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In his earlier papers”, one of the present writers developed a direct
method, with the aid of which it is possible to estimate, from the
gravity anomalies that are observed in a certain region, the responsible
subterranean mass distribution. In subsequent papers, the method was
successfully applied for studying the geophysical structure of the earth
in various localities of the world where gravity data for such studies
are available. Particularly in the fourth and fifth papers of the series®,
the method was applied for studying the isostatic conditions of the
earth’s crust in the United States of America. The thickness of the
isostatic earth’s crust d, the degree of regionality of isostasy R, and
the undulation of the isostatic geoid in the U.S.A. could be found di-
rectly from the Bouguer gravity anomalies observed in that country.
The present paper, which is the sixth of the series, similarly deals with
that part of the Dutch East Indies, bounded by latitudes 0° and 10°S
and longitudes 118°E and 132°E, approximately 1000 x 1400km?2 in area.
Since for the purpose of the present study, the same method will be
followed as in the previous ones, no detailed explanation of it will be
repeated.

Being situated in the eastern part of the Dutch East Indies, most
of the area to be studied belongs to the Banda Sea, including the Celebes,
Flores, Timor, Ceram, and many other islands. The gravity anomalies
in this area was measured by Vening Meinesz during his famous sub-
marine expeditions. The extremely interesting facts as disclosed by
these measurements concerning the geophysical structure in this area

1) C. Tsusol and T. FUCHIDA, Bull. Earthq. Res. Inst., 15 (1937), 636; 16
(1938), 273.
C. Tsuso1, ibid., 15 (1937), 650; 17 (1939), 351; Proc. Imp. Acad. Tokyo,
14 (1938), 170.
2) C. Tsusor and others, Bull, Earthq. Res. Inst., 18 (1939), 385.
C. TsuBor, ibid., 18 (1940), 384.




Gravity Anomalies and Subterranean Mass Distribution. VI. 27

have already been discussed by Vening Meinesz himself and many
others. The area to be studied in the present paper is exactly where
the belt of large negative gravity anomalies that was found by Vening
Meinesz changes its trend acutely into a NS direction after runming in
an EW direction off the southern coasts of Java, Sumatra, and other
islands of the East Indian Archipelago.

First of all, it is important that the earth’s crust in this area is,
very roughly speaking, in isostatic equilibrium. If the Bouguer gra-
vity anomalies in this area are plotted against the depths of the sea
where the anomalies were measured, Fig. 1 is obtained, in which is an
unmistakable tendency of the anomaly dJg,” to increase with the depth
(—H'). The least square calculations show that the relation between
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Tiz. 1. Relation between the Bouguer Gravity Anomalies and Depth.

the two quantities is given by
Jgy (mgal) =15—005 H' (m).

On the other hand, using the notations as

shown in Fig. 2, perfect Airy isostasy implies
that

P1H’ -+ “)zdz + ‘()3d3= 12 (HI + d2 + dg) y

Fig. 2.

where p;, v, and p, are respectively the densities of the sea-water, of
the earth’s crust and of the subcrustal material underlying it, whence
we have
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dy= ")2-‘“1—H’.
‘03—‘02 .
The Bouguer anomaly as observed on the surface of the sea will
then be

dgy =2rl?(p,— 02)ds
=2rk? (PZ “A')I)Hl

provided isostasy is perfect. Equating 2rl(p;—p,) with the numerical
constants 005x 10", which was found by the least square calculation,
and putting '

-

m =10,
then from y
27k (py—py) =005 x 105
we get
pg=22

which value is not unreasobable, although a little tco small. At any
rate, it is important that even in those areas, such as the Dutch East
Indies, in which intense tectonic disturbances are believed to have taken
place, isostasy still holds approximately. Those who state the contrary
forget the fact that the gravity anomalies would be at least a few time
greater if isostasy was altogether ignored. It is true that isostatic
anomalies are large in these areas, but large isostatic anomalies do not
necessarily imply absolute absence of the isostatic state.

Assuming that Airy’s isostasy holds approximately in this area,
the first requisite in this study is to determine the thickness of the
earth’s crust under that asssumption. As was shown in the previous
papers, this can be done by comparing the Fourier coefficients for the
topographical relief and for the observed Bouguer gravity anomalies in
the area under study. In the present case, the whole range of area to
be studied was taken as = x=, and since the symmetric images of the
distributions to be analysed into the Fourier series were added beyond
that range, they are expressed by a cosine series, such as

H(ay) =3>">H,,cosmacosny,
dgy (xy) = 313°B,,..cosma cosny.

In executing the Fourier analysis of the topographical relief, due re-
ductions were made for the effect of the sea-water. Thus the actual
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Table II. Fourier Coefficients for the Bouguer Gravity Anomalies. (in mgal.)

a0 1 2 3 4 5 6 7 8 9 | 10 | 11| 12| 13| 14| 15| 16 | 17 | 18
0 | 1180 —240 —387 139 104 86 —20:3] 71| — 11| 115 — 45 — 0-8] — 06 11 — 11| 27| — 44 — 30 21
1 67 —11-4] 44/ 39 305 43 — 69 —163 62 46 — 22 — 68 10| 04 15 — 37 — 21| — 51 51
2 |—536/ 591 408 —284) —116) 23| 23 —159 19 — 56 22 — 71 42 — 75 57 — 33 18 — 25| 15
3 206| — 61 126/ 76| —36:8 —114| 51| — 81 16 05 07 47 — 30 26— 49 24 39 42 — 24
4 |-167]—234 4292 — 22 —189 59 117 — 53 58 — 00 — 29 47 — 36| 29 — 76| 56/ — 35 49 — 14
5 |— 13 131 — 66 —126 80 228 —147— 13 07 24 01 — 05 49 — 97 28 — 11 12 — 29 26
6 26 — 02 — 67 85 o0 77 03 06 — 77 19 — 24 03 29 — 06 57 — 40| — 07
7 |- 92 - 20{ — 00/ 16 64 02 43 — 72 — 372 — 7.8 35 10 — 12 83 — 29 29 — 37
8 28 57| 48 — 37| — 56| 33 10 — 44 — 02| 44 — 01| — 25/ — 29 00 14/ — 14
9 43— 23| 76 — 64 20— 36 09 — 65 15— 13 51— 092 — 51 11— 20 20
10 |- 17 — 06 09— 11 — 96 01 27 — 43 06 — 51| 69 — 04 — 13 04 14 25
11 - 21 — 98 — 01 671 —12:3 2-4 01 — 52 17 19 - 33 2:3 0-8 — 0-2 08 — 20
12 17 — 33 — 06| — 38 15 33 — 15 - 25 11 — 11| — 44 24/ — 18 — 00 39 05
13 19 — —~ 68 — 23 — 16/ — 17— 26 13 44 — 32 34 — 08 42— 02| 07— 12 04 03
14 50 — 47| - 02 — 63 03— 15 — 12 22 03 — 07 28 00 — 16 33 — 30 24 — 12
15 |- 15— 18— 25 13 — 23 00 — 16 14| 00 — 07 33 10 23 — 42— 13 — 04 — 16 32 09
16 12 01 26 20— 17— 67 — 09 28 06 — 10 — 34 15 20 06 06 15 28 — 51 47
17 28 — 05— 63| 23| 18 — 33 27 38 — 02 — 38 — 01| 04 — 18 10 03 — 14 18 — 45 — 19
18 09 30 — 47 01 07 15 — 24 — 23 38 — 20 01 — 17 11| — 40 18] 12— 17 16 04
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depth (—H') was regarded effectively as of —0-62H’, since

Pa=Prgpy _2T=10., o oopm
H =" ——H'=062H.

P2
The Fourier coefficients H,, and B,,, which were found down to the
order m=18 and n=18, are given in Tables I and II.

It was already shown that if we assume Airy isostasy, B,. and
the corresponding H,, are connected by the relation

where d is the thickness of the isostatic earth’s crust. From this
relation, we get '

d=————1o (— B
ST miant P\ 2xkp,H,,

whence d can be found for each pair of B,, and H,. In order that
the resulting value of d shall be reasonable, the following two conditions
must be satisfied; (1) B, and the corresponding H,. must differ in
algebraic sign, and (2) |27k%»,H,,| must be greater than |B,,!. Of
the 361 pairs of H,, and B,. (mxn=19x19=3861), 169 pairs fulfill
the above two conditions. The weighted mean of d’s, as determined
from these 169 pairs of B,, and the corresponding H,,, worked out to

d=00722 (radian).
Since 1400 km has been taken as =, this value of d corresponds to

1—? x 0-0722=32-2 km.

In this connection, it is interesting that from the study of the dis-
persion of the Rayleigh seismic waves across the Pacific, K. E. Bullen®
recently obtained the value of 26km as the thickness of the earth’s
crust under that ocean. Since the average of the effective depth of
‘the whole area under study is 1km, the thickness of the earth’s crust
corresponding to zero elevation is

27
2 —_— .
32+1x 3097 41 km

There are various combinations of m and n that result in equal

3) XK. E. BuLLeN, Monthly Notices Roy. Astro. Soc. Geophys. Suppl., 4 (1939),
579.
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or nearly equal /m?+n? which is the order of the Fourier coeffi-
cients. The whole 361 pairs of H,, and B,, may be grouped ac-
cording to this order. In each of such groups, there are two kinds of
pairs, (a) and (B). While in the ¢ pairs, H,, and B,, differ in
algebraic sign, in the ﬁ' pairs, they do not. It was already shown that

from the consideration of regional isostasy, the percentage aa is ex-
Table III.

v mi+n? TOtgfl g&?sber a Pairs i wm%ﬁ
0~ 1 1 1 100%}7
1~ 2 3 2 67
2~ 3 4 3 75 }86
3~ 4 3 3 100
4~ 5 7 6 86 }80
5~ 6 8 6 75

6~ 7 6 5 83 }60
7~ 8 9 4 44
8~ 9 ’ 12 6 50 }58
9~10 12 8 67

10~11 11 5 45\

11~12 14 8 57 177

12~13 15 9 60 }63

13~14 15 10 67

14~15 18 9 59 }53

15~16 18 12 67

16~17 20 14 70 }60

17~18 20 10 50

18~19 23 12 52 }55

19~20 17 10 59

20~21 14 5 36 }5(,

21~22 18 13 72

22~23 19 9 a7\,

23~924 13 7 5¢ 1

24~25 15 7 47 }4 .

25~26 17 7 41

26~27 9 4 44 }41

27~28 8 3 38

28~29 6 3 50 Y4

29~30 4 0 0o J

30~31 2 92 100

Total 361 203 56
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pected to decrease from 100 down to 50 as the order ,/mZ+n2 increases.
.Table III and Fig. 3 show this o
tendency very clearly. op

In Fig. 4, a small square de- 10
fined by a combination of m and n
is made black, if H,, and B,,, cor-
responding to that m n are of op-
posite algebraic sign, while it is
left blank if H,, and B, are of
the same sign. The abundance of

the black squares for smaller m R 25 85
and n is noteworthy. Jmzen’?
If, from Fig. 3, we regard Fig. 3.

"is 50 when v/m?+n? exceeds 25, this will

-

that the percentage i
a+

correspond to
m=n=18.

Since 1400 km was taken as = in the present analysis, the wave-length
> : ~ of this harmonics is

0lt11213]4]516]7]8]9 101 ]12[13[1a[1516]17]18
1400 x 2+18=160 km.

The natural conclusion to be
drawn from the foregoing
results is that topographical
features that are smaller than
half this length, 80km across,
are supported by some me-
chanism other than isostasy;
in other words the degree of
regionality R is 80km. The
ratio of this regionality to
the thickness of earth’s crust
is, in the present case,
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Fig. 4. 80+32=2.5.

According to perfect Airy isostasy, the mass that is expressed by
— 0,5 5H,,, €OS & COS NY

is distributed at a depth which is 82:2km in the present case. The
gravity due to this mass that is to be observed on the earth’s sur-
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face is
—27Ip, > > H,,,, exp (— /m?+-n2d) cos ma cos ny.
Since, on the other hand, the gravity anomaly actually observed is ex-
pressed by
SS5B,,.. €0s MT cOS NY,

the isostatic anomaly is given by
S B+ 2nk2p,H ,exp(— /M2 +n2d) } cos max cos ny.

Table IV gives the coefficients for this last series. The values of this
series at every 10° of 2 and y in the area under study were then cal-
culated, utilizing the B,,., H,, and d that were already found. The
distribution of the isostatic anomalies obtained in this way agreed very
well with those obtained by Vening Meinesz on the assumption of 25km
Airy regional isostasy.

Fig. 5. Undulation of the Isostatic Geoid. (m.)

The  undulation of the isostatic geoid was already shown to be
given by .. ’
‘ 1

. IB 2 L 2 1 3
————B,,.+ 27k2p.H,, exp (— /m2 +n2d) ;cos mx cos ny.
221/1%24-112[ 2 p(—1 )I Y
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Table V gives the value of the coefficients of this series. The value of
this series at every 10° of x and y were also calculated, Fig. 5 show-
ing the contour lines of the isostatic geoid as expressed in m.

It will be seen that along the zone of large negative gravity ano-
malies, the isostatic geoid is depressed by more than 20 m below the
average earth’s surface, which was taken as a geometrical plane in the
present analysis. ' :

Although the present study is scarcely more than a mere addition
of the example of applications of Tsuboi’s method, owing to the accumu-
lation of similar studies, several interesting geophysical facts were
found. For instance, it is likely that the regionality of isostasy R is
always approximately from 2 to 3 times the thickness of the isostatic
earth’s crust d, irrespective of the thickness itself, as Table VI shows.
This noteworthy behavior of the earth’s crust is likely to be connected
with the empirical fact that there is an upper limit fo the energy of
an earthquake. An hypothesis regarding this point has been proposed
in another paper®.

Table VI.
Place d D R - R/d -
Japan 50 km 85 19
U.S.A. 61 145 24
Dutch East Indies (Western Half) 36 60 17
Dutch East Indies (Eastern Half) 32 80 2:5

Miss T. Ayabe, to whom we express our thanks, has helped us
much in the numerical computations involved in the present study. A
part of the expense necessary for this study was defrayed from the
Funds for Scientific Research of the Department of Education.

4) C. Tsusol, Proc. Amp. Acad. Tokyo, 16 (1940), 449.
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