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ON THE COMPENSATION MECHANISM OF THE WALVIS RIDGE .
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Department of Geological Sciences, 11e Univere n Ithaca, N.Y. 14853

Abstract. The Walvis Ridge in the south f i6pography. Haxby and Turcotte [1978]

Atlantic Ocean is correlated with the geoid applied this expansion to isostatically com-
anomalies obtained from the GEOS 3 satellite. pensated regions. The density variation with
It is shown that the correlation is best ex- depth was related to topography for Pratt and
plained by Pratt compensation with a depth of Airy compensation. For the case of Pratt com-
compensation of twenty to thirty kilometers. pensated submarine topography the geoid anomaly

Introduction b G (PoPw) (I]

= r III
The origin of regions of anomalously shallow g

bathymetry remains a question of considerable where G is the gravitational constant, g the
uncertainty. Presumably the broad region of gravitational acceleration, po the density of

Sshallow bathymetry surrounding Iceland has its a reference column, pw the density of sea water,
origin in processes associated with the ocean W the compensation depth and w is the height of
ridge. The Walvis Ridge, considered in this the anomalous topography. If the submarine
paper, and the Ninetyeast Ridge may have had a topography is compensated by the Airy method,
similar origin. Other areas of shallow topo- i.e., by crustal thickening, the geoid anomaly
graphy such as the Hawaiian and Bermuda Swells becomes:
are likely to have quite a different origin. G
Since most of these features are compensated Ah - - (Pc - Pw) [2Tw + (P- ) w [2]
the shallow bathymetry implies anomalously low g Pm-Pw

densities at depth in the lithosphere. One where Pc is the crustal density, T the normal
rossible explanation is the thickening of the thickness and Pm is the mantle density. The

_ oceanic crust. An alternative explanation is relation between geoid anomalies and bathy-
e decrease in the density of the mantle beneath metry will be analysed in accordance with equa-
the crust. tions [1] and [2] to determine the compensation

Two methods have been recently developed mechanism of the Walvis Ridge.
which provide information on mechanisms of

" compensation. The first is cross-spectral Results
correlations of gravity with topography as
developed by Dorman and Lewis [19701, Lewis and The direct determination of sea surface
Dorman [1970], and McKenzie and Bowin [1976]. height by radar altimetry from the GEOS 3
Using this method Detrick and Watts [1979] con- satellite has made possible the construction
cluded that the eastern Walvis Ridge and the of a contoured, marine geoid anomaly map
Ninetyeast Ridge are compensated by an Airy- [Brace, 1977]. The contoured geoid anomalies
type thickening of the oceanic crust, while the correlate well with the broad topographic
western Walvis Ridge is compensated by litho- features associated with the Walvis Ridge but
spheric flexure. not with narrower [<100 km] features. NarrowF A second important source of information on features appear to be smoothed out in the
the mechanism of compensation is the correla- contouring process.
tion of geoid anomalies with topography as Four bathymetric profiles, WAL-l, WAL-3,
developed by Ockendon and Turcotte [1977] and WAL-8, and WAL-lO, were selected from data
Haxby and Turcotte [1978]. Haxby and Turcotte presented by Detrick and Watts [Figure 5,
[1978] showed that the region of anomalously 19791. The first two profiles cross the
shallow topography surrounding the island of eastern section of the Walvis Ridge while the
Bermuda was the result of Pratt compensation last two cover the western section. Each
with a depth of compensation near 100 km. profile was digitized after the sediment cover
Crough [1978], using the same method showed had been removed. The location of each pro-
that the mechanism of compensation for the file was plotted on the geoid anomaly contour
Hawaiian Swell was nearly identical to that for map and geoid profiles were constructed by
the Bermuda Swell. It is the purpose of this taking data where contour lines intersected
paper to apply the geoid-bathymetry method to the profile traces. As examples, WAL-3 and
the Walvis Ridge and to compare the results WAL-10 are shown in Figure 1 with their
with those obtained by Detrick and Watts [1979]. corresponding geoid profiles. We assumed an

equilibrium depth of 5 km for oceanic crust in
Methods the area and constructed a plot of geoid

anomaly versus anomalous topography for each
Ockendon and Turcotte [1977] used the method profile. A least squares line was then fit to

of matched asymptotic expansions to express the each set of data and the geoid anomaly was
geoid anomaly as a power series in the slope of adjusted so that the value of the intercept

- - was zero.
'Copyright 1980 by the American Geophysical Union. The results of this study are given in
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6 _However, the dependence of the geoid anomaly
on topography for the Walvis Ridge, as illus-

31 WAL-3 0 trated in Figures 2a and 2b, favors Pratt com-

pensation. There is no indication that the
32 depth of compensation increases with the ampli-

tude of the topography as is required by Airy-
type crustal thickening. The depth of compensa-

.5km tion ranges from 30 km [WAL-31 to 20 km [WAL-l]
on the eastern section and from 25 km [WAL-8]
to 27 km [WAL-10] on the western section.

We conclude that the topography of the Walvis

5.0 Ridge is compensated by a Pratt-type mechanism
with a depth of compensation between 20 and 30
km. This is consistent with results obtained
by Chave [1979] for the Walvis Ridge. From

Rayleigh wave dispersion, he found the ridge to
be underlain by as much as 30 km of anomalous

r upper mantle rocks. The Ninetyeast Ridge may
30 -0 be compensated in the same manner. Bowin [19731

WAL-10 has modeled that ridge as normal oceanic crust
m 26 . underlain by gabbro and serpentinized perido-

S"tite to a depth of 25 km.
26 - The results obtained from this study together

2.5 km with results obtained for the Bermuda Swell
[Haxby and Turcotte, 1979] and the Hawaiian
Swell [Crough, 1979] indicate that a variety of
seafloor features may be caused by density

15.0 anomalies in the upper mantle.
0 100 200 300

km W=50 km T

Fig. 1. Projected geoid and bathymetry pro-
files across the Walvis Ridge. Geoid data is (a) 30
from Brace [1977] and bathymetry profiles are 6
from Detrick and Watts (1979]. Ah,

m 4-

Figure 2a for the eastern section of the Walvis 2 0 . °D 20

Ridge and in Figure 2b for the western section. 6
The dashed line in each plot represents the
expected geoid anomaly for Airy-type crustal
thickening as given by ejuation [2] taking 3 4

T - 6 km, Pm - 3.3 gm/cm and Pc - 2.9 gm/cm
3
. w, km

The solid lines in each plot are for Pratt
compensated topograph3 as given by equation (1]
taking po - 3.3 gm/cm and W - 20, 30 and 50 km. 8- W-50SO
The contoured geoid anomalies did not correlate
well with either the Ewing seamount on WAL-I or 6-

a seamount on the southwest portion of WAL-8. 
0-

For this reason no data were taken from these
areas. Ah, 4-

m

Discussion 2-

For three kilometers of anomalous topography
[w - 3 km] it is of interest to compare the -0-
results of the two compensation models. For 2 4
Airy-type cruatal thickening the crustal thick- w km
ness would be 27.8 km. For Pratt compensation
of 25 km the Pratt density would be 2.94 gm/cm

3
. Fig. 2. Dependence of the observed geoid on

Therefore the density required for Pratt com- anomalous topography for the Walvis Ridge. The
pensation is nearly equal to the assumed den- dashed lines give the dependence predicted by 1
sity for the oceanic crust. Therefore the two crustal thickening [Airy compensation] while
methods of compensation give rather similar the solid lines represent the dependence pre-
results. dicted by Pratt compensation for several dif-

An important assumption in the derivation of ferent compensation depths. (a) Data from
equations (1] and [2] is that density variations eastern Walvis Ridge; profiles WAL-1 and WAL-3
occur in only one horizontal direction. This denoted by open and filled circles respectively.
may not be a reliable assumption for the western (b) Data from western Walvis Ridge; profiles
Walvis Ridge which consists mainly of seamounts WAL-8 and WAL-10 denoted by open and filled
and guyots. circles, respectively.
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