnatic changes and 
sea-level changes probably of the 6th order i.e. ofless than 100 
ka by comparison with other, but similar, researches conducted 
in the late Famennian in N-E Belgium. 

Continental vegetation has not been affected by the 
Hangenberg Event sensu stricto (the base ofthe Hangenberg 
Black Shale) . On the contrary, younger "continental 
Hangenberg Events", corresponding to the peak of the 
regression, probably associated with a much wetter climate, 
have strongly modified the contemporaneous "upland" and 
"coastal"plant communities. The "coastal" one has not 
recovered after that peak, probably as a consequence of a 
colder clirnate (Brand 1993). 

The duration of the Hangenberg Events ( corresponding to 
the miospore LN Zone) was probably less than 100 ka as also 
suggested by Sandberg & Ziegler ( 1996). The consequence is 
that the glacial episode known in Brazil, which is characterized 
by the same miospore Zone, bad also a very short duration. 
Latest Famennian clirnate was probably unstable with quick 
oscillating glacial and interglacial phases in the high latitudes. 

Brand, U. - 1993 : Global perspective of Famennian-Tournaisian 
oceanography: geochemical analysis of brachiopods. Ann. Soc. Geol. 
Belg., 115 (2): 491 - 496. 

Dreesen, R., Poty, E., Streel, M. & Thorez, J. - 1993: Late Famennian 
to Namurian in the eastem Ardenne, Belgium. I.U.G.S. Subcom. on 
Carb. Strat., guidebook : 60 p. Liege University. 

Jarvis , D.E. - 1992: The stratigraphic palynology, palynofacies and 
sedimentology of the Devonian-Carboniferous Kiltorcan Formation 
of Southern Ireland. Ph. D. Thesis, Cork (Unpublished). 

Sandberg, C.A. & Ziegler, W. - 1996: Devonian conodont biochronology 
in geologic time calibration. Senckenbergiana lethaea, 76 (1/2): 259 
- 265. 

Streel , M. & Scheckler, S.E. - 1990 : Miospore lateral distribution in 
upper Famennian alluvial , lagoonal to tidal facies from eastem United 
States and Belgium. Rev. Palaeobot. Palynol., 64 : 315 - 324. 
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Glacial episode(s) in Brazil 
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SOS Meeting June 23, 1998, Bologna during the late F amennian ( after Streel & Scheckler 1990, 

Quantitative palynology in late and Jarvis 1992,Dreeseneta/. 1993) 

latest Famennian swamp environments, 
an accurate tool for Marine/ Non- Welldrainedalluvialplains: 

marine correlation 
Coal seams do not become common until the Middle and 

Late Devonian. However these coals are either algal or only 
questionably ofvascular plant origin. Coal-bearing sediments 
ofthe Late Famennian Hampshire Formation (West Virginia 
and Virginia, USA), dominated by the prefern Rhacophyton, 
are the first widespread occurrence of true swamp-adapted 
plant communities in the Paleozoic (Scheckler 1986). Miospore 
assemblages from these coals and associated sediments allow 
to distinguish upstream from downstream ( coastal) marginal 
swamp environments (Streel & Scheckler 1990). 

Coastal "coal" swamp development is known to depend 
mainly on the sea-level: higher the sea-level, higher the fresh
water table near the coast and therefore, wider the swamp. 
Upstream swamp environment development only depends on 
climate : more rainy the climate, higher the water table and 
wider the swamp environment, but also more important the 
river run-off and its discharge into the sea. 

Miospores produced by their (often unknown) mother~ 
plants are dispersed mainly in the corresponding environment 
but also in the neighbourhood. Their quantitative analysis in 
non-marine sediments gives a mean picture of the regional 
vegetation. But, in marine sediments, a distorted picture is 
obtained. lndeed, ifthe miospores from coastal environments 
are directly recorded, through the wind, in the neighbouring 
marine sediment, those from upstream environments are mainly 
transported to the sea through the rivers. 

In the late Famennian marine facies ofthe Ourthe Valley in 
N-E Belgium, miospore quantitative analysis recognises a 
recurrence of high sea levels developing downstream "coal" 
swamps and a recurrence of wet climates developing upstream 
swamp margin plant communities. 

Applied to a sequence around the latest Famennian 
Hangenberg Event in Sauerland, Germany, where the changes 
in sea level are known to have been severe, miospore analysis 
suggests short cycles involving climatic changes and sea
level changes probably ofthe 6lh order i.e. ofless than 100 ka 
by comparison with the researches conducted in the late 
Famennian in N-E Belgium. 

Dreesen, R., Poty, E., Streel, M. & Thorez, J. - 1993: Late Famennian 
to Namurian in the eastem Ardenne, Belgium. I.U.G.S. Subcom. on 
Carb. Strat. , guidebook : 60 p. Liege University. 

Jarvis, D.E. - 1992 : The stratigraphic palynology, palynofacies and 
sedimentology of the Devonian-Carboniferous Kiltorcan Formation 
of Southem Ireland . Ph. D. Thesis, Cork (Unpublished). 

Scheckler, S.E. - 1986: Geology, floristics and paleoecology of Late 
Devonian coal swamps from Appalachian Laurentia (U.S .A.). Ann . 
Soc. geol. Belg. 106: 209 - 222 . 

Streel, M. & Scheckler, S.E. - 1990 : Miospore lateral di stribu tion in 
upper Famennian alluvial , lagoonal to tidal fac ies from eastem United 
States and Belgium. Rev. Palaeobot. Palynol. , 64: 315 - 324. 

Miospores dominating a specific continental environment 
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Aneurospora greggsii 

(probably Archaeopteris microspores) 

"Coal" swamps: 

Diducites p/icabi/is-Auroraspora varia Complex 

(Rhacophyton isospores) 

Upstream swamp margins: 

Grandispora graci/is 

Apicu/iretusispora coniferus 

Downstream swamp margins: 

Vallatisporites hystricosus 

Auroraspora asperel/a 

Retispora lepidophyta 

- - - - - - --.:::: 
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CM Chuck Ver Straeten 

I recently completed a two year Post-doctoral Fellowship 
at Northwestern University (Evanston, Illinois; with Dr. Brad
ley Sageman), exarnining Eifelian to Famennian mudrock-dom
inated facies from the Appalachian Basin. Tue work integrat
ed sedimentologic, paleobiologic, and geochernical ( elemen
tal, carbon, and stable isotopes of carbon) data with statistical 
analyses in an examination of: the delineation of stratigraphic 
sequences and foreland basin evolution in the Devonian 
mudrock facies; the role ofbiogeochernical dynarnics/produc
tivity in the ecology and evolution of Devonian marine com
munities; controls on organic carbon burial during the late 
phases ofthe Mid-Paleozoic greenhouse episode. A summary 
paper of the work is presently in preparation. 

In an offshoot of that work, we are utilizing the elemental 
data to exarnine provenance of Devonian mudrocks and un
roofmg history of Acadian Orogeny. Results will be presented 
at the Northeastern Geological Society of America meeting 
(March 1999) in a session I am organizing entitled "Dynarnics 
and Events in the Acadian Orogeny: Foreland Basin and 
Mountain Belt Perspectives". 

An ongoing interest in bentonites contributed toward the 
newly published Devonian time scale (Tucker, R.D., Bradley, 
D.C., VerStraeten, C.A., Harris, AG., Ebert, J.R., andMcCutch
eon, S.R., 1998, New U-Pb ages and the duration and division 
ofDevonian time: Earth and Planetary Science Letters, v. 158, 
p. 17 5-186). Results include more highly-refmed estimates for 
the duration of stages and moving the base of the Devonian 
from 408 to 419 Ma. 

At present, I have papers in preparation on: 1) a new, more 
highly refmed synthesis of Emsian-Eifelian strata across the 
Appalachian Basin and their tectonic and sequence stratigraph
ic frameworks (based on Ph.D. work under Carlton Brett); an 
interval of early Emsian K-bentonites from the Appalachian 
Basin, their tectonic implications, and potential plutonic and 
volcanic sources in the renmant Acadian mountain belt. 

In other work, Gil Klapper and I have begun to examine 
conodont biostratigraphy ofless well documented Emsian and 
Eifelian intervals in the Appalachian Basin, and Carlton Brett 
(Univ. ofCincirmati) Jed Day (Illinois State Univ.) and myself 
have been examining Eifelian carbonates on the western mar
gin ofthe Appalachian Basin in Ohio. Brad Sageman (North
western Univ.) and I have also been working with Rex Crick 
and Brooks Elwood (Univ. ofTexas atArlington) on magneto
susceptibility of the Eifelian-Givetian and Givetian-Frasnian 
stage boundaries in a core from the Appalachian Basin. 

I'm presently in a one year acadernic position at Gustavus 
Adolphus College iB Mifmesota, teaching Sedimentary Geolo
gy, Paleontology, Historical Geology, and Global Environmen
tal Change. 
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CM Tony Wright (New South Wales). 

Lik l · . e a ot of Austrahan palaeontologists, 1 "retired" after 
ta~~ a package m September 1997. 1 am now an "Honorary 
Princ1pal Fellow" which means that I enjoy the privileges ofan 
offic~, füll access to facilities and the opportunity to c 
füll tune research. arry out 

G C:hores in band are dominantly editorial, as John Talent 
avm y oung and I are editing 2 publications flowing from o~ 

very successfül ·P AFF ("Palaeobiogeography of Australasian 
~aunas and Floras") conference in December 1997. These 2 
mclude: ( 1) a volume in the Oxford University Press Biogogra
phy ~enes and (2) a special issue of Historica/ Biology. Sub
missions fo~ these 2 volumes are steadily reaching the fmal 
stage of rev1ew. Watch for these important volumes. 

Current research is focussed on several Jronts; 

I _am_collaborating with Barrie Rickards on NSW graptolites 
of Silunan age ( the Barnby Hills Shale (part II), the Yass se
q~ence [ subrnitted], the Spring-Quarry Creek area, the Bungo
ma area) and Early Devonian age from the Limekilns area. A 
general paper on the evolution of Bohemograptus has also 
been subrnitted for publication. 

In addition to these Australian faunas, manuscripts (with 
Rickards and M.A. Hamedi) dealing with Arenig graptolites 
from east-central Iran, and another on Late Ordovician and 
Early Silurian of the Zagros are in preparation. A paper with 
June Ross and Hamedi on Ordovician bryozoans from east
central Iran is in press. 

Devonian studies are concerned with operculate corals. 
Having divested myself of years of accumulated Goniophyl
lum in the Jess Johnson volume [Geol. Soc. America Special 
Paper 321), I am now homing in on Calceola and its close 
relatives. A paper describing a new genus from the Early De
vonian Garra Formation ofNSW is in preparation, and studies 
of various other calceoloids will hopefülly appear in the near 
füture, based on global collections. Some of this. story was 
given at the Mary Wade Symposium .at the 1998 Australian 
Geological Convention in Townsville. A joint paper with Y ongyi 
Zhen and John Jell will appear in the P AFF Special Issue of 
Historica/ Biology. 

Publications, 1994-1998. 

Wright, A.J ., 1994a. Notes on the 1849 and 1855 W. B. Clarke collections 
in the Sedgwick Museum, Cambridge, 181-191. In: Branagan, D.F. & 
McNally, G.H. (eds), Useful and curious geological enquiries beyond 
the world . Proceedings of the I 9th INHIGEO International 
Symposium, Sydney, Australia, 4-8 July, 1994. Star Printery, Sydney. 

Wright , A.J., l 994b . Shelly fossils from the Cunningham Fonnation . 
Unpublished Report prepared for the Geological Survey of NSW. 4 
p. 

Wright, A.J., 1994c. New data on W. B. Clarke collections in the Sedgwick 
Museum, 94. In : Brock, G., De Pomeroy, A. & Winchester-Seeto, 
T . (compilers). Abstracts and Programme. Australasian 
Palaeontological Convention-94 . Macquarie University, Sydney. 

Wright, A.J . & Bauer, J.A., I 994. New corals from Bungonia, NSW, 95 . 
In: Brock, G., De Pomeroy, A. & Winchester-Seeto, T. (compilers). 
Abstracts and Programme, Australasian Palaeontological 
Convention-94. Macquarie University, Sydney. 

Wright, A.J., Cooper, R.A. & Sime, J., 1994. Cambrian and Ordovician 
faunas and stratigraphy, Mount Patriarch, New Zealand. New Zealand 
Journal of Geology and Geophysics 37, 437-476. 
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Wright, A.J ., Pemberton, J.W. & Colquhoun, G.P., 1994. Field Guide to 
the Cudgegong-Kandos area etc . University of Wollongong, 
Department of Geology Occasional Papers, 45 pp. 

Pemberton, J.W., Colquhoun, G.P., Wright, A.J ., Booth, A.N., Campbell, 
J .C ., Cook, A.G. & Millsteed, 8.D., 1994 . Stratigraphy and 
depositional environments of the northern Capertee High . 
Proceedings ofthe Linnean Society ofNew South Wales 114, 105-
134 . 

Rickards , R.8 ., Hamedi, M.A. & Wright, A.J ., 1994. A new Arenig 
(Ordovician) graptolite fauna from the Kerman district, Iran . 
Geo/ogical Magazine 133, 35-42. 

Cooper, R.A. & Wright, A.J ., 1994. Cambrian-Ordovician biostratigraphy 
of Mount Patriarch, New Zealand, 24. In : Brock, G., de Pomeroy, 
A. & Winchester-Seeto, T. (compilers). Abstracts and Programme. 
Australasian Palaeontological Convention-94. Macquarie 
University, Sydney. 

Hamedi, M.A., Boucot, A.J ., Bruton, D.L., Chatterton, B.D.C., Jones, 
P.J., Nicoll , R.S., Rickards, R.B., Ross, J.R.P. & Wright, A.J., 1994. 
New biostratigraphic and biogeographic data from the Ordovician
Silurian of east-central Iran. Geological Society of Australia Abstracts 
37, 164. 

Rickards, R.B., Packharn, G.H., Wright, A.J . & Williamson, P.L. , 1994a. 
Silurian graptolite faunas from the Quarry Creek district, NSW, 48. 
In: Brock, G., De Pomeroy, A. & Winchester-Seeto, T. (compilers). 
Abstracts and Programme, Australasian Palaeonto/ogica/ 
Convention-94. Macquarie University, Sydney. 

Rickards, R.B., Packharn, G.H., Wright, A.J. & Williamson, P.L., l 994b. 
Silurian graptolite faunas from the Quarry Creek district, N.S.W. 
Geo/ogica/ Society of Australia Abs1racts 37, 373. 

Wright, A.J . & Bauer, J.A., 1995. New Silurian corals from New South 
Wales. Association of Australasian Palaeontologists,Memoir 18, 
97- 104 . 

Wright, A.J ., l 995a. Devonian tetracorals from Padaukpin, Myanmar. 
Journal of Geology (Hanoi), Series B, 5-6, 175-176. 

Wright, A.J., l 995b. Shelly fossils from the Tinja Formation. Unpublished 
Report prepared for the Geological Survey of NSW. 4 p. 

Rickards, R.B., Packharn, G.H. , Wright, A.J. & Williamson, P.L., 1995. 
Wenlock and Ludlow (Silurian) graptolite faunas , Quarry Creek 
district, New South Wales. Association of Australasian 
Palaeonlologists Memoir 17, 68 p. 

Strusz, D.L., Pickett, J.W. , Wright, A.J ., Percival, 1.G. & Bymes, A., 
1995. A well-balanced trimerellid, 104: Brock, G.A. (ed .) Abstracts 
and Programme for lsl Australian Conodont Symposium and the 
Boucot Symposium . 

Wright , A.J ., l 996a. Review of "Non-biostratigraphical methods of 
dating and correlation". The Australian Geologist 99, 49-50. 

Wright, A.J ., l 996b . Review of "Evolution of the Tasman Sea" . 
Sedimentology 43, 193. 

Wright, A.J., 1997a. A global perspective of the Silurian tetracoral 
Goniophyllum . Geologica/ Society of America, Special Paper 32 1, 
327-340 . 

Wright, A.J . (compiler), l 997b . Palaeobiogeography of Australasian 
Faunas and Floras: Abstracts Volume. Geologica/ Society of Australia 
Abstracts 48, 117 pp. 

Rickards, R.B. & Wright, A.J ., l 997a. Graptolite faunas from the Bamby 
Hills Shale (Silurian, Ludlow), New South Wales. Proceedings of the 
Yorkshire Geologica/ Association 51 , 209-227 . 

Rickards , R.B . & Wright, A.J ., l 997b. Graptolite zonation in the Late 
Wenlock (Early Silurian), with a new graptolite-brachiopod fauna 
from New South Wales. Records of the Austra/ian Museum 49, 229-
248 . 

Rickards, R.B., Hamedi , M.A. & Wright , A.J ., 1997. Ordovician and 
Silurian graptolites from southem and east-central Iran, 333-337. 
Papers for the First Annual Conference of the Geologica/ Society of 
Iran , Tehran. August 1997. 

Hamedi , M.A ., Wright, A.J. , Aldridge, R.J ., Boucot, A.J ., Bruton, D.L. , 
Chatterton, B.D.E., Jones, P., Nicoll , R.S., Rickards, R.B. & Ross, 
J. R.P., 1997 . Cambrian to Siluri an of Eas t-Centra l Iran : new 
biostratigraphic and biogeographic data. Neues Jahrbuch jhr Geologie 
und Pa/@onto/ogie, Mona/sheft 1997/7, 412-424. 
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Rickards , R.8 ., Wright , A.J . & P·emberton, J.W., 1998 . Graptolite 
evidence for the ages of the Sofala Volcanics and Willow Gien 
Formation, northem Capertee High, N.S .W. Alcheringa 22 , 223-
330. 

Strusz, D.L., Percival, I.G., Wright, A.J ., Pickett, J.W. & Bymes, A., 
1998. A giant trimerellacean brachiopod from the Wenlock of New 
South Wales. Records of the Austra/ian Museum 50, 171-186. 

Wright, A.J ., 1998. Blowing the lid off operculate corals : the key to the 
phylogeny of the Goniophyllidae. Geologica/ Society of Australia 
Abstracts 49, 479. 

Rickards, R.B. & Wright, A.J., 1998. New data on Silurian graptolites 
from Yass, NSW. Geological Society of Australia Abstracts 49, 377. 

Ross , J .R.P. , Hamedi, M.A. & Wright, A.J ., in press. Ordovician 
bryozoans from east-central Iran . Smithsonian Contributions 10 
Marine Sciences. 

Zhen, Y.-y., Wright, A.J. & Jell , J.S., in press. Rugosan diversifications 
and migrations in the Devonian of Australasia. In: Wright, A.J ., 
Talent, J.A. & Young, G.C. (guest editors) Special Jssue of Hislorica/ 
Biology. 

Rickards , R.B. & Wright, A.J ., (in submission) . Evolution and 
biostratigraphy of the late Ludlow and PiRdolR (Late Silurian) 
graptolites of the Yass district, New South Wales. Records of_1he 
Australian Museum. 

Rickards, R.B. & Wright, A.J ., (in submission). Evolution of the Ludlow 
(Silurian) graptolite genus Bohemograplus Pribyl, 1936. Proceedings 
of lhe Yorkshire Geologica/ Association. 

TM E.A. Yolkin (Novosibirsk) 

TM Yolkin reports a new address: 

Department of Paleontology and Stratigraphy 
Institute of Petroleum Geology 
United Institute ofGeology, Geophysics and Mineralogy 
Russian Academy of Sciences, Siberian Branch 
Novosibirsk 90, 630090 
Russia 
E-mail: yolkin@uiggm.nsc.ru 
Voice: + 7 (3832) 33-24-31 
Fax: + 7 (3832) 33-23-01 

My current Ordovician-Devonian projects were outlined 
in previous issues. 

This year I am focusing on Silurian stratigraphy and paleo
geography of the Altai-Sayan area. A long paper already is 
sent to editors. Devonian results are connected with relation
ships of sea-level fluctuations and trilobite evolutionary stag
es. Tue first attempt was made to compare trilobite and con
odont evolutionary rates using their Emsian lineages (Poster 
for the ECOS VII). Much time was paid to editorial works with 
the first issue of a new journal "News of Paleontology and 
Stratigraphy" that is considered now as a supplement to jour
nal "Russian Geology and Geophysics" [ or "Geologiya i Geofiz
ika"] (see "Contents" offirst issue). 
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