
APPENDIX 05.1 SELECTED GEOLOGICAL REFERENCES 

 

ADARO (1975). Mapa geológico de España. E.1:50.000. Hoja nº 63 (Eibar). Segunda 
serie, primera edición. IGME (Madrid). 

Agirrezabala, L.M. and García-Mondéjar, J. (1989). Evolución tectosedimentaria de la 
plataforma urgoniana entre Cabo Ogoño e Itziar (Aptiense-Albiense superior, Región 
Vasco-Cantábrica nor-oriental). XII Cong. Esp. Sedim. Simposios:11-20. 

Agirrezabala, L.M. and García-Mondéjar, J. (2000). Late Albian intrabasinal uplift and 
denudation recorded by inverted clast stratigraphy (black flysch of Mutriku, Basque-
Cantabrian Basin). V Congreso Geológico de España, Alicante.  Sociedad Geológica de 
España. Geotemas, 1(2),pp.227-229. 

Alonso, A., Floquet, M., Mas, R. and Meléndez, A. (1983). Evolution 
paléogéographique des plates-formes de la Meseta nord-castillane et de la Cordillère 
Ibérique (Espagne) au Sénonien. Géol. Méditerr., 10;pp.361-367. 

Alonso, A., Floquet, M., Mas, R. and Meléndez, A. (1987a). Origine et evolution du 
détroit ibérique au Crétace supérieur. Mém. Géol. Univ. Dijon., 11;pp.79-80. 

Alonso, A., Floquet, M., Mas, R. and Meléndez, A. (1989). Late Cretaceous Carbonate 
Platforms: origin and evolution. Iberian Range, Spain. In: Cretaceous Carbonate 
Platforms (J. A. T. Simó, R. W. Scott y J. P. Masse, Eds.), Amer. Assoc. Petrol. Geol. 
Sp. Publ., 65;pp.297-316. 

Apellaniz E, Baceta JI, Bernaola-Bilbao G, et al. (1997) Analysis of uppermost 
Cretaceous lowermost Tertiary hemipelagic successions in the Basque Country 
(western Pyrenees): evidence for a sudden extinction of more than half planktic 
foraminifer species at the K/T boundary. Bulletin Societé Geologique de France, 168 
(6): 783-793.  

Arenillas I. Arz J.A. & Molina E. (1998). El límite Cretácico/Terciario de Zumaya, 
Osinaga y Músquiz (Pirineos): control bioestratigráfico y cuantitativo de hiatos con 
foraminíferos planctónicos. Revista de la Sociedad Geológica de España. 11(1-2). 127-
138.  

Arenillas I. & Molina E. (2000). Reconstrucción paleoambiental con foraminíferos 
planctónicos y cronoestratigrafía del tránsito Paleoceno-Eoceno de Zumaya 
(Guipúzcoa). Revista Española de Micropaleontología. 32(3), 283-300.  

Arenillas I. , Molina , E. Ortiz S. & Schmitz B. (2008). Foraminiferal and ∂13C isotopic 
event-stratigraphy across the Danian-Selandian transition at Zumaya (northern 
Spain): chronostratigraphic implications. Terra Nova. 20, 38-44. 

Arz J.A., Canudo, J.I. & Molina E. (1992). Estudio comparativo del Maastrichtiense de 
Zumaya (Pirineos) y Agost (Béticas) basado en el análisis cuantitativo de los 
foraminíferos planctónicos. In: J. Civis et al. eds. Actas del III Congreso Geológico de 
España. Tomo 1, 487-491.  



Arz J.A., Arenillas I. & Molina E. (1999). Extinción de foraminíferos planctónicos en el 
tránsito Cretácico-Terciario de Zumaya (Guipúzcoa): ¿supervivencia o reelaboración? 
Revista Española de Micropaleontología. 31(3). 297-304.  

Arz J.A. & Molina E. (2002). Bioestratigrafía y Cronoestratigrafía con foraminíferos 
planctónicos del Campaniense superior y Maastrichtiense de latitudes templadas y 
subtropicales (España, Francia y Tunicia). Neues Jahrbuch fur Geologie und 
Paläontologie, Monashete, 224(2), 161-195.  

Baceta, J.I.(1996). El Maastrichtiense superior, Paleoceno e Ilerdiense inferior de la 
Región Vasco-Cantábrica: Secuencias Deposicionales, Facies y Evolución 
Paleogeográfica. Tesis Doctoral. Univ. País Vasco.372p. 

Baceta, J.I., Pujalte, V.and Orue-Etxebarria, X. (1999). The vertebrate fossil sites of 
the Laño quarry (Basque Cantabrian Region): stratigraphycal and palaeographycal  
context. In: Geology an Paleontology of the Upper Cretaceous vertebrate-bearing 
beds of the Laño quarry (Basque-Cantabrian Region, Iberian Peninsula) (H. Astibia, 
J.C. Corral, X. Murelaga, X. Orue-Etxebarria y X. Pereda-Suberbiola (Eds.) Estud. 
Mus. Cienc. Nat. Álava, 14; pp.13-28. 

Baceta, J.L., Pujalte, V., Dinarès-Turell, J., Payros, A., Orue-Etxebarria, A. and 
Bernaola, G. (2000). The Paleocene-Eocene boundary interval in the Zumaia section 
(Gipuzkoa, Basque Basin): magnetostratigraphy and high-resolution lithostratigraphy. 
Rev. Soc. Geol. España, 13; pp.375-391. 

Baldi Beke M. & the Paleogene/Neogene Working Group members (Molina E.) (1983). 
Potential boundary stratotype sections in Italy and Spain. Rivista Italiana di 
Paleontologia e Stratigrafia. 89, 456-527.  

Bernaola G., Baceta, J.I., Payros, A., Orue-Etxebarria, X. and Apellaniz, E. (eds) 
(2006). The Paleocene and lower Eocene of the Zumaia section (Basque Basin). 
Climate and Biota of the Early Paleogene, 2006. Post Conference Field Trip 
Guidebook. Bilbao, 82p. 

Canudo J.I. & Molina E. (1992). Planktic foraminiferal faunal turnover and bio-
chronostratigraphy of the Paleocene-Eocene boundary at Zumaya (Northern Spain). 
Revista de la Sociedad Geológica de España. 5 (1-2), 145-157.  

Canudo J.I. & Molina E. (1993). Implicaciones paleoceanográficas de las variaciones 
de los foraminíferos planctónicos y del isótopo *13C en el tránsito Paleoceno-Eoceno 
en Zumaya y Caravaca. In: J.M. González Donoso ed. Actas de las IX Jornadas de 
Paleontología. 43-48.  

Canudo J.I, Keller G., Molina E. & Ortiz N. (1995). Planktic foraminiferal turnover 
and *13C isotopes across the Paleocene-Eocene transition at Caravaca and Zumaya, 
Spain. Palaeogeography, Palaeoclimatology, Palaeoecology. 114. 75-100.  

Díaz-Martínez, E., Sanz, E. & Martínez-Frías, J. (2002) “Sedimentary record of impact 
events in Spain” Geological Society of America Special Papers, 356: 551-563.  

EVE (2003). Mapa geologic del País Vasco a escala 1:200.000. Memoria explicativa. 



Feuillee, P. (1971). Les calcaires biogeniques de l’Albien et du Cénomanien Pyrénéo-
Cantabrique; problèmes d’environnement sédimentaire. Palaegeography, 
Palaeoclimatology, Palaeoecology, t.9. 

Floquet, M. (2004). Outcrop cycle stratigraphy of shallow ramp deposits : the Late 
Cretaceous series of the Castilian Ramp (Northern Spain). In : Mesozoic and Cenozoic 
Sequence Stratigraphy of European Basins (P. C. de Graciansky,J. Hardenbol, T. 
Jacquin, and P.R. Vail, Eds.). Soc. Econ. Paleont. Miner.Sp. Pub.,60 ; pp. 343-361. 

García-Mondéjar, J., and Pascal, A. (1978). Précisions stratgraphiques et 
sédimentologiques sur les terminations calcaires sud-occidentales du système 
urgonien basco-cantabrique (Espagne du nord). Bull. Soc. Géol. France, 20. 179-183. 

García-Mondéjar, J. and Pujalte, V. (1982). El Cretácico Superior de la franja costera 
de Cantabria. En: El Cretácico de España (A.García, ed.). Editorial Complutense, 
Madrid, 94-88. 

García-Mondéjar, J. and Pujalte, V. (1982b). Regiónn Vasco-Cantábrica y Pirineo 
Navarro. Reconstrucción  paleogeográfica, síntesis y evolución general. En: El 
Cretácico de España (A.García, ed.). Editorial Complutense, Madrid, 145-160. 

García-Mondéjar, J., Hines, F.M., Pujalte, V, and Reading, H.G. (1985). 
Sedimentation and tectonics in the western Basque-Cantabrian area (northern Spain) 
during Cretaceous and Tertiary times. In Libro guía de excursions del 6th European 
Regional Meeting IAS (M.D. Milá y J. rosell, eds), 308-392. 

García-Mondéjar, J. (1990). The Aptian-albian carbonate episode of the Basque-
cantabrias Basin (northern Spain): general characteristics, controls and evolution. In 
Tucker, M.E., Wilson, J.L., Cervelló, P.D., Sarg, J.R. and Read, J.F. (Eds): Carbonate 
Platforms. IAS Special Publication nº9, pp.257-291. 

García-Mondéjar, J., Aguirrezabala, L.M., Aranburu, A., Fernández-Mendiola, P.A., 
Gómez-Pérez, I., López-Horgue, M.A. and Rosales, I. (1996). Aptian-albial tectonic 
pattern of the Basque-Cantabrian Basin (northern Spain). Geological Journal, 31;pp. 
13-45. 

Gómez de Llanera, J. (1956). Observaciones geológicas en el flysch cretácico 
nummulítico  de Guipúzcoa. Monogr. Inst. “Lucas Mallada”, Inv. Geol., nº 15. 

Gómez de Llanera, J. (1958). Datos paleontológicos del flysch litoral de Guipúzcoa. 
El Craconiense de Septarias de Motrico. Not. y Com. del IGME., nº 50 (2). 

Gräfe, K.U. (1994). Sequence Stratigraphy in the Cretaceous and Paleogene (Aptian 
to Eocene) of the Basco-Cantabrian Basin (N. Spain). Tübinger Geowiss. Arb., 18, 
418p. 

Gräfe, K.U. (1996). Sedimentary cycles in the Upper Cretaceous of the Basco-
Cantabrian Basin (N. Spain): an application of sequence stratigraphy. Mitt. Geol.-
Paläont. Inst. Univ. Hamburg, 77; pp. 243-270. 



Hanish, J. and Pflug, R. (1974). The interestratified breccias and conglomerates in 
the Cretaceous Flysch of he Northern Basque Pyrenees: submarine outflow of diapiric 
mass. Sediment. Geol. 12; pp. 287-296. 

Hillebrandt, A. Von (1965). Foraminiferen-Stratigraphic im Alttertiänr von Zumaya 
(provinz Guipuzcoa, NW Spaien) und ein verglech mit anderen Tethys-Gabieten. 
Bayerische Akad. Wiss. Abh.,Math-Natur., N.F. 123, 62p. 

Huertas, M.O., Ruiz, F.M., Palomo, I. & Chamley, H. (1995). Comparative 
mineralogical and geochemical clay sedimentation in the Betic-cordilleras and 
Basque-Cantabrian basin areas at the Cretaceous-Tertiary boundary. Sedimentary 
Geology, 94 (3-4): 209-227. 

IGME. Plan MAGNA. Hojas 1:50.000 del Territorio del País Vasco. 

Lu G., Keller G., Adatte T., Ortiz N. & Molina E. (1996). Long-term (105) or short-
term (103) ¶13C excursion near the Paleocene-Eocene transition: evidence from the 
Tethys. Terra Nova. 8. 347-355.  

Luterbacher, H.P. (Edit.)(2004) Contribution to the Stratigraphy of the Paleogene. 
Neues Jahrbuch für Geologie und Paläontologie, Abhandlungen, Bd.234(1-3), 440 
(+VI) p., 154 figures and 7 tables. ISBN 3-510-66542-0. Stuttgart. Germany. 

Mahey, B. (1986). Les flysch Crétacé supérieur des Pyrénées Basques. Mém. Geol. 
Univ. Dijon, 12; pp.1-399. 

Meléndez A. y Molina E. (2008). El límite Cretácico-Terciario (K/T).  
En: A. García-Cortés et al., eds. Contextos geológicos españoles. Publicaciones del 
Instituto Geológico y Minero de España. 107-113 

Molina E. (1981). Potential Paleogene/Neogene boundary stratotype sections in 
Spain. In: M. Roneo ed. Proceedings of the Paleogene/Neogene Boundary Field 
Conference, 1-9.  

Molina E., Gonzalvo C. & Keller G. (1993). The Eocene-Oligocene planktic 
foraminiferal transition: extinction, impact and hiatuses. Geological Magazine, 
130(4). 483-499.  

Molina E., Arenillas I & Schmitz B. (1996). Field trip guide to the Paleocene and Early 
Eocene of Zumaya section. In: E. Molina et al. eds. Early Paleogene Stage 
Boundaries. Abstracts and field trip guides. 57-72.  

Molina E., Arenillas I. & Pardo A. (1998). Planktic foraminiferal biostratigraphy across 
the Paleocene/Eocene boundary: events and correlations. Strata. 1(9). 93-96.  

Molina E., Arenillas I. & Pardo E. (1999). High resolution planktic foraminiferal 
biostratigraphy and correlation across the Paleocene/Eocene boundary in the Tethys. 
Bulletin de la Société géologique de France. 174(4). 521-530.  



Molina E. & Arenillas I. (2000). Eventos y estratotipo del límite Paleoceno/Eoceno. 
In: M. A. Lamolda ed. PICG: Desarrollo y Perspectivas en España. Temas Geológico-
Mineros. 30. 141-147.  

Molina E., Alegret L., Arenillas I., Arz J.A., Gallala N., Grajales-Nishimura M., 
Murillo-Muñetón, G. & Zaghbib-Turki D. (2009). The Global Boundary Stratotype 
Section and Point for the base of the Danian Stage (Paleocene, Paleogene, 
“Tertiary”, Cenozoic): auxiliary sections and correlation. Episodes. 32 (2), 84-95. 

Mount J.F.  & Ward, P. (1986) Origin of limestone/marl alternations in the Upper 
Maastrichtian of Zumaya, Spain. Journal of Sedimentary Petrology, 56 (2): 228-236. 

Mount J.F.,  Jeffrey F., Stanley V. Margolis, William Showers, Peter Ward and Eric 
Doehne. "Carbon and Oxygen Isotope Stratigraphy of the Upper Maastrichtian, 
Zumaya, Spain: a Record of Oceanographic and Biologic Changes at the End of the 
Cretaceous Period." Palaios 1 (1986b): 87-92. 

Olivet, J.L. (1996). La cinemátique de la plaque ibérique. Bull. Cent. Rech. Explor. 
Prod. Elf-Aquit., 20; pp.131-195. 

Pujalte, V., Robes, S., Baceta, J. I. and Orue-Etxebarria, X.(1992). Latest 
Cretaceous-Early Eocene sedimentation in the deep-water Basque Basin (Northern 
Spain): Eustatic and tectonic influence. International Meeting on Sequence 
Stratigraphy of European basins: Field Guidebook, 42pp. 

Rat, P. (1959). Les Pays crétacés Basco-Cantabriques (Espagne). Publ. Univ. Dijon, t 
XVIII, 525p. 1 mapa geol. 1:200:000. 

Saavedra, J.L. (1971). Caracteres micropaleontológicos de la serie estratigráfica de 
Guipúzcoa. I Congreso Hispano-Luso-Americano de Geología Económica. Sección I, 
tomo I, pp. 403-420. 

Schmitz B., Molina E. & Von Salis K. (1996). The Zumaya section in Spain: a possible 
global stratotype section for the Selandian and Thanetian stages. Newsletter of ISPS, 
6. 15-21.  

Schmitz B., Asaro F., Molina E. Monechi S. von Salis K. & Speijer R.P. (1997). High-
resolution iridium, *13C, *18O, foraminifera and nannofossil profiles across the latest 
Paleocene benthic extinction event at Zumaya, Spain. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 133 (1-2). 49-68.  

Schmitz, B., Molina, E., & Von Salis, K. (1998). The Zumaya section is Spain: a 
possible global stratotype section for the Selandian and Thanetian Stages. Newsl. 
Stratigr.  36(1); pp. 35-42. Berlin –Stuttgart. 

Shanmugam, G., 1988, Zumaya Flysch, Spain, in Moores, E. M., and Michael Wahl, F., 
eds., The Art of Geology:  GSA Special Paper 225, p. 23. 

Souquet, P., Debroas, E.J., Boirie, J.M., Pons, P., Fixari, G., Roux, P., Dol, J., 
Thieuloy, J.P., Bonnemaison, M., Manivit, H. and Peybernes, B. (1985) Le Groupe du 



Flysch Noir (Albo-Cénomanien) dans les Pyrénées. Bull. Cent. Rech. Explor. Prod. Elf-
Aquit., 9;pp. 183-252. 

Vera, J. A. (Ed.) (2004). Geología de España. SGE-IGME, Madrid, 890p. 

Ward. P., Wiedmann, J. & Mount J.F. (1986) Maastrichtian molluscan biostratigraphy 
and extinction patterns in a Cretaceous Tertiary boundary section exposed at 
Zumaya, Spain. Geology, 14 (11): 899-903. 
 
Zili L., Zagbib-Turki D., Alegret L., Arenillas I. & Molina E. (2009). Foraminiferal 
turnover across the Paleocene/Eocene boundary at the Zumaya section, Spain: 
record of a bathyal gradual mass extinction. Revista Mexicana de Ciencias 
Geológicas. In press. 

 

 

SELECTED RELATED ABSTRACTS FROM INTERNATIONAL PUBLICATIONS 

Sea-level, humidity, and land-erosion records across the initial Eocene thermal 
maximum from a continental-marine transect in northern Spain  

Publication: Geology. August 2003, v. 31, p. 689-692. 

Authors: Birger Schmitz and Victoriano Pujalte  

Abstract 

In two continental sections in the Tremp basin, northern Spain, the initial Eocene 
thermal maximum (also known as the Paleocene-Eocene thermal maximum) is 
registered by an �6‰ fall in δ13C values in soil carbonate nodules. High-resolution 
correlations, using the δ13C excursion, can be made to nearby shelf and bathyal 
marine settings, allowing a detailed reconstruction of soil formation on land and 
transport of detritus to the sea during the initial Eocene thermal maximum. Soils that 
formed before and after the initial Eocene thermal maximum in the Tremp region 
reflect arid to semiarid conditions, with abundant evaporative minerals, whereas 
initial Eocene thermal maximum soils reflect seasonally wetter but generally dry 
conditions. During the initial Eocene thermal maximum, land erosion was intensified 
and accumulation rates of terrigenous detritus in the sea increased. This reflects 
both increased topographic relief associated with a prominent sea-level lowstand and 
enhanced seasonal precipitation over a dry landscape with sparse vegetation. Deeper 
erosion led to an increase in the flux of kaolinite from buried Mesozoic soils to the 
oceans. The association of the initial Eocene thermal maximum with a sea-level 
lowstand in northern Spain, as well as at other marginal North Atlantic sites, may 
reflect coeval large-scale magmatic activity in the northernmost Atlantic.  

 

Ostracode turnover and sea-level changes associated with the Paleocene-Eocene 
thermal maximum 

Publication: Geology. January 2002, v. 30, p. 23-26, 



Authors: Robert P. Speijer and Abdel-Mohsen M. Morsi 

Abstract 

The ostracode response to oceanographic changes during the Paleocene-Eocene 
thermal maximum (PETM, ca. 55 Ma) is largely unknown. The Gebel Duwi section 
(Egypt) provides a detailed ostracode record across the PETM in a middle neritic 
setting. Quantitative analysis of this record reveals two significant results. (1) The 
PETM is marked by a sharp faunal turnover, as indicated by abundance changes, local 
extinctions, and immigrations. This turnover punctuated a gradual basin-wide faunal 
transition. (2) During the �60 k.y. period prior to the PETM, relative sea level fell 
rapidly by �15 m. This sea-level fall was followed by an �20 m sea-level rise during 
the PETM. A possible eustatic control on these fluctuations suggests the presence of a 
cryosphere and variations in its size during this time of global warmth.  

 

 

Multiple early Eocene hyperthermals: Their sedimentary expression on the New 
Zealand continental margin and in the deep sea 

Publication: Geology.  August 2007, v. 35, p. 699-702 

Authors: Micah J. Nicolo, Gerald R. Dickens1, Christopher J. Hollis and James C. 
Zachos. 

Abstract 

The Paleocene–Eocene thermal maximum (PETM) ca. 55.5 Ma was a geologically brief 
interval characterized by massive influx of isotopically light carbon, extreme changes 
in global climate, and profound variations in Earth system processes. An outstanding 
issue is whether it was an isolated event, or the most prominent example of a 
recurring phenomenon. Recent studies of condensed deep-sea sections support the 
latter, but this finding remains uncertain. Here we present and discuss lithologic and 
carbon isotope records across two lower Eocene outcrops on South Island, New 
Zealand. The PETM manifests as a marl-rich horizon with a significant negative 
carbon isotope excursion (CIE). Above, in sediment deposited between 54 and 53 Ma, 
are four horizons with similar though less pronounced expressions. Marl beds of all 
five horizons represent increased terrigenous sedimentation, presumably linked to an 
accelerated hydrological cycle. Five corresponding clay-rich horizons and CIEs are 
found in deep-sea records, although the lithologic variations represent carbonate 
dissolution rather than siliciclastic dilution. The presence of five intervals with 
similar systemic responses in different environments suggests a mechanism that 
repeatedly injected large masses of 13 C-depleted carbon during the early Eocene.  

 

Evidence of an abrupt environmental disruption during the mid-Paleocene biotic 
event (Zumaia section, western Pyrenees) 



Publication: Geological Society of America Bulletin. July 2007, v. 119, p. 785-795. 

Authors: Gilen Bernaola, Juan Ignacio Baceta, Xabier Orue-Etxebarria, Laia Alegret, 
Maite Martín-Rubio, Javier Arostegui and Jaume Dinarès-Turell. 

Abstract 

An abrupt environmental disruption occurred in the photic zone and at the seafloor 
during the mid-Paleocene biotic event (MPBE). Calcareous nannoplankton, planktic 
foraminifer, and benthic foraminifer assemblages at Zumaia section (western 
Pyrenees) underwent a rapid and remarkable transformation. The major calcareous 
plankton assemblage changes suggest a shift from relatively cooler mesotrophic to 
warmer, more oligotrophic conditions, indicating a disturbed environment due to the 
warming of the ocean. Benthic foraminifer assemblages were also significantly 
affected by the MPBE; diversity of the assemblages and buliminids show net decline 
and the low food and opportunistic taxa increase in abundance. The reorganization 
of the planktic ecosystem possibly involved changes in the food flux (type and 
quantity) to the seafloor, thus triggering changes in the benthic communities.  

A 1‰ negative δ13C shift and a 30% carbonate content decrease are recorded in 
connection with the biotic event. This suggests that during the MPBE, as in the 
Paleocene-Eocene Thermal Maximum (PETM), an input of a large mass of isotopically 
depleted carbon into the ocean and atmosphere could have lowered the deep-sea 
pH, triggering a rapid shoaling of the lysocline and contributing to greenhouse 
warming.  

The MPBE was short lived: according to the counting of limestonemarl couplets, the 
stratigraphic expression of precession cycles throughout the Zumaia section, the 
MPBE lasted for �52–53 k.y., with the core of the event representing �10–11 k.y.  

The Zumaia section is the first land-based locality in which the MPBE is recognized 
and described in detail. Due to its expanded character and excellent paleontological 
record, this section may prove to be a global reference section for the study of this 
short-lived event.  

 

Mode and tempo of the Paleocene-Eocene thermal maximum in an expanded 
section from the Venetian pre-Alps 

Publication: Geological Society of America Bulletin.  March 2007, v. 119, p. 391-412. 

Authors: Luca Giusberti,  Domenico Rio,  Claudia Agnini,  Jan Backman,  Eliana 
Fornaciari,  Fabio Tateo and  Massimo Oddone. 

Abstract 

The central part of the Piave River valley in the Venetian pre-Alps of NE Italy exposes 
an expanded and continuous marine sediment succession that encompasses the 
Paleocene series and the Paleocene to Eocene transition. The Paleocene through 



lowermost Eocene succession is >100 m thick and was deposited at middle to lower 
bathyal depths in a hemipelagic, near-continental setting in the central western 
Tethys. In the Forada section, the Paleocene succession of limestone-marl couplets is 
sharply interrupted by an �3.30-m-thick unit of clays and marls (clay marl unit). The 
very base of this unit represents the biostratigraphic Paleocene-Eocene boundary, 
and the entire unit coincides with the main carbon isotope excursion of the 
Paleocene-Eocene thermal maximum event. Concentrations of hematite and biogenic 
carbonate, δ13C measurements, and abundance of radiolarians, all oscillate in a 
cyclical fashion and are interpreted to represent precession cycles. The main 
excursion interval spans five complete cycles, that is, 105 ± 10 k.y. The overlying 
carbon isotope recovery interval, which is composed of six distinct limestone-marl 
couplets, is interpreted to represent six precessional cycles with a duration of 126 ± 
12 k.y. The entire carbon isotope excursion interval in Forada has a total duration of 
�231 ± 22 k.y., which is 5%–10% longer than previous estimates derived from open 
ocean sites (210–220 k.y.). Geochemical proxies for redox conditions indicate 
oxygenated conditions before, during, and after the carbon isotope excursion event. 
The Forada section exhibits a nonstepped sharp decrease in δ13C (−2.35‰) at the 
base of the clay marl unit. The hemipelagic, near-continental depositional setting of 
Forada and the sharply elevated sedimentation rates throughout the clay marl unit 
argue for continuous rather than interrupted deposition and show that the initial 
nonstepped carbon isotope shift was not caused by a hiatus. A single sample at the 
base of the unit lacks biogenic carbonate. Preservation of carbonate thereafter 
improves progressively up-section in the clay marl unit, which is consistent with a 
prodigiously abrupt and rapid acidification of the oceans followed by a slower, 
successive deepening of the carbonate compensation depth. Increased sedimentation 
rates through the clay marl unit (approximately the main interval of the carbon 
isotope excursion) are consistent with an intensified hydrological cycle driven by 
super-greenhouse conditions and enhanced weathering and transport of terrigenous 
material to this near-continental, hemipelagic environment in the central western 
Tethys.  

The sharp transition in lithology from the clay marl unit to the overlying limestone-
marl couplets in the recovery interval and the coincident shift toward heavier δ13C 
values suggest that the silicate pump and continental weathering, the cause of the 
enhanced terrigenous flux to Forada, stopped abruptly. This implies that the source 
of the light CO2 eased to be added to the ocean-atmosphere system at the top of the 
clay marl unit.  

 

Late Cretaceous–Paleocene formation of the proto–Zagros foreland basin, 
Lurestan Province, SW Iran 

Publication: Geological Society of America Bulletin.  June 2009, v. 121, p. 963-978, 
first published on April 24, 2009. 

Authors: Stéphane Homke,  Jaume Vergés,  Josep Serra-Kiel,  Gilen Bernaola,  Ian 
Sharp,  Miguel Garcés,  Ismael Montero-Verdú,  Ridvan Karpuz and  Mohammad 
Hassan Goodarzi. 



Abstract 

Late Cretaceous emplacement of ophiolitic-radiolaritic thrust sheets over the Arabian 
passive margin was the first manifestation of the protracted closure of the Neotethys 
Ocean, which ended with the continental collision between Arabia and central Iran 
and the formation of the present Zagros fold belt. This tectonic stacking produced a 
flexural basin (the Amiran Basin: 400 × 200 km in size) in the northwest Zagros that 
was filled with a 1225-m-thick shallowing-upward detrital succession made up of the 
Amiran, Taleh Zang, and Kashkan Formations. This succession sits unconformably 
above the Late Cretaceous Gurpi Formation and is overlain by the Oligocene-Miocene 
Shahbazan-Asmari carbonate succession. Dating of the Amiran-Kashkan succession is 
based on detailed biostratigraphy using large foraminifera and calcareous 
nannoplankton.  

The Cretaceous-Tertiary (K-T) boundary is located within the uppermost 25–45 m of 
the Gurpi Formation. The overlying Amiran and Taleh Zang Formations have been 
dated as Paleocene in age. However, the base of the Paleocene within the Gurpi 
Formation lacks NP1 and NP2 zones, implying a hiatus of ~2 m.y. at ca. 65.5 Ma, 
which is inferred to correspond to an early folding phase near the Cretaceous-
Paleocene boundary. The upper part of the Kashkan Formation is dated to the 
earliest Eocene by palynostratigraphy. A large hiatus (or very slow deposition) lasting 
about 15 m.y. occurs between the Kashkan and Shahbazan Formations in the studied 
region. The base of the prograding Shahbazan platform deposits is dated by 87Sr/86Sr 
stratigraphy at ca. 33.9 Ma. The upper part of the Asmari Formation is dated as 
early-middle Miocene using foraminifera associations.  

Reconstruction of the Amiran–Taleh Zang–Kashkan succession of the Amiran Basin 
indicates a thickening of the basin fill from the southern pinch-out along the SE flank 
of the Kabir Kuh anticline to SW of the Khorramabad anticline, where the flexure is 
at least 900 m. In contrast, the NE part of the basin underwent coeval contraction 
and uplift of ~1300 m. Superimposed smaller undulations onto the large-scale flexure 
are interpreted as Late Cretaceous–Paleocene folds.  

Regional comparisons (SE Zagros, Oman, and Turkey) indicate that Late Cretaceous–
Early Tertiary deformation affected the entire NE margin of Arabia but that 
compression was not synchronous, being younger in Lurestan than in the NW Persian 
Gulf where inversion tectonics occurred from Turonian to mid-Campanian times. The 
long sedimentary hiatus spanning most of the middle and late Eocene must have been 
related to deep lithospheric processes linked to the initial events of the protracted 
closure of the Neotethys Ocean between Arabia and central Iran. The tectono-
sedimentary history recorded in the Zagros Basin may help to understand early 
foreland basin growth in other orogens in which subsequent continental collision has 
obliterated these early events.  

 


