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The Late Devonian Frasnian-Famennian (F-F) times record one of the biggest five bi-
ological crisis that mostly affected marine shallow water organisms especially corals.
In many areas, the F-F mass extinction is coeval with the deposition of black or-
ganic matter-rich levels: the so-called “Kellwasser horizons” in several epicontinen-
tal basins, from shelfal to offshore domains (Schindler, 1990, Buggisch, 1991). The
two Kellwasser horizons (Laterhenanaandlinguiformiszones of the Late Frasnian)
are linked worldwide with two positive excursions of theδ13Ccarb signal that are
interpreted as the result of enhanced organic-matter burial (Joachimski et al, 1994,
2002). This period is also characerized by a noticeable decrease of detrital input from
continental areas to the distal zones. This is highlighted by the decreasing trend of
magnetic-susceptibility values in many sections of N. Gondwanan (Central Morocco,
Anti-Atlas & Montagne Noire) and S. Laurussian (Harz Moutains & Rhenish Massif)
margins. The decrease of this signal, controlled by mainly magnetite mineral abun-
dance and to a lesser extent the paramagnetic minerals contribution of sediments,
would result from a global Frasnian sea-level rise. This transgressive phase is punc-
tuated by two major pulses of sea-level rise, corresponding to the two Kellwasser
horizons. These peculiar levels, in which increase of productivity-indicator concentra-
tions, such as Ba/Al and Cu/Al (Tribovillard et al., 2004, Riquier et al., 2005) have
been recorded, were most probably periods of high oceanic primary productivity. The
increase of phytoplanktonic activity seems to be coeval with the onset of dysoxic to
anoxic conditions in bottom-water environments, as indicated by positive peak values



of redox paleomarkers, such as U/Th and V/Cr (Tribovillard et al., 2004; Riquier et al.,
2005). These oxygen-poor conditions developed during Late Frasnian in both platform
and basin settings (Central Morocco, Harz Mountains & Rhenish Massif), and lasted
till Early Famennian in the deeper environments (Montagne Noire & Anti-Atlas).

Primary productivity and thus levels of dissolved oxygen in marine domains are usu-
ally controlled by nutrient availability in surface waters. For the Late Devonian, it may
be postulated that the triggering mechanism for increased nutrient concentration in
marine environment was the enhanced weathering intensity under greenhouse condi-
tions (Algeo et al., 1995; Murphy et al., 2000; Averbuch et al., 2005). This mechanism
would be the result from the early stage of the Eovariscan orogenesis, associated with
vascular plant development. The warm and humid climate has potentially favoured the
continental weathering and alteration rates of uplifted zone, enhanced fluvial runoff,
and so ensured continued long-term nutrient flux to the oceans during the Late Devo-
nian (Algeo et al., 1995; Racki, 1998; Tribovillard et al., 2004; Averbuch et al., 2005;
Riquier et al., 2005). In addition, mountain building might have modified atmospheric
circulations, and collision of Laurussia and northwestern Gondwana may have caused
a reduction in oceanic water circulations between the Panthalassa and the Paleotethys
(Copper, 1986; Averbuch et al., 2005). Reduced circulation slowed the ventilation of
deep water. The confinement of epicontinental basin, coupled with highstand sea level
and high productivity may have caused the onset of long-term recurrent water stratifi-
cation and bottom-water anoxia development. These two phenomena could facilitate
the release of nutrients (P and N) from decaying organic-matter. The transfer of dis-
solved P from anoxic bottom water to ocean surface could create a positive feedback
loop between P regeneration in bottom water, high surface productivity and anoxia
(Ingall and Jahnke, 1997; Murphy et al., 2000). Lastly, silicate alteration, enhanced by
large uplifting starting during Frasnian, and the burial of large quantities of organic-
matter by the end of Frasnian stimulated CO2-pumping. The decreased concentration
of this greenhouse gas could have resulted in a climate cooling. The latter may have
caused a sea-level fall, recorded at the end of the Kellwasser-horizon deposition and a
resumption of detrital input, hightlighted by noticeable increase of magnetic suscepti-
bility during the Early Famennian.

Thus, a conjunction of perturbations may have participated actively to the F-F events:
the extremely rapid changes in both oxygenation conditions and temperatures are
likely to have had drastic repercussions on marine fauna possibly leading to the major
F-F crisis.

References

Algeo, T.J., Berner, R.A., Maynard, J.B., Scheckler, S.E., 1995. Late Devonian



oceanic anoxic events and biotic crises: "rooted" in the evolution of vascular land
plants?GSA Today5, 64-66.

Averbuch, O., Tribovillard, N., Devleeschouwer, X., Riquier, L., Mistiaen, B. & van
Vliet-Lanoe, B., 2005. Orogenic-induced continental weathering and organic carbon
burial as major causes for climatic cooling at the Frasnian-Famennian boundary (ca
376 Ma BP).Terra Nova. In press.

Buggisch, W., 1991. The global Frasnian/Famennian “Kellwasser event”.Geologische
Rundschau, 80, 49-72.

Copper, P., 1986. Frasnian/Famennian mass extinction and cold-water oceans.Geol-
ogy14, 835-839.

Ingall, E., Jahnke, R., 1997. Influence of water-column anoxia on the elemental frac-
tionation of carbon and phosphorus during diagenesis.Marine Geology139, 219-229.

Joachimski, M.M., Buggisch, W. & Anders, T., 1994. Mikrofazies, Conodontenstrati-
graphie und Isotopen geochimie des Frasne/Famenne Grenzprofils Wolayer Gletscher
(Karnische Alpen).Abhandlungen der Geologischen BundesanstaltWien 50, 183-
195.

Joachimski, M.M., Pancost, R.D., Freeman, K.H., Ostertag-Henning, C. & Buggisch,
W., 2002. Carbon isotope geochemistry of the Frasnian-Famennian transition.Palaeo-
geography Palaeoclimatology Palaeoecology181, 91-109.

Murphy, A.E., Sageman, B.B., Hollander, D.J., 2000. Eutrophication by decoupling of
the marine biogeochemical cycles of C, N and P: a mechanism for the Late Devonian
mass extinction.Geology28, 427-430.

Racki, G., 1998. Frasnian-Famennian biotic crisis: undervalued tectonic control?
Palaeogeography Palaeoclimatology Palaeoecology141, 177-198.

Riquier, L., Tribovillard, N., Averbuch, O., Joachimski, M.M., Racki, G., De-
vleeschouwer, X., El Albani, A. & Riboulleau, A., 2005. Bottom water redox condi-
tions at the Frasnian-Famennian boundary on the both sides of the Eovariscan Belt
constraints from trace element geochemistry.Palaeogeography Palaeoclimatology
Palaeoecology.In press.

Tribovillard, N, Averbuch, O., Devleeschouver, X., Racki, G. & Riboulleau, A.,
2004. Deep-water anoxia during the Frasnian-Famennian boundary events (La Serre,
France): an echo of a tectonically-induced Late Devonian oceanic anoxic event?Terra
nova. 16, 288-295.

Schindler, E., 1990. Die Kellwasser Krise (Hohe Frasne-Stufe, Ober Devon).Göt-



tinger Arbeiten zur Geologie und Paläeontologie.46, 115 p.


