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We report experiments on Wax Tectonics with a microcrystalline paraf�n wax. Two solidifying wax plates
�oating on top of their melt were pulled apart with constant velocity, forming a spreading rift analogous to those
seen at mid-ocean ridges. At high spreading rate we observedtransform faults with a shallow high at the rift
axis. At lower rates we observed a rift valley which grew downward, displacing the liquid wax. When the rift hit
a solid surface at the bottom, the rift separated into two crusts creating two separate “seas” with a growing dry
area between. For slow spreading, we found the rift's downward growth velocity to be constant. For somewhat
higher spreading rates, the warmer wax was weaker and this velocity was instead depth-dependent.

PACS numbers: 47.54.+r, 47.20.Hw, 81.30, 64.70.Dv

The time scale of plate tectonics is on the order of mil-
lions of years, making it dif�cult to observe the dynamical
processes involved. The only available means for studying
the details of the dynamics are through numerical simulations
and physical modeling. Current numerical simulations re-
main far from capturing the full complexity of the problem,
which involves coupled multiscale physical processes includ-
ing fracture, solidi�cation, and �ow of complex �uids. This
may leave physical modeling as an alternative. It is, however,
well known that physical models often do not capture all of
the physics (e.g. pressure, rheology, etc.) and often do not
obey dynamic similarity in every detail. Therefore, physical
models, such the Wax Tectonics experiments presented below,
are often discounted as irrelevant. However, the large bodyof
work in pattern-forming systems has repeatedly shown that
common, even universal, features can be found in physically
different systems [1]. Experience has shown that the under-
standing of these common features and the development of
quantitative theoretical approaches for one system aid in de-
veloping the foundation for the understanding of other, possi-
bly much more complex, phenomena.

In this Letter, we report experiments on Wax Tectonics in
which we found many similarities to the pattern-formation at
the mid-ocean ridges of Earth, such as the one observed at
the Mid-Atlantic Ridge and the East Paci�c Rise [2, 3]. At
high spreading rates, we previously observed transform faults
with a shallow high at the rift axis [4]. Here, we report data
at lower rates, where we observed a rift valley which grew
continuously downward, displacing the liquid wax. We found
the rift's downward velocity to be constant and proportional
to the spreading rate. At the upper end of this regime (higher
spreading rates), the increasingly warmer wax weakened and
the velocity became depth-dependent. Although the wax may
not show dynamic similarity with Earth's crust in every as-
pect, we hope that our experiment can be used as a test case for
numerical models, such as the the one described in Ref. [5].
The most surprising observation was that it is possible to com-
pletely separate the liquid into two regions if the downward-
growing rift hits a smooth surface, as shown in Fig.1D. Al-
though this clearly will not happen for Earth due to Earth's
internal structure, this phenomenon can be relevant to solidi-

�cation processes in material science.

As shown schematically in Fig. 2 and explained in detail
in [9], a rectangular tank of size114� 36� 10cm3 was �lled
with the wax Shell Callista 158. The tank was heated at the
bottom to (84.0� 0.05)� C, slightly above its melting temper-
ature of (74.5� 2.5)� C [6], and cooled from above by a con-
stant �ow of air at (12.0� 2.0)� C. The turbulent refrigerated
air �ow was directed vertically downward. Before each run
the wax was brought to thermal equilibrium by turning the air
�ow on for 1-2 hours, as it is known that mantel temperature
affects rift valley depth in mid-ocean ridges [7]. The molten
wax temperature was maintained at (78.0� 1.0)� C. For the
study of rift dynamics, the solidifying wax �oating on the sur-
face of the liquid wax was pulled apart with constant velocity
by two anchoring plates frozen into the solid surface. The an-
choring plates consisted of vertical plates made of stainless
steel with attached perforated horizontal plates of length10
cm and 2 mm thickness. The horizontal plates were mounted
approximately 3 mm under the surface of the molten wax. Af-
ter cooling started, the solid wax-plate froze securely to each
anchoring plate. In separate regions at each end of the appa-
ratus, extra heaters were used to avoid buildup of solidi�ed
wax. The �ow of the liquid wax below the surface was ob-
served to be turbulent. Visualization of the rift was achieved
via a laser diode projecting a narrow line across the rift. This
bright line was imaged at an angle of (22.9� 0.05)� with a dig-
ital imaging system, allowing for a perspective determination
of the across-rift topography. The mechanical properties of
the micro-crystalline wax can be described as brittle at room
temperature and soft or paste-like close to the melting point.
No detailed mechanical measurements were performed.

At the start of each run, the air�ow was turned off and all
solid wax was removed from the surface and placed into the
melt reservoirs at the ends of the apparatus. The anchor plates
were positioned approximately 5 cm apart and the air �ow was
turned back on. After a layer of 2-3 mm thick solid wax had
formed, a sharp knife was used to make a cut down the mid-
dle in the region between the anchor plates. This allowed for
reproducible initial conditions. The anchor plates were then
continuously pulled apart at the desired spreading rate (twice
the pulling velocity) with a micro-stepping motor. At evenly
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FIG. 1: (A) Picture of the developing rift valley for a spreading rate of 18� m/s. The lighted line shows the rift pro�le (width 7 cm). (B) Typical
picture used for data analysis, also de�ning the rift vertexand the rift half-angle angle� . (C) Picture of the rift valley after the spreading rate
was changed during a single run. The change is visible at the bend in the rift pro�le line (width 12 cm). (D) A rift valley after hitting a glass
plate submerged in the liquid wax and continuing to spread apart (spreading rate18 � m/s, width 12 cm, depth 6 cm).
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FIG. 2: A schematic diagram of the experimental setup, not including
the camera, laser, or micro-stepping motor.

spaced intervals, the rift was imaged and the wax tempera-
ture and air temperature were measured. Examples of slowly
spreading rift valleys are shown in Fig. 1. Each run stopped
when the anchor plates reached the end regions of the appa-
ratus. We conducted runs at spreading rates from 1800� m/s
down to 8� m/s, with an additional 26 runs for quantitative rift
topography analysis at spreading rates between 45� m/s and
8� m/s. The upper limit of 45� m/s was set by the imaging and
analysis system being unsuited for measuring axial highs.

The results of our Wax Tectonics experiments compare fa-
vorably with the observations from mid-ocean ridges. The
topography of mid-ocean ridges is known to vary with the

spreading rate [2, 3, 8]. Slower spreading rifts (< 25 mm/yr
half spreading rate) form deep rift valleys (1-2 km), while
faster spreading rifts (> 40 mm/yr half spreading rate) form
a small peak (axial high) at the rift axis. The topography at
intermediate rates is a shallow valley within an overall axial
high. All three types of behavior are observable in the wax
with the same trend in spreading rates. For spreading ratesvs

> 80 � m/s we found a shallow ridge with a height to width
ratio of approximately 0.03. This ratio is very similar to the
one reported for fast spreading oceanic rifts [3]. The wax in
the rift region was observed to be paste-like. If a hole was
cut at the rift, the liquid wax would neither well up nor re-
cede: the rift was at the same pressure as the liquid. Conse-
quently, the across-rift topography can only be explained by
a downward bending of the solidifying crust in the vicinity
of the rift axis. For 60� m/s< v s< 80 � m/s the rift was �at,
and at lower spreading rates the rift formed a valley. This
is shown in Fig. 1A,C. The rift half-angle� , as de�ned in
Fig. 1B, was measured 1.2 cm away from the rift vertex and
was observed to be constant throughout a run. With increasing
spreading ratevs, the angle� was observed to increase. This
effect is demonstrated in Fig. 1C, where the spreading rate
was changed from 61� m/s to 31� m/s. When the wax surface
formed a valley, the solidifying crust grew downward into its
own melt, opposing the buoyancy force of the displaced liq-
uid. In this case, if the sides of the valley were punctured the
hot liquid wax �owed in to �ll the valley. This effect itself is
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FIG. 3: The depth-time curves measured at 24.7 mm intervals from
the rift vertex, the darkest being the rift vertex.vs = 34.6 � m/s.
Dashed lines each connect a single region of crust as it movesout-
ward.

very remarkable, but even more so is the case when the rift
grew down to the depth of a smooth, solid surface. In such
cases, the two rifts continued to spread apart, pulling apart
the liquid and leaving behind a dry area in the middle rather
than changing their vertex angle. Fig.1D shows this effect of
“parting the wax sea” against a glass plate.

We propose a simple model/mechanism that can explain the
valley formation and show that the measured data agree quan-
titatively with this conjecture. While the wax is being pulled
apart, newly upwelling wax in the vicinity of the rift axis isso-
lidi�ed by the cold air blown down from above. At the rift axis
the wax at the top is brittle, while at the bottom it is a mushy
paste consisting of crystals and unsolidi�ed wax. While being
pulled apart the brittle layer at the top continuously fractures
downward into the newly formed brittle wax. Below, the hot-
ter wax is ductile and deforms but does not break, and thus
acts as a plug that prevents the �uid from rising. This way the
fracture at the rift vertex can propagate down into the liquid
wax against buoyancy with the rift vertex velocityvv . The
wax that breaks at the rift axis is pulled apart with constant
half spreading ratevs and thus forms a triangularly shaped
valley with rift half-angle� ( see Fig.1B). If this conjecture is
correct we should �nd that the following relationship holds

tan � =
vs

vv
: (1)

In addition, we may ask howvv depends onvs. For suf-
�ciently strong cooling, the continuously forming new solid
wax reaches the temperature of the cooling air at its surface
independently of the spreading rate. Under these conditions,
one may expect that the downward growth velocity is inde-
pendent of spreading rate as the fracture process is local to
the crust of the wax. It is, however, clear that this assumption
should break down at faster spreading rates. If the pulling ve-

locity is too high, the heat at the rift axis will not be carried
away suf�ciently fast for the wax to become hard and brittle.
Consequently the wax at the rift axis will be warmer and too
soft to be able to support the buoyancy forces due to the dis-
placed �uid. Indeed, we observed that fast spreading rates the
rift does not grow downward.

To check the validity of Eq. 1 it is necessary to indepen-
dently measure both� and vv as a function ofvs. As de-
scribed above, the measurement of the rift half-angle� was
straight forward. However, the measurement of the vertex ve-
locity vv turned out to be more dif�cult. The thick curve on
the bottom of Figure 3 shows a typical measurement of the
vertex position versus time. We observed that the rift slowed
its downward growth, grew shallower, and then turned around
and grew deeper. Below we show, that the total velocity of
the rift vertex motionvt can be attributed to both the vertex
growing downward with velocityvv and a global motion of
the whole platevg. To isolate the global depth change from
the downward rift growth we tracked the motions of individual
regions of solidi�ed wax. Fromvs we know how far a partic-
ular piece of wax travels horizontally in a given amount of
time. Using the rift pro�les, we determined the depth at both
points, giving us the global depth change. For example, the
solid lines in Fig. 3 are depth-time curves forvs = 34.6� m/s.
The darkest, thickest line is the motion of the vertex, whilethe
progressively lighter lines show the depth at regular distance
intervals (24.7 mm) away from the vertex. The dashed lines
connecting the points re�ect the global motion and would be
horizontal, if Eq. 1 were the only mechanism present. We ob-
served that early in each run the motion is downward, due to
the solid wax gradually growing into the liquid wax. After the
rift deepened, the whole plate moved upwards as buoyancy
became a dominant effect; correspondingly, the global depth
change lines curve upward.

We veri�ed that we were indeed tracking individual pieces
of wax by identifying distinct features frozen into the rift. As
can be seen in Fig. 3, the global depth change lines clearly fol-
low signi�cant peaks and troughs over each depth-time curve.
By using this technique it was possible to separatevt , into vg

andvv . An example is shown in Fig. 4.
Figure 5 tests the relationship Eq. 1 as a function of spread-

ing ratevs . The data from the angle measurement and the
ratio of velocities agree well, especially at smallvs . In addi-
tion, for 9< v s < 28 � m/s, the data appear to be linear invs,
indicating that in this range the vertex velocity wasvv = 5.13
� m/s independent of the spreading ratevs . Forvs > 28 � m/s
vv is decreasing with increasingvs . We attribute this to the
fact that at the rift the mechanical properties of the wax are
weakening. With increasingvs, the heat released at the rift is
not carried away immediately leaving behind warmer, ductile
wax. We have con�rmed this qualitatively by scratching the
wax with a pointed object. We conjecture that as the wax at
the rift axis weakens with increasingvs , buoyancy forces be-
gin to alter the growth mechanism. This is consistent with the
observations discussed above that at fast speeds the topogra-
phy in the rift region is �at, it i.e.vs=0.
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FIG. 4: The three vertical velocities forvs=30.1� m/s. Plotted is the
total vertical velocityvt , the global depth change,vg , and the vertex
growth velocityvv .
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FIG. 5: Comparison oftan � as determined from the vertex angle�
(crosses) and from the ratio ofvs /vv (circles). Both data sets agree
with each other. The solid line is a linear �t to both sets of data; its
slope is the vertex growth velocity in this region,vv = 5.13� m/s.

We have reported experiments on the formation of rift val-
leys when a freezing wax layer suspended on its melt is pulled
apart. We showed that the growth of the valley can be at-
tributed the combined effects of the spreading rate and the
downward rift-velocity, which for slow spreading was found

to be independent of the spreading rate. With increased
spreading rate, the downward growth slowed and came to
a halt. We associate this with the increased temperature in
the rift region and the decreased strength of the wax. At
low enough spreading rates, we conjecture that the mechan-
ical properties of the wax in the rift-region were suf�ciently
strong that buoyancy forces played no signi�cant role in the
process. The most astounding observation was that when the
downward-growing wax crust reached a solid surface, it sepa-
rated the liquid wax into two parts with a dry area in between,
i.e., parting the wax sea.

Our observations show much similarity to the rift dynam-
ics at the mid-ocean ridges. We would like to emphasize that
although this wax model might not be directly applicable to
model earth processes, it has suf�cient similarity to test nu-
merical models and simulations that are designed to capture
processes at the mid-ocean ridges. To allow for a quantita-
tive comparison measurements of the temperature dependent
properties of the wax are underway.
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