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Introduction:  The stepwise Late Frasnian (mid-Late Devo-

nian) mass extinction is one of the five largest Phanerozoic extinc-
tion episodes.  High-resolution data presented by numerous work-
ers indicate that stepwise, progressive biodiversity loss is a funda-
mental characteristic of Phanerozoic mass extinctions.  Late Devo-
nian data, which must now be re-examined in light of new radio-
metric and conodont biochronologic dating, suggest that multiple 
sub-critical impacts coincided with significant biodiversity losses, 
culminating in an end-Frasnian mass extinction. 

Late Devonian Impacts:  The early Late Devonian Alamo im-
pact is dated by conodont biochronology as early Frasnian punctata 
Zone.  Previously this was converted to a date of ~367 Ma.  How-
ever, recent radiometric dating by Kaufmann and colleagues [1,2] 
of the Late Devonian, which closely parallels dating by Tucker et 
al. [3], has necessitated redating the Alamo impact as ~382 Ma.  
The Alamo impact targeted a marine, off-platform (~300-m-deep) 
site in south-central Nevada [4].  Although the crater has been tec-
tonically dissected and dislocated and later buried, the evidence for 
impact is well documented, e.g., [4,5,6,7].  Conodont dating of the 
Flynn Creek impact structure, Tennessee, by Schieber and Over [8] 
suggests the next older transitans Zone, ~1 m.y. older than the 
Alamo impact, although their recorded conodont species are per-
missive of a punctata Zone age.  However, a critical conodont col-
lection [9], now apparently lost, from a currently inaccessible out-
crop within the structure may suggest an age younger than the 
transitans Zone.  The Amönau possible impact event [10,11], Ger-
many, is dated by conodonts as falsiovalis Zone, which is the next 
older, early Frasnian, pre-transitans zone.  Calibration of the fal-
siovalis Zone age for the Amönau event against the revised Late 
Devonian time scale [1,2] indicates a numeric age of ~383.5 Ma.  
The Siljan impact, Sweden, is dated numerically as ~376.8 Ma +/- 
1.7 m.y. [12].  This dating is either coincident with, or just before, 
the Late Frasnian mass extinction, at ~376.1 Ma +/- 1.6 m.y. [1]. 

Conclusion:  These new numeric dates confirm that a series of 
Frasnian impacts, interpreted as comet showers [11], accompanied 
and probably promoted progressive, low-latitude biodiversity loss, 
culminating with ecosystem collapse that produced the end-
Frasnian mass extinction. 
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