
Geophysics. - Gravity oller the Hawaiian Archipelago and over the 
Madeira area: conclusions about the Earth's crust. By F. A. VENINO 
MEINEsz. 

(Communicated at the meeting of December 28, 1940.) 

The new tables for isostatic reduction of gravity results according to 
different degrees of regionality of the compensation enable us to make 
a new attack on the problem of the excess of gravity found on several 
oceanic islands. We shall take th is problem up here for two areas wh ere a 
fairly large number of gravity determinations is available, for the Hawaiian 
Archipelago and for the Madeira area. For the first we dispose of fifteen 
gravity stations of tbe U.S. Coast and Geodetic Survey on the islands. 
i.e. six on Hawaii, six on Oahu and three on the other islands, and further 
of a profile ofsea~stations from ENE to WSW, observed by the author 
during his crossing of the Pacific in Hr. Ms. Submarine K 13 in 1926. In 
the tab Ie below and in the map, the stations of the Coast and Geodetic 
Survey are indicated by the numbers 1-15 as e.g. mentioned on page 54 
of HEISKANEN's catalogue of the isostatically reduced gravity stations of 
1939, and the sea~stations by the numbers 110-115 corresponding to the 
station~list in "Gravity Expeditions at Sea", 1923-1932, on page 90. For 
tbe Madeira area we have two profiles of sea~stations at right angles to 
each other, in tbe directions W-E and N-S, observed during the gravity 
expeditions of Hr. Ms. 0 13 in 1932 and Hr. Ms. K 18 in 1934, 
supplemented by two land~stations on Madeira observed by the writer wh en 
he stayed at the island during the last of these expeditions. Of the numbers 
by which tbey are indicated in the table below and in the map, only 
467-471 may be found in the above~mentioned list of "Gravity Expeditions 
at Sea"; the other stations, including 469a and 469b, have still to be 
published. 

So for both areas we can compare the gravity on the islands with that 
in the neighbourhood at sea. The stations show great differences of 
elevation, ranging Cor the Hawaiian Archipelago from 3981 m above 
sea~level to 5430 m below it and for the Madeira group from 1530 m above 
to 4430 m below. This is evidently favourable for the drawing of conclusions 
about the location oE tbe isostatic compensation~masses. 

The areas are similar in th is regard that the islands in both are generally 
assumed to be of a purely volcanic origin. In hoth also they rise Erom a 
deep ocean~bottom without a transition of les ser depths, as is the case 
e.g. for the Azores and other islands on the Mid~Atlantic ridge. These 
points are important for the interpretation oE the gravity anomalies; they 
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make it improbable that the areas have recently been subject to folding or 
overthrusting of the crustallayers. From a geophysical standpoint the two 
areas differ. The Hawaiian Archipelago is situated in the middle of the 
Pacific, east of the andesite line, where most geophysieists, on the base of 
the seismie evidence, suppose no sialic layer to be present, or at most only 
a thin one, while Madeira is in the East Atlantie wh ere generaUy a sialic 
layer of at least ten kilometers thiekness is assumed. 

As we may · expect in connection with the strong irregularity of the 
topography, the table below shows very large free~air anomalies: in the 
Hawaiian area we see even va lues of + 698 mgal and + 662 mgal and in 
the second area a value of + 376 mgal. In the next column of the tabIe, 
in the top~values of each set of th ree, we find the anomalies af ter isostatic 
reduction according to the AJRy-HEJSKANEN system of local compensation; 
for the norm al thickness of the crust a value of 30 km has been adopted. 
We see that, though the reduction has reduced the anomalies, they sfill 
remain large: four of the six anomalies on t:he island of Hawaii are dbout 
+ 250 mgal and many of the other anomalies show likewise high values. 
So we have typical instances here of the high positive anomalies that have 
so often been found on oceanie islands. For both areas the anomalies in the 
stations over the deep sea in the neighbourhood are smaU. 

For explaining the positive anomalies on the islands we might in the 
first place think of the possibility that the volcanic topography is recent 
and for a great part not isostatieaUy compensated because the equilibrium 
has not yet been readjusted. As the writer wiU show in a future more 
detailed paper, this supposition is less effective for reducing the anomalies 
than th at of a regional compensation of the topography whieh we 
shaU arrive at in the course of this paper. The writer thinks, moreover, 
that the assumption of non~compensation of a great part of the topography 
is out of the question for the areas under consideration because the 
tendency towards adjustment of the equilibrium must imply a sinking of the 
islands at a fairly large speed and no such sinking is going on. We 
shaU suppose that we may apply the formula for the rate of readjustment 
whieh the writer derived a few years ago from the evidence in 
Scandinavia 1). If A is the anomaly, dA its rate of disappearance per 
century and L the diameter of the area in thousands of kilometers, he found 

dA = 3t X 10-3 AL per century. 

Introducing for the island of Hawaii a diameter of 100 km and a value 
of A of 250 mgal, we find dA to be 0.09 mgal per century. This corresponds 
to a subsidence of about one meter in that time. There is, however, no 
evidence of such a subsidence of Hawaii nor of the other islands. The three 
western islands, e.g., where gravity measurements have been made and 

1) r . A. VENJNG MEJNESZ, The Determination of the Earth's plasticity from the 
postglacial uplift of Scandinavia; isostatie adjustment; Proc. Vol. XL, 8, 1937, p. 662. 

1* 
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where likewise large positive anomalies have been found, viz East Island, 
Nihoa and Necker, are surrounded by extensive shoals of depths of resp. 
about 10 m, 40 mand 25 m. As e.g. exposed by HAROLD S. PALMER in his 
publications on the smaller islands of the Hawaiian group 1) the general 
opinion is that these submarine terraces are the surfaces of truncated 
volcanoes of which the top parts have been taken away by the action of 
tbe waves. Mr. PALMER also mentions benches along the shores of several 
islands caused by the re1ative lowering of sea~level. Both features c1early 
point to no strong downward movement having occurred in recent times. 
For Oahu there is indeed evidence of a subsidence of the island but on 
the other hand the area round Honolulu has doubtless risen in the last 
period and WENTWORTH and PALMER 2) mention recent eustatic benches 
some 12 feet above 'Sea~level for all the islands. So in general the evidence 
is certainly not in favour of a subsidence of the topography. 

For Madeira we have to introduce somew'hat smaller figures for the 
diameter of the island and for the mean of the three anomalies on the 
island, viz 50 km and 130 mgal. This leads to an estimate of the subsidence 
incase of non~compensation of about 25 cm per century. This is still a rather 
large amount and, as far as the writer knows, there is no evidence that 
such a movement has taken place; the geology on the contrary points to 
a rising of the island. 

Ruling out the possibility of the volcanic topography being entirely or 
for the greatest part uncompensated, we come to another possible line of 
explaining the high positive anomalies. The isostatic reduction has been 
based as usual on the adoption of a density of 2.67 for the topography, 
and the volcanic rock constituting the islands may well be supposed to 
have a greater density. In the way described below, the writer has made an 
estimate of the results we should have obtained if we had adopted a density 
of 2.937 resp. of 3.07, i.e. ten resp. fifteen percent more than the above 
value, for all the matter above a depth of 4878 meters. For each station 
the results of this estimate have been given in the table of this paper below 
the results of the normal reduction. The last column indicates tbe df'nsity 
corresponding to the results of that line. Examining these results, we see 
at once that the introduction of the larger figures for the density indeed 
diminishes the anomalies, but that the decrease is small with re gard to their 
total value. So it appears out of the question to make the anomalies 
disappear in this way; for this purpose we shou!d require den si ties far 
above those possible for volcanic rock. So this effect explains a part 
of the anomalies but only a small part, and we shall have to continue 
our investigation of their cause. We first, however, shall indicate the way 

1) HAROLD S. PALMER, Geology of Kaula. Nihoa. Necker. and Gardner Islands and 
Prench Frigates Shoal. Bishop Mus .• Bull 35. 1927. 

Id. Geology of Lehua and Kaula Islands. Bishop Mus .. Dcc. P. XII. 13. 
:.1J C. K. WENTWORTH and H. S. PALMER. Eustatic bench of islands of the North 

Pacific, Geol. Soc. Am. Bull. vol. 36, pp. 521-544. 1925. 
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in which the estimate of the effect of higher va lues for the rock-densities 
has been made. 

These figures have been obtained by subtracting from the anomalies ten 
resp. fifteen percent of the combined effects of the topography and the 
compensation for the lettered Hayford-zones A to 0, i.e. up to a distance 
of 166.7 km from the station, and further the combined effects of the 
attraction of a cylindrical mass of this same radius round the station, of a 
density of 0.267 resp. 0.400, reaching from sea-level down to a depth of 
4878 meters, and of the isostatic compensation of th is cylindrical mass. 
For the sea-stations the density of the cylindrical ma ss was adopted at 
0.1642 resp. at 0.2463. We may explain this in the following way. By 
subtracting from the free-air anomalies 1.10 resp. 1.15 times the normal 
effects of the topography and the compensation for the lettered zones, we 
find the anomalies that would be brought about if inside a radius ol 
166.7 km the topography abov€: sea-level had been taken away -
supposing, as we do, that this topography 'has this greaterdensity - and 
if the sea had been filled up with mass of a density of 1.10 X 1.642 resp. 
1.15 X 1.642, th us giving rise to a total density there of these values 
combined with the density 1.028 of sea-water. Together we should in this 
way get a density below sea-level of 2.67 +0.1642 resp. 2.67 + 0.2463 
reaching down to the sea-bottom. We further assumed a density of 
2.67 + 0.267 resp. 2.67 + 0.400 below sea-level for the land-parts, reaching 
down to a depth of 4878 m. So, for bringing this back to the normal density 
of 2.67 we have further to subtract from our anomalies the attraction of a 
cylinder round the station of a radius of 166.7 km and of its isostatie 
compensation, the cylinder having a density of 0.267 resp. 0.400 and 
reaching down to a depth of 4878 m for the land area in it, and a density 
of 0.1642 resp. 0.2463, reaching down to the sea-bottom for the sea-area. 
This last schedule has been simplified by substituting cylinders of a uniform 
density, 0.267 resp. 0.400 for a land-station, and 0.1642 resp. 0.2463 for a 
sea-station, both l'eaching down to a depth of 4878 m. As the following 
figul'es show, the effect of these cylindel's combined with that of their 
isostatic compensation is not large, and as also the mean sea-depth of the 
area surrounding the islands does not differ much from 4878 m, the 
simplification does not bring about errors exceeding a few milligal. Fol' the 
effects of the cylindel's and theil' isostatic compensation we found 

Topog. density Effect 

Land-stations 0.267 + 7.3 mgal 

O.iOO + 10.6 mgal 

Sea-stations 0.1642 + i.5 mgal 

0.2i63 + 6.5 mgal 
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Returning to our main discussion we have to take up again the problem 
of the cause of the positive anomalies. Obviously not much else is left 
than to suppose that the assumptions about the distribution of the 
isostatic compensation have been erroneous. The new tables for the case 
of regional isostatic compensation make it possible to try whether a regional 
distribution gives a better result. The table of this paper gives a series of 
columns of the figures found in this way; the radius of the area over which 
the compensation has been assumed to be distributed being successively 
58.1 km. 116.2 km. 174.3 km and 232.4 km; the smallest radius of the 
tables. 29.05 km. has been omitted. The compensation is not supposed to 
be evenly distributed over this area but in such a way that it has a maximum 
value under the station in fue middle of the area and becomes zero towards 
the boundary; for details the writer may refer to a few papers on this 
subject 1). Besides applying the tables. values have also been derived for 
higher densities of the topography according to the method indicated above; 
the table gives them in the second and third lines for each station. For the 
compensation of the cylinder the attraction of which had to be subtracted. 
the same system of compensation has been applied. According to this. the 
following figures for the combined effects of the cylinder and of its 
compensation have been subtracted: 

I Topog. dens· 1 R= 58.1 km I 116.2 km 174.3 km 232 . 4 km 

Land-stations 0.267 + 7.6 + 8 . 1 +10.7 +17.6 mgal 

0.400 +10.9 +11.8 +15.8 +26.3 mgal 

Sea-stations 0 . 1642 + 4 .7 + 5.0 + 6.6 +10.8 mgal 

0.2463 + 6 .7 + 7 . 3 + 9.7 +16.2 mgal 

Examining the results of these reductions we see that the method is 
in deed successful and that the remaining anomalies for the great degrees 
of regionality are relatively smalI; they become still smaller by adopting 
higher values for the density of the topography. which as we mentioned 
already. are certainly nearer the truth for volcanic rocks than the normal 
value of 2.67. Generally speaking. we may say th:lt the greatest value of 
R combined with a density of 2.937. or the second greatest value of R 
combined with a density of 3.07 give the smallest values for the anomalies. 

~) r . A. VENING MEINESZ. Fundamental tables for regional isostatic reduction of 
gravity values. Verh. Kon. Ned. Akad. v . Wet. 1 Sect. DI XVII. 3. 

F . A. VENING MEINESZ. Tables fondamentales pour la réduction isostatiquE:' régionale. 
Bull. Géodésique. 63. 

1'. A. VENING MEINESZ. Tables for the regional and local isostatic reduction (Airy 
system) for gravity values. Pub!. Netherlands Geod. Comm. 1941. This publication con
tains the tab les used for the reductions mentioned here. 



Station 
Latitude N 
Longitude W 

2 Mauna Kea. Hawaii. 
19 48.9 

155 28.8 

3 Kalaieha. Hawaii. 
19 42.2 

155 27.9 

4 Kawaihae. Hawaii. 
20 02.1 

155 49.4 

5 Kilauea. Hawaii. 
19 25.4 

155 15.7 

6 Mauna Loa. Hawaii. 
19 29.8 

155 34.8 

7 Hilo. Hawaii. 
19 44.0 

155 03.1 

1 Honolulu. Oahu. 
21 18.1 

157 51.8 

8 Niu.Oahu. 
21 17.1 

157 44.1 

12 Kahuku. Oahu. 
21 42.4 

157 58.5 

13 Kaaawa. Oahu. 
21 32.4 

157 50.6 

ti Wahiawa. Oahu. 
21 29.6 

158 02.0 

15 Waianae. O ahu. 
21 26.0 

158 10.9 
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Gravrty in the Hawaiian Archipelago 
(anomalies in milligal) 

.. r-
free local regional isostatic anom. 

Elevatioll 
-air isost. T = 30 kilometers 

meter 
T = 30 R = 58.1 \ 116.2 anom. 174.3 232.4 

+3981 + 662 + 249 + 225 +171 +119 + 81 
+ 205 +177 +127 + 60 + 15 
+ 182 + 154 +105 + 30 - 18 

+2030 + 495 + 267 + 240 +181 +130 + 91 
+ 2il + 211 +li6 + 88 + i3 
+ 228 + 196 +129 + 68 + 19 

+ 2 + 164 + 99 + 86 + 49 + 9 - 26 

+ 90 + 75 + 34 - 11 - 53 

+ 85 + 69 + 27 - 21 - 66 

+1211 + 428 + 2i8 + 225 +169 +117 + 85 
+ 227 + 201 +139 + 82 +43 
+ 216 + 189 +12i +64 + 22 

+3970 + 698 + 270 + 241 +182 +129 + 92 
+224 + 192 +127 + 67 +24 
+ 200 + 167 +100 + 36 - 10 

+ 5 + 249 + 152 + 135 + 92 + 50 + 21 
+ 139 + 121 + 73 + 25 - 10 
+ 133 +113 + 63 + 13 - 25 

+ 6 + 224 + 115 + 97 + 59 + 31 + 11 
+100 + 80 + 38 -I- 6 - 19 

-I- 93 + 72 -I- 28 - 6 - 34 

+ 2 + 221 + 117 + 103 + 68 + 37 +14 
+ 103 + 88 + 48 + 13 - 15 

+ 96 + 80 + 39 + 1 - 30 

+ 2 + 215 + 83 + 62 + 3i + 12 - 2 

+ 66 + i3 + 12 - 13 - 33 

+ 58 + 3i + 1 - 26 - i8 

+ 1 + 236 + 123 + 103 + 68 + 40 + 22 
+ 108 + 86 + 47 + 15 - 8 

+100 + 78 + 37 + 3 - 23 

+ 264 + 252 +114 + 93 + 5i + 26 + 9 

+ 97 + 73 + 30 - I - 2i 

+ 88 + 63 + 19 - 15 - 41 

+ 3 + 298 + 179 + 161 +127 +101 + 81 
+ 161 + 144 +106 + 76 + 54 
+ 156 + 135 + 95 + 63 + 39 

_ . 

local 
dens. 

isost. 
T=80 

topog. 

+ 97 2 . 67 
2.937 
3 .07 

+ 106 2.67 
2.937 
3.07 

- 23 2.67 
2.937 
3.07 

+ 103 2.67 
2 . 937 
3 .07 

+111 2.67 
2.937 
3.07 

+ 32 2.67 
2.937 
3.07 

+ 12 2.67 
2.937 
3 .07 

+ 18 2.67 
2.937 
3.07 

- 4 2.67 
2.937 
3.07 

+ 25 2.67 
2.937 
3.07 

+ 12 2.67 
2 .937 
3.07 

+ 85 2.67 
2.937 
3.07 
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10 

11 

110 

111 

112 

113 

114 

115 

Station 
Latitude N 
Longitude W 

East Island. 
23 47.0 

166 12.5 

Nihoa. 
23 03.5 

161 55.4 

Necker. 
23 34.7 

161 42.4 

Voyage Hr. Ms. K 13. 
22 13 

155 24 

Voyage Hr. Ms. K 13. 
21 45 

156 13 

Voyage Hr. Ms. K 13. 
21 09.0 

157 28.0 

Voyage Hr. Ms. K 13. 
21 18.4 (Honolulu) 

157 52.0 

Voyage Hr. Ms. K 13, 
20 18 

158 36 

Voyage Hr. Ms. K 13. 
20 29 

160 30 
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Gravity in the Hawaiian Archipelago 

(anomalies in milligal) . (Continueel). 

Elevation 
free local regional isostatie anom. 

-air isost. T = 30 kilometers 
meter 

T=30 . anom. R= 58.1 116.2 174.3 232.4 

+ 2 + 315 + 166 + 139 +105 + 82 + 69 
+ 148 + 118 + 81 + 54 + 36 
+ 139 + 108 +68 + 10 + 20 

+ 15 + 275 + 118 + 91 +60 + 39 + 26 
+ 99 + 72 + 31 +10 - 7 

+ 90 + 61 + 22 - 1 - 21 

+ 30 + 295 + 142 + 118 + 83 + 61 + 46 
+ 123 + 97 + 58 + 33 + 13 
+ 111 + 86 + 15 + 19 - 3 

-4510 + 3 - 5 - 7 - 10 - 6 0 
- 6 - 9 - 12 - 8 - 1 
- 7 - 10 -13 - 9 - 2 

-5130 - 96 - 62 - 15 -22 - 3 + 5 
- 59 - 10 - 15 + 5 + 13 
- 58 - 39 - 12 + 9 + 17 

- 510 + 165 I 90 + 78 + 18 + 17 - 8 T' 

+ 79 + 65 + 32 - 3 - 34 

+ 73 + 59 +21 -13 - 17 

- 6 + 213 + 107 + 90 + 54 + 25 + 4 

+ 92 + 74 + 35 + I - 25 

+ 85 + 66 + 25 - II -' 10 

-1290 - 18 - 2 + 7 + 22 + 33 + 31 
- 1 + 8 + 21 + 36 + 37 
- 1 + 9 + 25 + 38 + 38 

-4590 + 11 + 17 + 18 + 19 + 23 + 27 
+ 17 + 17 + 18 + 23 + 26 

+ 16 + 16 + 18 + 23 + 26 

local 
isost. 

T=80 

+ 74 

+ 33 

+ 51 

- 5 

- 21 

- 8 

+ 8 

+ 10 

+ 19 

This is a remarkable result beeause su eh a great degree of regionality of 
the isostatic eompensation implies a rigid Earth's erllst of a large thickness, 
viz of the order of 25 to 45 km 1) . We shaU afterwards shortly mention a 
few important eonc1usions that ean be drawn from this result. We see that 
the result is vaHd for the Hawaiian Arehipelago as weIl as for the 
Madeira area. 

The anomalies have not quite disappeared by the regional reduetion; 

1) F. A. V.ENING MEINESZ. La réduction isostatique régionale. Bull. Géod. 29, 1931. 

dens. 
topog. 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2 .67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 
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Station 
Latitude N 
Longitude W 

467 Voyage Hr. Ms. 013. 
33°04' 
19°06' 

468 Voyage Hr. Ms. 013. 
32 48 
17 56 

469 Harbour Funchal. 
32 37.79 
16 54.96 
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Gravity over the Madeira area 
(anomalies in milligal) 

Elevation 
free local regional . isostatie anom. 

-air isost. T = 30 kilometers 
meter 

T=30 anom. R. = 58.1 116.2 174.3 232.4 

-4000 + 47 + 46 +44 + 42 + 40 + 39 
+ i5 + 43 + 41 + 38 + 37 
+44 + 41 + 39 + 37 + 35 

-3250 + 80 + 78 +77 +68 + 58 + 49 
+77 + 7.6 +66 + 54 +44 
+ 76 +74 +64 + 53 + il 

+230 +106 + 84 + 50 + 26 + 12 
+ 90 + 65 + 28 o - 19 
+ 81 + S6 + 16 - 13 - 34 

density 
topography 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

2.67 
2.937 
3.07 

469a Monte. Madeira, + 510 +334 +177 +152 +116 + 93 +77 2.67 
32 39.8 +157 +129 + 90 + 63 + 42 2.937 
16 54.25 +147 +118 +77 + 481 + 25 3.07 

469b Pico d'Arriero. Mad .. +1530 +376 +114 + 90 + 55 + 32 + 16 2.67 

470 

471 

505 

506 

507 

508 

32 43.1 + 84 + 57 + 18 - 8 - 29 2.937 
16 54.8 + 68 + 40 0 - 28 - 52 3.07 

Voyage Hr. Ms. 013, -4070 - 5 + 22 + 28 + 29 + 23 + 16 2.67 
32 50 + 26 + 33 + 34 + 26 + 19 2.937 
15 54 + 27 + 33 + 34 + 26 + 18 3.07 

Voyage Hr. Ms. 0 13. -4220 0 + 16 + 19 + 23 + 28 + 32 2.67 
33 04 + 18 + 21 + 26 + 31 + 34 2.937 
1i 51 + 18 + 21 + 25 + 31 + 34 3.07 

Voyage Hr. Ms. K 18. -4260 - 5 + 11 + 15 + 13 + 10 + 8 2.67 
34 26 + 12 + 16 +14 + 10 + 7 2.937 
17 25 + 12 + 16 +14 + 10 - I 3.07 

Voyage Hr. Ms. K 18. -3705 +13 + 18 + 21 + 21 + 16 + 8 2.67 
33 16 + 18 + 21 + 21 + 15 + 6 2.937 
17 26 + 18 + 21 + 21 +14 + 4 3.07 

Voyage Hr. Ms. K 18. -4370 - 13 - I + 1 + 5 + 9 + 12 2.67 
31 49 - 1 + 1 + 5 + 10 + 12 2.937 
16 45 - 1 + 1 + 5 + 10 + 12 3.07 

Voyage Hr. Ms. K 18. -4430 - 19 - 7 - 5 - 4 - 1 + 3 2.67 
30 56 - 7 - 5 - 4 - 1 + 3 2.937 
16 42 - 7 - 5 - 4 - 1+ 2 3 .07 

values are left of the order of 20. 30 and even 50 mgal. This need not 
surprise us. it would he unlikely that a general system of reduction could 
make them disappear entirely. The remaining deviations may he caused by 
local irregularities of density and they mayalso he hroug.ht about hy faulting 
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because this affects the way in which the equilibrium is readjusted. We 
know both to be present on the islands. As a further cause we might 
suppose the presence of partly empty magma~reserYoirs. We shall not 
study these local anomalies and their meaning; a much more detailed 
knowledge of the geology and the morphology than the writer dis poses 
of. would be required for taking this up with a chance of success. In genera] 
we shall adopt that reduction to be most satisfactory which gives the 
strongest reduction of the mean value of the anomalies. We get the 
following list of mean values for the three islands wh ere we dispose of 
more than one gravity value. and for the adjacent deep seas: 

Radius R o km 58.1 km 116.2 km 17.4.3 km l 232." km Number of 

density 2.937 3.07 2.937 3.07 2.937 3.07 2.937 3.07 2.93713 .07 stations 

Hawaii +188 +174 +163 +148 +108 + 91 + 52 + 32 + 101- 13 6 

Oahu +106 + 98 + 86 +77 + i7 + 36 + 16 + 3 - i - 17 6 

Deep sea - 12 - 12 - 6 - 6 + i + i + 14 + 15 + 19 + 20 i 

Madeira +110 + 99 + 8 .. + 71 + iS + 31 + 18 + 2 - 2 - 20 3 

Deep sea + 2i +24 + 261 + 25 + 25 1 + 25 + 231 + 22 + 20 + 16 8 
I 

This table confirms the conclusion derived from the great table that the 
smallest anomalies are obtained in the two columns before the last. i.e. for 
R = 174.3 km. density 3.07 or for R = 232.4 km. density 2.937. 

Before drawing further conclusions from this result. we have to consider 
whether there are no other suppositions about the isostatic compensation 
which reduce the anomalies in the same way. We find th is to be the case ; 
we get a similar effect by assuming the compensation to be local but very 
deep. The last anomaly column of the table for the Hawaiian Archipelago 
shows the anomalies obtained by adopting the HI'ISKANEN-AIRY method 
of reduction for a normal thickness of the crust of 80 km and we see that 
the anomalies are about as small as those obtained by means of the regional 
reduction according to the largest degree of regionality. There is no doubt 
that by applying the assumptions for a larger density of the topography. 
we should get values as satisfactory as those given by the regional reduction. 
The writer. however. thinks that there is no reason to attach any importance 
to this result. Alocal compensation at th is depth of 80 km woutd imply 
a rigid cru st of the Earth up to that depth. because otherwise the presence 
of mass~anomalies at that depth would mean a disturbance of equilibrium 
in a plastic layer which not only would disappear but which could never 
adjust the equilibrium of the surface irregularity which it is supposed to 
compensate. So we should have to assume rigidity up to that dep th and th is 
is contrary to all the present evidence. We should then. moreover . not be 

able to explain the presence of local compensation. In this regard we may 
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recall the general oplnlon already mentioned, that in the areas under 
discussion no great crustal folding has taken place and so we can eliminate 
the possibility that the crust has been down~folded there and has formed 
a deep~seated root of crustal matter. 

50 we may discard the supposition of very deep local compensation, · 
which as far as the writer can see, is the only one which could give another 
explanation of the high anomalies on the is lands. and we turn back to the 
assumption of regional distribution of the compensation over an extensive 
area limited by a radius of 170--240 km. A confirmation of this hypothesis 
may be found in the troughs to the N E and 5 W of the main is lands of 
the Hawaiian group which might weil be explained by the down~bending 
of the crust under the load of the islands in the way the hypothesis of 
regional isostatic compensation assumes; the dim~nsions of the trough 
are in agreement with the radius of distribution which we supposed here. 
Adopting this hypothesis as the only acceptable explanation of the positivc 
anomalies on the islands, we may conclude that there is a rigid crust under 
these parts of the Pacific and the Atlantic of a thickness of 25-45 km. 

We need not stress the importance of this resu!t for our views on the 
migration of continents; in the present period such a movement would 
thus seem impossible.It remains of course an open question whether in 
former perioos other conditions may have been present that were more 
favourable for it. It further appears remarkable that the thickness of the 
rigid cru st seems to be the same for the Pacific near Hawaii and for the 
Atlantic near Madeira and that the figure is also of the same order as that 
obtained for the continents 1). This would point to the transition between 
rigid and plastic properties being more or less independent of the boundary 
between the sialic and the deeper layers or of other crustal layers; th ere 
can be no doubt that these boundaries are deeper below the continents 
than below the oceans and it is probable that in the Pacific they are still 
higher than in the Atlantic; many geophysicists assume even no granitic 
layer to be present there. This result is similar to the conclusions DAL Y 

arrived at by means of entirely different considerations 2) . 
The writer wishes to acknowledge that the expenses for the computations 

on which the results mentioned in this paper are based, have been defraycd 
by the Netherlands Geodetic Commission and that the results obtained at 
sea have been rendered possible by the cooperation of the Netherlands 
Navy with th is commission. 

1) In an investigation of the gravity anomalies in the East Indies the writer found 
that a regional isostatie reduction corresponding to R = 174.3 km fits them best and so 
here also the rigid crust appears to have about the same thickness. See: F. A. VENING 
MEINESZ, "The Earth's crust deformations in the East Indies", Proc. Ned. Akad. v. 
Wet., Amsterdam, Vol. XLIII, 3, 1940. 

2) R. A. DAL Y, Architecture of the Earth, 1938, p. 189 e.s. 


