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C O N G R E S S   S C H E D U L E 
Saturday 21 of June 

Arrival of the participants to the pre-congress field trip 

Sunday 22 of June 

Field trip: Upper Cretaceous rudists from the Berguedà 

Field trip leaders: Enric Vicens, Jose Maria Pons, and Oriol Oms 

09.00 
 

Vehicles leave from Hotel Campus 
Return expected around 20.00h 

Reception of the participants 

Room: Reception hall, Hotel Campus 

19.00 Inscription desk opening 

20.30 Welcome (icebreaker party), Sala Martí i Franquès II, Hotel Campus 

Monday 23 of June morning 

Inauguration of the Congress 

Room: Sala Lluís Vives I, Hotel Campus 

09.00 Organising Committee: welcome and introductory remarks 

Session: Rudist facies, stratigraphy and biogeography 

Room: Sala Lluís Vives I, Hotel Campus 
Chair persons: Robert W. Scott and Peter W. Skelton 

Oral presentations 

09.30 Ahmed M. Abu Khadrah, Gouda I. Abdel-Gawad, Adly A. Helba, and Hanan S. M. 
Badawy: 
Facies Hierarchy of the Late Cretaceous Rudist-Coralline Sponge mounds and the Underlying 
Rudist- Actaeonella- Bearing units in Abu Roash Area, North Western Desert, Egypt. 

10.00 Goran Glamuzina and Tvrtko Korbar: 
Unusual abundance of hippuritids in Coniacian rudist „reefoid“ lithosome developed in the 
uppermost part of the Dinaric carbonate platform succession at Čitluk (SW Bosnia and 
Herzegovina) 

10.30 Alan Moro, Aleksander Horvat, Vladimir Tomić, Jasenka Sremac, and Vladimir 
Bermanec: 
Upper Cretaceous transgressive sediments with rudists and corals form northern Croatia, 
Slovenia and Bosnia 

11.00      Coffee break 

11.30 Alan Moro, Daniela Ruberti, Alceo Tarlao, and Giorgio Tunis: 
Upper Cretaceous rudists architecture in shallow-water environments - examples from Istria 
(Croatia) and Southern Apennines (Italy) 

12.00 Mohamed Hedi Negra, Senda Boughalmi, Jalel Jaballah, Sonia Ben Alaya, and Hedia 
Zijlstra Bessais: 
Turonian rudist-rich carbonates in Tunisia: sedimentary characters and reservoir properties 

12.30 Sacit Özer, Bilal Sari, and Muhittin Görmüş: 
Occurence of Gorjanovicia Polšak in the upper Maastrichtian limestone sequences of the 
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eastern Pontides magmatic-arc complex, NE Turkey. Biogeographic significance 

13.00      Lunch break 
     Lunch served at Cafeteria Sirius, Hotel Campus 

Monday 23 of June afternoon 

Session: Rudist facies, stratigraphy and biogeography (cont.) 

Room: Sala Lluís Vives I, Hotel Campus 
Chair person: Richard Höfling 

Oral presentations 

15.00 Robert W. Scott, Yulun Wang, and Xin Lai: 
Albian Rudist Community Evolution by “Strangelove Pump” and Niche Exclusion: Comanche 
Shelf, Texas. 

15.30 Jingeng Sha, Xin Rao: 
Major drifting processes of Indian Plate: based on historical distribution of bivalves rudists and 
Aucellina in Neotethys. 

16.00 Peter W. Skelton, Roberto Graziano, Arturo Raspini, and Luigi Spalluto: 
Composition and depositional character of Lower Aptian rudist lithosomes in Cava Colonnella, 
Murge baresi, SE Italy. 

16.30 Thomas Steuber and S. Lokier: 
Chronostratigraphy and rudists of the Campanian-Maastrichtian Qahlah and Simsima 
formations (UAE, Oman). 

17.00      Coffee break 

17.30 Poster session 

Poster Session: Rudist facies, stratigraphy and biogeography 

Room: Sala Lluís Vives I, Hotel Campus 
Chair person: Alan Moro 

Poster presentations (17.30 – 19.00) 

1 Senda Boughalmi, Mohamed Hédi Negra, Sonia Ben Alaya, and Hedia Zijlstra Bessais: 
Sedimentological aspects of Turonian rudist-rich proven reservoirs in Central Tunisia. 

2 Piero Di Michele, Giovanni Rusciadelli, Cristiano Ricci, Nicolaos Carras, and Riccardo 
Cestari: 
The Upper Albian-Lowermost Cenomanian platform margin of the Parnassus Platform (Central 
Greece): sedimentary record and rudist-bearing event. 

3 Gianluca Frijia, Mariano Parente, and Maria Mutti: 
The distribution of rudist-rich beds in the Upper Cretaceous of the Apennine Carbonate 
Platform (southern Italy): just a local pattern? 

4 Jalel Jaballah and Mohamed Hédi Negra: 
Sedimentary characters of late Cenomanian rudist-rich carbonates in Central and Southern 
Tunisia. 

5 Ahmadreza Khazaei, Gholamreza Mirab Shabestari, and Leila Saeipour Karamjavan: 
Late Cretaceous rudist limestones synchronic with igneous rocks in east of Iran, 
biostratigraphical and paleoecological significants. 

6 Sacit Özer, Talip Güngör, Enis Kemal Sagular, İzver özkar-öngen,Jean-Pierre Masse, 
Mükerrem Fenerci-Masse, and İlhan Arc: 
A preliminary study on the presence of rudist-bearing Cretaceous metamorphic sequences in 
the Lycian nappes, Western Turkey. 

7 Yasser Salama, Shaban Saber, Gouda Abdel-Gawad, and Michael Grammer: 
Carbon-isotope stratigraphy and Oceanic Anoxic Events of the Uppermost Barremian to 
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Uppermost Turonian rudist-bearing strata of North Sinai, Egypt. 

Tuesday 24 of June morning 

Session: Rudist taxonomy and evolution 

Room: Sala Lluís Vives I, Hotel Campus 
Chair persons: Thomas Steuber and Jean Pierre Masse 

Oral presentations 

09.00 Jean-Pierre Masse and Mukerrem Fenerci-Masse: 
Revision of the rudist bivalve Agriopleura Kühn (Radiolitidae, Hippuritida) from the 
Mediterranean region. 

09.30 Jean-Pierre Masse, Mukerrem Fenerci-Masse, Consuelo Arias, and Lorenzo Vilas: 
Description of a new species of Offneria (Hippuritida, Caprinidae) from the lower Aptian of 
southeast Spain. Stratigraphic, evolutionary, paleobiogeographic and paleoenvionmental 
implications. 

10.00 Simon F. Mitchell: 
Evolutionary development of the Hippuritidae in the Americas. 

10.30 Sacit Özer and Fayez Ahmad: 
Cenomanian-Turonian Rudists from NW Jordan. 

11.00      Coffee break 

11.30 Sacit Özer, Alceo Tarlao, Giorgio Tunis, and Peter W. Skelton: 
Taxonomic revision of the radiolitid taxa Kuehnia Milovanović, Pseudokuehnia Slišković and 
Kurtinia Karacabey-Öztemür: proposed synonymy with Joufia Boehm. 

12.00 Jose Maria Pons, Javier Gil Gil, Luis Troya, José F. García-Hidalgo, and Manuel Segura: 
Turonian-Coniacian rudists from central Spain. 

12.30 Jose Maria Pons, Enric Vicens, and Pedro García Barrera: 
The Campanian-Maastrichtian rudists succession in Chiapas, Mexico. Preliminary results. 

13.00      Lunch break 
     Lunch served at Cafeteria Sirius, Hotel Campus 

Tuesday 24 of June afternoon 

Session: Rudist taxonomy and evolution (cont.) 

Room: Sala Lluís Vives I, Hotel Campus 
Chair person: Simon F. Mitchell 

Oral presentations 

15.00 Xin Rao, Peter W. Skelton, Jingeng Sha, and Huawei Cai: 
Rudists from the Langshan Formation, northern Tibet. 

15.30 Dietrich Schumann: 
The intra-specific variation of Biradiolites bulgaricus Pamouktchiev from the Lower Campanian 
of Oman. 

16.00 Peter W. Skelton: 
Why myophores are fundamental in rudist systematics. 

16.30 Alceo Tarlao, Giorgio Tunis, Sacit Ozer, and Maurizio Tentor: 
Colveraia variabilis Klinghardt 1921 from Mt. Jouf (Friuli, NE Italy). 

17.00      Coffee break 

17.30 Poster session 

Poster Session: Rudist taxonomy and evolution 
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Room: Sala Lluís Vives I, Hotel Campus 
Chair person: Sacit Özer 

Poster presentations (17.30 – 19.00) 

8 Gloria Alencáster Ybarra and Filiberto García Pérea: 
Huauclilla, Early Cretaceous fossiliferous locality, State of Oaxaca, Mexico. 

9 Michel Bilotte and Elie Jean Debroas: 
Pyrenean sites with Caprina choffati Douvillé, 1898. 

10 Božena Čvorović, Bogdan Jurkovšek, Tea Kolar-Jurkovšek, Giorgio Tunis, Alceo 
Tarlao, and Maurizio Tentor: 
The Slišković collection of Rudist bivalves at the Museum of Sarajevo. 

11 Ariel V. Guggino Rivera: 
The Functional Morphology of Antillosarcolites sp. 

12 Heleni Munujos, Enric Vicens, and Jose Maria Pons: 
Pironaea milovanovici Kühn from south-eastern Spain. 

13 Angélica Oviedo García, Jorge Alan Castro García, and Miguel Franco-Rubio: 
Albian rudists from Chihuahua, Mexico. 

14 Shin-ichi Sano and Jean-Pierre Masse: 
Late Aptian rudists from central Hokkaido, northern Japan. 

15 Shin-ichi Sano, Yasuhiro Iba, Peter W. Skelton, Jean-Pierre Masse, Yolanda M. Aguilar, 
and Tomoki Kase 
Additional records of Albian polyconitid diversity in the Pacific —Two more polyconitid rudists 
from central Cebu Island, the Philippines—. 

Congress dinner 

Room: Sala Martí i Franquès II, Hotel CAMPUS 

21.00 Enjoy this Summer evening meal in casual ware  

Wednesday 25 of June morning 

Session: Pyrenean rudists 
Room: Sala Lluís Vives I, Hotel Campus 
Chair person: Michel Bilotte 

Oral presentation 

10.00 Jose Maria Pons, Enric Vicens, Luis Troya, Gerard Lucena, and Javier Gil Gil: 
Late Cretaceous rudists from south-central Pyrenees.  

11.00      Coffee break 

Final Discussion and Closure of the Congress 

Room: Sala Lluís Vives I, Hotel Campus 
Chair persons: Scientific Committee 

11.30 Open discussion 
Conclusions 
For coming activities 
Next venue 
Closure 

13.00      Lunch break 
     Lunch served at Cafeteria Sirius, Hotel Campus 

Wednesday 25 of June afternoon 

Field trip: Upper Cretaceous rudists from the Noguera and the Pallars-Jussà 
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Field trip leaders: Jose Maria Pons and Enric Vicens 

17.00 Vehicles leave from Hotel Campus 
Arrival at Hotel Terradets, in the Montsec, expected at time for dinner, about 21.00h 
Return at Hotel Campus, on Friday 27 of June, expected around 20.00h 
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A B S T R A C T S

FACIES HIERARCHY OF THE LATE 

CRETACEOUS RUDIST-CORALLINE SPONGE 

MOUNDS AND THE UNDERLYING RUDIST- 
ACTAEONELLA- BEARING UNITS IN ABU 

ROASH AREA, NORTH WESTERN DESERT, 
EGYPT 

Ahmed M. Abu Khadrah, Gouda I. Abdel-Gawad, 
Adly A. Helba, and Hanan S. M. Badawy 

(1, 3) Geology Department, Faculty of Science, 
Cairo University, Giza, Egypt 

(2, 4) Geology Department, Faculty of Science, 
Beni-Suef  Univeristy, Beni-Suef, Egypt 

<gabdelgawad@bsu.edu.eg> 

ORAL 

The lithostratigraphy, the petrography and the 
facies analysis of the Upper Cretaceous Rudist-
Coralline Sponge mounds and the older rudist- 
Actaeonella- bearing members of the Abu Roash 
Formation exposed in Abu Roash area, north 
Western Desert, Egypt are the main objectives of 
the present study. 

Detailed petrography and microfacies analysis of 
the mounds and the rudist-Actaeonella- bearing 
units in Abu Roash area revealed the presence of 
fifteen microfacies representing the different 
recognized carbonate constituting the rudist 
bearing horizons of the Abu Roash Formation. 

Facies analysis of these units leads to 
discriminate nine sedimentary facies that are 
predicated to their appropriated depositional 
environments. These are characterized by 
variable conditions and settings ranging from 
calm to agitated open marine inner to middle 
platform. 

Facies hierarchy of the obtained sedimentary 
facies is recognized to elucidate the depositional 
model of each unit. The facies sequence of the 
rudist-bearing unit reflects a cyclic progradtion of 
high energetic/storm facies above an open 
marine low energetic fore shoal subtidal facies. 
The facies sequence of the Actaeonella-bearing 
unit reflects two facies associations comprising 
open marine subtidal assemblage and shoal or 
bank facies. The latter facies represents the bank 
that the robust thick shelled Durania arnaudi with 
the coralline sponge heads accreted local 
mounds in restricted areas. 

HUAUCLILLA, EARLY CRETACEOUS 

FOSSILIFEROUS LOCALITY IN OAXACA 

STATE, MEXICO 

Gloria Alencáster Ybarra and Filiberto García 
Peréa 

(1) Instituto de Geología, Universidad Nacional 
Autónoma de México, Ciudad Universitaria, 

Coyoacán, 04510, México, D.F. 
(2) Promotor de la riqueza Paleontológica de 

Huauclilla Oaxaca, México 
<fili23054@hotmail.com> 

POSTER 

Huauclilla is a remarkable fossiliferous locality 
that is worthy of giving notice of it at the Tenth 
Rudists Congress. It is located 105 km NW of 
Oaxaca City, accessible by the freeway 135-D 
Mexico-Oaxaca until Nochixtlán and following 
after about 20 km of unpaved road. Coordinates 
are 17º25’ N Lat. – 97º08’ W Long. The rocks 
where the fossils are found belong to the 
Jalpetongo Formation [1], of Early Cretaceous 
age. The total thickness of the stratigraphic 
column is 2050 meters and fossils are abundant 
only in the upper part, particularly: corals, 
nerineid and acteonellid gastropods, bryozoans 
and rudist bivalves. Among the latter: 
Coalcomana ramosa (Boehm), Amphitriscoelus 
waringi Harris and Hodson, and a new Caprinid 
genus that will be described later. 

Besides the first known site in the Cerro El Girón 
Azul, close to Huauclilla, thorough field work 
surveying the area by the second author revealed 
three new fossiliferous outcrops distant from 
town: 

- El Ocote, located at 09°57’ N Lat. and 76°22’ W 
Long., it is formed by well stratified grainstone 
limestones 
- El Mogote-Totolengue (Piedra Colgada) at 
17°27’ N Lat. and 97°06’ W Long., composed by 
a yellow calcareous sandstone which becomes 
beige by weathering. This is the site where the 
new genus was found. 
- Yodona’a (Llano oscuro) at 10°32’ N Lat. and 
77°47’ W Long., formed mainly by marly 
limestones. 

The town of Huauclilla has a community 
Museum, which shows part of its paleontological 
richness to visitors. 
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[1] González Alvarado, I. 1970. Estudio 
Geológico del área de Chilapa-Tlaxiaco: 
Petróleos Mexicanos. Informe inédito. 
PEMEX-IGZS-548. 

PYRENEAN SITES WITH CAPRINA CHOFFATI 

DOUVILLÉ, 1898 

Michel Bilotte and Elie Jean Debroas 

GET, Université de Toulouse, 14 Av. E. Belin, 
31400 Toulouse <michel.bilotte@get.obs-mip.fr> 

POSTER 

The taxon Caprina choffati was described by [1] 
from samples provided by P. Choffat coming from 
the Polyconites levels of the Upper Albian 
(Mortoniceras inflatum Zone) of Portugal [2]; the 
species succeeds, in its Estremaduran outcrops, 
the levels with Knemiceras uhligi. Later on, this 
fauna has been recovered in situ and both 
palaeontological and stratigraphical data 
characterising it have been confirmed and refined 
after the revision of the type outcrops [3], [4]. A 
new mention of C. choffati, this time associated 
to Pseudotoucasia santanderensis [5], happened 
thirty years later in the Upper Albian of the 
Santander province [6]. Finally, in recent times 
the species has been recognised in the Albian of 
Sant-Anne d’Evenost, in Provence [7]. 

In the intermediate Pyrenean domain, only the 
scarcity and misunderstanding of the calcareous 
Upper Albian could justify the absence of such 
rudist since one valve having affinities with this 
species had been mentioned in the sub Pyrenean 
Upper Albian of the eastern margin of the chain 
(Caprina aff. choffati in [8]). After the end of the 
seventies, the detailed examination of the central 
north Pyrenean cretaceous flyschs has allowed 
the identification of the Upper Albian in three 
formations presumed to be exclusively 
Cenomanian. First of all at the base of the Oust 
(Ariège) flysch, where the ferruginous Calcaires 
de Paloubard and the associated breccias have 
provided, apart from significant microfaunas [9], 
[10], scarce sections of caprinids [11] later 
identified as Caprina choffati. Then, in the 
Calcaires de Balacet (70 m, Ariège) where the 
last meters, pink, exploited as marble until 1976, 
offer remarkable coral bioconstructions in which 
C. adversa [12], in fact Caprina choffati, had 
been cited associated to Pseudotoucasia 
santanderensis [13]. Finally, in the Calcaires de 
Sarrancolin (300 m, Hautes-Pyrénçees) whose 
top, equally pink and exploited as marble, is rich -
amongst other species- in Caprina adversa [14], 
[15] and where ulterior micropalaeontological 

studies have confirmed its Cenomanian age. 
However, the first uniformly grey two hundred 
and fifty meters of these limestones contain, 
among others, specimens of Caprina choffati as 
debris [16] or as beautiful, unquestionable and 
abundant natural sections. 

Ultimately, Caprina choffati is well represented in 
the Upper Albian of the Pyrenees where it 
represents an easy-to-identify outstanding 
marker. For this reason, in a mid-Cretaceous 
rudist based zonation, the creation of a Caprina 
choffati biozone seems to impose. 

[1] Douvillé, H. 1898. Bull. Soc. Géol. France, 3, 
26: 140-149. 

[2] Choffat, P. 1885. Mém. Comm. Serv. Geol. 
Portugal, 15: 1-68. 

[3] Rey, J. 1976. C.R. Acad. Sc. Paris, 282: 831-
834. 

[4] Rey, J. et al. 1977. Géobios, 10, 3: 369-393. 
[5] Douvillé, H. 1911. Bull. Soc. géol. France, 4, 

11: 190-194. 
[6] Mengaud, L. 1920. Thèse Fac. Sc. Paris: 1-

370. 
[7] Philip, J. 1967. Livret-guide, Lab. Géol. Hist. 

& Pal., Univ. de Provence, (ronéo.) 
[8] Bilotte, M. et al. 1974. C.R. somm. Soc. géol. 

France, 26, 4: 80-81. 
[9] Debroas, E.-J. 1976. Thèse doctorale Sc. 

Toulouse: 1-70. 
[10] Peybernès, B. 1976. Thèse doctorale Sc., 

Toulouse: 1-459. 
[11] Debroas, E.-J. 1987. Bull. Soc. géol. France, 

8, 3, 5: 887-898. 
[12] Dalloni, M. 1938. C.R. Acad. Sc. Paris, 206, 

D: 195. 
[13] Debroas, E.-J. 1987. Strata, 1, 3: 77-93. 
[14] Douvillé, H. 1926. C.R. Acad. Sc., Paris, 183: 

826-830. 
[15] Douvillé, H. 1927. C.R. Acad. Sc., Paris, 185: 

687-691. 
[16] Debroas, E.-J. in Ternet et al. 1995. Carte 

géol. France, Campan, B.R.G.M.: 1-117. 

SEDIMENTOLOGICAL ASPECTS OF TURONIAN 

RUDIST-RICH PROVEN RESERVOIRS IN 

CENTRAL TUNISIA 

Senda Boughalmi, Mohamed Hedi Negra, Sonia 
Ben Alaya, and Hedia Zijlstra Bessais 

(1, 2) Tunis El Manar University, Faculté des 
Sciences de Tunis, UR Pétrologie sédimentaire 

et cristalline, Campus Universitaire, 2092, Manar 
II, Tunis-Tunisia. 

(3, 4) Entreprise Tunisienne d’Activité Pétrolières, 
Centre de Recherche et de développement 
pétrolier, Direction des Services Pétroliers, 
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Laboratoire de Sédimentologie et de 
Pétrophysiques, Charguia II, Tunis-Tunisia. 

POSTER 

In Tunisia, Middle Turonian carbonates are 
mainly deposited in Central and South Eastern 
parts of Tunisia, along a trend extended from 
Kasserine to the northern part of the Gulf of 
Gabes. This trend illustrates an extended 
platform occupying the Central South-Eastern 
Tunisia and favouring the deposition of shallow-
marine carbonates locally rich in entire and 
fragmented rudists. 

However, from the Western part to the South-
Eastern part of this platform, series exhibit lateral 
changes in facies, depositional environments, 
diagenetic features and reservoir properties. 

These carbonates are oil and/or gas-bearing in 
several onshore and offshore fields. They are 
producing oil in Rhemoura, Gremda, Guebiba (in 
the onshore of Sfax area) and gas in Miskar field 
(Gulf of Gabes; [1] [2]). 

The present study is based on core 
petrographical analyses of a proven Turonian 
reservoir producing oil in the Sfax area (Central-
Eastern Onshore). 

Sedimentological studies show that these Early-
Middle Turonian carbonates are organised into 
pluridecimetric shallowing upward cycles each 
comprising three units corresponding, from base 
to top, to: 

- Bedded slightly argillaceous wackestones 
containing floating rudist debris and sometimes 
calcispheres. 
- Massively bedded partly dolomitised 
packstones rich in entire joined rudists. 
- Bedded wackestones-packstones containing 
miliolids, oncoliths and gastropods. 

Comparatively to the Jebel Bireno section [3], 
surveyed at Kasserine area, including relatively 
high energetic cycles starting with bioclastic 
limestones rich in sorted rudist debris and some 
geniculate forms [4], [5] and ending entire rudist-
rich lithosomes [6], [3], the South-Eastern part of 
the Turonian carbonatic platform appears 
relatively more restricted. 

In terms of reservoir properties, the highest 
values of helium porosity (reaching 27%) and 
permeability (reaching 700mD) were measured in 
rudist-rich carbonates. Pores which are partly 
filled with oil mainly correspond to the Radiolitids 
cells. In additition, some diagenetic features such 
as dolomitisation have created additional pores 
and have clearly enhanced the reservoir potential 
of these rudist-rich carbonates 

[1] Troudi, H., Negra, M.H., M’Rabet, A. 2000. 
Predictive evaluation of lower–middle 
Turonian Carbonate reservoir in Central 
Tunisia through integration of deposition 
environment and diagenesis: Annales des 
Mines et de la Géologie, v. 40, Tunis, p. 81–
98. 

[2] Troudi, H., Acheche, M.H; Saidi, M., K 
Abbassi, K. 2002. Cretaceous platform 
carbonate play in Tunisia: attributes and 
evidence from producing fields. Proceedings 
of the eighth Tunisian petroleum exploration 
and producing conference. ETAP, Memoir n° 
19: 329-349. 

[3] Zagrarni, M.F., Negra, M.H., Hanini, A. 2008. 
Cenomanien-Turonian facies and sequence 
stratigraphy, Bahloul formation, Tunisia. 
Sedimentary Geology 204 (2008) 18–35. 

[4] Skelton, P.W., Gili, E. 1991 Palaeoecological 
classification of rudist morphotypes. 1st 
International Conference on Rudists, Serbian 
Geological Society, Special Publication 2: 
71–86. 

[5] Skelton, P.W. 2003. Rudist evolution and 
extinction—a North African perspective, in 
Gili, E., Negra, M.H., and Skelton, P., eds. 
North African Cretaceous Carbonate 
Platform systems: Amsterdam, Kluwer 
Academic Publishers: 215–227. 

[6] Negra, M.H., Zagrarni, M.F. 2007. Upper 
Cretaceous tempestites in rudist-rich facies, 
Tunisia. SEPM (Society for Sedimentary 
Geology), Special Publication No. 87: 45-56. 

THE SLIŠKOVIĆ COLLECTION OF RUDIST 

BIVALVES AT THE MUSEUM OF SARAJEVO 

Božena Čvorović, Bogdan Jurkovšek, Tea Kolar-
Jurkovšek, Giorgio Tunis, Alceo Tarlao, and 

Maurizio Tentor 

(1) Zemaljski muzej Bosne i Hercegovine, Zmaja 
od Bosne 3, 71000 Sarajevo, Bosnia and 

Herzegovina. 
(2, 3) Geološki zavod Slovenije, Dimičeva ulica 

14, SI-1000 Ljubljana, Slovenia 
(4) Dipartimento di Matematica e Geoscienze, 

Università di Trieste, via Weiss, 2, 34127 Trieste, 
Italy <tunis@units.it> 

(5, 6) Museo della Rocca di Monfalcone – 
sezione Paleontologica, via Valentinis, 134, 

34074 Monfalcone, Italy 

POSTER 

Teofil Slišković (1926-1991) was an active field 
geologist and a keen curator of the fossils 
housed at the National Museum of Bosnia and 
Herzegovina (Zemaljski muzej Bosne i 
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Hercegovine) in Sarajevo where he stayed till his 
death. He published many papers on stratigraphy 
and paleontology but he devoted mostly himself 
to research on rudist bivalves of the Upper 
Cretaceous successions of Bosnia and 
Herzegovina. He belongs to the historical group 
of Yugoslav rudistologists and he published 
about forty papers concerning the rudists, 
describing several new taxa. In particular he 
described six new genera (Katzeria, 
Pseudokuehnia, Polsakia, Ugarella –with Polšak-
, Naronia and Neovaccinites) and forty-eight new 
species alltogether, some of them unpublished. 

The Museum of Sarajevo has suspended its 
activities and closed its doors from 4th October 
2012 and this was due to the unsolved status of 
the institution and to the complete lack of 
financing. But the first Authors were able to 
support by photos the most significant examples 
from the rudist collection. Almost all the holotypes 
established by Slišković are shown. 

Unfortunately the rudist collection of Sarajevo 
Museum is static from a long time because the 
research activity stopped. It is desirable that this 
vital part of a museum life begin again soon, also 
by the help of visitors which can offer their 
expertise, recognizing specimens and providing 
the collection with an up-dated taxonomy of the 
examples deposited in the Sarajevo Museum. 

THE UPPER ALBIAN-LOWERMOST 

CENOMANIAN PLATFORM MARGIN OF THE 

PARNASSUS PLATFORM (CENTRAL 

GREECE): SEDIMENTARY RECORD AND 

RUDIST-BEARING EVENT 

Piero Di Michele, Giovanni Rusciadelli, Cristiano 
Ricci, Nicolaos Carras, and Riccardo Cestari 

(1-3) Università “G. D’Annunzio” of Chieti, Italy 
(4) Institute of Geology and Mineral Exploration, 

Messoghion Str, Athens 
(5) present adress Eni R&M Div, Rome, Italy 

POSTER 

In the mid Cretaceous, the northern margin of the 
Parnassus Platform represents a structural low 
separated from the adjacent inner platform by an 
extensional tectonic lineament. On the footwall 
block, the platform records a prolonged 
emersion, with the formation of bauxitic soils, 
while on the hanging wall developed rich rudist-
bearing platform margin deposits and their 
transition to the pelagic domain. This study 
focuses on the Upper Albian-Lower Cenomanian 
rudist-bearing deposits, presently exposed in the 

northern sector of the Parnassus Mt. (Central 
Greece). This “rudist event” is poorly documented 
in other systems of the Tethys being developed 
during a long-lasting period of platform emersion. 
The facies and biotic associations of the the 
Upper Albian-Lowermost Cenomanian platform 
margin system have been reconstructed along an 
about 2km long well exposed transect. Fossil 
associations are rich and diversified, being 
dominated by rudists, mainly polyconitids and 
radiolitids, in association with other subordinated 
biota such as chondrodontids, corals, calcareous 
sponges and benthic foraminifera (orbitolinids). 
Four rudist and facies associations (RFA) have 
been distinguished, showing a well differentiated 
distribution along the depositional profile: RFA 1 
is characterized by radiolitids with strongacute 
ribs in the outer layer and rare large polyconitids 
up to 15cm high, dispersed within unsorted, 
angular bioclastic grain-rudstone; RFA 2 is 
marked by polyconitids (usually articulated) and 
large individuals (up to 10cm in diameter) or large 
fragments of radiolitids, occurring within fine-
grained sand-size sediment and coarse-grained 
rudstone with rounded bioclasts and black-
pebbles; RFA 3 is dominated by large (up 10cm 
in diameter), whole individuals of radiolitids with a 
thick (outer shell layer up to 3cm) and large 
fragments of polyconitids with thick inner layer. 
The sediment corresponds to generally graded 
coarse- to medium-grained rudstone, with well-
elaborated and frequently horizontally arranged 
fragments of polyconitids. RFA 4 is characterized 
by poorly sorted bioclastic rudstone, still 
dominated by large fragments of thick shelled 
radiolitids and rare centimeter-size polyconitid 
fragments. 

RFAs vary laterally, alternating partially along the 
transect, recording the progressive transition 
from inner to outer margin positions and 
fluctuating hydrodynamic conditions along the 
depositional profile. These conditions are thought 
to produce a main selective ecological control on 
the growth style and shell characteristics of 
Polyconitids and Radiolitids. 

THE DISTRIBUTION OF RUDIST-RICH BEDS IN 

THE UPPER CRETACEOUS OF THE APENNINE 

CARBONATE PLATFORM (SOUTHERN ITALY): 
JUST A LOCAL PATTERN? 

Gianluca Frijia, Mariano Parente, and Maria Mutti 

(1, 3) Institut fur Erd und Umweltwissenschaften, 
Universität Potsdam <frijia@geo.uni-

potsdam.de> 
(2) DiSTAR, Università "Federico II", Napoli 
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ORAL 

Upper Cretaceous carbonate platforms on the 
margins of the Tethyan Ocean were dominated 
by rudists which, after a major crisis at the end of 
the Cenomanian, became the most important 
carbonate producers over wide shelf areas during 
the Turonian-Maastrichtian interval. Many 
different factors, either local or global, have been 
invoked as mechanisms controlling the inception 
and evolution of rudist-bearing carbonate 
platforms. However, the low stratigraphic 
resolution and lack of correlation with coeval 
open ocean facies severely hampered previous 
attempts of linking the evolution of rudist 
limestones to global sea-level changes and 
climatic and palaeoceanographic events. In this 
work we use isotope stratigraphy (carbon-isotope 
and strontium-isotope stratigraphy) to establish a 
detailed time-framework for the main steps in the 
evolution of the rudist-bearing inner platform 
facies of Southern Apennines (Italy). 

Our study shows that Upper Cretaceous shallow-
water carbonates of Southern Apennines record 
several phases of rudist expansion and decline. 
After the Cenomanian-Turonian boundary events, 
rudist communities experienced a prolonged 
crisis with lower-middle Turonian facies being 
characterised by a very impoverished biota. 
Rudists are represented by low-diversity 
assemblages and their contribution to the 
sedimentary system is subordinate. Rudist shells 
and debris become a significant component of 
the sedimentary system only from the upper 
Turonian. Thick and closely spaced rudist-rich 
beds occur in the lower to middle Coniacian 
whereas upper Coniacian-middle Santonian 
levels record a reduction in the contribution of 
rudist debris to the sedimentary system. A new 
phase of prolific production occurs in the upper 
Santonian-lower Campanian where thick beds 
rich in displaced rudist shells and fragments were 
accumulated in more internal areas while 
complex rudist accumulations developed in the 
relatively more open areas. Finally the uppermost 
part of the studied sections, dated as 
lower/middle Campanian by Sr-isotope 
stratigraphy, is characterized by thin rudist-
bearing levels with an impoverished fauna 
consisting only of small individuals. 

The high resolution time-framework established 
by isotope stratigraphy allows to test the local vs 
global significance of the observed patterns. In 
particular, we compared the timing of changes of 
rudist abundance/productivity in the Apennine 
carbonate platform with the record of rudist 
diversity in the peri-adriatic area, and with the 
record of global phases of carbonate platform 
expansion/retreat and eustatic sea level changes. 

Moreover we used geochemical proxies to 
investigate the role played by changes in ocean 
chemistry and correlation with the open ocean 
record of SST to test the effect of global and local 
temperature changes. 

LOCAL ABUNDANCE OF HIPPURITIDS IN 

RADIOLITID DOMINATING ADRIATIC-
DINARIDIC CARBONATE PLATFORM DOMAIN: 

CONIACIAN REEF-LIKE LITHOSOME AT 

ČITLUK (SW BOSNIA AND HERZEGOVINA) 

Goran Glamuzina and Tvrtko Korbar 

(1) Elektroprivreda HZ-HB, Mostar, Bosnia & 
Herzegovina <glam_goran@yahoo.com> 

(2) Croatian Geological Survey, Zagreb, Croatia 
<tkorbar@hgi-cgs.hr> 

ORAL 

The region of western Herzegovina is 
characterized by past mining activities in 
abundant bauxite deposits. The activities 
revealed the topmost parts of the Upper 
Cretaceous succession in the High Karst tectonic 
unit of the Adriatic-Dinaridic carbonate platform 
(ADCP) domain, which is characterized by 
longlasting hiatus at the unconformity between 
„Early Senonian“ and Eocene shallow-water 
carbonates. Topmost part of the Creteceous 
succession is recrystalized and karstified during 
the long lasting Late Cretaceous to Eocene 
regional subaerial exposure. Weathering 
processed after bauxite removement contributed 
to recognition of many rudist lithosomes within 
these bauxite mines (http://hercegovina-
geoarheo.blogspot.com/). 

Detail fieldwork in one of these outcrops near 
Čitluk, allow us to determine many of in situ 
inspected and collected rudist valves, as well as 
to recognize general depositional pattern of the 
lithosome. Although the valves and the host 
limestone are rather recrystalized, we find out 
that most of them belong to the Hippuritidae 
familly. We find it interesting for research, since 
both open-platform and platform-top deposits in 
the whole ADCP domain is characterized by 
predominance of radiolitids. A reef-like 
appearance of the outcrop is obviously related to 
a morphology of the unconformity, that is a 
consequence of palaeokarstification and 
selective erosion during the Late Cretaceous to 
Eocene exposure. 

The outcrop of the lithosome is 50 m long and 5-
20 m wide. On weathered surfaces of these 
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crystaline coarse-grained bioclastic limestones, 
compact-shell bioclasts and whole rudist shells 
can be recognized. Mostly hippuritids, some 
thick-shell radiolitids, and biradiolitids right and 
left valves are found in autochthonous and para-
autochthonous position, some of them 
articulated. In situ shells are found grouped in a 
few visible places within the outcrop. More than 
40 specimens of Vaccinites and Hippurites are 
collected. Considering recrystalization and broad 
ranges of typical "Senonian" benthic foraminifera, 
a Coniacian age of the lithosome is proposed 
according to finding of abundant specimens of 
relativelly small Vaccinites cornuvaccinum. 

In Adriatic-Dinaridic carbonate platform domain, 
solitary Vaccinites commonly inhabited upper 
slopes or deeper parts of prograding bioclastic 
banks developed during temporary open-platform 
conditions. Such envionments are characterized 
by polispecific radiolitid abundance and high 
bioclastic carbonate production. Unfortunately, in 
the case studied, underlaying and overlaying 
strata are not exposed and preserved, 
respectively. This fact, along with lack of detail 
lihostratigraphic map of the region, unable us to 
make a final conclusion about the depositional 
model and the prevalance of hippuritids over 
radiolitids in the Coniacian platform limestone of 
western Herzegovina. 

THE FUNCTIONAL MORPHOLOGY OF 

ANTILLOSARCOLITES SP. 

Ariel V. Guggino Rivera 

Department of Geology, University of Puerto 
Rico, Mayagüez Campus PO Box 9000, 

Mayagüez PR 00681 <ariel.guggino@upr.edu> 

POSTER 

The oolithic grainstones facies of the Cotui 
Limestone formation is located in southwestern 
Puerto Rico [1], [2]. This facies contains complete 
specimens and fragments of the rudistid bivalves 
described [1] as Antillosarcolites sp.  Two 
complete specimens showing good preservation 
were studied within a quadrangle of 15m by 10m 
to determine the functional morphology of 
Antillosarcolites sp. Many fragments of this rudist 
were found within the studied quadrangle. The 
rudist is not found at any other facies within the 
stratigraphic section area. The Antillosarcolites 
sp. has a morphology that is classified as 
recumbent with a coiled shell. The sinistral valve 
is much smaller than the dextral valve and had 
probably free movement for feeding. Each 
specimen studied extended outward forming 

flanges that act as anchors that help the rudist 
maintain stability in the substrate. The 
morphology of the shell and the abundant 
fragments together with the facts that the rudist is 
not observed in any other facies of the Cotui 
Limestone suggest that the Antillosarcolites sp. 
shell was able to stand normal wave action but 
probably was not successful during storm waves.  

The oolithic grainstone facies in which this rudist 
is located indicated high-energy, shallow waters, 
wave dominated environment [1]. By using the 
description of the Cotui Limestone provided by [1] 
and [2], it was determined that Antillosarcolites 
sp. may have lived within the shelf edge and was 
subjected to strong waves and currents. After 
observing the morphology of the rudist valves it 
was confirmed that Antillosarcolites sp. had the 
capacity to thrive in such high energy 
environment. However, when studying the 
rudist’s mantle cavity oolites were observed 
within the convex tabulae from every collected 
sample. This may suggest that even though 
Antillosarcolites sp. was capable of living within 
the shelf edge it may not have been very 
resistant to storm waves that may have 
destroyed the shells. Also, these ooids could 
have entered the spaces of the mantle cavity 
after death of the organism. 

[1] Santos 1999, Journal of Shellfish Research, 
13(1): 243-267. 

[2] Bonilla, 2007, Quercus, 188: 50-51. 

SEDIMENTARY CHARACTERS OF LATE 

CENOMANIAN RUDIST-RICH CARBONATES IN 

CENTRAL AND SOUTHERN TUNISIA 

Jalel Jaballah and Mohamed Hedi Negra 

Tunis El Manar University, Faculté des Sciences 
de Tunis, UR Pétrologie sédimentaire et 

cristalline, Campus Universitaire, 2092, Manar II, 
Tunis-Tunisia 

POSTER 

Late Cenomanian rudist-rich facies studied in 
Central Tunisia, along a North-South transect, 
starting from Jebel Kebar and reaching Jebel 
Berda through Jebel Meloussi, show varied 
compositions and are organised into varied 
morphologies. 

In Jebel el Kebar, according to [1], the Gattar 
Member (upper part of the Late Cenomanian 
Zebbag Formation) is formed of a ”bioconstructed 
unit” containing Durania arnaudi (Choffat) and 
Durania arnaudi var. intermedia (Choffat). 
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Our recent observations show that the Gattar 
Member is composed of three units exhibiting 
varied geometries and compositions. From the 
base to the top, these units are: 

- Bedded carbonates rich in fragmented rudists, 
organised into wackestones-packstones cycles. 
- Massively bedded and lensoid lithosomes [2], 
[3] rich in joined and entire rudists represented by 
Durania arnaudi [1]. 
- Well thin-bedded carbonates, onlapping the 
convexed top of the lensoid rudit-rich carbonates, 
containing floating rudist debris. 

To the South, in Jebel Meloussi, rudist-rich units, 
metric in thickness and showing joined entire 
rudists (to be determined) occur below the Gattar 
Member (within the C unit of the Zebbag 
Formation [4], [5]). 

More to the South, in Jebel Berda, rudist-rich 
carbonates also occur below the Gattar Member 
(probably in the “D” carbonatic unit [5]. This 
rudist-rich unit contains scarce rudists 
(Praeradiolites biskraensis) associated to corals 
or/and sponges [6]. Above, the Gattar Member 
which is mainly constituted of fine-grained 
limestones contain floating entire rudists 
associated to other bivalves.  

[1] Razgallah, S., Philip, J., Thomel, G., 
Zaghbib-Turki, D., Chaabani, F., Ben Haj Ali, 
N., M’Rabet, A. 1993. La limite Cénomanien-
Turonien en Tunisie centrale et méridionale: 
biostratigraphie et paleoenvironnements. 

[2] Skelton, P.W., Gili, E. 1991. 
Palaeoecological classification of rudist 
morphotypes: 1st International Conference 
on Rudists, Serbian Geological Society, 
Special Publication 2, p. 71–86. 

[3] Skelton, P.W. 2003. Rudist evolution and 
extinction—a North African perspective, in 
Gili, E., Negra, M.H., Skelton, P. (eds.), North 
African Cretaceous Carbonate Platform 
systems. 

[4] Khessibi, M. 1978. Etudes géologiques du 
secteur de Maknassy-Mezzouna et du Djebel 
Kebar (Tunisie centrale). Unpublished thesis, 
de l’Université Claude Bernard, Lyon, 175 
pp. 

[5] M’Rabet, A. 1983. Stratigraphie, 
sédimentation et diagenèse carbonatée des 
séries du Crétacé inférieur de Tunisie 
Centrale. Thèse Doctorat ès Sciences, 
Université de Paris-Sud centre d'Orsay, 540 
pp. 

[6] Abdallah, H., Sassi, S., Meister, C., Souissi, 
R. 1999. Stratigraphie séquentielle et 
paléogéographie à la limite Cénomanien-
Turonien dans la région de Gafsa-Chotts 
(Tunisie centrale). 

LATE CRETACEOUS RUDIST LIMESTONES 

SYNCHRONIC WITH IGNEOUS ROCKS IN EAST 

OF IRAN, BIOSTRATIGRAPHICAL AND 

PALEOECOLOGICAL SIGNIFICANTS 

Ahmadreza Khazaei, Gholamreza Mirab 
Shabestari, and Leila Saeipour Karamjavan 

Dept. of Geology, University of Birjand, Birjand, 
IRAN <arkhazaei@birjand.ac.ir> 

<gshabestari@ birjand.ac.ir > 

POSTER 

Late Maastrichtian sedimentary successions of 
Sistan suture zone have been located near the 
eastern border of Iran. These series enclose 
some thin to medium bedded rudist limestone 
units, alternating with massive igneous rock units. 
Sedimentation of these deposits have been done 
due to the convergence of Lut and Afghan blocks 
in the Late Cretaceous, followed by shallowing of 
oceanic basin which has formed the shallow 
carbonate platforms as a replacement for the 
basins with flysch type deposits. Remarkable 
massive volcanic flows has been entered to this 
basin alternately until to the end of Cretaceous, 
when this complex has been covered completely 
by thick layers of Paleocene limestones. 

In order to relative age determination of these 
successions and synchronic igneous rocks and 
paleoecological interpretations, Gazak and Tout 
sections situated in Doroh - Lahno region in the 
180 Km east of Birjand have been measured and 
sampled. The studied sections begin with 
alternation of shale and sandstone layers which 
followed by igneous units and then overlie by an 
alternation of volcanic and rudist bearing 
limestones that ended by cliff forming Paleocene 
limestones. Carbonate units are including some 
scattered paucispecific rudist lithosomes and 
contain large benthic foraminifera fauna. Two 
genera of rudists have been determined from 
these units, Osculigera (Vautrinia) and 
Ichthyosarcolites. Beside the rudists, the benthic 
foraminifera such as Orbitoides, Siderolites and 
Omphalocyclus, are significant fauna indicators 
of these layers. Late Maastrichtian age for these 
sedimentary units has been emphasized, based 
on comparing this faunal assemblage and three 
suggested biozones.  

Microfacies investigation and paleoenvironment 
analysis has been led to a shallow carbonate 
platform in form of homoclinal ramp with four 
facies belts including: inner ramp, middle ramp, 
outer ramp and rudist mounds. Paleoecological 
study of elevator rudist morphotype and bouquet 
forms of rudist communities reveals a low energy 
environment with continuous sedimentation. 
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Alongside these evidences, presence of specific 
foraminifera and other bioclasts indicates that 
sedimentation of this sequence within the middle 
ramp and adjacent environments during the 
periods of time without volcanic eruptions. 
Frequency of volcanic rock fragments in the 
studied samples of limestones show the close 
distance of these facies into the location of 
volcanism. With the beginning of volcanic 
activities, basaltic and andesitic lavas have been 
flow on this carbonate platform and consequently 
growth of organisms and carbonate deposition 
have been inhibited. 

REVISION OF THE RUDIST BIVALVE 

AGRIOPLEURA KÜHN (RADIOLITIDAE, 
HIPPURITIDA) FROM THE MEDITERRANEAN 

REGION 

Jean-Pierre Masse and Mukerrem Fenerci-
Masse 

CEREGE, Aix-Marseille Université, Centre Saint-
Charles, Marseille France 

ORAL 

The genus Agriopleura (Radiolitidae) is restricted 
to the Lower Cretaceous of the Mediterranean 
region, including the Middle East and is absent 
from the New World. The definition of the species 
is based on a set of qualitative and quantitative 
external and internal characters. Agriopleura is 
represented by five species with a significant 
stratigraphic distribution and includes 3 
Barremian species: Agriopleura marticensis, the 
type species, A. blumenbachi and Agriopleura 
carinata; one Lower Aptian species Agriopleura 
libanica and a new species restricted to the late 
Hauterivian. Principal Component analysis is 
used to test the distinctiveness of species and 
the pattern of relationships of some of their key 
quantitative characters. Evolutionary patterns are 
marked by a dual change in size (statistically 
supported), a size increase from late Hauterivian 
to Mid late Barremian, matching Cope’s rule, then 
followed by a Lilliput phase in the early Aptian. 
The relative development of radial bands 
increases through time and represents a key 
evolutionary index. During its life history 
Agriopleura recorded a first developmental stage 
from the Upper Hauterivian to Barremian, 
associated with both an increasing species 
diversity and a geographical spreading onto the 
European Mediterranean Tethyan margin, then 
followed by a regional disappearance. 
(pseudotermination) . The second developmental 
stage in the Lower Aptian follows a Lazarus 

phase, a phylogenetic hiatus and a 
biogeographic jump to the southern 
Mediterranean Tethyan margin. Assuming that 
Archaeoradiolites, is the direct descendant of 
Agriopleura shows that the disappearance of the 
genus in the Mid-Aptian is a pseudoextinction 
which coincides with a major crisis of shallow 
carbonate settings and their associated biotas. 

DESCRIPTION OF A NEW SPECIES OF 

OFFNERIA (HIPPURITIDA, CAPRINIDAE) 
FROM THE LOWER APTIAN OF SOUTHEAST 

SPAIN. STRATIGRAPHIC, EVOLUTIONARY, 
PALEOBIOGEOGRAPHIC AND 

PALEOENVIONMENTAL IMPLICATIONS 

Jean-Pierre Masse, Mukerrem Fenerci-Masse, 
Consuelo Arias, and Lorenzo Vilas 

(1, 2) CEREGE, Aix-Marseille Université, Centre 
Saint-Charles, Marseille France 

(3, 4) Departamento de Estratigrafia, Instituto de 
Geologia Economico, Universidad Complutense, 

Madrid 

ORAL 

A new species of Offneria (Caprinidae) is 
described from the Murcia region (Prebetic zone, 
SE Spain), its type level is the Upper Bedoulian. 
The key diagnostic character of the new species 
is the presence on the ventral side of the left 
valve of an inner row, or double row, of polygonal 
canals followed by outer piriform canals with one 
or two orders of bifurcations. The new taxon is 
the most advanced species of the genus. Cluster 
analysis shows the placement of the new species 
in the monophyletic group of European species, 
in agreement with its geographic location. 
Offneria appears to be the most prolific genus of 
the Caprinidae with species having contrasting 
ages and palaeobiogeographic distributions. 
Regional stratigraphic data from SE Spain 
indicate that the Offneria lineage was resilient to 
the environmental perturbations recorded during 
the late Bedoulian, that the new species may be 
used as a time marker for this interval, and that 
its last occurrence was coeval with the “Mid 
Aptian extinction event”. 

EVOLUTIONARY DEVELOPMENT OF THE 

HIPPURITIDAE IN THE AMERICAS 

Simon F. Mitchell 
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Department of Geography and Geology, The 
University of the West Indies, Mona, Kingston, 

Jamaica 

ORAL 

The Hippuritidae of the Americas represent 
migratory forms of European or African origin, 
and endemic radiations from unknown stocks. 
The earliest immigration invent is represented in 
the Upper Turonian of Mexico where forms 
identified as Hippuritella? resectus occur. 

From the early Coniacian to mid Santonian, 
hippuritids are unknown in the Americas, but 
diverse forms reappear in the late Santonian to 
early Campanian interval of Mexico, Curaçao and 
the Greater Antilles. These include Old World 
immigrant taxa (Pseudovaccinites and 
?Torreites) and endemic forms of Barrettininae. 
Pseudovaccintes is represented by P. 
macgillavryi. P. martini and P. vermunti from the 
late Santonian-early Campanian. Torreites 
appears either in the late Santonian or early 
Campanian (T. tschoppi from Curaçao, Cuba and 
Jamaica) and ranges up into the Middle 
Campanian (T. sanchezi from Cuba, Puerto Rico, 
Jamaica and San Luis Potosi) where it is joined 
by Polytorreites (from Puerto Rico). 

The Barrettinae, diagnosed by their distinctive 
dentition, show two major radiations. The 
Barrettia-clade, characterized by the presence of 
pallial canals in the inner shell layer of the left 
valve, appeared in the late Santonian and rapidly 
diversified in the early to mid Campanian of the 
Greater Antilles and Mexico, with the last forms 
occurring in the late Campanian to early 
Maastrichtian of the Greater Antilles, California 
and Mexico. Barrettia itself with a reticulate pore 
system, appeared in the late Santonian with 
forms having very simple rays and consists of at 
least three lineages each showing increasing size 
and complexity of the rays. Whitfieldiella, 
characterized by a modified dentition and 
distinctive pore system appeared in the early 
Campanian, also has three lineages and involved 
into giant forms in the mid Campanian to late 
Campanian. Parastroma, with reticulate pores 
and reduced rays, appeared in the mid 
Campanian (P. sanchezi and P. trechmanni 
Chubb) and extended up into the early 
Maastrichtian (P. guitarti). 

The Praebarrettia-clade (no pallial canals in the 
left valve) probably appeared in the late 
Santonian-early Campanian, but becomes 
dominant in the early to late Maastrichtian of 
northern South America, the Greater Antilles and 
Mexico. The earliest forms appear to be Laluzia 
coralliodea from the late Santonian or early 
Campanian of Cuba, and Laluzia sp. may also be 

present in the mid Campanian of St. Croix; 
otherwise, Laluzia peruviana is widespread in the 
early Maastrichtian of Cuba, Puerto Rico, Mexico 
and Peru. A single Lineage of Praebarrettia, 
characterized by a different dentition from 
Laluzia, ranges through the Maastrichtian (P. 
porosa and P. sparcilirata) of Jamaica, Cuba, 
Puerto Rico and Mexico where it shows a 
progressive seize increase. Caribbea forms an 
interesting plexus of morphologies from the early 
to late Maastrichtian. In the early Maastrichtian C. 
muellerreidi shows three distinctive shell 
ornamentations (smooth, coarsely ribbed and 
finely ribbed), two of which (smooth and coarsely 
ribbed) are also seen in the mid Maastrichtian C. 
maldonensis (Chubb); a third giant species also 
occurs in the late Maastrichtian of Jamaica. 

UPPER CRETACEOUS TRANSGRESSIVE 

SEDIMENTS WITH RUDISTS AND CORALS 

FORM NORTHERN CROATIA, SLOVENIA AND 

BOSNIA 

Alan Moro, Aleksander Horvat, Vladimir Tomić, 
Jasenka Sremac, and Vladimir Bermanec 

(1, 3-5) Department of Geology, Faculty of 
Science, University of Zagreb, Horvatovac 102A, 
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SAZU, Novi trg 2, SI-1000 Ljubljana, Slovenia 
<ahorvat@zrc-sazu.si> 

ORAL 

At localities in northern Croatia (Donje Orešje, 
Gornje Orešje, Brašljevica and Sv. Martin) 
Slovenia (Stranice) and Bosnia (Bešpelj) 
successions of shallow water Upper Cretaceous 
deposits occur, represented by alternating clastic 
and carbonate sediments with rudist and coral 
communities, which transgressively overlay 
Triassic, Jurassic or Upper Cretaceous basement 
rocks. 

Transgressive succession for investigated 
localities with diverse facies could be vertically 
divided into a lower clastic sediments with corals, 
middle mixed clastic-carbonate sediments with 
corals and rudists and upper carbonate 
sediments with rudists. Third facies could pass 
into pelagic limestones or marls with 
nannofossils. The lower clastic facies consists of 
sediments with corals. In middle facies both, 
corals and rudists are present, later through 
highly abundant paucispecific community. Upper 
facies comprises carbonate sediments where 
corals are completely absent or appears at the 
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beginning of the facies only. Rudist community of 
the carbonate facies could range from mixed 
assemblage with individuals of radiolitids and 
hippuritids to relatively low-abundant, 
monospecific assemblage with individuals of 
hippuritids and sporadically present other genera. 

Different abundance of rudists and corals within 
different facies could be dependable upon 
sediment type and paleorelief conditions. 

The depositional setting of the investigated 
transgressive successions presumably variate 
due to the more or less pronounced basement 
topography. In places with low paleorelief, 
transgressive succession starts with clastic 
facies, while on steeper one with carbonate 
facies. 

UPPER CRETACEOUS RUDISTS 

ARCHITECTURE IN SHALLOW-WATER 

ENVIRONMENTS - EXAMPLES FROM ISTRIA 

(CROATIA) AND SOUTHERN APENNINES 

(ITALY) 

Alan Moro, Daniela Ruberti, Alceo Tarlao, and 
Giorgio Tunis 
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University of Zagreb, Horvatovac 102A, 10000 

Zagreb, Croatia <amoro@geol.pmf.hr> 
(2) Seconda Università degli Studi di Napoli, 

Dipartimento di Ingegneria Civile, Design, Edilizia 
e Ambiente, Via Roma, 29,81031 Aversa 
(CE),Italia <Daniela.Ruberti@unina2.it> 

(3) Gruppo Speleologico Monfalconese, via 
Valentinis, 134, I - 34074 Monfalcone, Italia. 

(4) Dipartimento di Matematica e Geoscienze, 
Università di Trieste, via Weiss, 2, I-34127 

Trieste, Italia <tunisig@alice.it> 

ORAL 

Upper Cretaceous rudists lithosomes within 
shallow water environments of southern Istria 
and Southern Apennines show overview of lateral 
and vertical evolution of rudists congregations. 
The lithofacies of investigated profiles are mostly 
mud-supported limestones with agglutinated and 
porcelaneous benthic foraminifers. Rudists are 
characterised by different radiolitid genera 
(mostly Radiolites and Durania) that thrived 
within subtidal environments through different 
types of mono- or polispecific congregations, 
ranging from few tens to few hundreds of 
individuals. 

The outcrop exposure allows two and three- 
dimensional approach for reconstruction of rudist 

architecture and facies. The leitmotif of the rudist 
congregations consists of densely-packed 
individuals in growth position laterally passing to 
toppled ones. Other rudist bodies are 
characterised by shell fragments which constitute 
floatstone. Rudists fragments are the result of 
bioerosion and less mechanical breakdown. The 
rudist rich bodies laterally pass to foraminiferal 
wackestone/packstone. 

The reconstructed arragment of rudists bodies 
shows few meter-to-decameter scale lensoidal 
bodies which corresponds to in situ settlment of 
individuals. They are characterised by upright 
growing in situ shells that become generally 
toppled towards the outer part of the bodies. 
These meter scale bodies are patchly arranged 
between floatstone/rudstone, in which the rudists 
are fragmented beyond any taxonomic 
recognition. 

The depositional setting inferred on the basis of 
facies analysis may be considered of dominantly 
low energy. The gross lenticular geometry of the 
rudist bodies and the gradual passage to 
floatstone/rudstone could be related to pattern of 
weak currents pathways. The overall occurrence 
of muddy sediments suggests a low angle, gently 
dipping depositional environment. 

PIRONAEA MILOVANOVICI FROM SOUTH-
EASTERN SPAIN 

Heleni Munujos, Enric Vicens, and Jose Maria 
Pons 

Departament de Geologia, Universitat Autònoma 
de Barcelona, 08193 Bellaterra, Spain 

<elenimunujos@gmail.com> 
<enric.vicens@uab.cat> 

<josepmaria.pons@uab.cat> 

POSTER 

Abundant, well preserved, and matrix-free 
specimens of Pironaea milovanovici Kühn 
collected from the surroundings of Tabernes de 
la Valldigna, Valencia province, Spain, allowed a 
fairly complete observation and description of the 
internal and external shell characters of the 
species, as well as of their variability both 
ontogenetic and intra-specific. 

Particularly, understanding the morpho-
constructional patterns of the outer shell layer 
infolds in the right valve, of the pore-canal system 
of the outer shell layer of the left valve, and the 
relation between them both may, in our opinion, 
shed some light to understand the development 
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of such structures in much more complex multi-
fold hippuritids. 

Right valves are conical, wide or narrow, and 
more or less eccentric in juveniles and cylindrical 
in adult shells. Ribs on the outer shell surface 
vary, in number and development, from juveniles 
to adults; radial furrows appear only in adult 
shells. 

Infolds of the outer shell layer first appear, as 
slight inflexions, at the end of the conical growth 
stage and developing later as lamellar infolds. 
These may be straight, curved, sinuous, irregular 
in thickness, or even bifurcated, and new infolds 
may appear between them. The number and 
location of infolds is reflected at the outer surface 
by radial furrows. 

Left valves are slightly convex, have a subcentral 
apex, and present a thin layer of small polygonal 
pores on their outer surface. The pattern of the 
canals is observed on abraded shells: at the 
central part, corresponding to the juvenile stage, 
canals are radial with new canals appearing with 
the increment of shell diameter; at the marginal 
part, corresponding to the adult stage, canals are 
directed both to the shell margin and to the 
infolds, producing a repetitive lobular herring-
bone/fan pattern of shorter canals. In coincidence 
with the long ligament ridge, the long peduncles 
of the two pillars, and their heads, canals are 
directed as they do on infolds being still shorter. 

As seen in tangential sections of articulated 
shells when cutting the marginal part of the left 
valve, this last also develops infolds in 
correspondence with those of the right valve, and 
canals continue from the outer shell surface to 
the inner surface through each of the infolds. As 
a consequence, a double alignment of holes (the 
canals transverse sections) is seen on the outer 
surface of abraded left valves in correspondence 
with each infold on the right valve, including the 
ligament ridge and the two pillars. 

TURONIAN RUDIST-RICH CARBONATES IN 

TUNISIA: SEDIMENTARY CHARACTERS AND 

RESERVOIR PROPERTIES 

Mohamed Hedi Negra, Senda Boughalmi, Jalel 
Jaballah, Sonia Ben Alaya, and Hedia Zijlstra 
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pétrolier, Direction des Services Pétroliers, 

Laboratoire de Sédimentologie et de 
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In Tunisia, Middle Turonian rudist-rich carbonates 
which constitute good reservoir rocks are 
producing oil and gas in many onshore and 
offshore fields located in South-East Tunisia: 
Rhemoura, Gremda, Guebiba (at the onshore of 
Sfax area) and Miskar field (Gulf of Gabes; [1]). 

Considering the regional paleogeographic 
setting, Middle Turonian series constitute a 
carbonatic platform which preferentially occupies 
the central and south-eastern part of Tunisia. 
This “open marine” platform is developed along a 
trend crossing the Central Tunisia from the 
Kasserine area (in Jebel Bireno, for example; [2]) 
to the northern part of the Gulf of Gabes, through 
the Sfax area. This carbonatic belt consists of 
shallow marine limestones, partly dolomitised 
and locally including rudist-rich lithosomes [3], [4] 
showing joined entire rudists. 

The used sedimentological approach which is 
based on petrographical analyses interesting 
cores and outcrops, lead to the identification of 
several rudist facies frequently transformed 
during diagenesis. Vertically, alternations of 
rudist-rich facies and other carbonatic facies, 
partly separated by discontinuities, illustrate the 
organisation of the platform carbonates into 
cycles and sequences. Laterally, from the SE 
(Gulf of Gabes) to the West (Kasserine area), 
facies stacking and carbonates composition are 
slightly different. Lateral facies changes deal with 
changes in deposition environments [5]. 

Our recent observations show that rudist-rich 
facies and cycles appear relatively more 
restricted toward the South East. 

Concerning the reservoir properties, they appear 
linked to carbonates composition and textures 
and also to the diagenetic features. Most of pores 
(partly filled of oil) correspond to intra-rudist 
cavities such as Radiolitids cells. Diagenetic 
features which could be destructive such as cells 
cementation, could also enhance the reservoir 
potential. Dolomitisation processes which create 
secondary pores also insure, with fracturing, the 
connection between intraparticular pores. 

[1] Troudi, H., Negra, M.H., M’Rabet, A. 2000. 
Predictive evaluation of lower–middle 
Turonian Carbonate reservoir in Central 
Tunisia through integration of deposition 
environment and diagenesis: Annales des 
Mines et de la Géologie, v. 40, Tunis, p. 81–
98. 
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[2] Negra, M.H., Zagrarni, M.F. 2007. Upper 
Cretaceous tempestites in rudist-rich facies, 
Tunisia. SEPM (Society for Sedimentary 
Geology), Special Publication No. 87, ISBN 
978-1-56576-127-8, p. 45-56. 

[3] Skelton, P.W., Gili, E. 1991. 
Palaeoecological classification of rudist 
morphotypes: 1st International Conference 
on Rudists, Serbian Geological Society, 
Special Publication 2, p. 71–86. 

[4] Skelton, P.W. 2013. Rudist classification for 
the revised Bivalvia volumes of the ‘Treatise 
on Invertebrate Paleontology.’ Caribbean 
Journal of Earth Science, volume 45, 9-33. © 
Geological Society of Jamaica 

[5] Troudi, H., Acheche, M.H., Saidi, M., 
Abbassi, K. 2002 Cretaceous platform 
carbonate play in Tunisia: attributes and 
evidence from producing fields. Proceedings 
of the eighth Tunisian petroleum exploration 
and producing conference. ETAP, Memoir n° 
19. p. 329-349. 
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The Cretaceous beds of Cerro Alto succession 
ranges from early to late Albian in age. Within 
this succesion the rudists show a very important 
role in defining paleoenvironmental aspects. 

These successions belong to Chihuahua Group 
[1] with five main formations: Glen Rose, Walnut, 
Edwards, Kiamichi and Georgetown [2], [3], [4]. 
Glen Rose, Edwards and Georgetown are well 
known for rudists limestones occurrence in 
Chihuahua State. 

Chihuahua Group is mainly represented by 
grayish masive limestones and marls from Glen 
Rose Formation, which represents a regressive 
secuence during early Albian age. Walnut 
Formation not always crops out due to wicked 
constitution, but requieniids and caprinids are 
established [5], [6]. Edwards Formation consists 
of reefal carbonates with caprinids and 
monopleurids, bathymetrical changes existed due 
to tectonical causes during Albian time. Kiamichi 
Formation is represented by a deepening stage 
to the top with thin limestones and shales. 
Assemblages of gastropods, bivalves and coral, 

not rudists reported until now. Georgetown 
Formation is characterized by nodular limestones 
where rudists established the main taxa, 
bathymetrical changes occurred due to tectonical 
causes during Albian time. 

Kimbleia sp. occurs in monospecific build-ups 
developed on siliciclastic sediment, forming 
recumbent colonies in life position. Specimens 
LV are missing. These colonies appear on the 
most upper level of the Kiamichi Formation just 
underneath the first limestone bed from 
Georgetown Formation. 

[1] Córdoba, D.A. 1969. Mesozoic stratigraphy 
of northeastern Chihuahua, Mexico. In The 
border region: New Mexico Geological 
Society 20th Field Conference Guidebook 
(pp. 91-96). 

[2] Hill, R.T. 1891. The Comanche Series of the 
Texas-Arkansas region: Geological Society 
of America. 

[3] Hill, R. T., Vaughan, T.W. 1899. The geology 
and physical geography of Jamaica: Study of 
a type of Antillean development Museum. 

[4] Amsbury, D.L. 1958. Geology of the Pinto 
Canyon area. Presidio County, Texas: Texas 
Bureau of Economic Geology, Quadrangle 
Map, (22). 

[5] Mena, E. V. A. 1994. Paleogeografía del 
Mesozoico en la porción centro-oriental del 
estado de Chihuahua: Tesis de Licenciatura. 
Universidad Autónoma de Chihuahua, 
Facultad de Ingeniería. 

[6] Humphrey, W.E., Díaz, T. 2003. Jurassic and 
Lower Cretaceous Stratigraphy and 
Tectonics of Northeast Mexico, in J. L. 
Wilson and C. Jordan Eds., Asociación 
Mexicana de Geólogos Petroleros, Gulf 
Coast Association of Geological Societies 
and GCSSEPM Foundation, Bureau of 
Economic Geology, Report of Investigations 
No. 267, p.152. 
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A rudist fauna composed of caprinid, radiolitid 
and hippuritid species is described actually 
collected from the five measured-stratigraphic 
sections of the Upper Cretaceous shallow-marine 
limestones of Ajlun-Kitim arae (NW Jordan). 

The taxonomic study of the rudist specimens 
includes the first distinguishing two rudist 
associations: (1) late Cenomanian caprinid-
radiolitid species (Caprinula boissyi, Caprina 
schiosensis, Neocaprina nanosi, Sauvagesia 
sharpei, Apricardia sp. and new canaliculate 
radiolitid taxa), and (2) late Turonian hippuritid-
radiolitid species (Hippurites resectus, Vaccinites 
rousseli and Durania arnaudi) from the Hummar 
Formation and Wadi As Sir Limestone Formation, 
respectively. 

The presence of a hiatus (or a subaerial 
unconformity) between the Hummar Formation 
and Wadi As Sir Limestone Formation is also 
indicated in contrary to known the general 
stratigraphic aspects. 

A PRELIMINARY STUDY ON THE PRESENCE 

OF RUDIST-BEARING CRETACEOUS 

METAMORPHIC SEQUENCES IN THE LYCIAN 

NAPPES, WESTERN TURKEY 

Sacit Özer, Talip Güngör, Enis Kemal Sagular, 
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Isparta-Turkey. 
(4) İstanbul University,Engineering Faculty, 
Geological Engineering Department,Avcılar 

Campus, 34850 İstanbul-Turkey. 
(5, 6) CEREGE, Aix-Marseille Université, Centre 

Saint-Charles, 3 place Victor Hugo, case 67, 
13331 Marseille Cedex 03, France. 

(7) Dokuz Eylul University, Graduate School of 
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Campus, 35160 Buca, İzmir-Turkey. 
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Lycian belt is located between Menderes Massif 
and Bey Dağları carbonates in western Turkey 
and can be divided in three tectonic units: Lycian 
Thrust Sheets, Lycian Mélange and Lycian 
Peridodite. The overthrusted sheets show 
imbricated structures and different petrographic 
features. This study is focused on the detailed 
palaeontologic study based on the rudists, 

benthic and planktic foraminifera, 
nannoplanktons and also kinematic features for 
reconstruction of the Cretaceous-Eocene 
stratigraphy of the metamorphic sequences of the 
Lycian Thrust Sheets. 

Metamorphic sequences consist of, from bottom 
to top, Permo-Triassic reddish to greenish 
metapelits and metapsammits, overlain by a thick 
Triassic to Upper Cretaceous platform-type 
carbonates and grading upwards to cherty 
limestones and Campanian-Maastrichtian 
mélange type rocks. Although this stratigraphy 
was examined by previous studies, the 
Cretaceous part of the succession is dated by 
limited palaeontologic data. 

Our preliminary study shows that the occurence 
of the caprinids and probable toucasids and 
requinids suggesting Aptian-?Albian age in the 
massive limestones, which have not been 
observed in the Menderes Massif metamorphics. 
Some poorly preserved radiolitids (probably 
Radiolites) and hippuritids indicating the 
presence of rudists in the Upper Cretaceous 
sequences, are also found. This is the first 
determination of rudists in the Lycian Thrust 
Sheets. The age of the mélange type rocks 
overlying the rudist-bearing platform-type 
carbonates, may be revised applying our new 
nannoplankton and planktonic foraminifera data. 

This study is financially supported by TÜBİTAK 
Project No. 113Y144. 

OCCURENCE OF GORJANOVICIA POLŠAK IN 

THE UPPER MAASTRICHTIAN LIMESTONE 
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MAGMATIC-ARC COMPLEX, NE TURKEY. 
BIOGEOGRAPHIC SIGNIFICANCE 

Sacit Özer, Bilal Sari, and Muhittin Görmüş 
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Tınaztepe Campus, 35160 Buca, İzmir-Turkey. 
(3) Ankara University, Engineering Faculty, 
Geological Engineering Department, 06100, 

Tandoğan, Ankara- Turkey. 
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Pontide Orogenic Belt is characterized by intense 
volcanic activity during Late Cretaceous. Rudist-
bearing isolated carbonate platforms were 
developed over the generally flat and broad 
substrates when the fore-arc basin filled by 
volcaniclastics and pelagic sediments. One of 
these platforms is observed between Reşadiye-
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Tokat and Koyulhisar-Sivas in the eastern 
Pontides, where two detailed measured-
stratigraphic sections allowed to determine 
following rudist associations: 

1-Hippuritid lithosome: Approximately 25 m thick 
lithosome is observed within  the middle part of 
the 125/190 m thick shallow marine limestones 
overlying volcaniclastics and pelagic rocks with 
Campanian-Maastrichtian planktic foraminifers 
and characterized mainly by the abundance of in 
situ Hippurites cornucopiae, which are associated 
with rare Hippuritella lapeirousei, Hippuritella cf. 
variabilis, Lapeirousia cf. plana, Miseia sp.,  
Sauvagesia sp. and Biradiolites sp.  

2-Gorjanovicia lithosome: The 15 m thick 
lithosome is distinguished towards the upper part 
of the neritic limestone succession, and consits of 
many “boquet” of Gorjanovicia in growth position. 
Gorjanovicia species belong to three taxonomic 
groups such as G. kvarneri, G. acuticostata, G. 
planinica of G. kvarneri group, G. costata, 
G.akyoli of G. endrissi group and G. boetica of G. 
ugarensis group. Joufia reticulata, Biradiolites 
bulgaricus and Durania austinensis are also 
determined.  

A late Maastrichtian age can be suggested to 
rudist fauna because of the presence of 
Hippurites cornucopiae.  

The benthic foraminifera including Siderolites 
calcitrapoides, S. denticulatus, Hellenocyclina 
beotica, Orbitoides medius, O. apiculatus, 
Omphalocyclus macroporus, Cideina soezerii, 
Smoutina cruysi, Cuneolina ketini, 
Pseudomphalocyclus blumenthali, Sirtina 
orbitoidiformis, Selimina spinalis, Simplorbites 
papyraceus, Laffitteina bibensis, L. cf. oeztuerki 
are defined in the rudist-bearing limestones. They 
also indicate and support the late Maastrichtian 
age for the rudist fauna. 

Gorjanovicia Polšak shows a wide geographic 
distribution in Turkey such as upper Campanian-
lower Maastrichtian of Bey Dağları-western 
Taurides and eastern Anatolia, upper Campanian 
of Kocaeli Peninsula-western Pontides, and 
additionally upper Maastrichtian of eastern 
Pontides. This genus was mainly determined until 
today from the Coniacian-Campanian-
?Maastrichtian from the peri-Adriatic, pre-Apulian 
and Balkan regions. Biogeographic data indicate 
that Gorjanovicia has more widely geographic 
distribution towards the eastern Mediterranean 
Tethys than it was thought and its stratigraphical 
range should be shifted from the Coniacian-
Campanian-?Maastrichtian to late Maastrichtian. 

This study is financially supported by TÜBİTAK 
Project No. 106Y144. 
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Parasauvagesia cappadociensis Cox, 1960, from 
southeastern Turkey, was re-assigned to Joufia 
Boehm, 1897, by [1]. Re-examination of Cox’s 
types confirms the presence of a single row of 
Joufia-like radial canals in the calcitic outer shell 
layer of the left valve, unnoticed by Cox. 
Moreover, the remaining photographic figure of 
the holotype of Kuehnia serbica Milovanović, 
1956 (re-identified as a left, not right valve by [2]), 
shows the same characters as Cox’s species, of 
which we thus regard it to be a senior synonym, 
hence Joufia serbica (Milovanović, 1956). 

The types of Pseudokuehnia Slišković, 1968, and 
other material historically attributed to Kuehnia 
(including K.braciana Pejović), or to Radiolites 
angeiodes de Lapeirouse, from numerous 
localities, including Vrbovac (eastern Serbia), 
Brač Island (Croatia) and Poggiardo (Apulia, SE 
Italy) likewise share with J. serbica: (i) the single 
row of radial canals around the calcitic outer shell 
layer of the left valve; (ii) similar ornamentation, 
with reduced development of the radial bands in 
the right valve; (iii) the same celluloprismatic 
structure of the outer shell layer, with 
pseudopillar-like structures in the right valve; as 
well as (iv) pallial canals in the inner shell layer of 
the left valve, flanking the myophores, as in 
Joufia reticulata Boehm. The same characters 
are also seen in Kurtinia Karacabey-Öztemür, 
1980 [2]. However – significantly – we have not 
yet observed in J. serbica the tubular structures 
in the left valve that are associated with the 
pseudopillar-like structures of the right valve in all 
the aforementioned taxa, pace [2]. Accordingly, 
we recognize three Joufia species: (1) J. 
reticulata Boehm (type species), with multiple 
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canal rows in the left valve outer shell layer; (2) J. 
serbica (Milovanović) [syn., Parasauvagesia 
cappadociensis Cox], with a single row of such 
canals; and (3) a smaller species, J. milovanovici 
Slišković [syn. Kurtinia hemispherica Karacabey-
Öztemür], likewise with a single row of such 
canals, but, additionally, with pseudopillar-linked 
tubular structures in the left valve. The same 
tripartite division is seen amongst specimens 
from latest Campanian-Maastrichtian deposits in 
central and eastern Anatolia, as well as the 
western and eastern parts of the Pontides in 
Turkey. 

Analysis of the literature in the light of these 
findings suggests that Joufia had a wider 
geographic distribution than previously supposed, 
particularly in the northern Mediterranean Tethys, 
ranging from Turkey to Roumania, Bosnia-
Herzegovina, Croatia, Montenegro, Serbia and 
NE and SE Italy, and as far south, also, as 
central Tunisia. 

[1] Karacabey, N. 1969. Bulletin of the Mineral 
Research and Exploration, 73, 133-139. 

[2] Pejović, D. 1984. Bulletin de l’Académire 
Serbe des Sciences et des Arts, Classe des 
Sciences naturelles et mathématiques, 84, 
93-110. 
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4/9, 427-433. 

 Karacabey-Öztemür, N. 1980. Bulletin of the 
Geological Society of Turkey, 23, 79-86. 

 Milovanović, B. 1956. Bulletin du Service 
géologique et géophysique de la R.P. de 
Serbie, 12, 131-144. 

 Slišković, T. 1968. Bulletin du Musée de la 
République Socialiste de Bosnie-
Herzégovine à Sarajevo, Sciences 
naturelles, N.S., 7, 69-96. 
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During the Late Cretaceous, the Iberian micro-
plate was an independent tectonic block located 
within the tropical climate belt. The Iberian Basin 
was a narrow intra-continental basin across the 
micro-plate, connecting the proto-Atlantic (NW) 
and Tethyan realms (SE). During these times, the 
global sea level rise favoured the development of 
successive shallow-water carbonate platforms in 
the basin, that were progressively back-stepped 
along its western continental margin (Hesperian 
Massif), originating a thick carbonate succession 
where rudists were among the main organic 
builders and carbonate producers. 

Rudist occurrences are systematically located at 
the Late Highstand Systems Tracts (LHST) of 
low-order depositional sequences, being located 
relatively close to the upper sequence 
boundaries. This location and the 
superimposition of different order of sea level 
cycles (sequences) mainly control the 
conservation state of the rudist shells because, in 
very shallow and inner platform environments, 
vadose diagenesis processes related to sea level 
falls at sequence boundaries provoked, in a 
general way, major shell dissolution and 
recrystallization, thus preventing their taxonomic 
identification. This is the case of the rudists 
occurring both in the early-middle Turonian and 
the Santonian - Campanian short-term 
depositional sequences, which are also 
coincident with long-term global sea level fall 
trends after the global maximum eustatic peaks 
at the early Turonian and Coniacian, respectively. 

Nevertheless, some identifications were possible 
for the early Turonian: in La Alberca de Záncara 
(Casa Medina Formation), located on the SW 
coastal margin of the Iberian Basin, segment and 
cluster reefs with Durania arnaudi Choffat and 
Radiolites peroni Choffat were developed. 
Additionally, isolated specimens of D. arnaudi 
embedded in a mudstone matrix have been 
recovered (Picofrentes Formation) from central 
areas of the Iberian basin. Fossils recovered from 
the Santonian – Campanian interval in the 
western margin of the Iberian Basin, are only 
inner moulds of hippuritids and radiolitids (with 
and without ligament ridge) of more than 
uncertain determinability. 

Late Turonian - Coniacian rudist assemblages, 
however, are better preserved although related 
as well to shallow inner platform environments; 
the early dissolution and dolomitization 
processes affected less such sequences, 
because they were deposited in relation to the 
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long-term global sea level rise or even related to 
the global early Turonian and Coniacian 
maximum eustatic peaks. Two assemblages 
have been identified within this time interval: 

Late Turonian; located in the north of the Iberian 
Basin (southernmost margin of the Basque-
Cantabrian Range). Three successive rudist 
horizons appear in the Villaescusa de las Torres 
Formation, a limestone unit: at the base, a 
segment reef with Hippurites resectus Defrance 
and, near the top, a close cluster/frame reef with 
the same species and an open/close cluster reef 
with an, up to now, still indeterminate radiolitid. 

Late Coniacian; located in the western coastal 
margin of the Iberian Basin (Hortezuelos 
Formation), constitutes the best (by exposure, 
preservation, and diversity) rudist site known in 
central Spain. A lower horizon formed by a close 
cluster/frame reef with Bournonia gardonica 
(Toucas) occurs in the southern outcrops. 
Northern outcrops are slightly younger and with 
rudist horizons more developed; reef structures 
range from segment to open/close cluster and 
frame reefs with mono- to paucispecific 
associations of Hippurites incisus Douvillé, 
Vaccinites giganteus (d'Hombres-Firmas), V. 
moulinsi (d’Hombres-Firmas), Radiolites 
sauvagesi (d'Hombres-Firmas), Biradiolites 
canaliculatus d’Orbigny, B. angulosus 
(d'Orbigny), Bournonia fascicularis (Pirona), 
Praeradiolites requieni (d'Hombres-Firmas), and 
Apricardia sp. 

THE CAMPANIAN-MAASTRICHTIAN RUDISTS 
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The most complete description of the Late 
Cretaceous rudist fauna of Chiapas is that of [1], 
based mainly on the fossils collected by F. K. G. 
Müllerried (1891-1952) and kept at the Instituto 
de Geología in Mexico City; although all the 
rudist samples were properly referred to 
Müllerried's localities concerning geography, their 

stratigraphic relationship was not well known at 
that time. Successive regional geology studies on 
the area [2], [3], [4] provided an accurate 
lithostratigraphic framework, a detailed 
palaeogeographic reconstruction, and a 
reasonable interpretation of the sedimentological 
evolution of the Chiapas Cretaceous carbonate 
platform, thus stimulating a reappraisal of rudist 
studies in the area with a biostratigraphical 
scope, besides its taxonomical improvement. 

After this palaeogeographic model, in the area 
around Tuxtla Gutiérrez (Chiapas Central 
Depression), the original “mid Cretaceous” 
carbonate mega-platform (Sierra Madre 
Formation), composed of a dolomitic lower 
member (Aptian-Albian) and a limestone upper 
member (Cenomanian-Santonian, early 
Campanian?), fragmented in several blocks each 
following a different tecto-sedimentary evolution. 
A drowned block (Tuxtla Gutiérrez Block) was 
limited by two raised blocks, the emerged Sierra 
Madre de Chiapas basement (Ocozocoautla 
Block) and the La Angostura Block, thus 
constituting a basin (Tuxtla Gutiérrez Basin) that 
was filled during Campanian-Maastrichtian with a 
variety of sediments: conglomerates, sandstones 
and marls (Ocozocoautla Formation), cross-
bedded bioclastic limestones (Juan Crispin 
Formation), limestones with silicified nodules 
(Jopabuchil Formation), and talus breccias 
(Lomas Tristes Formation); on top, towards the 
Ocozocoautla Block, a marginal shallow 
carbonate platform developed (Ocuilapa 
Platform). On the raised La Angostura Block, and 
after a long hiatus, an insular shallow carbonate 
platform installed (La Angostura Platform) directly 
above the Sierra Madre Formation. 

Recent field work measuring stratigraphic 
sections and sampling fossils, allowed to 
recognise: 

- a lower rudist assemblage, at the upper part of 
the Sierra Madre Formation (known with the 
informal name Suchiapa formation) on both the 
Tuxtla Gutiérrez and the La Angostura blocks. 
- a middle rudist assemblage, on the upper part 
of the Ocozocoautla Formation. 
- an upper rudist assemblage, in several horizons 
within both the Ocuilapa and the La Angostura 
platforms. 

[1] Alencáster, G. 1971. Rudistas del Cretácico 
superior de Chiapas. Parte I. Paleontología 
Mexicana 34: 1-91, pl. 1-24. 

[2] Michaud, F. 1987. Stratigraphie et 
paléogeographie du Mésozoïque du Chiapas 
(Sud-Est du Mexique). PhD Thesis, 
Université Paul et Marie Curie, Paris. 
Mémoires Stratigraphie, 6: 1-301. 
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[3] Michaud, F., Fourcade, E. 1989. 
Stratigraphie et paléogéographie du 
Jurassique et du Crétacé du Chiapas (Sud-
Est du Mexique). Bulletin de la Société 
géologique de France, 5(3): 639-650. 

[4] Cros, P., Michaud, F., Fourcade, E., Fleury, 
J.-J. 1998. Sedimentological evolution of the 
Cretaceous carbonate platform of Chiapas 
(Mexico). Journal of South American Earth 
Sciences, 11(4): 311-332. 
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The Upper Cretaceous crops out at the three 
units of the piggy back thrusting sequence 
developed in South-central Pyrenees; namely, 
from South to North: Serres Marginals, Montsec, 
and Bóixols. The northern unit started moving 
southwards in the Late Cretaceous and the 
southernmost unit stopped moving in the Late 
Oligocene. Total shortening is estimated in 165 
km. 

Restitution of the Upper Cretaceous sediments to 
their original location, depicts, north of the 
emerged Ebro Massif, a basin deepening from 
South to North, where it communicated 
westwards with the former Gulf of Biscay. During 
Late Cretaceous this basin expanded, covering 
part of the Ebro Massif, due to the tectonic 
context but also to the progressive global sea 
level rise. Sediments are very varied: 
sandstones, limestones, marls, clays, turbidites 
and breccias occur, corresponding to the different 
depositional environments in the basin; shallow 
carbonate platforms or mix (carbonate/ 
siliciclastic) platforms, both with the conspicuous 
presence of rudist bivalves, developed at 
different time intervals in different locations in the 
basin. Approaching the end of the Cretaceous, 
the basin became almost filled-in with deltaic 

detritic sediments and, at the end, a general 
continental regime installed. 

The taxonomical study of the rudists, and their 
occurrences in the Late Cretaceous of South-
central Pyrenees, allowed recognizing ten 
successive rudist assemblages: 

-Cenomanian: Durania blayaci?, Sauvagesia 
tellensis?, Sphaerulites foliaceus, Requieniidae 
indet, Monopleuridae indet., Caprina adversa, 
Ichtyosarcolites triangularis, I. tricarinatus, I. 
monocarinatus. 
-Upper Turonian: Hippurites resectus, Vaccinites 
petrocoriensis, V. praegiganteus, V. rousseli, 
Praeradiolites pailleteanus. 
-Coniacian: Hippurites incisus, Hippuritella gr. 
toucasi, Vaccinites corbaricus, V. zurcheri, V. 
marticensis, V. giganteus, V. moulinsi, Radiolites 
radiosus, R. vallispetrosae, Biradiolites 
canaliculatus, B. beaussetensis, Bournonia 
excavata, Praeradiolites requieni, P. pailleteanus, 
Bayleia sp., Monopleuridae indet., Plagioptychus 
aguilloni, P. toucasi. 
-Lower Santonian: Hippurites matheroni, H. 
socialis, H. microstylus, H. praecessor, H. 
sublaevis, Hippuritella maestrei, H. sarthacensis, 
H. toucasi, Vaccinites galloprovincialis, V. 
zurcheri, V. giganteus major, V. beaussetensis, 
Radiolites laciniatus, R. sauvagesi, R. radiosus, 
R. squamosus, R. angeiodes, R. vallispetrosae, 
Biradiolites canaliculatus, B. beaussetensis, B. 
angulosissimus, B. acuticostatus, B. carezi, 
Bournonia excavata, Fossulites undaesaltus, 
Praeradiolites toucasi, P. plicatus, P. caderensis, 
Apricardia sp., Bayleia sp., Monopleuridae indet., 
Plagioptychus aguilloni, P. toucasi. 
-Upper Santonian: Hippurites canaliculatus, H. cf. 
socialis, H. microstylus, H. montsecanus, H. 
bioculatus, H. turgidus, Hippuritella maestrei, H. 
sarthacensis, H. sulcatissima, Vaccinites 
galloprovincialis, V. sulcatus, Radiolites 
aurigerensis, R. squamosus, R. angeiodes, 
Biradiolites canaliculatus. B. angulosissimus, B. 
ibericus, B. acuticostatus, B. carezi, 
Praeradiolites toucasi, P. plicatus, P. caderensis, 
Rosellia sp., Sphaerulites boreaui, Apricardia sp. 
Monopleura sp. Plagioptychus toucasi, 
Plagioptychus sp. 
-Lower Campanian: Hippurites vidali, Hippuritella 
variabilis, H. sulcatoides, Hippuritella sp., 
Vaccinites robustus, Vaccinites archiaci, 
Radiolites aurigerensis, R. aff. squamosus, 
Radiolites sp., Biradiolites siracensis, B. 
leychertensis, Lapeirousia sp., Praeradiolites 
subtoucasi, P. fuxeensis, Rosellia sp., Apricardia 
sp., Monopleuridae indet., Mitrocaprina sp. 
-Middle Campanian: Hippurites lamarcki, 
Hippuritella sp., Vaccinites aff. loftusi, Biradiolites 
siracensis, B. lameracensis, Biradiolites sp., 
Lapeirousia jouanneti?, Lapeirousia sp., 
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Praeradiolites subtoucasi, P. jovis, Rosellia 
xavieri, Apricardia sp. Monopleuridae indet., 
Mitrocaprina vidali. 
-Upper Campanian: Hippurites radiosus, 
Hippuritella lapeirousei, Hippuritella sp., 
Biradiolites chaperi, B. lameracensis, B. 
aquitanicus, B. royanus, Lapeirousia jouanneti?, 
Lapeirousia sp., Praeradiolites boucheroni, 
Radiolitella pulchellus, Apricardia sp., 
Monopleura falgasi, M. figolina, Monopleuridae 
indet., Mitrocaprina sp. 
-Lower Maastrichtian: Hippuritella lapeirousei, H. 
castroi, Biradiolites chaperi, B. lameracensis, B. 
royanus, B. ara, Bournonia sp., Lapeirousia sp., 
Praeradiolites boucheroni, P. leymeriei, 
Radiolitella pulchellus, Rosellia sp., new genus 
moroi, new genus sp., Apricardia sicoris, 
Monopleura moroi, M. aff. moroi, Mitrocaprina sp. 
-Upper Maastrichtian: Biradiolites ara, 
Praeradiolites leymeriei, Monopleuridae indet. 

Analysis of these rudist occurrences provided an 
accurate picture of their changes in diversity and 
evolutionary patterns, as well as of their 
relationship with the regional tectonics and global 
sea level changes. 

RUDISTS FROM THE LANGSHAN FORMATION, 
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Langshan rudists, collected and/or photographed 
in the field by the first author, are described and 
some previously recorded taxa revised. The 
formation consists of dark bioclastic and 
argillaceous limestones with minor siltstones, 
mudstones and basic volcaniclastics. The rudists 
are found in limestones with corals, nerineid 
gastropods and orbitolinids. 

Four rudist species are recognized: 

1. A new radiolitid genus proposed for the 
grouping of SE Asian radiolitid species 
characterised by a compact (non-
celluloprismatic) outer shell layer and formerly 
attributed to Eoradiolites [1], [2] is represented by 

‘Praeradiolites’ biconvexus Yang et al. (1982), 
together with other synonymous forms. 
Confusion in the literature over the varied 
appearance of the strongly developed 
ligamentary infolding in such forms was noted by 
[3]. In the right valve, it has a forked inner 
termination, but common transverse sections 
through both valves show the latter juxtaposed 
against its broad, rounded counterpart in the left 
valve, giving the combined terminations a bulb-
shaped appearance. Thus the latter feature is not 
diagnostically distinct from the forked termination 
seen in the right valve. 
2. Eoradiolites sp., is of smaller size and shows 
the celluloprismatic structure of the outer shell 
layer. 
3. A new species of the canaliculate polyconitid, 
Magallanesia, Sano et al. (2014), differs from the 
type species in possessing more numerous and 
ventrally extended canals in the left valve. 
Possibly associated are isolated right valves, 
similar to Horiopleura, but containing tabulae. 
4. Probable Sellaea sp., represented by poorly 
preserved right valves nevertheless show typical 
features, including a very thin outer shell layer 
and an erect posterior myophoral wall, separating 
off a broad posterior ectomyophoral cavity.  
Based on the presence of Magallanesia, this 
rudist fauna is probably no older than late Albian, 
while a younger age cannot be excluded, which 
is consistent with the age assignment of [3]. Both 
Magallanesia and the new radiolitid genus are 
characteristic of a SE Asian/Central Pacific faunal 
province [2], [4], while the other two taxa are 
more widely distributed. 

[1] Masse, J.-P., Gallo Maresca, M. 1997. Late 
Aptian Radiolitidae (rudist  bivalves) from the 
Mediterranean and Southwest Asiatic 
regions: taxonomic, biostratigraphic and 
palaeobiogeographic aspects. 
Palaeogeography, Palaeoclimatology, 
Palaeoecology, 128, 101–110. 

[2] Sano, S., Masse, J.-P. 2013. First record of a 
primitive radiolitid rudist from Japan. 
Paleontological Research, 17, 317–324. 

[3] Scott, R. W., Wan, X., Sha, J., Wen, S. 2010. 
Rudists of Tibet and the Tarim Basin, China: 
significance to Requieniidae phylogeny. 
Journal of Paleontology, 84, 444–465. 

[4] Sano, S., Iba, Y., Skelton, P.W., Masse, J.-
P., Aguilar, Y.M., Kase, T. 2014. The 
evolution of canaliculate rudists in the light of 
a new canaliculate Polyconitid rudist from the 
Albian of the central Pacific. Palaeontology, 
online, doi: 10.1111/pala.12096. 

Authors of mentioned taxa: 
 Sano, S., Iba, Y., Skelton, P.W., Masse, J.-

P., Aguilar, Y.M., Kase, T. 2014. The 
evolution of canaliculate rudists in the light of 
a new canaliculate Polyconitid rudist from the 
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Albian of the central Pacific. Palaeontology, 
online, doi: 10.1111/pala.12096. 

 Yang, Z., Nie, Z., Wu, S., Liang, D. 1982. 
Cretaceous rudists from Ngari, Xizang 
(Tibet), Autonomous Region, China and their 
geologic significance. Acta Geologica Sinica, 
56, 293–301. 
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Gabal Raghawi and Gabal Yelleg together, 
expose 980 m thick Barremian to Turonian 
marine successions in north Sinai. These 
successions contain rudists, ammonites, 
orbitolinid foraminifers and calcareous algae. The 
rudist bivalves occur at ten levels including 22 
rudist species in three rock units (Risan Aneiza, 
Halal and Wata formations). The Horiopleura and 
Toucasia species are recorded from the first 
rudist level of the Late Barremian-Early Aptian 
age. The appearance of radiolitid rudists is 
associated with Lithocodium-Bacinella horizon 
that may propose the early Late Aptian age. The 
last rudist level is recorded from the Turonian 
below the Coilopoceras requienianum  bed and it 
is composed mainly of Radiolites and Durania 
species.The biostratigraphic and Carbon-isotope 
data were used to introduce a high resolution 
stratigraphic reference section of the Upper 
Barremian to Upper Turonian successions in 
north Sinai. Integrated biostratigraphy and 
Carbon-isotope stratigraphy reveal the Lower 
Aptian age of the strata deposited during OAE 1a 
and the first rudist level. The Barremian-Aptian 
boundary is placed at negative Carbon isotope 
peak above the contact between Carbon-isotope 
segment 1 (C1) and Carbon-isotope segment 2 
(C2) at the base of Risan Aneiza Formation in 
north Sinai. The Early-Late Aptian boundary is 
located at the contact between C6 and C7 
Carbon segments. Thus, the position of the 
Eoradiolites plicatus level is located slightly 
above the Early-Late Aptian boundary. The Late 
Aptian-Early Albian interval is characterized by 

the presence of negative Carbon peak precedes 
the positive Carbon excursion (OAE1b). The 
Aptian-Albian boundary is placed within C10 
Carbon segment, where the positive Carbon 
excursion of C9-C10 segments represents the 
latest Aptian-Early Albian OAE1b. The Middle 
Albian rudist levels are dominated with caprinids 
and radiolitids and correlated with the Carbon-
isotope segments C13-C14. During the early Late 
Albian, the positive Carbon excursion at the 
topmost of C15 and C16-C17 Carbon segments 
corresponds to the Oceanic Anoxic Event 1c 
(OAE1c). The Cenomanian Carbon-isotope 
segments C22-C30 at Gabal Yelleg in north Sinai 
show a correlation with that of Europe by Jarvis 
et al. (2006). The Cenomanian-Turonian 
boundary is placed at the onset of falling δ 13C 
values from 2.61‰ to -0.25‰ in the upper part of 
OAE2 with the Carbon segment C30. The 
negative δ 13C shift that was recorded at late 
Middle Turonian above the low-woollgari Event 
by [1] is well correlated with that at Carbon 
segment C33 of Gabal Yelleg. This negative 
Carbon-isotope shift is also correlated with sea 
level fall and lowstand at late Middle Turonian of 
[2]. The lower Upper Turonian positive Carbon 
peak that called Caburn Event in Europe (Jarvis 
et al., 2006) is compared with the positive Carbon 
excursion C34 that is recorded at the base of the 
early Late Turonian Coilopoceras requienianum-
bearing marl. Thus, the rudist levels  VIII-X occur 
in the Middle Turonian Substage, based on their 
stratigraphic position between the Early Turonian 
ammonites (Choffaticeras segne) at the base and 
the early Late Turonian ammonites (Coilopoceras 
requienianum )at the top. 

[1] Jarvis, I., Gale, A.S., Jenkyns, H.C., Pearce, 
M.A. 2006. Secular variation in Late 
Cretaceous carbon isotopes: a new δ13C 
carbonate reference curve for the 
Cenomanian-Campanian (99.6 - 70.6 Ma), 
Geological Magazine, 143(5), 561-608. 

[2] Haq, B.U., Hardenbol, J., Vail, P.R. 1987. 
Chronology of fluctuating sea levels since the 
Triassic, Science, 235, 1156–1167. 
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Recent attention has been drawn to the 
relevance of Early Cretaceous rudist records 
from the Pacific for rudist evolution [1]. For 
example, a new canaliculate polyconitid, 
Magallanesia canaliculata, of probably late Albian 
age, was described from central Cebu Island, the 
Philippines in the western Central Pacific and the 
Takuyo-Daini Seamount, Japanese Seamounts 
in the Northwest Pacific, and its significance for 
the origin of the Late Cretaceous family 
Plagioptychidae discussed [2]. Here two other 
polyconitid rudists are reported from the same 
impure limestone bed with Magallanesia in 
central Cebu Island. 

One form is large (antero-posterior commissural 
diameter reaches about 10 cm). The right valve is 
conical to cylindrical in shape, and the left valve 
is nearly flat. Two prominent longitudinal furrows 
are developed on the postero-ventral flank of the 
right valve. The outer shell layer in the right valve 
is relatively thick. The posterior tooth and 
myophore of the left valve form a plate projecting 
into a broad posterior ectomyophoral cavity in the 
right valve and an ectomyophoral cavity lies 
behind the posterior myophore of the left valve. 
The ligamentary infolding is distinct. Neither 
canals nor tabulae are observed. This form is 
similar to “Polyconitid new taxon 3” of [1] 
previously known only from the Japanese 
Seamounts, though its size is far larger than in 
the latter specimens, in which, by contrast, 
tabulae are present. 

The other form is small (antero-posterior 
commissural diameter about 1 cm). Its shell 
shape and size, myocardinal arrangement and 
also gregarious habit are very similar to those of 
Tepeyacia gregaria from Mexico [3]. However, 
ventral infoldings or “pillars” in this small form 
from Cebu are more developed than those of T. 
gregaria, and even those of T. corrugata from 
Mexico. The location of the “pillars” in the small 
form from Cebu also corresponds to that of the 
two longitudinal furrows in the Cebu “Polyconitid 
new taxon 3”. Yet the growth-line expression of 
tightly scalloped inflexions of the margin in the 
outer shell layer of the right valve observed in 
Tepeyacia corrugata and “Polyconitid new taxon 
4” of [1] from Southwest Japan, cannot be 
recognized in the Cebu small form. Thus 
morphological features similar to the Hippuritidae 

are probably distributed in mosaic fashion in the 
advanced polyconitids. 

These findings provide additional evidence of 
faunal similarity between the Cebu and Japanese 
Seamounts, and also the strong endemism in the 
Pacific, and the importance of Pacific rudist 
records for discussion of the origins and evolution 
of Late Cretaceous rudist families. 

[1] Skelton et al. 2013. Rudist bivalves and the 
Pacific in the Late Jurassic and Early 
Cretaceous. Journal of Geological Society, 
170, 513–526. 

[2] Sano et al. 2014. The evolution of 
canaliculate rudists in the light of a new 
canaliculate polyconitid rudist from the Albian 
of the Central Pacific. Palaeontology, DOI: 
10.1111/pala.12096. 

[3] Masse et al. 2007. Revision of Albian 
polyconitid and monopleurid rudist bivalves 
from the New World. SEPM Special 
Publication 87, 221–230. 

LATE APTIAN RUDISTS FROM CENTRAL 

HOKKAIDO, NORTHERN JAPAN 

Shin-ichi Sano and Jean-Pierre Masse 

(1) Fukui Prefectural Dinosaur Museum, Japan 
(2) Aix-Marseille Université, CEREGE, France 

POSTER 

Cretaceous rudist faunas including Praecaprotina 
yaegashii and Toucasia carinata var. orientalis 
reported from shallow marine limestone from 
central Hokkaido (northern Japan), testified that 
this region was a key area for acknowledging the 
northwestern Pacific rudist diversity. However, 
the revision of their systematic assignment and 
also the description of other rudists are long-
awaited. Here we report Eoradiolites cf. 
gilgitensis, Kugleria sp. and a petalodontid 
monopleurid representing their first records in the 
northwestern Pacific. The rudist-bearing 
limestones are intercalated in the olistostrome or 
‘slump body’ of the lower part of the Yezo Group, 
a forearc basin deposit in Hokkaido. Orbitolinid 
records of shallow-marine limestone blocks, 
redeposited as olistoliths in the Shuparogawa 
Formation in the Yubari Mountains, reviewed 
recently, show that the limestone was probably 
deposited originally during the late early to late 
Aptian, based on the occurrences of 
Praeorbitolina cf. wienandsi, Mesorbitolina parva, 
and M. texana. 

The Hokkaido Eoradiolites is characterized by a 
compact (non-cellular) outer shell layer, as seen 
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in E. gilgitensis, E. griesbachi, and E. ngariensis, 
which are all located in the Southwest Asian 
region of the northern Tethyan margin [1]. This is 
one of the earliest records in the world of 
primitive radiolitids with a typical radiolitiform 
myocardinal arrangement. The associated 
requieniid with a Toucasia-like external 
morphology, is characterized by the presence in 
the right valve of a posterior myophoral plate 
which is not separated from the cardinal platform, 
and thus can be assigned to the genus Kugleria. 
The Hokkaido monopleurid has a small 
inequivalve shell (commissural diameter is less 
than 1 cm), a capuloid left valve and a cylindro-
conical right valve, subpolygonal commissural 
outline with marked ligament groove and slightly 
depressed radial bands in the right valve, and the 
presence of tabulae in the body cavity. This 
monopleurid has a close similarity with the Late 
Barremian–Albian Mathesia from the 
Mediterranean Tethys in general shell shape, 
size and mode of occurrences forming clusters, 
but lacks the diagnostic character of Mathesia, 
i.e. the scalloped or tubular inner margin of outer 
shell layer, so that it cannot be assigned to this 
genus. 

The finding of Eoradiolites cf. gilgitensis 
demonstrates that radiolitids had already 
expanded to the western Pacific at an early 
evolutionary stage, and that a faunal connection 
between the northwestern Pacific region and 
Southwest Asia existed at least in the late Aptian. 
A corresponding possible sister taxonomic 
relationship between Praecaprotina yaegashii 
and Horiopleura haydeni from Gilgit, Pakistan 
also supports this idea. On the other hand, 
Kugleria sp. was reported also from Japanese 
Seamounts, and another “petalodontid” 
monopleurid, possibly Debrunia cf. mutabilis, was 
described from the Mid-Pacific Mountains. Thus 
Kugleria and “petalodontid” monopleurids are 
probably important constituents of Pacific rudists 
at that time. 

[1] Sano, S., J.-P. Masse. 2013. First record of a 
primitive radiolitid rudist from Japan. 
Paleontological Research 17 (4): 317–324. 

THE INTRA-SPECIFIC VARIATION OF 

BIRADIOLITES BULGARICUS PAMOUKTCHIEV 

FROM THE LOWER CAMPANIAN OF OMAN 

Dietrich Schumann 

Mittlerer Gerlas 21, D-95138 Bad Steben 
(Germany) <schumann_dw@web.de> 

ORAL 

The Cretaceous transgressions onto the 
Paleozoic Haushi-Huqf paleo-high along the 
Eastern margin of the Arabian Peninsula lead to 
large shelves. These shelves were subdivided in 
open shelf areas and flat intra-shelf basins. Many 
horizons of the predominantly carbonaceous 
sediments (Albian – Maastrichtian) contain 
rudists. 

Along a 10 km wide and well exposed cliff-like 
escarpment of the Samhan Formation (Lower 
Campanian) in the region of Saiwan (Central 
Oman) six sections were studied in detail [1]. 
Several horizons were found to be pure rudist 
associations, although rudist occur nearly 
troughout in the sections. Besides the large 
collections from this area there are some 300 
specimens of Biradiolites bulgaricus 
Pamouktchiev. Previously reported was B. 
bulgaricus from localities in Bulgaria [2] and 
Somalia [3]. [4] figured one specimen from 
Saiwan as B. aff. bulgaricus without further 
description. 

My own collection contains specimens from 
various stratigraphic levels of the Samhan 
Formation of Saiwan. As a rule this species 
occurs only sporadically in some horizons. Not 
any specimen was found in the dense 
widespread associations of Vaccinites 
vesiculosus. More frequently they were found in 
the marly sediments upon the large plate-shaped 
stromatoporids and sometimes they settled 
successfully on these surfaces. Only at one 
locality a dense autochthoneous association of B. 
bulgaricus was found. There the settlement was 
as dense, that the individuals grew together to 
clusters. 

Because of the enormous range of the 
specimens’ shape sometimes the determination 
is difficult. 

[1] Schumann, D. 2000. Paleoecology of Late 
Cretaceous rudist settlements in Central 
Oman. SEPM  Special Publication No. 69: 
143-153. 

[2] Pamouktchiev, A., 1967. Représentants 
maestrichtiens du genre Biradiolites Orbigny 
de la region de Bresnik (Bulgarie de l’ouest). 
Ann. Univ. Sofia (1 Geologie), 60: 31-73, 3 
pl. 

[3] Pons, J.-M., Schroeder, J.H., Höfling, R., 
Moussavian, E. 1992. Upper Cretaceous 
Rudist assemblages in Northern Somalia. 
Geologica Rom. 28: 219-241, 20 figs., 1 pl. 

[4] Philip, J.M., Platel, J.-P. 1995. Stratigraphy 
and Rudist biozonation of the Campanian 
and the Maastrichtian of Eastern Oman. 
Revista Mexicana de Ciencias Geológicas, 
12(2): 257-266. 
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ALBIAN RUDIST COMMUNITY EVOLUTION BY 

“STRANGELOVE PUMP” AND NICHE 

EXCLUSION: COMANCHE SHELF, TEXAS 

Robert W. Scott, Yulun Wang, and Xin Lai 

The University of Tulsa, Geosciences 
Department, 800 S. Tucker Drive, Tulsa, 

Oklahoma 74104 

ORAL 

Albian buildups populated the Comanche shelf 
on the northern margin of the Gulf of Mexico and 
on atoll fault blocks in Mexico and Central 
America. Albian shelf-margin carbonate buildups 
were composed of sponges, corals, rudists, and 
microbial deposits. Buildups on the shallow-water 
shelf interiors were constructed primarily by 
rudists. The buildups were mostly deposited 
during highstand aggrading to prograding system 
tracts of 1 to 3 myr-long cycles. The builder guild 
was composed of a deeper water coral-rudist-
microbial paleocommunity and a shallower rudist 
paleocommunity. However, during the Late 
Albian the shelf-margin builder guild was 
dominated by rudist bivalves and colonial coral 
abundance receded significantly. 

Albian ocean conditions changed frequently and 
fluctuated dramatically. Organic-rich, black 
muddy sediments were deposited during 
widespread, nearly global, ocean anoxic events. 
Following the Early Aptian Oceanic Anoxic Event 
1a, three Albian anoxic events enveloped basins 
and shelf slopes and were separated by periods 
7.85 myr and 4.01 myr long. Six black shale beds 
were deposited in Tethyan basins from 115.35 to 
97.49 Ma, lasting an average of 32.2 kya. 
Between these low oxygen water-mass events, 
fine-grained oceanic red beds were deposited in 
Tethyan basins. 

One hypothesis to explain this community 
change is the “Strangelove pump” with niche 
exclusion. Ocean water masses shifted relatively 
abruptly from deep eddies to well stratified, warm 
saline bottom waters overlain by low oxygen 
layers. Sea-level rises and falls periodically 
bathed shelf margin buildups with dysaerobic 
waters that stressed the deeper coral-stromatolite 
communities but did not affect the shallower 
rudist-dominated communities. 

New stratigraphic and geochemical data 
document Late Albian that OAE 1c and 1d 
flooded the Comanche shelf spreading low-
oxygen waters across the shelf and into the 
Western Interior basin. The Tethyan and Boreal 
seas were connected dividing North America into 
two landmasses. As waters across the 
Comanche shelf became oxygenated, carbonate 

deposition resumed forming five long-term 
cycles. Rudist-dominated buildups commonly 
developed in the aggrading to prograding 
highstand systems tracts of the 1-3 myr 
stratigraphic sequences. 

Several hypotheses have been proposed to 
explain the reduction in abundance of colonial 
corals in Upper Albian shelf margin buildups. The 
phenomenon resulted from local conditions, but it 
is also recorded in Venezuela, Tunisia, Egypt, 
and Croatia. New data indicates that the demise 
of colonial coral communities was global although 
locally colonial corals persisted with rudists. Coral 
communities occupied deeper niches than 
rudists; corals required sunlight, moderate energy 
and low turbidity. Consequently the frequency 
and duration of low oxygen events stressed 
corals more than rudists. The demise of coral-
microbial paleocommunities and low oxygen 
events was more than coincidence. 

MAJOR DRIFTING PROCESSES OF INDIAN 

PLATE: BASED ON HISTORICAL 

DISTRIBUTION OF BIVALVES RUDISTS AND 

AUCELLINA IN NEOTETHYS 

Jingeng Sha and Xin Rao 

LPS, Nanjing Institute of Geology and 
Palaeontology, Chinese Academy of Sciences, 
Nanjing 210008, China <jgsha@nigpas.ac.cn> 

ORAL 

Indian Plate including southern Tibet of China 
was located in around 50o−30oS before Aptian, 
partly attached to Antarctic in its southern margin, 
but separated from Asian Plate by the vast 
Neotethys. It has been strongly attracting the 
attention of an increasing number of 
geoscientists that the drifting processes of India 
Plate from the far Southern Hemisphere 
northward until touching Asian Plate, i.e., the 
close processes of Neotehtys. 

Rudists were mainly distributed in the area 
between 30oS and 30oN, particularly in tropical 
area in Neotethys during Tithonian−Maastrichian 
interval, but Aucellina was mainly limited in the 
area south to 60oS and north to 60oN in 
Cretaceous Period. According to the distribution 
history of these bivalves, the following four 
drifting processes from south to north of Indian 
Plate have been recognized. 

1. During Albian, there was no rudist in Indian 
Plate but there was Aucellina in northern margin 
of the plate (southern Tibet), indicating that the 
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Plate was mostly stay in cold area, probably 
south of 50oS, even in higher latitudes.  

2. In Cenomanian, Aucellina was disappeared 
from northern Indian Plate, but existed in 
southern India, implying that Indian Plate drifted 
northward, and the northern part entered the 
warm area near 30oS, but southern India was still 
situated in cold region, south 50oS. 

3. In Campanian, Aucellina was totally extinct 
from the plate, while rudists occupied southern 
Tibet, demonstrating at least southern Tibet had 
arrived in the area beyond 30oN.  

4. During Maastrichian, the plate whole entered 
the tropical area, as rudists have been recorded 
since Maastrichian in both southern Tibet and 
southern India. 

WHY MYOPHORES ARE FUNDAMENTAL IN 

RUDIST SYSTEMATICS 

Peter W. Skelton 

Department of Environment, Earth and 
Ecosystems, The Open University, Milton 

Keynes, MK7 6AA, UK. 
<pwskelto@waitrose.com> 

ORAL 

Myophoral arrangements in rudists are diverse 
and their systematic usefulness has long been 
recognized. Both their diversity and their 
phylogenetic conservatism result from 
constructional compromises between 
evolutionary changes in rudist shell growth 
geometry and constraints on adductor muscle 
orientation imposed by the mode of muscle 
insertion. 

Molluscan muscle/shell attachment is mediated 
by a layer of matted collagen (‘tendon sheath’) 
secreted by specialized adhesive epithelium, to 
which the muscle cells in turn attach [1]. Bonding 
of the tendon sheath to the shell is secured by 
bundles of collagen fibres that are embedded in 
aragonitic myostracal prisms. Muscle fibres 
connect via rivet-like structures 
(‘hemidesmosomes’) to bundles of fibrils that 
traverse the specialized epithelium to link with the 
tendon sheath. The muscle fibres are capable of 
serial detachment and lateral re-attachment to 
the adhesive epithelium. Muscles are thus able to 
migrate tangentially across the inner shell surface 
during growth, while maintaining secure 
anchorage. On the other hand, the close 
adhesion of the tendon sheath to the shell 
beneath the muscle restricts myostracal growth 

normal to the shell surface, as is shown by the 
common indentation of muscle scars. The 
combined effect of these two factors – tangential 
muscle migration and suppression of underlying 
normal shell growth – means that, for the 
adductors to maintain their relative positions in 
the shell during growth, each insertion surface 
must be more or less coplanar with the trajectory 
of its migration. In most bivalves, the muscle 
scars thus lie flush on the inner valve surfaces, 
spirally tracking the radial growth of the valve 
margins. 

Essentially the same growth geometry was 
maintained in the primitive spirogyrate rudists, 
albeit with the posterior adductor insertions 
migrating helicospirally along myophoral ledges 
that prevented over-extension of the muscle’s 
length with size increase of the globose shell. 
The posterior insertion surfaces subtended at a 
low angle to the commissural plane, and with 
further shortening of the adductors the 
myophores of both muscles became ventral 
extensions of the hinge plates. But with the onset 
of uncoiled valve growth accompanying 
ligamentary invagination [2], the adductor 
insertion surfaces on the myophores had now to 
tilt more steeply with respect to the commissural 
plane to allow them to follow the more 
orthogonally radial (tubular) growth of the valve 
margins. As far as phylogenetic analysis is 
concerned, the crucial point is that different 
uncoiled clades of rudists followed contrasting 
possible options for such myophoral tilting, 
according to differences in relative tooth 
development and shell habit. Once adopted, 
however, each arrangement proved virtually 
irreversible, thereby providing a unique 
phylogenetic signal for the clade in question, as 
illustrated, for example, by the contrasting 
myocardinal configurations of the Caprinidae and 
the Caprinuloideidae. 

[1] Tompa, A.S., Watabe, N. 1976. 
Ultrastructural investigation of the 
mechanism of muscle attachment to the 
gastropod shell. Journal of Morphology, 149, 
339-351. 

[2] Skelton, P.W. 1978. The evolution of 
functional design in rudists (Hippuritacea) 
and its taxonomic implications. Royal Society 
of London, Philosophical Transactions, ser. 
B, Biological Sciences, 284, 305-318. 
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COMPOSITION AND DEPOSITIONAL 

CHARACTER OF LOWER APTIAN RUDIST 

LITHOSOMES IN CAVA COLONNELLA, 
MURGE BARESI, SE ITALY 

Peter W. Skelton, Roberto Graziano, Arturo 
Raspini, and Luigi Spalluto 

(1) Department of Environment, Earth and 
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Napoli Federico II, Largo S. Marcellino, 10 - 

80138 Napoli. <rgrazian@unina.it> 
(3) Istituto di Geoscienze e Georisorse (IGG), 

CNR, Via G. La Pira, 4 - 50121 Firenze. 
<raspini@igg.cnr.it> 

(4) Dipartimento di Scienze della Terra e 
Geoambientali, Università degli Studi di Bari ‘A. 

Moro’, Via E. Orabona, 4 - 70125 Bari. 
<luigi.spalluto@uniba.it> 

ORAL 

In the context of investigating stratigraphical and 
palaeogeographical variability in Aptian rudist 
formations, we have conducted a reconnaissance 
study of the ‘Calcari a Caprinidae’ (Luperto Sinni 
& Masse, 1993), which is exposed at the top of 
the abandoned Cava Colonnella quarry, in the 
Murge baresi of SE Italy. From the orbitolinids 
identified by [1], it can be assigned to the upper 
Bedoulian; and in describing the rudist fauna, [2] 
noted its ‘African’ (i.e., southern Tethyan) 
affinities. 

The most abundant taxon is the slender elevator 
Glossomyophorus costatus Masse, Skelton & 
Slišković, together with two species of the 
caprinid Offneria, the largely recumbent O. 
murgensis Masse and the diminutive O. nicolinae 
(Mainelli). Also sparsely present are Himeraelites 
sp., and Bicornucopina sp. 

In contrast to the thin, even bedding of the 
underlying ‘Membro dei Calcari a Palorbitoline’, 
the ‘Calcari a Caprinidae’ is less clearly bedded 
and appears to consist of a series of obliquely 
stacked rudist lithosomes separated by low-angle 
clinoforms, the uppermost parts of which display 
traces of ephemeral emersion. These lithosomes 
contain abundant whole and fragmented shells of 
elevator rudists, mainly Glossomyophorus, some 
preserved in upright life position, or exhibiting 
recovery growth following toppling. Their fabrics 
are similar to those recorded in hippuritid 
lithosomes in the Santonian of the southern 
Central Pyrenees [3], and original constratal 
growth is likewise inferred.  In contrast, however, 

transported valves and fragments of recumbent 
forms (Offneria) are also incorporated, similarly to 
the Shu’aiba Formation of eastern Saudi Arabia 
[4]. 

Based on these analogues, a model involving the 
depositional overlapping of rudist banks is 
proposed for the ‘Calcari a Caprinidae’, with 
shallow Glossomyophorus-dominated elevator 
congregations on the platform top spasmodically 
incorporating transported remains of recumbent 
Offneria swept in from more external zones by 
storm currents. 

[1] Luperto Sinni, E., Masse, J.-P. 1993. 
Biostratigrafia dell’Aptiano in facies di 
piattaforma carbonitica delle Murge baresi 
(Puglia – Italia meridionale). Rivista Italiana 
di Paleontologia e Stratigrafia, 98, 403-424. 

[2] Masse, J.-P. 1992. Les rudistes de l’Aptien 
inférieur d’Italie continentale: aspects 
systematiques, stratigraphiques et 
paléobiogéographiques. Geologica Romana, 
28, 243-260. 

[3] Skelton, P.W., Gili, E., Vicens, E., Obrador, 
A. 1995. The growth fabric of gregarious 
rudist elevators (hippuritids) in a Santonian 
carbonate platform in the southern Central 
Pyrenees. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 119, 107-
126. 

[4] Hughes, G.W. 2000. Bioecostratigraphy of 
the Shu-aiba Formation, Shaybah field, 
Saudi Arabia. GeoArabia, 5, 545-578. 

CHRONOSTRATIGRAPHY AND RUDISTS OF 

THE CAMPANIAN-MAASTRICHTIAN QAHLAH 

AND SIMSIMA FORMATIONS (UAE, OMAN) 

Thomas Steuber and S. Lokier 

The Petroleum Institute, Petroleum Geosciences, 
PO Box 2533, Abu Dhabi, UAE 

ORAL 

The rich fauna of the Qahlah and Simsima 
formations has previously received considerable 
attention, and different stratigraphical correlations 
have been established, concluding on a 
Campanian-Maastrichtian age. We used 
numerical ages derived from strontium-isotope 
stratigraphy to obtain a precise 
chronostratigraphical framework for these 
formations. 

In the UAE/Oman border region, the Qahlah and 
Simsima formations follow unconformably over 
the Semail ophiolite, or various units of the 
Hawasina and Sumeini groups that had been 
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emplaced onto the Arabian platform during the 
early Late Cretaceous. Due to the pronounced 
post-obduction topographical relief, 
lithostratigraphical correlation is complicated by 
rapid lateral change in lithofacies, 
intraformational angular unconformities, and 
periods of nondeposition and subaerial exposure, 
indicating a complex interplay between eustatic 
sea-level change and active tectonics during the 
Campanian-Maastrichtian. Despite these 
complications, numerical ages allow to delineate 
a major early Maastrichtian unconformity that can 
be traced throughout the area studied. 

The Qahlah Formation is diachronous, of 
Campanian age in the region of Al Ain and of 
early Maastrichtian age in the North of the UAE 
and Oman. This is also evident in significantly 
different associations of rudist bivalves, which 
had been recognized earlier, and proven to 
provide excellent index fossils, defining three 
biozones for the Campanian-Maastrichtian of the 
Arabian platform. These associations are 
discussed, and the stratigraphical distribution of 
the Arabian Hippuritidae is evaluated in detail. 
While the Simsima Formation shows a deepening 
upward trend in the UAE/Oman border region, a 
continuous shallow water carbonate platform 
sequences that straddles the 
Cretaceous/Palaeogene boundary is exposed in 
the region of Sur (eastern Oman). 

COLVERAIA VARIABILIS KLINGHARDT 1921 

FROM MT. JOUF (FRIULI, NE ITALY) 

Alceo Tarlao, Giorgio Tunis, Sacit Ozer, and 
Maurizio Tentor 

(1, 4) Museo della Rocca di Monfalcone sezione 
Paleontologica, via Valentinis 134, 34134 

Monfalcone, Italy 
(2) Dip. Matematica e Geoscienze, Università 

Trieste, via Weiss, 2, 34127 Trieste, Italy < 
tunis@units.it> 

(3) Dokuz Eylül Üniversitesi Mühendislik 
Fakültesi Jeoloji Mühendisligi, Bölümü, Tinaztepe 
Yerleşkesi 35160 Buca Kampusu Izmir, Turkey 

ORAL 

The rudist genus Colveraia was established by 
[1] from Mt. Jouf, Maniago (Friuli, NE Italy). 
Klinghardt had no intact, fully articulated 
examples at his disposal but only more or less 
large fragments of shells of Colveraia, thus he 
was not able to describe adequately all the 
morphological characteristics of this genus and 
hence, may be, the name variabilis assigned to 
the species. Colveraia variabilis specimens have 

been generally determined from transverse 
sections of the LV in Southern Italy, Bosnia-
Herzegovina, Croatia, Rumania, Iran and UAE, 
but well-preserved fully articulated examples 
have been found only in Turkey. No specimen of 
Colveraia from the type-area was deposited in 
the Italian museums or in private collections, 
moreover the zone of Mt. Jouf is now re-
afforested and it is very difficult to find new 
examples. Some historical specimens from 
Klinghardt are housed at the Goldfuss Museum in 
Bonn, four fragments, not available at present 
time, are in the Museum of Natural History in 
Berlin and a few new specimens are deposited in 
the Museo della Rocca di Monfalcone (Italy). 
None of these examples is complete and 
specimens showing the outer shell characteristics 
are rare since they underwent mechanical 
erosion and breakdown in a high-energy subtidal 
setting. 

However, comparisons among different large 
fragments of the most significant examples allow 
to reconstruct a reliable “architecture” of 
Colveraia variabilis. All the Friuli Colveraias show 
oval shape of the valves that is not a usual 
characteristic amidst the radiolitids. From a side 
view, the umbos are not opposite but markedly 
displaced. One invagination and one indentation 
are clearly visible, the former marks the ligament 
and the latter may correspond to the anterior 
band. No trace of the posterior band has been 
found. A well-developed ligament characterizes 
the transverse sections of Colveraia variabilis, 
expanded teeth also match the growing of the 
valves and large myophores following the 
external perimeter of the shell are more open in 
comparison with those of the Colveraia examples 
found in other countries. The Turkish specimens 
of Colveraia differ from the Mt. Jouf ones by a 
more or less convex shape of LV with a nearly 
central umbo and by the different structure of the 
radial bands. LV shows ornamentation (i.e. 
growth rings and thin ribs diverging from the 
umbo towards the margin of the shell), while RV 
seems to be lacking in ornamentation. On the 
contrary, the Turkish examples show 
ornamentation on the right valve and nearly 
smooth LV holds pyriform pallial canals in the 
aragonitic inner shell layer. Lastly, the outer shell 
layer of RV of the one key-specimen from 
Goldfuss Museum and of a pair of examples from 
Monfalcone reveals a penta-hexagonal network. 

In conclusion, some significant characteristics, so 
far unknown to the genus Colveraia, come out 
from the study of the Mt. Jouf examples and from 
the comparison with the Colveraia examples 
described in Turkey. 
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[1] Klinghardt, F. 1921. Die Rudisten Teil I. Neue 
Rudistenfauna aus dem Maastrichtien von 
Maniago (Friaul) nebst stratigraphischem 
Anhang. 68 pp, 13 figs, Berlin. 
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