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Several smdles huve proposed that transforrn faulte in the seafloor (connecting spreadmg ridge
segments) are thexmal contaction cracks. This behavior has been simulated in the laboratory using a tank
of molten wax with a thin fozen layer on top (Figure 1), The thin wax layer is slit with 8 razor knife and
the two plates of wax are putled apart it 3 constast 1ste. Spontaneously, a pattern of ridges and transform
faults develop and persist until spreading ceases. We proposed that the transform faults in the wax are
caused by thermal contraction of the cooling plate. An unusual property of wax i that it contracts by
abowt 1% after it froezes. The h)'pOth&Slb % that the transtorm faults relieve the component of thermal
stress that is paralie] to the spreading ridge. One of thc ‘prediciions of the modet is that the spacmgs of the
wansform faults shonld increase 85 the spreading rate is increased.

With NSF funding we have performed two series of wax tank experiments in order to test the thermal
stress moded of transform faults. The first set of experiments were performed at Scripps I *,mmuc;n of |

hednitinl results

Oceanography using the experimental sesup dtweloped by Martin Kietnrock (Figure 1)
(Figures 2 and 3) show that fransform spacing inereases with increasing spreading rulg 'ag,rccm{,nt witha

- simple thermoelastic stress model. In February of 1988 we performed a second serfes of experiments at
the Hawaii Institute for Geophysics (HIG), (The wax tank wis moved from Seripps to HIG cavsing a
delay in our work.) In all of these experiments we observed an. increase in transform spacing with

mcr(;asm ¢ spreading rate (Figare 2) ulthough we have not had the. ume for th ;fanﬁs to analyze the
resufts,

In addition o measuring ransform spacing. we made some detaﬂed mcasumncnts of wax topography
using a device developed under this grant (Figure 4a). In particislar we were interested in mensuring the
magnitude of the thermoelystic stress by measuring the topography fhat develops at the free end of a
cooling wax plate {Figure 4b), Some ;nehtzunmy Tesults £ show the downward curvature of the
plate at an extinct spreading vidge. This curviture s in qualitative agreemient with the predictions of the
thermal stress model (Figure 5b) and will cnablc us to est ,_Jate the magnitude of the thermal stress that
praduces the transfors faults. '

Our major problem in analyzing the rewhs of these expmmcnts has been limited funding. We
proposed a very modest funding of $37k but our budget was cut to $33 k. This cut reduced the funded
man months from 4.5 t0 2.5, T addlition, our travel expenses increased because the wax tank was moved
to Hawaii. Thus, some of the travel costs were funded under 2 MASA grant. We bope to obtain
additional funding to complete this rescarch.
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d Slow Spreading Rate
Small Transform Spacing

b Intermediate Spreading Rate
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Figure 2. Transform faults leave traces
{fracture zones) in the frozen wax.

{a) Fracture zones that formed at a low
spreading rate (1.4 mmy/s) are closely
spaced, (b) Fracture zones that formed at
an intermediate spreading rate (1.9 mm/s)
have an intermediate spacing. (c) Fracture
zones that formed at a high spreading rate
(2.4 mmy/s) are widely spaced.
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Figure 4. (a) Displacement transducer (topographic profiler) used o measure the
topography of the wax surface. Variations in voliage from the transducer are digitized and
recorded on a Macintosh computer. The device is linear over an 10 mm range and is
precise to less than 10 pm. (b) The wpographic Fruﬁl.l.-r was used 1o measure the
topography that develops at the free end of a cooling and thickening plate. Differential
contraction of the cooling plate places the surface layer in compression and the second layer
in tension. (This technigue is also used to temper glass against surface cracks.) This
confinuous process creates a large thermal bending moment. At a free edge, the thermal
bending moment causes the plate 1o flex downward.
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Figare 5. (s Topogrphy scvoss u speeading center 2000 5 afier spreading was stopped.
The central deprossion and fanking vplitty are tw Heanral response of the plae oty
thermal bending moment at the nearly firee edge (Distance = 0). {b) The wax topography
shows qualitative agreement with a model for the topography caused by thermoelastic
stress in the cooling oceanic lithosphere. The right half-plate has cooled for 20 Ma while
the left-half plate is still hot (from Panmentier and Haxby, 1986). We plan to use these wax
topography data and an appropriate wax mode} to estimate the thermal strass in the cooling

wax plate.




