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<; FOREWORD

Satellite altimetry yields data about the topography of the sea
surface. Seamounts beneath the surface affect its shape. In this
report a seamount mode{)suggested—eo—us7by T. M. Davis (NAVOCEANOZ/is
used to calculate the maximal geoidal elevation as a function of ocean
depth, peak depth and slope. &

A. R. DiDonato has kindly checked some of the formulas.
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INTRODUCTION

It has been suggested that the presence of seamounts may be detectable
by satellite altimetry. This would be of value in regions of the ocean
that have not been bathymetrically surveyed. There are a number of studies
that confirm the existance of a correlation between ocean bottom topography
and gravity 1,2 .

In this study we are calculating the maximal gecidal elevation due to
a simplified model of a seamount. The values of the densities have been
suggested by T. M. Davis.
THE MODEL

The model is illustrated in Fig. 1. The seamount and its root are
represented by circular cones. Under the assumption of perfect Airy

isostacy the depth of the root is given by

Hr = Aps HS
Apr
Aps bl M density excess of seamount (1)

Apr eyt density defect of root

Assuming the ocean depth (D), the thickness of the crust (T) and the
densities (ps, Py Pre pm) as given, the geoidal elevation due to the
seamount (in the uncompensated or perfectly compensated models) depends
on the depth of the peak (d), the slope (¢) and the distance from the
axis. The maximal geoidal elevation occurs on the axis. It is expres-

sible in terms of elementary functions.
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D = depth of ocean ¢ = slope angle of seamount
d = depth of peak Oy ® density of seawater
T = thickness of crust By - density of seamount
B = base radius of seamount Py S density of root
= height of seamount above crust Py . density of mantle
o depth of root below crust

Figure 1. Simplified Model of

a Seamount
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The seamount, constituting a mass excess, tends to lift the geoid;

the root, a mass defect, to depress it. We may write

AN = AN_ - AN (2)
2 G

AN = Bp  H . FU (ag, B (3)
2 G

AN_ = dp H_ = F; (a, B) (4)

where
AN = total elevation of geoid on axis

ANs = elevation due to seamount

ANr = depression due to root

% = universal constant of gravitation/mean acceleration of

gravity

a_ = Hs/B = tg¢ = grade of seamount

d/Hs = dimensionless depth of peak

o
[}

a_ = Hr/B = grade of root

D+T+H

H
r

r= = dimensionless depth of root

The other symbols are defined in connection with Fig. 1.
The functions FU and FI are the dimensionless potentials along the i
axis of an upright and an inverted cone respectively. Their formulas

are:




FU (a,B)
202 2 e
. onie SBS_ , LT (B) o f1442(145)2
2(1+a2)  2a(l+a?)
M aB? in aB(V1+a2-qa)
3
2(1+02) /2 Y1+a2 V14a2(148)2 -1-a2(1+8)
1
-8-3 for B>0 (5)
242 L o
= 2w [" B + 1=at(B-1) 1442 (p-1)2
\ 2(14a2)  2a(l+a?)
& aB? ¥ aB (V1+a2+a)
3
2(1+a2) /2 402 V14+a2(8-1)2 -1+a2(g-1)
1
~8+3 for B>1 (6)

No sphericity corrections have been made

geoidal elevations.

The limiting value of FU when B0+ is n{

to a vanishingly small depth of the peak.

in the calculation of the

V14a?
a

-1 } . This corresponds
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\ NUMERICAL RESULTS

Using (3) and (4) we have for different ocean depths (D), plotted
the curves of constant maximal geoidal elevation (DN) in the plane of
the slope (PHI) and the peak depth (DEL). Perfect isostacy has been
assumed and therefore the computed quantity may be regarded as a lower

limit of the maximal elevation to be expected (see Appendix A).
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LEGEND FOR GRAPHS

Maximal geoidal elevations due to compensated seamount model.

o
[}

Ocean depth (m)

DEL = d = Depth of seamount peak (m)

Slope angle of seamount (degree)

©
]

DN = AN = Geoidal elevation on the axis due to compensated seamount model (cm)

The following values have been assumed for the densities (all in gm/cm3):

ps = 2.60 = density of seamount
™ 1.03 = density of seawater
gy 3.40 = density of mantle
P = 2.95 = density of root

The thickness of the crust has been taken

T = 5000 m
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2(14a2) /2 N4a? +a2(148)2 -1-a2 (148)
1
-8-13 for §>0 (5)
FI(G,B)

2p2 0% ( R~
- 2n /" B° . 4 1207 (B-L)f1442(p-1)2

L 2(1+a2)  2a(l+a?)

aB? & aB (Y1+a%+a)

3
2(14a2) /2 N2 f4a2(8-1)2 -14a2(8-1)

e +% for B>1 (6)

No sphericity corrections have been made in the calculation of the

geoidal elevations.

l/ 2
The limiting value of F‘U when B0+ is n{ 1:‘ -1 } This corresponds

to a vanishingly small depth of the peak.




