ON THE FORCES OF PLATE TECTONICS
Jon Thoreau Scott

There are those who look at things the way they are and ask why…
I dream of things that never were, and ask why not.
Robert F. Kennedy

ABSTRACT
It took some 50 years for the concept of continental drift to be accepted after it was proposed
by Alfred Wegener and others around 1912. The concept that the continents move was
accepted when seafloor spreading was discovered in the 1960s. During the next few years the
ideas of convection in the mantle and a few years later mantle plumes were thought to be the
cause of plate motion. But many anomalies to the mantle-driven forces have now led to
confusion as to just what causes the plates to move. Many Geoscientists support the concept
that the plates move themselves under gravity-driven flow and that this mechanism alone can
explain many of the geological features on Earth. Thus, the mantle convection and plume
models are not needed. The plate model has been termed “top-down tectonics” and this is
the position taken here except that the top-down model does not explain how a ridge push is
obtained once the convection ideas are rejected. A ridge push force is needed to maintain
compression in the plates to hold them together.
It is proposed herein that a ridge push force is caused by the expansion and contraction of the
oceanic crust near the tops of ocean ridges. This ridge push is caused by the climate-driven
variation of ocean temperatures and is analogous to the well-known expansion/contraction
of ice on fresh water lakes in cold climates that causes pressure ridges and ice ramparts on
the lake shores. During a warm period of climate, that is often periodic, the expansion at ocean
ridges causes seafloor spreading and the plates to push against the continents. The
combination of the top-down (plate) models with the ridge push force discussed herein
explains many of the observations of the Earth’s ocean crust in a parsimonious manner and
should be examined as a cause of plate motion.
Keywords: tectonic forces; ridge-push force; cause of ridge migration; compression
in tectonic plates; multidisciplinary concepts

1.1 INTRODUCTION
“New ideas are scary”
General Electric Add (2015) – See Reference List

The arguments in this paper add to what Anderson (2001) calls “top-down tectonics.” The
current top-down models of Anderson (2006) and the trench roll-back model of Hamilton
(2007) rely on gravity flow as a driving force. Gravity seems to be a necessary tectonic force,
but it is suggested herein that gravity forces alone are not sufficient to explain plate motion.
Anderson’s (2006, 2007) statement is that plate tectonics is:
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A far from equilibrium, dissipative and self-organizing system that takes matter and
energy from the mantle and converts it to mechanical forces (ridge push, slab pull)
which drive the plates.
Anderson does not explain what causes the “ridge push” force thought to be produced by
ridge elevation. A ridge push force is proposed in this paper that is produced by the expansion
and contraction of the crust near the tops of the oceanic ridges driven by climatic variation.
Such a force is essential to complete Anderson’s model of plate tectonics. This ridge-push
force is termed the expansion-contraction (EC) mechanism and also “far above tectonics.” It
is the same mechanism developed by Scott et. al. (1989) and more completely in Scott (2015).
A combination of the top-down model of Anderson and the far above forces produces a model
of plate tectonics that explains the observations of the Earth’s crust in a parsimonious manner
and therefore it passes the Occam’s razor test (Anderson, 2002). Thus, if the EC ridge push
force cannot be disproven it is proposed that this combination should be included as part of
the overall explanation of the driving forces of plate tectonics. It is also argued here that the
two convective mechanisms (convection currents and mantle plumes) are suspect because
they cannot explain the very strong anomaly that oceanic ridges between continental plates
migrate away from the continents.
The far above tectonics mechanism proposed herein for plate tectonics is analogous to the
well-known phenomenon that produces pressure ridges and ice ramparts on ice-covered lakes
in cold climates due to day-night changes in temperature above the ice. The difference
between application to lake ice and to the Earth’s crust is that the ice on lakes expands from
random cracks so the area of ice increases in all directions, but as applied to the Earth the
crust area expands in directions away from the ridges to produce seafloor spreading. Also, the
temperature changes that apply to Earth are due to changes in climate. Many of these are
periodic, such as those due to the Milankovitch periodicities. These thermal variations then
cause expansion and contraction of the ocean crust that produces spreading away from the
ridges. Because the biomagnifications (positive feedbacks) of the weak climatic inputs (for
example the Milankovitch periodicities) are strongly influenced by living organisms it may be
that life may play a role in producing plate tectonics. If the far above tectonics (EC) mechanism
is examined with the intent of showing that it is inconsistent with observation, but not with
the intent of disputing or ignoring it, geosciences would be improved.

2.1 TOP-DOWN TECTONICS
Strong consideration should be given to the top-down mechanisms or the plate models of
Anderson (2001, 2002, 2006, 2007 and 2013), Anderson and Natland (2005) and Hamilton
(2002, 2007). These ideas are supported by several authors in Foulger et. al. (2005), Foulger
et. al. (2007) and Foulger (2010). Anderson’s statement of top-down tectonics given above is
that there should be a ridge push force that is added to the gravity forces that are well known
and due to subduction in the ocean trenches. In the above-mentioned body of work, it is
stated, or at least implied, that the bottom-up models of plate motion should be excluded. If
they are there is then no longer a force that causes the ocean ridges to be elevated and
therefore no ridge push force. The bottom-up concepts have the ridges elevated due to heat
coming from deep in the mantle (Hess, 1962, Sclater, 1977, many papers in Bird, 1980 and
many textbooks) so if these bottom-up arguments are correct that is a reasonable explanation
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for ridge elevation but not if they are wrong. If the bottom-up concepts are wrong another
explanation for Anderson’s “ridge push” force must be found. The “push” of this force is a
misnomer because it is actually gravity flow down each side of a ridge (Forsyth and Uyeda,
1975, Cox and Hart, 1986). There is agreement in the literature that the slab pull forces are
real and that should be obvious even to the casual observer, but it is not obvious that they
produce ridge elevation and cause the ridges to be about half way between continental plates.
Hamilton’s (2007) top-down mechanism is that the plates are driven by hinge roll-back at the
trenches. It is similar to the slab-pull and trench suction forces of Forsyth and Uyeda, (1975),
Cox and Hart, (1986) and is shown in many textbooks. In the hinge rollback mechanism, a
continental plate, such as the South American plate, “slides” into the void left by the roll-back
of the subducting slab and is thus pulled along (i.e. the South American plate is pulled to the
west). Hamilton (2007, p. 3) states that the ridges “are required to stay midway between
diverging continents.” It is not easy to see how the pull of the continental plates toward the
trenches accomplishes this requirement. It is also difficult for gravity forces alone to explain
that ridges associated with continental plates are elevated some 1 to 2.5 Km above the abyssal
plains on either side. Thus, the hinge rollback mechanism, by itself, is mostly a “pull” force and
would produce tension in the continental plates. Anderson (2005) states that it is compression
that holds the plates together, not plate rigidity. He expresses this very convincingly, in this
paper that explains why the domes like St. Peter’s Basilica and igloos hold up. Large objects
like the plates are not inherently rigid. Something has to hold them together.

3.1 FAR ABOVE TECTONICS
This idea of compression in the plates seems to be an obvious reason why plates do not break
apart. It is the main reason that the author proposes the expansion-contraction (EC)
hypotheses that is reviewed next. The mechanism was developed by Scott et. al. (1989) and
is described more completely in Chapter 1 of Scott (2015). The gravity forces are necessary to
help explain why subducting plates move, but they are not sufficient and don’t explain some
of the simple observations mentioned throughout this essay. A ridge push force is required as
Anderson states in his definition.
In the last paragraph of his paper on the mechanism of plate tectonics Anderson (2006) names
the bottom – up mechanisms “plutonics” from the land where Pluto lives (down deep) and he
also coins the term “platonics” for the top-down mechanisms, no doubt with a bit of tongue
in cheek. He proposes that it is the plates that are in control and force motion in the upper
mantle rather than convection from heat deep in the mantle. A third idea, proposed in the
current paper, is that the expansion- contraction (EC) mechanism, be termed “far above
tectonics” because the model involves forces that originate from above the Earth’s plates
including the atmosphere and the oceans.
3.1.1 Multidisciplinary Concepts
Most Geoscientists infrequently look beyond their own discipline when they study a
phenomenon. If Alfred Wegener had presented ideas that came only from the knowledge of
the “solid” Earth he would not have discovered that the continents actually move. His
compilation of information that came from examination of data from geology, geography,
paleoclimatology, paleobotany and paleozoology were essential to his idea.
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Because the mechanism of plate motion proposed herein involves climate variation it is
argued that geoscientists should look beyond ideas that come only from study of the solid
(sometimes partially liquid) Earth. Neglecting the forces that climate and ocean circulation
might produce on the Earth’s crust may be just as bad as was ignoring Wegener’s continental
drift concept that showed that the fixity of continents was not consistent with observations.
Scott (2015) quotes Wegener, Lovelock and Anderson on the need for multidisciplinary
research to help understand how the Earth works. Anderson does not mention disciplines
related to the atmosphere and oceans and only Lovelock includes biological concepts in his
quote although Wegener used biological evidence such as the location of fossils to explain
that the continents must have moved. Anderson (2007 p.2) does mention the existence of the
oceans. He states:
We now know that plate tectonics, at least the recycling kind, is unique to the Earth,
perhaps because of its size or water content…Any theory of plate tectonics must
consider why the other terrestrial planets do not behave like the Earth.
He does not go further with this idea. It is well known that it is the size of the Earth and its
distance from the sun that allows it to have an ocean and a complex atmosphere (Walker,
1986, Lovelock, 1988, Lovelock, 1993). Hamilton (2005) and Anderson (2007) suggest that
Venus and the other terrestrial planets do not have plate tectonics. Does this suggest that
presence of a climatically changing atmosphere and ocean play a role in plate tectonics?
It was possible that many geoscientists, who discredited the continental drift hypothesis of
Alfred Wegener, were embarrassed when the discovery of seafloor spreading showed that the
continents do move. But it is not hard to understand that most scientists remain attached to
their own disciplines and fail to recognize obvious facts that they have not studied. For a
discussion on this problem see Lovelock (1988, 1993) and Anderson (2007b).
The far above (EC) mechanism for producing seafloor spreading seemed attractive to this
author in the early 1960s when he saw how thermal expansion and contraction of the ice on
lakes in Wisconsin caused compression in the ice, pressure ridges in the lakes and ice
ramparts on the lake shores. Some pictures of ramparts and pressure ridges are shown in
the APPENDIX. These are chosen, selectively, because they are quite dramatic. The author
measured ice pressure ridges on Lake Winnebago in Wisconsin that were five meters high in
1962.
3.1.2 Ridges and Ramparts on Lake Ice
The EC mechanism as it works on ice-covered lakes is discussed by Zumberge and Wilson
(1953) and Scott (2015) and is illustrated in Figure 1. Note that temperature in the ice layer
increases to the right in the diagram and the cracks that form are in random directions so
that the area of ice on a lake increases. That is the ice expands in all directions.
Shown in Figure 1 is that on cold nights with low snow cover the top of the ice contracts and
cracks so that the distance perpendicular to a randomly oriented crack (D t) at the top of the
ice is less than the distance at the bottom of the ice (D b) where the temperature is 0 oC,
designated by To for fresh water lakes. Water then fills the crack and freezes so new ice is
formed. When the temperature in the daytime rises to be near freezing (0 oC.), or if the sun
shines the top of the ice then expands so that Dt = Db, and the area of ice must increase. This
causes compression in the ice and ice ramparts on the shores. This compression, in all
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directions, can also result in pressure ridges where the ice buckles up, sometimes in
preferred locations usually near the center of a lake, but the locations of ridges is chaotic
and depends upon particular (unknown) conditions such as the shape of the lake and
variation in snow depth and coverage (see an aerial map of ridges on Lake Mendota in the
APPENDIX).

Figure 1: The EC mechanism as it works on ice-covered lakes.
Note that the cracks on ice are in random directions.

3.1.3 The EC Mechanism on the Earth
To illustrate how temperature can vary over time on the Earth a plot of temperature is shown
in Figure 2 along with concentration of carbon dioxide and methane from the Vostok ice core
data. The plots illustrate the large variations due to the Milankovitch periodicities of climatic
change of approximately 96, 41 and 23 Ky. There are also shorter periods of variation that may
or may not be periodic in the range of about 1 to 10 Ky.
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Figure 2: Plots of temperature, concentrations of carbon dioxide and methane over time from the Vostok ice
core data (redrawn from Wikipedia Argu 1 Vostok 20K).

Two diagrams on how the EC mechanism might work above an ocean ridge are shown here
and more discussion is given in Scott (2015). The first is shown in Figure 3 for a time when the
water above the crust is at its coldest. The temperature of the crust (designated T(mean) and
shown as isothermal in Figure 3 actually decreases by about 25 oC/km in an upward direction.
The top of the crust contracts forming a crack into which fertile mid ocean ridge basalt (MORB)
may flow.

Figure 3: How the EC mechanism might work above a ridge on Earth for a cold period of
a climatic cycle.

The arbitrary starting time in Figure 3 is t = 0. The situation after a half period of climatic
variation (t = ½ P) is shown in Figure 4, a time when the ocean water temperature above a
ridge is at its warmest. In this case the top of the crust must expand away from the ridges
causing compression in the crusts on either side and increasing the area of the plates. The
ridges must then move (migrate) away from continents. For example, the MAR must move to
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the west away from Africa at half the spreading rate and the continents west of the MAR must
move to the west at the spreading rate. Note that the spreading (increase in area) on either
side of a ridge is not random as it is on lake ice. It is argued here that the spreading along a
ridge is prevented by the presence of the lithosphere that is rapidly increasing in thickness
away from the ridges as shown in Figures 3 and 4. This prevents material from the mantle to
flow upwards because cracks are prevented through the thick lithosphere. This is, of course,
an assumption.
It is also proposed that the ridge becomes elevated in this process, analogous to ice pressure
ridges, because the plates on either side must push against continents. This elevation reduces
the pressure on the upper mantle below the ridges so that some MORB minerals below the
ridge become sub-solidus.
3.1.4 Sea-floor Spreading in the North Atlantic
To illustrate how the far above mechanism might work in the case of the Mid Atlantic Ridge
(MAR) a cross-section of topography and temperature is shown for 36 oN in Figure 6. The
temperature above the MAR varies from about 2.5 to 4.0 oC. If the climate varies over time,
often periodically, the thermocline (high downward temperature gradient) will get deeper or
shallower causing a variation in the temperature above the MAR.

Figure 4: The EC mechanism as it works to produce crustal expansion for a time of the highest
temperature of a climate cycle.
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Figure 5: Solidus curves for gabbro and eclogite (redrawn from Anderson,
2007).

Heat exchange for a time when there is cooling above the top of the crust, as in Figure 3, is
shown by the dashed line in Figure 7 (a) and the “average” ocean is given by the solid line. The
warm ocean condition (dotted plot) corresponds to the situation in Figure 4 where the
warming causes expansion of the crust. The average downward directed temperature
gradient in the ocean above a ridge at present is about 1.5 oC/ Km of depth, but because the
ocean mixes the eddy diffusivity is at least 80 to 300 times the molecular diffusivity of
seawater (Sverdrup et. al. 1942, Broeker, 1966, Garrett, 1979, Wunch and Ferrari, 2004). Thus
the downward (negative) convective flow (D) can vary from -50 to -180 mW/m2 or even more.
Because the molecular conductivity of the crust is relatively constant the average upward
(positive) temperature gradient of about 25 oC/Km gives 72 mW/m2 of upward heat flow (C).
Maps of heat flow show that for some regions (East Pacific Ridge and the South Indian Ridge)
the heat flow is as high as 250 mW/m2 (Kearey, et. al., 2009), but downward D can be as high
as this in some conditions and higher when the Earth’s climate is warmer than now.
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Figure 6: A cross-section of topography and temperature at 36 oN in the North Atlantic
Ocean. Figure was redrawn schematically, from data taken by the Woods Hole
Oceanographic Institute (Roemanich and Wunch, 1985).

Thus, the heat coming from the ocean above can be as high as or higher than the heat coming
from below. This can result in the temperature at the top of the crust to warm as shown by
the dotted line in Figure 7 (a). The heat to warm the top of the crust comes from the ocean
above by convection (D) and from the crust below by conduction (C). When the value of D is
less than C the top of the crust cools as in the dashed line of Figure 7 (a). Note that when the
crust is warmer than the ocean an isothermal layer forms between points (1) and (2) due to
the instability and convective mixing. From (2) to (3) the normal downward temperature
gradient in the ocean persists.
In Figure 7 (b) the change in the advection or transport of the North Atlantic Deep Water
(NADW) is shown from large to low advection. Change in advection (A) can change the heat
added to the crust from above by changing the temperature and/or the convection rate (D).
When the flow is strong or warm (left side of Figure 7b) there is high downward flux of heat
(D) for the same temperature gradient and when the flow is weaker there is a smaller amount
of heat added from above.
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Figure 7: (a) Schematic diagram of how temperature might vary near the top of a ridge from three sources
of heat and (b) schematic of a change in advection (A) that changes the downward convection (D) from a
warm to a cold period of climate. The average current velocity is shown in the middle profile.

The average current velocity is shown in the middle profile. The expansion and contraction of
ocean crust near the tops of ocean ridges should be a major force in causing sea-floor
spreading and would produce a strong ridge-push force as required in Anderson’s (2001, 2006)
top-down plate model. The mechanism can produce compression in the plates as proposed
by Anderson (2005), it can explain why the ridges associated with continental plates are about
mid-way between continents, why it is required that they migrate, that the ridges are elevated
(by pushing against continents), how variations in spreading rate might be explained by
variation in sedimentation rate (Scott, 2015), how triple points are formed and why the
compression forces can produce mountains as opposed to the arguments that plates are
dragged by the mantle flow that is below a slippery, or semi-liquid, low velocity layer.
3.1.5 Top-down and Far-above Combined
Shown in Figure 8 is that seafloor spreading takes place at two ridges, the Mid Atlantic Ridge
(MAR) east of South America and the East Pacific Rise (EPR) to the west. This spreading is
driven primarily by the far above (EC) mechanism ridge push force although gravity forces may
play a role when the crust at the top of a ridge is cool (Figure 3). The slab pull to the east of
the Nazca plate adds to the ridge push force so that the spreading at the EPR is very fast
compared with spreading at ridges associated with the continental plates such as the MAR.
Minerals such as eclogite formed, at least in part, from the subducted slabs are recycled back
into the asthenosphere where they melt under the ridges and form new MORB material that
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produces the seafloor spreading at the migrating MAR (see Chapter 5 of Anderson, 2007,
Anderson, 2007b for more on the eclogite cycle). Note that the MORB do not move eastward,
but do so only relative to the South American continent in this case, because the latter moves
to the west as shown in Figure 8. In the whole process the MAR migrates westward at one half
the spreading rate and South America drifts, also to the west, twice as fast as the MAR. It is
probable that the EPR does not move much with respect to the mantle and the Nazca plate is
getting smaller eventually to be submerged under South America.

Figure 7: How a combination of gravity forces (slab pull or hinge rollback) and the far above (EC)
ridge push forces explains the most common observations of the ocean crust. The view is to the
north and the figure is not to scale.

If the far above (EC) mechanism is consistent with observation then the combination of the
gravity forces of Anderson (2006, 2007) and Hamilton (2007) with that of the ridge push force
of the EC mechanism, as illustrated in Figure 8, can explain most of the observations of the
Earth’s crust. This combination of forces can replace the current conventional wisdom and
should cut away the bottom-up mechanisms using Occam’s razor, because the explanations
are more parsimonious than those of the convection models and don’t need a whole lot of ad
hoc assumptions to make the process work. This is not to say that the far above and top-down
combination is completely correct. It is still a hypothesis that should be tested and refined by
using the scientific method through disproof or falsification (that is it must be consistent with
observations).
3.1.6 Does the Ocean Temperature Vary Significantly?
One common comment by scientists when they read about the EC mechanism is that they do
not see how the temperature at the tops of ridges in the deep oceans can change enough for
the mechanism to work. However, the ocean temperatures and ocean circulation have
changed dramatically over time as many papers in the literature testify. Brewer et. al. (1983)
found direct evidence of the increase in ocean temperature in the North Atlantic Deep Water
(NADW) of 0.15 oC over two decades. Proxy evidence of water mass changes indicates that
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large deep water temperature changes have occurred in the past. Fischer and Arthur (1977),
Brass et. al. (1982), Berger (1982) and Worsley and Herman (1980) show fossil evidence that
during the 3 to 4 Ma prior to the Pleistocene glaciations the Arctic Ocean may have
experienced periods of ice-free conditions. Evidence of changes in bottom water temperature
for periods of one to perhaps 100 Ky come from changes in bottom water fauna (Schinitker,
1974, Shackleton and Streeter, 1979). These changes can come about quite rapidly (Boyle and
Keigwin, 1982, Sarmiento and Toggweiler, 1984 Siegenthaler and Wenk, 1984) and may be
due to the slowing or cessation of the NADW as suggested by Weyl (1968). This subject is
reviewed extensively by Broeker (1985, 1987) and he suggests that changes in the deep ocean
circulation may be responsible for changes in atmospheric CO2 from glacial to interglacial
periods in the Pleistocene.
Recent concerns about the increase of greenhouse gases in the atmosphere has led to many
studies of the possible role of the release of methane from clathrates in ocean bottom
ecosystems. It has been proposed that the release of these greenhouse gases into the
atmosphere produced the Paleocene-Eocene Thermal Maximum (PETA). The subject is
reviewed extensively on several web sites including the extensive discussion by Wikipedia.
Moran et. al. ((2006) conclude from data of a core on the Lomonosov Ridge that the Arctic
Ocean was ice-free during the PETA and suggest that Arctic Ocean surface temperatures were
as high as 24 oC. Sluijs et. al. (2006) conclude that sub-tropical conditions existed in the Arctic
Ocean in the late Paleocene and Eocene. Kennet and Stott (1991) discuss the extensive
changes in the deep-sea circulation of the period before and after the PETA. When the Arctic
was sub-tropical the mid latitude waters were much warmer than at present and the
thermocline was much deeper. The vertical movement of the thermocline above ridges would
produce large variations in temperature and thus the variability of downward heat flow (D),
as discussed regarding Figure 7, was much greater than at present. This could have produced
large changes in the thermal expansion and contractions required of the far above mechanism
and rapid seafloor spreading.
While it may not be possible to create a convincing model of how deep water temperatures
vary over time it is obvious that they do change considerably. The far above mechanism only
requires that the temperature or mixing above the tops of ridges vary as illustrated in Figure
7. The temperature needs to vary (perhaps periodically) and this variation does not have to
be very large.

4.1 SOME PREDICTIONS
One of the reasons that theories (hypotheses, mechanisms or models) are considered to be
acceptable is that they make predictions of new hypotheses and new observations or
experiments. An attempt is made here to show how the combination of the top-down and far
above (EC) mechanism (Figure 8) leads to some predictions and new observations. It is not
proposed that this combination is a theory; it is a hypothesis (mechanism or model), but
should be tested in the same way as are theories and probably by the scientific method of
Bacon (1620) as discussed by Platt (1964).
4.1.1 Ridge Elevation
The conventional (bottom-up) explanation that the ocean ridges rise some 1 to 2.5 Km above
the abyssal plains on either side is that heat from deep in the mantle causes this elevation
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(Hess, 1962, Parsons and Sclater, 1977, and in many books and countless numbers of papers).
However, the position taken here is that the temperature near the top of the asthenosphere
below the ridges should be cooler than under the thicker lithosphere and continents that
insulate the upper mantle (Anderson, 1984). The thin crust of the ridges should act like a
window in a house where heat escapes more rapidly than from an insulated wall. This idea
agrees with Anderson (2013) and Anderson and King (2014) who point out that it is probably
cooler, by about 200 oC under the ridges than under continents. If it is hotter under the
lithosphere beneath the abyssal plains and under continents, then what causes the ridges to
be elevated and why do the cooler fertile minerals melt? The answer according to the far
above (EC) mechanism is that compression in the plates pushing against continents, when the
crust at the ridge is expanding (Figure 4 above), causes upwarping of the ridges similar to the
compression against the shores of the ice on lakes that form pressure ridges and ramparts.
Note that the ridges are not as steep as depicted in most textbook diagrams. For example, the
cross-section shown in Figure 6 has a vertical exaggeration of about 1000 so that the actual
steepness of this MAR is only about the height of a person in a distance of a football field. One
can easily ride a bicycle up such a slope and the seafloor spreading of the EC mechanism at
ridges might cause this fairly shallow ridge elevation.
It was proposed earlier that a major cause of melting in the low velocity layer below ridges is
that potential MORB minerals pass to the liquid side of their solidus by reduced pressure
caused by the upwarping as discussed regarding Figure 5. Presnall and Gudfinnsson (2005)
illustrate that the carbonation of the MORB minerals lowers their solidi and may be a cause
of the low velocity layer in the upper mantle. They point out that the carbonated minerals
come from subduction. Anderson (2005, 2007) and Hamilton (2007), suggest that minerals
such as eclogite remain in the upper mantle and can be recycled back to the crust as fertile
constituents when they are passed over by migrating ridges. This seems more physically
realistic than a recycling process from deep into the mantle at the CMB.
4.1.2 Abyssal Hills Topography
The abyssal hills that are observed to be parallel to the ridges for some distance on either side
(before being covered by sediments) are one of the most common topographic features on
Earth. From recent measurements the heights of the abyssal hills show a pattern
perpendicular to the ridges that has the same frequencies as that of the Milankovitch climate
signals. This interesting topography phenomenon has been studied by Crowley, et. al. (2015)
and reported by Conrad, (2015) and Hand, (2015). The Crowley study calculated that the
topography is governed by the rise and fall of the oceans due to climate change. The
predominance of the Milankovitch periodicities in temperature is shown in Figure 2. The
studies reported above suggest that when the Earth is fully glaciated the lowered sea level of
about 100m reduces pressure below the ocean ridges which allows minerals (MORB) to fall
below their solidi and melt. This melt is extruded into the ridge forming new crust. Thus, it is
during cold periods of climate that Crowley et. al. (2015) calculate high points in the abyssal
hill topography.
The far above (EC) model predicts an abyssal hills fabric much the same as that of Crowley et.
al. (2015), but with a different cause. When the climate is warm as shown in Figure 4 the ridges
are elevated by compression against continents and MORB minerals pass through their solidi
and melt. As the temperature decreases to a period of full glaciation the melted minerals flow
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out of the mid ridge to form a hill as predicted from Figure 3, because the pressure below the
ridge is increased as the crust on either side sinks. The release of compression causes the ridge
to subside on either side, but the plates are still held in place by the continents so they do not
completely sink. Note that at this cool time the reduced pressure due to lowering of the sea
level as discussed by Crowley et. al. (2015) may also add to the flowing out of melted minerals
and so the effects may be combined.
4.1.3 Self Organization and Chaos
The far above mechanism is self-organizing in the same sense used by Anderson (2006). It is
far from equilibrium as illustrated in chaos theory. The mechanism works chaotically on the
ice of lakes in cold climates in that pressure ridges can occur in different places on some lakes
like Lake Mendota, but also form in the same place every year on some elongated lakes like
on Lake George, NY (see the APPENDIX). Small changes in the forces on a plate can be caused
by such things as differences in the shape of continents as the plates push against them, by
regional variations in spreading rate and by variations in climate and the like. “Ridge jumping”
and transform faults could possibly be caused by the plates pushing against a variable shape
of continents such as the bending geography between Africa and South America. These small
changes in one region may produce profound effects in other places on the planet. This is how
it works on lake ice. Such random processes are similar to the “indeterminacy” of weather as
in Edward Lorenz’s (1963) chaos theory (a butterfly flapping its wings in the Philippines may
influence the weather in New York).
4.1.4 Large Igneous Provinces
There is a large literature on the claim that large igneous provinces and ocean island basalts
are caused by plumes (Foulger et. al., 2005). This will not be reviewed here, but one can find
many papers on plume-caused geological features such as the many islands of all of the oceans
with Hawaii and Iceland in the forefront (Foulger et.al, 2005 and Foulger et. al., 2007, Foulger,
2010, Anderson 2013, Foulger, 2015). However, there are an increasing number of studies
that show that igneous islands and provinces are caused by normal plate tectonic processes.
In fact, a whole section of Foulger et. al. (2005) is devoted to this subject of continental melting
anomalies (pp. 365-516) and to oceanic melting anomalies (pp. 517- 780). In all cases the
evidence for plate tectonics producing these features from a shallow portion of the upper
mantle seems to be overwhelming. It is much more logical that the plate tectonic processes,
rather than deep plumes, produce most of the igneous provinces and islands. The far above
(EC) model adds a ridge push force to the top-down model of Anderson (2005) as in Figure 8.
It is concluded that the igneous provinces are produced mostly by a combination of top-down
and far above tectonics. The plume and convection mechanisms seem logical to the casual
observer, but even one of the original authors of the cause of the Hawaiian Islands (Wilson,
1963) did not evoke deep mantle plumes in the argument.
Regarding at least one of the continental basalts Foulger (2010) and Seth (2015) discuss why
they think that the Deccan traps in India were not produced by a mantle plume as has been
proposed by advocates of the plume hypothesis. They ascribe the cause of this geological
feature to large-scale plate dynamics. Figure 3 in Seth (2015) and also Figure 2.6 in Foulger
(2010) show that the Deccan traps were formed from 67-62 Ma a time late in the Cretaceous
and early Paleocene of a “greenhouse Earth.” Worsley and Herman (1980) and Worsley, et.
al., (1993) provide more evidence of such changes in Earth’s climate. During PETA and perhaps
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from 60-50 Ma the Arctic Ocean was warm and the subtropical oceans south of India must
have been very warm with a deep thermocline in the region of the Carlsberg and Central
Indian Ridges. This would lead to highly fluctuating values of the term (D) shown in Figure 7
and thus rapid seafloor spreading produced by the far above mechanism. Could this be a
possible cause of the crustal extension near the Lakshadweep-Chagos Ridge near India
producing the Deccan Traps as India was forced to move to the north?
4.1.5 Fast Spreading Rates
In their discussion of the breakup of Gondwanaland Norton and Sclater (1979) show various
positions of the Indian sub-continent over time. In one of their conclusions they state that in
the late Cretaceous the half spreading rate between Madagascar and India was as fast as 13
cm/y. Thus the Indian sub-continent could have moved at nearly twice this rate to the north.
The fastest half spreading rate known for recent times is about 7 cm/y in parts of the East
Pacific Rise. Note that greenhouse conditions of the late Cretaceous and early Paleocene in
the Indian Ocean would allow the far above mechanism to produce rapid spreading and might
be a partial cause of the crashing of India into Asia forming the Himalayan Mountains. This
rapid spreading would add to the slab pull force of the Indian plate as it is subducted
underneath Asia.
The spreading of the North Atlantic around Iceland also occurred at a time of warm climate
(about 50 Ma) as discussed in Foulger (2010) and Foulger (2015). The region may also have
been located where a water mass like the North Atlantic Deep Water (NADW) might form and
be a cause of fairly large variations in temperature above the ridges around Iceland that could
enhance the far above mechanism. Could this be part of an explanation that the ridges around
Iceland are fairly high and could they have been caused by a strong far above (EC) mechanism
(Foulger 2015)? The NADW now forms in the region near Iceland and is the largest water mass
in the Earth’s oceans.

5.1 SUPERCONTINENTAL CYCLE
If the far above (EC) mechanism should prove to be viable then seafloor spreading at the ridges
between continents should continue to move the continents and the present ridges between
continental plates, such as the Mid-Atlantic Ridge, will continue to move (migrate) until
something prevents them from moving and that is assumed here. It is also assumed that
climate variation such as that shown in Figure 2, or something similar to it, continues for a
long geologic time. The Pacific Ocean is presently about 15000 Km wide from North America
to Australia. If the present Mid Atlantic Ridge and the Indian Ocean ridges keep on producing
new sea floor crust and lithosphere for roughly another 200-300 million years, at a combined
rate of about 5 cm/y this would close the Pacific and a new supercontinent would form in the
region that is now Pacific Ocean. If the continents were to collide on the side of the Earth
roughly opposite to the supercontinent Pangaea that collision would stop the current
spreading.
The highly speculative scenario for this aggregation of a new supercontinent (call it “Pacifica”)
is sketched by Worseley (1993) and Walker (1986, p. 160). It is suggested here that the
continents do not reverse direction (approximately) due to change in the elevation of
continents as proposed by Worsley et. al. (1993), forming new geoid highs beneath them, but
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they reverse due to the formation of a new supercontinent that stops the seafloor spreading
that exists between the continental plates at a given time. Then a new geoid high forms and
the cycle repeats in the opposite direction. The total time for a reversal is about the same as
suggested by Worsley et. al. (1993) if the calculation using a combined spreading that averages
about 5 cm per year.

Figure 8: Schematic illustration of the supercontinental cycle using the far above (EC) model (see the text for
discussion of the cycle).

A description of the cycle starts in Figure 9 (upper left) where the continents are being pushed
together to form Pangaea by seafloor spreading from the Mid Pacific Ridge in what is termed
the “Pan Pacific Ocean.” This is the same ridge that exists between the Pacific oceanic plates
of today, but that ridge is now being covered by the “new world’ continents of North and
South America. The speculation is that it has not moved much with respect to the mantle,
because nothing causes it to move. In the upper right diagram of Figure 9 the continents of
Pangaea begin sliding away from the geoid high due to heating under the supercontinent
(Anderson, 1984 and Worsley et. al. 1993) and new “young” oceans are formed with new midocean ridges that are approximately between the borders of the old continents. The new
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ridges now expand to positions that are about what they are at present. Finally, the continents
re-aggregate in what is now the Pacific Ocean as illustrated in the lower right diagram of Figure
9 to form what the author terms the supercontinent “Pacifica.” The total process takes about
500 million years from one supercontinent to the next.

6.1. REJECTION OF THE BOTTOM-UP MECHANISMS
Kuhn (1962) concludes that when there are a significant number of strong anomalies to a
paradigm (hypothesis, mechanism, model) it is rejected and this starts a paradigm shift that
leads to a scientific revolution. A strong anomaly, as proposed by Scott et. al. (1989) and Scott
(2015 and 2016) and illustrated in Figure 10, is that the migration of ridges associated with
continental plates is not explained in the bottom-up mechanisms. Shown in Figure 10 is that
convection cells proposed by Holmes (1944) and Hess (1962), which are really lines or “rolls”
of convection cells on either side of a ridge, would have to get larger in order for the upward
motion to stay beneath a ridge. This is physically impossible and there are no models of
convection in the literature that show that this could happen. This problem is recognized by
Menard (1986) and also by Morgan (1972) with respect to his proposal (Morgan, 1971) that
plumes are fixed in place and produce plate motion. Menard carried the argument no further,
but Morgan proposed that plumes under the Mid Atlantic Ridge (MAR) do not move, but those
in the Indian Ocean do. This is discussed in Scott (2016) who suggests that Morgan did not pay
attention to Chamberlin’s (1890, 1897) warning of treating one’s idea as a “Ruling Theory”. It
is also physically impossible for the ridges in the Indian Ocean to move very fast and still have
them be produced by plumes. As with the convection concept no plume model or observation
has been able to show that plumes can move (migrate) in such a manner.
There are also many anomalies to the bottom up (convection and plume) models that appear
in the literature and discussed in Scott (2015, 2016). Some of these have been suggested by
Anderson (1984, 2001, 2001, 2005, 2007, 2013), by Hamilton (2007), in Foulger et. al. (2005),
Foulger et. al. (2007), Foulger (2010) and Anderson and King (2014).
The additional anomalies are:
1. The upper mantle is “lumpy” not homogeneous as would be expected if deep
convection exists.
2. The deep mantle is not isothermal or super-adiabatic (unstable).
3. The core is not an infinite source of heat and most of the heat comes from the upper
mantle and crust from radioactive decay of some elements.
4. It is not hotter under ridges than under thick lithosphere and continents.
5. Only a few subducted slabs sink into the mantle below 670 Km (Hamilton) or below
1000 Km (Anderson).
6. The lower mantle is probably “sluggish” with a high viscosity.
7. Plate “rigidity” is assumed and compression in the continental plates is not explained.
8. Slab pull and/or hinge rollback as plate moving forces are often neglected.
9. The Boussinesq approximation is assumed for the deep mantle in most models, but
the high pressure near the CMB changes properties such as the coefficients of thermal
expansion and viscosity.
10. Geographic variation of spreading rate at ridges is not explained.
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11. The convective forces needed to cause mountains at continental plate collisions are
too small because there is little friction in the low velocity layer below the lithosphere.
12. The fast spreading rate in the East Pacific Rise is usually not explained.
13. To explain triple points by convection the convection pattern would have to change
about 90 degrees in direction at the triple point.

Figure 9: (a) Position of convection “rolls” on either side of an upward convection
zone at the time of the break-up of Pangaea and (b) about 200 million years
later. The “rolls” would have to get larger.

Authors supporting the bottom-up models have great difficulty explaining these problems and
they are generally ignored. A computer model to show that the bottom-up mechanisms can
produce ridge migration as in Figure 10 would require a most imaginative set of assumptions
and even then it most likely cannot be done. Mathematical models can illustrate convection
in the mantle using many assumptions but the results apply only in the one model using those
assumptions. Only observations of the real Earth can prove that the models are realistic. It has
now been 100 years since Wegener published his first book (Romano and Cifelli, 2015) and
the geosciences still have no thoroughly convincing idea as to why the Earth’s tectonic plates
move.

7.1 CONCLUSIONS
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It is well-known that a level cannot be used on the ice. At one rod from the shore its
greatest fluctuation, when observed by means of a level on land directed toward a
graduated staff on the ice, was three quarters of an inch, though the ice appeared
firmly attached to the shore…Who knows, but if our instruments were delicate
enough we might detect an undulation in the crust of the earth.
From Chapter XVI (“The Pond in Winter”) of Walden by H.D. Thoreau (1906).

The fluctuation of the ice surface, described by Thoreau above, is due to the expansion and
contraction and compression of the ice that is discussed in this paper. Thus on small lakes or
ponds undulations are caused by day-night fluctuations of air temperature. See the last two
pictures in the APPENDIX to see the cracks on a small pond. These produced height variations
of about a centimeter. On large lakes the “undulations” take the form of ridges and ramparts
that can be quite spectacular as seen in some of the other pictures. What needs to be tested
is that the ocean ridges are caused by the variation of climate and ocean temperatures above
the ridges as is proposed herein.
To summarize it is proposed that if the top-down (platonic) and far above tectonics (EC)
mechanisms are combined as in Figure 8 the following observations can be explained:
1. Ridges between continental plates migrate (required of the far above mechanism).
2. Ridges are elevated above the abyssal plains by compression against continents.
3. Ridges associated with continental plates are essentially midway between continents
(also probably required of the far above mechanism).
4. Compression in the plates is required and keeps them from breaking apart, because
large solid objects are not inherently “rigid.”
5. Gravity forces help cause the East Pacific Ridge to spread fast when added to the ridge
push force of the far above mechanism.
6. Recycled minerals remain in the upper mantle and pass to the liquid side of their
solidus curves by reduced pressure as they are passed over by migrating ridges.
7. Variation in the rate of seafloor spreading is due to varying sedimentation rate as
discussed in Scott, (2015).
8. Triple points are the result of the collision of ridges which are migrating.
9. The far above ridge push force might be adequate to produce mountains like the Alps
and Himalayas.
10. Some igneous provinces are more likely caused by forced shear driven magma or
thermal contraction near ridges than by plumes or “hot spots.”
11. Transform faults are caused by the pushing against varying geography of continents
on either side of mid-ocean ridges (shape of the continents).
These observations, or conjectures in some cases, are not explained by those who espouse
the convection and mantle plume models even with ad hoc assumptions as is discussed by
Hamilton (2007), Foulger (2010) and Anderson (2013. The bottom-up models should be
rejected by the sifting and winnowing processes advocated by those who support the plate
models. The far above tectonics mechanism may not be the answer as to why the plates move,
but because it has such reasonable properties (it is parsimonious) it should probably be taken
seriously.
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It is emphasized in this paper that geologists and geophysicists should not ignore the
importance of the atmosphere and oceans in their research on plate motion and that
multidisciplinary research should become more important in the search for the forces that
cause plate tectonics. The importance of the atmosphere was pointed out to the author by
Professor Heinz Lettau of the University of Wisconsin (pers. comm. 1962). He said many times:
“The ocean is the slave, the atmosphere the master.” It was easy for Lettau to show that the
energy flow near the Earth’s surface by radiation, convection and advection is far greater than
energy flow in the oceans. It is also concluded by this author that “the crust is the slave and
the ocean the master.” This is discussed regarding Figure 7. The energy flow in the ocean water
is high because of mixing by turbulence and so the downward energy flow in the water can be
much larger than the conduction through the crust. This allows the far above mechanism of
seafloor spreading to work.
Shown in Figure 2 is that the variation in climate in the Pleistocene is probably produced
largely by positive feedback mechanisms and that these are most likely controlled by the
biota. Ruddiman (2005) shows that forest clearing and farming by humans about 2000 years
ago produced enough greenhouse gases to prevent the Earth from cooling to an ice age that
is typical of the climate changes of the Pleistocene. Thus, the positive feedbacks due
greenhouse gases produced by life may be a factor in producing plate tectonics.
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APPENDIX
In this Appendix pictures are shown of ice ramparts, pressure ridges and cracks on ice-covered
lakes or ponds and one map of pressure ridges. The pictures are meant to illustrate the
spectacular height that ramparts and ridges can attain in fairly short times on large lakes and
the map of Lake Mendota ridges by Bunge (1956) is included to show the randomness of the
way that sheets of ice can self-organize on some lakes in cold climates. The positions of ridges
on Lakes Mendota and Monona in Wisconsin vary somewhat from year to year and that is
quite different from Lake George where a ridge appears every year in nearly the same place
and it this thought to be due to the elongated shape of that lake.

Ramparts on Ottertail Lake, MN taken in 1987 (MN Dept. of Natural Resources).
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Top photo is an Aerial view of a pressure ridge on Lake George, NY taken in 1987
(Dome Island is in the background). Bottom photo is a close-up, also in 1987, of the
same ridge that was two meters high. (J. Scott photos).
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Map of pressure ridges on Lake Mendota, WI taken by William Bunge in 1955 from
an aerial view showing the complex pattern of ridges. Note the convergence of ridges
east of second point that is much like the “triple points” of oceanic ridges on Earth.

Aerial view of pressure ridges in January, 2016. Lake Monona is in the foreground
and Mendota in the background. “Tomissa Porath posted this photo to Instogram.
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Ice ridges on Lake Mendota (top) and Lake Monona (bottom). Both were taken In
January 2016 by Peter Flaherty of Madison, WI.
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Cracks on the pond at the Scott’s house in Altamont, NY. These were taken on January
22, 2016 by Jon Scott. The ice is raised near the cracks making the ice surface
undulating. At the time the sun was shining and the pond ice was “booming” due to
the expansion of the ice.
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