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A Paramount Issue
An effective defense of the Genesis Flood cries out for a
reasonable explanation for how this huge volume of fossilbearing sediment came to blanket the continents in the orderly
patterns we observe today in the span of only a few months’
time.

Global Map of Sediment Thickness
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G. Laske and G. Masters, “A global digital map of sediment thickness,” EOS Trans. AGU, 78, F483, 1997.
Average sediment thickness over the continents today is 1,800 m. Thickest accumulations are on the
continental shelves, presumably the result of runoff during the final stages of the Flood.

Might tsunamis have played an important
role in the Flood cataclysm?

The March 11, 2011, magnitude 9.1 earthquake
off the Pacific coast of Tōhoku, Japan, was the most
powerful earthquake ever recorded in Japan, and the
fourth most powerful in the world since modern
record-keeping began in 1900. It was an undersea
megathrust event whose epicenter was about 32 km
(20 mi) below the surface and 72 km (45 mi) east of
the Japanese coast.

2011 Tohoku
Earthquake/
Tsunami

A study published in Science in 2011 found that, at
the epicenter, there was about 50 m (160 ft) of slip
between the overriding plate of which Japan is a part
and the underlying Pacific Plate. At the epicenter the
sea bottom rose about 7 m (23 ft) as a result of the
unlocking of the fault and the relief of stress in the plates.
The earthquake triggered a devastating tsunami that reached heights of up to 40.5 m (133
ft) above sea level and traveled inland as far as 10 km (6 mi).

seawall

Tsunami resulting from M 9.1 Tohoku earthquake in 2011.
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Tsunami moves inland, destroying almost everything in its path.

Damage reached as far as six miles inland from the coast and up to 133 feet
above sea level.

Official reports listed 15,894 as confirmed dead, 2,562 people missing and
presumed dead, and 127,290 buildings totally destroyed.

How are tsunamis produced today?
Tsunamis are generated in subduction zones where most of
the time the overriding plate is locked against the sinking
subducting plate along the fault separating the two plates.
When the fault unlocks, the overriding plate springs back to its
unstressed shape. The resulting slip between the plates can
produce a significant uplift of the sea bottom, which can
generate a tsunami.
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Ocean plate is denser than the
asthenosphere beneath, because
of its much lower temperature.

Specific Objectives of This Research
The goal was to explore the effects of topography and
migration of continental blocks during the Flood in the context
of a numerical model for the large-scale erosion, transport, and
sedimentation processes that operated during the Genesis
Flood. The model assumes that large tsunamis generated by
rapid plate tectonics are the primary driving mechanism for
water motion.

Overview of the Numerical Model
▪ It is based upon a code developed at Los Alamos in the 1990’s that
solves the shallow water equations on the surface of a rotating
sphere.
▪ It uses the shallow water approximation, which treats the water
on the surface of the earth as a single vertical layer but with
variable bottom height.
▪ It assumes that the dominant means for sediment transport during
the Flood was by turbulent, rapidly flowing water. Theory for
open-channel turbulent flow is applied to treat the suspension,
transport, and deposition of sediment.

Overview of the Numerical Model
(cont.)
▪ Cavitation is assumed to be the dominant process responsible for
degradation of bedrock as well as for erosion of already deposited
sediment.
▪ Repetitive, large-amplitude tsunamis occurring on segments of
oceanic subduction zones provide the energy for driving the
water motion.

Details of the numerics are provided in my 2013 ICC paper and in
my 2016 ARJ paper.

The
Computational
Grid
The computational grid is
constructed from the regular
icosahedron. It provides an
almost uniform sub-division
of the spherical surface. The
resolution chosen has 40962
cells, with an average cell
width of about 120 km over
the surface of the earth.

Accounting for Continent Motion History
A previous study (Baumgardner, ARJ 2016) utilized static
continents. The present study has added a displacement history for
the various continental blocks spanning, in terms of geological
nomenclature, the Paleozoic, Mesozoic, and Cenozoic eras, that is,
the portion of the geological record formed during the Flood.
Several authors have published continent motion histories that
span the neo-Proterozoic to present. The work described in this talk
utilizes the global paleogeography maps developed by Ronald
Blakey, emeritus professor of geology at Northern Arizona
University, as a guide to that history.

Accounting for Continent Motion History
The following map from Blakey’s set of maps is for a time in the
very latest neo-Proterozoic (560 Ma in terms of the secular time
scale). In the time frame of the Flood this corresponds to very soon
after the breakup of a pre-Flood supercontinent. Some, including
myself, refer to that supercontinent as Pannotia. Others, including
Blakey, refer to it as Rodinia. Note that the continental blocks
Laurentia, corresponding to North America and Greenland, Baltica,
corresponding to modern Western Europe, and Siberia,
corresponding to Eastern Europe, have broken away from the rest of
Pannotia in a northerly direction.

Continent configuration just after the onset of the Flood (Blakey).

Latest Neo-Proterozoic

Accounting for Continent Motion History
Although it is nearly impossible to discern in this projection, the
remainder of Pannotia includes Gondwana, composed of modern
South America, Africa, Madagascar, India, Australia, and Antarctica,
which persists intact through the Paleozoic to become part of
Pangea. The remainder of Pannotia also includes blocks that later
become modern China and other portions of modern Asia.
The location of these blocks in today’s southern hemisphere is
based on the alignment of the magnetic minerals in rocks that
crystallized at that early point in earth history. Such paleomagnetic
determinations have been undertaken by hundreds of investigators
since the late 1940’s.

Accounting for Continent Motion History
I do not have time here to give the details, but it is possible to
rotate the Pannotia supercontinent by 110° northward along today’s
prime (0 longitude) meridian, such that Africa in Pannotia lies on
top of Africa in Pangea.
When that is done, it becomes dramatically simpler to compare
Pannotia with Pangea. One discovers that, apart from the terranes
that form Asia today, the two supercontinents are remarkably
similar. That should not be surprising given that the entirety of
Gondwana did not change between the two supercontinent
configurations, and the blocks of Laurentia, Baltica, and Siberia
changed relatively little.

Comparison of unrotated and rotated depictions of Pannotia

The Issue of Polar Wander
A vital issue is whether the large changes in paleomagnetic
latitude are to be interpreted as apparent polar wander or as true
polar wander. Interpreting them as apparent polar wander implies
that the magnetic (and rotational) poles have remained largely fixed
and the continents have moved vast distances. If it is true polar
wander that actually occurred, the amount of required continent
motion is reduced dramatically. The brief time span of the Flood
accentuates the contrast. It is difficult to conceive of a mechanism
by which the huge Gondwanan continent might move around the
earth by more than a quarter of the earth’s circumference in such a
short span of time.

The Issue of Polar Wander
From these considerations the choice was made to assume that
110° of true polar wander of the earth’s spin axis occurred during
the Flood, most of it during its earlier stages. It was found
appropriate to choose the plane in which the polar wander occurred
to be today’s 0° or prime meridian that runs through Greenwich,
England. With these assumptions it becomes possible to rotate
Pannotia 110° clockwise, when viewed from the east, on the
computational grid such that Africa in Pannotia coincides with
Africa in Pangea in its location on the earth.

To account properly for the Coriolis effect, one simply alters the
orientation of the spin axis appropriately with respect to the
computational grid, involving merely a trivial change in the coding.
The actual true polar wander is accounted for by allowing the
orientation of the spin axis to change with time in a specified way.
This approach allows for all the motion of the continental blocks to
be actual plate motion.

Including Continent Motion History in the
Numerical Model
Including the continent motions within the numerical model
requires that the motion of each continent block as a function of
time be represented. This was accomplished by specifying rotation
poles for each of 11 different continental blocks and each of 10
separate time intervals. Each rotation pole is a vector in space with
three components (x, y, z) that specifies the rate of displacement of
the rigid block over the surface of the sphere during the time
interval. As might be surmised, obtaining those rotation poles
guided by the paleogeographic maps was a moderately tedious
process. The following plots display the resulting time history.

Assumed Displacement History of Continental Blocks

Initial configuration is the Pannotia supercontinent
rotated 110° northward along the prime (0° longitude)
meridian. Colors represent the assumed initial
continental topography.

Configuration at 10 days after the onset of the
cataclysm. Arrows denote the motions of the
individual continental blocks. Laurentia, Baltica, and
Siberia are separating from the remainder of the
original supercontinent and from one another.

Assumed Displacement History of Continental Blocks

Configuration at 20 days after the onset of the
cataclysm. Laurentia, Baltica, and Siberia continue
their motions away from the original supercontinent
and from one another. True polar wander begins to
move south rotational pole (S) southward relative to
today’s coordinates.

Configuration at 30 days after the onset of the
cataclysm. Relative motion between Laurentia and
Baltica has reversed, closing the Iapetus Ocean. Their
collision produces the Caledonian orogeny.

Assumed Displacement History of Continental Blocks

Configuration at 40 days after the onset of the
cataclysm. Siberia has docked with Laurentia and
Baltica, and the combined block is closing back on
Gondwana. Block that will become China breaks
away from remainder of initial supercontinent.

Configuration at 50 days after the onset of the
cataclysm. Combined block of Laurentia, Baltica, and
Siberia has collided with Gondwana, producing the
Hercynian orogeny. China block continues its
northward motion. True polar wander continues.

Assumed Displacement History of Continental Blocks

Configuration at 90 days after the onset of the
cataclysm. China block docks with Siberia and Baltica
to complete the assembly of Pangea. Low topography
between China and Siberia/Baltica is a consequence
of the low coastal topography assumed for Pannotia.

Configuration at 110 days after the onset of the
cataclysm. Breakup of Pangea is beginning. Laurasia
rotates away from west Gondwana, and east
Gondwana rotates away from west Gondwana. South
rotational pole now coincides with present South pole.

Assumed Displacement History of Continental Blocks

Configuration at 120 days after the onset of the
cataclysm. Breakup of Pangea continues. Note that in
these plots there is no tsunami activity, and no water
motion.

Configuration at 140 days after the onset of the
cataclysm. Separation of Gondwana blocks continues.
North America/Greenland begin separating from
Europe.

An Illustrative Case
I now will present results from a case with the water motion
driven by large-amplitude tsunamis that includes the continent
motion history just described. As mentioned in the introduction,
these tsunamis are understood to be generated in subduction zones
as the overriding plate—after an interval of being locked against a
subducting plate—suddenly unlocks, and the two plates rapidly slip
past each other. While the two plates are locked together, the sea
bottom is dragged downward by the steadily sinking lithospheric
slab beneath. When the plates unlock, the sea bottom rapidly
rebounds, generating a large-amplitude tsunami.

An Illustrative Case
For this illustrative case, zones of subduction are chosen to lie
along great circle arcs. These zones are divided into sixteen distinct
segments, each about 14° of arc in length, which is about 1,500 km.
Subduction is assumed to be occurring at an angle of 45° into the
mantle along each of these segments with the horizontal speed of
the subducting plate assumed to be 1.6 m/s at the beginning of the
calculation, increasing to 1.9 m/s at 30 days, and to 2.0 m/s at 70
days. While the subducting and overriding plates are locked, the
seafloor in the subduction zone is assumed to be moving vertically
downward at a rate of 0.707 times the assumed horizontal plate
velocity because of the steady sinking motion of the subducting
lithospheric slab beneath.

An Illustrative Case
Every two computational time steps, corresponding to an interval
6 minutes, one of the 16 segments is allowed to unlock and slip,
allowing the bottom of the subduction zone trench to rebound to its
nominal, undepressed height. An individual segment therefore slips
every 96 minutes. The amplitude of the rebound of the trench
bottom is between 6,520 m and 8,140 m (1.6-2.0 m/s x 0.707 x 96 x
60 s). This impulsive uplift of the approximately 14° segment of
trench bottom initiates a tsunami that travels across the 4,000-m
deep ocean at a speed of about 200 m/s. The generation rate of one
tsunami every six minutes is equivalent to 240 per day and 36,000
over a time span of 150 days.

An Illustrative Case
The oceanic region surrounding the continent is taken to have a
uniform depth 4000 m below the mean sea level. The height of the
initial continent increases smoothly from 200 m below mean sea
level at its edge to a maximum height of 1,000 m above mean sea
level in the continent interior. Initially the water is assumed to be at
rest with its surface at sea level. The continent surface is assumed
everywhere to consist of crystalline bedrock. The earth is assumed to
be spinning at its current rate of rotation.

Snapshot at 20 days

Illustrative Case Results

Water/land surface height (m) at 20 days. Equal
area view. Arrows denote full water column
velocities, clipped to 200 m/s. Note amplitudes of
tsunami waves in the open ocean.

Water/land surface height (m) at 20 days. North
polar view.

Illustrative Case Results

Water depth above land (m) at 20 days. Arrows denote
water velocities 1 cm above land surface, clipped at 30 m/s.

Illustrative Case Results

Cumulative bedrock erosion (m) at 20 days. Arrows denote
water velocities 1 cm above land surface, clipped at 30 m/s.

Illustrative Case Results

Total suspended sediment (m) at 20 days.

Illustrative Case Results

Net cumulative sediment deposition (m) at 20 days.

Snapshot at 50 days

Illustrative Case Results

Water/land surface height (m) at 50 days. Arrows denote
full water column velocities, clipped to 200 m/s. Note
gyre centered about north rotational pole.

Illustrative Case Results

Water depth above land (m) at 50 days. Arrows denote
water velocities 1 cm above surface, clipped to 30 m/s.

Illustrative Case Results

Cumulative bedrock erosion (m) at 50 days.

Illustrative Case Results

Net cumulative sediment deposition (m) at 50 days.
Average is 423 m.

Snapshot at 80 days

Illustrative Case Results

Water/land surface height (m) at 80 days. Arrows denote
full water column velocities, clipped to 200 m/s. Note the
significant sediment accumulation on the land surface.

Illustrative Case Results

Water depth above land (m) at 80 days.

Illustrative Case Results

Cumulative bedrock erosion (m) at 80 days.

Illustrative Case Results

Net cumulative sediment deposition (m) at 80 days.
Average is 560 m.

Snapshot at 110 days

Illustrative Case Results

Water/land surface height (m) at 110 days. Note the
significant sediment accumulation on the land surface.

Illustrative Case Results

Cumulative bedrock erosion (m) at 110 days.

Illustrative Case Results

Net cumulative sediment deposition (m) at 110 days.
Average is 875 m.

Snapshot at 140 days

Illustrative Case Results

Water/land surface height (m) at 140 days.

Illustrative Case Results

Cumulative bedrock erosion (m) at 140 days.

Illustrative Case Results

Net cumulative sediment deposition (m) at 140 days.
Average is 1,162 m.

Some challenges Flood models are called to explain
Serious intellectual defense of the Genesis Flood calls for
substantive explanations for several major features of the earth’s
continental surface. These include:
1. The staggering volume of the earth’s fossil-bearing sedimentary
rock, corresponding to an average thickness of about 2,000 m.
2. The location of this massive volume of sediment—on top of the
continents, whose surface generally lies above sea level.

3. The vast horizontal extent of individual sediment layers with little
to no erosional channeling between successive layers.
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Some challenges Flood models are called to explain
4. The presence of beds, separated by bedding planes on the scale
of cm to m, as a common characteristic of sedimentary rocks.
5. The manner in which these fossil-bearing sediment layers are
organized into six massive packages known as megasequences,
separated from one another by global-scale unconformities.
6. The continental shields, including the Canadian, Baltic, Angaran
(Siberian), African, Indian, Australian, and Antarctic shields—large
areas of exposed Precambrian crystalline igneous and high-grade
metamorphic rocks that have experienced significant erosion, are
nearly flat, and have negligible, if any, sediment cover.

A common
feature of sedimentary rocks,
is that of thin
uniform beds
separated by
well-defined
bedding planes.
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Continental shield areas of the world

Encouraging New Insights
This numerical investigation sheds important new light on many of
these prominent issues. First, regarding a source for the huge
volume of Phanerozoic sediment present in the continental rock
record, the calculations reveal that tsunami-driven cavitation erosion
during the time span of the Flood can generate new sediment at a
rate sufficient to account for a sizable fraction of the Phanerozoic
sediment inventory. The cavitation, occurring at water speeds of
several tens of m/s, rapidly reduces crystalline continental crustal
rock to sand-sized and smaller particles.

Encouraging New Insights
As to why so much sediment is emplaced on top of the continents
when their surfaces mostly lie above sea level, these calculations
provide especially helpful insight. The water speeds and depths are
sufficient to sustain the level of turbulence needed to suspend the
large volume rate of sediment produced by cavitational erosion, to
transport it to distant locations, and to deposit that sediment on the
continent surface in thicknesses exceeding more than a kilometer
over vast areas.

Encouraging New Insights
The tsunami-driven flow accounts not only for erosion of
significant volumes of sediment but also its emplacement above sea
level on top of the continents in coherent patterns with large
horizontal dimensions and thicknesses. The model thus seems to
account in a powerful way for the emplacement of the sediment on
top of the continental surface in broad agreement with observations.

Encouraging New Insights
The simulation also provides insight into the current directions
recorded in the sediment deposits. Details show that, just as there
are ebb and flow phases of the tide on a beach, the tsunamis display
similar back and forth flow. In a tide the ebb is the outgoing phase,
when the tide drains away from the shore; the flow is the incoming
phase when water rises again.

In the case of the tsunamis, the incoming phase has much higher
speed, is highly turbulent, keeps the sediment in suspension, and
there is little or no deposition. By contrast, in the outgoing phase,
the water speed is lower, the flow is less turbulent, and deposition
typically is appreciable. In terms of the flow direction recorded in
the deposited sediment implied by this model, the flow direction
recorded in the deposited sediment is generally in the direction
toward the coastline.

For example, in the case of the Laurentia, which today
corresponds to North America and Greenland, tsunamis in the model
invade the western coast from the west southwest. The current
direction of the retreating water from these tsunamis in the model,
when most of the sediment deposition occurs, is therefore toward
the west southwest. It is noteworthy that the paleocurrent directions
observed in the Paleozoic portion of the sediment record in the
southwestern United States are also predominately from the west
southwest (Chadwick 2001, Brand et al. 2015).

“During the Paleozoic…clear and persistent continent-wide trends
are normative. Sediments moved generally from east and northeast
to west and southwest across the North American continent. This
trend persists throughout the Paleozoic and includes all sediment
types and depositional environments.”
(A. V. Chadwick, Megatrends in North American paleocurrents, 2001,
https://origins.swau.edu/papers/geologic/paleocurrents/eng/index.
html)

Encouraging New Insights
This framework also appears to explain a prominent feature of the
sediment largely ignored until now by Flood geologists, namely, the
existence of thousands of individual beds separated by bedding
planes in typical vertical sequences. What conceivable mechanism
could have produced such high frequency modulation of the
sediment transport and deposition processes to yield so many
distinct individual beds that commonly display huge lateral extent,
yet with laterally uniform composition and character? The vast
numbers of tsunamis that catastrophic plate tectonics yields appears
to provide a plausible explanation.

A common
feature of sedimentary rocks,
is that of thin
uniform beds
separated by
well-defined
bedding planes.

The length of each of the 16 subduction zone segments assumed
in the model that locked and slipped every 96 minutes to generate a
tsunami was 1,500 km. This produced a total of 36,000 tsunamis over
the span of 150 days. But if we look at present-day subduction zones
for guidance, it is likely that the typical segment length was much
shorter. Reducing the segment length to half of that assumed
increases the total number of mega-tsunamis to 72,000. Since these
tsunamis are large enough to propagate at least once around the
earth before their amplitude becomes small, they appear to provide
a viable explanation for the modulated character observed in the
vertical structure of the sediment record, especially at the bed level.

A Remaining Challenge
What insight might the calculation yield as to the mechanism
responsible for the megasequence structure of the fossil-bearing
sediment record? The short answer is that this illustrative case yields
no hint of the large scale pattern of transgression and recession of
ocean water implied by the megasequence morphology.
The secular community generally interprets the megasequence
structure to be a direct result of significant fluctuations in global sea
level. That is my own conviction as well. Indeed, a rise and fall in sea
level several times during the Flood, in conjunction with the tsunami
activity, does appear able to explain that major feature of the record.
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Another Remaining Challenge
What about the issue of the continental shields? A major issue is
an erosional mechanism sufficiently potent to erode resistant
crystalline bedrock to depths of up to a kilometer or more within the
time span of the Flood and to do so in such a uniform manner across
such laterally extensive areas. At first glance the frequent, largeamplitude tsunamis in this numerical model appear adequate for
such a task. Indeed, it is difficult to imagine an alternative
mechanism capable of accomplishing such intense and laterally
extensive erosion to produce surfaces with such astonishing flatness.

Continental shield areas of the world

However, in the present version of the model almost all the
bedrock erosion occurs on the continental slope, with very little in
the continent interiors. One possible explanation is that bedrock
erosion in the continent interiors requires higher water levels than
were allowed in the illustrative calculation.
If fluctuating sea level is required to account for the
megasequence structure of the sediment record, it may well be that
it was during the intervals of high sea level that the bedrock erosion
in the continent interiors occurred. Exploring that possibility
deserves a high priority in the future.

Another possible explanation is that the dynamic surface
topography generated by stresses from flow of rock inside the
mantle was not included in the present formulation. Earlier CPT
studies (e.g., Baumgardner 1994) revealed that deflections of the
earth’s surface by many km arise from the flow of rock inside the
mantle. When those dynamic up-and-down motions of the
continent surfaces are included, it is conceivable that significant
bedrock erosion will be found to occur within the continent interiors.
This possibility also merits priority in future numerical studies.

Desirable Future Enhancements
Examples of future refinements:
1. Option to allow the height of the ocean bottom, and hence the
global sea level relative to the continental surface, to vary with
time.
2. Inclusion of dynamic topography of the earth’s surface that arises
from the rapid motions of rock inside the mantle.
3. Instead of static subduction zones, allow subduction zones to
migrate dynamically.
4. Addition of a hyperconcentrated flow model at the base of the
turbulent water column.

Conclusions
Frequent and large-amplitude tsunamis almost certainly were a
prominent aspect of the rapid plate tectonics that resurfaced the
ocean basins during the Flood. A numerical model of these tsunamis
and their effects provides new insight on the following issues:
1. How a huge volume of new sediment can arise during the brief
time span of the Flood;
2. How the thick sediment sequences observed so commonly in
continental settings managed to be deposited on top of the
normally high-standing continental surface;

Conclusions
3. How the vast lateral scales and horizontal continuity of so many
sedimentary formations were produced;
4. How the fine-scale vertical structure of that record, often
characterized by large numbers of thin beds separated by planar
surfaces, arose.
5. Possibly why current directions in Paleozoic sediments in the
southwestern U. S. commonly are oriented in the WSW direction.

Conclusions
Future exploration with the model may well provide new insights
concerning the mechanisms responsible for the megasequence
structure of the sediment record and the processes responsible for
eroding the continental shields during the Flood.

