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EDITORIAL NOTES 

• The next issue will be mailed in fall 1993 in order that the membership may receive news of the Göttingen meeting 
in a more timely manner. Thereafter the Newsletter will appear biannually at approximately 6 month intervals in 
the spring and fall. This schedule will generally coincide with SOS meetings and should better serve the 
membership. Please send infonnation you wish included in the Newsletter at any time during the year and every 
effort will be made to include this material in the next issue. 

• The SOS reference data base is being updated periodically as articles are gleaned from published records and from 
member contributions. 1 have recendy converted systems from IBM-PCs to Macintoshesand am in the process of 
converting the data base to FoxBase Pro on the Macintosh. The PC data base will be discontinued by the end of 
summer 1993, however, thedata basewill continueto beavailableon DOSdisksin several formatsreadable by DOS 
based data bases, spreadsheets and text editors. All Macintosh formats are supported. Textfiles are arranged in 
reference format and can be searched with any basic word processor. Copies are free to members and friends. 
Indicate the computer system and choice of format or formats. The modified data base Iistin& will be mailed to all 
SOS members in August 1993. lf you wish a copy on disk, drop the Editor a note before lAugust. 

• All members should have received notification and details of the combined SOS meeting / Gross Symposium to 
be held in Göttingen 4-7 August 1993. lf not please contact the organizing commi ttee of Prof. Michael House (SOS), 
Dr. Susan Turner (Australia), Dr. Alain Blieck (France), Dr. Tüu Märss (Estonia), Dr. Peter Schultre (USA) or Dr. 
Otto Walliser (Germany). 

GENERAL NEWS FROM MEMBERS AND FRIENDS BY REGION OF INTEREST 

AusTllALIA 

• Michael HOUSE (The University, Southampton, UK), Thomas BECKER (Freie Universitat Berlin ) and Rex CRICK 
(Univ. Texas at Arlington) wiB ~Jin with Phillip PLA YFORD (Western Australian Geological Survey) in late June 
for work in the Upper Devonian of the Canning Basin. Gilbert Klapper (Univ. lowa) will join the group in July 
before going on to additional work in the Cook lslands. 

• Dr. Susan TURNER (Queensland Museum), co-leader (with Gavin Young, BMR, Canberra) of IGCP Project 328 
Paleozoic Microvertebrate Biochronology and Global Marine/ non-Marine Correlations, has supplied inforrnation 
about the second International Paleoroic Microvertebrate Symposium which will be held in Germany 4-7 August 
1993. This meeting will incorporate the aims of IGCP project 328 and the marine/non-marine committee of the 
Subcomrnission for the Devonian System as weil as providing an opportunity to celebrate the anniversary of the 
90th birthday of Professor Walter Cross, a pioneerworkerin Devonian fishand Paleowic microvertebrates studies. 
Scientific sessions and workshops will be conducted from August 4th to 6th with an SOS field trip-to Thuringia 
preceding the meeting 31 July - 2 August. The venue is now definitely in the Institut und Museum für Geologie 
und Paläontologie, University of Göttingen. Resulting from the meeting IGCP 328 hopes to publish a symposium 
volumeand to prepare a firstcorrelation table for Devonian microvertebrateassemblages. Pleasecontact Dr. Susan 
Turner (617-846-1918 (fax)) for further details. 

Dr. Turner also contributed the foUowing news and information: 

International Geological Correlation Programme 328: Palaeozoic Microvertebrate Biochronology and Global 
Marine/ non-marine Correlations was awarded as an on-going project in 1991 for fiveyears. Project leaders, elected 
at the first formal IGCP 328 meeting held at the 7th International Studies of Early Vertebrates meeting in Miguasha, 
Quebec inJune 1991, are Dr. Susan Turner FGS, fonnerly of Reading and Newcastle-upon-Tyne Universities, now 
Research Fellow at the Queensland Museum in Brisbane, funded by the Australian Research Council, and Dr. 
Ga vin C. Young of the BMR, Canberra. An active group of around 200 participants from over 40 countries includes 
several UK partidpants in England, Wales and Scotland. Both professional and amateur paleontologists can 
contribute to this project by investigating Palaeozoic microvertebrates and their uses in correlating rocks and 
especially assisting in the correlation of marine and non-marine sequences. 

Fish have always been upperrnost as age indicators in the classic Old Red sequences where thereis a dearth of rnost 
other fossils. The vertebrates through their rnicroremains have the advantage of all microfos.sils in being 
redeernable from small hand specirnens, including core and shot point samples. By their lifestyle fish were able 
to disperse into environments which other useful zone fossils, such as conodonts, couldn't reach, thus enhandng 
their use for marine/non-marine correlation. The microremains comprise scales, tesserae, spines, leeth and tooth 
plates, otoliths, claspers and other modified denticles, and ornamental bones of the seven major groups of fishes: 
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Agnatha (jawless fishes), Chondrichthyans ("sharks"), Placoderms, Acanthodü, Actinopterygins (bony fishes), 
Crossopterygians (lobe fins) and Dipnoi (lungfish). 

IGCP 328 plans to hold a meeting in conjunction with SOS on marine-non-marine correlation in Southampton in 
1994. The 1992 annual meeting will be held at the Economic Significance of the Devonian Symposium (ISOSEOMR-
92) being held in Guilin in September 9-12, 1992. A first international symposium on Palaeozoic Microvertebrates 
is tobe held in C,ermany in mid 1993 in honour of Professor Walter Cross, one of the pioneers in this work. One 
of the key aims of the project is to produce a data base for all Palaeozoic fish which can aid sequence stratigraphy 
and biostratigraphical, palaeogeographical, palaeoenvironmental and basin analysis. More infonnation can be 
obtained from Dr. Susan Turner, Fax number 617 8461918, who edits "Ichthyolith lssues" the IGCP 328 Newsletter 
(Issues 1-9 available). 

A list of recent articles supplied by Dr. Turner has been added to the SOS reference data base. 

EUROPE & IBERIA 

• Dr. Alain BUECK (GRECO 7 du C.N.R.S.) kindly provided copies of the title page and contents of the book 
Palarozoic V ertebrate Biostratigraphy and Biogeography which appear on page 22. The book is edited by Jolm A. Long 
andpublishedbyBe1havenPress(1993). Dr.Blieckalsoprovidedalistofrecentlypublishedpapershavingbearing 
on some aspect of the Devonian and a list of members and publications of the Groupe Fran~ais du Paleozoique. 
These papers have been added to the SOS reference data base. 

• Drs. Ph. STEEMANS and M. STREEL (Services Associes de Paleontologie, Universite de liege, liege) have 
contributed a number of articles authored by members of their laboratories and which touch on some aspect of 
Devonian plant:s, miospores or acritarches in France and north Africa. These have been added to the data base. 

• Dr. J. HLADIL provided the following address correction and additions 

Dr. J. Hladil, Cesky geologicky ustav, (Czech Geological Survey), Malostranskc! n.19, 118 21 Praha 1, Cz:echoslovakia. Telephone 
nwnbers for Dr. Hladil are: 42-2-523-351 (office), 42-2-352-523 (home), 42-2-521-280 (fax), 42-2-521-564 (fax). 

Dr. Hladil was kind enough to point out that many artides Iisted in Newsletter #8 and attributed to him were 
supplied without his knowledge and that many of these articles either did not contain infonnation about the 
Devonian or were unpublished reports owned by Czech oil or survey companies. 1ne Editor' s apologies to all. The 
list was contained in a package of infonnation passed along with no documentation regarding its origin. Dr. Hladil 
also passed along additional references which will be added to the growing reference data base. 

NoRTH .AFRICA 

• Work tobe published shortly by Drs. A. EI HASSANI and A. T AHIRI (Institut Scientifique, Rabat, Maroc) contains 
much new information about the Paleozoic of the Moroccan Meseta and strengthens the view that all north of the 
Altas fault zone is not Gondwanan. 

• In October 1992 Rex CRICK {Univ. Texas at Arlington) retumed to the Tafilalt Basin (Anti Atlas, Morocco) and 
sampled nautiloid faunas over the length and breath of the basin. Some 400 Kg of Ludlow and Pragian through 
Famennian nautiloids were collected. 11le work was a success in large part because of the unselfish sharing of 
unpublished sections by Michael House, 1bomas Becker and Otto Walliser and the superb and absolutely 
invaluable a~istance of Drs. EI Hassani and A. Tahiri (Institut Scientifique, Rabat, Maroc) both in and out of the 
field. 

NORTH AMERICA 

• Allen PEDDER (Institute Sedimentary & Petroleum Geology, Calgary) and Bill OUVER {Smithsonian Institution) 
were invited byChristSCOTESE (PaleoMap Project, Univ. Texas at Arlington) to share knowledge about Devonian 
coral distributions and details of paleogeography with the goal of realizing a better "fit'' between observed coral 
distributions and Devonian reconstructions. 

• Rex CRICK (Univ. Texas at Arlington) is organizing a revision of The Treatise on Invertebra te Paleontology Part 
K - Mollusca 3 (Cephalopoda General Features, Endoceratoidea, Actinoceratoidea, Nautiloidea) scheduled for 
publication in 2000. The collected authorship of sections of the volume will be decidedly more international than 
the original volume. 

• The fifth meeting of the North American Paleontological Convention was held in Chicago, lliinois (July 1992). The 
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Devonian was reasonably well represented as some 6% of the abstracts dealt with all or some part of the period. 
These abstracts and program summary are reproduced here beginning on page 23. 

SoVTH AFlucA 

• Dr. J.N. THERON provided the following information pertaining to various research projects on the paleontology 
of the Early- to Mid-Paleomic marine sediments of the Cape Supergroup now in progress. References supplied 
by Dr. Theron have been added to the data base. 

Initial work by J.N. Theron and J.E. Almond (C'.eological Survey) is focusing on new and previously oollected 
marine trace fossil material of the ichnogenera Cruziana, Asteriacitits and Scolicia. V arious species illustrating an 
interesting variety of behaviour, have now been recorded from several levels in the Table Mountain and Bokkeveld 
Groups. 7 Cruziana from the lower <Emsian)part of the Bokkeveld Grouprepresents an exceptionally rich Devonian 
trilobite ichnoconosis. 

Current work on the marine invertebrate faunas from the Bokkeveld and Witteberg Groups includes revision of 
the trilobites (J.E. Almond), brachiopods (N. Hiller, Rhodes University), the systematics of the diverse, poorly
known bivalve fauna as well as a variety of minor groups, and the t.aphonomic analysis of the shelly assemblages. 
A romprehensive, well-illustrated atlas of the whole fauna is in preparation O.E. Almond, N. Hiller and J.N. 
Theron). 

Recent road excavations through the upper units of the Witteberg Group in the Eastem Cape have yielded 
numerous plant remains as well as a number of fish fossils. Detailed investigation by M.E. Anderson QLB Smith 
Institute of Ichthyology), N. Hitler and F.F. Taylor (Rhodes University) have indicated a much greater diversity of 
plant remains than previously described form the Cape Supergroup, induding spedmens of the Late Devonian 
genus Archaecpteris and several enigmatic forms that bear no resemblance to anything as yet known from the south 
African Devonian. The fish remains includean acanthodian spine, a chondrichthyan, a Iungfish and dermal piates 
of the antiarch (Bothriolepis and two arthrodires (a phyllolepid and groenlandaspid). 1he association is regarded 
as typical of the Iatest Devonian (Famennian) and the first record of this age in westem Gondwana. The fauna 
invites romparison with Devonian occurrences of Australia and Antarctica. 

Analysis in progress of the sedi.mentological evidence assodated with the varied fossil assemblages indicates a 
shallow, near-shore marine environment, often prone to storrn activity (J.N. Theron). 

Petrographical and Diagenetic aspects of the thick Early- to Mid-Pa1aeomic arenitic successions in South Africa 
(Cape Supergroup) and Israel (Nubian) are being compared by T. Weissbrod Osrael) and J.N. Theron. 

A survey of microfossil assemblages from the Cape Supergroup is also being attempted by local and overseas 
workers. (J.N. Theron et al.) 

SUBCOMMISSION ON DEVONIAN STRATIGRAPHY • 1993 MEFfINGS 

Your attendance is requested at the next Business Meeting of the Devonian Subconunission tobe held at 2.00 pm 
on Thursday 5th August 1993 at the Geologisch-Palaeontologisches Institute, Universität Göttingen, Goldschmidt 
Strasse, Göttingen, Germany, through the kind anangements Professor O.H. Walliser and the Project Leaders of 
IGCP 238. The Business Meeting will be preceded at 9.00 the same day by a review of Devonian correlation 
problems related to decisions of SDS. Details of which are given on the next page. Details of the preceding field 
trip sent earlier. 

AGENDA 

1. lntroduction and apologies for absence 

2. Minutes of the previous meeting held at Guilin, 8 September 1992 

3. Chainnan's business 

4. Review of work since Guilin meeting. 

A. Base of Givetian and ICS Ballot for GSSP 

B. Base of Famennian and ICS Ba11ot for GSSP 

C. Base of Emsian and ICS ballot for GSSP 
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5. International Devonian correlation review 

6. Devonian Marine-Nonmarine Correlation 

7. Documentation of Devonian Bioevents 

8. Devonian Global Sea Level changes 

9. Devonian substages 

10. Future tasks. Consideration of other Priorities 

11. Membership 

A. Responses from invited new members 

B. Withdrawals from Membership 

C. Election of new CMs 

D. Election of new TMs 

NOTE: at the Frankfurt meeting it was decided that all nominations for CMs and 1Ms should be received in 
writing by the Secretary before the meeting at which elections are proposed and that nominations should be 
accompanied by full relevant details of the interests and address of the candidate. 

12. Reports 

A. Marine/Non-Marine correlation 

B. SOS Newsletter 

C. South American Activities 

D. Financial report 

13. Future meetings 

Arrangements are under discussion for the 1994 Business Meeting to be held in Moscow wi th a symposium on 
Devonian Sea Level Changes followed by a field trip to the Timan. Dates tobe agreed. The Geological Society 
of l.nndon proposed meeting on Marine-Nonmarine correlation seems now defered. 

14. Any Other Business 

1. Discussion Meeting on Devonian Correlation. This meeting will be held at 8.30 in the Geol. Pal. Institut, 
Göttingen. The following have indicated they will speak on their areas: HOUSE and others, Great Britain, 
BULlYNCK & STREEL, Ardennes, WEDDIGE, Germany, RACKI and others, Poland FEIST, Montagne Noire, 
GARCIA-ALCALDE,Cantabria,TURNER,Australia,WANG,China,KIRCHGASSER&OLIVER,EastemNorth 
America. WOULD SPEAKERS PLEASE SEND A SHORT ABSTRACTTO SUSANTURNER, Queensland Museum, 
PO Box 3300, South Brisbane, Australia, SOON AS POSSIBLE. Would members unable to attend who are 
responsible forother areas please send to the Secretary,Pierre Bultynck, a oneor two page statementwith references 
well before the meeting for circulation at the meeting. Please note that theremay be additional speakersand about 
a quarter of an hour will be available for presentation. lt would be most helpful if speakers could bring one or 
two page summaries with references for distribution at the meeting. 

2. Proposed meeting in the Timan 1994. Summary of responses from SOS members regarding possible field tri p 
to the Timan 1994: 

Planning to attend: BRICE, BULTYNICK, GARCIA-ALCALDE, FEIST, HOUSE, KIRCHGASSER, OLIVER, 
SANDBERG, TURNER, TURNAU, YU CHANG MIN. Possibles: BECKER, BLIECK, LADIL, MAWSON, 
STREEL, TALENT, WEDDIGE. Discussions are in progress with TM Menner and others and it is hoped that 
details will be available at the meeting. 

3. Newsletter. ltems for the Newsletter should be sent without delay to the Editor, Prof. Rex Crick, Department 
of Geology, UTA Box 19049, The University of Texas at Arlington, Arlington, TX 76019-0049· 
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CONCERN/NG: Proposal for tbe Global Stn.totype Section and Point (GSSP) for the 
Fnsalan - Falllellllian boandary. 

FROM: Subcommission on Dnonian Stratigraphy 

TO: ICS and IUGS ror accept.aru:e aod ratification 30 October 1992 

( l) The Subcommlssion on Dcvonian Stratigraphy (SDS) wishes to recommend an 
horizon and locality ror a basal Famennian GSSP at the base of Oed 32 of the Ul)per 
Quarry at O>umiac, M011.tagne Noire, Franoe. l'wo candil.latc sections. were Oll • 

prcliminary Bal)Ol beld on 31 March 1991, O>umiac and Steinbruch Schmidt (Germany). 
This gave a 59% majority vote in favour of Coitmiat; but oot the 60% required under 
the rules. A Final PostaJ Voce naminc only Coumiac was held on lst July 1991 wlth the 
following resulL In favour; ChJupac, Dineley, Fei.,;t, Garcia-Alcalde, Hou, House, Oliver, 
Pedder, Richardson., TalenL Agaimt, Bultynck, Sandberg. Streel, Walli§er, Yolkin, 
Ziegler. No replies countcd under thc Rules as Ye., votes; Hünicken. Klapper, Yu. This 
gave 13 vote.s in favour of Coumiac and 5 agains.t, or 70% of Titular Membcrs in favour 
of Coumiac. 

(2) In earlie; pha.~~ of the deliberations of the SDS potential GSSP',i had been 
co1L~dered in Belgium, Gennany, Francc. Moroca>. P.R Oiina, ancl thc USA. lt had 
been agreed thal a boundary at thc ba.se of thc Lower triunguluris conodonl Zone wou.ld 
be preferred. 

(3) In accordanc:e witb thc requiremenb fur !IUbmission to thc lCS of a candidate for a 
GSSP, 5tatements required under the Guiddina and Statu.tes are given in t'he auac:hed 
Appendix together with f11U details of the section and its locality with full illustration 
(Appendix Figures 1-11). 

CONCERNING: ProposaJ for the Global Stratotype Sect.ion and Point (GSSP) for the 
Frasnlan - hstenniaa bou.dary. · 

FROM: Suboommission on Dcvonian Stratiglllphy 

TO: ICS and IUGS for acttplance and ratification 

APPENDIX 

J. Mod~••Jo• for molce or boud•ry lftel 

Historically !liCVeral different lt'lels have becn u5ed to define the hale ofthe Famenntan. 
In the type area for the namill(! of 1he stages in .sou.thern Belgium, precise doc:umentatioa 
in recent )'e3ß has been given to a new refcrence 9CCtion 1eplacing lhe now--infilled 
classic sccti~n in the Senz.eilles railway colting (Bullync:k d aL 1988). l..aJely resulting 
from work an 1be fi11ot quancr of thls century in Gemiany another bounchuy bas heen 
tbat based on the entry or thc gonialite Cl1eiioc-erm In the pelagic realm. In the latter half 
of thi~ century lhe considerable growth of oonodont studie!I has led to much relinement 
of thc biost1atigraphy. But 1he lC't<Cl talen ll!i the ba5e or t!le Fameani1111 has varied 
betwcen a level at the hase o( the ,;rq,ida Zone down to lhe bae of tt,e Lo,iver 
trituigularü Zone. The n.ew for an international defiuition hm become urgent. The 
Soba.lmmissnm ha.,. given c:uerut C005idera.tion to which level m l'.DOl!ll .appropriate for 
internatlonal corrclation aml il decidcd, at a meetins in Washif18t.on in 1939, that a 
GSSP ~hould he &011ght in relalion to m.e ba5C of the l..ower rri-,rdariJ conodont Zone. 
1lie Fmal Pns.tal Ballot wu on that ha!iis. 

1. Corqtat1011 or lk Pl'CPHed boHd.uy lnll 

The boundary proposed represc11L11 perhaps the hesc cor~latc<I horizon In the Delionian. 
"· review of more than 30 Jntemational 5edions has beeß presentr.d by Sandber&, 
Z1egler. Dreesen & Butler (1988) induding localilic.'i in North America and Europe. 
Documented c:orrclation is. eslablished in North Africa (Beder, Kouse & Ashouri 1988). 
China (Jae ~ uL 1989) and Australia (Becter et aJ. 1992). Tite bound•ry concsponds to 
the Clltinction of the ronodontsA11q,odef/a and Ozarlwdint1 and the IO!'i$ of all but a few 
spccies .of luiodus, Anq~ Palmatolf!(JU and Po/yp,allua (SandbetJ rr al. 1988). 
There 15 a well-ltnown extinction among goniatites of the Gephuroa:ratidae and 
Beloceratidae and the recort.l for both amodonts and gcniatites at Coumiac: 
demon!itrated this weil. 11te IDt or the br.:hiopod Atrypklae occun jll!t below the 
boundary level (Becker d al. 1992). At the GSSP '78% or all iaro..n Uppcr Fra.oUtian 
trilobite ~in are rl!lprelj!•led. Of special importancll! ls thc ~ documenttd 
oa:urence of Dalmanitidac, Odontopieuridae. Harpidu 11nd Aulampleurinae which all 
disappear at 1he ba.se of the end-Frasnian lJpper Kcllwa!lller Bed level of &d 3 Jg. Thef'e 
is a major spore change in lhc Belgian sequenee (Vanguestainc u al. 1983) and an 
Clllinction of corak (Sor1mf 4. Pedder 1986, Scrullon 1988) end stromatopOroid5 (Steam 
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1987) has a~ been weil clorumented. A changeovcr or benthonic mtnu:od faunu acroo..11 
the houndaty at Coumiac has becn published (LethieFR & Feist 1991). 

3. Mofüatioa fbr tlle ca.oke .r lllie llnloty~ 

lt has been recognised by the Subcommir.sion lhat.. in gcneral, Devonian section~ in 
pelagic realm facics are morc likely to he oomplete th11n those in 1he neri1ic facies. Thc 
pelagic facies for1115 a heuer basi.,; for biostratigraphic precision necded for international 
correlation. In partiatlar lhe rooodont and goniarite records are better in thosc facics. 
That i!r. not lo imply that therc are not Cacies ridi in other groups, spores and 
brachiopods, for elUlfflple, which are very imponant for correlation, but it is normally 
easier 10 conelate into !Weh scctiom secondarily from primary scctions in the pelagic 
fllciei.. In lhc la.,t rcsort lhe Subcommis.'iion concen1ratcd on lwo i.uch scctions. onc at 
Steinbruch Schmidt (Sandberg « al. 1990, Schindler 1990) and the 01her a1 Coumi.ac 
(feist (Ed.) 1990). 

'111e sequence chosen showl a oomplete SU(ICICUion lhrough the early Fra.•mian to late 
Famennian. lt is unfaulted and has no teaonic problcms. The beds arc :approirimately 
vcrtical. Equivalent sections can be found elsewbere in tbc ffea. The rocb arc of low 
grade metamorphism and thermal maturity (CAJ 2-3) and oomprise an homogcneou., 
pelagic Qlcilutite ~quence wlthout marly or shaly interbc<ls. There ~ a complctc zonal 
SUcce!iSion with a rich fos.,il content. cspccially of tbe indcll group!i of conodonls, 
ammonoids, lrilobitcs, tcntaculitcs and O!itracods. Detailed documenlation is provided 
latcr of this (Figures 5-11). Geochemical work has becn published across the boundary 
at Coumiac (Goodfellow t!I a/. 1989, Gni.ndjean « oL 1989, Grandjcan « III. 11992. 
Jouhimski & Buggisdl 1992) and curreritly otber in,iestigations are being u!lldcrtaken. 
Magnc1ostra1igraphic work indicates the area W".tS remagnetized during the Permian. 

4. t«allea or cype atttloll 

The rec:ommended GSSP is above the Upper Quarry at Coumi~c, near Ccs.~non, 
Montagne Noire, Francc (Figure 1), The section is situatcd in thc ~thcas1ern 
Montagne Noire, ~partment H~rault, Oistria of Cessenon ( topographlc shcel 1:25000, 
No. 2544 E Murvicl-lci.-Bczicrs; Lambcrt's coordinates: x • lJ0,375, y =- 65R,55). lt is 
adjaoent 10 the r.ou1hea,;tem border of the disuscd upper marble quarry (UQ) of 
Coumiac at 175 m WSW u( Les Grange farmhouse. at about 15 km NE or Ccs.,;enon 
village. lt can be reached casily by a path running up thc hill from l...es Orange farm 
house oear to the road D 136 from Ce!iSenon \0 St Nazaire-dc-Ladarez. 

Protcction: The ground is owned by lhe commune of Ces5enon and is alrcady pro1ccted 
heing part o( a water supply area. Conservation and prolection of the section has been 
assured by c:ommunal and departmental officials. Free access for scienti~L„ i\ confirmcd. 

The Upper quany at Coumiac comprises ffl05l of the Frasnian and the sucee!i.'lion 
conlinu~ ab<we the quany to the propn,;cd GSSP. Highcr i!i K .sua:c.,;.<,ion to thc lalc 
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Famennlan and above (Figurc 3). The ,;equence (Figures 4,5) is one or pelagic micritm 
and calcilutites, mostly red tinted and represents a well-bedded sequenoe the bedding 
prohably related to Mllanktwitch-Band ctimatic control during ~imentation. Thc 
sequence has hcen described in published acrounts (Becker « al. 1989, Klapper 1989, 
Housc d a/. l 98S). The section is shown in Figure 4. Diitinctivc is Bcd 3 lg. which is 

correlaled with the Upper Kellwasser Kalle, and 1hows a hypo,ric 1fCY calciludte to 
calcarenite above which is lhe most marked Caunal boundaty. Bul hoth Bed 31g and 32a 
a,e pelagic in thcir character. 

Thc faunal description ii. given in • serie!. of diagrams submiued 10 the SOS and 
included in Feist (Ed.) 1990by group specialisu. Figure 6, submitted hy R.T. Bccter and 
M.R. House givcs the goniatitc ranges.. Figurc 7 gives the oonodont data of G. Klapper 
giving critical zonal dcfinition and ~howing the remarkable extinctiom at the bounda,y. 
Figure 8 hy R. Feist shows the range of trilobite wa; high correlative qJue of the late~t 
Fra~nian l)fior 10 thc Upper Kellwa'5er level is best documented hy phylogcnetic lineageg 
ol Pai"!"ralia and Crypliop.f which arc both charac:terir.ed by unidirectional trends of eye 
reduct1on and whose representati~ are lrnown from di.stant area such u tbe Rhenish 
Slale Mountains, 1he Han Mountains, a."i weil as the Canning Basin o( Western Au!ltralia 
(Feist 1991). 'The bnichiopoda and bivalve preliminary reconls of C. Babin and P.R. 
Rachebeuf arc given in Figurc 9. Rieb homoctenid faunas an: recorded on Figurc IO 
determincd by M. Tryol5-Mas50ni. Ostracod data of F. Lcthiers ls givcn on Figurc I l 
whcre more lhan 30 different species are recogni.~ in the topmost beds; among thc 
benthonic forms. the Frasni11.n/Famennian bounduy is char11.c1erized by a major 
exlinction sinoe 65% of all rccorded ta11 disappear there (Lcthien & Feist 1991). lt 
bears evidcncc of an extraordinaty breadth ol faunal representation which enahles 
corrclation into rcgimcs with hcttcr spore aod acritarch reoords. The SOS vien 1hi!I 
documentalion as the best il has achicved fur any o( the levek it has recommcndet.l. 

6. Relalloalllp to 111arller berao111 

The maio sediment.ary markcr o{ thc horizoo is the top of tbe distinclJye lcvel kllOMI In 
Germany as the Upper K.ellwa.~r Kalk. Black hypollic lime5tone1 occur at scveral levels 
around the Fruni11.n/Famenniao hound11.,y but the Upper and Lower Kellwuser Kalk 
levels are two which represent an 11cme or the spread of a distincti\le facies and which 
are in many sections precisely constrained by ronodont dating. 

ln parallel with thc worlr or lhe SOS in recent ycan has been the rea,gnition o( an 
important extinction event near the Frasnian/famenniao bouodary. Some or these 
cxtinction.'I were lisled in section 2 above. The recommeodations of the Subcommission 
for a GSSP fall at thc level thought to marlt the acme of atim:tions which i.s at the base 
or 1hc Lower triangularis Zone. 1ne most preci!IC dowmentation for this (Becker et aL 
1989) ha., becn followed by data a~mbled for thc Subcommis.QOn and ~bown hcre on 
Figure~ 6-1 l. Following e5pecially the work of Sandberg~ al. ( 1988) lhis level ha, becn 
widcly traced internationaßy. 

There has, however. been much debate on 1hc cause of the the sedimentary perturbation 
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rcpre.'lented by lhc Upper Kcllwas.w:r Kalk. The matter cannot be said to be re~lved. 
lntleed, some mcmbers or the Subcommi~ion earlier toot the view that a morc accurate 
boundary might he choseo away from the suddeo faunal and ~imcntuy changc at thc 
base of the Lower tria,,gularis Zone bul in the end, thc ease of international correlation 
bll5Cd on the faunal chaoges led to this boundary hcing rcoommcoded. 

Th,:ec main group! of hypotheses havc heen invokctl to CIIJ)lain thc faunal and 
scd1mcm.ary changes a.round the base of the Lowcr rrian,ularis Zone. Firstly, causcs 
relaled to a bolide impact or impacts (McL..aren & Goodfcllow 1990, Sandberg ~, al. 
1988). Scrondly, events, probably tcctonic. producing a !ipread of anoxic oonditions on 
amtinent~l shclve~ associatcd with occan ovcrtum (Buggi,;ch 1991, Wilde & Berry 
1984). Th1rdly, a peak of rold dimatic conditions, r~ulting in a rise of the pycnocline 
(Copper 1986). 

Whatever. the cause may be. thc Subrommi,!,ion is of the opinion thal thc hypoxic 
pcrt~rhatmm bclow the hue of thc Lowcr trianploris Zone havc ~ultcd in a 
~ns1derable faunal changeover anti an horizon which m.ay bc corrclatcd internationally 
Wlth pcrha1>5 morc_ p~ecis.i~n than any othcr in the Devonian. lt is in the light of thi~ view 
tha1 lhc Subcomm1ss1on wt~hes to reoommcnd Coumiac for the GSSP to dcfi.nc the base 
of thc, Famcnnian Stage. 
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Flpre 1. 'Mapl showing the posltion In thc Mon1.agne Noire of aout11-astem Franc,c of 
the proposed GSSP for the basc of the Famennian at lhe Upper Qual'1)' 
at Coumia.c (inset map A). Moditied from Bcdter P1 al. (1989). 

IFlp~ l. Tbc Jocal stratigraphy and goniatite and conodont zonc:s around the boundacy 
in tbe Montape Noire. From Feist (&I.) 1990. 

f'lpre J. Plan and profiJe of the succmoo i11 the Upper Ouarry at Couüac sho'#ing the 
posirion of thc proposed GSSP .at the boundary between Bed J l and Bed 
32. Modifled from Housc et al. 1985). 

F"Jlaff 4. 111C detailcd successioo of beds around the propoaed GSSP boundary at the 
junction of Bed 31g and Bed 32a in the Upper Quany at Cowniac. 

fipre 5. The sequcnce betwun 8eds 2 and 39 in the Upper Quarry at Coumiac 
sflowin& bcd numbering and hed thictnesses. FTOID Feist (Ed.) 1990. 

11111" ,. The sua:essio11 or goniatitcs lmown from Bed 23 to 8ed 39 ln the Uppcr 
Quany at Coumw:. from Becker er ol. (1989). 

"8we 7. Tile oonodont rccord from Beds 23 to .Red .39 
in the Upper Quany at Coumiac. Data of 
G. KJappcr in Feist (Ed.) 1990. 

IFlpft 1. Tbe trilobite rec:ord from 8ed 23 to Bed 39 
in the Upper Quany at Courniac. Data of R. Feist 
in Feist (Ed.) 1990. 

Fipre 9. Record of brac:k!opoch and bivalve mollusca in thc Upper Ou•ry at Collmlac. 
Data of C. Babin and P.R. Rl(:hcbouf bt feist (Ed.) 1990. 

Plpft IO. Rocord of bomocteRids in the Upper Ouarry at Coumiac. Data of Truyol~ 
Massoni In Feist (Ed.) 1990. 

Flpre II. Record of ostracoda in the Uppcr Quany at Coumiac.. Data of F. l.etb.lers ut. 
Feist (Ed.) 1990. 
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Figure 5. The sequence between Beds 2 and 39 in the Upper Quarry at Coumiac 
sbowing bed numbering and bed thicknesses. From Feist (Ed.) 1990. 
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CONCERNINO: Proposal for the Global Stratotype Section and Point (GSSP) for the 
Elrellaa · Gifttla11 bounduy. 

FROM: Subcommission on Devonian Stratigraphy 

TO: ICS and IUGS for 1cceptance and ratification 15 March 1993 

(1) The Subrommission oo Devonian Stratigraphy (SDS) wishes tö recommend an 
horizon and locality for a basal Givetian GSSP. The Final P05tal Ballot oaming only the 
base o( Bed 123 at Jebel Mec.h lrdane, Morocco was held on 30 March 1992. The voting 
in the final baUot was as follows: Yes votes; Bultynck, ChlupAC, Dineley, Feist, Garcia• 
Alcalde, Hou, House, Menncr, Morz.adec, Oliver, Sandberg, Streel, Talent, Yolkin, 
Ziegler. No replies oounted under the Rules as Yes YOtes; Hüniclten, Klapper, Peddcr, 
Walliser, Yu. Vote against; Ricbardson. This gave 20 votes in favour and 1 against llnd 
shows 95% of Titular Members in favour of Mech lrdanc. 

(2) In earlier phases of thc dellberations of the SOS potential GSSP's bad been 
considered in Belgium. Oermany and Morocco. lt bad been agreed tllal a boundary 
related to oonodont lincage& would be used. formal submissions bad becn reoeived for 
thrc·e localities in Morocco (Ou Driss. Bou Tchrafine and Mcch lrdane). At a Business 
Meeting held in Morocco on 4 Dcccmber 1991, following field visits to thcsc three 
localities. all proposals other lhan Mech lrdanc werc withdrawn and this was 
unanimously accepted by the TM.~ present. lt was dccided that the entr)' of Polygnatluu 
htmiansatus (as defined by Plat.e 4, figs 2a,b in lhe AppendiJl C) in Bcd 123 be thc 
rcfercncc marlter. 

(J) ln acoordance with lhe requiremenl! for submlssion to the lCS of a candidate for a 
GSSP, detafu regarding the motivation and factual data on the locality and horiron are 

given in Appendice~ A-C. '1t(_ R. tf ~ 
M.R. Hoaee, Clialnnan 

CONCERNING: Propogal for the Global Stratotypc Section and Point (GSSP) for the 
Elfellu • GifttiH boandary. 

FROM: Subcommissioa on Devonian Stratigraphy 

TO: ICS and lUGS fur aa:cpc.ance and ratific:ation 

APPENDICES A-C 
Appendi,. A rompriSC& the &tatemcnts requircd under the Guiddws anti St~ for 
Submi.lision to ICS of a Global Stratotype section and Point (GSSP). lt rders whcre 
appropriate to details in latcr appc:ndices, namely, Appendix B. ·taten from Walliser (Ed. 
199l) is a documcnt by Duhynck. Walliser & Wcddigc giving the critical oooodont 
aiteria for the boundary and Appendix C. taken from Wa!User (Ed. 1991). which is a 
documcnt by Walliser describing thc proposed section at Jebcl Mech lrdanc. 

APPENDJX A 

t. Mot!or•tion ror cbolce al lloandaJ1 letel 

His1orically several different levels liave been UM!d to dcfine tbe base of the Givetlan. 
In the tYJ)e area for the namilllJ of the stages in southcm Bct,ium. the bou.ndary bu ror 
many years heen taken at the base o[ thc Givet ~tone wbich falls within the 
conodont. ensen.sis Zone. but some have plac:ed thc lowest 5-6 m of dark-bl~ h li~tone 
in the Couvinian (Bultync\ 1987). Anothcr boundary has bcen the cntJy of 
Stringocq,lwlw, which appcan. above thc ba5e of lhe Givet Limestone in the type area 
and in the Loogh Formation in tlle Eifel (StruYe 1982). Largely resulti111 from work in 
thc first half of this ccn111ry in Gcrmany anothcr boundary hu bccn that basc:d on the 
Zone of CabrimxmJJ crispifom,e, but that i5 in pelagic fades. lt i!I now koown that this 
goniatite species group oa:urs in the kodcdialfur Zoae and ruges up into the the 
fflJfflSÜ Zone. 

In parallel wi1h the SOS wor1t on international correlation 1bout thla Je\,el bu heen the 
rcc:ognirion of an imponant h~ic sedimentary pcrturt.lion ncar the Eifelian/Givctian 
boundary which hL'I heen named the KaUJc Event (Housc 1985). lt is repraentcd by 
bladt ~halc:s. their onset bBS been namcd the ot~ or rouYilm EYCnl (Walliser 1985 )
Also the uppcr limit of the black male imercalation bu .tumed 001 to oorrcspond to a 
global here provwonally named Basal Givetian Event. Thc Subcommlssloo has sought 
a. level which i& closc: lO these evcnts. and IO the base of the Givet Umestone, bu1 .tiich 
c:an be defined in 1erms of a lineage of conodont evolution. 1lte recommended level of 
the Subrommission lies at a faunal marker level just below lhe top of this 11Cdimentar}' 
perturbation. lt becamc clcar alter 1he puhlished work of Bultynd (1987) tbat Morocco 
offcred many advantages for atratotype definition because of tbe range of facics 
deYelopmcnlS over the desired interval and tbc excellent exposurcs and [aunal 
reprcsentat.ioo. 
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l. Omdatto11 or tlle propoted ••INIUJ leftl 

Tbe boundary proposed represents the level at which PolJl,dhw ~ changet 
to Polyg,tDIJms hentiwuatus by a c!JanF from • ucq, outcr anterior platform mugin to 
an obliquely dedining one and in particular the new form rec:opised u P°'Yll'd'-4 
Mmit.vuatur, this level of Bed 123 at Mech I.n:lane. jg at about l.be Freilungen/ Ahbach 
boundary in thc Eifel. Tbc s,~ entry Jnel In the Eifel lies at the OYerlying 
Ahbad!/1...oogh boundary. thus the range of the lrue ~ is wholly within lhe 
Givelian under the proposed definilion. The main deve1opment of black limestoncs in 
the Oders.ha~u Formation of thc cutem Rhenisfl Schiefe,xebirge liea below the 11e1r 

boundary, u docs mucb of tbe KaUk shale of the Stbsko Formation in the Prtgue 
Basin; these unit.s corrcspond to the entry of Nuwalda otomlfl and mam the oto,nari 
F.vent (Walliser 19115) or ICaeik Event (Hou.'IC 1985). and hence IO lhe aüpi/omte ( • 
mu11ilki) Zone, the top of whicb rcpresents a muked extinction nent f'or 1onialites 
(House 1985, 1993, Becler & House 1991). Thls event would be betweea beeil 119 1nd 
123 in thc Mech lrdane ~ction. The proposed l~I appcan to be just ahme the enuy 
of Mat:nioct!,m undulatum Holmpfel Group and henoe dose eo the bue of tbe widely 
u&ed Mamioarm Stufe of rhc gonlatlte termlnology but now to be wed exdudlng the 
CalJ,woct!tm crupif- leveb • 

For ..-es lt i1 the entry of the G~ ,.,,..,,., wbich 1s a ,rery important tie iDIO 
lerTC$trial facies althougb subsequently the species is ftl}' loog ran,ina. No spores baTe 
,et been obtained from lhe Mecb lrdane section., but GmtinMpof'G lffllunita occun in 
Algeria (Blumendjel er aL 1988). In the Eifel tbis spore enters in 1ht MOiien division of 
the Ahbach. The entcy ha.~ been widely uied ebewhere in spore-be.aring regions u • 
guide 1o the GMtian (Richudson & McGregor 1986, Streel et al 1987) and this usasc 
is unaltered by the definition proposed. 

Because of the wide r&n8e of fauoal and floral chuJae5 at ehe propme4 leite), lt il 
am1idered that the international correlation po91ible at the enuy ol ~ 
"-'ian.ratJu i, auperior to an, olhc:r level c:onsidered by tbe Subc:ommi„ion ror dlis 
GSSP. 

lt hu Ileen the view of lhe Suba>mmiuian dlat -=tlons in pela,lc realm fades are likelJ' 
IO be more complete lhan tbOle in neritic fade. and lt bM IOligbt potential 1tr1totype 
aectio& .tllcb are in pelagic facies witb aood c:onodom records and wllh II many other 
faunal and floral groups rqnsenled as poasible. Followina work b)· Bultyoek and 
Hollanl (1980) il was clear that sections in the Taftlalt area of Morocm were mudl 
111perior to tbose known. ebetihere. Three proposa)J we.re received ror potential 
stnlotypes lhere. at Jebel Ou Driss (Bul1ynck 1989, in WaUi9er (Ed.) 1991, p.17-23), Bou 
Tchranne (Buliync:k & Walliser in Walliser (&i) 1991, p.49-S7) and Jebel Medl lnlane 
(Walliser (Ed.) 1991, 2:S-29, included • Appendix C). Jebel Oll Drils, althc,ugh a thidter 
9«1.ion., and conlaining morc neritic elemenll than Jcbel Mech lrdue. wu poorer in 
1oniatltes. Bou Tchrafine rai1ed problems because there are no Umestone beds. 
iniercalated in the conesponding upper part or the ~ hlack 1hales and the cllff 
e.xposures are less aa:essible. Jebel Mecb l.rdatte, in tbe event, WIS preferred beause of 
the greater aoondarioe of pelagic and hemipelagie faunas and eaceßenoe of the sectiom 
above and below the bollndaiy. Whilst a spore recotd is not available, it seems probable 

] ,.... 
,:,,, 



that this will be forthcoming in readily correlatable localities in Yiew of die records In 
southem Algeria (Boumcndjel d ol. 1988). In additlon the section at Mcch ltdane 
provides high potential for other (05~1 groups, c,pccially trilobitu and m.tracods, bul al!,O 
pelec:ypods p.~tropods., 1hin-shc!lcd brachiopods and even COl'"Ab. 

The rccommended level ro, thc GSSP to define the ba.,e of the Givetian is at Jehel 
Muh_ lrdane, 2S km SSW or Erfoud aod 12 km SW of Ri!IWli (Figurc 1). The pro~ 
lew,l III at the base of Bed 123 ( l : 100,000 Ca.rte du Maroc, Feuillc NH-30-XX-2. Erfoud. 
Lambert'~ coordioales; x • 599,2, y • 470,6). The ridge the.re gi„cs rontinuous upowre. 
"fhl: locably 15 about 6 km fmm lhe metalled MsiS11i road wnt of Rissani (Figurc 1) and 
~ly rcacbed by foor-wheel drive vehicles. 

Proiection. The area ia uolated and unlikely to be thretened in any way. Acc,esg is 
available to ldenci~ts but authorisation papcrs should be sought from the Bureau of 
Mincs. Rabat. 

The ridge of lebe) Mech lrdane i1 4 tm long and expa1e5 a run IUCC'CWOn from the 
Emsian lnto tbe Frunian. Exposurc is romplete and caclt bed may be eumined In 
numerous plaoes along the ridge. The ICtual propo&ed stratotypc acquence is on thc 
gcndy-slopin1 westcm sidc of a lmoll whicb gives C8!1)' accas to all bcds. Around t/le 
GSSP thc section ls primarily one of pclagk calcilutites and miccites with shalcs at ehe 
K.acalt EYent lc"':I. Thc dclailed faunal .record or thc scction is given in Append.u: C 
(raken from Wa.lh!ier (Ed.) 1991) wherc lhc detailed succession is ahown on p.28. 

Thc propmed boundary mincide1 with thc upper bou ndary of tbe aispl/~ Zone and 
ia near 10 the entry of ~ 111hkb hu bee-n the Belgian standard. Howcver, 
it is now re«ignised that • !1Cdimen1ary hypoxic pcrturbadon i5 rcc:ognis.able prec:ediq 
the propose,d deCinition. This oromari or Ka~t Event has been inc:reasingly recogni§Cd 
as ~nant in the last few )'CUS and it is now recogniJed In Ge111W1y, Spain, North 
Africa and Ccnual Asia. One of us (MRH) thinu it may be represented in the Old Red 
Sarkbtone by the Sandwich and Adwuuasi; Fisb bed.s of Scotland. Neitber c::onodont nor 
gonlatite evidencc place, il premely in eastcm North Arneriaa, but the aane of lhe 
eYCnt may bc the deepening and entry of blact shak:5 usociatcd with ihe Oliuc:nango 
Shalc of the c:arty Hamilton Group, in New York. Vel)' littlc work has bec:n done on the 
preme ~ent.ati~n of &urw aaoss die boundary in other regioos. cspeciaUy „hen 
c:ompered with the 10tcrc:st 1enerated by tbc Frasnian/Famenni111t cnil"ICCioo C\'c:Rl. 

NC\'erthcless lt docs appear to bc an e.1tinc:tion evc:nt of some import.ance and, as. has 
been st,o,,,,n. lt fall• within dcfinitions uscd in &lgium aod Gcnnany h ithcrtoo. H~ver 
it i5 to be c:xpcc:tcd thar lhe precision of lhe ncw cooodont data will cnable lt ro bc 
plac:ed .Uh 1LOCUracy in many areas of the globe.. Thc Subcommis.,ion rc.oJmmench thc 
new GSSP aod anticipares it. will do much 1u stabi.lise lerminology and encourage funhcr 
sludy intemationally. 
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~ ~ wilJt lll!ldcnlely 
de"8laped .,_. ... amn c-11a- 4). 

Altce.altJrl 

.U..IOl'I of /', Al.....,.,.,,, ~ 1R llifl ,,,__ 
wlth die J11t moatioaed ..ty r. /Nmlorwl,u 
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APPENDIX B 

f'II. 4: MMP'..,,_ r1 die J"l6III, ,...,,,,,,._ • ........ ~ .. ...... 
• + b: ,. ,....,,,,,_ .... MN!) ""' ...... 
...,_ -alr. ht b, t)e .... uterior aibrwl 
~ 1a alnec!J loa arTaW .... 111 L 
•• i:: /', "-'- wl~ obliquely ..... -
Nlalar plllfona mraln fllnDbit • 1poo11-llk• 
•NC1ua; die lauer ~ arecluell1 m- ..Cdmt 
bn o 110 t; d lllilMldN WÜ IN llolal)po.. 

-,11at,,... aa- • *"" Oller ..... ,i.,tar.. 
..... l'I (litt, 4 1, b). n., 1R illdaded 1a IM/>. 
,-wla(ollau OtOllp ol wMcli typic:al Rpr
ti'M MI d,~ bf dee1I IM ftUfOW Mllllior 
adcaiaal t~ btnadi.te allOCllon, l,owew,r, 
-1,eadJ demllllllrse a allabl apus!OI of 1Jie ~ 
antulor platf- (11. 11, ilt BULTYNCJC. 1987: pi. 2 
lit, S), Alao IM llopo ol lha -t„ o- auqla 
ol lud! /'. ,,....,.ollau 1.i,em-a lcada III 
bcaJmc aul-, thu bldialiat die trati,lllon IO 
ruf /', ,_,._ 1ypo:a. Fo-lJ, ti-. 
tnNitionaf fo,1111 b.lWJ pertly beeo tt.prded U 

mrl)' .. rictiea o( I'. ,........,.,.,. (e. 1, BULTYNCK 
.1987: pi. 7 6g. 22; WEOOIOE 1ll8S: rangt dlVt or 
P~liqea l'l'IL). 

R.e!ucnc,e sedlom 

The 1'. ,a-s-ou -1 . .rio,i elft be dcmollltratcd 
1a l'WO l!Ddioa of Soutbent Mol"OOOO ("lbel °'1 
Dria' aad 'Jbel Mecb hcttu,c•) • w11 u ic, 

Oormuy ("Blauer Bruck;. III dio Ou Drill Sodinro, 
Ibo tM> earlicsl raorphotypea (- f11. 4 c, d) 
ocxm In. amplo ODB 7-11 &nd 1pe,cimons shnl!Ar •o 
tlle bolotype in u mple ODB 7-13. la tlic Mc-.d, 
&dne Secooa, apcal'D- of P. ll11111itlnlalla IIJC 

fint recapm.d In 11111ple 12.J, ~!liftlcntt ot 1.he 
liolOCJPC i.n wnple, W, 127, 1ad 129, and J'Olllllllll 
111orph0l)l)el •• c:memely ~ '1pooa" III 
umple 131. ta lhc Sedioo ol ehe Blauer Bruch, .P. 
hMNitJJrUIIIIU bu lta IDcepticm withln the ·~ 
part ol tN ~ F-atloa: 1a 1m1ple I of 
coUectloe W~ER, a -.,lo D2 ol colloc:tloft 
W!!DDfOB. UllderlJml lea Clk:I,-II~ 
mntaln poar coaodmu fa-.,. DM rnc-t ol 1 

"'11'1 earfr P. ,.._,....nu ~m * beeot 
recorded from Alllpo D1 ol WEDDlOB. Tho ftnt. 
1IJ)OOII morpbotypcs' octlll: withlo t1le ftrst IDUI~ 
llaiatoae bed or thD mr.rlJ!na tllstoldu Umeao:oa 
(ae111plo d of WAWSER, W!lple CA ol 
WBDDIGB). 

AnPldtooa 

A-.pa)'lnc lndll:IIIM ..... 

.u. 0V ........... ul dllhnlal aaaodmlt 
IC..-C- 1ft Ml,'lrOCICO lad Centnl l!urope -
decldod to prera tbe IDcaec ol I'. Mm,_ 
lnatwl 1U1 ol ~--* ZIEOLER A 
ICLAPPIUt W1'1i whidl· r._.,, Ull lllo been c.kH 
lnto ~ •• "'-dary ..... (1. .. 
WEDOlOB lli&9). la die lhldicd ICd.lou, ~. 
Ibo llttw &pOaet ia diltbtctl)' ka &eq-1 diaa "· 
,._,__,, 1'111t „ die ,_ dllt 1111 --
IDlld' ... ol lhe "'°'8tlOII of /', ,,_,. 1a IIOt Jl't M 
p,Olf.-d u IMt of P, ~. nu-, II MI 
bw recot,ib,od llllll llle typicaJ repnweatathm ol 
I'. IIUIIIIIII, tlie -.:rior platbm ol wbldi are 
.llf'Olllly ·anmict an holJi •klea. - rel1thel7 
hquoet 1a 1&'911 witll "lpOOll morphot)'plll' r,l P. 
~. 
Plaüer c:mrellche ladlcadlw 1ft lffl8 ti, 
coDOdOlltl ol tbe peua lulotb", partfcqfarlJ ol tN 
H-.,a lofMia ,,,,.,__, BULT'YNCX 1970 
to lcrlota, ~ Bl!C!HOIIP A 
zmotm. lffl. n..ldoeid ro,.. ot 11ot11..
an<1 nrJy ~eil.~ OOCllt 
tltt'1 die _.. iiipi~ a/ I'. ~,..,,. 
llat ,.. am. tJplell morphotypel ol L obllfw
,........,, flldi „ dauaaleriad by obliqtlo 
poltenor cbtldaa, IICCOlflPlllJ lllc •spoon 
marpboc,pa" of I'. I,~. 

7 

GO<lp'1plilc dletribudun 

,,., •• lidl'lllll!Jle ol P. hmfÖ...UJIIII • u lzidel • 
of Ibo Eifcliml-OM!tiu Boundary ill (r)!llplftlCID 
wftls otliu CIODOdoat 11111 is lca world-wlde 
a,:ognphic cllltrbltioa. ~-.-.1rom 
Mo«>oco, Tafl1alr., Ma'cler (BULTYNCIC. 1'97, 
1989; WAUJSBR 1!188) 
SJ)IUI, Cutlbrlall MIL (OAllCIA•LOM!Z tlll'7) 
l'r1-, MolllDpll l'folm, Pie: de Bllao111 
(WAWSBR1"'1) 
Belilua. A'*-. Ola9'a (BUI.:n,iyac l'7'0: p1. 

'115 lig. S) o-,,..._, RhawltltMta.. B1- Bnd. 
C010B 19119; WAUJSER A WBDDIOI!, 1a 

Dormu.y, ElW (Wl!DDIOE, 1D p,ep.) 
Oal ... o-. PNMaee (7lBOLBR A WANG 
1985; BULTYNCK 1987) 
AMnn1, Norch Queeeeleacl, Brokoa RI• 
(MAWSON ~ TALeKI' 191B) 

Jwterfl\iill lOQllllhe IIDlll'II 

a.. lll'ldippllr 

111 f'DIPl'Cl 1a _.. llntlpaplar lhe prapGICICI 
~il ........ WowlhltfloW.-t wtilc:b 
1a charadmhed b)' l.be CNIIF rrom bw:k OfOIMlf 
Slt.a. nd l..ini.-- lO llpter ._.III" pelqte 
r.da. In tlllD IIOdlm lllaNr Bruc:11, lhe e1lfty of /', 
lllllftilMIIII il ..itldn die •pper ICill bleci ooloiaacf 
Odenlia- i.-el, 1S cm balO'# tho liptet, pte• 
dotal.-tlJ ~ bau! (-Jy) dlMJoltla u..tone& 
wlild& olMoualy rc~ , pad\1111 lluddon t'rom 
dut to llpl IICdlmcnlldoll. T1lls c.o!Kidc:I qultc 
RII wlth llio mtl)' oll', ~ i11 Morocco, 
.,_ lt 1a poallloaed 11 ca beJoa, die mead1111ed 
_. baudlry in Sacdu. J. Mcch ltdane. 

Trlcidoul ~ lu lloailclnl 
. .. ... pallp! ..... die lllldldoul ...., 
GMliu kMNtlrf ...... drtllll al tlle bue ol 
die Odenliaw. P--. (..._ Rbialae 
~ ) OI ICaclk l'llrmmi. (Boheoda), 
rapoc:tl'fd)'. tha dlcl tndldoul pelaalc boudary 
ooiac:iclea willl die ""'1Wti· • 1t1cat e-c. which • 
111011 .,,_.., ....,.... • die liound1ry or l:he 
.locAa'la.1111...._. ._._ -
III dio _. ..i. lllo lndldc„l .....,. .. 
...... dllditdlrlilaler iD ibe eqanee. 
.. die Bllel, k • r..-1 wllliln tlie .___ 
Ah .... ~ tlle lap ril11Mds lt• llllrW tbt 
BifeUm.OiwitlM boaduy III -. o. .. b7 die 
e,,try « die r,p;c.1 Slrt,,.,aptüu. 1!'911 lllper 1a 
lhc trtditiomd Couviniaa-Oi"fflaa boundary in tho 



~ ""'erea öe lctml1y propoaed lewel 1a 
poliliooed diatüu:tJy "'-r, L e. •~tt probably in die 
1- part or the apperaoat Coa~aa Ha•onel 
Pormatioa (Co 2d) and 1bo11t 42 ,a bclow 11M: biiae 
o( tbe Oifft ~one. Badl bcn'"dariea aprcar to 
be charllderized by tbc lncoptio• o( typiCAI rcprc
K<!lativa of 1'. ll~ndll!Uotw ('cpooa morpholype'), 
ol 1'. .,.,Olli, ( witli llroagly 'llaTTot<>d' 111111,riof 

platlona), ud of /. obllqtWJ1mpnat111 (with oblique 
po11uior fllaqiip) .. Within ~ higl,eot Eifeli1n or 
1(1111,,er Gi'ft:(ian lc<,,da of lhe neti!ic f11cie& realm, 
bowner, tbe docwocnlaliöo, or the conodoau, ,..... 
ticut.rl:, o1 tbe two l'oly,taflr,u apccles, • wr• 
nted by the wide-tfln:11d inauae or reefal bio
ltrmul lillleltone,a, IQl)ltJy "-ncn of oonodoDI&. Oa 
tlie OOIUruy, tbe ~if.ic llmmlonM amund rhe 
'hClrlUIIUClftU ~r origineted CMa in opeo.matu,e 
lade&. Thetefon,, th~ ue 111Ually prod,ictite ia 
mdkat~ conodont,. 

Coqdmioa 
ae- ot tlia better docunlC!llt9tiotl 1a reprd to 
doe CIOllodont llratia,1p~ 111d ol tvrthor 11rad· 
paplüc conela6ona, we 9a,,c pnler,,nc:e to the 
conodOllt baaed 'heralnutat lm:1" i~ud o( tllo 
~ oltraditionll bo1uid1rie&. 
Moreme. and r1u1Dy, wc 111111nt &o atreu QUr "'ala 
iJlteation lbat tbo 11- defmilion or thc Eilclian
Giwetian boulkla!J mwt be orientaliod at that global 
e-.t t.h1t ntllU a 'nllaral' middle of the Middle 
De,,onian, 

RolarcDCCI 

Bl5CHOl"I', 0. & ZIBOUlll, W. (19S7): Die c-. 
~c dm Mfueam- ond de1 
llel'.ten Oberdevo11L • Abb. hcu. L.·Alnl 
BoltDofonclii„ n: 1-13&, 16 1.i-rip., s ~ 
1l plL; W~dcn. 

l\:JLTTNOt, P. (1970): ll6riiloa llraliaraphiqae el 
pal6olltolotique (brKhiopodc:, et CClftO· 

dolltes) de 1a c:oupe type d11 Co.Wlicn.. • 
Metn. hat. geol. \Jeif. I-1a, 26: 1-lS"l, 16 

• !eilt-~ 39 pll.; 1-ln. 
l!M.TYNCX, P. (1987): hlaalc IDd lleritic ooaocloat 
~ froaa tbc: Oiffliu ul pre-Salwa 
Mmocm 111d the. Ardca-. • Bul. lmt. w,. 
Sei ... Bels,, 17: 149-l.8t., g lell-fitL, l tab„ 
9pla.;an-lia. 

Bul.TYHa. p. (1989): Canodoatl rro.n • potfllllill 
Blfella!WOMtian Global Bolllldary St...ro. 
lype at J'bcl Ow Drla, 10athcrt1 M1'du, 
Morocco.. • Bd 1i11t. ro,. Sei. Q I. Bels., '9: 
95-uu, 3 tm,fi~ 2 pla.; isr-k. 

OARCA-1..oPm., S. (1987): lm coaodODl:ae 'f 111 

~ II cstudlo de lill divialon111 ehro
nOAtratisrlficas m1)'Gftl del De,,onleo 

8 

AaiurleDft.,. (F.lpda). · Boleti• Oeolosieo r 
Mit1ero, '17: J.l 12, ll lot·fil", l:5 ph.; 
Madrid. 

MAWSON, R. & TALl!m', J. A. (19119): 1- f!ml\aa. 
GiYC!ian Stra!igaphy end Cooodont Bio
facic:a • Cubonelc Slopc and Ollahort: Shoa! 
lo Sl~kercd Legoon emc.l l'lc~rsborc Cuba· 
nMe Rllhlp • Bt0k.en Riocr, Nortk Qucena
laad, A11svali1. • Co11ricr Forscl,.-lnst. 
Se1tdeoberg. 117: 205-2.59, 9 rip .• 21 tabc„ 8 
rla.; Frankfurt am Main. 

WAI..USl.la., 0. II. (1989): Prop,,ul for an E.iJclwil 
Gnietia11 ßoundary Slutolype .• Documeot 
1\lbmittcd to rhe SOS (IC:'>, IUGS). Rcooc:a: 
I_., 2 tcxt-fip..; Oottingen. 

WAUJ!l!R, 0 . H. (1990): Marble Onrry at Pie de 
Uiuou,. RcmRrks on thc Sir1111igraphy. • 
Ducamalll &11bmit1ed to llic SDS (]CS, 
IUGS), fl"111kf11F1 11111 M1i11: 1·2, 2 l~·r,p.; 
( ;011iage,1. 

Wl!DDIOß, IC. (197?): Dio Conodanten det Eikl· 
Stufe i111 T)'Pll3Fbiet 1md in bcaachbu1c11 
Fnieapbiete,,. · Sencl.enbef&iana letMDI, 
511: 271.,..19, 9 tw-flp. 10 tAbc. 6 pi&.; 
Fr1nkCurt • Mala. 

Weoomn., .K. (1988): Coaodont dilcrlbution wl1hi11 
the e-, interwl . • In: ZJt!O~ w. (ed,). 
l.al International Sandenberg Conrerence 
111d 5th Europeaa CnnoJont Sympocha 
(ECOS V). Contributionl 1. Guide to PleJd 
Trlpt. Ficld Trip A., e.ret Hills. • Co,n. 
Fon~·IUl. Scncltcnbcr1, 102: 132-tl3, tczt. 
fla. A 1613; Fr1111rfurt an, Main. 

Wllooro11, K. (1989): P:ocusl11g on "eerrltcd 
olfflt#il". • D0c:1uac111 llibmiaed tD tlu: SOS 
{lCS, IUGS), W .... inston: 1-Z 1 IOll· ria.; 

· PruU'un am Mi.III. 
WITn!luNDT, H . (t966): Zur Conodonten,Cltl'Ollo· 

losJe de. Mirtcldll90M. • Port9du. Ocol. 
Rheilll. w..ir„ 9: 62t-64t, 1 tut.rig.. 11at> •• l 
plL; Krefeld. 

ZIIIOI..RII. W, & KI.Af"l'Y., 0 . (1976): aee Zll'lGUIII. 
W„ kv.rl'tlll, Ci.&: JottNSON, J. G. (1976), 

7.nloLD., W, l(u.PPBa, 0., A. J0""50lol, J. 0. 
(1976): Redefinitioa and IIUbdmaioa ol ~e 
.-au-Zone (CoaodD1lll, MiddJe.. f Upper 
~) ia Buropts ucl North Amcrica. • 
Geologie. et P•~ 10: 109-1~ 5 
h:lt·fip., 15 t.b.., 4 ph.; M1rbt&rg.. 

ZD!oLM, W, & W,.,HO, C.· V. (.198:5): Siltontlll111 
Socbon, 1 ,qpo1111l rel'crmc:e Scd.ion ror tlle 
Lc!Mt·Middlo •nd Middle.'Upper Oe-..n 
&anderlei b1 Eaat A»e. - Coor. Porxh..
lllSL ScridcenlJer& 15: 17-]8, 4 lext·~, 1 
tab„ 4 pi..; Pnnkfiart am Mai11. 

APPENDIX C 

Ss'd.lon JEBEL MECH I RDA.Nlt 
(Mapeheet Erf'oud, NH.JO.XX.,J) 

bJ O.R. WnlN~•r 

llllrucluc:tioa 

Te aec:tioo ia alrutod in tbe Tiüdalt resioa. 25 ba 
SSW of Eiroud, ll ka SW or Riaani. U is _, bJ 
tho woatcrn tradc to Tabhel el Rhlr. 

Tllc Jebcl Mem lrdane 1a part of u P..IIC·Wt« 
onentafed, ~l lllructurc., the Emaltn lo Upper 
De\oo11ilui &oqllODCCS ol ..tlich fonri lbc 4 tm long 
and 1,.5 11111 broad. Jebel 

MD1t pa,u ot tJao ,equenccs, cspeciftlly ct>e Mlddlo 
~lan onca, •c ercellenlly crpmcd and Q1II be 
tnced for hundRda of meten or foulld llt narnct0\11 
placa 

n.e aeque- 111111a ililaaulon, l.e. lhe 1110 l!!iroliM 
lad Clll'ly Gi~tlaa, bclonp to tbc: pdatle IG hr.mi
pelaaic fade& realm. U 1a relati,,cly fouiliforo111 with 
ottbOCIOlle ccphalopod& u d aoniatitca. Tlbllltle 
u,d r..- corala - praent, but ran,. Vor, abaa
du.t la the pelecypodc 'l"M«lWI". A lugt! collcctloa. 
ol tbla rou11 pvup .... beu mado ia order to 
uanlne 11.l bimtraocr•phiail nlue.. Coaodoau an 
t...q-1, i.c. liiwweda ot spoeiaeni per klJo. 
an-. Daca111e the SOS decidcd to 1b: lbe 
bowdary on tbe ~ of tbe oonodonl 1111quonco, 
conoc:!01111 haYC 1-o lt1ldled lnteaam:ly. 

Pla, 1: Slrcteb ol. tbe oatlra ,ec:tioe II lobol Mucla 
Lrdane. 

T: 2'° cm Prunlu aiaold lluacm.; Upper I"& 
N9I 2,ou; 40 cm nodular lilDClloao; DO coeodool 
recotd; pn>bably lndudl111 « botdcriq lhe pp. 

P: 34 cm crlnold llatcatoaa; Uppnr /il. ~.,C'II Zone; lc,,,a boundlrJ ~. 
lmmodlatcly 11,o,io HmCII- with Ap,Jadiu 
lluwida and couod-. ol the /'o. ""1QU Zoac. 

-
9 

M: m - naie.- (Ir 111o Mtddle /"o. -, 
Zoae. 111 tbe GpptnDOll .50 aa. there lalYe beea 
-ded M#l'llocru ,_,,,.,um, ,.,.._ 
.,,,,,,_, ad c:ooodoata from die Mlddlo lWf'C1U 

Zono u -11 M from the upper M. .,,...,...,.,ea 
Zone. 

Jt + L: DI - llmer!C-, lt die bue ud top 
.. wlta "T~',-Pf<I, 

J: 11'711 - platy and aodlllar IIIIMIII-: 1-r 
1"o. -, 7- IDd apper part ol. die 1'tJ. .,,-,,, 
Zoao. 

1: :r7 aa dm: lbalea wlda lat--s.tod D*IJ 
llalesc.oml 1nd aoduler lilllCICone.t; ~ part of 
lhe Po. t111fftlil Zotlc. 

0 + H: IIOO cm plaly « aodtllar llmellOMI, lo 
Ibo 11ppct part.. i.11. lho Po. loochlialuu lcodr6'Ja111u 
Z-. a.noc.- aupifonn• u &.queat; In tbe 
io- pvt Suben-.itu m•<:rDCf/111,ahu II 
abuadll!I. 

P: 1.811 1C111 J..tt pW7 luncaloact 'fllltb /IWtllla 
UKI l'fn«lla. 

E: lD40 CIII -,dular lliaeaCIIIII wirb ~. 
D: Marll wilh lnt~ed •lrly ll111m1oae bedL 
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Conodollt ••oe:uwon 

llecau, Po. lttnuo,IJ'tillu, tJic propooed iadcr 
cpeciel for ~ Eifelian/Gi>\:lian boundary, bclollp 
1o Ibo IMllatiaoarJ lincs o/. the l'o. .;Jlilu/l'o. 
pMJ.dofoliUJtU ud Po. •utt11is 1,oupe. o~ llic:y ore 
llpred In 1k artaclr.d plate,. All othet toa wlll bo 
flpred la the moatiooled forthcol'lliag publicalioa. 

Ja. die llat ol tJie fa..,., page 28, one major r.....i 
e"-9o i.a viaibl" ~. ~ 116 ud 111. lll 
11,er lUI Po. rob&utia:tlUlnu a.d Po. ...,,..,,_..,, 
dit1ppear. T. ltocuüNu 11U .ite&dy iu le,er 115, 
and PD. ,,;,o,.,...... In ~ 113 iU Jul rcainl. III 
COftlpa,ilon with othc:r ICdÜlnl, it il u.sumod 1h11 T. 
Aod:ftl- üould 1till be prcseal in la}"'r 116. Ila 
ableaa, may bc due lo lhc rarity ot lhil apodea In 
IIDC(ioa Medi Irdene. A f•rlher daaracl.Drilüc: iaan 

fm dio T. koödGnw ~ ia thal „orphotype ol 
/'o. p,a,t/ofoll,,IIU wWdi coinciclea wll11 t.he llolat,pe 
"' .... 91DIJy ~ but •llterior e.dl l:A lhe 
pl,tlona IIWlioa ( c,a. tbe IIIO(imca pl 1. Jit. 1): Oio 
lall OCIC1lffllllCD o( tbis 1norphotype 1a in lll)'et 116. 

Tbm, 1a laJar 118 an: oai, l1ialc aorpliotypcs o( 
l'o. pHtldo(ulöllllU prc&cllt, ia ,mich 1h11 aatorior -1 
ol. tJie pl1tfon11 margin b.aa I l&Alep llope; of counc, 
!My alao oeear alteady befnre, In a.,.... llB -
aha fot tbe r1t1t lime morpbol,i,ca whidl lo:Jld to tbe 
liipcr up occarin& 1't,. ftUffUI.J. 1'ho diarlderlatlc 
featwc of thil iworpliotJpe • l.be abaenc.e al ~ 
adaion ll onc o( tbc 1111erlar plltforin marglne. Al 
tbe otller ....... lhe dalllicoladoll il """ -1; 
'nMIJr lll'e kft -io11ed II Po. Mftnlir L llp, 
'l)pml 1110tpbul1JMII o{ Po. .....v, i.e. llacaa with 
llroag -,..tioa at botb a11tcrior pb(form ••...-. 
occuc IIOI eulier 1'- ill h1yer 12'2. 

Alao ...... 122, thc, llnl lmdaiq, In the ~ 
tn l'o. ,,,,,.,...ou ca bc l'CCIOllnh:ed. T1d11 •
thca oecur1 illlmecliroteJJ aho\OC ia lay,er 123. la rlie 

Pfate4 

• 
ra1aw1ag i.,an rllk a... lhawl a turt.r •wdwaa 
to • mono prollOOIICC<I lpOOll•like ttr,,cto,e lt t1ie 
anlcrior clld ol tht oula- platlor111 mupi alld. la 
lddid1111, 1 Fnenl wideniag or lhc adc:arinal tr._ 
Tha iadöcatm III eodlltion to • f11o1t1u-a „ il 1a 
duinc:torittie for l'o. '911111111. 

In~ die ewol9tlml of rlll,,....,~, 
,qrr,,, p,np, -...e can -,i,..i.. twa pot.ca; (1) 11,o 
bou..S.., bctwaeo tlie T. ~ Zoae •d thc 
1'o. ffllCIUU Zone 1a 1 -, mubble boud...,.. lt 
CIDUlddc,a with I lllobdJ r~lc (1c:iea chi• 
u -U u ~ thl tndllioul 1!ilelilll/Giwda1 
boaadaty il t.he pc:llp: "*III. (l) Tllc ~ 
c,wo!utioaery U-ahow • a,.dNI dsveqmeat. thul llldial„ tl111t tNre il no reoapizablm pp in the 
••oceaioa dapltc lhe llllercallllion of tbe dark 
ÜUII 1a die io.. pul al llio r.. -"' 7-
Th-. .. pdal ~· ...,_.. 
widu - ~ .. prcmdel • will& u 
.... polllbillty lo ....... tM bolllld,uy 
lllld• IM c:ooc00aa al I lllp 1a rmlllm 
'De C90l1ldaD olaae cüer laa allo Wp lo fNll· 
am, lhe boadary •• 1a tnm lt ialo otlier r.
roalmL Tl,•1, a,a.. tbs i,1dual CM>hllloit ll'OCII {. 
,..,....,...., lo /. _..,~ caa. be CDd· 

11 condatod wldl tllc ....,_melltioaed. dl8IIFL A 

ee:naia IIIOCjillcxype of / . '*""""°""'*'" 1111 1111 
n... occum:.oce la die - layer )llll u h. ,,.,..,_, 
OcMlda 

Al eo be Nea III IM &II ol 1111 f-. .-. 11. 
pilllitea lui'IO beea ~ 'l'\cy are 11d • 
1b„dm& ud a.at • aamen>111 1a taD • 1a 111c 
aealon BcN Tdaf9line. la ~ 11> !MI aedloa, 
tlley Ire 00( P)'filizcd II the aecticm Jebel Mec:h 
Irdane . 

P'ip. 1, 2. 5 -i 6: l'o. ,,,,,.,.,_., AD ~ ,..,t lllnlkld II lhD 1mar ur.tor pladarm -.ia. wn 
~ to cb~ 9Clllpcare and oatllnl a( pll!lana, IM .apeeimn ol Ds, 6 *-• apeeW, but 
way cham.teri&tic pattena. 

Pis. 4: Po. n. ap. .alf. po. dfti,i, 
13 



22 Mayl993 

14 



PALAEOZOIC 
VERTEBRATE 
BIOSTRATIGRAPHY 
and BIOGEOGRAPHY 

""" ... ,,,.- _ __.-- ---., .. '~;.~~,:=~ \ 
1 

·' 

,· 
- - ---:-· 

'"; 
""-~--·-···- · ___ ,,.,,,...,,. 

~~~~ 

Edited by 

JohnA. Long 

coNTENTS 

1111 o/ Jlp,e. 
Jbl of rablff 
List of COfllrl&ttt°" 
.Pref'ace J.A. Lott6 

PAaT ONI: 
Mor,ltolop, Tectollk Sttt1111 -4 ~ of Pal1traelt VW'tWf•I• 

Qapter 1 - Morp!toloajca.l charactcri,t.in o! P~ 
vmet>r.ti:$ med in biollra,Saraphy J.A. 1..o,,, 3 

Chapter l - Palacol.Oic 11obal retODtttuetions 
U, Z.X •• C. McA. Pf>well 1111d A. Tt91tl .:u 

Chaptcr 3 - brly-Middle PILlf.cioeolc: vfftCllrm ~nc:doo •"'8t.s 
J.A. Lo111 $4 

Ch.e.pCtt 6 -

Chapccr ·-

Cbaptcr JO -

PAaTtWO 
P„oalc Vfttelnll.........., 

The Silurian~Oevoftlan .-,ua 4riortrmpphf ot 
thc Old kd ConciMltl P. Jonmr -'KI .4. Bl*"* 
Silurian-Oe'loaia11 ~te btostratlgnrplly or 
Siberia and ncid'tbourina 1esral\CC .4. Blid ffld 
P. JtHt11Jer 
Biostrati,nphy of tbe Swrlasl and Di,,o011j1,a 

1natPtt>stomes of elk Euramerica Pl'O\ltnff 
D. DirtMey •Ni E. Loeffler 
Sill.lrian-De,iollian wertebrate biottratiJrap~ of 
Wcs.tem Oondwana aiad relal~ tanncs (Saulll 
A1ttmca, Afri~. Armorira-Bohfflua, Mlddfe Eat) 
H. u/Jivrr. P. Jt11t.,., ll1Nl .A. BI'«* 
Pal~ii: Wotrovertebr~lt: 11\oauuiaraphJ or e.,.an 
Oondwana S. n,,...,,, 
Midd1e Pal:iseozoie ffllttO'lle,,tebra~ trimtnliptpfly of 
Eastetn GondwaM O.C. YOU#I' 
Vert~ratt biostrari,rapt))' of tbe Mlddle P1laeoa:oic 
of ChJna Wani, S.-T. 

Chaptcr 11 - Palac:owic vertc:braae biostratiaraphy or South-Eut 
A$ia and Japan J.A. LOII! 

PART THREE 
Palaeo:mk' Yttttbr91e IMoeeoaraplly 

Chaptcr 12 - Vc:rtebratt faunal provinces in the Middle 

6'T 

17 

139 

174 

lU 

277 

Paluozok G.C. Young 293 
Chap1cr 13 - Biogrography of PulaMz"ic tctrapods A.R. Mil~ 324 

Systrmatl<" lndrx ]54 

364 

rrt ~ 
O> 
- r-' ~> 
0~ 
o, N 
i,,( 0 .__ 
on 
:X< zrri 
~::,:, 
r-' ~ 
o= 
z~ 
C'} ~ 

rrt 

= -0 
U'l 
~ 

~ 
:! 
C'} 

~ 
~ 

~ 
~ 
z 
0 
= -0 
C) 
m 
0 
C) 

~ 
~ 

~ ~ c,, 

f 
f 
t 
N 

"" 



24 May1993 

PROGRAM SUMMARY AND ABSTRACTS WITH DEVONIAN CONTENT FROM NORTH 
AMERICAN PALEONTOLOGICAL CONVENTION QUL Y 1992, CHICAGO, ILLINOIS) 

Fifth North American Paleontological Convention 
(NAPC.V) 

Field Museum of Natural History, Chica~o 
Summary of Program 

,. Powo111oloo Appu.d. to G.to,lqri.c: 
/1,ol,lat. &.l1,1111 (Po.rl R} 

T. San, 1/--.. Bl,,olutio,J 
-tißll!N wi&b -1nb1a&.d ,.,.... 

UI. Ol"iJill o( l/«lff,r1 rllr'Nmial i:-,,,,,...: Lolr II~ oJad 
~-oic 
G. R. Upeharm ,1, JL K. eta._,. 
u. o.;.-.- o( JIGIIUrfl ~ 
&o.y.tn,u, i..... JI--«: -,J 
C....oaeic 
-tjnllH lriOl metribulal ,.,.... 

19. ()ricinaliM orwl Edillalioft 
eonlribll'-1 ,.._. 

2>. IW...c ,_. ,_,.~ 
B,;..ua.,,,; ~w &oloe, 
-" ßtyNOlc,ol 
1(. C. Rhooln. 6 G. J. V--1,J 

---·-.. MMO--OMo, ______________________________ _ 

p. Jlc,pltol.apel 2uolil~ 
-,triba~ ~ ... n 

u. B~-"" P4 ltoUlfllc 
Pr,J.ofllolatt.,: A• 1111#4,...i.l 
App,00c'ltr 
.J. D. Hudeoa, .J. M. Ha,
• D. )II(. )wtiD 

._.,.. 
Hall ll 



FUNCTIONAL SIGNIFICANCE OF VARIATIONS IN THE CENTRAL FOLD Of TRoPmc LEVEL & EVOLUTION IN PALEOZO(C GASTROPODS 
SHELLS OF LATE OROOVICIAN THROUGH DEVONIAN BICONVEX 
BRACHIOPOO GENERA 

ALEXANDER, Richard R., Dept. of Geological a~d Marine Sciences, Rider 
College, 2083 Lawrencevitte Rd., Lawrenceviße, NJ 08648-3099. 

Flume experiments wlth models of Mid-Paleozoic atryplds, orthids, 
rhynchonellids, and spiriferids indicate that the central fold functlons 
efficiently to separate lateral-margln lncurrents from the anterior-medial 
margin excurrent in five of nine possible life orientations of the shell 
relative to the current direction end substrate. Ainterior-medial incummts 
and lateral excurrents are effectively seperated In four oJ the nme 
orientations used wtth mocfels of spiriferids and atrypids, but non
pediculate brachiopods drawing in water anterior-medially could not take 
advantage of reversing tidat currents t.o feed. The rtsk of refiltration of 
mediat e.xcurrent water is reduced with Jncreaslng refief of the cen1rat 
lold above the commissural plane. Downcurrent turbulance increases with 
lncreasing relief of the central fold. Eddies with a large radius of 
curvature are generated by large chevron-shaped central folds at low 
current "8focities (5 cm/sec) and boomerang egainst the downcurrent 
lateral margin of models. Flume experiments. o.n models also reveal that a 
well-devetoped slnus accelarated erosion of the supporting sediment 
around the weight-bearing postertor of the valves. SheNs with high relief 
in the sinus destabiNzed comparatively quickly from valves-ere.ct 
orientations when subjected to moderate current velocities (25 cm/sec~. 

Morphospace (temary) diagrams of sinus shape for Late Ordovician 
(Caradocian) through Devonian (Famennian) genera show the realized field 
among lhe potential morphotypic extremes, namely, 1) rectimarginate (no 
fofd), 2) isodinal, chevron-shaped, and 3) M-shaped anterior commlssuraJ 
outlines. Morphospace plots through successive stages suggest centrtpetal 
selection for taxa with moderatety developed folds in the atrypids and 
spiriferids, wlth occaslonal evolution of ·outtier" genera wlth chevron
shaped central fok:ts. Orthids dlsplay progressive loss of rectimarginate 
genera through the Devonian. Weak directional selection is suggested by 
the sucocesslve stage-level plots of the rhynchonellid genera which 
expanded toward the extremes of chevron- and M-shaped central folds In 
potential morphospace durtng the Devonian. 

AU.MON, Wanen D„ DepL of Gcology, Univcnity of' South Florida. Tamps. 
FL 33620; ERWlN, Douglas H., Dept. of Palcobiology·, Smith!IOllian 
Institution, Washington, DC 20500; LINSLEY, Robert M-, Geology Dept. 
Colga1c Univcrsity, Hamilton, NY 13146; MORRIS•, Paul J„ Museum of 
Comparative Zoology, Harvard Univcnity, Cambridge, MA 02138. 

AJthough trophic position or level is one of thc lllCJlt baaic u pects c:I a 
benthic marine specics' ccology, its ewlutionary sipir,canoe remaint obtcwe. 
Gastropods offcr a suitable modcl for examinin& tbe relationship between. 
trophic lcvel and evolution 1ince tbey emil>it a wtdc w.riety of trophic 
strategics and their mode of lifc u often retlcded in their lheD form. We 
aarnined 196 genera or Palcozoic gastropods ( .. lß of known gencra) for 
which flnt appcarance and last appcarancc couJd hc lpedfied to stage level 
and for whkh tropbic llnltcgy could bc inferrcd with a reuooable dcgrce of 
conßdenc:e. Wc clas.sificd thesc 1cncra into four lrophic c:atcgoria on tbc 
basis of shc:D charactcrs rclatiQS to 1oc:omotion and clamping. Thele trophie 
catcgorics arc: Suspension feeden, Grazen on finn 1ub&trata., Soft subatrate 
Graz.c:1$/Detritivorcs, and Camivon:s. Smpemion fccdcn arc thc most 
unambiguously recognizable catcgory, marked by clear indiatton o( • ,enße 
mode of lifc s.uch as a radial apcrturea and planispinl sbell fonns. Our 
ccntral obscrvaUon from thcsc dat.a is that 1uapcmioo fcedcn haft aborter 
gencric Jongevitica than thc otbcr threc trophic IJ'OUJJI. ThJI pettem il robust 
to a varicty of mcthods of analylis. Tbc mean seneric longevity or the 
1uspcnsion (eeden is 15 MY lea tlum the other trophic catcpies. 
Cumulative frequency of genera within trophic categoriea ven111 log duntioft 
1hows suspensioo feedcn to be 1tatistk:aly aignificantly lhortcr lned than the 
othcr threc: trophic catcgorics. The other thrce aitqorie1 are not 
distinguishable. This pattcm is unchanged by tbc reßlOY&I or tua dJinl out 
at nuus cxtinctiom. Suspension fceden bave lower origination ratea and 
highcr cxtinction ratcs than tbe otber trophic claaes. This i1 not • tamnomic 
artifact produced by omamentation and tbe numbcr of characten available. 
This background peUem is also prescn.t in the end Ordovician and Latc 
Devonian mass minctiom. Suspension fcedcrs looee about half their gienen 
in tbcse extinciions, thc two claues of pazcrs 1ooae about 1ß of tbeir pera, 
and thc camivorcs 1uffcr almost no e:irtinctiom.. Suspension feedinl appcan 
to cany II significant evolutiomuy detriment in both mau cxtinctiom and 
background timcs. This may bc retlected in the c.hange in trophic distribution 
of pstropods from the Ordovician to thc .Rea:nL 1nc end Pennian 
cxtinction 1hows a different pattem of selcctivity; dctritivon:s suffcr the leaaL 



EVOLUI'ION OF BIOLOOICAL CX>MPLEX11Y: A CASH Sn.JOY OF 
AMMONOID SUIURES 

BOY AJlAN, Oeorge B., Dq,artment af Geology, University ol Pennsylvania, 240 S. 
33rd Street, Philadelphia PA 19104-6316 U.S.A.; LUfZ.. Tim. Department of Gcology 
& Astronomy, West a.ester State Univer,ity, West Cliester PA 19383 U.S.A. 

The ewlution of lftlfflonoid sutures has long bceo cited u an e:umple of the 
ewlution o( incrcascd biological complcxity. The complexity of autures haa increased, 
on average, but the euct nature of this increue, and any benefit a.ssociated with this 
increase hu yet 10 be documented. We mcasure thc lracul dimcnsion of >600 
ammonoid apecies and document lhe change in camplelity of 11,Utures between and 
among seven ordenl: Ammonitida, Anarcestida, Ceratitida, Oymeniida, Goniatitida, 
Phylloceratitida, and Prolccanitida. The average aomplc:xity of 1utures and nnge of 
ccmplcxity of sutures increascd from the Devonian to the Triassic. With the rise of the 
Ammonitida, average complexi.ty of autures remained constant or dropped slightly 
through the Mesozoic. However, the simplest sulures c:ontinuc to originale over that 
same intervaL The evolution of .increased complelity is the result of increased numb« 
of compla ronns. not sclective km of simple ones. (See f.gure l) 

We then compare the 1tratigraphic rangea (lonpity) of a acnus with lhe frac:tal 
dimension of a member of the genus. Ina-eased 1ututal complcxity does not 

_ 1ignific.antly increase or decrease the sm1oeptibility of • genus to extinction. In other 
WA~~!i, words, there is no differential survivaJ among simple and complc:it forms. We also show 

that in ancestor-dcscc:ndant pairs, dCSClCJldants do not demonstrate a propensity to 
become either more complex or more simple than their ancatora. These observations 
suggest that it may be difficult to demonstrate thal the evolution ofbiological 
complcxity il the rcsult of natural selection. lncreued complexity may be the result of 
e,cperiment11tinn with other anatomical featurcs or tbe result of an evolutionarv randnm 
walle. 
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Figure 1. The fractal dimension of > 600 ammonoid genera plotted at lhe time of their 
origination. 
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TAPHOFACIES AND BIOEVENTS IN MARINE SEQUENCES OF THE 
APPALACHIAN BASIN MIDDLE DEVONIAN 

BRETI, Carlton E. ·, Dept. of Geological Sciences, Universlty ofRoche1ter 
Rochester, NY 14627 USA; BAIRD, Gordon C., Dept. of Geosciences SUNY 
Fmlonia, Fmlonia, NY 14063 USA ' 

The Middle Devonian (Givetian) Hamilton Group is composed C:~read 
time-stratigraphic, discontinuity-bounded depositional cycles which to ,;. 
quences and sub-sequences. Not only do recurrcnt lithofacies and bio ies units 
correlate prediclably with given pans of' cycles, distinctive tal>honomic featuret 1111> 
correlate with _appropriate parts of t.~S&reJsive-, early hi&listand-, and late high
stand (regressive) systems tracts w1thin ~ucoce1. Transgressivc 1ystem1 tracts 
(TS'ls) are mark:ed by widespread, thin (O.S to 3 m), winnowed shelly sandltonel or 
skeletal wacke- to grain5t0nes. Bascs are typically hcavily buriowecf with a distinc
tive finnground ichnofacies. Intemally, the beds display mixtures of variably disar
ticulated and comded skeletal fragmcnt,, cspecially pelmatozoan dtbris Condensed 
inte~als a~ typi fied by sharp diutemic contacts. between TSTs a~d overlyin1 
max1!11um h1ghstand shales. '.fliese surfaces of mu1mum starntion may have thin 
(centimetcrs) Jags of phosphatic, concrctionary, or PYfitic diaclast.s, bones and ~ 
donts as ~eil as conoded ~rbonat~ skeletal debns. Early highstand deposill are 
c~aractenl.Cd _by an altemat1on of dtscrete llonn beds with mudstoncs whicb may 
y1eld excepttonally well-preserved faunH. Late high1tand- and regre11ive 
taphofacies display greater evidencc: of rediment-shell disturbance by bioturbation 
and leJ>C:llled storms. The decrease in accomodation apace dictalel lediment-bypus 
and m1xing with increased evidence of skeletal disarticulati(WI and shell ahrasion. 

A recurring, and somewhat enigmatic phcnomenon consiltt of widesprad (to 
100s of 1cm) shell and reworlced concretion layen, usociated with diastems which 
oa:ur at the late highstand or early xa level-fall position within off'shore low' cnergy 
muds_tones. These "precursor beds" are sediment-starved lqs, which mark abrupt 
shoahng even~ _followed by a retu~ to dec:per-water deposits l,eJc,w the transition to 
lowstand cond1tions. These tags e1thcr' represent the oveqJ!int of condemcd amaller 
cycles superimposed on larger ones or they may record a fundamentally new litde-
undentocid process associated with abrupt se:a levd drop. ' 

~ost o/ the typical Givetian ·Hamilton fauna• ap~ abniptly in die leCOßd 
maJor sub-sequence (4th order cycle) of the Hamilton Group. T6e Hamilton fauna 
was pa~tioned int~ ~istinct~ve biofacies which w~ remarbbly stable in tenns of 
taxonom,c compos1t.10n, gu1ld structure and relative abundance. These biofacies 
trac~ed favoml cnvironm':flll and recur through 1.0. or morc buinwide cycles (in
clud1ng sub-,equences) dunng some 6-7 my. Surpns111gly, relative lowatanös repre
~nfe:(l by ac:quence-bo!Jnding u!'conf(!rmilles, appear to have had vcry little 

1

disrup
tive influence on tracking Hamilton b,otas. \uv few species becarne extinct immi
Jrated, or underwent significant morphol<>&ical change durin1 the entire Givetian 
mterval. lnstead, both thc initiation and termination of the Hamilton fauna corrc
~nd with !"ajor d~~RJ event!I (Marcellus and Genesee transgreuiona) of com
~tn~ eu~tic/tecto~1c ongm •. In both cases, the ~or faunal changes (extinctions, 
1mm1grauons, spcc1es evolution) appear to be usociated witll widespread anoxic 
blaclc shale:s in condensed carly highstands of ,e,qucnca. Botti of thesc correspond 
to_glof?al b1oevents ~~ and Pharcjceru events) that have beeil related to 
chmallc c~ange. _Th1s.observauon ~uggcsts that thc major transgrcssions may have 
been assoc1ated w1th w1desprcad envuoomental restructuring . 



1lfE RIOOOOGRAPHIC NA1URB OF PAI..B)WIC NAt.mLOID Cf!PHALOPODS 

CJUCK. Ra E.., l)c:pmtmenl ol Ocdogy, Thc Unmnilty olTaa • Arllnglon, Arttnp,n, 1X ?ti019 

Thc hlllorlal and pm-ailin1 vicw rcpnting lhc d.illlri,UtiolJ of naitikrid cq,ba1opodt il one ol 
CUllll.opolltanlsm. Thc:ce m: aevenl cbjectiolll lo such I swcq,tna •lew of U'lis m1jor IJ"OUP of m..tne 
imlerkbt'ala. but mly lhc malt liß!'lificlne an: ldllff:lled bcft. ~. unllte ffldallJam, liiere la no 
ctt. 1grccmait on tbe 1aclßing of lhc tmn cosmopolimnlsm • UIICd In blogqc~,. lt ia tlM 
extnmelJ dlfflCllll 10 ptn • blslorical peßP«tiw wltboui l<lDIIS IO origioal dtll. 1 have fwnd lhc 
1am IIICd for • rew u Jour oau'ffllCCI oo four lbOdem laodmasca •itbout refCl'COOC IO lhc 
peleoßcogniphk: rdatlomhlpa ol lhese llndm&IICI. Sccond, wblk • r~ 111111iloid poupa dJd aimplle 
impmmivc dilpmll •isticl. lhe fmtll reoont clarly nM!:111 lh• auch period!I of dtsperul were 
gcoually brlcf Jo Jcologk:ll lams end lhll the group or: group1 hm>Jvcd dld noc a>lonJzic all rvall.lblc 
llndmaacs. lbtrd, nautllolda were mcapable of developinl ~lilln di.wibutiolJli unlcs climlllc 
conatralnta WCNI removed by dllags in tbe &lobaJ IJSICffl or b7 poeltlorlln1 •II landm- wilhln tbc 
1ub-tropial IO lnlpial lltitudea. Sina: 1ha'C II ao ainvlndn1 evkkncc U.. eltla C\l'C:III oa:urmd 
dumg the S20 mllliaa ye.s of nautllotd ftOlutton, lt II ~ ~ appropnate to vtew llle 
dbtl'IM.loo ol uutllol* In ICfflll of lhc numbcf or llrxbaaa colonb.ed rdalfvt to tbo numba' of 
tandnl- 8Yldlable ror mloniDlton. For mutllo6dl, die numba' ol lln:lmma amlable r« 
colooiratlon - ,1-,. fewa- lhl.ll lhc DUlllbc:r of 1-1in.-. comprisina lbe global paleogCJO(VIPhy 
~ my cne 11Ja: or ploglc IJmc. Nullold FJCn 1autaa2 IO ooe Jmdm- an: romidcnd 
eodanic:, 1 ccndlllan allt,llld by 65"5, of 1be OnkMcim IDd Sluian aa,eta Incl SI „ ol the Devonlm 
pncn. 1be maldmum numba' or llnchawll mklnf:md i,, III)' aoe mulilold ia- r« my one 
partJcullr pertod nf liffle.,.. Cour, two rewa lhln tbe abt awlJlble land~. 

1be baeic bqcographlc unll ror nautlloid ciephalopodl i& the p,.a. 1bll II eo beallae lhe 
dilpnlve potential or naullloidl wa low whcn oomparcd wlth truc pelagtc 1ß1UP1 IUCb • mnodonts. 
Thul ror muliloid 1roup9 C*plble of dltperul among laodlb-, tbe time MClded IO dlcc:l dilpenll 
and ~ pennmcoa In tbe 111. ... .lpaphlc n:conl .,. IIOIDe:thinl graler tlaJ Lbc lonievlty of lhe 
lß'lcal ,wutilokl apec:iM but ._ !Ilm lbe longerily or IIIClll ·- lt lcaM ftaOlllble lh• the bat 
~ .for lhe occum:nce or aanopolilln muliloid ~ would be • or - the 181ith of u-e 
P1IUfll wldl •lr'lbuks mcm IUlllble for dlspcnal. n-, die foalt reconf for 11a1dloldl *"" tblt 
aucti perioda iwely oolndde wllll die peat 1111'"'11 of IOlll 1a11lloid dlwnkJ ror die I.Olrer and 
Middlc: P1komlc (Arenl&, Wcaloct. and EICelieo) oa:unlng bteat Glriog aucacdiog lntuYala ol 
time. Sucll ewnil ac generally confkled to penodll of' 111odl1 dfwnky witbtn ~ 1mup. 11IC' lowal 
permlUIICI o( mdcmlc ,cnera .., the ... 1:r"all In wbldl thcy CICallTod ror thc fflljor naatiloid gnn,pe 
arc: Ellellnauc:mdl ('7'li) 111d llrldoca:lda (~) 1or tbe Lllnvkn, Aalooca:ldll (36") 111d 
Taphya:rlda (4St.) In 1be UanddJo, Or1homidll (S:N., 471', 55~) IOd Oncooerlda (66"5,, fi61', ~._) 
(or the Candoc, l.,udlaw, md Glvetlan. Dilcolol:Jdl (67"5,) In die Wenlodt md .Nautilida (62'.\) for tllc 
Oivctilfl. Wbilc lhe low ~ oC mdemks for lbe Adlnoc:aicll llld TarlJb~ traalllle lnlo 
die hlghal perceiuacs or acncra found Oll mure lhm dne ...- landmlaCI (20"). aimillr 
percenllgea or cndemks ror lhe Ol1hoa!l'k1I c1o nol. Ncn:ndanlc manlx:n ol the Olthocer1dl 1re 

more aJmmoD IO two or three of the avlillble lllldmaaca wilb appn111lm1tety ~ occunlng tn dlber 
ol thcse ainri,undom. 'Ibe ball n:conl allo lhows da Dewmm MU!lloldl wcre tbe most ratrlcted 
with lbc majorily OCICUtlinl on no 111ore than two 11Dd111-. 

1lleee end other c:rilenl lndlalte 1h11 the dl.'!ttl,utlonl of 1a1dlold c:epbllopodl do not mnfona to 
die ,a,ent perceptlon öl Ollmopolitanllln. Al tbe gaaertc le\'d lbc p,up II larFly mdcmlc w1lb 
IU!Olllhly largc numbcn of r;enaw oa:wrfna on two er Une Jmdmaaca wilb oo gema occ:wrlng m 
au IVlllllblc lllldmamca durlng • glvcn inleJVll or 1tme. Bcc:a1!le of tbc type and manne, ol 
bioga>&Japhic barrien inlpolCd oo oauliloid9, 1hclr dlsa1bl&donl or· patlfflll tend to hlYe weU ddined 
limilll ~lb oonsldcrllble pnxllcOve powers. 

THE INTERPRETATION OF ORDOVICIAJI. SILURIAN AND D~IIIAII 
P„LEOENVIRONNENTS UTILI'ZING THE DISTRIBUTION OF "CRITARCR 
ASSOCIATIONS ANO ORGANIC PALYMOFACIES 

DORNING. Kan J •• Pelleb R••••rch. 58 Rob•rt.on Roed. 
Sh•f~ield S6 5DX. U.K. 

Paleozoie eeritarch end •arine phytaplankton 
aaaociat.iona clearly int.•rpr•t.. pelaoenvironaenta wit.hi11 
aarina ahel:f •nd oceanie dapoaitional araaa. llarginal 
••rine ••di•ent.• •r• charact.erized by low diveraity 
acrit.erch ••••~bla9••• vhil• ahel1 •r••• contain a bi9har 
diverait.y o* *or••· Ar••• vit.h aigni#icant. terreatrial 
runosf t.end to haYe higher phyt.oplankt..on abundene• 
t.oget.~er wit.h terr„trial palynoaorpha in cont.reat. t.o 
rast.riet.ad c:1.rc:ulatton ca:r-bonet.e ahel:f ar••• vtth 
diat.inct.tva low abundanc• acrit.areh •••ocietiona. 0.•p 
vat.er baainal end oc:eanic: •r••• wi~ low phyt.oplankt.on 
nutrient. availability •r• characterlaed by vary lov 
dJverait.y acrit.arch aaaoc:ie-t.iona of aodara-t..e -t.o very lov 
abundence. Within the P•laozoic. chan9•• in rela~ive ... 
level •r• indica~ed by t.he record ~ • aerlea aE 
aerit.arch aaaociat.iona re:!lect.in9 changing depoaitlonal 
environaanta coaparable t.a depoaitional aequenc:e• and 
par•••qu•nc••· 



MORPHOMETRIC AND PHYUXiENETIC ANAL YSES OF THE PALEOZOIC 
SUBUUTOIDEA (GASTROPODA) 

ERWIN-, Dougla, ll Dept. of P.alcobiology, NHB-121, SmithsonJan Imütutiol\ 
Washington, D.C 20560 

Thc 1utropod 1upcrf1nu1y Subulitoi~ lint 11ppearcd during thc Early-Middlc 
Onlovician gastropod radiatioo, seemingly from wilhin the p1eurotom1rid (amily 
Lophospiridea, IOd persistcd wilh low d~nity and gcnc:rally low abunda.ncc th:rough the 
Palcom~ One 1pecic:11u,vivcd the cnd-Pcrmien mw c:xtinction, but like many other 
Palcomic rcmnants, the cladc became cxtiuct in lhc mid-Triassic. Many mcmben of tbc 
cladc are homcomorpbic with later 'neogastropods' and have frequently becn fmgercd as 
thc aoccston of these later, prcdatory gastropods. Tberc m bowever, oo di.rcct evidente 
for an anccstor-«Seendcnt rclationship. Addrasing this possibility and undcntanding of 
thc IJS(cmatia and cvolutionary history of lhe clade hu beco complicated by relatively 
simple 1hcll form and appareot paucity of sheU cbaractcn. 'The atrength of thc 
morphological end probable ccologic aimilaritiea betwecn aubulitids and 'neogastropods' 
raises lhe questioll why thl• clade wu unable to c:apitali21e on their pos.ilion as perhaps 
the only prcdatory gastropocll durin1 lhe Palcomic. Such quatioos of cvolutionary 
hislory are bcat addl'CIICII wilhin lhe contc:xt of a combination of mcxpbometric end 
phylogenetic analyses wblch may resolvc thc systcmatic que11ticms and ~, somcthing 
oC thc C'rolutionary rclatio1111hip1 o( the dadc. 

Morphometric analyscs were performed on aome 40 specimers mvering thc 13 
dea:n"bed gencra (end sevcral undescn"bcd fonns). Bolh linear and angular 
mcasuremcnll of c:xtcmal ahcll form and intcrnal 1trueture from uiaJ thin sectlons wcre 
mea.rurcd and apertures were analyz.al using elliptical Fourier analysis (EFA). The 
numbcr or specimens analyzed was intcntionally limitcd bccause of difficulties obtainiog 
specimenl with 1ufficient preservation of the aperture. The results demonslratc thc 
necessity, for this clade at least, of includin1 a more oomplcx dcscription of apertural 
morphrnos:, than simple maximum length aod width. Principle componcnt analytel oC 
thc EFA dlta diltinguisba oomplClity of thc 00Jumel11r folda along lhc rmt axis end 
basal rounding 1lon1 lhc IOCOnd • 1,otb blologjc:ally meaningful aapc:dl of apertural form. 
Mor,cowcr, lhc occupation of • tuon-4petific apcrtural spiee dcfined by thc PCA 
increascs through thc Palcomic:. Funher, the analysc:s 1uggcst that lhc two traditionally 
rccogniz.ed 1ubfamiJica o( thc Subulitidac (Ordcmcian-Devonian and Devonian-Triassic) 
each cmibit inc.reued varianoe in thc occupation of morpholop; apacc, but additional 
data is rc,quin:d to confinn this paltcm and dctcm,inc if any temporal treods exist. 

Analyzing pattcms or occupation oC morphologic •.pacc rc,qulres a rigorously 
constructed phytogeny. A. cladistic (panimony) analysis of thc 1uperfamily WM 

pcrformed using 16 tan aod ovcr 30 discrete morpbologic characten. The resulting 
cladograms were plottod within the tuoo-spocific morphospaccs produccd by thc 
morpbomctric anal)'5CI-

DEVONIAN BRYOZOAN EXTTNCTJON AND DIVERSIFICA110N 

HOROWITZ•, Alan s„ Departmcnt or Geological Scicncics, Indiana Univcnity, 
Bloomington, IN 47405, U.S.A.; PACHUT, Joseph F„ Deputment of Geology, 
Indiana Univcrsity-Purdue Univcrsity, Indianapolis, lN 46202, U.S.A. 

The names proposcd world-wide for Dcvonian bryozoans havc been evaluated 
with respcct to rcplaced namcs, synonyms. and nomina dubia (Horowitz and Pachut 
(1993), Jiw.maJ. Qf Paleontol<>&Y, in press]. Thc rcsulting list contaim 1738 specific 
names assigncd to 199 genera in 45 families. Approximately 7S% of Devonian 
bryozoan specfos arc rcported from a singlc stagc. Not morc lhan 10%, and usually 
4-6o/o, of the spccics rcportcd in any Dcvonian stage arc also rcponed in the 
succeeding stagc. 

The largesl dccrcase in observed bryozoan diverslty OCCW'I between the 
Givetian and Frasnian stages, reducing the number o[ spccies by n%, genera by 
64%, and familics by 42%. These values are lcss tlwi tbose reported for tbe range~ 
through method for the cntire fauna of the Permian mas, e.tinction (Raup, 1979) 
but largcr than perccntagc extinctions (presumably based on rangc-though data) fot 
föur other Phancrozoic mass cxtinctions tabulated by Valentine and Wallter (1987). 

The range-through method dampens the observed differe_nces In taxo.nomic 
divcrsity among Dcvonian stages at all taxonomic levels. lb.e range-througb 
numbcr of spccics/stagc is bascd upon both direct appliatiom of lhe range-through 
method and on the assignmcnt of ranges knmvn on:ty to early, rniddle and laus 
Devonian to include appropriate Devonian stages. Generic lßd familial diYCrsity 
ln.crcases monotonically from l.ochkovian 1hrough Givetian 5tages. Thereafler 
(Givetian to Frasnian), range-1hrough values For specific (69%), generic (31%), and 
f amilial divcrslty ( l0%) decrcase. Specific and familial decrcases ~ the 
Givetian-Frasnian boundary are comparabl.e lo thosc .reported {or non-Pcrmian 
mass extinctions by Valentinc and Walker, but the generic dec:reue is not u great. 
These results arc consistcnt with Valentine and Walker's random mass extinctlon 
model. 

Obscrved bryozoan diversity across the Frunlan-Famennlanboundaryfncteases 
whlle values caJculated using thc rangc-through mcthod decrease by approxilllJlteJy 
5-15%. This does not suggest a major bryozoan extinction event. Conversely, the 
dec~ase in bryozoan diversity across the Givetian-Frunian lnterval is 1imilu to an 
important Devonian Clltindion among rugose corals. 1be reason(s) for these 
extinctions is not yet clear. With respect to Devonian bryowans. our inadequate 
understanding of thc causc(s) of mass elltinctions and the relativcly coarsc 
resolution or thc stadi11l timescale does not permit differentiating between gradmd 
or catastrophic Scenarios. 



PAI.AEOBIOGEOORAPHY AND EVoumON OP LATE PALEOZOIC AMMONOIDS 

AOUSe, Michael, Depl of Oc,ology, lllc UDn1Uuty, Soethamp«oa S09 SNH, Eagland, U.K. 

Ja recient yu.n it hat beea ~ . as • rcsult of weflll tield wo,k that die~ are a ecricl 
of' cxtinction aoeats afl'ecting ptualite& I.Dd dymeaids duriq die Devonian and early 
Cuboniferous ,.f,idi can be conlinned in many ~ns of thc world. Many hne been IPYU aames, 
,uch as lllc Dalcje. Oolcc, Kadk. P'wnilio. Taglumic, Kcllwauu, Ncbdcn, Coodror. Anaui.a, 
Hugcnbcrg aod Aham Shalc E'WCDb. 11x: Taghanic E9t.D1, wbich falb witli,m tbc Gr.octian llagc. il 
a major CldiDdioe e,,ienl, 11 ia tlae Uppcr KeDwwcr E~ al lhe cad of thc Fruaiu and the 
HIJl@Cllbcr'a E'l!Cat eear t.be end ol l.lle De'IOlliaß. At major -• may (Mlilial aad: gcaeric tua 
ue losa and fcw ilocb, of'le:n ol a panicula, ~ s~; at smalltt evenu, l~r tam1II ~ls u:e 
alJectcd. The c-tl uc usualt, aaociatcd ..illa IC:Cfimcnlary pcrturbalioaa oC some aort. TbcK 
are usually linkcd with transgrewon,. or ff:greMM/lrmugreaswe a,uplet.s. ud rrcqucntfy witb 
anoxia or laypollic ooadilio.; it ba, IP1'al i:mphuis I!) lhe COIICCpl o( the ammonoid record aa a 
hofeismag,vpll öl. emiro11racntal CffllU. Whete documelCed ÜI dc:tllil • grad111l ded"anc befo,e tlio 
ewent il aoticuble, and although thia may appur lleppcd c:m clia@rmm, tbia resuli. from the tbae-
blocb IISCd in anal,siL Prohabty sradaat c11inctioll e:,,,em oo:uncd at M"llankoYitcb band intanl 
tulmlnatiom. Tbcff: ia uu.lly • trauma period of ~ low divcnity, but aal aecuurily of 
abundana:. Subscq11eat iaDovatioo and diwusity il g,adaal. Tbue is H Cfldcncc for sadden 
~ I& auch u mighl be caaed by bolidea or Iarae meteor:itca, la~r mudl lhey might be 
CKpCCtcd. 

A pop-me ol reteM'di m 11udicd lhele eveatl In e..,.., Nortla AIDerica, North ACria 
and We11Cnt A1111ralia, th.ll ii,, oa aepualc ooociuentl .t.erc: aealctoel dauga CIII be docmnc:nted 
by 1110YCmcats a.cr llablc sliclr OI' aatonic arcas.. This lau ~cd tMI in„y arc linked wi1• 
eustalic c:veot&. The &150ciatioa wilh hypom ia not 11Di""11al altho.gb. tut ia CODJJD.on i• thc 
c:a&ic:n1 North Amcrica-Evopc·Nortla /\frica arca, thca clolcly j1Rt1poscd aft.a- ehe iaitiation of 
lhe docling of Gondwanaland ~1151. La11ruüa. Coraparisom ol the Austnli.an sealevel eunes 
wll t1lolc: of North Amerial and otber ueas sogest • conelatioa ex pulses, espccially for the 
Frasniaa. But anodc c,iaea br,e nul bcc:a locatcd at tlic JCdtwauet ud Hagenberg e'IICIIU iD 
Wearen A•ralia, ror eamplc. to melda lholc: o[ oda an:u. 

Sincc thcrc • e at lcallt te• ol lfac e,oeats, IIOt all ol tlle ... c poww, ia the iatenaJ froa lhc 
latc I.AJWU ~ lo thc buaJ Carboliifi:-.roua, ancl acc oaJy IWO of tllcm doady coaf'ont IO 
aqe bolladarie, (cad Frllllian and end Famcnnia1t) ll ia mislcadiag lo plo( thesc as ltqc °' 
seriel bJocb and 10 suge&t thcre are eltinctions II 119 boundMia. Only ia ,,.,, caes (UPPff 
Kellwaa,er and HangcnberR) would this be l(IIJrOld,natcly lnc, blit lbe ttagcd dccliac at bolh 
MJuJd •ake e,,en th<x,c •islcadins-

lt il too early lo ~lllc whcdic:r lltc C1'CnlJ arc pcnodic, ar rallft from epiaodjc 
culminationa of differcat orbitally forcc4 pc:tiodicitiea. Howncr, many nccc:asioas show 1111all-
1ale rhytbmlc repetlt.iou o( facies which, wbea -U deweloped, are llle hallmn oC aoae ellCalL 
This niight suggest a dimalic Clllllrol The Taghanic Ewcat, how!Mr, ICCffll w.:11 conelatcd wilb 
lhe Taghanic Onlap (formerly koowa u lhe bual Upper Devooiaa lrampauoo) ~ a 
(plalc) toctonic causc. lt u important as a 11Cd ltagc to documcnt ehe .-1ooec:o1op:at cha.iiFS of 
otltcr g,oop, over 1heae ~s; alrcady il il clc:ar thal othcr iawerlebrate groupg an: aignifx:andy 
alJected by somc. Precisc doce111cntatio11 ot tcdoaic cw:1111 is also 11ccded iJ1 the scarch for • 
cause. 

THE PALAEOZOIC PELECYPOD FAMil.. Y RHOMBOP1ERJIDAE AND THE 
EVOLUTION OF TIIE OSTREINA 

JOHNSTON•, Paul A .• Royal Tyn:eU Museum of Palaeontology, Box 7500, 
Drumhcllcr. Albcrta, TOJ OYO, Canada. 

Though long suspectcd to bc critical 1D Ibo undcntanding of thc evoludoa, of 
the pelecypod subclass Plcriomorphia. the mid-Pllleozoic family Rhomboptcriidae wu 
too poorly known to allow clarification of its ~lationships. Purthermorc. numc:rou, 
1pccie11 were assigned to the oomioaae genus, Rhombopuria. many of which bclon1 In 
other genera or even other subclasses. Con,equendy, die morphologic conccpt entailcd 
by Rhombopttrla wu confused u were functional ·morpbologic lnveltlgationa. 

Silicifted rbombopterüds ditcovcred in the Lower Devoaian cf Au1tralla n 
rcfened to a new genus, and rcvcal intemal 1hell characten eaential for undemmdiq 
rhombopterüd rcl•tionships. The family Rhomboplaildae b reviaed IO include only 
three gcnera, Rhornboprtrla, Prm,tlltlla and the ncw AUltrlllan pnus. 

New data providcd by thc Australlao malelial lndica-, lhat rhomboplerlldl we19 
non-byssate. dimyarian pteriomorphs lhat lived pleumthedcally Oll the left valve u do 
gryphaeid oysters. Thc Rhombopteriidae m, assigncd 1D lhe Oltn:101 a.nd me tho shlm' 
group of all other ostreinans includin1 thc Osttcoidea, Ploudomonoddlc and 
Terquemiidao. lmportant characten oommon IO rhombopleriids and &ryphacid oy-.. 
include: 1) left-sided plcurolhetic habit; 2) absenoc ol by11al noldl or sinus throupout 
ontogcny; 3) Quenstedt muscle ,car, 4) proximal gill weal: 5) cin:umf=ntill curb; 6) 
commissllnll sheJf; and 7) posterovenlral palliobranchial fulion u evideaced by a 
branchitellum and posterior radial fold and 1olcus. Outgroup comparisoa wich 
Umburrldae indicate that characters 1-4 are symplesiomorphJc for the Order Otnolda. 
Characters 5-7 arc autapomorphica for • clldc lncllldlnJ the Rhombopcaüdae. 
Paeudomonoadac, Terqoemildae and 0 ~ 

Rhomboptfflidl wen: probably derivcd fmm lcft-lklcd pbnocbedc. ~d
llke ancestors whlch, ln turn, dcscendcd from primitive, equin.Jved, orthothedc 
prionodontl. Thus, a riglit-sided pleurothetic stage was never part of the cvolutionlry 
pathway of oysters. Thc inequivalved shell of eupteriomorphs evolved initially for a 
lcft-sided plctn'Olhedc semi„infaunal babiL Retaincd u an ldaptation in rhod,optcaiidl 
and oystcn, the inequivalved sh~ll is an euptalion in Plerioida (winged ahella), 
Pectinina (scallops) and Pseudomonotidae, having becn coopted for a right-aidcd 
pleurothedc orientadon, and having the eff'ect or enbanc:in1 ltlbilicy ln an cpif•unal 
habit. Bvoludon of right-sided pleurothetic pcerionmphl, includio& thc 
Pseudomonoridae, Ptctinina and Plerioida, from teparäte lcft-sided plcurothelic 
rlunnboplmid-lite or umburrid-lilce ancetton, is explicable by paedomorphic ~tion 
of the byssus and epifaunal habil of the earty post-Jarva. A rigbt-lided plellrOtbetic 
oricntarion would. follow 'automatically' owing to hydrodynamic and mechanical 
constraints on the alR*iy cvolvr.d, inequivalvcd shell, byssally auached by lhe anterior 
margin on tbe substrllte surface. 



B10 STRATIGRAPHY AND BIOOEOGRAPHY OF FRASNIAN, UPPER 
DEVONIAN CONODONrS 

KLAPPER, Gilbert. Dept. of Geology, University or IOWI., lowa City, IA S2242. 
U.S.A. 

Analysis of Frasnian conodont seque~ In the Montagne Noire, southern France, 
results in lhc rccognition of a conventional ronation con.sisting of thirtcen rones. 
Graphie correlalion of eight Montagne Noire sections with a total of 11 9Cetions in the 
AlbetU Rockies, the Hay River-Trout River areas of lhe southem Northwest 
Territories, Canada. the Midcontinent and New York sequences in the UnJted Statcs. 
and the Canning Basin, Western Ausu:alia divides lhe Frasnian into 34 compo!it.e 
st.andard units. .Most of lhesc secdons are dominaled by conodont.s of lhe ooter-shelf to 
basinal Palmatoltpii biofacies, but lhose or Hay River-Trout River are occupied by the 
quite contrlSlin& inner-shelf PolY1nathus bioracies. Correlation or the lauer wilh lhe 
Montagnc Noire ronation 1s dfected only through gnapbic correla_tion. The tuonomy 
of many of lhe critical species involved in the correlations ls based oo shape analysiJ 
and mullielement taxonomy or PolfflQ,olq,is. 

Prevailins opinion is that the Frasnian was • time of cosmopolitanlsm u 
exemplifaed both by benlhic organisms, especially corals and brachiopods, as weil u 
conodonts. This contrast.s with lhe Early and Middle Devonian which was a time or 
significant endcmism in bentbic fossih andin conodonts. The high point In cooodont 
endemism according to lhe zone-by.zone analysis or lhe Early and Middle Devonian 
(Klapper and Johnson, 1980) was the early Eirelian When there were about 70'l, 
endemic species. Although endemism did not rcach this high in the Frasnian, analysis 
of a limited number or intcnsively collected and studied scctions in lhe Montagne 
Noire, U.S. 111d Canada, Western Australia. and the Rus.slan Platform demonstraleS 
levels of endemism rangina from about 30 to 4S% in lhl'llC composi1es of two zones 
each. Endemie species occur in both the Palmarokpu and PolygMtluu bioracies. 
Using 1he Probabilistic Index of Similarity of Raup and Crick: (1979), the null 
hypothesis of randomness is rejccted for some palred comparisons between localltits 
reprcsentin& different biofacies. as would be expec1Cd, but it 15 also n,jected between 
some localitics repre!Cntin& the samc biofacies on dirrercnt continents.. A1though the 
explanation or significantly dwimilar faunas can be accepted aL 95% confidence levels 
in only a limiled number of instanccs, there arc dissimiJarities of somewhat Jes.,er 
magnitudc unong nrious paircd comparuons. This seems lO indica1e thaL the Frasnian 
was not• time of conodont cosmopolit:anism cven within the Palmatokpi.s biofacles. 

SPINE nJNCTlO~ IN "nfE ODONTOPLiruRID TRILO&lTES LEONASPIS AND 
DICRANURUS FRoif 'IH! OEVONIAN OF O!Cl.AHOMA 

KLOC, Gerald J., Dept. of Geology, Universlty of Rochester, 
Rochester, NY 14627 U. S .A. 

Ibe Lover Devonlan Haragan For-tlon of Oklahoaa ha• well 
preaerved odontopleurld trilobites found ln repeated calcarous 
audstones. These layera (5-9ca.thick) represent dlatal te11pestltee 
that rapidly buried and preeerved completely articulated 
odontopleuride which provlde i11portant paleobiologlcal lnforaatlon. 
The genal and pleural •plnes of Leonaaoia v1lliamal and Dlcranuru, 
hamatu1 eleiontus of the Haragan Formation are exaalned and conpared. 

ln Leonasph the ventrally dlrected genal and pleural •pi·nes are 
straight and lay flat. The fl r st pleural apine is the longest 
!ollowed by progressively shorter pleural spines . Several collected 
and prepared enrolled speci11e1U1 have the eplnea radiating outvard , In 
an enrolled posltlon the spinas vould protect JAonospla from a large 
predator . 

The pleural spines of DlcroQUDll have a very different patt.ern 
frOII I,eon11pls . The ftrst three •pi.nes are short and laterally 
directed, the fourth, sixth and saventh ara very long. curved and 
dlrected ventrally, the eighth, ninth and pygidial apinea ara •hort 
and decrease ln length toward the pygidium. Tbar e 1• no pleural aplne 
on the flfth thoraclc segitent and tbe genal aplne ls very long and 
curved. On these spines at many growth atagea there 1• dlrect and 
indlrect evldence of being encTuated based on the followlng ; (1) 
Epiblonts such aa bryozoena, brachlopods and • crlnoid; 2) Endolltha 
(25-150 mlcrona Ln diaaieter) of unknovn orlgln are found all cr,er 
Dlcranurus but are predo•lnantly on the aplnes; 3) Pyrite (now 
li1110nlte) coating the aplnea apparently fo'['Jlad from the decay of 
organic matter . lf the source of the organlc matter caae fro• the 
tr1lob1te , then pyrite would be found all over ptcranuru1 .. However, 
lt ia only !ound randoaly on ·the splnH. Thh pattern ls Uke •o•• of 
the encrusting bryozoana suggesting that the source of t he organlc 
Natter aay be from an encrustlng organisa. 

lt ls doubtful that the pleural apln•• of Dict1JNDY would ba 
adapted for resting on, ·the botto• vhen bryozoan• are found encruating 
the entlre surface of the splne. Hovever, the very long pleural and 
genal s·ptnes wlth attched organt ... vould braak up the outllne of 
Dlcraurua making lt leu conspicuoua to, a predator. 



THE ISITTOPIC RF.cORDOFOXYGEN IN PHOSPHATF.S OF FOSSIL ASH -

DEVONlAN TO RECFNr. 

KOLODNY*, Yehoshua, Dept. of Oeology, Stanford Univel"!lity Stanford CA 9430.5 . on 

leave from Depl of Geology, Tbc Hcbrcw UniveBity, Jerusalem Israel, and LUZ. Boaz. 
Dept. of Oeology, The Hebrul University. Jerusalem lsnel 

The illOtopic oomposition ol oxygen in die phollphale <ftl&op)was detennined in 1'9 

f!Sh bone9 and 1eeth rrom mUICUdl oollcclion• throughout the world. T he fossils wen: holh 

marine and fresh-waier ranging in age rrom lhe Devonian IO lhe RecalL In 45 o( lhose we 

aJao detennined lhe ioopic canJDlilim of mygen and C3rbon o( the lattice carbonate in 

apatilc (l,I~ and 6•lC). ln ll10l!lt cuai the ilocopc results m oompttible with previOU9ly 

available geological informalion: lhe diffem,c,,e betMeo marine alld fn:sh water, the 
inclication of previou!ly known wann end cold time periods, and the rank.ing of fi,hcs from 

warm lo ookl aauding 1o their infemd life habital 

Thn:e fillh apecimen from the Devonian of lhe Orcadian Buin in Sootland yidd m1ults 

which ~ c:ompalible with lhe thennal 11tructurc of a stralified lake.T he iaotopic my3i.11 d 

/ tt0«nlr11S ,,.,~Ol'is, a füh fwnd inaidc Crctaocious iooceramids, yields normal marine 
6180p- Hence we favor the auggestion ofTowtelot and Rye (1969) thal Ul()depleted 

inooeramids did not depo8it their shells in i,otopic equilibrium with aea waler. 
Thc rdlllionsbip. betwccn 618<:>p alld ~llOc sugpta early diagenetic repfacemenl of 111 

originally phollphalic phmc by cabonate nuor apacite (CFA). This oondusion is in aa:ord 

with REE llludiesoffish fomils. Thecun:lated lalitudinal varialion in &•SOof meteoric 

water and tempera1ure should rcsult in a snall vaialion of 6'80p in fresh Wider fish. The. 

large range in 6'80p of Recent fish is the ouk:ome ehe "allitude effc.:t• (Darui!aard, 1964) 

i.e. o( the existcnce of Ra::cnt high altitudes. and tbarp morphological gradicnl5. 

PALEOBIOGEOGRAPHIC SIGNTFICANCE OF FAMENNIAN ECHINODERM 

FAUNAS FROM NORTHWESTERN Cl:IlNA 

MAPLES•, C.G., Kansas Gcological Survey, 1930 C.Onsiant Ave., Lawreoce, KS 

6(,047; W A TERS, J.A., Department of Geology, West Georgia College, Carrollton, 

GA 30118; LANE, N.0., Departmcnt of Gcological Scielas, Indiana Univcrsity, 

Bloomington, IN 47405; HOU Hong-fei. Institute ofOcology, ChineseAcademy of 

Geological Scienoes, Beijing, Peoples Republic of Olina 

A diverse (>200 spc,cimens representing more than 20 lb.l) Famennian 
ecbinodcnn fauna bas ~n collcctcd from the Hongau]eleng Formation, Junggar 
Buin, Xinjiang, Uygur Autonomous Region, Pcoples Republic ofOJina. Famennian 
faunas an: rclatively poorly lmown on a global basis. Fame:nnian cchlnoderm faunas tn 
genenl am very poorly known, and cchinoderm faunas of any age fTOm Oüna are 
virtually unstudicd. Echioodcnns arc highly endemic, wbich makes themrelatively 
poor for global biostratigraphy, but excellent for usc in biogeogn.phic lltUdies. 
Because Frasnian and Famcnnian faunas arc notcd for their general 1.ack of endemisrn. 
echinodenns may bc crilical, sensitive indicators of Famennian biogcographic 

provinces. ~liminary analysis indicatcs tha1 this Oainese Famennian echinodenn 
fauna is dominatcd by btaSIDids and inadunate. smalt-calyx cametalc. and Oexiblc 
crinoids, many of which show morphological chanciers that are intermediate in na1me 
at higher clusiftcatory levels between o1der Devon.ian and youngier Cuboniferous 

taxa. The raxonomic composition « this fauna clearly indk:ates that diversification 
and re-radiation in the aftcnnalh of die Frasnian-Famennlan extincdon event was weU 
underway beforc thc closc of thc Famennian. The most similar faunu are from 

Famcnnian rocks of England and, possibly, G.ermany. Bl'IIChiopods, corals, and 

nilobites of this age also show similarities betwecn northwestem Otina and westem 
Europc. These two areu wcre high latitudinal and tmpical. respecrively, during 

deposition, therefore lheir simitar composition may represent latitudinal C(Jlltnctioß 
associated with global oooling or a nearshore migratory pathway between the two 

areas via Katahkstan and Polamt. 



PALEOCLIMATE, CONTROLS ON UPPER DEVONIAN SOURCE 
ROCK SEQUENCES AND STACKED EXTINCTIONS. 

ORMISTON, Allen R., Amoco Production Research, P. 0. Doll 3385, 
Tulsa, OK 74102, U.S.A.; KLAPPER. .Gifbert, Dept. of Geology, 
University of lowa, lowa City, IA 62242, U.S.A. 

High quality (>2% TOC) Upper Devonian source rocks are developed 
in aeveral sequence types. The commone,t type, accountinf for 70% of the 
atudied examples is the lransgressive sequence with a basa hialus. Others 
include ahallowing upward sequcnces (12%), lacustrine s~uences in fault
controlled basins (7%), distal slope sequences (7~), and evaporite capped 
sequences (4%). 

Starting from the aynthesi, of Johnson, Klapper, and Sandbe-rg (1985) it 
has been possible to demonstrate correlativity of Upper Devonian transgres
aive episodes globallr. The marked association of epeiric sea Upper Devo
nian source rocks w1th transgressions heightens interest in their causation. 
Could they have been produced by glacio-eustatic sea-level change as Stanley 
(1984; 1988) implies? Quantitative paleoclimate modeling and i!!!Olopic 
paleotemperatures for the Upper Devonian suggeat not. Modeling using 
CCM, al NCAR, including live year sea,onal cycles, suggests the absence of 
any large south~rn hemisphere ice volume. Because much of the Upper 
Oevonian land mass wa, e1ther in equatorial or high latitude regions, there 
waa little development of monsoonal climates. Midlatitude cyclonic activity 
was also much less than at present, meaning less polu transport of moisture 
and drier polar areas. Precipitation rnaxima largely coincided with topc,. 
graphic elevations. In contrasl to lhe Late Ordovician to earliest Silurian, 
there was no Upper Devonian perennial snow cover even over the high lati
tude aouthern la.nd mass. This was in spite of winter land temperatures as 
low as -40·c. in eastern Gondwana. In lhat area and elsewhere, there waa 
thin winter anow cover which melted in late spring resulting in no build-up 
of anow cover to produce glaciation. This was mainly the con~uence of low 
winter precif,itat1on in Gondwana. High latitude sea surface temperatures 
were certain y cold enough to displace or exclude aome organiSRU1. However, 
in low latitude areaa where Upper Devonian extinctions also took place, 
modeled sea surface temperatures range between 21• and 34•c. Such areH 
would have been reföges for any organisms diaplaced by cold, hith latitude 
waten. The higher temperature values of low latitudes are convergent with 
the isotopic paleotemperatures determined by Brand (1989) using weil pre
served Upper Devonian brachiopods. Brand'a determinationa su1,gest tem
peratures even reaching lethal values for many plankton (37 C) .. The 
extinction of reefs by the close of Frasnian time could have been partly a 
result of such elevated tempP.ralures. Stacked cxtinctions of conodonl..s 
(Ziegler and Lane, 1987) and acritarchs may have been a further re!!lult. The 
loss of reefs, nn important c:onsumer of plankton, may have pennilted a rel
ative increase in plankton abundance crossing from more oc:eanic are:u into 
epeiric seas, pos!öibly contributing to high quality source rock deposition. 

V ASaJLAR LAND PLANT DIVERSnY IN A BIOOEOGRAPHIC CONTEXT 

RA YMOND, Anne, Department ofOeotogy, Texas A&M University, College Station, 
TX 77843-J 115 U .S.A., METZ. Cheryl, Depanment of Gcology, Texas A&M 
Univcrsity, College Station, TX 77843-3115 U.S.A. 

Tue history of vucular 1and plant divcnity from thc late Silurian to lhe Earty 
CBlboniferous has two major fealUJes: a pronounccd diversily peak in the lare 
Siegcnian-Emsian (Devonian), approllimately 12 million yeus aft~ the appearancc of 
vasculu land plant body fossils; and a divcrsi.ty low in thc latc Fmnian-early 
FameMian (Devonian), which coincides with lhe Frunian-Famennian mass extinction 
of marine invcncbralc faunas. Bccausc: 1hc diversity of fossil land plants dcpcnds in 
part on sampling intcnsity, this divenity history n,quires cvaluation. Biogeographie 
data are useful for assessing divenity histories because they incorporate one of the best 
mcll5\RS of sampling intensity. 1hc number of localities lcnown from a time intcrval, 
and bocatL"IC thc amount of biogeographic diffcn:ntiation prcscnt during an intcrval rnay 
influence global diversity. 

Thc data for lhis atudy consist of compasioo-impl'ess\on gencn f rom 394 ute 
Silurian-De"Vonlan and 64 Tournaisiaft (Early Carboniferous) flonal assembla,e liscs. 
Most of diese auemblage lists .represeat florule&: defined u thc comprcssioo
impreasion genen found in a aingle formation, member, or cxhcr nanow malill'aa>hic 
horizon II a singJe outcrop. HoweYCr ehe dala inclllde aome rcgfonal lisu from Otina 
and parts of the formcr U.S.S.R., bccausc we could not obtain fiONles for all time 
intervals from thesc rcgions. Regional lists consist of the genera found in one 
formation frorn a limilcd gcographic rcgion. All of the Laurussian assemblagc lists 
used in this srudy (244 Laie Silurian -Oe-,onian and 49 Tomnaisian lisu), including 
those from thc Russian plalfonn. n::prescnt fiorules. Linear regression of both lhe total 
divcrsity and die Standing cüvasity of vu:ulu land plant genc"J"a against lhe numbet of 
no ... l asscmblagc lists from eacli intcmll suggests that die number of flo"I assemblage 
lists <:OO"Cla&es strongly and signif1C811tJy with gencric diversily (r • 0.88). Thus, thc 
latt: Siegenian-Emsiari di\'Ulity peak is pn,blbly an anifact of sampling: lhele an: mon: 
flomles desc:ribed from lhe late S~P.msian lhan from thc Eifelian and Givetian 
combincd. Thc Jate Prasnian - early Famcnnian divetsity low may bc an anif.:t of 
aampling: fcw rcliably-datccl asscmblaacs exist for düs interval. Howevcr, late 
Frasnian - early Famennian assembla,m lbow no biogeographic diffcrcnciation 
betwccn 'equalOrial' Laurussian asscmblagcs from thc U niled Statcs and Ewope and 
northcm 'non-equarorial' assemblages from Arctic Canada and Sibcria. This 
biogcographic diffttentiation is I persislent feature of floral assemblagcs from all othcr 
Devonian time intcrvals. and from lhc Early C,ubonifcrous. Low numbers of florules 
could cause an app~nt loss of biogeognphic differentiation for an intcrval. 
Convcrsc:ly, all threc phenomcna ()ow divenity, low numbtrs of florulcs, and loss of 
biogcographic diffcrcntiation) may indicate that lhe Frasnian-Famcnnian mass 
extinction affectm lcm:strial lald planu. 

Thc divcrsity history of La1e Silwian lhrough Early Carboniferous land plants 
suggcsts that three major cvolutionary innovations: heterospo~·. which appcarcd in the 
late Emsian; arboresccncc, which appcamd in the Givctian; and secrls, which appcarcd 
in thc late Famennian had littlc cffect on land plant diversity. 



THE UPPER DEVONIAN FISH LOCAUTY OF MIGUASHA. QUEBEC, CANAOA. 

SCHULTZE, Hans-Peter, Dept. of Systematics & Ecology, The Universitv of Kansas, 
Lawrence. Kansas 66045-2106, U.S.A. 

At Miguasha, Ou6bec (aarne, referred to as Scaumeoac Bayl, the Escuminac 
Fonnat+o,,, lowermost Upper Devonian. yields an abundant and div11rse fish fauna and floni. 
Bofh venebfates and plant fossils from the locality are rellnowned throughout the wortd. 
The exceNent preservation. including that of endocranial anatomy, enabled Jarvik to desc:ribe 
and illustrate fine anatomic„ CMttails of the osteolepifonn Eustheno,,t~n. That gr,ea the 
wrong impr9aaion t.hat Miguasha is throughout the Escuminac Formation an outstanding 
Consenrat Fossil-l.,aoerst5tte. 

The cliff1 at Miguash1 bear fishes throughout the approJ1imatlfy 120 m thick 
Escuminac Formation. The litholoov· of the sedimenta chanoes throughout the 1equence. 
CloM to the base of the formation, acanthodians and anaspid-li!ce agoathan, occUI' in 
lamlnhu, sometirne1 hundred1 on one horizon. In theN laminit.ea, soft tiuue pre...vation 
may occur lanapaicf.lilte agnathan1I, and diagenetic transfonnationa of ac:anthodian1 lnto 
organic 1ubstance led to rnil4nteri,,ationa end recognition of the ·i.rva, chordate 
ScaumttteN•. • Most c:ommon within the MQUenc:e 1rt1 limy concretion1 with diff•ent fl1h 
fouil1, most commonlv Bothriolepis. Three-dimensionatly preserved fishes occur ,within the 
sandstone-sil11tonct1 and sometlmes wlthin th1 concr1tion1. In all these cases. dermal bone 
1s pr1MrYed, Incl li!\ few caaea chondral ~ too, as in Eustltfll'IOpttNOn. One can 
char.tcterize thue fo1sillferou1 1ection1 of the Escuminac Formation •• Concentration 
Foaail-Lageratlttl, wttereas the laminitea are Conservat Fossll·lagerstJtten. 

The deposltional envlmnrnent was previoualy interprett!d as an intennontaneous 
basln, baaed on u1c1onic and paleogeographic position. More recent paleogeographic 
reconatruction1 show • connection with Scottish deposits and to marine deposits in the 
PfeMnt day North Sea. lhe lack of in11ertebtate1 and of marine plant refflains, 1nd the 
occu"ence ot· venebra1es in othef localities were used as ldrlitlonal lndicators fOf freshw•ter 
depo1ition. 

The udimentologlcal feawores are amhiguous, the tutbidites, such H lhose found lt 
Migu•ha, r;an occur in marine or large freshw11t1r bodies. Conchostrecana occur, 
sometlme1 in the thousands on a slngle plane. in the basal pan of tha Escuminac Formation. 
Thev occur today in freshwatet' Of brackish environments: fhe same 1pecie1 aa the one In 
the Eacuminac Formation II reponed from lower Upper Devonian marine deposits in the 
Baltic {Koll.nese. latvlal. A CMttailed comparison of the fish htuna with other lower Upper 
Oevonlan flsh faunaa indicate1 • coastal marine 1nvironment. That i1 supponed by rare trace 
fossila end by different chemical analyses of the sec:limenta and 17St811S 11nalysis of 
Bothrio~p;,. bones. 

In conclusion. eatfler it1terl)retalions of the paleooeooraphie position of the 
Escuminac Formation et Miguashe and chemical end faunal indicatora contradict each other 
in th9 inte,pretatlon of the paleoenvironment of the formation . 

PALEOBIOGEOGRAPHY Of DEVONIAN VERTEBRATES 

YOUNG, Gavin C., On:&horc Scdimentary ,t;c Petroleum Gculogy, Bureau of Mincr.il 
Rcsourcc!., PO 8oJt 378, C.:anbcrra, AC.:T, 2601 AUSTRALIA 

Fivc di~iinctive vcrtchratc r.auna~ characlcri!.cd by cndcmic tau can bc rccogni5cd for 
tbc Early De•oni1n (Euramr;rica, Sibcria, Tuva, China, and ~a6l Gondwan.a). lly Laie 
Dcvonian time thcsc raunal provincu arc obscurcd by widcsprcad tau which o1lso 
inhahilcd no111narinc aquatic cnvironmcnt~. hut indicate faunal comm11nica1ion bclwtcn 
Gond•ana, Euramcrica and China. This markcd changc in paltcrn bctwccn the Enrly and 
Latc Dcvonian may bc altributcd to intrinsic (evnlutionary) or CJtlrinsic cauul ractors. 
Disper&al capabilitics or 11qua1ic •crtebrale& may bavc i.ncrcascd during thc initial 
1na1ho1.tomc radiation of the Devonian, bul • predo111inanlly elltrin~ic cau~c (c.s . gloh:al 
chan1c in 1cograpby or climalc) is suggcalcd by thc &imilar paltcrn for marine 
in•utcbratc Caunas of Early Dcimnian cndcmism and Latc Dcvonian cosmopolilanism. 
011tslHdi•1 problcm1 of Devonia11 •crtcbralc biogcography iach1de r111nal diffcrcatialion 
on thc largcs1 landmass or 1hc tiinc (Gondwana), and the nature or barriers a•d 
conncctioas bel111'Ccn East and We,t Goadwana, East Go11dw1na aad Sov1h a11d North 
China, 111111 Weit Gondwana and Euramcrica. A \lertebratc equivalent or the cool-w;atcr 
Malvinohffric i11vertcbr1tc faunal realm nf the Silurn-De•oniu is 11ot clcarly idcnlificd, 
but vertebrale dala from wuthcrn Arrica end 1ov1• A111criai arc sparse. 

Wide latitudinal digtribu1io111 for some Laie De-..oniaa vertebrale tu a appcar 
HGraalo111, end could indicalc cithcr rcduccd global cliaatic gradie1111, or crrom:: 0111 
palcogcograpbic bHc maps. Tllere arc dirficultics in for111ul1tin1 a hypothcsis nf 1lobal 
warming arid/or ,.,.jor palcoacoaraphic chan1c in a way which clearl:, distinguishe$ hasic 
fro• in1erpreted d11a. Threc fflajor subdiaciplines (paleoma1nc1i.am, palcoclimalology, 
palcobiogcography) contribute 1.0 Paleozoie paleogeogrspllic recoa11t1clinu. Thcir data 
tcad 10 bc org1111iscd and represcntcd i11 dirrcrcnt wa15, bul eich rclica un thc samc 
pri11ciple of co11cord1ncc with I general pauern (Yo••g 1990). Dcgree or cora~ilicncc nr • 
liypothcaä. bascd on 011c dala sei (lhc cxtcnt lo •hieb it cxplains paltcrns within ;an 
anrelatcd act oC data) is a pri1111ary critcrion for ac:ccpting or rcjccting tllc. hypothesis. 
Apparcat polar waadcr path represenlation facililates ,testiag or palcnma111ctic dat.a 
1gaiHI thosc palcoclimatic or palcobiogcogr~phic data which providc cviJeucc of 
palcol11i1udc. Howc•cr, as weil as thc simple indicalio11 of palcolatituctc, biC11eoi;raphic 
anJ 1ome othcr qualitative data sei!. providc morc cumplcs: cvidcncc conccrni11g 
conncction5 Qr buricrs. bctwecn rcgiun~. ror which APWP reprc,;c111ation ii nnl ' 
appropriatc. Cladistic analysis ttf hicrarchically orgonised data scts (Young, 1986, 1!>S7) 
providcs a mcans or intcgrating qu:ililalive palcobiogcographic, palcoclimalic, and 
1•alc:01eographic data such that inconsistcncics in thc cvidcncc uc cmpha5i!lcJ, and 1hc 
hyf'C)ihcsi1 is Cllposed lo ralsification. These idcas arc illustrated 11sing Dcvunian 
i:xamplcs. 

REFERENCES 
YOUNG, G .C. 1986. Clndislic mcthods in Palc:ozoic co11tinc11t.al rc:.construction . Journal or 

GcolOI)', 94:523-537. · 
YOUNG, G.C. 1987. Ocvonian p1lacon1ological d1t1 and thc Armoric, prnblcffl. 

P1lacoaco1raphy, Pal1coclima1ology, Palaeoccology, 60:28J-J04. 
YOU~G. G.C. 1990. Dc•oni111 vcrlcbratc distribution paltcms, 111t.l cladistic: an:ilysis ur 

palacogcographic hypothesos, p.243-25.'li. /IJ W.S. McKcrrow and C.R.Scotcsc (et.ls.), 
Palacozoic Biogcography and Palacogcugraphy. Gcological Society of Lnndnn, 
Mcmoir 12. 



ZLICHOVIAN--GIVETI/lN B!VALVE F/lUNA FROM THE PLA.NKTONIC 
FACIES (NANDAN FACIF.S) OF NANDAN, GUANGXI. SOUTH C~INA 

ZHANG Jlenjie, Yichang Institute o! Geology and Mineral 
Resources, P.O.Box 502, Yichang City, Hubei ?rovince, P.H. 
China, 443003 

A large amount of pteriomorphs of bivalve have.been 
found in the Zlichovian--Givetian black mudstone-siltpelite 
in the trough in basin facies-zone of Luofu, Nandan, north
weet Guangxi, .5outh China. This fauna consists of 20 
epeclee, placed in 11 genera and 6 families, of wh1ch 1 
family, 2 genera and 8 specles are new. lt has a very low 
diversity wbile compared with the contemperaneous fauna o! 
Xiangzhou !acies. This !auna is characterized by: a. Only 
2 subclasses, the Pteriomorphia and Cryptodonta of 6 
subclasses o! Bivalvia were presented in the Nandan faciee 
fauna; b • .Among the occurred 6 .fam111es: Praecard11dae, 
Antipleuridae, Lunulacardiidae, Pterineidae, Posidoniidae, 
and ouangxiconch11da.e, tbe Guangxiconchiidae (!am. nov.) 
is the mo,et f'alour ishlng one. About 80% of lndiv.iduale of 
blvalves belong t o it. In contraet, the Pterineidae w.hich 
was very .!lourish in the Xiangzhou !aciee, is repreeented 
by a small amount of epecimens. In the generic level, the 
Guangxiconcha l8 mostly deTeloped and distrfbuted fro111 
ZlichoTian to Givetlan; c. 'Ihle is a basically coamopoli
tan :rauna, and may compar e with the contemperaneo·us 
biv.alv e fauna. o ! the eame faciee of weetern Europe end 
North A111erica. Among ·11 genern of this fa.una, 7 genera: 
Ptychopter1a(ActinopteriaJ, Cheiopteria, Pterochaenia, 
Foeidonia, Lunul.a card ium and :Buchiola are the cosmopoll t an 
or basically coamopolitan taxa, while Guangxicon.cha, 
Nandannia and Opiethonia a re the endem1cs to South China. 
62~ of the spec·ies are the endemics; d . Th1s fauna is 
don,inated by the emall-shed, t .hin-shal led and f r ag H e 
truca. Ex.cept. for Buchiola and Ptychopteria, most taxa are 
oniamented by fine concentrical line, or acrossed by Tery 
weakly radial line; e. About 54" of taxa and 90% of total 
individual& o! this fauna may be the byssal attached 
e~ifauna, most of them may be the pseudoplanktonic 
bivalves. 

Seven "oivalve zones of Zlichovian--Givetian of Nandan, 
Guangxi have been r ecognized, and compared witn the 
associated ten taculitid zqnea. 




