
AC
TA

S D
E L

AS
 X

XX
II J

OR
NA

DA
S D

E L
A 

SO
CI

ED
AD

 ES
PA

ÑO
LA

 D
E P

AL
EO

NT
OL

OG
ÍA

MINISTERIO
DE ECONOMÍA
Y COMPETITIVIDAD

cubierta:cubierta 18/5/15  10:07  Página 1

PUBLICACIONES DEL INSTITUTO GEOLÓGICO Y MINERO DE ESPAÑA
Serie: CUADERNOS DEL MUSEO GEOMINERO, Nº 22

FOURTH INTERNATIONAL
CONODONT SYMPOSIUM. ICOS IV

“PROGRESS ON CONODONT INVESTIGATION”

Editores: Jau-Chyn Liao
 José Ignacio Valenzuela-Ríos

MINISTERIO
DE ECONOMÍA, INDUSTRIA
Y COMPETITIVIDAD



FOURTH INTERNATIONAL CONODONT SYMPOSIUM

ICOS IV

“PROGRESS ON CONODONT INVESTIGATION”

JOINTLY WITH:

THE INTERNATIONAL SUBCOMMISSION ON DEVONIAN STRATIGRAPHY SDS

THE INTERNATIONAL SUBCOMMISSION ON SILURIAN STRATIGRAPHY ISSS
		

ORGANISED BY THE UNIVERSTY OF VALENCIA (SPAIN) IN COLLABORATION WITH:

INSTITUTE OF GEOLOGY. ACADEMY OF SCIENCES (CZECH REPUBLIC)

UNIVERSITY OF CAGLIARI (ITALY) 

 UNIVERSITY OF GRAZ (AUSTRIA)
 

EDITORS:  JAU-CHYN LIAO AND JOSÉ IGNACIO VALENZUELA-RÍOS

2017



Serie: CUADERNOS DEL MUSEO GEOMINERO 22

International Conodont Symposium (4. 2017. Valencia) 

Fourth International Conodont Symposium ICOS IV: “Progress on Conodont Investigation”. Joint-
ly with, The International Subcommission on Devonian, The International Subcommission on Silu-
rian Stratigraphy / organised by The University of Valencia (Spain)…[et al.] ; editors, Jau-Chyn Liao 
and José Ignacio Valenzuela-Ríos . – [Madrid] : [Instituto Geológico y Minero de España], 2017

1 disco (CD-Rom) (337 p.) : fig., tb. ; 12 cm. - (Cuadernos del Museo Geominero; 22)

978-84-9138-031-3

1. Conodonta 2. Congreso 3. Investigación Científica 4. Perspectiva I. The International Subcom-
mission on Devonian. Annual Meeting (2017. Valencia) II. The International Subcommission on 
Silurian Stratigraphy. Annual Meeting (2017. Valencia)  III. Universidad de Valencia, org.  IV. Liao, 
Jau-Chyn, ed.  V. Valenzuela Ríos, José, ed.  VI. Instituto Geológico y Minero de España, ed. 

562

Cover images (photos by members of the organizing committee of the 4th ICOS meeting)
Upper left: Palaeozoic outcrops of the Tena valley, Aragonian Pyrenees (Spain). Photo by Jau-Chyn Liao.
Upper centre: Lower Palaeozoic succession in the Barrandian area (Bohemian Massif, Czech Republic). Photo by 

Ladislav Slavík.
Upper right: Palaeozoic succession in the Volayer Area (Carnic Alps, Italy-Austria border). Photo by Carlo Corradini. 
Middle left: Ancyrodelloides lineage proposal, lower to middle Lochkovian (Lower Devonian) in the Central Pyrenees 

(Spain). Photo by José I. Valenzuela-Ríos.
Middle centre: Pragian-Emsian succession in the Baliera section, Benasque area, Aragonian Pyrenees. Photo by José 

I. Valenzuela-Ríos.
Middle right: Regional correlation in the southern part of the Central Pyrenees for the Middle to Upper Devonian. 

Photo by Jau-Chyn Liao.
Lower left: Orthoceras limestones (Lower Devonian) from Gerri La Sal section, Noguera Pallaresa valley. Photo by 

Jau-Chyn Liao.
Lower centre one: Reconstruction in 3D of the Epigondolella quadrata (Upper Triassic) of the Pizzo Mondelo (Italy). 

Photo by Michele Mazza and Carlos Martínez-Pérez. 
Lower centre second: Main library "Eduard Boscà" in the Campus of Burjasot, University_of_Valencia (Spain). 
Lower right: Schiphocrinites from the Silurian/Devonian in Gerri La Sal section. Photo by Jau-Chyn Liao.

Ninguna parte de este libro puede ser reproducida o transmitida en cualquier forma o por cualquier 
medio, electrónico o mecánico, incluido fotografías, grabación o por cualquier sistema de almacenar 
información sin el previo permiso escrito del autor y editores.

© INSTITUTO GEOLÓGICO Y MINERO DE ESPAÑA
Ríos Rosas, 23 – 28003 Madrid
www.igme.es

NIPO: 064-17-010-6
ISBN: 978-84-9138-031-3
Depósito Legal: M-16079-2017

Maquetación e Impresión: Estudios Gráficos Europeos, S.A.



FOURTH INTERNATIONAL CONODONT SYMPOSIUM. ICOS IV. “PROGRESS ON CONODONT INVESTIGATION”

3

THE 4TH INTERNATIONAL CONODONT SYMPOSIUM
“PROGRESS ON CONODONT INVESTIGATION” 

The International Subcommission on Devonian Stratigraphy (SDS)
 The International Subcommission on Silurian Stratigraphy (ISSS)

ORGANISING COMMITTEE
Chairman: José Ignacio VALENZUELA-RÍOS, University of Valencia, 

Spain
Secretary: Jau Chyn LIAO, University of Valencia, Spain
Web-Master and Member: Carlos MARTÍNEZ-PÉREZ; Geology, 

University of Valencia, Spain

MEMBERS
Carlo CORRADINI, University of Cagliari, Italy
Ladislav SLAVÍK, Czech Academy of Sciences; Czech Republic
Thomas SUTTNER, University of Graz, Austria

SCIENTIFIC COLLABORATORS
Pilar CLARIANA, Zaragoza Division, Geological Survey of Spain 
Sofie GOUWY, Calgary,Geological Survey of Canada
Rodolfo GOZALO and Miguel V. PARDO, University of Valencia, Spain
Pedro CONTRERAS, volunteer UV, Spain
Aneta HUŠKOVÁ, Charles University of Prague, Czech Republic
Annalisa FERRETI, University of Modena and Reggio Emilia, Italy
Claudia SPALLETTA, University of Bologna. Italy
Lucas SIMONETTO, Museo Friulano Storia Naturale, Udine. Italy 

SCIENTIFIC COMMITTEE
Gabriella BAGNOLI (University of Pisa, Italy)
Christopher R. BARNES (University of Victoria, Canada)  
Carlton BRETT (University of Cincinnati, USA)
Anne-Christine da SILVA (University of Liège, Belgium)
Annalisa FERRETI (University of Modena and Reggio Emilia, Italy) 
Susana GARCÍA-LÓPEZ (University of Oviedo, Spain) 
Sofie GOUWY (Calgary, Geological Survey of Canada)
Sven HARTENFELS (University of Münster, Germany)
Charles HENDERSON (University of Calgary, Canada) 
Susana HEREDIA (National University of San Juan, Argentina) 
Nadezhda G. IZOKH (Russian Academy of Sciences; Russia) 
Gilbert KLAPPER (University of Northwestern, Evanston, Illinois; USA)
Ulrich JANSEN (Senckenberg Research Institute; Germany)
Stephen A. LESLIE (James Madison University, Virginia; USA)  
John MARSHALL (University of Southampton, UK)
Jeffrey OVER (State University New York, Geneseo; USA)
Ian PERCIVAL (Geological Survey of NSW, Sydney; Australia)
John REPETSKI (US Geological Survey, Virginia; USA)
Manuel RIGO (University of Padua, Italy)
Graciela N. SARMIENTO (University Complutense of Madrid, Spain)
Nikolay SENNIKOV (Russian Academy of Sciences; Russia)
Petr ŠTORCH (Czech Academy of Sciences, Czech Republic)

INSTITUTIONAL SUPPORT AND SPONSORS

Spain
Generalitat de Catalunya. Departament  de Territori i Sostenibilitat
Institut Cartogràfic I Geològic de Catalunya ICGC
Instituto Geológico y Minero de España IGME
Conca de Tremp Montsec Project Geoparc
Consell Comarcal de l’Alt Urgell
Ajuntament de Montellà I Martinet
Ajuntament de la Pobla de Segur
Ajuntament de la Seu d’Urgell
Ayuntamiento de Laspaúles
Ayuntamiento de Tabuenca
Ajuntament de Tremp
Fonda Farré 
Universitat de València
Farmacia Maldonado
Transportes Baeza
Correos Burjasot
Transportes Baeza
Correos Burjasot

Czech Republic
Institute of Geology of the CAS

Italy
Geopark Karnische Alpen Abenteuer Erdgeschichte
Museo Friulano di Storia Naturale
University of Cagliari

Austria
Institute of Earth Sciences. University of Graz
Naturhistorisches Museum Wien



EDITORS:  JAU-CHYN LIAO AND JOSÉ IGNACIO VALENZUELA-RÍOS

4



301

MINERALOGICAL CHARACTERIZATION OF APATITE BIOMINERALS: 
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The term “bioapatite” has often been used improperly in the past and in different scientifi c fi elds to cha-
racterize apatite mediated by the intervention of organisms. Conodonts, for a long time considered enigmatic, 
represent an extinct group of jawless vertebrates that were the fi rst among the group to experiment skeletal 
biomineralization with tooth-like elements in their feeding apparatus. Their use of apatite is shared with 
many other vertebrates that have applied calcium-phosphate biominerals to grow their skeletal structure and 
to shape their teeth. However, microbes are thought to play a role in apatite precipitation (e.g., Crosby and 
Bailey, 2012). Although development of mineralized parts seems controlled by specifi cally produced organic 
molecules that remain entrapped within the mineral units, the growth mechanisms and the diagenetic evolu-
tion of apatite fossils are still poorly understood. 

Ferretti et al. (2016) recently described peculiar diagenetic apatite overgrowths on Late Ordovician (A. 
ordovicicus Zone) conodonts from Normandy. The conodont specimens exhibit a CAI of 4-5, indicating a 
heating up to 400°C. Diagenetic neo-crystals observed on the surface of conodont elements show distinctive 
large columnar, blocky or web-like microtextures. Apatite crystals were analyzed in terms of size, morphology, 
composition, geometry and spatial arrangement by integration of optical and scanning electron microscopy 
(SEM), environmental scanning electron microscopy coupled with chemical microanalyses (ESEM-EDX) and 
X-ray microdiffraction (μXRD). X-ray diffraction technique had been used in the past to characterize lattice 
parameters in apatite crystals (e.g., Ellisson, 1944; Pietzner et al., 1968; Nemliher and Kallaste, 2012). Mi-
crodiffraction, applied to conodont structural characterization, proved to be a reliable tool in describing over-
growths that otherwise cannot be resolved by the use of microscopic methods alone. In fact µXRD method 
allows for small volumes of material to be probed: X-rays are collimated to form a very small beam (up to 
10 μm in diameter) before irradiating a sample, giving the possibility to check for local “micro” environment 
such as defects or preferred orientations of the crystallites. Microdiffraction measurements were carried out 
on various points of the surface using a 50 µm collimator and changing specimen orientation (fi xed Omega 
revolution angle and varying Phi rotation angle). The integration of μXRD with chemical analyses allowed 
Ferretti et al. (2016) to reveal that diagenetic apatite neo-crystals exhibit the same chemical composition as 
the original fossil structure, and that no signifi cant difference in unit cell parameters appears to exist between 
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the newly formed apatite crystals and those of the smooth (with no crystal overgrowth) conodont surfaces. 
In other words, diagenesis has strictly replicated the unit cell signature of the older crystals. The application 
of this approach, coupled with RAMAN analysis, has been extended to encompass conodont elements of 
different age and having diverse CAI in order to better constrain variability of apatite cell parameters. These 
results have been compared with those derived from apatite documented in other fossil and living organisms.
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