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A Cold Suboceanic Mantle Belt
at the Earth’s Equator

Enrico Bonatti, Monique Seyler, Nadia Sushevskaya

An exceptionally low degree of melting of the upper mantle in the equatorial part of the
mid-Atlantic Ridge is indicated by the chemical composition of mantle-derived mid-ocean
ridge peridotites and basalts. These data imply that mantle temperatures below the equa-
torial Atlantic are at least ~150°C cooler than those below the normal mid-Atlantic Ridge,
suggesting that isotherms are depressed and the mantle is downwelling in the equatorial
Atlantic. An equatorial minimum of the zero-age crustal elevation of the East Pacific Rise
suggests a similar situation in the Pacific. If so, an oceanic upper mantle cold equatorial
belt separates hotter mantle regimes and perhaps distinct chemical and isotopic domains
in the Northern and Southern hemispheres. Gravity data suggest the presence of high
density material in the oceanic equatorial upper mantle, which is consistent with its inferred
low temperature and undepleted composition. The equatorial distribution of cold, dense
upper mantle may be ultimately an effect of the Earth’s rotation.

A basic tenet of the theory of plate tecton-
ics states that upper mantle isotherms rise
beneath mid-ocean ridges because of the
upwelling of hot mantle material, which as
a result undergoes partial melting. The melt
fraction migrates upward, cools, and forms
the oceanic crust. The degree of melting
undergone by mantle peridotites upwelling
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is at the Laboratoire de Petrologie, Université Lille,
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beneath mid-ocean ridges can be estimated
either from the chemical composition of
the melt fraction (mid-ocean ridge basalts
or MORBsS) or the solid residue left behind
after partial melting (mid-ocean ridge peri-
dotites or MORPs). These estimates are
based on experimental work on the melting
of peridotites under different pressure and
temperature conditions (I, 2) and on as-
sumptions as to the initial composition of
the upwelling upper mantle material (I, 3).
Estimates based on the composition of pe-
ridotite samples recovered along the mid-
Atlantic Ridge (MAR) suggest that the
degree of melting of the upper mantle along
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the MAR ranges from ~8 to ~25% and
varies regionally over long (~1000 km) and
short (~100 km) scales (4—6). Estimates
derived independently from the composi-
tion of MORBs (7) agree in general with
those obtained from MORPs.

Recent studies of MORPs and MORBs
from the central MAR have suggested that
the upper mantle in some areas of the
equatorial Atlantic has undergone little or
no melting; thus, the mantle appears to be
relatively cold in these areas (6, 8). We
present additional data and discuss possible
causes and implications of an equatorial
belt of cold upper mantle in the Atlantic
and east Pacific.

Partial Melting of Atlantic
Mantle Peridotites

The mantle-equilibrated minerals found in
MORPs include olivine (ol), orthopyrox-
ene (opx), clinopyroxene (cpx), and spinel
(sp)- The composition of these phases has
been determined in many peridotites from
the north and equatorial Atlantic (5, 6, 9,
10). Peridotites from the equatorial region
are of particular interest in this context.
Near the equator, the MAR axis is offset by
major transform faults, including the Ro-
manche fracture zone (FZ) (~950-km off-
set) at the equator, the St. Paul FZ just
north of the equator, and the Chain FZ just
south of it (Fig. 1).

We found that the composition of peri-
dotites sampled from several sites along the
Romanche FZ (Fig. 1) is different from that
of other MORPs. For instance, their man-
tle-equilibrated phases have higher concen-
trations of incompatible elements (ele-
ments such as Al that partition with the
melt) and lower concentrations of refracto-
ry elements (elements such as Mg and Cr
that stay with the solid residue during par-
tial melting) than MORPs from the Atlan-
tic and Indian oceans (Fig. 2). Representa-
tive samples show a modal content of cli-
nopyroxene higher than that of other
MORPs (Fig. 3).

Laboratory experiments and theoretical
modeling show that the modal and mineral
composition of mantle peridotites changes as
a result of partial melting (1, 2, 11). Assum-
ing an initial pyrolitic modal composition for
parental upper mantle beneath the ridge (3),
partial melting at 10 kbar causes a rapid
decrease in the content of clinopyroxene
(and eventually its disappearance when the
degree of melting is over about 20%), a
slower decrease of orthopyroxene, and an
increase of olivine (I, 2). Moreover, the
initial chemical composition of the primary
phases is modified by partial melting, so that
the ratio of refractory elements to incompat-
ible elements increases with an increased
degree of melting (I, 2).
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The low ratio of refractory to incompatible
elements of the Romanche peridotites relative
to MORPs from the Atlantic and Indian
oceans implies that the Romanche peridotites
have undergone a low degree of melting. We
can estimate the degree of melting by assum-
ing a source mantle of “pyrolitic” composition
(3) and calibrating the mineral chemistry data
with the experimental results (I, 11). The
estimated degrees of melting are probably
higher than the average degree of melting for
the mantle column above the depth of the
solidus because these estimates are based on
peridotites sampled from near the top of the
column, which have undergone the largest
decompression and, therefore, the highest
degree of melting.

Evidence from MORPs. Out of over 150
analyzed peridotites from over 50 sites in
the Atlantic, spinel 100Crt/(Cr + Al) val-
ues <13 (<5% melting under the usual
assumptions) were obtained at four sites in
the Romanche FZ but only at two sites
outside the Romanche FZ; both sites (one
on the St. Paul FZ, the other at the Chain
FZ) are close to the equator. Two of the
most undepleted samples (AT196AE and
AT196M) were recovered from a site in the
western part of the Romanche transform
valley, about 60 km from the intersection of
the MAR and the transform (Fig. 1). The
modal (12) and bulk chemical compositions
of these samples (Table 1) are similar to
those estimated for pyrolite (Fig. 3). The
spinel 100Ct/(Cr + Al) ratio (~10), the
orthopyroxene and clinopyroxene AL O,
contents (~5.8 to 6.0% and 7.5 to 7.8%,
respectively), and the Ti/Zr ratio in cli-
nopyroxene (~150 to 170) are all close to
the estimated values for pyrolite (Fig. 2)
and other undepleted mantle samples, such
as the Tinaquillo peridotite (1), the Zabar-
gad spinel lherzolites (13), fertile xenoliths
(14), and undepleted xenoliths from San
Carlos, Arizona (15). The modal composi-
tions of samples AT196AE and AT196M,

with 14% and 12% clinopyroxene, respec-
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Fig. 1. Schematic ridge-transform geometry in
the equatorial Atlantic. Sites where peridotite
samples were recovered are indicated. Differ-
ent types of peridotites are shown with different
symbols. Most of the sites at the Romanche FZ
yielded either undepleted peridotites or peri-
dotites that have reacted with a metasomatic
fluid or melt.

316

tively (12), are also close to those of the
fertile peridotites quoted above (Fig. 3).
These samples are not depleted peridotites
refertilized by a basaltic melt (16); their low
spinel 100Cr/(Cr + Al) ratios contrast with
high ratios in spinel of peridotites that have
reacted with a basaltic melt (6, 17, 18).
The data shown in Table 1 and Figs. 2
and 3 indicate that samples AT196AE and
AT196M are similar to what we expect
parental oceanic mantle to look like: that
is, mantle that has not undergone any
significant partial melting in a sub-mid-
ocean ridge thermal regime. These samples
are not flukes: peridotites recovered from
three other sites in the western Romanche
are also less depleted than Atlantic and
Indian ocean MORPs (Figs. 1 and 2).
Peridotites from the eastern part of the
Romanche transform give a more complex

Fig. 2. Mineral chemical
composition of North At-

picture. Most samples contain traces of
plagioclase (plag) and have anomalous min-
eral composition, such as spinel enriched
with Fe and Ti, and clinopyroxene en-
riched with light rare earth elements
(LREE). Spinel in these samples is not only
Fe- and Ti-rich but has also a high (>40)
100Cr/(Cr + Al) ratio (Fig. 2).

One possible explanation is that these
peridotites have reacted at mantle levels
either with a trapped basaltic melt (6, 18,
19) or with a metasomatic fluid in narrow
(1 to 10 cm) mantle shear zones, as has
been observed in several peridotite massifs
exposed on land (13, 20). The injection of
fluids into narrow shear zones in peridotite
in the shallow mantle could (i) lower local-
ly the solidus temperature, which may or
may not result in localized incipient melt-
ing; (ii) induce recrystallization at low pres-
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and North Atlantic MORPs (9). (C) Ti/Zr of clinopyroxene of North Atlantic MORPs analyzed by ion
probe (9). Line, originating at the star, indicates increasing degrees of fractional partial melting from
a parental clinopyroxene, according to Johnson et al. (17).
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Fig. 3. Modal and whole-rock composition of some Romanche FZ peridotite samples compared to
MORPs and to pyrolite (3) and other undepleted compositions. (A) Modal ol:opx:cpx ratio of
samples AT196AE and AT196M compared with Atlantic and Indian Ocean MORPs (4, 5) and to an
undepleted composition close to pyrolite (*). (B) Whole-rock MgO:Al,O,4:FeO* ratio (FeO*, total iron
expressed as FeO) of samples AT196AE and AT196M (western Romanche FZ) and AT13A (eastern
Romanche FZ) compared to pyrolite (*) (3), Zabargad spinel lherzolites (x) (73), fertile xenoliths (@)
(74), a San Carlos fertile xenolith (T) (75), average abyssal peridotite (A) (4), and a MORP field.
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sure through reactions such as opx + cpx +
Al-spinel — ol + plag + Cr-spinel (21);
and (iii) introduce Fe, Ti, LREE, and other
trace elements into the peridotite. This
process of metasomatism could account for
the “enriched” chemistry of spinel and cli-
nopyroxene. Reactions between peridotite
and trapped melt or peridotite and fluid as
well as recrystallization at low pressure all
modify the chemistry of the primary mantle
minerals: for instance, such reactions tend
to lead to an increase of the Cr/Al ratio of
spinel (6, 17, 18). These changes make it
difficult to estimate the degree of depletion
and of partial melting undergone by these
peridotites by calibration of their mineral
chemistry with experimental data.

If the trapped melt explanation is valid,
the trapped melt represents either incipient
melting of the host peridotite or a migrating
melt from deeper in the upper mantle.
Regardless of its origin, the presence of a
melt fraction in mantle peridotite may in-
dicate that the lithospheric mantle is cold
enough to freeze and trap any small amount

of melt produced within it or migrating
through it (19). If instead the plagioclase
peridotites represent subsolidus, low-pres-
sure recrystallization, a relatively cold upper
mantle regime is also implied. The extent
of melting achieved under normal mid-
ocean ridge conditions by the time the
pressure of plagioclase stability is reached
(~8 kbar) is likely to exceed the amount of
melting that would allow plagioclase in the
residue. It is only in the coldest regions
(smallest extent of melting) that plagioclase
may remain in the residue (7). Thus, the
presence of plagioclase peridotites, regardless
of their origin, implies that the local upper
mantle regime was cold. Plagioclase perido-
tites have rarely been found among MORPs
in the North Atlantic but are abundant in
the equatorial Atlantic region (18).

That the eastern Romanche peridotites
also underwent a low degree of melting is
suggested by the chemistry of a few plagio-
clase-free samples that appear not to have
been affected by secondary reactions. One
such sample, AT13A (Fig. 1), recovered

Table 1. Major element whole-rock and mineral analyses of peridotite samples AT196AE and
AT196M. Whole-rock analyses by x-ray fluorescence (70). Mineral analyses carried out with L-DEO
Camebax electron probe (70). Cation composition is also given. Abbreviations: LOI, loss on ignition;

Mg* = 100 Mg/(Mg + Fe); Cr* = 100 Cr/(Cr + Al).

AT196AE AT196M
Whole o1 opx  Cpx V:’(*)‘g"f o  Opx Cpx Sp
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Sio, 4232 41.05 5420 51.34 43.00 41.04 5411 50.68
TiO, 0.09 016 053 005 0.13 014 064 002
ALO, 291 003 599 778 5853  3.76 5.81 755 57.11
Cr,0, 0.36 053 088 981 037 047 055 9.80
Fe,O, 9.11 9.05 1.49
FeO 986 629 279 1187 1002 679 293 11.36
MnO 013 014 014 006 012 012 012 009
MgO 37.41 4760 3059 1429 18.49 3699 4878 32.02 1535 19.14
Cal 228 001 125 2042 267 002 081 2236
Na,O 0.37 0.06 1.34 0.25 002 071
K,0 0.02 0.05
NiO 029 037 006 004 035 026 042 0.40
LOI 4.38 3.51
Total 99.68 99.07 99.27 99.46 99.11 100.16 100.40 100.29 100.86 99.32
Si 1.015 1.888 1.865 1.002 1.868 1.822
Ti 0.004 0.015 0.008 0.004 0.017 0.003
Al 0.001 0.246 0.333 14.425 0236 0.320 14.095
Cr 0.015 0.025 1.622 0.013 0.016 1.623
Fe 0.204 0.183 0.085 0205 0196 0.088
Fe, 0.000 0.234
Fe, 2.076 1.990
Mn 0.003 0.004 0.002 0.003 0.004 0.003
Mg 1.754 1588 0.773 5.763 1776 1648 0.823 5975
Ca 0.000 0.047 0.795 0.001 0.030 0.861
Na 0.004 0.095 0.001  0.050
Ni 0.007 0.002 0.001 0.059 0.008 0.067
Total 2.984 3981 3.989 23.953 2.995 4.000 4,000 23.753
cr 10.1 10.3
Mg* 891 894 899 745 892 832 900 727
Wollastonite 2.56 48.03 160 48.60
Enstatite 87.16 46.74 87.94  46.43
Ferrosilite 10.28 5.23 10.46 4,97
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from the southern wall of the transform
valley, shows a low spinel 100Cr/(Cr + Al)
ratio (~13) and high Al content in ortho-
pyroxene and clinopyroxene. These features
are indicative of a degree of melting as low as
that of the western Romanche samples, low-
er than other Atlantic MORPs (22).

Evidence from MORBs. We conclude
that the little or no melting documented for
the Romanche upper mantle indicates that
an upper mantle belt along the equatorial
Atlantic is exceptionally cold. Independent
support for this conclusion is derived from
studies of MAR basalts. Schilling et al. (8)
have suggested that equatorial Atlantic
MORB:s are produced by a low degree of
melting, thus a relatively low temperature
of their mantle source. Klein and Langmuir
(7) have demonstrated that the degree of
melting of MORB mantle source can be
estimated from the chemical composition of
the melt. They showed that the Na and Fe
contents of fresh MORBs, normalized at
8% MgO to correct for the effects of frac-
tionation (Na8 and Fe8), are related to the
degree and pressure of melting of the man-
tle source. We have analyzed fresh MORB
glasses from the equatorial MAR (23).

The Na8 and Fe®8 values of these
MORB: indicate a minimum in the degree
of melting of the source near the equator
compared with that from higher latitudes
along the MAR (7, 24-26) (Fig. 4). The
distribution of MORBs with high Na8 and
low Fe®8 wvalues complements that of
MORPs with low spinel 100Cr/(Cr + Al)
ratios and provides independent support for
a low degree of melting of the equatorial
MORB source, and thus for a low tempera-
ture of the equatorial Atlantic upper mantle.

Nepheline-normative, LREE-enriched
alkali basalts, different in composition from
MORB:s, have been recovered at several
sites in the equatorial Atlantic (27-29),
although they are exceedingly rare else-
where in the MAR. They are probably
produced by low degrees of melting in the
mantle and are consistent with the idea
that the equatorial Atlantic upper mantle is
relatively cold.

Geophysical evidence. The idea of cold
equatorial upper mantle under the Atlantic
is supported by geophysical parameters such
as zero-age crustal depth below sea level and
seismic S-wave velocities. Mid-ocean ridges
show an inverse relation between zero-age
depth below sea level and degree of melting
(7). Zero-age depth of the MAR axis reaches
a maximum in the equatorial area (Fig. 4).
High-resolution seismic S-wave tomography
along the MAR (30) shows a relatively high
velocity (low temperature) zone in the equa-
torial region (Fig. 4), in agreement with the
geochemical results.

On the basis of the calibration of the
major element composition of spinel, ortho-
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pyroxene, and olivine and trace elements in
clinopyroxene of MORPs with experimental
values (I, 2, 11), the degree of melting for
the equatorial Atlantic upper mantle is
~5%, compared with ~10 to 15% for
MORPs elsewhere in the North Atlantic,
except for anomalous hot spots at 35° to
45°N, 15°N, and 2° to 4°N, where it can
reach over 20% (4-6). Assuming that these
differences in degree of melting are caused
solely by differences in upper mantle temper-
atures, following McKenzie (31) and Klein
and Langmuir (7), we estimate that temper-
atures in the melting region of the equatorial
mantle are at least 150°C lower than else-
where in the MAR (excluding hot spots).
Can this cold equatorial mantle reflect a
transform cold edge effect (32), the cooling
of the MAR as it lies against old, cold, and
thick lithosphere of the Romanche long
offset transform? If the ridge-transform ge-
ometry in the Romanche region is more or
less permanent and the average spreading

transform (33), the lithosphere being im-
pinged by the MAR axis at both MAR-
transform intersections is about 50 million
years old. The oceanic lithosphere thickens
and cools in proportion to the square root of
its age (33, 34). Accordingly, rapid thick-
ening and cooling occurs only in the first
few million years after the formation of the
lithosphere at the ridge axis. Thus, the
magnitude of the cold edge effect should be
not very different among slow slip trans-
forms for which the age offset is >20 mil-
lion years. However, mantle peridotites
from Atlantic transform zones with similar
age offsets show a wide range in the degree
of melting. Similarly, the relative degree of
depletion of North Atlantic peridotites [ex-
pressed by spinel 100Ct/(Cr + Al)] does
not vary inversely with the length of offset
of North Atlantic transforms, as would be
expected if the cold edge effect were a major
factor in the determination of the degree of
depletion of the upper mantle (Fig. 5).
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Fig. 4. Variation with latitude of geochemical and geophysical parameters along the MAR. (A)
Zero-age MORB Na8 and (B) Fe©8. Data other than our own from (7, 24, 26). Hot spots indicated at
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sea level along MAR (30). (E) Variation of S-wave seismic velocity with depth and latitude (30).
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[100Cr/(Cr + Al) > 40] are exclusively
from known hot spot regions (Azores,
15°20’N, and 2° to 3°N), regardless of the
length of transform offset. Compositions of
MORBs also do not show a systematic
transform cold edge effect (35). Thus, it is
unlikely that the transform cold edge effect
is the main cause of the anomalously cold
equatorial mantle.

Equatorial Belt of Downwelling
Mantle Isotherms

If the cold equatorial Atlantic upper mantle
reflects some property or process with a
latitudinal symmetry, the equatorial cold
upper mantle should not be restricted to the
Atlantic but should be observed also in the
other major oceans. Evidence from the
other oceans is consistent with the hypoth-
esis, although less compelling than that
obtained from the Atlantic.

Contrary to the case of the MAR, pet-
rological data that allow independent esti-
mates of upper mantle temperature varia-
tions along the equatorial East Pacific Rise
(EPR) are lacking (36). However, topo-
graphic evidence suggests that there is an
equatorial thermal minimum at the EPR
and possibly at the mid-Indian Ridge. The
topography of the crest of the EPR and of
the other mid-ocean ridges depends on
latitude (37). Ridge-crest elevations in the
equatorial zone are several hundred meters
deeper than at high latitudes. In the Pacif-
ic, the zero-age equatorial minimum can be
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Fig. 5. Average spinel 100Cr/(Cr + Al) ratio of
peridotite versus length of transform offsets for
the North Atlantic. Points at the bottom with
arrows indicate peridotites from the MAR axis
or other areas not on a transform or fracture
zone, where the length of offset is zero. Sam-
ples from regions of known hot spots [35° to
45°N (Azores), 15°N, and 2° to 4°N] are indicat-
ed by filled symbols. Peridotites with high val-
ues (>40) of spinel 100Cr/(Cr + Al) are exclu-
sively from hot spot areas, regardless of length
of offset. ODP, Ocean Drilling Project; DSDP,
Deep Sea Drilling Project.



extended back in time (Fig. 6). Menard and
Dorman (37) were able to expand the
age-depth relation attributable to thermal
contraction of the lithosphere to include
depth d variations with latitude ¢ as

€
d(t,d) = k"2 + Y, CuPy(sind) (1)

n=0

where ¢ is time, P, are the Legendre poly-
nomials, and C and k are coefficients ob-
tained by least square fitting of the age-
depth data for the Pacific.

In consideration of the inferred relation
between ridge-axis depth and temperature
of the underlying mantle column (31) and
the well-established relation between ridge-
axis topography and degree of melting in
the upper mantle (7), the long wavelength
equatorial topographic minimum of the
EPR may also indicate a low degree of
melting and a general upper mantle temper-
ature minimum. The same may be the case
for the mid-Indian Ridge, which also has an
equatorial topographic minimum (37). A
plot of zero-age bathymetry of the EPR from
20°N to 20°S (Fig. 6B) from recent multi-

Fig. 6. (A) Contour chart of the
depth (in kilometers) of the EPR
as a function of latitude and age.
Dots show the locations of data
(37). (B) Depth below sea level of
the crest of the EPR from 20°N to
20°S. Depths are plotted every
half degree of latitude and round-
ed up to the nearest 50 m. Arrows
indicate positions of major struc-
tural and morphobathymetric dis-
continuities, such as large trans-
forms and overlappers. Where the
Cocos-Nazca boundary meets
the EPR is also indicated (triple
junction). Most of the data are
derived from multibeam surveys
(38-42).
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beam surveys (38—42) shows that the crest
of the EPR is ~300 m deeper in the
equatorial region than to the north and
south (40). Following the Klein and Lang-
muir (7) relation between ridge depth and
mantle temperature, an equatorial EPR 300
m deeper would imply that the subequato-
rial EPR upper mantle is roughly 100°C
colder than that 5° north or south. It
follows that available data are consistent
with a relatively cold equatorial upper man-
tle not only in the MAR but also in the
EPR and possibly the mid-Indian Ridge.
This consistency suggests an equatorial belt
of cold upper mantle beneath the oceans.
The equatorial topographic minima of
mid-ocean ridges are associated with com-
pensated gravity highs, which are inferred
from satellite data (43) and indicate an
excess mass in the mantle. An equatorial
upper mantle that is denser than normal is
consistent with lower than normal upper
mantle temperatures. Furthermore, the un-
depleted equatorial upper mantle would con-
tain more Fe, which fractionates relative to
Mg into the melt; that is, it would have a
higher density than normal sub-mid-ocean
ridge depleted mantle (44, 45). For in-
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Fig. 7. Model illustrating the sug-
gested downwelling pattern of
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mantle flow along the equatorial
belt of the Atlantic Ocean.
Dashed lines indicate the fracture
zone trends. Second-order up-
welling beneath the axis of the
MAR is shown.
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stance, extraction of 20 mole percent basal-
tic melt from pyrolite can decrease the den-
sity of the residual mantle by about 2% (44).

The inferred equatorial pattern of cold,
dense upper mantle could reflect down-
welling mantle flow along the equatorial
zone of the oceans (Fig. 7). The equatorial
MAR has some similarities to the stretch
of mid-ocean ridge between Antarctica
and Australia known as the Australian-
Antarctic discordance, which is character-
ized by unusually deep and rough topogra-
phy, a high density of fracture zones, and
an inferred low degree of melting (46-48).
These features have been attributed to
cool mantle and downwelling below the
discordance (46, 48).

The proposed downwelling beneath the
equatorial portion of mid-ocean ridges must
be reconciled with shallow upwelling and
melting that, although reduced in extent,
must occur for a mid-ocean ridge to exist. We
adopt a suggestion for the Australian-Antarc-
tic discordance that the shallow upwelling
below the ridge is decoupled from the deeper
broader pattern of upper mantle convection
(48). It has been suggested that the Austra-
lian-Antarctic discordance marks a boundary
between two major chemical-isotopic regions
of the upper mantle (48). Downwelling at the
equator could also constitute a geochemical
boundary in the mantle and could explain
why the Dupal isotopic anomaly (49) is lim-
ited essentially to the Southern Hemisphere.

Equatorial Cold Mantle and
Earth’s Rotation

If downwelling of cold, dense mantle does
occur at the equator in the Atlantic, Pacific,
and, perhaps, Indian oceans, it can hardly
be coincidental and suggests that Earth’s
rotation influences the geometry of mantle
convection. Darwin (50) first realized in the
last century that the distribution of masses
within the Earth affects the location of the
spin axis. The effect of density inhomogene-
ities in the mantle on true polar wander—
the shifting of the entire mantle relative to
Earth’s rotation axis—has been discussed
extensively since then (51-53).

The subduction of cold, dense litho-
spheric slabs into Earth’s mantle strongly
affects true polar wander (53-55). Density
inhomogenieties in the mantle tend to steer
the rotation axis so as to maximize the
resulting polar moment of inertia and min-
imize the kinetic energy of rotation (52, 53)
A cold (dense) slab sinking in the mantle in
a rotating planet induces true polar wander
such that the slab tends to be displaced
toward the equator if an increase of mantle
viscosity with depth is assumed (53-55).
Such an increase of mantle viscosity with
depth is suggested by geoid anomalies over
subduction zones (56) and other evidence
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5). It has been shown that true polar

wander has proceeded in some epochs at
relatively fast rates, measured in centime-
ters per year (57). If any cold, dense heter-
ogeneity that is present, from whichever

SO
in

th

urce in the convecting upper mantle (for
stance, a subducted slab), moves toward
e equator at a reasonable rate, the equa-

torial zone below the ocean basins would
tend to be the locus of mantle downwelling
and of depressed isotherms. This would
prevent significant melting, contributing
further to the maintenance of an unde-
pleted, dense equatorial upper mantle in a
self-perpetuating pattern.

-
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