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ABSTRACT

By use of the theory of shallow water waves generated by an impulsive pressure, the

tsunami theory of the origin of multMing basins is rediscussed and an approximate formula used

for calculating the ring location is derived. From the computed ring spacing of three multi-ring

basins on the moon (Orientate. Moscoviense and Serenitatis South), it is shown that the tsunami

model can only be applied to the area within the IV ring which signifies the rim of the excavated

basin and the end of the fluidized region. In the frame of the tsunami model, no explanation for

ring spacing is equally plausible for exterior rings as well as interior ones.
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1. INTRODUCTION

The huge multi-ring basins exibited on the surfaces of terrestrial planets, the moon and

possibly some outer satellites such as Callisto am) Ganymede are recognized by modem planetary

scientists as a significant, widely repealed type of planetary geologic structure (Hartman, 1981).

Although the problem of its origin and formation remains unsolved and controversial, it is generally

accepted that the multi-ring basins are the heritage of catastrophic impacts.

Among a variety of characteristics of multi-ring basins, the regularity of ring spacing
is most outstanding. The oft-cited 2 0 J D spacing interval between rings was discovered initially
by Fielder (1963) from data for a few lunar basins. Since then, more abundant and new data have
appeared due to the discovery of many multi-basins on both Mars (Schultz and Glicken, 1979) and
Mercury (Spudis. 1984). By means of these new data. Pike and Spudis (1987) it-examined this
regularity and concluded that this spacing rule dominates most basin rings and is valid for terrestrial
planets. It would seem that this characterstic may provide certain constraints on the formational
models of impact basins on the planets and satellites.

Two models have been proposed to account for the spacing of basin rings. Pike and

Spudis (1987) have pointed out correctly that the mechanism of Lance and Onat (1962) is unwork-

able for impact basins. Thus only the so-called tsunami model remains. This paper is devoted to

the study of this model and to see if the new data, collected and summarized by Pike and Spudis

(1987), point toward die correctness of the tsunami model.

The tsunami model was proposed by Van Dom (1968.1969) and Baldwin (1963,1972.

1981). In 1980, Murray (1980) discussed a variant of it in detail. These proponents tried to explain

the lunar basins as having been formed by gigantic impacts followed by tremendous tsunamis in

rock. The basic idea of this model is that a basin-size impact would "fluidizc" the lunar crust in the

target region so that tsunami-like waves could radiate and freeae into position. This mechanism

of ring formation is analogous to water waves propagating from a point-source disturbance. The

previous studies of the dynamics of hypervelocity impacts and crater formation have shown the

relative inscnsitivity to target material. Therefore, it is reasonable, as an approximation of first or-

der. » assume that the gross behaviour of the target material will be the same for typical geological

materials as it is for water.

Van Dom (1968), in his attempt to reconcile the tsunami model with the observed spacing
of Mare Orientate, discussed gravity wave disturbances in a nearly iitviscid layer of 50 km thick
overlying a rigid basemenL In essence, the formulation Van Dom adopted is that of shallow water
waves generated by an initial deformation.

In this paper, we shall consider this problem by use of the theory of shallow water waves

generated by an impulsive pressure. Obviously, we would restrict ourselves to treat it as a problem

of axial symmetry.

T T



FORMULATION

The problem of axial symmetric propagation of incompiessive shallow water wave gen-
erated by an impulsive pressure lo a single point, say the origin, may be formulated as follows. We
adopt the cylindrical polar coordinates r and z with the *-axis pointing upward and perpendicular
to the free surface in its undisturbed position. The motion is assumed irrotational, implying the
existence of a potential function 4(r,z,t). In water of uniform finite depth, the velocity potential
<j>{r, z,t) must be a solution of the Laplace equation (Stoker, 1957).

satisfying the boundary conditions

dt1

and

g - o , .--*.t*o
in which g denotes gravity.

As initial conditions, we have

t - 0

with the impulsive pressure applied to the surface

/(r)« fpo(r,t)dt

where po (r, t) denotes the pressure at the surface. We could only consider such a case that / ( r ) is
expressed by

(1)

(2)

(3)

(4)

(5)

(6)

and
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(7)

(8)

In addition, we must impose conditions at oo. These are that 4> and its first two derivatives with
respect to r, z and t should tend to zero at oo.

To determine the wave system, we have to solve Eq.(l) subject to boundary conditions
(2) and (3) together with initial conditions (4) and (S). As soon as the velocity potential is derived,
the surface elevation is given by

f t W . -HM- •'»••

fr.itu.-an, at

3. SOLUTION

By means of the method of variable separation, it is quite easy to obtain the following
standing wave particular solutions of our boundary problem

' (10)

(ID

(12)

(13)

(14)

and the dispersion relation connecting the frequency u and the wave number k

u 2 •= jjJfctanh(/ifc)

which is given by the boundary condition on $ at * » 0 .

The surface elevation and initial impulse corresponding to (10) are

—u

P9

Mkr)
and

Hence we have

where the coefficient F(Jfc) must be chosen to satisfy the initial conditions (4) and (5). Obviously,
the condition (4) is satisfied automatically and the condition (5), together with equations (7), (10)
and (14), leads to

Sir) - f F(k)Mkr)dk (15)
Jo

Using the Hankcl transform of zero order, i.e. the Fourier-Bessel transform, the coeffi-
cient F(k) can be found from (15)

F(Jt) = fc/2* (16)

Now, we fi nd the expression for surface elevation

tl(n«=/
Jo

(17)

bearing in mind that w = w( k) is determined by the equation (II).

For large values of Jbr, i.e. kr » 1, we have the asymptotic expression

Mkr)~(-r-\ cos(kr - ir/4) (18)

Substituting from (18) into (17), the integral in (17) could be evaluated with the help of the method
of stationary phase (Stoker, 1957). The resulting wave train is

T|(r,t) ~ 2ir (19)



where h» > u(Jb) is the dispersion relation (11) and *; = Jto is the particular value of k for a given

r and t found from
w'(Jfc)-r/(. (20)

APPROXIMATE FORMULA

It is easily known from (11) that

w'(fc)

Retaining only the main terms and substituting it into (20), we have

I1/*

(21)

(22)

This approximate formula can be used to calculate the positions of wave crests. Actually,

the wave crests will occur whenever sin (fcr - w() - 1; that is when

Whence we may readily get

(23)

(24)

5. RESULTS AND DISCUSSION

In our subsequent analysts, we would calculate the values of r, it f ̂ constant, h =consta nt

and explore if the consecutive crest radii rn agree with the measured ring radii of some multi-ring

basins.

Taking, some multi-ring basins as samples and adopting g = 162 cm/aec1, we have

obtained the results shown in Table 1.

Table 1
Ring radii for Ant multi-ring basins on the moon

Basin

Orientate

Moscoviense

Serenitatis

South

Values of t
andh
t = 5400 sec.

h-20km

t = 3600 sec
h=10km

t = 54O0sec
h=30km

Ring No.

Radius (km)

Observed *
Computed
Radius (km)
Observed •

Computed
Radius (km)

Observed*
Computed

I II HI IV V VI

160 240 310465 650950
143 242 348 465 597 759

70 110 150 210 315
51 100152 209 274 354

205310 460 650 940
2? 166 316 479 664 891

1 Source: from Pike and Spudis (1VB7, lablel)

From Table 1, we may derive some tentative contusions as follows:

1. The IV ring (i.e. the main ring) plays a particular role, within which the tsunam i model

is fitted It would seem that the IV ring marks not only die crater rim of the excavated basin but

also the end of the fluidized region.

2. Beyond the IV ring, the tsunami model does not work and it is the same as the results

of Van Dorn (1968) if the re-measured values of ring radii of Orientate is used. It would mean

that the rings beyond the main ring were formed by another mechanism (for example, the Rayleigh

wave).

3. By comparing Moscoviense with Orientate and/or Sercniiatis South, it seems the in-

terior of the crater appears to behave in a fluid-like manner for comparatively longer periods with

increasing crater diameter, and the larger the crater, the deeper is the fluidized layer.

In the case of the Mare Orientate, Murrey (1980) and Wilhelms et al., (1977) proposed

that the Cordillera ring represents the crater rim and Baldwin (1981) pointed out that the obliteration

due to fluidization only extends up to the innerface of the Cordillera ring (main ring) and does not

go beyond. Our computational results are consistent with this observational evidence and point

strongly toward the possibility that there might be two types of wave disturbance responsible for

two di fferenl areas within and beyond the main ring. In the frame of tsunami theory, no explanation

for ring spacing is equally plausible for exterior rings as well as interior ones.
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