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INTRODUCTION. 

During the last decade surface wave dispersion data has provided a 
great amount of valuable information on crustal structure in widely 
diversified areas of the earth. However, because of the inherent simplicity 
in using dispersion data caution must be used in any analysis of crustal 
structure. In a recent paper, hereafter referred to as paper 1, which 
appeared in the Geophysical Journal, Evison, Ingham, Orr and Le Fort 
(1960) presented trans-Antarctic Love and Rayleigh wave dispersion 
data recorded at the Antarctic IGY stations of Hallett, Scott Base, and 
Mirny. By comparison with dispersion curves for oversimplified crustal 
models a crustal thickness of 10 km was indicated for the South Indian 
Ocean and a thickness of 35 km for Eastern Antarctica. Now that digital 
computer programs exist for computation of dispersion for complicated 
structures it was decided to reexamine the observed data in the light of 
new calculations and our current knowledge of the structure of the earth's 
crust and mantle. 

D A T A AND DISCUSSION. 

Figure 1 shows the epicenters, and seismograph stations which we 
shall discuss. Table 1 contains the pertinent information on origin times, 
epicenters, and great circle distances. The details of the seismographs 
at the stations have been stated in paper 1 and are not reproduced here. 

(*) Contribution No. 1034, Division of Geological Sciences, California 
Ins t i tu te of Tecnology. 
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Let us now focus our attention on the shock of 9 Sept. 57 and exam-
ine one of the conclusions made in paper 1. Figure 2 shows the observed 
Love wave dispersion for this shock recorded at Hallet Station. Also 

90*W 

Fig. J - Index map showing epicenters, seismograph stations, great circle 
paths and deduced crustal thicknesses for the Antarctic region. 

shown in Figure 2 are composite theoretical curves for a mixed contin-
ental and oceanic path. The group velocity of waves of a specific period 
over the mixed path was computed form the relation U = (m/U + m/U)~x 

where m is the fraction of continental or oceanic path and U is the group 
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veloci ty in t h e con t inen ta l or oceanic por t ion . The theore t ica l model 
for Love w a v e dispersion for both con t inen ta l a n d oceanic p a t h s used 
in p a p e r 1 consis ted of one crustal layer overlying a homogeneous 

Table 1. - List of earthquakes. 

Da te Epicenter Origin l ime 
(GCT) 

Recording 
Station 

Enicentral 
Distance 

(km) 

4 Aug 57 45° S 35° E 21h 08" 51s Hallett 6537 
4 Aug 57 45° S 35° E 21 08 51 Mirny 4120 
4 Sept 57 42i/2°S 88 i/2°E 04 33 52 Hallett 5294 

9 Sept 57 473/4°S 101° E 00 13 31 Hallett 4344 

9 Sept 57 473/4°S 101° E 00 13 31 Scott 4303 
2 Oct 57 54i/2°S 5° E 20 42 56 Hallett 5891 

24 Nov 58 57 i/2°S 65 y2°w 06 48 57 Hallett 4983 
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Fig. 2 - Love wave dispersion for shook of 9 Sept. 57 recorded at Ilallett 
shown with Evison's composite theoretical curves for a mixed contin-
ental and oceanic path . Note ambiguity in selecting between theoretical 
curve 5-40 or 10-40 for a 5 or 10 km oceanic crust. 
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Fig. 3 - Theoretical group velocity of Love waves for an oceanic pa th . 
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3 0 4 0 
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C A S E 6 E G H P K 
H $ P 

(km) (km/sec) (gm/cc) 
0 5 0 .50 2 10 
2.0 2.93 2 67 
3 0 ' 3 9 0 3 0 0 

39 0 4.60 3 33 
25.0 4 49 3 35 
50.0 4 38 3.37 
7 5 0 4 38 3 .42 
50.0 4 44 3 49 

o o 4 60 3 55 
* 8 km for 10 km crust 

P E R I O D I N S E C O N D S 

Fig. 4 - Theoretical group velocity of Love waves for an oceanic pa th . 
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semi-infinite mantle. 3.47 km/sec was selected for the shear velocity in 
the crust and 4.5 km/sec for the shear velocity in the mantle. These 
unrealistic values for the velocity parameters are outmoded in view 
of our current knowledge of the shear velocity distribution in the 
crust-mantle system and the presence of the low velocity zone in the 
upper mantle (Gutenberg, 1959; Lehmann, 1955; Dorman, Ewing, and 

3 0 4 0 
T ( s e c ) 

Fig. 5 - Theoretical group velocity of Love and Rayleigh waves for a con-
t inental pa th . 

Oliver 1960; Aid and Press, 1961). Furthermore, increasing evidence is 
being found in all parts of the world to favor a two layered approximation 
to the earth's crust (Oliver, Kovach and Dorman, 1961; Press, 1960). 

However, for the moment let us assume that the parameters selec-
ted in paper 1 are appropriate. On the basis of the fit of the observed 
data in Figure 2 to the composite theoretical curve for a .10 km oceanic 
crust and a 30 km or 40 km continental crustal thickness it was stated 
tha t this indicated a 10 km oceanic crust in the South Indian Ocean for 
the particular path studied. We have taken Evison's simplified model 
and plotted another alternative, namely, the curve for a 5 km oceanic 
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crust. One can readily see that there is little to choose between the two 
alternatives. 

We have used a more realistic oceanic crustal model and calculated 
on the IBM 7090 digital computer (Press, Harkrider and Seafeldt, 1961) 

Fig. 6 - Theoretical oceanic Rayleigh wave dispersion curves for Case 
6 E G H P K . 

some theoretical Love wave dispersion curves shown in Figure 3 and 4. 
The crustal velocities are based on refraction data a t sea (Raitt. 1956) 
and the mantle structure is based on the last results in shear velocity 
distribution obtained by Gutenberg (1959) from the slope at the inflection 
points of the S-wave travel time curves for different hypocentral depths. 
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In addition, the shear velocity at the low velocity zone has been lowered 
to take the same value as Dorman's Case 8099 (1960). As shown in 
Figures 3 and 4 the thickness of the crust is assumed to vary by changing 
the thickness of the intermediate crustal layer. Now bearing in mind 
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7 - Love and Rayleigh wave dispersion for shock of 9 Sept. 57 recor-
ded at Hallett and Scott Base shown with composite theoretical curves 
for a 50% oceanic ( 6 E G H P K " ) and 50% continental (6EGK7) pa th . 
Solid line 5 km oceanic crust 40 km continental crust; dashed line 5 km 
oceanic crust 35 km continental crust. 

tha t the observed Love wave dispersion data shown in Figure 2 was in 
the period range of 22-60 seconds it is interesting to verify from Figure 
3 the inability of Love waves for periods greater than about 22 seconds 
to detect differences in oceanic crustal thickness. However, in paper .1 
oceanic Love wave dispersion data in the period range from about 10-24 
seconds were presented for a shock in the South Pacific recorded at Scott 
Base. These short period Love wave data are very strongly influenced 
by the shear velocity in the unconsolidated ocean bottom sediments, 
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which is not well known, so that a precise measurement of oceanic cru-
stal thickness is difficult to make. 

For a study of Antarctica the lack of seismicity forces one to use 
earthquakes with a mixed oceanic and continental path. As a conse-
quence, in order to make a statement of crustal structure in either the 
continental or oceanic portion one needs to know the structure of the 
continental or oceanic portion to a fair amount of precision. For this 

PERIOD IN SECONDS 

Fig. 8 

a) Love and Rayleigh wave dispersion for shock of 4 Aug 57 recorded 
at Hallett shown with composite theoretical curva 40% oceanic (6EGHPK") , 
60% continental (6EGK7). 

b) Rayleigh wave dispersion for shock of 4 Aug 57 recorded at Mirny 
with theoretical curve (6EGI1PK'). 

reason we prefer to select theoretical crustal models compatible with 
observed earthquake dispersion data for ' average ' continental and ocea-
nic paths and compare the observed Antarctic data with these empirical-
theoretical models. For a continental standard we have selected a theo-
retical model 6EGK7 compatible with the observed Love and Rayleigh 
wave dispersion data for a long continental path from the Aleutians to 
Lwiro in the Belgian Congo (Kovach, 1959). The theoretical dispersion 
curves for Case 6EGK7 are shown in Figure 5 and the computed results 
are tabulated in Figure 10. Case 6EGHPK", (Figure 4) compatible with 
the previous Indian Ocean data of Kovach and Press (1961), will 
be used for the theoretical dispersion model across the Indian 
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O c e a n (*). F o r s u r f a c e w a v e d ispers ion ac ross n o n - I n d i a n O c e a n ocean ic 
p a t h s w e shal l u se t h e t h e o r e t i c a l cu rves s h o w n in F i g u r e s 3 a n d 6. 

L e t u s n o w r e i n t e r p r e t t h e shock of 9 Sep t . 57 (F igure 7). W i t h i n t h e 
l im i t s of o u r a s s u m e d empi r i ca l - t heo re t i ca l m o d e l a c r u s t a l t h i cknes s of 

25\2 2 0 3 0 4 0 5 0 6 0 

PERIOD IN SECONDS 

? 3 . 5 

Pig. 9 

a) Rayleigh wave dispersion for shock of 2. Oct 57 recorded a t Hallet t 
shown wi th composite theoret ical curve 2 0 % oceanic ( 6 E G H P K ) , 72% 
cont inent (6EGK7). 

b) Rayleigh wave dispersion for shock of 4 Sept 57 recorded a t Hal le t t 
wi th composite theoret ical curve 6 0 % oceanic ( 6 E G H P K " ) , 4 0 % cont inent 
(6EGK7). 

c) Love wave dispersion for shock of 24 Nov 58. recorded a t Hal le t t 
with composite theoret ical curve 3 0 % oceanic ( 6 E G H P K " ) , 70% cont inent 
(6EGK7). 

(*) The Rayleigh wave dispersion for Case 6 E G H P K " is not presen-
ted here. Case 1588 presented in Kovach and Press (1961) gives almost 
ident ical dispersion values. 
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about 40 km is indicated for Eastern Antarctica. The composite theore-
tical curve for a 35 km continental crust is distinctly inferior. This result 
is insensitive to the oceanic crustal thickness within the limits 5-10 km. 

R A Y L E I G H 6 E G K 7 

H ALPHA BETA RHO 

2 8 . 0 6 . 1 5 3 - 5 5 2 . 7 4 

1 2 . 0 6 . 7 0 3 . 8 0 3 . 0 0 

1 3 . 0 7 . 9 6 4 . 6 0 3 - 3 7 

2 5 . 0 7 . 8 5 4 . 5 0 3 - 3 9 

5 0 . 0 7 . 8 5 4 . 4 1 3 - 4 2 

7 5 - 0 7 . 8 5 4 . 4 1 3 . 4 5 

5 0 . 0 8 . 2 0 4 . 5 0 3 . 4 7 

S - I N F 8 . 4 0 4 . 6 0 3 . 5 0 

kO T C U 

0 . 6 0 7 8 3 7 2 . 5 4 1 3 - 9 9 0 0 3 . 8 8 

1 . 1 9 3 7 b 3 7 . 8 8 5 3 . 8 9 0 0 3 . 6 3 

1 . 5 5 7 8 8 2 9 . 7 9 6 3 . 7 9 0 0 3 - 3 1 

1 . 8 6 8 6 ? 2 5 - 5 1 5 3 . 6 9 0 0 3 . 0 9 

2 . 1 9 8 9 2 2 2 . 2 8 6 3 - 5 9 0 0 2 . 9 8 

2 . 6 1 2 4 5 1 9 . 2 9 6 3 . 4 9 0 0 2 . 9 5 

3 - 2 5 1 8 9 1 5 . 9 5 9 3 - 3 9 0 0 3 . 0 1 

5 . 0 4 2 1 2 1 0 . 6 0 5 3 . 2 9 0 0 3 . 17 

LOVE 6 E G K 7 

kD T C U 

0 . 4 9 5 2 8 8 0 . 7 3 0 4 . 4 0 0 4 . 2 0 

0 . 7 4 7 3 5 5 4 . 7 4 5 4 . 3 0 0 4 . 0 2 

1 . 0 0 9 6 8 4 1 . 4 8 7 4 . 2 0 0 3 . 8 2 

1 . 2 8 0 5 9 3 3 - 5 0 8 4 . 1 0 0 3 . 6 5 

1 . 5 8 9 0 9 2 7 . 6 7 8 4 . 0 0 0 3 . 5 4 

2 - 5 6 5 7 5 1 8 . 0 4 4 3 . 8 0 0 3 - 4 5 

3 . 6 3 9 3 2 1 3 . 0 6 5 3 . 7 0 0 3 . 4 7 

7 . 2 5 6 7 8 6 . 7 3 4 3 . 6 0 0 3 - 5 2 

Fig. 10 - Tabulation of dispersion computat ions for Case 
6EGK7: a and (3 are compressional and shear velo-
cities in km/sec, o is density in gm/cm3 , T is period 
in sec., C and U are phase and group velocity in 
km/sec, H is layer thickness in km, led is dimension-
less wave number times thickness of top layer. 

The analyses for the remaining shocks studied together with the theore-
tical curves giving the best fit to the observed data are presented in 
Figures 8 and 9. The inferred crustal thicknesses in the Antarctic region 
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for the great circle paths studied are summarized on the index map in 
Figure 1. We have not used some of the data presented in paper 1 
where the non-Antarctic portion of paths are long and require knowledge 
of crustal structure over complex regions before an interpretation for 
Antarctica can be made. 

C A S E 6 E G H P K C A S E 6 E G H P K 1 

H B E T A MU D A L P H A B E T A R H 0 

0 . 5 0 . 5 0 . 0 0 5 2 5 5 . 0 1 . 5 2 . 0 0 1 . 0 3 

2 . 0 2 . 9 3 0 . 2 5 1 5 0 . 5 2 . 1 0 0 . 5 2 . 1 0 

8 . 0 3 - 9 0 0 . 4 5 6 3 2 . 0 5 - 0 9 2 . 9 3 2 . 6 7 

3 9 . 0 4 . 6 0 0 . 7 0 4 6 3 - 2 5 6 . 7 6 3 - 9 0 3 - 0 0 

2 5 - 0 4 . 4 9 0 . 6 7 5 4 3 9 . 0 8 . 0 0 4 . 6 0 3 - 3 3 

5 0 . 0 4 . 3 8 0 . 6 4 6 4 2 5 . 0 7 . 8 4 4 . 4 9 3 - 3 5 

7 5 - 0 4 . 3 8 O . 6 5 6 O S - I N F 7 . 8 4 4 . 3 8 3 - 3 7 

5 0 . 0 4 . 4 4 0 . 6 8 7 9 

S - I N F 4 . 6 0 0 . 7 5 1 2 

k d T C U 

. 0 7 8 8 7 9 8 . 8 3 ? 4 . 0 2 9 5 4 . 0 2 
k d T C U 

9 8 . 8 3 ? 

, 0 0 8 1 1 
. 1 9 6 1 5 3 9 . 8 0 7 4 . 0 2 3 4 4 . 0 1 

, 0 0 8 1 1 8 5 . 8 4 8 4 . 5 0 7 4 . 4 2 
3 9 . 8 0 7 4 . 0 2 3 4 

. 2 1 4 3 7 3 6 . 4 3 7 4 . 0 2 1 9 4 . 0 0 
, 0 1 1 7 4 5 9 . 7 3 8 4 . 4 7 8 4 . 4 0 

. 2 1 4 3 7 3 6 . 4 3 7 

. 2 6 1 7 0 2 9 . 9 0 3 4 . 0 1 4 3 - 9 6 
0 1 5 6 2 4 5 . 0 9 5 4 . 4 5 8 4 . 3 9 

2 9 . 9 0 3 

. 3 1 1 8 3 2 5 . 1 9 2 3 - 9 9 9 3 . 8 8 
0 2 2 1 7 3 1 . 9 2 8 4 . 4 3 8 4 . 3 9 

. 3 1 1 8 3 

• 3 7 2 3 0 2 1 . 2 6 2 3 - 9 6 9 3 . 7 4 
0 3 2 6 4 2 1 . 7 8 4 4 . 4 1 8 4 . 3 6 

• 3 7 2 3 0 3 . 7 4 

. 4 1 3 7 6 1 9 . 2 7 9 3 . 9 3 8 3 - 5 9 
0 3 7 7 8 1 8 . 8 6 5 4 . 4 0 8 4 . 3 2 

. 4 1 3 7 6 

. 5 0 3 5 8 1 6 . 2 8 0 3 . 8 3 2 3 . 0 4 
0 4 1 6 4 1 7 . 1 5 3 4 . 3 9 8 4 . 2 7 

. 5 5 8 7 2 1 5 . 0 9 3 3 - 7 2 6 2 . 4 7 
0 4 6 7 4 1 5 . 3 5 4 4 . 3 7 8 4 . 1 5 

1 5 . 0 9 3 

0 5 1 9 4 

4 . 1 5 
. 6 3 8 4 6 1 4 . 0 0 8 3 - 5 1 3 1 . 6 4 

0 5 1 9 4 1 3 - 9 1 2 4 . 3 4 8 4 . 0 1 
. 7 ^ 6 2 5 1 3 . 1 8 2 3 . 1 9 4 1 . 0 9 

0 5 7 6 0 1 2 . 6 6 1 4 . 3 0 8 3 . 8 8 
1 3 . 1 8 2 3 . 1 9 4 

Pig. 1 1 - Tabulation of dispersion computations for Case 6 E G H P K and 
6 E G H P K ' . Mu is rigidity in c.g.s. units. 

C O N C L U S I O N S : 

As shown in Figure 1 it can be concluded in agreement with Evison 
that Eastern Antarctica as a whole is continental with a consistent thick-
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ness of about 40 km being indicated. Since all of the great circle paths 
studied have a mixed continental and oceanic path our estimate of 40 km 
is probably only reliable to within ± .12 per cent. For the one path 
studied which crossed Western Antarctica a smaller average crustal thick-
ness of about 30 km is indicated from meager data. 

In contrast to Evison's conclusion we find that a crustal thickness 
of 5 or 10 km is consistent with dispersion data for the South Indian 
Ocean. 

In their earlier paper Press and Dewart (1959) concluded that An-
tarctica was not entirely continental. Five of their surface wave paths 
crossed East and West Antarctica and their conclusion is thus consistent 
with the preceding result which suggests shallow water archipelagic 
structure for West Antarctica. Two paths crossed the margin of East 
Antarctica where a thinner crust is probable. One path through the 
body of East Antarctica is not consistent. 

We may better interpret the data of Press and Dewart using the 
methods of this paper. For comparison of their trans-Antarctic observed 
Love wave dispersion Press and Dewart selected as a continental standard 
the observed Love wave dispersion from the Fallon, Nevada shock of 
6 July 1954 recorded at Palisades, New York. We now prefer our own 
empirical-theoretical curve 6EGK7, where the mean crust is 40 km, as 
being more representative for continents. When compared to this curve 
Press and Dewart's Love and Rayleigh wave dispersion data yield a 
mean thickness of 34 km for paths across East and West Antarctica. 
This is thinner than normal, as Press and Dewart concluded. I t is still 
consistent with a normal crust in East Antarctica and a thinner crust 
in West Antarctica. 

This work was supported by grants from the National Science Foun-
dation under their Antarctic Research program. 
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SUMMARY 

In the light of more recent theoretical calculations on a digital computer 
the Love and Rayleigh ivave data of Evison et al from five earthquakes 
recorded at Hallett Station, Scott Base and Mirny have been reinterpreted. 
A mean crustal thickness of 40 km is indicated for Eastern Antarctica. 
Less certain is an indication of about 30 km for Western Antarctica. Evi-
son's determination of 10 km for the crustal thickness in the South Indian 
Ocean is unproven because of the inability of Love wave dispersion data 
for greater than 22 seconds period to distinguish between a 5 km or a 10 km 
oceanic crust. 

RIASSUNTO 

Alia luce dei piu recenti calcoli teorici eseguiti su calcolatore, sono 
stati nuovamente elaborati i dati di Evison ed altri, relativi alle onde di 
Love e Rayleigh, tratti da cinque terremoti registrati presso le stazioni di 
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Hallet, Scott Base e Mirny. Per VAntartide Orientate si e ottenuto, per 
lo spessore della crosta, un valore medio di 40 km. Meno attendibile e il 
valore di circa 30 km, ottenuto per VAntartide Occidentale. I 10 km ot-
tenuti da Evison, per lo spessore della crosta delVOceano Indiano Meri-
dian ale, sono molto improbabili in quanto la dispersione delle onde di Love 
non consente di apprezzare le variazioni fra i cinque e i died km della crosta 
oceanica. 




