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Abstract

Catastrophes were common in the geologic past, but their distinction from other events is necessary. 
Besides magnitude (strength), scales of events are important in a solution of this task. Several 
examples, which involve Late Paleozoic and Quaternary megafloods, Hadean and Phanerozoic 
extraterrestrial impacts, and Phanerozoic mass extinctions, ensure that scaling by spatial extent and 
diversity of consequences facilitates tracing the boundary between catastrophes and “ordinary” 
events. This boundary, however, is dynamic and its position depends on our subjective needs. 
Considerations of the geologic past should not mix catastrophes of different scales. The event 
analysis helps to avoid such a pitfall, and, therefore, it should be preferred to neocatastrophism in 
modern geoscience.
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INTRODUCTION

The Hawaiian creation chant entitled 
Kumulipo gives a spectacular example of 
how ancient Polynesians perceived a mix of 
gradual and sudden events in the develop-
ment of nature (Beekwith, 1981). Surprisingly, 
modern geoscientists are faced with the same 
challenge, namely a clear distinction between 
catastrophes and other (“ordinary”) events. 
Much has been said about past geologic ca-
tastrophes and the rise of neocatastrophism 
(e.g., DURY, 1980; BERGGREN & VAN 
COUVERING, 1984; KARROW, 1989; 
HICKEY, 1992; SCHÖNLAUB, 1996; HAL-
LAM, 2005; BABIN, 2007; MARRINER et 
al., 2010). BABIN (2007) has demonstrated 
recently that event analysis is a desired per-
spective for modern geoscience. Some classifi-
cations of geologic events exist (e.g., RUBAN, 
2006), but an appropriate distinction of catas-
trophes from other events is yet to be achieved. 
This problem appears to be highly complex, 
and it requires a multi-dimensional solution.

An objective of the present essay is con-
sideration of some catastrophes discussed 
in modern geoscience literature in order to 
demonstrate that their scale was not less im-
portant than their magnitude (their distinc-
tion is explained below). This can apparently 
help to create a basis for further distinction 
of catastrophes from “ordinary” events in 
the geologic past.

BRIEF THEORETICAL OUTLINE

The geologic event is nothing more than 
an occurring (or already occurred) change 
(RUBAN, 2006). Although modern geosci-
ence often focuses on extraordinary events 
(e.g., BOGGS, 2006; REY & GALEOTTI, 
2008), which are, in particular, meaningful 

for stratigraphical correlation purposes, these 
constitute only a small part of all events that 
occurred in the geologic past and were either 
preserved or not in the available geologic re-
cord. Catastrophes are, undoubtedly, events, 
but only a few events are catastrophes. So, 
how are the latter to be specified? Avoiding 
an in-depth analysis of the large amount of 
relevant literature (e.g., MILNE, 2000; POS-
NER, 2004; BOSTROM &	 ĆIRKOVIĆ, 
2008), it is simple to state that catastrophes 
are distinguished as a large-scale process with 
dramatic consequences. Catastrophes are of-
ten (but likely not-necessarily) sudden, self-
accelerating, and highly-complex events.

The main characteristic of a catastrophe 
is its magnitude, i.e., strength. E.g., 95% of 
life went extinct at a time of the Permian/Tri-
assic mass extinction (ERWIN, 2006). This 
suggests an outstanding magnitude. Global 
warming by 60C is forecasted to happen 
during the next decades according to one 
of the proposed scenarios (HOUGHTON, 
2009). This also indicates a magnitude of 
this potential catastrophe. Taking into ac-
count magnitudes of geologic events, one 
can rank them within the same class and 
with the same units. E.g., the percentage of 
species went extinct can help to rank biotic 
crises. A comparison of events belonging to 
different classes is a more difficult task (be-
cause of different units), which will be pos-
sible only on the basis of certain subjective 
judgements. But if  even this is possible, it 
is definitely not enough to make a distinc-
tion from “ordinary” events. The geologic 
environment is very complex. It has physi-
cal dimensions (area and depth), complex-
ity (various geologic bodies and processes), 
and dynamics (duration, abruptness, and 
frequency). Thus, one needs to measure 
the scale of past events, and, consequently, 
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to consider their spatial extent, diversity of 
consequences, and temporal expression.

EXAMPLES

Three particular subjects reflected in 
modern geoscience literature are mentioned 

in this paper in order to illustrate the scaling 
of catastrophes in the geologic past. These 
include megafloods, mass extinctions, and 
extraterrestrial impacts. In all cases, repre-
sentative examples are considered. They are 
taken from different time slices of geologic 
time (Fig. 1).

Fig. 1. Catastrophic events considered in the present essay. The geologic time scale is after OGG et al. (2008).
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Megafloods: scaling by spatial extent

Several megafloods are known from geo-
logic history. One of them is the so-called 
Missoula Floods. During the Pleistocene, 
Lake Missoula occupied a large territory in 
the northwestern part of the USA (chiefly 
Washington and Oregon). Periodic ruptures 
of the ice dam, established by a tongue of the 
Cordilleran Ice Sheet, produced major floods 
(see reviews in BRETZ, 1969; ANDERSON 
& ANDERSON, 2010; see also Appendix) 
also termed jökulhlaups (VAN LOON, 2009; 
ANDERSON & ANDERSON, 2010). It 
is reasonable to note that the differences be-
tween such megafloods from glacial lake 
outburst floods are rather artificial (Ben-
nett & Glasser, 2009). Now, up to 90 floods 
linked with the Missoula lake are reported 
from the time interval of 18–15 ka, although 
there is evidence that similar floods occurred 
through the entire Pleistocene (O’CONNOR 
& BAKER, 1992; BENITO & O’CONNOR, 
2003; CLAGUE et al., 2003  PLUHAR et al., 
2006; ANDERSON & ANDERSON, 2010; 
MEDLEY & BURNS, 2010). MEDLEY & 
BURNS (2010) traced the history of these 
floods back to 780 ka at least. Lake Missoula 
was up to 200 m deep, and its volume was 
about 2700 km3, which allowed peak discharg-
es of 13000000 m3/s and the duration of one 
flood during about a week (ANDERSON & 
ANDERSON, 2010). Each event devastated 
a very large area and re-shaped the landscape 
now termed channeled scabland. The Mis-
soula Floods, however, were catastrophic for 
only the northwestern part of the USA (and, 
probably, neighbouring parts of Canada). 
They may be, probably, recognized as such on 
a continental, but not global scale.

The other famous megaflood, some-
times called Noah’s Flood, occurred in the 

Black Sea Region. It is assumed that the 
Black Sea with its relatively low level (150 m 
below present) was isolated from the Mar-
mara Sea and the Mediterranean at the be-
ginning of the Holocene; sudden opening of 
the Bosporus Gateway at ~ 8.5–7 ka allowed 
a rapid water discharge with a consequent 
drowning of the Black Sea shelves and quick 
retreat of the shoreline (RYAN & PITMAN, 
1999; RYAN et al., 2003; Yanko-Hombach 
et al., 2007; Lericolais et al., 2009; ANDER-
SON & ANDERSON, 2010). In the worst 
case, the sea-level rose by ~0.5 m/day with 
horizontal shifts of the shoreline by ~1 km/
day (ANDERSON & ANDERSON, 2010). 
Despite strong geological argumentation, 
this scenario faces some criticism (Görür 
et al., 2001; Aksu et al., 2002; YANKO-
HOMBACH et al., 2007). If  the Black Sea 
Flood was true, it was a catastrophe with 
consequences for earlier human cultures de-
veloped along the coasts of the preexisting 
lake (RYAN & PITMAN, 1999). Indeed, the 
whole ecosystem of the Black Sea and neigh-
bouring territories changed dramatically. 
There might have been some consequences 
for the Marmara Sea (and, less probably, 
for the Mediterranean Sea) as well as for the 
water exchange between the Black Sea and 
the Caspian Sea. However, it is unlikely that 
this dramatic event was a catastrophe on the 
global scale.

Some megafloods are reported from 
Southern Siberia. In the Middle Frasnian 
(Late Devonian), there was a voluminous 
discharge of fresh water from the large 
Kohai Lake that took place in the Minusa 
Depression to the marine basin, which 
embraced the Kuznetsk Basin (GUTAK 
& ANTONOVA, 2006a,b). This became 
possible after breakup of a natural barrier 
somewhere in the Kuznetsk Alatau. Together 
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with water, a lot of clastic sediment was de-
livered. The relevant red-coloured deposits 
are preserved as a clinoform with structures 
typical for diluvial (i.e., formed as a result of 
flood) beds. A sudden megaflood occurred 
in the same Kuznetsk Basin in the Permian 
(GUTAK, 2008). The thickness of the rel-
evant diluvial deposits is up to 17 m. They 
bear large cordaite stems (Photo 1). This 
megaflood event was also linked with water 
discharge from a lake in the Minusa Depres-
sion. It appears that rapid burial of organic 
matter with voluminous clastic material deliv-
ered by megafloods in the Kuznetsk Basin fa-
cilitated formation of coals (GUTAK, 2008). 
Megafloods from glacial-dammed lakes are 
also reported from the Late Pleistocene of 
the Altay (BUTVILOVKIJ, 1993; Grosvald, 
1999; RUDOY, 2002; GUTAK et al., 2008). 
The largest Tchuja Lake was up to 140 x 70 
km in size with depth up to 300 m (GUTAK 

et al., 2008). Destruction of ice dams resulted 
in cataclysmic outflow of lake waters, which 
occurred within some days. Peak water dis-
charges in the Altay reached 18000000 m3/s 
(RUDOY, 2002). Specific landforms like giant 
ripples (Photo 2) and flood terraces (Photo 3) 
were created by these floods. The whole land-
scape became a scabland (RUDOY, 2002) 
similar to that described in North America 
(see above). Interestingly, megafloods took 
place in the Altay until the mid-Holocene 
(RUDOY, 2002; GUTAK et al., 2008), which 
permits one to hypothesize that not only the 
landscape, but also prehistoric human socie-
ties were affected by these events. In all three 
cases, water discharges were, undoubtedly, 
catastrophic and perturbed the local pal-
aeoenvironments and sedimentation regime. 
However, these catastrophes are recognizable 
only on the regional scale limited by the terri-
tory of Southern Siberia.

Photo. 1. Permian diluvial bed with a cordaite stem (~ 7 m in length) in the Kuznetsk Basin. I. DULIĆ stays 
for scale. Photo by JA.M.G.
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Photo 2. Giant ripples of ancient megaflood in the Altay. The height of ripples is up to 20 m. Photo by JA.M.G

Photo 3. Megaflood terrace in the Altay. The entire terrace was formed as a result of single flood episode. 
Photo by JA.M.G.
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All above-mentioned megafloods were, 
undoubtedly, natural catastrophes. Their di-
rect actions and consequences were restrict-
ed to particular regions even if  large. On a 
larger scale, they were just peculiar geologic 
events. There is, however, an example of 
megaflood with global-scale consequences. 
This was a cataclysmic discharge of fresh 
water (6 x 100 m3/s) from the proglacial 
Lakes Agassiz and Ojibway to the Atlantic 
Ocean, which perturbed major circulation 
patterns, produced the short-term cooling 
at ~8.2 ka, and induced the global sea-level 
change (CLARKE et al., 2004; KENDALL 
et al., 2008; LEGRANDE, 2009; ANDER-
SON & ANDERSON, 2010). It was earlier 
hypothesized that outflow from the same 
Lake Agassiz might have been responsible 
for the Younger Dryas event, but this idea 
is now under critical examination (TELLER 
et al., 2005; BROECKER et al., 2010).

Extraterrestrial impacts: scaling by diversity 
of consequences

Extraterrestrial impacts are not uncom-
mon in the geologic past (ABBOTT & IS-
LEY, 2002; NAPIER, 2008). Some of them 
were extraordinary with respect to diversity 
of consequences. The most spectacular were 
those events that occurred in the very early 
history of the Earth. Collisions with large 
(with a size up to that of Mars) extraterrestrial 
bodies were able to melt significant portions 
of the crust, to remix the core and mantle, to 
strip the atmosphere, and to re-homogenize 
the entire planet; it remains under discussion 
how many such catastrophes occurred before 
4.45 Ga and which of them was responsible 
for creation of the Moon (ZHANG, 2005).

An extraterrestrial body with the size 
of about 10 km collided with the Earth at 

the Cretaceous/Paleogene boundary and 
produced global wildfires, giant tsunami 
waves, climate perturbations, and the well-
known mass extinction (ALVAREZ, 2008; 
SCHULTE et al., 2010). This scenario gen-
erated various criticisms. Some authors pro-
pose another cause (e.g., volcanism) of the 
environmental catastrophe (COURTILLOT, 
2007), others suggest another impact event 
(KELLER, 2008), some provide an evidence 
that the hypothesized impact was not so de-
structive (BELCHER et al., 2004, 2005), 
and some still question an idea of sudden 
mass extinction (STOW, 2010). Anyway, the 
above-mentioned scenario provides an exam-
ple of global-scale environmental perturba-
tion, which altered all levels of the biosphere 
and atmosphere and had such exceptional 
outcomes like 100 m-tsunami waves and 
planetary-persisting wildfires (WOLBACH 
et al., 1990; VAJDA et al., 2001; DYPVIK 
& JANSA, 2003; ALVAREZ, 2008). Even if  
some dinosaurs and ammonites passed the 
Cretaceous/Paleogene boundary (Fassett et 
al., 2002; MACHALSKI & HEINBERG, 
2005; FASSETT, 2009; MACHALSKI et 
al., 2009; ROVELLI et al., 2010), these were 
“Dead Clades Walking” in terms of Jablon-
ski (2004). In other words, this was a catas-
trophe with the highest possible diversity of 
consequences for the Earth’s geologic evo-
lution. Another extraterrestrial impact has 
been recently hypothesized to happen at the 
end-Pleistocene (FIRESTONE et al., 2007; 
KENNETT et al., 2009). This idea faces 
strong criticism (e.g., SUROVELL & HOL-
LIDAY, 2009; Broecker et al., 2010; see also 
Appendix), but the relevant disputes are not 
yet ended. If this ~12.9 ka event occurred, 
it was a catastrophe, which provoked mega-
faunal extinctions and interruption of early 
human cultures in North America; moreover, 
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this impact might have been responsible for 
the Younger Dryas global cooling (FIRE-
STONE et al., 2007; KENNETT et al., 2009). 
Thus, despite its lesser magnitude, the end-
Pleistocene catastrophe (of course, if further 
proved) seems to be comparable by diversity 
of its consequences with what happened at 
the Cretaceous/Paleogene boundary.

The Odessa hypervelocity impact oc-
curred in the Pleistocene on the southern 
High Plains of North America; it devas-
tated local ecosystems, although this effect 
was limited to a radius of 2 km (HOLLI-
DAY et al., 2005). This event likely did not 
trigger any significant changes in climate or 
biosphere. The Eltanin impact took place in 
the South Pacific at ~ 2.15 Ma, when a large 
(up to 4 km in size) extraterrestrial body col-
lided with the Earth (WARD & ASPHAUG, 
2002). Although it altered the bottom sedi-
ments and produced a giant tsunami wave 
(FLORES et al., 2002; WARD & AS-
PHAUG, 2002), this impact apparently did 
not affect the Earth’s climate or biosphere 
(FLORES et al., 2002). Were these two 
events catastrophes with respect to diversity 
of their consequences? If  we consider only 
the sequence of the Earth’s collisions with 
other bodies, each event constituting this 
sequence should be judged catastrophic. In 
contrast, when one addresses the geologic 
evolution with its entire complexity, the 
Odessa and Eltanin impacts were close to 
“ordinary” events.

Mass extinctions: scaling by temporal 
expression

A series of mass extinctions occurred 
in the geologic past (RAUP & SEPKOSKI, 
1982; SEPKOSKI & RAUP, 1986; HAL-
LAM & WIGNALL, 1997; HALLAM, 

2005; BAMBACH, 2006; RACKI, 2009). 
Five of them (end-Ordovician, Frasnian/
Famennian, Permian/Triassic, end-Triassic, 
and Cretaceous/Paleogene) are considered 
major, and they are often called the Big 
Five. Scaling of mass extinctions by their 
temporal expression is difficult even if  pos-
sible. Both duration and abruptness are 
excluded as significant parameters. On one 
hand, there are certain pitfalls in their evalu-
ation (e.g., VAN LOON, 1999). On the other 
hand, consideration of neither duration nor 
abruptness facilitates a distinction of catas-
trophes from “ordinary” events. E.g., the 
end-Ordovician mass extinction linked with 
a glaciation (MUNNECKE et al., 2010) 
was apparently longer and less abrupt than 
the asteroid-triggered Cretaceous/Paleo-
gene mass extinction (ALVAREZ, 2008; 
SCHULTE et al., 2010). However, both 
were recognizable biotic catastrophes.

Consideration of frequency poses a 
more complicated task. One may assume 
that higher frequency of events means they 
were “ordinary” in the geologic past. If  so, 
major mass extinctions (the Big Five) were 
catastrophes, whereas minor mass extinc-
tions (all others except for Big Five), sig-
nificantly more frequent, were not. Alterna-
tively, minor mass extinctions were “lesser” 
catastrophes. A distinction of major and 
minor mass extinctions, however, seems to 
be outdated. On one hand, it has been real-
ized that some “minor” biotic collapses were 
comparable in their magnitude with those 
“major” (e.g., RUBAN & TYSZKA, 2005). 
On the other hand, even such dramatic mass 
extinctions like that Permian/Triassic (ER-
WIN, 2006) were not so all-embacing. E.g., 
XIONG & WANG (2011) reported a rather 
gradual floristic turnover across the Permi-
an–Triassic transition, but not mass extinc-
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tion. When Luo et al. (2008) recognized the 
so-called Lilliput Effect among conodonts 
at a time of mass extinction, CHUNIKHIN 
(2008) documented an opposite pattern (i.e., 
increase in body size) among conchostra-
cans. Moreover, some new significant biotic 
crises have been recognized. An example is 
the Early Silurian crisis, although its nature 
remains debated (RUBAN, 2008; LEH-
NERT et al., 2010). Consequently, all mass 
extinctions known from the geologic past 
should be considered together as events of 
the same sequence. This conclusion implies 
that the frequency of mass extinctions in the 
geologic past was high. There were no peri-
ods without mass extinctions, and in some 
periods like the Devonian or the Permian, 
life on the Earth experienced a series of such 
perturbations. Following the assumption 
given above, such high frequency indicates 
that mass extinctions were not catastrophes, 
which is evidently wrong. Increasing the 
resolution of our analysis, we can see that 
the Permian provides a fascinating exam-
ple. The first mass extinction of this period 
was mid-Capitanian in age (BOND et al., 
2010a,b). Further studies are necessary in 
order to understand whether it predated the 
earlier-hypothesized end-Guadalupian mass 
extinction (e.g., STANLEY & YANG, 1994; 
HALLAM & WIGNALL, 1997) or the 
latter should be re-considered as the mid-
Capitanian (additionally, CLAPHAM et al. 
(2009) suggested rejecting any Permian bi-
otic catastrophe until the Permian/Triassic). 
And the next mass extinction took place 
already at the Permian/Triassic boundary 
(ERWIN, 2006). Such a concentration of 
events within the time interval of just ~10 
Ma does not disprove their catastrophic na-
ture. The frequency of events does not mat-
ter for a distinction of catastrophes from the 

“ordinary” events as well as the whole tem-
poral expression of events. Geologic history 
can consist of a chain of “ordinary” events, 
a chain of catastrophes, or a chain of “ordi-
nary” events superimposed by catastrophes.

DISCUSSION

The examples presented above suggest that 
catastrophes can be distinguished from other 
events in the geologic past by their spatial ex-
tent and diversity of consequences. In other 
words, two-dimensional scaling does matter. 
It appears to be a sufficient supplement to 
the ranking of events by their magnitude. But 
where is the boundary between catastrophes 
and “ordinary events” according to the scaling? 
Focusing on smaller areas and only particular 
aspects of the geologic history increases the 
importance of some events and makes them 
catastrophes. This means the noted boundary 
is dynamic, depending on our needs, and, con-
sequently, it is rather subjective.

Both Missoula (and analogous mega-
floods in Southern Siberia) and Agassiz–
Ojibway megafloods were catastrophes as 
well as the Chicxulub and Eltanin extrater-
restrial impacts. But these pairs do not in-
clude catastrophes of comparable scales (Fig. 
2). It appears that the geologic history of the 
Earth should include only global-scale and 
highly-comprehensive catastrophes. Region-
al-scale and less-comprehensive (i.e., less-
diverse) events, if  even such outstanding as 
the Noah’s Flood or the Odessa impact, were 
“ordinary” from the planetary point of view. 
This means that sequences of events should 
be established separately for the Earth and 
the particular regions as well as for the se-
lected aspects of the planetary evolution and 
this evolution taken in the whole. Any mix of 
these sequences should be avoided.
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The consideration presented just above 
is a very important premise for broad impli-
cations of  the event analysis in modern ge-
oscience. This analysis focuses on a recog-
nition and distinction of  events and estab-
lishes their characteristics later. The event 
analysis is not biased by consideration of 
the only somewhat exceptional (RUBAN, 
2006). This technique allows multi-level 
and dynamic distinction between catastro-
phes and other events, which is inevitable 
as suggested by examples presented in this 
essay. If  so, modern geoscientists should 
not only favour event analysis, but make 
its clear distinction from approachs of  neo-
catastrophism (the latter is a general term 
for concepts, which treat catastrophes as 
the main events in the geologic history or 
even as the driving force of  the Earth’s de-
velopment). Similarly-sounded suggestion 
by BABIN (2007) is, therefore, not an ap-
peal, but valuable instruction.

CONCLUSIONS

Examples of megafloods, extraterrestrial 
impacts, and mass extinctions known from 
geologic history demonstrate that not only 
magnitude, but also scale is important for a 
clear distinction of catastrophes from “or-
dinary” events. Two-dimensional scaling, 
which involves spatial extent and diversity 
of consequences, is implied in order to es-
tablish the nature of events. However, recog-
nition of catastrophes is rather a subjective 
procedure, which depends heavily on our 
needs. The boundary between catastrophes 
and “ordinary” events is subjective. When 
the geologic past is discussed, it should be 
stated clearly what scale is considered.  E.g., 
only those events, which appeared globally 
and altered several aspects of the Earth’s 
evolution, should be evaluated as catastro-
phes in the geologic history of the entire 
planet.

Fig. 2. Conceptual scaling of megafloods (black: 1 - Missoula, 2 - Altay, 3 - Agassiz-Ojibway)  and 
extraterrestrial impacts (grey: 4 - Eltanin, 5 - Chicxulub). Distinction between catastrophes and “ordinary” 
events can be made provisionally depending of subjective needs and preferences (few possible examples of 
such a distinction are shown by dashed lines).
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The present essay offers a tentative 
treatment of the problem of geologic event 
scaling. Further conceptual discussion of 
catastrophes is necessary. But even more 
important is a balanced consideration of 
catastrophes and “ordinary” events. Focus-
ing on only the former is not a way to clear 
understanding of the geologic past.
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APPENDIX

Two professional descriptions of the 
Pleistocene Lake Missoula and its cata-
strophic floods are available on-line at:

http://www.glaciallakemissoula.org/
http://vulcan.wr.usgs.gov/Glossary/Gla-

ciers/IceSheets/description_lake_missoula.
html

A balanced overview of debates on the 
hypothesis about the Younger Dryas extra-
terrestrial impact is available on-line at:

http://www.csicop.org/si/show/did_a_
cosmic_impact_kill_the_mammoths/
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