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ABSTRACT 
We have found an impact crater that is likely  
< 6000 years old. Burckle crater is in the central 
Indian Ocean on the edge of a fracture zone at 
30.87° S 61.36°E. The crater is 29±1 km wide 
and is the inferred source of layers with high 
magnetic susceptibility in 3 deep sea cores. 
Each layer goes to the top of the core. Two out 
of 3 of the cores have basal Pleistocene ages 
and the basal age of the third is unknown. The 
high susceptibility layers contain broken 
plagioclase, spinel periodotite, and chrysotile 
asbestos. One sample contains pure Ni with 
drops of oxidized Ni. Because pure Ni melts at 
1453°C, it is very likely that the drops formed 
during an impact. The high susceptibility layers 
from 2 cores are over 5 times thicker than they 
should be for a 29 km wide source crater. We 
also find that a 29 km wide source crater cannot 
vaporize enough seawater to produce meters of 
rain, even in a restricted region between 4750 
and 7250 km from the crater. Thus, we infer 
that Burckle crater was produced as part of a 
Shoemaker-Levy type impact of a comet. The 
fragmented comet also produced two other large 
impact centers, one in the northwest Pacific and 
another in the central eastern Pacific. Where the 
rainout from these impact centers overlaps, we 
see deluge events that are over a week long. The 
impact event also produced devastating 
tsunamis, winds, and associated social upheaval. 
We date the event to around 2807 B.C.  
 
 
 
 
 
 
1. INTRODUCTION 

Several hundred cultures worldwide have myths 
of deluges that involved inundations of water at 
rates of more than a meter over the course of a 
few days, hurricane force winds, and tsunami 
(Masse 1998, in press). In most of these myths, 
only a few people survived or at least half the 
people died. These myths have fascinated 
generations of scientists and anthropologists. 
While modern anthropological theory stresses a 
psychological basis for these stories, a number 
of scientists have sought to explain these myths 
in terms of a natural catastrophe or catastrophes, 
e.g. a catastrophic flooding of the Black Sea as 
sea level rose in the Mediterranean. However, 
there is no expectation that a catastrophic 
flooding of the Black Sea would be 
accompanied by torrential rainfall. Thus, some 
other explanation is required.  
 In this paper, we assemble evidence for a 
large Holocene impact in the central Indian 
Ocean. This impact produced Burckle crater, 

which is 29±1 km wide. An oceanic impact of 
this size could vaporize millions of tons of 
seawater that would take days to cool enough to 
produce rain. During the time that the water was 
cooling, global winds would transport the 
clouds thousands of kilometers. Thus, an impact 
of this size could be the source of deluge 
legends in the continents that circle the Indian 
Ocean: Africa, Australia, Europe and Asia. An 
impact of this size would also produce 
catastrophic megatsunamis in the Indian Ocean. 
We look for data in the historical and geological 
record that could serve as a test of this model. 
  
2. MAIN TEXT 

2.1 Background: How Underwater Craters are 
Different 
Most knowledge of underwater craters comes 
from craters that formed in shallow seas <800 
meters deep (Ormö and Lindström, 2000). 
Observations of these craters show that the 
crater rim is not continuous but is breached by 
resurge gullies that penetrate through the rim 
(Ormö et al., 2000; Sturkell, 1998). The resurge 
gullies form because an underwater impact 
produces a crater in the water as well as in the 
underlying sediment and rock. As the water 
crater collapses inward, the water moves into 
and out of the solid crater several times. The 
movement of the water erodes the rim of the 
solid crater, thereby producing resurge gullies in 
the crater rim. Sediment and large blocks from 
the impact are transported laterally. As a result, 
the resurge event redeposits the impact ejecta 
and unlithified sediments (Sturkell et al., 2000; 
Tornberg, 1997). The result is chaotic 
sedimentary deposition within at least one crater 
diameter of the crater rim (Jansa, 1993). 
 Perhaps the best studied of the shallow water 
craters is the middle Devonian Kaluga impact 
crater, which formed in water about 800 meters 
deep and is about 15 km in diameter (Masaitis, 
2002). The Kaluga impact crater has been 
studied by more than 120 wells and by many 
seismic lines. The original height of the Kaluga 
crater rim was about 700 meters, but the rim 
was reduced to a height of 250-300 meters by 
erosion from the resurge of water into the crater. 
The crater relief was further reduced as the 
resurgent breccia layer filled the crater to a 
depth of 150 to 200 meters depth and 
completely buried the central uplift. Given the 
severe effects in an original water depth of only 
800 meters, an abyssal crater formed at water 
depths of around 4800 meters should be even 
more drastically affected. 
 
2.2 Burckle Crater: Evidence for A Holocene 
Impact Event 

Burckle crater is located on the southeast Indian 
ridge and is 29 km in diameter (Figure 1). The 
crater rim is high on the north, east, and west 
sides, in part because the northeast side of the 
crater is a fracture zone ridge. The crater rim is 



not continuously high but is broken by lower 
points on the north, south, east, and west sides. 
The low points are resurge gullies that result 
from erosion of the crater rim. The crater is 
deepest towards the southeast. This morphology 
is consistent with an impactor that came from 
the southeast and deposited its thickest ejecta to 
the northwest. 

 We have examined seismic lines near 
the crater. The only areas with any sediment 
cover at all are topographic lows near Burckle 
crater. Away from Burckle crater, all of the 
basement is bare of sediment, including the 
topographic lows. The sediment-bearing 
topographic lows are flat because sediment 
cover smoothes out local topographic 
roughness. Based on its smooth topography, the 
area to the northwest of Burckle crater has thick 
sediment cover close to the crater. We infer that 
this represents the thickest part of the 
continuous ejecta blanket from Burckle crater. 
If this is so, the sediment deposition patterns are 
also consistent with an impactor that arrived 
from the southeast and deposited its thickest 
ejecta to the northwest. Because no seismic 
lines cross the inferred ejecta blanket, this idea 
must be confirmed by further work.  

In the absence of extensive geophysical data, 
we look for evidence of an impact ejecta layer 
in cores near Burckle crater. We have found 
layers of high magnetic susceptibility in 3 cores 
from near Burckle crater (Figure 2A). It is well 
known that impact ejecta layers tend to have a 
high magnetic susceptibility(Ellwood et al., 
2003). Note that the 3 cores are all on older 
oceanic crust well away from the ridge crest 
with active faulting that would produce broken 
grains and serpentinization (Figure 2B).  

 

Figure 1. Topographic map. Contour interval: 360 m. 
Large black circle: edge of continuous ejecta blanket for a 
crater on land. Small black circle: crater rim of Burckle 
crater. Dotted line: portions of seismic line showing no 

sediment cover. Solid black line: portions of seismic line 
showing sediment cover. The sediment is ponded in 
topographic lows with smooth topography. Area to N and 
W of Burckle crater shows smooth topography and may 
represent the continuous ejecta blanket of Burckle crater.  
 

In each of these ejecta layers, we have found 
grains of broken plagioclase feldspar that appear 
fresh and unaltered. Core DODO132 has the 
most unequivocal impact ejecta. We found a 
200 micron wide, pure Ni grain (native Ni) in 
this core. At the base of the Ni grain, there are 
drops of oxidized Ni that appear to drip from 
the surface of the grain (Figures 3A, 3B).  

Because pure Ni melts at 1453°C (Weast and 
Astle, 1981), this grain has experienced higher 
temperatures than ever occur in mid-ocean ridge 
magmas (White et al., 1992) 

 

Figure 2. (A) Topographic map of region around Burckle 
crater (Open black circle). Contour interval: 500 meters. 
Black squares: locations of cores with layers of high 
magnetic susceptibility. (B) Age map of region around 
Burckle crater (Open black circle). Contour interval: 5 
million years. Ridge crest of the southeast Indian ridge is 
pink. Note that all 3 cores are located quite far away from 
the ridge crest, away from the tectonically active region 
near the ridge crest.  

 
 



 
Figure 3. Scanning electron images of ejecta from the 
Burckle impact layer. A and B: Core DODO132: 14-16 
cm A: pure Ni grain B: melt droplets of NiO on lower 
right edge of pure Ni grain. C and D: Core RC17-87: 
Trigger Weight C: Chrysotile asbestos. D: Spinel 
peridotite (olivine groundmass with magnetite crystals). E 
and F: Core RC17-86: 24-25 cm. E: Chrysotile asbestos 
with MnO coating. F: Mg rich pyroxene with open 
fractures.  
 
  

Because the Burckle impact hit a fracture 
zone, its impact ejecta layer should have several 
testable characteristics. It should contain mantle 
rocks and minerals and it should contain 
minerals that can only form along fault zones. 
In core RC17-87, we found a rock with an 
olivine groundmass and spinel crystals. This is a 
spinel peridotite, a mantle rock. We also found 
chrysotile asbestos. Chrysotile asbestos forms 
from shearing of serpentinized periodotite along 
fault zones. Chrysotile asbestos is also present 
in core RC17-86. RC17-86 also contains Mg 
rich pyroxene that forms either in the oceanic 
mantle or the lower crust.  
 We know that the Burckle impact is young 
because the base of core DODO132 (297 cm 
depth) is Pleistocene. The high susceptibility 
layer in DODO132P is 26 cm thick. Based on 
our magnetic susceptibility measurements the 
Burckle ejecta layer extends to the top of the 
core in every core that we have measured. 
Because deep sea sediments accumulate at an 
average rate of 1 cm per thousand years, this 
data constrains the impact to be very young, 
probably less than 6000 years B.P. This dating 
well matches modeling from an environmental 
analysis of 175 worldwide flood myths that 
yielded a date of around 2800 BC based on 
astronomical and archaeological evidence 
(Masse in press). 
 
2.3 Burckle Crater: How Much Rain? 

We calculate the maximum amount of rain that 
an impact like the Burckle event could produce, 
assuming that all of the energy from the impact 
goes into heating up and vaporizing seawater. 
To produce a crater 29 km in diameter in 4870 
meters of water, the total energy of the bolide 
must be 1.28 x 1023 Joules. The average 
temperature of seawater is assumed to be the 
average temperature of bottom water or 2°C. 
The heat of vaporization is 2255 Joules per cm3. 

The heat necessary to bring water from 2°C to 
100 °C is 410 Joules per cm3. The average 
density of seawater is 1.028 gm/cm3. Thus, if all 
the heat from the impact goes into vaporizing 
seawater, the impact will vaporize 4.67 x 10 13 
m3 of water. As the surface area of the Earth is 
5.1 x 1014 m2, the layer of vaporized seawater 
would be 9.2 cm thick if spread evenly over the 
surface of the Earth. 
 If we take the areas in Europe, Asia, Africa, 
Papua New Guinea and New Zealand where 
deluge legends are known they circumscribe 
two circles. The minimum circle radius is 4750 
km and the maximum circle radius is 7250 km. 
The surface area covered by the region in 
between the two circles is 9.42 x 1013 m2. This 
is about 18% of the surface area of the Earth. If 
the rainout from the Burckle event was evenly 
distributed in between those two circles, the 
average rainout was about 50 cm. This is a lot 
of rain but it is not enough to constitute a 
catastrophe that would be remembered for 
hundreds of generations (for example, 
Hurricane Mitch produced up to 190 cm of rain 
in Honduras). Thus, an impact sufficiently large 
to produce a 29 km crater could not have 
produced a global deluge by itself. We conclude 
that there must be effects that are not included 
in the previous calculations.  
 
2.4 What Was the True Size of the Burckle 
Event?  

One of the observations that we have made is 
that the layers of high magnetic susceptibility 
(impact ejecta layers) that we see are too thick 
for the size of the Burckle crater. For example, 
in core DODO132, the layer of high magnetic 
susceptibility is 26 cm thick. However, the 
ejecta layer from a 29 km crater should be only 
3.5 cm thick at this distance from the Burckle 
crater.  In core RC17-86, the entire 90 cm of the 
core is a laminated high susceptibility layer. The 
predicted thickness of the ejecta layer for a 29 
km crater is 13.4 cm. In both cases, the ratio 
between the observed thickness of the ejecta 
layer and the predicted thickness of the ejecta 
layer is about 1:5.7. An equivalent impactor that 
could produce ejecta layers of the observed 
thicknesses would have an energy of 3.73 x 1023 
Joules.  This is enough energy to produce an 
average rainout of 146 cm between 4750 and 
7250 km away from the crater.  This is closer to 
a truly catastrophic value but still seems 
inadequate to explain all of the deluge legends. 
 One possible explanation of this pattern is 
that the impactor that produced the Burckle 
crater was a highly friable comet that had 
broken into many large pieces before it hit the 
Earth. At a water depth of 4870 meters, an 
impactor must be at least half a kilometer to a 
few kilometers in diameter before it can 
produce a discernable crater. Given the low 
quality of topographic data that is available, 
there could be many undetected small impact 



craters on the ocean bottom near Burckle crater. 
The formation of undetected small craters 
would produce impact ejecta and would 
vaporize seawater.  

If we look at all of the areas with deluge 
legends, we find that the bulk of the data can be 
explained by three large impact events. The first 
is in the region near Burckle crater (Figure 4A). 
The second is in the eastern equatorial Pacific 
and the third is in the far northwest Pacific. 
Note that each of these impact events must have 
had a minimum energy equivalent to the energy 
required to form a 51 km crater. The source 
craters for the second and third events have yet 
to be found.  
 

Figure 4. Paired open red circles: Each set of circles is the 
same set of distances from a central point. The inner 
circle is 4750 km away and the outer circle is 7250 km 
away. Distortion is due to use of a mercator projection. 
Red square: center of a set of paired circles. Solid red 
circles: locations with deluge legends. Blue circles: 
locations of chevrons attributed to megatsunami events. 
Small green circles: locations with tsunami legends. (A) 
Two sets of paired red circles are shown, one for Burckle 
crater and another for an inferred strike in the equatorial 
Pacific. (B) Two sets of paired circles are shown: one for 
Burckle crater and another for an inferred strike in the 
ocean just off Kamchatka. Solid yellow circles: areas 
where deluge legends report a deluge lasting more than 7 
days. Note that yellow circles are either in areas where 
sets of paired red circles overlap or just west of these 
areas. 
 
2.5 Burckle Crater: How Big a Tsunami? 

We have done a rough scaling up of the 
tsunamis that were generated from the Krakatau 
eruption. We use the fact that seismic wave 
amplitudes increase by a factor of 10 for every 
factor of 30 increase in energy of the 
earthquake. If we make the assumption that the 
scaling of tsunami wave height is also directly 
proportional to the energy in the same way, we 
can use it to estimate the wave heights and 
runups resulting from the Burckle crater impact. 
The energy of the Burckle impact was 200,000 
to 300,000 times that of the Krakatau eruption. 

Therefore, the runups from the Burckle impact 
at distances of 1000s of km should be about 
2000 to 3000 times those of Krakatau. We 
estimate that the Burckle tsunami runups should 
be roughly 10s to hundreds of meters at points a 
few thousand km away from the impact crater. 
 The predicted tsunamis from the Burckle 
crater fit the observations of Holocene age 
chevrons on the coast of western Australia. 
These chevrons extend inland for distances of 
over 4 km from the shore and up to 150 meters 
above sea level (Kelletat and Scheffers, 2003). 
The chevrons have been interpreted to originate 
from tsunamis generated by a meteorite impact 
event at the latitude of Perth, Australia. Perth 
Australia is at 31° 57’S. Burckle crater is at 31° 
52’S. Considering the errors involved in making 
this estimate, the latitudes are identical.  
  
2.6 Effects on Human Populations of this Event 
The comet impact that created Burckle crater 
would have had major direct and indirect effects 
on contemporary human populations. Aspects of 
these effects can be modeled, although the 
impact and its aftermath are well represented in 
mythology and the archaeological record 
(Masse in press). There are more than 1000 
English language flood myths representing 
several hundred individual cultures, while 
hundreds of flood myths have not yet been 
translated into English. 
 Due to the mid-oceanic location of Burckle 
crater, people would have been spared the 
horror of direct thermal effects from the impact 
fireball (within 1000 km of the impact site), and 
likewise spared all but Madagascar from severe 
damage from the air pressure blast wave, which 
would have toppled trees and stripped leaves 
and branches within a radius of approximately 
2000 km from the impact site (Marcus et al. 
2005). 
 Ejecta would have dusted much of Africa, 
the Arabian Peninsula, India, mainland 
Southeast Asia, Indonesia, and Australia to a 
distance of more than 9000 km from the crater, 
with the rest of the world being subjected to 
fallout of condensed vapor. People in India 
observed the atmospheric debris plume and 
evocatively described it as doomsday clouds 
“…that look like a herd of elephants, emitting 
lightning, roaring loudly…. These dense, 
elephantine clouds fill up the sky….” Several 
Indian myths describe fiery particles falling 
from the sky at the beginning of the deluge, as 
do myths from the Congo region of Africa and 
New Guinea, a seeming referent to the ballistic 
reentry through the atmosphere of superheated 
ejecta. In a similar vein, other myths from Iraq, 
India, and New Guinea talk about hot water 
falling from the sky. 
 There are a number of myths of mega-
tsunami from various locations ringing the 
Indian Ocean such as Pulau Nias and Palau 
Engano, small islands west of Sumatra, where 



people were saved on mountain peaks rising 
between 200 to 300 m above sea level. A Tamil 
myth from southern India states that the “sea 
rose against the ancient city of Maturai 
[Madurai],” stopping just short of a shrine 
situated at an elevation of between 100 and 200 
m above mean sea level and almost 100 km 
inland from the present coastline. Despite the 
considerable distance inland, this description is 
feasible in that Madurai is situated in a funnel-
like area adjacent to the Gulf of Mannar where 
Sri Lanka pinches in towards the southern tip of 
India.  
 Equally compelling are a large number of 
myths invoking torrential rainfall and hurricane-
force winds that devastated forests and 
inundated valleys and plains. Two aspects of 
these stories are of particular interest (Masse in 
press). First, most stories indicate that the 
“flood storm” of torrential rain and winds lasted 
continuously; on the average between 5 and 7 
days. Second, these stories have a worldwide 
distribution with several hundred deluge myths 
recorded from North and South America. 
Several of these New World myths also contain 
descriptions of megatsunami and heated reentry 
ejecta. Because of astronomical and seasonal 
information encoded in the myths, as well as 
details about the deluge itself, it is virtually 
certain that the great majority of these myths 
represent a single event or simultaneous set of 
events. Because atmospheric rainout from the 
Burckle crater event would have produced only 
a small portion of the rain needed for these 
stories, obviously other factors and processes 
are involved, as noted in the discussion below. 
 The indirect effects of the Burckle crater 
event and associated processes would have been 
even more devastating to humanity than the 
actual impact itself, a situation consonant with 
studies of historic large-scale disasters such a 
floods, volcanic eruptions, tsunami, and major 
earthquakes. The deluge myths detail the 
destruction of forests and agricultural lands, as 
well as other major landscape alteration, and 
describe starvation and human suffering during 
and after the event. 
 Because of the combination of astronomical 
data and seasonal data in the myths and 
archaeological considerations, it is possible to 
hypothesize a specific calendrical date of 
around May 10, 2807 BC for the Burckle crater 
impact (Masse in press). The archaeological 
record of this time period is consistent with a 
worldwide deluge catastrophe, including 
reductions in population, major movements of 
people, a proliferation of new languages and 
dialects, and settlement patterns stressing the 
use of higher elevation topography, including 
the construction of massive mounds. There is 
also paleoenvironmental data indicating the 
sudden appearance of new savannas and 
grasslands where forests once stood. Of 
considerable interest is the fact that the Burckle 

crater event may date the approximate boundary 
between the middle and late Holocene period—
variously modeled at between 2800 and 3200 
BC—although it would be premature (but 
plausible) to assume that the impact is somehow 
responsible for this geological boundary. 
 There is one last set of indirect effects that is 
important to note. Based on the descriptions of 
giant, elongated, and fiery or bright celestial 
supernatural beings in the deluge myths prior to 
or at the beginning of the flood storm, it is clear 
that the impactor was a comet and was visible to 
many or most cultural groups for several days 
prior to impact. It is also clear both from myth 
details and from astronomy software 
reconstructions that several unusual celestial 
phenomena, including extraordinary 
conjunctions of planets and eclipses of the Sun 
and Moon occurred at around the same time as 
the impact. The effect of these observations, 
when coupled with the impact itself, profoundly 
influenced religious beliefs and also did much 
to foster a critical interest in celestial 
phenomena that is reflected in a flurry of 
activity evident in both early astronomy and 
astrology during the middle of the third 
millennium BC.  
 
2.6 Discussion 

The data that we have from the Burckle ejecta 
layer suggest a large and catastrophic impact 
with a composition that is most consistent with 
a fracture zone source. As there are no common 
terrestrial rocks that have liquidus temperatures 
of 1453°C, the Ni data in particular are difficult 
to reconcile with anything but an impact. The 
fact that the energy from the Burckle impact is 
not enough to explain the observed rainfall even 
in the area surrounding the Indian Ocean can be 
interpreted using two different theories. One 
theory is that the Burckle impactor was a 
Shoemaker-Levy type comet that was already 
fragmented before it hit the earth. Another 
theory is that the impact event caused severe 
atmospheric disturbances, producing rainfall 
effects that were multiples of the overall amount 
of water vaporized by the impact. Both may 
have acted at the same time. 
 The second theory is difficult to test with our 
present knowledge base. The first theory has 
several observations that favor it. Because they 
are point sources, megatsunamis from the 
Burckle impact were most likely confined to the 
Indian Ocean. However, there are documented 
megatsunami deposits in eastern Australia that 
are in the right location to be from our 
postulated SE Pacific strike (Figure 4), as well 
as several megatsunami myths from the western 
coast of North America that have not yet been 
fully evaluated for our modeling of a Pacific 
impact. One of the deluge legends from Central 
America also speaks of resinous rain. Burckle 
crater is too far away to be source of resinous 
rain in Central America. Instead, the source of 



the resinous rain is most likely our postulated 
SE Pacific strike.  The second theory is also 
favored by the observations of the longest 
lasting deluge events. All are either in areas 
where the rainouts from two impact events 
overlap or just west of those areas.  

 
3. CONCLUSION 
We have strong evidence for at least one large 
oceanic impact event during Holocene time.  
This event produced Burckle crater and its 
ejecta layer. It may also have produced 
numerous subsidiary craters that are too small to 
see with our present data. We infer that the 
Burckle impact was part of a Shoemaker-Levy 
type impact of a comet, which vaporized 
enough seawater to produce a global deluge. It 
also produced megatsunamis in many parts of 
the world. An expanded sample of deluge 
myths, additional study of the Burckle crater 
site, studies of potential megatsunami locations, 
and the search for contemporaneous craters in 
the Pacific will help refine and validate our 
inferences.  
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