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PREFACE 

In  preparing t h i s  report the sections on the mathematical 
presentation on methods of frequency analysis as well as the frequency 
analysis and i t s  geophysical interpretation are the work of Khan. The 
geophysical analysis is the work of Woollard. 
with both the other two authors i n  preparing the f ina l  report. 

Laurila collaborated 
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INTRODUCTION 

Spherical  harmonic r e p r e s e n t a t i o n s  of t h e  anomalous e x t e r n a l  g r a v i t y  

f i e l d  of t h e  Earth as der ived from satel l i te  o r b i t a l  pe r tu rba t ions  by 

va r ious  i n v e s t i g a t o r s  (Kaula, 1966; Kohnlein, 1966; Strange,  1966; Khan 

and Woollard, 1968) a l l  g i v e  a c o n s i s t e n t  g loba l  p a t t e r n  of l a r g e - s c a l e  

mass anomalies. That a similar p a t t e r n  of mass anomaly d i s t r i b u t i o n  is 

obtained using a s p h e r i c a l  harmonic r e p r e s e n t a t i o n  of t h e  a v a i l a b l e  

s u r f a c e  g r a v i t y  d a t a  expressed as f r e e  a i r  anomalies, (Uoti la ,  1962; 

Kaula, 1966; Strange, 1966) i s  convincing evidence t h a t  t h e  satel l i te-  

der ived anomalous g r a v i t y  f i e l d  i s  r e l a t e d  t o  t h e  real e a r t h  and is  not  

a product of mathematical a n a l y s i s  having dubious phys ica l  s ign i f i cance .  

The f a c t  t h a t  t h e  half-width va lues  of t h e  i n d i v i d u a l  anomalies portrayed 

range from around 7 
from about 700 km t o  2000 km) s t r o n g l y  suggests  t h a t  t h e  gravicy terms 

expressed are of deep-seated o r i g i n .  An a l t e r n a t e  explanat ion is  t h a t  

t h e  g r a v i t y  f i e l d  sensed a t  sa te l l i t e  he igh t ,  which r e p r e s e n t s  t h e  

upward con t inua t ion  and i n t e g r a t i o n  of t h e  s u r f a c e  g r a v i t y  f i e l d  over 

0 t o  20' (corresponding t o  depths  of o r i g i n  ranging 

a n  area whose e f f e c t i v e  s i z e  is  a func t ion  of satell i te h e i g h t ,  embraces 

s u f f i c i e n t  area t h a t  t h e  average va lues  of a c t u a l  s u r f a c e  observat ions 

f o r  t h i s  s i z e  area are not  c r i t i c a l l y  a f f e c t e d  by e x i s t i n g  d e f i c i e n c i e s  

i n  d a t a  and t h a t  t h e  anomaly p a t t e r n  def ined i s  a f o r t u i t o u s  product of 

i n t e g r a t i o n  over t h e  area represented and s p h e r i c a l  harmonic a n a l y s i s .  

For example, i f  a loo  x 10  

f e a t u r e s  extending a c r o s s  i t  separated by a 4 

t h e  average va lue  is  4-12 mgal f o r  t h e  loo  x 10' square.  

a height  of 400 km would not  sense t h e  a c t u a l  p a t t e r n  but  only t h i s  mean 

value.  

r e p r e s e n t a t i o n  corresponds t o  a s u r f a c e  area of approximately 30 

s i z e  and a 1 5 t h  degree r e p r e s e n t a t i o n  t o  a n  area of approximately 1 2  

1 2  s i z e ,  t h i s  is  no t  an unreasonable explanat ion f o r  t h e  high degree 

of agreement between satel l i te  and s u r f a c e  da t a .  

0 0 square inc ludes  two 3 wide 20 mgal anomaly 
0 area wi th  zero anomaly, 

A sa te l l i t e  at  

Idhen w e  consider  a l s o  t h a t  a 6 t h  degree s p h e r i c a l  harmonic 
0 x 30° 

x 0 

0 

The f a c t  t h a t  n e i t h e r  tiatellite g r a v i t y  d a t a  nor averaged s u r f a c e  

g r a v i t y  d a t a  show any c o r r e l a t i o n  i n  anomaly va lues  with t h e  d i s t r i b u -  

t i o n  of the con t inen t s  and ocean b a s i n s  r ep resen t ing  major i n e q u a l i t i e s  

i n  s u r f a c e  mass d i s t r i b u t i o n  can be a t t r i b u t e d  t o  t h e  phenomenon of 

- 1- 



-2- 

i sos t a sy .  This  r e s u l t s  i n  r eg iona l  v a r i a t i o n s  i n  s u r f a c e  mass assoc ia ted  

with su r face  re l ie f  being compensated by assoc ia ted  changes i n  

subsurface mass d i s t r i b u t i o n  ( p r i n c i p a l l y  changes i n  c r u s t a l  

composition and th ickness)  s o  t h a t  equal mass i s  obtained above some 

l e v e l  of t h e  order  of 1-13 km on t h e  b a s i s  of g r a v i t y  s t u d i e s ,  but 

probably nearer  150 km on t h e  b a s i s  of seismological  s t u d i e s .  Most 

areas t h a t  are ou t  of i s o s t a t i c  equi l ibr ium are  of small  a r e a l  ex ten t  

(1' t o  3' i n  width) a l though some areas do have dimensions of 10 

more (Eastern Canada, Peninsula  Ind ia ,  Western Europe, t h e  North At l an t i c  

Ocean, Eas te rn  Cent ra l  A t l a n t i c  Ocean, Eas te rn  Cent ra l  P a c i f i c  Ocean, 

Gulf of Alaska).  

0 
o r  

A s  shown by Strange (1966) areas of p o s i t i v e  s a t e l l i t e - d e r i v e d  

g r a v i t y  i n  genera l  c o r r e l a t e  wi th  a reas  of T e r t i a r y  t o  Recent vulcanism 

and orogeny ( i s l and  arcs,  t h e  mid-Atlantic Ridge, Andes and Rocky Mts.) .  

Areas of nega t ive  s a t e l l i t e - - d e r i v e d  g r a v i t y  appear t o  c o r r e l a t e  with 

areas of abyssa l  depth  i n  t h e  oceans and a r e a s  of r ecen t  deg lac i a t ion  

(Eastern Canada). However, t h e r e  a r e  incons i s t enc ie s  i n  t h a t  n e i t h e r  

t h e  Alps nor t h e  Himalaya M t s .  of T e r t i a r y  age  appear t o  have s i g n i f i -  

can t  expression.  Also not  a l l  abyssa l  p l a i n s  i n  t h e  oceans have g r a v i t y  

expression nor does Fenno-Scandinavia which w a s  t h e  c e n t e r  of t h e  

European ice  caps i n  P le i s tocene  t i m e .  The explana t ion  f o r  t hese  

incons i s t enc ie s  appears  t o  l i e  i n  f o r t u i t o u s  zero average va lues  where 

t h e r e  are ad jacent  anomaly areas of oppos i te  s ign .  This  would c e r t a i n l y  

expla in  t h e  absence of any pronounced s a t e l l i t e  anomaly f o r  t h e  Himalaya 

M t s .  and t h e  Alps. Where t h e r e  are broad areas having one s i g n  anomalies 

as t h e  North A t l a n t i c  Ocean ( see  Fig.  l ) ,  10 

s i m i l a r  p a t t e r n  t o  t h a t  der ived from s a t e l l i t e  as shown by Figure  2 .  

0 x loo  averages g ive  a very  

Pa r t  of t h e s e  incons i s t enc ie s  can a l s o  be r e l a t e d  t o  t h e  r e fe rence  

f i g u r e  used f o r  t h e  Earth.  Surface g r a v i t y  d a t a  i s  r e f e r r e d  t o  t h e  

I n t e r n a t i o n a l  E l l ip so id  wi th  a po la r  f l a t t e n i n g  of 11297. 

der ived  d a t a  have been r e f e r r e d  t o  an  e l l i p s o i d  wi th  f = 11298.25. 

Most s a t e l l i t e -  

O'Keefe 

(1965) and Khan (1968a,b) have advocated t h a t  n e i t h e r  of t h e s e  r e fe rence  

e l l i p s o i d  be  used i f  a t r u e  p i c t u r e  of mass inhomogeneities i s  t o  be  def ined ,  

bu t  r a t h e r  a f i g u r e  f o r  a h y d r o s t a t i c a l l y  f l a t t e n e d  e a r t h  wi th  f = 1/299.75. 

A s  t h e  e q u a t o r i a l  and po la r  r a d i i  are a l s o  d i f f e r e n t  f o r  t h e  d i f f e r e n t  

r e fe rence  f i g u r e s ,  t h e r e  are corresponding changes i n  t h e o r e t i c a l  
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Fig. 1. Free a ir  gravity anomaly map of the Atlantic Ocean area. 
Contour interval: 20 mgal. 
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g r a v i t y  a t  t h e  Equator and t h e  po le s  as w e l l  as with l a t i t u d e .  A s  t h e  

e f f e c t  of t h e s e  changes re 

between t h e  Equator and t h  

anomalous g r a v i t y  of 

sa te l l i te  d a t a  w i l l  be  mark 

and t h a t  t h e  re 

areal e x t e n t  w i l l  be  modif 

f i g u r e s .  A t  t h i s  s t a g e ,  h 

what r e f e r e n c e  f i g u r e  i s  p r e f e r a b l e  and t h e  problem i s  complicated 

t h e  f a c t  t h a t  t h e  r e c a l c u l a t i o n  of a l l  s u r f a c e  d a t a  re la t ive t o  a new 

re fe rence  f i g u r e  with an a t t endan t  change i n  t h e  v e r t i c a l  g rad ien t  of 

g r a v i t y  i n  evaluat ing t h e  e f f e c t  of e l e v a t i o n  would be  a t r u l y  

monumental t a s k  i n  i t s e l f .  

Pending r e s o l u t i o n  of t h e  above and t h e  determinat ion of higher  

c o e f f i c i e n t s  beyond degree 15 i n  t h e  s p h e r i c a l  harmonic r e p r e s e n t a t i o n  

of g r a v i t y ,  i t  appears b e s t  t o  examine methods of a n a l y s i s  t h a t  might 

help t o  r e s o l v e  whether t h e  areas of anomalous g r a v i t y  now defined by 

an 8 t h  degree s p h e r i c a l  harmonic r e p r e s e n t a t i o n  are r e a l l y  r e l a t e d  t o  

mass anomalies a t  depth o r  are a product of i n t e g r a t i o n  a t  sa te l l i t e  

Aeight of near-surface mass anomalies. I n  connection wi th  t h e  las t ,  

i t  is  known t h a t  marked changes i n  g r a v i t y  f i e l d  are as soc ia t ed  with 

apparent changes i n  t h e  composition of both t h e  upper mantle and c r u s t ,  

and t h a t  t h e r e  are marked depa r tu re s  a l s o  a s soc ia t ed  wi th  observable  

s u r f a c e  f e a t u r e s  such as t h e  circum-Pacific b e l t  of t e c t o n i c  orogeny, 

vulcanism and s e i s m i c i t y  which over much of i t s  e x t e n t  c o r r e l a t e s  i n  

p o s i t i o n  with p o s i t i v e  anomalous g r a v i t y  def ined by sa te l l i t e  d a t a .  

This  i s  w e l l  brought ou t  i n  Figure 3 ,  Figure 4 and Figure 5. Figure 3 

is  a s p h e r i c a l  harmonic r e p r e s e n t a t i o n  of t he  anomalous g r a v i t y  f i e l d  

based on t h e  c o e f f i c i e n t s  der ived by Gaposhkin (1966) using a r e fe rence  

e l l i p s o i d  with f = 1/29 .25. 
Strange (1966 a l s o  based on Gaposhkin's c o e f f i c i e n t s .  

Figure 4 is  a t e c t o n i c  map of t h e  P a c i f i c  Ocean Basin prep 

Woollard (unpublish 

e p i c e n t e r s  as d 

Th i s  map is similar t o  t h a t  prepared by 

narrower than t h a t  of t h e  s a t e l l i t e - d e f i n e d  
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d i s tu rbed  g r a v i t y  f i e l d ,  t h i s  i s  t o  be expected s i n c e  t h e r e  i s  both a n .  

areal i n t e g r a t i o n  and a spreading of t h e  g r a v i t a t i o n a l  f i e l d  from each 

point  source wi th  d i s t a n c e .  The important po in t  is  t h a t  t h e  c e n t e r  of 

t h e  d i s tu rbed  g r a v i t a t i o n a l  f i e l d  corresponds c l o s e l y  with t h a t  of 

t e c t o n i c  d i s tu rbance .  

t h i s  t e c t o n i c  b e l t  i s  a zone of c r u s t a l  convergence wi th  t h e  oceanic 

c r u s t a l  p l a t e  unde r th rus t ing  t h e  adjacent  c o n t i n e n t a l  block as a r e s u l t  

of c r u s t a l  spreading away from l o c i  of upwelling mantle material i n  t h e  

oceans forming new c r u s t a l  material. Th i s  t e c t o n i c  explanat ion a t  

least  appears  t o  be w e l l  s u b s t a n t i a t e d  by seismic r e f r a c t i o n  c r u s t a l  

s t u d i e s  using explosive charges i n  t h e  Aleut ian I s l a n d s ,  t h e  Kur i l e  

I s l ands ,  t h e  P h i l l i p i n e  I s l a n d s ,  t h e  Solomon I s l ands ,  t h e  Peru-Chile 

Trench and t h e  Middle America Trench as w e l l  as by age r e l a t i o n s h i p s  

def ined by apparent pe r iod ic  reversals i n  t h e  E a r t h ' s  magnetic f i e l d .  

S e e  Figure 6 based on H e i r t z l e r  (1968). 

admit tedly s p a r s e  i n  some of t h e s e  areas, a l s o  appear t o  s u b s t a n t i a t e  

t h i s  t e c t o n i c  p i c t u r e .  Runcorn (1967) has  suggested t h a t  t h e  b a s i c  

t e c t o n i c  p a t t e r n  and g r a v i t y  p a t t e r n  are both a r e s u l t  of convection 

c e l l s  with p o s i t i v e  g r a v i t y  being a s soc ia t ed  wi th  t h e  areas of conver- 

gence a t  t h e  s u r f a c e  and nega t ive  g r a v i t y  being a s soc ia t ed  wi th  t h e  

areas of divergence and c r u s t a l  spreading. Our i n t e r p r e t a t i o n  of 

Figure 3 on t h i s  b a s i s  is  shown i n  Figure 7 .  This explanat ion,  however, 

only p a r t i a l l y  f i t s  t h e  t e c t o n i c  p a t t e r n  of c r u s t a l  spreading shown i n  

Figure 6,  and t h e r e  are as many p o i n t s  of except ion as t h e r e  are 

agreement. 

I n  terms of c u r r e n t  thought among g e o l o g i s t s  

The a v a i l a b l e  g r a v i t y  d a t a ,  

Although va r ious  o t h e r  explanat ions have been advanced t o  exp la in  

t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d ,  none can be s a i d  t o  be proved a t  

t h i s  t i m e .  The f a c t s  t h a t  appear t o  be c r i t i ca l  t o  any explanat ion and 

which must be recognized are: (1) The f i e l d  represented i s  a n  i n t e g r a t e d  

one as shown by t h e  d a t a  of Figure 2 f o r  t h e  North A t l a n t i c  Ocean; (2)  

t h e  depth of o r i g i n  of t h e  m a s s  anomaly w i l l  be no g r e a t e r  than t h a t  

def ined by t h e  anomaly half-width. A s  i s  evident  from Figure 3 t h e  

p a t t e r n  is  a series of highs and lows and t h e r e  is  no reason t o  suspect  

t h a t  t h e  t r u e  base l i n e  d e p a r t s  s i g n i f i c a n t l y  from zero anomaly. I f  

p r o f i l e s  based on Figure 3 are drawn f o r  each 30° of l a t i t u d e  as shown 

i n  Figure 8, and a smooth r eg iona l  base l i n e  i s  approximated, i t  is 
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evident  t h a t  t h e  r eg iona l  l i n e  does suggest a t r i a x i a l  f i g u r e  f o r  t h e  

Earth as w e l l  as i n e q u a l i t i e s  i n  m a s s  t h a t  could b e  a s soc ia t ed  w i t h  t h e  

Ea r th ' s  core.  However, t h e  superimposed anomalies have a much shallower 

depth of o r i g i n .  

a t  ha l f  amplitude above t h e  base  l i n e )  which are d i r e c t l y  r e l a t e d  t o  t h e  

depth of anomalous mass i f  from a s i n g l e  source body vary from 7 t o  

26'. 

3 is on a Mercator p r o j e c t i o n ,  t h e  modifying t e r m s  are approximately 

72% a t  60' l a t i t u d e ,  and 94% at  30° l a t i t u d e .  A s  few of t h e  anomaly 

areas are c i r c u l a r  and some are elongate  i n  an East-West d i r e c t i o n ,  t h e  

ha l f  widths portrayed on t h e  p r o f i l e  i n  excess of 20° (uncorrected) are 

f o r  t h e  most p a r t  i n c o r r e c t .  

60'5 p r o f i l e s .  

l a r g e s t  value ind ica t ed .  

The half-width va lues  (half  t h e  width of t h e  anomaly 

0 

I f  allowance is made f o r  t h e  convergence i n  meridian,  s i n c e  Figure 

This  is e s p e c i a l l y  t r u e  f o r  t h e  60°N and 

A half-width va lue  of about 15' i s  a c t u a l l y  about t h e  

To a f i r s t  approximation t h e  shape of t h e  d i s t u r b i n g  masses 

suggested can b e  v i s u a l i z e d  as spheres ( t h e  c i r c u l a r  anomaly a r e a s )  and 

h o r i z o n t a l  c y l i n d e r s  (the elongate  anomaly areas). On t h i s  b a s i s ,  t h e  

depth t o  t h e  c e n t e r  f o r  t h e  c i r c u l a r  anomalies i s  1.35 times t h e  half-  

width value.  For t h e  elongate  anomalies t h e  depth t o  t h e  c e n t e r  equals  

' t h e  half-width value.  

is  made f o r  sa te l l i t e  height  (approximately t h e  equivalent  of 4 ) , the 

maximum depth t o  t h e  center of mass d i s tu rbance  from t h e  Ea r th ' s  su r f ace  

i s  1 6 O .  

t h e  depth t o  top  of t h e  d i s t u r b i n g  m a s s  can only be  surmised. However, 

i t  would not be unreasonable t o  re la te  t h e  deep anomalous masses i f  

they are real t o  t h e  1000 km seismic d i s c o n t i n u i t y .  

thought a t t r i b u t e s  t h i s  d i s c o n t i n u i t y  e n t i r e l y  t o  a change i n  r i g i d i t y  

and incompress ib i l i t y ,  i t  could equa l ly  as w e l l  be caused e n t i r e l y  o r  

p a r t i a l l y  by a n  inc rease  i n  d e n s i t y .  The minimum depth t o  t h e  c e n t e r  

of o r i g i n  ind ica t ed  i s  about 7 , o r  3 below t h e  s u r f a c e  which suggests  

t h e  anomalous mass could be  r e l a t e d  t o  t h e  ba.se of t h e  low-velocity 

l a y e r  i n  t h e  upper mantle. A s  many of t h e  anomalous areas shown I n  

Figure 3 appear t o  be a s soc ia t ed  p a i r s  of opposi te  s i g n ,  i t  i s  con- 

ce ivab le  as with a magnetic d i p o l e  p a t t e r n  t o  v i s u a l i z e  the c a u s a t i v e  

mechanism as occurr ing beneath t h e  po in t  of i n f l e c t i o n  between t h e  two 

with m a s s  being subtracted on one s i d e  and deposited on t h e  o the r .  

The maximum depth def ined i s  20°, and i f  allowance 
0 

Without knowing anything about t h e  d e n s i t y  c o n t r a s t  involved, 

Although cu r ren t  

0 0 

This  
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implies  h o r i z o n t a l  c u r r e n t s  r a f t i n g  l i g h t e r  components along on a 

p r e f e r e n t i a l  b a s i s  over heavier  components i n  a s s o c i a t i o n  with deep 

convection and e i t h e r  magmatic d i f f e r e n t i a t i o n  o r  phase t ransformations 

induced by temperature. A s  a working hypothesis  t h i s  concept is worthy 

of s tudy e s p e c i a l l y  i f  i t  can be  r e l a t e d  t o  crustal  spreading. 

The above d i scuss ion  has been based on t h e  assumption of a deep 

source. However, s i n c e  d e t a i l e d  g r a v i t y  s e c t i o n s  a c r o s s  t h e  mid-Atlantic 

Ridge show a series of p o s i t i v e  and negat ive anomalies of about 1 

width which average p o s i t i v e  on a 10  x 10  b a s i s ,  and t h i s  p a t t e r n  

c o r r e l a t e s  w i th  a thinning of t h e  c r u s t  and replacement of t h e  b a s a l  

l a y e r  having a v e l o c i t y  of 6.5 t o  6.8 km per second as shown i n  Figure 9 ,  

t he  su r face  and near s u r f a c e  m a s s  d i s t r i b u t i o n  could exp la in  t h e  anomaly 

p a t t e r n  equa l ly  as w e l l  as a m a s s  d i s t r i b u t i o n  whose c e n t e r  l ies a t  a 

depth of 20'. 

A s  t h e r e  are more s u r f a c e  g r a v i t y  d a t a  f o r  t h e  Solomon I s l a n d s  

0 to 2O 
0 0 

region than f o r  any o t h e r  p o r t i o n  of t h e  circum-Pacific t e c t o n i c  b e l t  

as w e l l  as r e f r a c t i o n  seismic s t u d i e s  of t h e  c r u s t  and upper mantle i n  

t h e  area, it is  a l o g i c a l  area f o r  t e s t i n g  a n a l y t i c a l  procedures i n  

studying t h e  s i g n i f i c a n c e  of t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d ,  both 

i n  terms of i t s  r e l a t i o n  t o  t h e  l o c a l  anomaly p a t t e r n  and t h e  a s soc ia t ed  

r eg iona l  anomaly p a t t e r n  t h a t  should r e f l e c t  a deep-seated mass o r i g i n  

i f  one is  p resen t .  

Our purpose he re  i s  not t o  t r y  t o  prove any preconceived idea ,  

but r a t h e r  t o  examine with an open mind a l l  t h e  d a t a  bearing on what 

appears t o  be t h e  most obvious c o r r e l a t i o n  between a su r face  f e a t u r e  

of t h e  Earth and t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d .  I f  t h i s  apparent 

c o r r e l a t i o n  can be shown t o  be f o r t u i t o u s ,  i t  goes without saying t h a t  

t h e r e  are m a s s  anomalies a t  depth about which t h e r e  i s  l i t t l e  o r  

nothing known a t  present .  I f  t h e  s u r f a c e  g r a v i t y  and c r u s t a l  d a t a  

show t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d  could have a near-surface 

o r i g i n ,  a t  least  i t  i s  known t h a t  t-here are two poss ib l e  explanat ions 

t h a t  are v a l i d .  

The only o the r  area where a similar a n a l y s i s  can be made is t h e  

North A t l a n t i c  Region. 

long-wavelength anomalies over t h i s  area, t h i s  is  f o r t u i t o u s  and 

r e s u l t s  from using widely spaced submarine g r a v i t y  observat ions.  

Although Figure 1 suggests  a broad p a t t e r n  of 
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Details of t h e  a c t u a l  f i e l d  show numerous short-wavelength anomalies as 

brought out  i n  Figure 9. Also as shown i n  Figure 9,  a similar p a t t e r n  

of anomalies is  found over t h e  E a s t  P a c i f i c  R i s e .  

mid-Atlantic Ridge and t h e  East P a c i f i c  R i s e  are l o c i  of c r u s t a l  spread- 

ing,  t h e  two areas are cha rac t e r i zed  by somewhat d i f f e r e n t  c r u s t a l  

s t r u c t u r e  which appa ren t ly  r e s u l t s  i n  d i f f e r e n c e s  i n  g r a v i t y  expression. 

That t h e  smoothing e f f e c t  of i n t e g r a t i o n  a t  satel l i te  he igh t  i s  

Although both t h e  

real ,  is  ind ica t ed  by t h e  p rogres s ive  change i n  anomaly p a t t e r n  obtained 

i n  averaging t h e  d a t a  of Figure 

va lues  and Figure 11 a map of 10  x 10 average va lues .  It is  t h e  

10  x 10  

with t h e  sa te l l i t e  der ived anomalous g r a v i t y  f i e l d  as w a s  shown i n  

Figure 2. 

0 Figure 10  shows a map of 5 x 5 O  average 
0 0 

0 0 averages f o r  t h i s  area t h a t  g i v e  a p a t t e r n  which ag rees  c l o s e l y  

Talwani et a l .  (1961) have shown t h a t  t h e  p o s i t i v e  anomaly va lues  

a s soc ia t ed  wi th  t h e  mid-Atlantic Ridge is  mostly of topographic o r i g i n  

and t h e  Bouguer anomaly which removes t h e  topographic e f f e c t  g ives  a 

pronounced minimum t h a t  e i t h e r  cal ls  f o r  a very t h i c k  c r u s t  (not 

def ined se i smica l ly )  o r  t h e  i n t r o d u c t i o n  of lower than  normal d e n s i t y  

material i n  t h e  upper mantle immediately beneath t h e  Ridge. Worzel 

(1965) i n  commenting on t h e  g r a v i t y  f i e l d  over t h i s  area and t h e  c r u s t a l  

models t h a t  would s a t i s f y  i t  states "the anomaly cannot be a t t r i b u t e d  

t o  a very much deeper (>25 t o  35 km) m a s s  d i s t r i b u t i o n . "  A t  l eas t  i n  

t h i s  area t h e r e  seems t o  b e  l i t t l e  doubt t h a t  t h e  p o s i t i v e  anomaly is  

r e l a t e d  t o  uncompensated topography a s soc ia t ed  w i t h  t h e  Ridge. 

The Solomon I s l a n d s  r ep resen t  bo th  a d i f f e r e n t  type geo log ica l  

a s s o c i a t i o n  (zone of convergence r a t h e r  than a zone of divergence) and 

t h e  anomaly p a t t e r n  i's no t  connected wi th  any s i n g l e  geologic  f e a t u r e .  

For both reasons i t  is  a s i g n i f i c a n t  area f o r  s tudy i n  connection with 

both t h e  s u r f a c e  g r a v i t y  f i e l d  and t h e  s a t e l l i t e - d e r i v e d  anomalous 

g r a v i t y  f i e l d .  

I n  ca r ry ing  out  t h e  present  s tudy no at tempt  has been made t o  

c o n s t r u c t  c r u s t a l  models t h a t  would f i t  t h e  g r a v i t y  d a t a  as t h i s  has 

a l r eady  been done by Rose et  a l .  (1968)- 

t o  e s t a b l i s h  s t a t i s t i c a l l y  from a frequency a n a l y s i s  whether t h e  satel l i te  

f i e l d  i s  r e l a t e d  t o  a deep o r  shallow source and reviewed t h e s e  r e s u l t s  

i n  terms of t h e  s u r f a c e  g r a v i t y  f i e l d  and what is  known of t h e  c r u s t a l  

Instead w e  have made a n  attempt 
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structure i n  the Solomon Island region as defined by seismic refraction 

data. 



-20- 

METHOD OF FREQUENCY ANALYSIS 

The techniques of frequency a n a l y s i s  f o r  one-dimensional d a t a  are 

widely discussed i n  t h e  l i t e r a t u r e  (see,  f o r  example, L i g h t h i l l ,  1964; 

Hardy and Rogosinski, 1962; Tols tov,  1962; Byerly, 1959; Miller, 1956). 

Discussions of t h e  two-dimensional frequency a n a l y s i s  are less commonly 

found and almost i nva r i ab ly  t h e  mathematical equat ions presented 

(Wangsness, 1963; Tols tov,  1962; Byerly, 1959) have t o  be  adapted t o  be  

a p p l i c a b l e  t o  geophysical problems. Below w e  summarize t h e  two- 

dimensional Fourier  theory and d e r i v e  t h e  appropr i a t e  formulas f o r  t h e  

s p e c t r a l  a n a l y s i s  of g r a v i t y  d a t a .  

Fourier  S e r i e s  i n  Two Variables  

L e t  gi (x,y) ,  i = 1, 2, ... i b e  a system of continuous func t ions  t h a t  

do not  van i sh  i d e n t i c a l l y  and are def ined on a r e c t a n g l e  R i n  t h e  x,y 

plane.  

i f  

The func t ions  gi(x,y),  i = 1, 2, ... i are s a i d  t o  b e  orthogonal 

IRJgi(x,y)gj(x,y) dx dy = 0 f o r  a l l  i# j  

They are s a i d  t o  be  normalized i f  

The quan t i ty  , , / w y -  i s  c a l l e d  t h e  norm of t h e  func t ion  

gi(x9y) and i s  denoted by I gi(x,y) I I so t h a t  
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L e t  f ( x , y )  be an abso lu te ly  i n t e g r a b l e  func t ion  def ined on t h e  

r ec t ang le  R. Its Fourier  series rep reseq ta t ion  then becomes 

where 

J. 

2 a =  i I Igi(XYY) I 1  
( 4 )  

The system of func t ions  g . (x ,y )  is  sa id  t o  be complete i f  f o r  any 
1 

square i n t e g r a b l e  func t ion  f ( x , y ) ,  we have t h e  r e l a t i o n  

For incomplete systems t h e  e q u a l i t y  s i g n  is  replaced by t h e  

h e q u a l i t y  - >, i n  which case  t h e  r e l a t i o n  is known as Bessel’s inequa l i ty .  

Consider two square i n t e g r a b l e  func t ions  f ( x , y )  and F(x,y) .  Their 

Fourier  series rep resen ta t ions  are 

With t h e  he lp  of equat ion (5) w e  g e t  

and 
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which f i n a l l y  y i e l d s  

Equation (8) is known as Pa r seva l ' s  Theorem and i s  of b a s i c  

importance i n  our f u r t h e r  work. 

Now d e f i n e  t h e  r e c t a n g l e  R by 0 < x < 2R, 0 < y 5 2k and f o r  t h e  - -  - 
system of func t ions  g i (x ,y) ,  i = 1, 2,  ... i, choose t h e  t r igonometr ic  

func t ions  

TTnx 
'ITnx , sin - R 1, cos - R 

22.Y 
k s i n  k '  1, cos 

s i n  'rimy =, cos  - TTnx 
R '  

?Tnx 
R R cos  - cos 7, s i n  - cos rnx 

R R 

Tnx s i n  nmy 
R s i n  - R 

These func t ions  form t h e  b a s i c  t r igonometr ic  system i n  two v a r i a b l e s .  

Each of them i s  of per iod 2R i n  x and 2k i n  y. Fur ther ,  they form an  

or thogonal  system. This  can be r e a d i l y  v e r i f i e d  wi th  t h e  he lp  of t h e  

o r thogona l i ty  cond i t ion  s t a t e d  i n  Equation (1). For example, 

cos cos 
(T) dx dy = IRI I. 

s i n  s i n  
(y) dx dy = 0 (10) 

Tnx lR'r 1 * 
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cos 2 nnx 

s i n  

and s i m i l a r l y  

cos  

n i x  ] cos cos nnx (T) d x d y = O  
'R' [sin (R' s i n  

and 

'R' 

dx dy = 0 

for a l l  n + i, m # j ,  and s o  on f o r  t h e  o the r  p o s s i b l e  p a i r s .  

For t h e  s p e c i a l  case when n = i, m = j ,  equation ( loa )  becomes 

cos cos 
ITnX (?)I dx dy = kR 

'R' [sin (R' s i n  

Also 

and s i m i l a r l y  

2 

Note t h a t  i n  Equations (loa) and ( lob)  above, t h e  h o r i z o n t a l  as 

w e l l  as diagonal  p a i r i n g  i s  permissible .  

It is  i n s t r u c t i v e  t o  i n v e s t i g a t e  t h e  geometric s t r u c t u r e  of some 
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of t h e  two-dimensional t r igonometr ic  func t ions  i n  some of t h e i r  normal 

modes. Consider t h e  fol lowing system of func t ions :  

2 9  cos  - cos  R 

niny 
k s i n  cos  

cos  - s i n  R 

s i n  - ITnX s i n  I E Y  
k R 

The func t ions  (12a) are p l o t t e d  i n  F igure  12a f o r  a few s e l e c t e d  va lues  

of n and m which are shown on each f i g u r e .  

are s t r a i g h t  l i n e s  p a r a l l e l  t o  t h e  edges of t h e  r ec t angu la r  area under 

cons idera t ion .  

equal  t o  ha l f  t h e  period of t h e  func t ion  i n  t h a t  d i r e c t i o n ,  is equal  t o  

t h e  index a s soc ia t ed  wi th  t h a t  d i r e c t i o n .  The harmonic func t ion  d i v i d e s  

t h e  R x k r ec t angu la r  area i n t o  m x n r e c t a n g l e s  wi th  a l t e r n a t i n g  s igns .  

Now consider t h e  system (12b). These func t ions  are p l o t t e d  i n  

F igure  12b f o r  s e l e c t e d  va lues  of n and m. I n  t h i s  case, t h e  number of 

nodal l i n e s  normal t o  t h e  x -ax i s  i n  t h e  i n t e r v a l  0 < x < R ,  i s  one less 

than t h e  index a s soc ia t ed  wi th  x -ax i s ,  while  t hose  normal t o  t h e  y-ax is ,  

Note t h a t  t h e  nodal lines 

The number of nodal l i n e s  i n  any d i r e c t i o n  i n  an  i n t e r v a l  

- -  

i n  t h e  i n t e r v a l  0 - -  < y < k,  are equal  t o  t h e  index a s soc ia t ed  wi th  y- 

axis. 

Figure 12c shows t h e  p l o t s  of (12c). It i s  obvious t h a t  t h e r e  are 

n nodal l i n e s  perpendicular  t o  t h e  x-ax is  i n  t h e  i n t e r v a l  R and m - 1 

nodal l i n e s  perpendicular  t o  t h e  y-ax is  i n  t h e  i n t e r v a l  k. 

I n  Figure 12d are p l o t t e d  t h e  func t ions  given a t  (12d). Th i s  

harmonic has  n - 1 nodal l i n e s  normal t o  t h e  x-axis  i n  t h e  i n t e r v a l  0 t o  

R and m - 1 nodal l i n e s  normal t o  t h e  y-axis i n  t h e  i n t e r v a l  o t o  k. 

It is i n t e r e s t i n g  t o  compare t h e  geometric s t r u c t u r e  of t h e  above 

harmonics wi th  t h a t  of t h e  s u r f a c e  s p h e r i c a l  harmonics. 
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If t h e  func t ion  f (x ,y )  i s  now expanded i n  terms of system of 

func t ions  given i n  (9), t h e  c o e f f i c i e n t s  of expansion are given by 

Equation ( 4 )  as: 

mny dx dy nm ITnX 
A 

k a = Rk SI f (x ,y )  COS - cos  
Nn 

ntny dx dy / I  f (x ,y )  sin E cos  k 
nm x 

b = -  
nm Rk R 

and 

s i n  dx dy d = -  $/ f ( x , y )  s i n  - nm Rk R 
nm TrnX 

A 
k 

where 

n = 0, 1, 2,  ... 

m = 0, 1, 2 , , . .  

and 

1 - f o r  n = m = 0 4 

1 
n m 2  A = - f o r n > O , m = O , o r n = O , m > O  

I 1 f o r  n > 0, m > 0 
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Fig. 12. Geometric structure of the (a) harmonic cos - mx cos 7; (b) harmonic R 
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wnx WmY Sin - cos - 
k L 
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n =  
m =  

Y 
c\1 

+ 

21 

n = 2  Y 
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21 

21 

Y. . .  

1 
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+ 

n = 3  
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+ 

n =  
m =  

21 

n . 2  
m = 3  

21 
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+ 

21 

n = 3  
m . 2  

sin Z!Y B n x  ITm sin ; (d) harmonic sin - .rrmlL ; (c) harmonic cos - xnx sin - cos R k "  k R k R 
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The Four ie r  r e p r e s e n t a t i o n  of t h e  func t ion  f (x ,y )  then becomes 

Tnx s i n  - 
m c o  r 

n=O m=O 
mny 
k + b" R f(X,Y) = 1 c I a cos  - lTy cos  

" i "  
s i n  - Tnx 

+ dm R 
Tnx mny s i n  k = + c cos  - k nm 51 cos 

k s i n  

J 

I f  t h e  l i n e a r  sum i n  Equation (14) g ives  a complete r ep resen ta t ion  

of t h e  func t ion  f ( x , y ) ,  Equation (5) w i l l  hold. 

func t ions ,  f ( x , y )  and F(x ,y) ,  can  be represented 'completely '  by (14), 

Equation (8) w i l l  hold. 

whether o r  no t  the Four ie r  series r e p r e s e n t a t i o n  of t h e  func t ion  i n  

ques t ion  i s  'complete.' 

I f  two d i f f e r e n t  

These r e l a t i o n s  provide convenient tests of 

The Four ie r  series f o r  f ( x , y )  can be w r i t t e n ,  more compactly, i n  

t h e  complex form 

(n = Q, 21, t 2 ,  ...; m = 0, fl, f 2 ,  ... ) 

where 

21T 
1 251 

u = -  

21T 
u2 = 2k 

and the c o e f f i c i e n t s  are given by 
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-in(nw x + mu y) 
dx dy 1 J J f ( x , y )  e - 

R 

(n = 0, 21, +2, . . . ;  m = 0, 21, +2, . . . )  

The quan t i ty  E is  c l o s e l y  r e l a t e d  t o  the  Fourier  transform of t h e  nm 
func t ion  f ( x , y ) .  I n  f a c t ,  i t  is  equal  t o  t h e  Fourier  transform i n  t h e  

d i s c r e t e  case  wi th  which w e  w i l l  be concerned i n  t h e  a c t u a l  a n a l y s i s .  

W e  denote  i t  by F(n,m) j u s t  t o  f o l l o w  t h e  usua l ly  accepted nota t ion .  

F(n,m) i s  ca l l ed  t h e  complex spectrum of f ( x , y ) .  

modulus is ca l l ed  t h e  amplitude spectrum while  i t s  argument is  c a l l e d  

Its abso lu te  va lue  o r  

t h e  phase spectrum. Obviously, t h e  Fourier  transform F(n,m) i s  a 

harmonic func t ion  and is thexepresenta t ion  of t h e  func t ion  f ( x , y )  i n  

the  frequency domain. 

Crosscovariance 

L e t  f (x,y) and f (x,y) be two func t ions  which have t h e  same 1 2 
fundamental angular  f requencies  w 

r e spec t ive ly .  Fur ther ,  l e t  T and T denote  small displacements along 

x and y axes r e spec t ive ly .  Then t h e  i n t e g r a l  

and w 1 2 i n  t h e  x- and y-d i rec t ions  

1 2 

1 -- I I f l (xyy)  f 2 ( x  + T ~ ,  y + T 1 dx dy - 4Rk R 2 

i s  c a l l e d  the  crosscovariance func t ion  of f (x,y) and f (x,y).  Denote 

i t  by C 1 2 ( ~ )  so t h a t  
1 2 

where 
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Now i f  w e  put T = 'r = 0, Equation (18) becomes 1 2  

The quan t i ty  C(0) is c a l l e d  t h e  crossvariance func t ion  of t h e  func t ions  

fl(x,y) and f2(x,y) .  

power of t h e  product of f (x,y) f2(x ,y) .  

dropped because t h e  order  of subsc r ip t s  merely i n d i c a t e s  t h e  func t ion  

t o  which t h e  displacement 'I should be given. 

placement i s  zero,  t h e  subsc r ip t s  no longer remain meaningful. 

The right-hand s i d e  of t h i s  equat ion i s  t h e  mean 

The subsc r ip t s  of C have been 1 

However, when t h e  d i s -  

Consider t h e  Fourier  expansion of t h e  func t ions  f (x,y) and f2(x,y)  
1 

(Equation 1 4 ) :  

C 

(20) 
nm cos nu x s i n  mu y 1 2 s i n  nu x cos mu y + 

cnm 1 

nm d 
s i n  nu 1 x s i n  mu 2 y)  + 

Dnm 

The a p p l i c a t i o n  of Pa r seva l ' s  Theorem (Equation 8) g ives  
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I,/ f l (xyy)  f 2 ( x y y )  dx dy = 11 X~anmAnmllcos  nu 1 x 

cos mu2y) l 2  + bmBm s i n  nu x cos  mu 1 

cos nu x s i n  mu 1 

s i n  nu x s i n  mu 1 

o r  

+ d  D ) 
+ cnmcnm n m n m  

Now consider a quan t i ty  D such t h a t  
n 

nm x 
D A + b  B + c  C + d  D ) n n m n m  n m n m  nm nm mnm m 

and 

The quan t i ty  D is c a l l e d  t h e  degree c ros sva r i ance  of t h e  func t ions  

The choice of summation index (m o r  n) i n  Equation 
n 

fl(x9y) and f 2 ( x y y ) .  

(23) g ives  information on t h e  concentrat ion of a c e r t a i n  frequency 

normal t o  t h e  a x i s  with which t h e  summation symbol is  as soc ia t ed .  

Equation ( 2 4 )  shows t h a t  Dn is  t h e  crosspower spectrum of t h e  func t ions  

fl(xYy) and f 2 ( x 9 y ) .  
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Covariance 

Suppose t h a t  i n  Equation (8) w e  put f l (xyy)  = f2(XyY) = f(x,Y) 

so t h a t  

The funcion C(T) i s  c a l l e d  t h e  covariance func t ion  of f ( x , y ) .  I f  

T = T 2  = 0, w e  g e t  1 

The quan t i ty  C(0) is  t h e  variance of t h e  func t ion  f ( x , y )  and, by 

analogy with Equation (22) ,  i s  obviously given by 

and 

Now consider  aga in  a quan t i ty  D so t h a t  n 

2 2 x 
+ b2 + c 

f dnm) D n = 1 7  (anrn nm m 
m 

C(0) = 1 Dn =<f2(x ,y)>  
n 

Equation (29) states t h a t  D i s  t h e  power spectrum of t h e  func t ion  n 
f ( x , y ) .  D i s  c a l l e d  t h e  degree va r i ance  of t h e  func t ion  f ( x , y ) .  n 

A s  s t a t e d  be fo re ,  t h e  choice of t h e  summation index (n o r  m) is  

made depending upon t h e  d i r e c t i o n  along which t h e  frequency concentrat ion 

is sought t o  be  s tudied.  A s  i n  t h e  case of crosspower spectrum, t h e  
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information contained i n  t h e  degree va r i ance  r e f l e c t s  t h e  frequency 

concentrat ion normal t o  t h e  axis with wh he summation v 

associated.  

The s p  a n a l y s i s  i n  terms o ee var i  

crossvariance can a l s o  be  used t o  study t h e  c o r r e l  

as a func t ion  of frequency. L e t  pn(fl, f ) denote 

c o e f f i c i e n t  (Kaula, 1967a) between t h e  n th  - terms o 

t a t i o n  of t he  two func t ions  f (x,y) and f 2 ( x , y ) ,  then 

2 

1 

The quan t i ty  p is  s a i d  t o  be t h e  degree c o r r e l a t i o n  c o e f f i c i e n t  of t h e  n 
two funct ions.  

The formulas f o r  s p e c t r a l  a n a l y s i s  techniques a s soc ia t ed  with 

one-dimensional series are widely a v a i l a b l e  i n  l i t e r a t u r e  and can be 

found i n  any standard t e x t  on t i m e  series a n a l y s i s  ( fo r  example, see 

Lee, 1964). The s p e c t r a l  r ep resen ta t ion  of two-dimensional d a t a  on a 

sphere is  discussed by Schoenberg (1942), Jones (1963),Heiskanen and 

Moritz (1966) and Kaula (1967b). 

The frequency r ep resen ta t ion  of two-dimensional d a t a  on a plane 

is  discussed by Mesko (1965), Darby and Davies (1967), as w e l l  as 

s e v e r a l  o the r  authors ,  though from a d i f f e r e n t  p o i n t  of view. 

d i scuss ions  on t h e  s p e c t r a l  a n a l y s i s  of two-dimensional d a t a  on a plane 

given i n  t h i s  r e p o r t ,  are not commonly a v a i l a b l e  i n  l i t e r a t u r e  but  can 

be obtained as an extension of t h e  theory f o r  one-dimensional d a t a .  

The 

The above formulas are der ived f o r  pe r iod ic  func t ions .  It is 

poss ib l e  t o  d e r i v e  analogous formulas f o r  random func t ions ,  s i n c e  a 

above method of frequency a n a l y s i s  w a s  used t o  analyse and 
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COMMENTS ON GRAVITY ANOMALIES 

AND THEIR GEOLOGIC SIGNIFICANCE 

Of t h e  va r ious  types of g r a v i t y  anomalies t h a t  have been devised,  

t h e  f r e e  a i r  anomaly is  most f r e e  from b i a s  due t o  assumptions. 

only b i a s  p re sen t  r e s u l t s  from u n c e r t a i n t i e s  i n  t h e  r e fe rence  e l l i p s o i d  

and ver t ical  g rad ien t  of g r a v i t y .  

following expression: 

The 

The computation i s  based on t h e  

FA = g - (gQ, - kAh), where go = observed g r a v i t y  on t h e  Potsdam 
0 

datum and g4, = t h e o r e t i c a l  sea l e v e l  g r a v i t y  f o r  t h e  l a t i t u d e  of t h e  

observat ion s i t e  as def ined by t h e  I n t e r n a t i o n a l  Gravi ty  Formula. 

2 2 g = 978.030 (1 + 0.005302 s i n  0- 0.000007 s i n  2Q,) 

k = v e r t i c a l  g rad ien t  g r a v i t y  (.3086 mgal/meter) 

Ah = e l e v a t i o n  r e l a t i v e  t o  sea l e v e l  

The Bouguer anomaly allows f o r  t h e  m a s s  a t t r a c t i o n  of t h e  topography 

above sea l e v e l  on land and t h e  mass de f i c i ency  of t h e  water column down 

t o  t h e  sea f l o o r  i n  t h e  oceans. The expression f o r  t h e  Bouguer anomaly 

can be w r i t t e n :  BA = FA - Ag where FA is  t h e  f r e e  a i r  anomaly, and on 

e land Agg = 21TG oC Ah where Oc = t he  mean d e n s i t y  of t h e  c r u s t  above t h e  
B 

depth of i s o s t a t i c  compensation. 

Whether one a s c r i b e s  t o  t h e  P r a t t  concept of i s o s t a s y  whereby t h e  

mean d e n s i t y  of t h e  c r u s t  above t h e  depth of compensation v a r i e s  in- 

v e r s e l y  with change i n  s u r f a c e  e l eva t ion ;  o r  t h e  Airy concept of i s o s t a s y  

whereby s u r f a c e  e l e v a t i o n  is  a func t ion  of v a r i a t i o n s  i n  thickness  of a 

h y d r o s t a t i c a l l y  supported c r u s t ,  i t  i s  clear t h a t  t h e  m a s s  d i s t r i b u t i o n  

wi th in  t h e  c r u s t  has .nothing t o  do with s u r f a c e  e l eva t ion .  

concept t h e  mean d e n s i t y  of t h e  c r u s t  i s  t h e  only d e n s i t y  va lue  having 

any s i g n i f i c a n c e  i n  determining t h e  s u r f a c e  e l eva t ion .  The Bouguer 

anomaly reduct ion,  t h e r e f o r e ,  t o  have s i g n i f i c a n c e  i n  r e l a t i n g  g r a v i t y  

t o  abnormali t ies in  t h e  subsurface m a s s  d i s t r i b u t i o n  should be  based on 

a b e s t  estimate of c r u s t a l  d e n s i t y  r a t h e r  than t h a t  of t h e  geologic 
3 column above sea l e v e l  o r  some a r b i t r a r y  value,  such as 2.67 gm/cm , 

which w a s  adopted 40 yea r s  ago when e s s e n t i a l l y  nothing w a s  known about 

t h e  e a r t h ' s  c r u s t .  
3 as t h a t  der ived by Woollard (1966, 1968), i t  would be  about 2.92 gm/cm 

Under e i t h e r  

I f  one w e r e  t o  choose a most probable va lue  today 
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with a d e n s i t y  con t r ac t  between t h e  c r u s t  and mantle of about 0.39 

gm/cm . 3 

I n  t h e  oceans 

where 

Agg, = 2 ~ y  W IT^ - CI ) Ah' 
W 

and 

G = d e n s i t y  of t h e  c r u s t  
C 

IT = d e n s i t y  of sea w a t e r  
W 

Ah' = depth of water 

The above expression treats t h e  water column as a geologic  

c o r r e c t i o n  i n  t h a t  allowance is made f o r  t h e  m a s s  de f i c i ency  of t h e  

C '  
water. 

i n  r ecen t  years  where g r a v i t y  has been used f o r  studying c r u s t a l  

abnormali t ies  and r e l a t i n g  g r a v i t y  t o  seismic d a t a ,  (r has been taken 

as 2.84, 2.87 and 2.90 gm/cm . These va lues  were adopted by d i f f e r e n t  

i n v e s t i g a t o r s  i n  t h e i r  a t tempts  t o  r e c o n c i l e  t h e  g r a v i t y  d a t a  with t h e  

seismic observat ions.  

Although a v a l u e  of 2.67 gm/cm3 has been commonly used f o r  IT 

C 3 

3 
The most convincing evidence t h a t  CI should be  about 2.9 gm/cm 

C 

i s  t h a t  presented by Woollard (1962) i n  which he showed t h a t  a l i n e a r  

r e l a t i o n  can be obtained between s u r f a c e  e l e v a t i o n  and t h e  depth of t h e  

mantle i f  t h e  water column is  condensed t o  equivalent  rock material 
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3 having a d e n s i t y  (2.745 gm/cm ) equivalent  t o  t h e  c r y s t a l l i n e  rock 

complex on t h e  con t inen t s  underlying t h e  s u r f i c i a l  sediments. 

(Fig. 13)  which inco rpora t e s  both c o n t i n e n t a l  e l e v a t i o n s  and mantle 

depths as w e l l  as equivalent  rock e l e v a t i o n s  and mantle depths i n  t h e  

oceans has a s lope  of 7.5. That i s  f o r  each 1 km change i n  s u r f a c e  

This p l o t  

e l e v a t i o n  

i n t e r c e p t  

Ah, g ives  

t h e r e  is  7.5 km change i n  mantle depth. The zero e l eva t ion  

va lue  is  about 33 km. The r e s u l t i n g  equat ion,  M 

r e s u l t s  t h a t  ag ree  with t h e  h y d r o s t a t i c  buoyancy 

when 

0 = 2.92 
C 

and 

3 a = 3.31  gm/cm . m 

The r e l a t e d  g r a v i t a t i o n a l  expression i s  

where 

2 Aa = 0.39 gm/cm 

= 33 + 7.5 
equation 

3 and Ag is  based on a c r u s t a l  d e n s i t y  of 2.92 gm/cm . 
g i v e  r e s u l t s  t h a t  a g r e e  t o  w i t h i n  +6 km wi th  seismic d a t a  65% of t h e  

time, and i n d i c a t e  t h a t  t h e  Airy concept of i s o s t a s y  is  ope ra t ive  most 

These r e l a t i o n s  
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of t h e  t i m e .  The depa r tu re s  exceeding 6 km, and i n  p l aces  exceeding 

15 km,can be  r e l a t e d  t o  v a r i a t i o n s  i n  A 0  and t e c t o n i c  displacement of 

t h e  c r u s t  ( l ack  of i s o s t a t i c  equi l ibr ium).  Both s i t u a t i o n s  have g r a v i t y  

expression, but  oppos i t e  i n  s i g n  i n  terms of c r u s t a l  thickness .  Areas 

with a subnormal c r u s t a l  d e n s i t y  (subnormal seismic v e l o c i t y )  u sua l ly  

have a subnormal c r u s t a l  thickness  f o r  t h e  s u r f a c e  e l e v a t i o n  and 

nega t ive  f r e e  air  g r a v i t y  anomalies. 

u p l i f t  and as shown by Woollard (1968) are a l s o  areas‘where t h e r e  is  

u s u a l l y  a subnormal mantle v e l o c i t y .  

There are a l s o  areas of c r u s t a l  

Areas with an abnormal c r u s t a l  d e n s i t y  as def ined by abnormal 

seismic v e l o c i t y  va lues  usua l ly  have an abnormal c r u s t a l  t h i ckness  f o r  

t h e  s u r f a c e  e l e v a t i o n  and p o s i t i v e  f r e e  a i r  g r a v i t y  anomalies. 

are a l s o  areas of c r u s t a l  subsidence and as shown by Woollard are 

u s u a l l y  areas where t h e r e  i s  an abnormal mantle v e l o c i t y .  

These 

I n  studying t h e s e  areas, Woollard (1962) showed t h a t  t h e  Bouguer 

anomaly could be r e l a t e d  t o  t h e  a c t u a l  c r u s t a l  parameters (dens i ty  and 

thickness)  i f  t h e r e  are no depa r tu re  from h y d r o s t a t i c  equi l ibr ium by 

introducing a c o r r e c t i o n  t e r m  t h a t  t akes  i n t o  cons ide ra t ion  t h e  d i f f e r e n c e  

i n  Aa from t h e  normal value.  

as shown below. 

The b a s i c  expression f o r  such cases are 

Under normal r e l a t i o n s  with a f i x e d  d e n s i t y  c o n t r a s t  between t h e  

c r u s t  and mantle a f l o a t i n g  c r u s t  of t h i ckness  H and d e n s i t y  6 
d i s p l a c e  its own mass of mantle material with d e n s i t y  a and t h e  r o o t  

increment (AR) f o r  any change i n  e l e v a t i o n  (Ah) w i l l  be  r e l a t e d  t o  t h e  

i n c r e a s e  i n  c r u s t a l  m a s s  (AM ) so t h a t  

w i l l  
S 

m’ 

C 

o r  

- 
a S Ahzs 

m m 
A R ( ~  - o) = - 

0 

and 
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S 
(a - a )  Aha 

s =--  m 
CT m AR a m 

or 

- 
AR(G - u s )  Ah'ss m 

and 

S 
A h a  

AR = 
(am - as)  

For any other crustal d e n s i t y  (3  = 5 + A a c ) ;  
C S 

or 

and 

AN = (H + AH) (as + AGc) - HSZs 
C S 

mc = AocHs + a AH 
C 

A h  = AH - - ( A C I ~ H ~  + Z ~ A H )  
CI m 

o r  

- 
H C 

ca, - ac) A 0  
- -  

C T S  
A h  = AH 

m 

(33) 

( 3 4 )  

( 3 5 )  

(37) 

(39) 
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and 

- 
Au 0 

S 
A H + - H  AR = - C 

‘m Om 

or 

AR(U - Zc) Ah; + HsAUc m C 

o r  

A‘cHS ocAh 
AR = 

AR i n  t h i s  case has two terms; one 

- u  ‘m C 

corresponds t o  t h a t  f o r  t h e  normal s i t u a t i o n  wi th  t h e  a c t u a l  c r u s t a l  

d e n s i t y  (5 ) i n s t ead  of t h e  s tandard d e n s i t y  (3 ),  and t h e  o t h e r  
C S 

is  a c o r r e c t i o n  t e r m  for t h e  d i f f e r e n c e  i n  d e n s i t y  (Au) f o r  t h e  a c t u a l  

c r u s t  and t h e  s tandard c r u s t .  I n  terms of t h e  Bouguer anomaly which is 

based on 2nGAhZ 

and Ag2 = 2nGH AUc. 

for normal condi t ions,  t h e r e  are two terms Ag = 2nGAhSc S 1 
Whereas wi th  t h e  normal Bouguer anomaly (2nGAh6 ) ; 

S S 

S 
2nGAhZ 

- AR = 
2nG(Um - Us) ( 4 3 )  
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3 A s  w i l l  b e  shown, a crustal  d e n s i t y  d i f f e r e n c e  (Acr) of .06 gm/cm can 

r e s u l t  i n  a g r a v i t y  d i f f e r e n c e  of 80 mgal i n  g r a v i t a t i o n a l  compensation 

because of t h e  r e s u l t i n g  d i f f e r e n c e  i n  c r u s t a l  t h i ckness  under equi l ibr ium 

condi t ions.  

A s  t h e  f r e e  a i r  anomaly inco rpora t e s  t h e  g r a v i t y  e f f e c t  r e s u l t i n g  

from changes i n  c r u s t a l  composition, it shows about t h e  same degree of 

b i a s  from t h i s  cause as would be revealed by i s o s t a t i c  anomalies which 

only measure t h e  depa r tu re  i n  Bouguer anomaly from t h a t  deduced f o r  a 

s tandard model of t h e  c r u s t  whose th i ckness  o r  mean d e n s i t y  is  d i r e c t l y  

r e l a t e d  t o  s u r f a c e  e l eva t ion .  I A  = BA + Ag. where Ag = t h e  i s o s t a t i c  

compensation r equ i r ed  f o r  t h e  s u r f a c e  e l e v a t i o n .  That t h e  f r e e  a i r  

anomalies should show a b i a s  under equi l ibr ium cond i t ions  with changes 

i n  c r u s t a l  composition can be r e l a t e d  t o  t h e  Earth cu rva tu re  e f f e c t  

which becomes important beyond a d i s t a n c e  of about 166 km from a n  

obse rva t ion  s i te  and t h e  f a c t  t h a t  g v a r i e s  i nve r se ly  as t h e  square of 

t h e  d i s t a n c e  from t h e  obse rva t ion  s i te  t o  any m a s s  anomaly, and t h a t  

only t h e  v e r t i c a l  component of g r a v i t y  (g ) = g c o s  8 is measured. A s  

t h e  compensation mass (AR) l i e s  a t  a depth r e l a t e d  t o  t h e  base of t h e  

sea l e v e l  c r u s t a l  column which i s  of t h e  o rde r  of 32 km, t h e  compensa- 

t i o n  e f f e c t  i s  near zero immediately beneath t h e  obse rva t ion  site, and 

only about 75% achieved when t h e  c r u s t a l  block has  a r a d i u s  of 166 km. 

By c o n t r a s t ,  over 90% of t h e  s u r f i c i a l  mass e f f e c t  is  r e a l i z e d  w i t h i n  

a r a d i u s  of 10 km. To ach ieve  a similar degree of compensation r e q u i r e s  

a c r u s t a l  block w i t h  a r a d i u s  of about 4 O .  

no anomalous m a s s  between sea l e v e l  and t h e  depth of t h e  base of t h e  

sea leve l  column. With a n  anomalous c r u s t a l  d e n s i t y ,  t h i s  i n t e rven ing  

c r u s t a l  s e c t i o n  between sea level and 32 km below sea level c o n s t i t u t e s  

a n  a d d i t i o n a l  c o n t r i b u t i n g  m a s s  d i s t r i b u t i o n  whose g r a v i t y  e f f e c t  is 

approximated by t h e  t e r m  Ag = 2nGH Atr. 

1 i 

Z 

Th i s  a p p l i e s  where t h e r e  i s  

S 

That t h e  above g i v e s  real is t ic  r e s u l t s  can be  shown by example. 



-42- 

Assumed s tandard c r u s t :  

3 3 Hs = 32 km, a = 2.92 gm/cm , a = 3.31 gm/cm s m 

Anomalous c r u s t :  

3 H = 37.7 km, a = 2.86 gm/cm , Ah = 1.36 km, 
C C 

3 Aac = 2.92 - 2.86 = -.06 gm/cm 

Mass so lu t ion :  

Aa H oc ah + c s  AR = 

-.06 x 32 + 2.86 x 1.36 = 4.35 km 
AR = (3.31 - 2.86) (3.31 - 2.86) 

Gravi ty  so lu t ion :  

Agl = 41.85 x Ah x ac = 41.85 x 1.36 x 2.86 = 162.9 

Ag2 = 41.85 x Hs x AGc = 41.85 x 32 x -.06 = 80.3 

162.9 - 80.3 = 4,35 
41.85 x 0.45 AR = 



-43- 

Proof: For a s tandard column t h e  mantle d i sp laced  under equi l ibr ium 

condi t ions :  

' s * s  - 32 x 2.92 = 28.22 R = - -  
3.31 am S 

For t h e  column wi th  anomalous d e n s i t y  of -.06 gm/cm' 

37.7 x 2.86 ~ 32.57 km 
3.31 R =  

C 

= 32.57 - 28.22 = 4.35 km - Rs AR = Rc 

Although t h e  above example i s  based on a f l a t  e a r t h  (no cu rva tu re ) ,  

i t  shows conclus ive ly  t h a t  t h e  c r u s t a l  composition i s  a s i g n i f i c a n t  

f a c t o r  s i n c e  t h e  c a l c u l a t e d  compensation e f f e c t  under equi l ibr ium condi- 

t i o n s  (82 mgal) is only about one-half t h a t  of t h e  s u r f i c i a l  m a s s  above 

sea l e v e l  (162 mgal) r a t h e r  than  equal  t o  i t .  

For a normal c r u s t  having t h e  same e l e v a t i o n  (Ah = 1.36 km) t h e  

Bouguer anomaly would be  BA = 41.85 x 1.36 x 2.92 = 166 mgal and 

A s  t h e  a c t u a l  roo t  increment f o r  AR = 

t h e  anomalous c r u s t  considered r e l a t i v e  t o  t h e  s tandard  column is  4.35 

km, t h e  d i f f e r e n c e  i n  compensation r o o t  f o r  t h e  change i n  c r u s t a l  d e n s i t y  

of -0.06 gm/cm3 i s  -5.82 km. 

- --- If% - 10.17 km. 166 
41.85 x .39 16.32 

I f  t h e  r e l a t i o n s  had been reversed ,  i .e. ,  t h e r e  had been an  i n c r e a s e  
3 i n  c r u s t a l  d e n s i t y  of 0.6 km so t h a t  oc = 2.98 gm/cm 

su r face  e l e v a t i o n  of 1.36 km, Hc would have been 51.42 km, and t h e  

51*42 2*98 = 46.30 km. A s  R f o r  t h e  s tandard d i sp laced  mantle  (R) = 

sea level column assumed is 28.32 km, t h e  roo t  increment (AR) would b e  

46.30 - 28.23 = 18.07 km and the abnormal root increment 18.07 - 10.17 

= 7.9 km. 

wi th  t h e  same 

3.31  

This  i s  v e r i f i e d  by t h e  g r a v i t y  s o l u t i o n  f o r  AR 
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Agl = 41.85 x Ah x oc = 41.85 x 1 . 3 6  x 2.98 = 169.5 mgal 

Ag2 = 41.85 x Hs x ADc = 41.85 x 32 x .06 = 80.3 

169.5 + 80.3 249.8 18.1 km 
41.85 x .33 13.8 

E----= AR = 

I n  t h i s  case t h e  compensation e f f e c t  is  249.8 mgal r a t h e r  than 169.5 

mgal as based on t h e  m a s s  d i s t r i b u t i o n  above sea l e v e l ,  and as be fo re  

t h e  c o n t r i b u t i o n  from t h e  abnormal c r u s t a l  d e n s i t y  w a s  80 mgal. 

These examples are c i t e d  t o  br ing ou t  t h e  importance of c r u s t a l  

parameters i n  de f in ing  t h e  s u r f a c e  g r a v i t y  f i e l d ,  and t o  show a l s o  

t h e  p o t e n t i a l  e r r o r  t h a t  can r e s u l t  from using a f i x e d  d e n s i t y  f o r  t h e  

c r u s t  and mantle i n  i n t e r p r e t i n g  Bouguer anomalies where t h e r e  are no 

seismic subsurface c r u s t a l  d a t a .  Although i t  i s  not p o s s i b l e  t o  

relate t h e  f r e e  a i r  and i s o s t a t i c  anomaly d i r e c t l y  t o  abnormality i n  

c r u s t a l  d e n s i t y  because t h e  s i z e  of t h e  area involved a l s o  c o n t r i b u t e s  

t o  anomalous g r a v i t y ,  i t  i s  i n s t r u c t i v e  t o  review some of t h e  c r u s t a l  

r e l a t i o n s  noted i n  areas of anomalous i s o s t a t i c  va lues  where i t  appears 

t h e  anomalous g r a v i t y  is  due t o  v a r i a t i o n s  i n  c r u s t a l  d e n s i t y  r a t h e r  

than an a c t u a l  depa r tu re  i n  i s o s t a t i c  equi l ibr ium. 

The c r u s t a l  r e f e rence  standard used i n  t h e  above t a b u l a t i o n  i s  

based on t h e  r e l a t i o n  e s t ab l i shed  by Woollard (1962) and shown i n  

Figure 1 3  which relates c r u s t a l  thickness  t o  s u r f a c e  e l eva t ion .  

d a t a  d e f i n e  H = 33.2 + 7.5  Ah + Ah where Ah i s  i n  ki lometers .  

of t h e  depa r tu re  (6H) of t h e  observed c r u s t a l  t h i ckness  va lues  from 

t h e  der ived normal va lues  based on t h e  s u r f a c e  e l e v a t i o n  (Fig.  1 4 )  

shows t h a t  except f o r  t h e  d a t a  from t h e  Basin and Range area of Utah, 

Nevada and C a l i f o r n i a ,  a r e l a t i o n  is  obtained t h a t  can be w r i t t e n  

6 H  = .35 I A  + 0 km, where I A  i s  t h e  i s o s t a t i c  anomaly. 

and Range area t h e  expression 6H = .35 I A  - 1 3 . 7  km appears t o  be 

app l i cab le .  

These 

A p l o t  

I n  t h e  Basin 
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-30- 

Normal Crust  (H)=Z55h+Ah+ 33.2Km 

Data 
aH=.351A-I3J - 

1 I I I I 

I SOSTATIC ANOMALY 
MGALS 

F i g .  14. Plot of departure (6H) of observed crustal thickness from 
derived normal values based on surface elevation. 
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A s  t h e r e  are few areas f o r  which t h e r e  are i s o s t a t i c  anomaly va lues ,  

a f i r s t  approximation of t h e s e  va lues  can b e  deduced from t h e  f r e e  a i r  

anomaly values .  A gene ra l  r e l a t i o n s h i p  t h a t  i s  probably more r e l i a b l e  

is  def ined by a p l o t  of f r e e  a i r  anomalies as a func t ion  of i s o s t a t i c  

anomalies. Figure 15 shows such a p l o t  f o r  about 1000 si tes having a 

gene ra l  d i s t r i b u t i o n  i n  t h e  United S t a t e s  and where t h e r e  i s  no obvious 

dependence of t h e  f r e e  a i r  anomaly va lues  on topographic r e l i e f .  

r e l a t i o n  def ined is  FA = 1.15 IA + 6 mgal o r  I A  = 0.87 FA - 5 mgal. I n  

connection wi th  Figure 15 i t  is  t o  be  noted t h a t  t h e  range i n  i s o s t a t i c  

and f r e e  a i r  anomalies t h a t  f a l l  w i th in  -+lo mgal of t h e  average r e l a t i o n  

def ined i s  from about -60 t o  +60 mgal with 80% of t h e  va lues  concentrated 

between -40 and +40 mgal. 

wide spread i n  va lues ,  i t  i s  almost i d e n t i c a l  w i t h  t h a t  represented i n  

t h e  r eg iona l  d a t a  shown i n  Table 1 f o r  l o c a t i o n s  where t h e r e  are seismic 

c r u s t a l  measurements. These d a t a  show a change of 70 mgal a s soc ia t ed  

with a n  anomalous change of 22 km i n  c r u s t a l  thickness .  

The 

Although l o c a l  geology c o n t r i b u t e s  t o  t h i s  

The displacement of t h e  Basin and Range d a t a  from t h e  rest of 

North America (-13.7 km i n  mean va lues  of c r u s t a l  thickness  f o r  t h e  same 

i s o s t a t i c  anomaly va lues )  introduces a f a c t o r  i n  c r u s t a l  r e l a t i o n s  t o  

g r a v i t y  t h a t  i s  not  y e t  understood. The r e l a t i o n s  suggest t h a t  some 

f a c t o r  i n  t h e  upper mantle has con t r ibu ted  about +47 mgaP t o  t h e  g r a v i t y  

f i e l d .  The only d i s t i n g u i s h i n g  seismic c h a r a c t e r i s t i c  o t h e r  than a 

markedly sub-normal c r u s t a l  thickness  f o r  t h e  s u r f a c e  e l e v a t i o n  is a 

markedly sub-normal seismic mantle v e l o c i t y  (7 .6  t o  7 .9  km/sec r a t h e r  

than 8.0 t o  8.4  km/sec as observed elsewhere).  

(1968) t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  between t h e  mean seismic v e l o c i t y  

A s  shown by Woollard 

of t h e  c r u s t  and t h e  thickness  of t h e  c r u s t  t o  t h e  seismic mantle 

v e l o c i t y .  The higher  t h e  mantle v e l o c i t y ,  t h e  higher  t h e  mean c r u s t a l  

v e l o c i t y  and t h e  th i cke r  t h e  c r u s t  f o r  a given e l eva t ion .  J u s t  as  t h e r e  

is a r e l a t i o n  between i s o s t a t i c  anomaly va lues  and c r u s t a l  thickness  

t h e r e  i s  a r e l a t i o n  between i s o s t a t i c  anomaly va lues  and seismic c r u s t a l  

v e l o c i t y  and mantle v e l o c i t y .  A$.in gene ra l ,  d e n s i t y  is  d i r e c t l y  

r e l a t e d  t o  seismic v e l o c i t y , t h e  anomalous mass could l i e  e i t h e r  i n  t h e  

c r u s t  o r  mantle o r  both.  Woollard (1968)  has suggested on t h e  b a s i s  of 

t h e  development of a t h i c k  high-velocity b a s a l  c r u s t a l  l a y e r  where t h e r e  

i s  a high mantle v e l o c i t y  and t h e  absence of t h i s  l a y e r  where t h e  mantle 
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I 1 I I I I 

Fig.  15. Rela t ion  of f r e e  a i r  anomalies t o  i s o s t a t i c  anomalies i n  t h e  
United S t a t e s  based on 1000 si tes.  
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v e l o c i t y  i s  low, t h a t  t h e r e  i s  a t r a n s f e r  of mass between t h e  c r u s t  and 

mantle which tends t o  maintain i s o s t a t i c  equilibrium. This  appears t o  

be supported by t h e  deduced d e n s i t y  c o n t r a s t  between t h e  c r u s t  and mantle 

based on d e n s i t y  equ iva len t s  of seismic v e l o c i t i e s  observed f o r  d i f f e r e n t  

rock types under high confining p res su res .  

v e l o c i t y  of8.4 km/sec t h e  deduced d e n s i t y  c o n t r a s t  i s  0.52 gm/cm 

whereas a t  8.0 km/sec t h e  d e n s i t y  c o n t r a s t  is  0.41 gm/cm . The corres-  

ponding c r u s t a l  v e l o c i t y  va lues  are 6.65 km/sec and 6.48 kmlsec, and 

t h e  corresponding dep ths  of t h e  mantle below sea l e v e l  are 50 km and 

37 km. One mineralogic  t ransformation i n  t h e  mantle t h a t  would g i v e  

t h e s e  r e l a t i o n s  i s  a change from f a y a l i t e  ( i ron-r ich o l i v i n e )  t o  

f o s t e r i t e  (magnesium-rich o l i v i n e ) .  Another would be  a change from 

i r o n  ga rne t  t o  a magnesium ga rne t .  I f  t h e  i r o n  i n  e i t h e r  case could 

migrate  from t h e  mantle t o  t h e  c r u s t ,  i t  would raise t h e  v e l o c i t y  of 

t h e  mantle and a l s o  cause i t s  d e n s i t y  t o  be lowered. Se rpen t in i za t ion  

of t h e  o l i v i n e  by t h e  a d d i t i o n  of w a t e r  would a l s o  lower t h e  d e n s i t y  

of t h e  mantle bu t  t h e  a t t e n d a n t  drop i n  v e l o c i t y  and expansion i n  

volume would g i v e  oppos i t e  r e l a t i o n s  from those  observed; i . e . ,  t h e r e  

For example, w i th  a mantle 

3 

3 

~ would be c r u s t a l  u p l i f t  r a t h e r  than subsidence as  observed where t h e  

c r u s t  is t h i c k  and t h e  mantle v e l o c i t y  is  high. Se rpen t in i za t ion  

would account f o r  t h e  Basin and Range r e l a t i o n s  where t h e r e  is  a t h i n  

c r u s t  t h a t  is  incompatible with t h e  high s u r f a c e  e l e v a t i o n  and a low 

mantle v e l o c i t y  i f  i t  w e r e  no t  f o r  t h e  +47 mgal o f f s e t  i n  i s o s t a t i c  

anomaly va lues  f o r  t h i s  area. A p o s s i b l e  explanat ion i s  t h a t  t h e  mantle 

has  changed from an o l i v i n e  phase (duni te)  with a d e n s i t y  of about 3 . 3 1  
3 

gm/cm t o  poss ib ly  a ga rne t  phase ( e c l o g i t e )  with a d e n s i t y  of around 

3.5 gm/cm . 3 

Although i t  is  not  p o s s i b l e  t o  completely r e s o l v e  problems such 

as  t h e  above s h o r t  of d r i l l i n g  t o  t h e  mantle,  our purpose i n  d i scuss ing  

them he re  i s  t o  show t h a t  t h e r e  i s  good evidence f o r  s i g n i f i c a n t  changes 

i n  m a s s  a s soc ia t ed  with t h e  c r u s t  and upper mantle having marked e f f e c t s  

on g r a v i t y ,  and t h a t  i t  i s  not preposterous t o  t h i n k  they might not 

e x i s t  on a more widespread scale i n  t h e  oceans which are t h e  areas of 

most i n t e r e s t  from t h e  s tandpoint  of s a t e l l i t e  g r a v i t y  but about which 

very l i t t l e  i s  known as y e t .  Ce r t a in ly  i n  the case  of rhe North 

A t l a n t i c  Ocean where t h e  s u r f a c e  g r a v i t y  f i e l d  is  known and the re  are  
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0 abundant seismic d a t a ,  loo x 10 

su r face  d a t a  g ive  a remarkably similar p a t t e r n  of anomalous g r a v i t y  t o  

t h a t  defined by t h e  s a t e l l i t e  da ta .  Here, as ind ica t ed  by Worzel (1965), 
i t  appears t h e  g r a v i t y  anomalies can be  explained by t h e  seismic para- 

meters of t h e  c r u s t  and mantle without recourse t o  a deep-seated mass 

d i s t r i b u t i o n .  

f r e e  a i r  anomaly averages of t h e  
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FREQUENCY ANALYSIS OF THE GRAVITY FIELD OVER THE 
SOLOMON ISLANDS AREA 

General Remarks 

The Solomon I s l a n d s  l i e  along t h e  southwestern border of t h e  P a c i f i c  

Ocean. They form a chain of oceanic i s l a n d s  s t a r t i n g  wi th  t h e  I s l and  of 

Bougainville i n  t h e  northwest and ending with San C r i s t o v a l  i n  t h e  

sou theas t .  Except f o r  t h e s e  two terminal  i s l a n d s ,  they occur i n  a 

double cha in  whose two wings are separated by a narrow s t ra i t  c a l l e d  

'The S l o t '  which s e p a r a t e s  t h e  i s l a n d s  of Choiseul,  Santa Ysabel and 

Malaita from t h e  Shortland I s l ands ,  New Georgia Group, Russel I s l a n d s ,  

Guadalcanal and San Cr i s tova l .  

bathymetric high, gene ra l ly  known as t h e  Solomon I s l a n d s  Platform, which 

extends from New I r e l a n d  i n  t h e  northwest (see Fig.  16) t o  t h e  east of 

t h e  chain.  

A s  a group, they s tand on a broad 

P o l i t i c a l l y  t h e  Solomon I s l ands  c o n s i s t  o f :  1) t h e  B r i t i s h  

p r o t e c t o r a t e  and 2) t h e  Aus t r a l i an  p r o t e c t o r a t e .  The B r i t i s h  p r o t e c t o r a t e  

includes t h e  l a r g e r  i s l a n d s  of Guadalcanal, Choiseul,  Malaita, Santa 

Ysabel, t h e  F lo r ida  Group, San C r i s t o v a l ,  New Georgia Group and t h e  

smaller Shortland I s l a n d s ,  Treasury I s l ands ,  Russel I s l a n d s  and t h e  

Santa Cruz group. The Aus t r a l i an  p r o t e c t o r a t e  i s  l imi t ed  t o  t h e  i s l a n d s  

of Bougainville and t h e  Buka I s l ands .  The p r i n c i p a l  geo log ica l  and 

s t r u c t u r a l  f e a t u r e s  of t h e  B r i t i s h  Solomon I s l a n d s  are descr ibed i n  

considerable  d e t a i l  i n  'The B r i t i s h  Solomon I s l a n d s  Geological Record', 

v o l .  11, 1959-1962, p a r t i c u l a r l y  by Coleman e t  a l .  (1962) and Coleman 

(1962). The geology of t h e  Aus t r a l i an  p r o t e c t o r a t e  have been reported 

on by Blake and M i e z i t i s  (1966). 

The Solomon I s l a n d s  are a n  area of r e c e n t  emergence from t h e  sea 

t h a t  is cha rac t e r i zed  by f a u l t i n g ,  i n t r u s i o n s  and volcanism. The 

volcanoes are mainly a n d e s i t i c  and range i n  age  from P le i s tocene  t i m e  

t o  contemporary a c t i v i t y .  The d i s t r i b u t i o n  of t h e  volcanic  c e n t e r s ,  

except f o r  those on t h e  i s l a n d  of Choiseul, l i e  roughly along a n  arc 

which is convex towards A u s t r a l i a .  

The area is marked by high se i smic i ty .  Most of t h e  earthquake 

shocks are shallow with f o c i  less than 50 km. Intermediate  t o  deep 

earthquake shocks are r e l a t i v e l y  infrequent ,  I n  c o n t r a s t  t o  normal 

i s l a n d  arcs t h e  seismic zones a t  depth do not d i p  towards A u s t r a l i a  but 
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Fig. 16. Location and gene ra l i zed  bathymetry of t h e  Solomon I s l a n d s  
area ( a f t e r  Coleman, 1962). 
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are e i t h e r  ver t ica l  o r  i nc l ined  towards t h e  Pac i f i c .  

Grover (1968) th inks  t h e r e  i s  a p a t t e r n  of deep focus earthquakes 

which migrate  progress ive ly  towards the  su r face  from both ends of t h e  

i s l ands ,  and t h a t  when two such series happen t o  be i n  phase and converge 

a t  t h e  same t i m e  i n  t h e  c e n t r a l  area, t h e r e  i s  vulcanism. The concept 

of progress ive  migrat ion of earthquakes along a f a u l t  system i s  not new, 

but  t h e  o v e r a l l  p a t t e r n  proposed by Grover is  new and i f  t r u e  may be 

pecu l i a r  t o  t h e  Solomon Is lands .  

n a l y s i  

Surface Gravi ty  Data 

Most of t h e  g r a v i t y  observa t ions  used i n  t h i s  were obtained 

as a p a r t  of an  in t eg ra t ed  program of geophysical and geologica l  s tudy 

of t h e  Solomon I s l ands  and ad jacent  sea area conducted by t h e  Universi ty  

of Wisconsin (Grover, 1968; Laudon, 1968; and t h e  Universi ty  of H a w a i i  

(Rose, et a l .  1968). These d a t a  were supplemented by submarine pendulum 

g r a v i t y  measurements c a r r i e d  out  by t h e  Lamont Geological Laboratory 

(Worzel, 1965). I n  using the  observat ions from t h e  t h r e e  d i f f e r e n t  

sources ,  equal weights were given t o  a l l  observat ions.  

Free A i r  Anomaly Maps 

Figure 1 7  shows t h e  f r e e  air  g r a v i t y  map of Rose e t  a l .  (1968) f o r  

t h e  oceanic areas. Figure 18 i s  t h e  f r e e  a i r  anomaly map of t h e  land 

areas of t h e  Solomon I s l ands  reg ion  based on Laudon's d a t a  and prepared 

by Woollard (unpublished). These anomalies are computed wi th  respec t  

t o  t h e  I n t e r n a t i o n a l  Gravi ty  Formula. The e l eva t ion  da ta  used f o r  t h e  

reduct ion  of land area g r a v i t y  observat ions are discussed i n  t h e  s e c t i o n  

on 'Elevat ion and Bathymetric Data.' 

Bouguer Anomaly Maps 

Figure 19 shows t h e  Bouguer anomaly map of Rose e t  a l .  (1968) f o r  

t h e  oceanic areas. These anomalies w e r e  computed by standard procedures,  

using a v a r i a b l e  c r u s t a l  dens i ty  of 2.84 t o  2.9 gm/cm f o r  t h e  Bouguer 

p l a t e  reduct ion .  The reason f o r  using v a r i a b l e  c r u s t a l  dens i ty  r a t h e r  

than a f ixed  va lue  stems from t h e  f a c t  t h a t  water pressure  a f f e c t s  t he  
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v e s i c l e  s i z e  and t h e  r e s u l t i n g  po ros i ty  of l a v a s  emplaced i n  a marine 

environment (Moore, 1965),  and hence, t h e  d e n s i t y  of t h e  b a s a l t s  

a s soc ia t ed  with topography on t h e  ocean f l o o r  i n c r e a s e s  with water 

depth. The use  of a v a r i a b l e  c r u s t a l  d e n s i t y  (Rose e t  a l . ,  1968; Moore, 

1965) would tend t o  minimize t h e  e f f e c t  of bathymetry on t h e  Bouguer 

anomalies where t h e r e  i s  topography by t ak ing  i n t o  account t h e  a p p r o p r i a t e  

d e n s i t y  f o r  each p a r t i c u l a r  depth.  

a l .  (1968) using v a r i a b l e  c r u s t a l  d e n s i t y  c o r r e c t i o n  method r a t h e r  than 

a f ixed  d e n s i t y  of 2.87 gm/cm r e s u l t s  i n  changes of 10  m i l l i g a l s  o r  less 

in t h e  Bouguer anomalies. 

However, as pointed out  by Rose et 

Figure 20 shows t h e  Bouguer anomaly map of t h e  land area (Woollard, 

unpublished).  

accepted s tandard v a l u e  of 2.67 gm/cm3 f o r  t h e  c r u s t a l  material between 

t h e  obse rva t ion  s t a t i o n  and sea l e v e l .  I f  a more real is t ic  d e n s i t y  of 

2.92 had been used t h e  anomaly va lues  would be  increased by about 10 

mgal per  1000 meters change i n  e l eva t ion .  

The d e n s i t y  used i n  t h e  Bouguer r educ t ion  w a s  t h e  

1' x 1' Free  A i r  and Bouguer Gravi ty  Anomalies 

The information given i n  Figures  17 t o  20, supplemented by 

submarine g r a v i t y  d a t a  (Worzel, 1965) w a s  used t o  compute t h e  1' x 1' 

mean anomalies (by s tandard l i n e a r  combination procedure) f o r  t h e  

r ec t angu la r  area between long i tude  148'E t o  168OE and l a t i t u d e  5OS t o  

12's. 

anomalies f o r  such squares  w e r e  determined from t h e  f r e e  a i r  anomaly 

map and by l i n e a r  i n t e r p o l a t i o n  from t h e  surrounding anomalies. 

About 30% of t h e  1' x lo squares  do not have any d a t a .  Gravity 

0 The mean f r e e  a i r  and Bouguer anomalies f o r  1 x 1' squares  are 

given i n  Tables 2 and 3 r e s p e c t i v e l y  and t h e  contoured lo x lo f r e e  

air anomaly v a l u e s  are shown i n  Figure 21. 

over Figures  17 and 18 [the o r i g i n a l  f r e e  a i r  anomaly maps is t h e  suppression 

i n  anomaly values .  

v a l u e s  exceeded 300 mgal. 

The b i g  change i n  Figure 21 

I 
The l a r g e s t  lo x lo va lues  is125 mgal whereas o r i g i n a l  

Bathymetric and E leva t ion  Data 

The bathymetric map of Rose et  a l .  (1968) i s  shown i n  Figure 22. 

Th i s  map is  based upon t h e  e x i s t i n g  Admiralty c h a r t s ,  t h e  echo-sounding 
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da t a  obtained on HMS Dampier i n  1965, USS Wandank i n  1964, Proa expedi t ion  

i n  1962 and t h e  Monsoon expedi t ion  i n  1960-61. The co r rec t ions  appl ied 

t o  these  d a t a  f o r  changes i n  temperature w i t h  depth a re  discussed by 

Rose e t  a l .  (1968). 

For t h e  land areas t h e  e l eva t ion  w e r e  obtained i n  p a r t  by l e v e l l i n g  

and i n  p a r t  from barometric a l t i m e t r y .  Only a few g r a v i t y  s t a t i o n s  

were loca ted  a t  po in t s  whose e l eva t ion  had previously been determined 

by l e v e l l i n g .  The e l eva t ions  of a l l  of t h e  c o a s t a l  s t a t i o n s  w e r e  

determined by hand l e v e l l i n g  from t h e  beach. Barometric a l t i m e t r y  w a s  

used f o r  t h e  balance of t h e  s t a t i o n s ,  and these  have an  unce r t a in ty  of 

250 f e e t  on average ( 2 3  mgal i n  t h e  Bouguer anomaly). 

- lo x lo Mean Eleva t ions  and Bathymetry 

0 Mean e l eva t ion  and bathymetry va lues  f o r  1 x lo squares  f o r  t h e  

r ec t ang le  bounded by longi tude  148OE t o  168'E and l a t i t u d e  5'5 t o  12's 

w e r e  determined from Figure 22, supplemented by 

e l eva t  

of t h e  

va lues  

va lues  

ons suppl ied by Laudon, and t h e  western P a c i f i c  bathymetric map 

Scr ipps  I n s t i t u t i o n  of Oceanography (unpublished).  These average 

a re  given i n  Table 4. A l l  t h e  w a t e r  depths  are given as negat ive  

Satell i te-Determined Gravi ty  Values 

The s a t e l l i t e  r ep resen ta t ion  of t h e  g r a v i t y  f i e l d ,  t o  8 t h  - degree 

of sphe r i ca l  harmonic expansion, w a s  obtained from Kozai's (1964) zonal 

and Gaposhkin's (1966) tesseral harmonic c o e f f i c i e n t s .  

i n  t h e  In t roduct ion ,  such a r ep resen ta t ion  corresponds t o  about a 

22O x 2 2 O  area. A s  t h e  area of i n v e s t i g a t i o n  i s  s m a l l ,  1 x 1 values  

were used i n  order  t o  ob ta in  a s u f f i c i e n t  number of d a t a  po in t s .  This  

w a s  j u s t i f i e d  s i n c e  t h e  g r a v i t y  anomaly i n  t e r m s  of s p h e r i c a l  harmonics 

i s  a continuous func t ion  of t h e  space domain. 

t h a t  t h e  information content  of t h e  func t ion  i s  not  compatible with t h i s  

sampling i n t e r v a l .  

1 x 1 

20 

A s  ind ica ted  

0 0 

Note, however, 

Also note  t h a t  t h e  func t ion  cannot be  averaged over 
0 0 squares  f o r  any area whose s i z e  is  less than  o r  equal  t o  

x 20° as t h e  information content  of t h e  func t ion  i s  a l ready  below 0 
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t h i s  l e v e l .  

Tables 5A and 5B g ive  t h e  sa te l l i t e -de te rmined  g r a v i t y  va lues  of 
0 1 i n t e r v a l s .  The g r a v i t y  anomalies i n  Table 5 A  are w i t h  r e spec t  t o  

t h e  I n t e r n a t i o n a l  Reference E l l ip so id ;  those i n  Table 5B are wi th  

r e spec t  t o  the  equi l ibr ium f i g u r e  of f l a t t e n i n g  1/299.75 (Khan, 1968a,b; 

J e f f r e y s ,  1963; Henriksen, 1960). Figure 21shows a contoured map of 

t h e  1 x 1 f r e e  a i r  anomaly va lues  which is  a smoothed ve r s ion  of t h e  

o r i g i n a l  map. 

anomaly va lues .  It i s  t o  b e  noted t h a t  t h e  las t  approximates c l o s e l y  

i n  p a t t e r n  t h a t  i s  def ined by t h e  s a t e l l i t e - d e r i v e d  anomalous g r a v i t y  

f i e l d  i n  showing a cen te r  of p o s i t i v e  c losu re  over t h e  area ly ing  south 

of t h e  Solomon Is lands .  

0 0 

0 Figure 2 1  a l s o  shows a contoured map of t h e  5 x 5 O  f r e e  a i r  

Analysis of Data 

The decomposition of t h e  g r a v i t y  anomaly Ag i n t o  i t s  harmonic 

components w a s  made by t h e  l i n e a r  sum represented by Equation 

appl ied  t o  a d i s c r e t e  case, i . e . ,  

N M  
Ag = 1 1 X (anm cos nu x cos nw y + b s i n  nu x nm 1 2 nm 1 n=O m=O 

cos  mu y + c cos nw x s i n  mu y + d s i n  nu x ( 4 5 )  2 nm 1 2 Nn 1 

s i n  mu y) 2 

where 
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cos  cos  

cos s i n  

nm d s i n  s i n  

IT = -  
1 R  

and 

L x K = t o t a l  number of d a t a  p o i n t s  i n  t h e  r e c t a n g l e  

I n  Equation ( 4 5 ) ,  t h e  summation is c a r r i e d  t o  N and M only because 

t h e  a n a l y s i s  i s  not  meaningful beyond t h e  Nyquist frequency. 

Tables 6 ,  7 and 8 l i s t  t h e  f r e e  air  anomaly c o e f f i c i e n t s ,  Bouguer 

anomaly c o e f f i c i e n t s  and sa te l l i t e  g r a v i t y  c o e f f i c i e n t s ,  r e spec t ive ly .  

These c o e f f i c i e n t s  are l i s t e d  f o r  anomalies both with r e spec t  t o  t h e  

I n t e r n a t i o n a l  Reference E l l i p s o i d  and t h e  equi l ibr ium f i g u r e .  The 

topography (mainly bathymetry) c o e f f i c i e n t s  are given i n  Table 9. It 

should be remembered t h a t  t h e  index n a p p l i e s  t o  t h e  x-axis which is  

east-west and t h e  index m t o  t h e  y-axis which is  north-south. 
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The 'c loseness '  of t h e  f i t  t o  a c e r t a i n  func t ion  can be t e s t e d  by 

recomputing t h e  func t ion  from t h e  Fourier  c o e f f i c i e n t s  and s tudying 

t h e  r e s i d u a l s ,  i .e . ,  

r e s i d u a l s  are shown i n  Tables 10, 11, 1 2 ,  and 13  f o r  t h e  f r e e  a i r  and 

i 0 where g = input  and g = output .  These i 
g i j  - goij 

Bouguer anomalies, sa te l l i te  g r a v i t y  and t h e  bathymetry, r e spec t ive ly .  

The r e s i d u a l s  of t h e  f r e e  a i r  and Bouguer anomalies are computed wi th  

r e spec t  t o  t h e  I n t e r n a t i o n a l  Reference E l l ip so id  only.  It is  easier 

t o  s<e t h e  ' c loseness '  of f i t  by consider ing t h e  va r i ance  of t h e  input  

and t h e  r e s i d u a l  d a t a  where t h e  va r i ance  of a func t ion  Ag, defined on 

a r ec t ang le  R(O < x < 2R, 0 - -  < x < Zk), is  given by - -  

The va r i ance  is  given i n  Table 14.  It i s  r e a d i l y  seen t h a t  t h e  Fourier  

f i t  does approximate t h e  func t ions  t o  a f a i r l y  c l o s e  degree.  

Another way of examining t h e  'c loseness '  of f i t  t o  t h e  func t ion  is 

t o  test whether t h e  l i n e a r  sum rep resen ta t ion  of Ag given by Equation 

443) is  complete. 

holds ,  i .e . ,  i f  

This  w i l l  indeed be  t r u e  i f  t h e  Parseva l  Theorem 

1 2 - /I Ag dx dy - 1 Dn(Ag) *: 0 
n 4Rk 

Ta l e  1 4  compares t h e  r e s u l t s  obtained from Equat-on (46) and t h e  second 

It is obvious t h a t  t h e  frequency r ep resen ta t ion  term of Equation (46a). 

of t h e  var ious  func t ions  i s  'complete' i n  t h e  mathematical sense.  

Table 15 shows t h e  spectrum of topography (mainly bathymetry) over 

t h e  Solomon I s l ands  area. Table 16 shows t h e  s p e c t r a  of t h e  satell i te-  

determined and t h e  su r face  g r a v i t y  f i e l d  r ep resen ta t ions  f o r  t h e  same 

area. 

sa te l l i t e  g r a v i t y ,  f r e e  air  anomalies versus  bathymetry, sa te l l i te  

g r a v i t y  versus  bathymetry and Bouguer anomalies ve r sus  bathymetry. 

, T a b l e  18 lists t h e  degree c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  va r ious  

Table 1 7  g ives  t h e  c ross -spec t ra  of f r e e  a i r  anomalies versus  

func t ions .  P a r t  'A' of each of t h e  Tables 16  and 1 7  is computed from 
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anomalies which w e r e  r e f e r r e d  t o  t h e  I n t e r n a t i o n a l  Reference E l l ip so id .  

P a r t  'B' of each of these t a b l e s  g ives  t h e  corresponding q u a n t i t i e s  

when t h e  equi l ibr ium f i g u r e  (Henriksen, 1960; O'Keefe and Kaula, 1963; 

J e f f r e y s ,  1963; Khan, 1968a,b) i s  adopted as the reference .  

Discussion of Resul t s  

Comparison of S a t e l l i t e  and Surface Gravi ty  

The comparison of t h e  sa te l l i t e -de te rmined  and s u r f a c e  g r a v i t y  

f i e l d s  f o r  l o c a l  areas l i k e  t h e  Solomon I s l ands  using gravimet r ic  d a t a  

averaged over areas of t h e  s i z e  of 1 x 1' squares  and satel l i te  g r a v i t y  

d a t a  obtained from an  8 t h  - degree s p h e r i c a l  harmonic r ep resen ta t ion  could 

be r a t h e r  e lus ive .  

cha rac t e r  is t o  s tudy t h e  s p e c t r a  of t h e  two r ep resen ta t ions  of t h e  

g r a v i t y  f i e l d .  It i s  noteworthy t h a t  t h e  problem of comparing t h e  

s u r f a c e  andthe sa te l l i t e -de te rmined  ve r s ions  of t h e  g r a v i t y  f i e l d  is 

unique i n  cha rac t e r  i n  t h a t  i t s  o b j e c t i v e  i s  t o  compare two representa-  

t i o n s  of t h e  same func t ion  obtained by two d i f f e r e n t  measurement 

techniques.  I f  t h e  two techniques are equal ly  e f f e c t i v e ,  they should 

g ive  i d e n t i c a l  r ep resen ta t ion  of t h e  func t ion .  Of course,  un le s s  t h e  

a c t u a l  r ep resen ta t ion  of t h e  func t ion  is known from an  independent 

source,  t h e  more e s t ab l i shed  of t h e  above two techniques of measurement 

w i l l  have t o  be regarded as a s tandard of comparison f o r  t h e  r e l a t i v e l y  

newer one. 

0 

One method of ob ta in ing  information of some gene ra l  

The spectrum of t h e  sa t e l l i t e -de te rmined  g r a v i t y  f i e l d  has  

r e l a t i v e l y  l a r g e  concent ra t ions  of energy i n  t h e  zero order  harmonic, 

This  harmonic i s  i n d i c a t i v e  of t h e  mean va lue  of t h e  func t ion  over t h e  

area. The energy concent ra t ion  i n  t h e  next h igher  harmonic, i.e., t h e  

f i r s t  o rder  t e r m ,  i s  about two o r d e r s  of magnitude less. For t h e  

second order  term, t h e  energy decay is  aga in  about a n  order  of magnitude 

relative t o  t h e  f i r s t  o rder  term. 

energy is  very  s m a l l .  I n  f a c t ,  f o r  n - > 2,  t h e  spectrum e f f e c t i v e l y  

diminishes  t o  zero.  

For higher  f requencies  t h e  

The degree c o r r e l a t i o n  func t ion  p (Agf, Ag ) f o r  t h e  east-west n S 
a x i s ,  obtained from f r e e  a i r  and sa te l l i t e  g r a v i t y  f i e l d  s p e c t r a  (Table 
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18) is q u i t e  i r r e g u l a r  and does not  f a l l  o f€  ' s t e a d i l y '  as w e  approach 

higher  f requencies .  The reason probably is t h a t  D (Ag ) i s  almost zero 

f o r  n > 2. Hence, it may not  be r e a l l y  meaningful t o  c o r r e l a t e  i t  with 

D (Ag,) which is about 10 

I n  s p i t e  of t h e s e  l i m i t i n g  f a c t o r s ,  however, t h e  degree c o r r e l a t i o n  

func t ion  p (Agf, Ag ) along t h e  north-south axis seems t o  be more 

r egu la r ,  bu t  t h e  frequency range along t h i s  axis is  no t  s u f f i c i e n t l y  

wide t o  j u s t i f y  our confidence i n  i t s  r e g u l a r i t y .  

The cross-degree va r i ance  func t ion  C (Ag 

n s  

3 
- 

times l a r g e r  i n  t h e  same band of f requencies .  n 

m 8 

Ag ) given i n  Table 1 7  
Its va lues  f o r  n = 0 and 1 

n f '  8 

appears t o  g ive  a more meaningful p a t t e r n .  

are considerably l a r g e r  than  those  f o r  higher  f requencies .  

of t h e  func t ion  i s  similar along t h e  north-south axis where i t s  va lue  

f o r  n = 0 is two o rde r s  of magnitude g r e a t e r  than t h a t  f o r  higher  

f requencies .  

The behavior 

Another parameter which could be examined t o  ob ta in ,  hopeful ly ,  

some u s e f u l  information involves  t h e  simple r a t i o  of t h e  two s p e c t r a  

being inves t iga t ed .  L e t  us  c a l l  i t  t h e  ' s p e c t r a l  r a t i o  func t ion '  

def ined by: 

This  func t ion  is given i n  Table 19, column 1. 

n = 0, R i s  almost 10  t i m e s  l a r g e r  than  t h a t  f o r  n - > 1. 

i n d i c a t e  t h a t  while  t h e  sa te l l i t e -de te rmined  g r a v i t y  f i e l d  conta ins  

some information on components wi th  wavelengths of t h e  order  of t h e  

s i z e  of t h e  area under inves t iga t ion ,  i t  does not  have any s i g n i f i c a n t  

It can be seen t h a t  f o r  
3 This  would n 

information on higher  f requencies  (n - > 1 ) .  

Normally, i t  would be  expected t h a t  t h e  r a t i o  of t h e  zero order  

terms should i n d i c a t e  that p a r t  of t h e  mean va lue  of t h e  func t ion  which 

t h e  satell i te i s  a b l e  t o  see. However, t h i s  r a t i o  is  more than one i n  

t h i s  case and g r e a t  cau t ion  should be taken i n  i n t e r p r e t i n g  i t .  

probably means t h a t  t h e  d a t a  used i n  t h i s  a n a l y s i s  are not  represent ing  

t h e  long-wavelength component (of t h e  order  of t h e  size of t h e  area 

under inves t iga t ion )  t o  t h e  same degree as t h e  satellite da ta .  

It 

This  is 
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probably due t o  t h e  f a c t  t h a t  t h e  g r a v i t y  anomaly values ,  which were 

estimated f o r  a considerable  percentage of t h e  da t a  poin ts  by simple 

i n t e r p o l a t i o n  of t h e  surrounding d a t a ,  do not  g ive  a genuine represen- 

t a t i o n  of t h e  a c t u a l  g rav i ty  i n  t h e  a rea .  

mean t h a t  p a r t  of t h e  long-wavelength component i n  t h e  sa te l l i t e  

representa t ion  of t h e  g r a v i t y  f i e l d  o rg ina te s  from t h e  in tegra ted  e f f e c t  

of a number of short-wavelength sur face  f e a t u r e s  whichcannot be resolved 

i n  t h e  sa te l l i t e  da ta .  However, such specula t ions  should be reserved 

u n t i l  t h e  r e s u l t s  of ana lys i s  involving a more complete g r a v i t y  survey 

of t h e  surrounding area become ava i lab le .  

However, i t  a l t e r n a t e l y  could 

The s i t u a t i o n  i s  about t h e  same along t h e  north-south a x i s  where 
3 Ro(Agf, Ag ) is 1 0  times as l a r g e  as R 

Rm f o r  m = 0 is  about an  order  of magnitude smaller than R 

s p e c t r a l  r a t i o  func t ion  f o r  t h e  x a x i s )  f o r  n = 0. 

The use  of t h e  equi l ibr ium f i g u r e  as t h e  re ference  f i g u r e  t o  compute 

f o r  m - > 1. However, no te  t h a t  

( t h e  
S m 

n 

t h e  anomalous g r a v i t y  f i e l d  does not change t h e  r e s u l t s  t o  any s i g n i f i -  

cant  degree. The p r i n c i p a l  change is t h a t  i n  t h e  sa te l l i t e  g r a v i t y  spectrum 

i n  which t h e  concentrat ion of energy i n  t h e  zero order  term (n = 0) i s  

increased about twofold. The spectrum of the f r e e  a i r  anomalies 

however does not  change accordingly.  This is unexpected. The reason 

may be due t o  t h e  d i f f e r e n t  wavelengths of t h e  two func t ions  [Legendre 

polynomial of t h e  second degree and t h e  Sin2 ( l a t i t u d e ) ]  which appear 

i n  t h e  satel l i te  g r a v i t y  formula and t h e  I n t e r n a t i o n a l  Gravity Formula. 

This  po in t  has not  been inves t iga ted ,  however, a t  t h i s  s tage .  

Topography and Gravity 

A s  t h e  f r e e  a i r  anomalies usua l ly  are only s l i g h t l y  dependent on 

reg iona l  e l eva t ion  but  are always dependent on l o c a l  topographic 

r e l i e f ,  a low c o r r e l a t i o n  between f r e e  a i r  anomaly and reg iona l  eleva- 

t i o n  is  evidence f o r  t he  i s o s t a t i c  compensation of topography. The 

Bouguer anomalies on t h e  o ther  hand are usua l ly  r e l a t e d  t o  reg iona l  

e leva t ion ,  but  show no dependence on l o c a l  topographic r e l i e f .  These 

r e l a t i o n s  i n d i c a t e  reg iona l  changes i n  e l eva t ion  are compensated and 

t h e  Bouguer anomaly i s  usua l ly  a d i r e c t  measure of t h e  compensation 

below a t  depth. The only exceptions as discussed earlier are where 

t h e  dens i ty  con t r a s t  between t h e  c r u s t  and mantle depar t  s i g n i f i c a n t l y  
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from a cons tan t  value.  I n  genera l ,  t he re fo re ,  a low c o r r e l a t i o n  between 

f r e e  a i r  anomaly va lues  and e l eva t ion  wi th  a simultaneous high cor re la -  

t i o n  between e l eva t ion  and Bouguer g rav i ty  anomaly i n d i c a t e s  t h a t  

topographic f e a t u r e s  are compensated. 

The degree c o r r e l a t i o n  func t ion  (Table 18) between e l eva t ion  and 

t h e  f r e e  a i r  and Bouguer anomalies i n  t h e  Solomon I s l ands  reg ion  has  

seve ra l  i n t e r e s t i n g  f e a t u r e s .  

than zero and pn(Agg, T) is near ly  one. 

does occur on a r eg iona l  scale. 

negat ive va lue  of p (Agf, T) f o r  n = 0 could mean t h a t  on t h e  r eg iona l  

s c a l e  t h e  topography i s  over-compensated o r  t h a t  t h e r e  i s  a s i g n i f i c a n t  

change i n  t h e  dens i ty  c o n t r a s t  between t h e  c r u s t  and mantle. 

is discussed later i n  some d e t a i l .  

pn(AgB, T) are s i g n i f i c a n t l y  l a r g e .  

t h e  f r e e  a i r  g r a v i t y  and t h e  topography can be a t t r i b u t e d  t o  t h e  f a c t  

t h a t  t h e  g r a v i t a t i o n a l  a t t r a c t i o n  i s  a func t ion  of d i s t a n c e  wi th  t h e  

consequence t h a t  a t  a po in t  on t h e  physical  su r f ace  of t h e  e a r t h ,  t h e  

a t t r a c t i o n  of t h e  compensating material w i l l  always be smaller than  

t h a t  of t h e  topographic f e a t u r e  even i f  t h e  f e a t u r e  is p e r f e c t l y  compen- 

A t  a po in t  on t h e  phys ica l  su r f ace  

For n = 0, t h e  va lue  of pn(Agf, T) is  less 

This  shows t h a t  t h e  compensation 

However, t h e  f a c t  t h a t  t h e r e  is  a 

n 

This  po in t  

For n = 1, both pn(Agf, T) and 

P a r t  of t h e  c o r r e l a t i o n  between 

' s a t e d  a t  depth as discussed earlier. 

of t h e  e a r t h  t h e  t o t a l  g r a v i t a t i o n a l  e f f e c t  of t h e  topographic f e a t u r e  

w i l l  be a t t a i n e d  i n  a r e l a t i v e l y  sho r t  d i s t ance ,  while  a t  t h e  same 

d i s t a n c e - t h e  e f f e c t  of t h e  compensating mass may be only 50% complete 

(Woollard, 1962). However, t h i s  e f f e c t  i s  important only f o r  higher  

f requencies  when t h e  wavelength of t h e  f e a t u r e s  being considered is  of 

t h e  order  of 2' o r  smaller ( i n  t h i s  case, i t  w i l l  correspond t o  

f requencies  f o r  which n - > 4 ) .  However, both pn(Agf, T) and pn(AgB, T) 

are s i g n i f i c a n t l y  l a r g e  even f o r  f requencies  f o r  which t h e  above-noted 

f a c t o r  is  not  l i k e l y  t o  make any apprec iab le  d i f f e rence .  For example, 

pn(Agf, T) = 0.73 f o r  n = 2 and = 0.85 f o r  n = 3. 

t h a t  almost 50% t o  60% g r a v i t y  e f f e c t  of t h e  topography is not  compensa- 

ted  a t  t h e s e  wavelengths. 

some ex ten t  a t  more o r  less a l l  wavelengths, t h e  degree of compensation 

is  gene ra l ly  less f o r  higher  f requencies .  The cross-spectrum of t h e  

topography and Bouguer anomaly (Table 17) a l s o  l e a d s  t o  t h e  same 

conclusions.  The same conclusion is  a l s o  a r r ived  a t  later i n  t h e  

This  would suggest 

Thus, while  topography is  compensated t o  
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d i scuss ion  fol lowing a s l i g h t l y  d i f f e r e n t  l i n e  of argument. The degree 

c u r r e l a t i o n  func t ion  f o r  f r e e  a i r  g r a v i t y  and t h e  topography (Table 18) 
i s  a l s o  i r r e g u l a r .  P a r t  of t h i s  i r r e g u l a r i t y  can be  a t t r i b u t e d  t o  t h e  

f a c t  t h a t  t h e  pred ic ted  g r a v i t y  va lues  f o r  about 30% of t h e  d a t a  p o i n t s  

used i n  t h e  a n a l y s i s  may not  be a t r u e  r ep resen ta t ion  of t h e  a c t u a l  

g r a v i t y  of t h e  area. However, t h e r e  i s  r e a l l y  no way of t e s t i n g  t h i s  

p o s s i b i l i t y  u n t i l  a c t u a l  observa t iona l  d a t a  are a v a i l a b l e .  

It should a l s o  be  pointed out  t h a t  a p a r t  of t h e  c o r r e l a t i o n  

between Bouguer anomaly and topography could a l s o  be due t o  t h e  in- 
c o r r e c t  v a l u e  of the c r u s t a l  dens i ty  used i n  t h e  Bouguer reduct ion.  

The u s e  of incorrect: d e n s i t y  w i l l  make t h e  Bouguer anomaly topography- 

dependent. However, t h i s  f a c t o r  is not  l i k e l y  t o  b e  important as the 

dependence of t h e  Bouguer anomaly on c r u s t a l  d e n s i t y  is s m a l l  (4 mgal 

f o r  0.1 gm/cm 

gm/cm 

3 per  1000 meters on land and about 0.5 mgal per  0.1 
3 

The degree of compensation can a l s o  be  gauged,perhaps more c l e a r l y ,  

per  1000 meters depth a t  sea). 

by comparing t h e  s p e c t r a  of t h e  Bouguer g r a v i t y  anomalies and t h e  

anomalies t h a t  would r e s u l t  i f  t h e  topography were supported as a 
s u r f i c i a l  load by a r i g i d  c r u s t .  The Bouguer anomalies r e f l e c t  t h e  

' e f f e c t  of compensation p l u s  t h e  e f f e c t  of o the r  mass anomalies,  i f  

any, not  r e l a t e d  t o  t h e  topography. 

of t h e  topography a lone ,  then 

L e t  % denote  t h e  g r a v i t y  e f f e c t  

I f  t h e  g r a v i t y  e f f e c t  of the topographic masses is represented  by 
d 

'1 Equation (14), t h e  Four ie r  c o e f f i c i e n t s  Em (a m 9  bm, cm, or  dm) 

of t h i s  r ep resen ta t ion  w i l l  be  determined by 

f B 
m - = E  
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where 

= f r e e  a i r  anomaly c o e f f i c i e n t s  Em 

Enm = Bouguer anomaly c o e f f i c i e n t s  

and 

gi(x,y) = t h e  set of or thogonal  func t ions  used i n  Equation (14) 

For t h e  c a s e  when t h e  topographic masses are supported by t h e  crust: as 

a s u r f i c i a l  load ,  t h e  spectrum of t h e i r  a t t r a c t i o n  can be  obtained 
'F 

from E+ i .e. m' 

This  spectrum i s  given 

Another method of 

i n  Table  20, column 1. 

f ind ing  t h e  a t t r a c t i o n  of t h e  topographic 

masses is  t o  compute i t  from t h e  Four ie r  c o e f f i c i e n t s  of topography. 

The underlying idea  is t h e  same as d iscussed  by J e f f r e y s  (1962, p. 182) 

f o r  a s p h e r i c a l  s u r f a c e  and used by Kaula ( 1 9 6 7 d f o r  comparing t h e  

topography wi th  t h e  g r a v i t y  f i e l d  of t h e  e a r t h .  

formula (1962), makes u s e  of Green's theorem f o r  a closed s u r f a c e  and 

cannot be  appl ied  he re  per  se. 

seems to be  t o  make a s t r a igh t fo rward  u s e  of t h e  i n f i n i t e  s l a b  assumption. 

Denote t h e  g r a v i t y  e f f e c t  of an  i n f i n i t e  s l a b  of rock material of 

th ickness  h by q, Then 

However, J e f f r e y s '  

The s imples t  way i n  t h e  p re sen t  problem 

= 2lrGph 
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and 

Table 20, column 2, lists t h e  spectrum of t h e  a t t r a c t i o n  of t h e  

topographic masses computed from Equation (50). 

t o  t h a t  based on Equation ( 4 9 )  except f o r  two f a c t o r s .  

Bouguer anomalies used i n  Equation ( 4 9 )  are co r rec t ed  f o r  t h e  t e r r a i n  

e f f e c t .  Consequently, one could expect  t h e  two s p e c t r a  t o  d i f f e r  by 

an  amount which w i l l  be  r e l a t e d  t o  t h e  t e r r a i n  c o r r e c t i o n  appl ied  t o  

t h e  da t a .  

is  t h e  d i f f e r e n c e  between t h e  mean c r u s t a l  and ocean-water d e n s i t i e s .  

There is  a s m a l l  percentage of t h e  land area included i n  t h e  area of 

i n v e s t i g a t i o n  and f o r  t h i s  the dens i ty  p, used i n  computing the g r a v i t y  

e f f e c t  of topography, should be taken equal  t o  t h e  c r u s t a l  d e n s i t y ,  

However, s i n c e  t h e  area of i n v e s t i g a t i o n  is predominantly oceanic ,  and 

s i n c e  t h e  adopt ion of two s e p a r a t e  va lues  of d e n s i t y  would complicate  

t h e  c a l c u l a t i o n s  cons iderably ,  t h e  d i f f e r e n c e  of t h e  mean c r u s t a l  and 

ocean water d e n s i t i e s  w a s  considered t o  be an  appropr i a t e  approximation 

f o r  p.  Again, i t  should be remembered t h a t  a p a r t  of t h e  d i f f e r e n c e  

between the  s p e c t r a  of t h e  a t t r a c t i o n  of t h e  topographic masses l i s t e d  

i n  columns 1 and 2 of Table 20 could be due t o  t h e  f a c t  t h a t  about 30% 
of t h e  d a t a  p o i n t s  used i n  t h i s  a n a l y s i s  were obtained from simple 

i n t e r p o l a t i o n  of the surrounding da ta .  However, s i n c e  t h e  spectrum 

given i n  column 1, T a b l e  20, makes allowance f o r  t h e  t e r rah  e f f e c t ,  i t  

is l i k e l y  t o  approximate the a t t r a c t i o n  of t h e  topographic masses more 

accu ra t e ly .  Hence, f u r t h e r  d i scuss ion  w i l l  be  based on it .  

It should be i d e n t i c a l  

F i r s t ,  t h e  

Second, t h e  va lue  of p used i n  computing column 2, Table 20, 

Note t h a t  f o r  n = 0, Dn($) i s  somewhat smaller than Dn(Ag,). T h i s  

i s  sugges t ive  of complete r eg iona l  compensation of t h e  topographic masses 

and t h e  p o s s i b l e  ex i s t ence ,  i n  t h e  upper mantle o r  c r u s t ,  of a n  a d d i t i o n a l  

mass anomaly. 

For t h e  band of f requencies  corresponding t o  1 - I  < n < 9 ,  t h e  

compensation seems to  be  only p a r t i a l .  

b e  s tud ied ,  though only  roughly,  by examining t h e  s p e c t r a l  r a t i o  func t ion  

The degree of compensation can 
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of t h e  g r a v i t y  e f f e c t  of t h e  topographic and t h e  compensating masses. 

This  func t ion  is given i n  Table 1 9 ,  column 2 ,  and i n d i c a t e s  roughly 

t h e  percentage of t h e  compensated topographic masses f o r  a c e r t a i n  

wavelength. Note t h a t  t h e  percentage of compensated topography i n  a 

c e r t a i n  wavelength, as computed from p (Ag n B’ 
no t  ag ree  very  c lose ly ,bu t  what is  important is they both poin t  t o  

t h e  same gene ra l  conclusion.  For n 0, R > 1 which supports  t h e  

conclusion der ived be fo re  t h a t  t h e r e  is an  anomalous mass d i s t r i b u t i o n  

present  which i s  not  connected wi th  topography. This  conclusion is  

f u r t h e r  supported by t h e  f a c t  t h a t  t h e  degree c o r r e l a t i o n  c o e f f i c i e n t  

between f r e e  a i r  anomalies and bathymetry f o r  n = 0 is  less than  zero.  

However, t h e  d i f f e r e n c e  between t h e  s p e c t r a  of t h e  topographic and the 

compensating masses f o r  n = 0 is marginal and some a d d i t i o n a l  evidence 

i s  d e s i r a b l e  be fo re  t h i s  hypothesis  can be accepted.  

Rn < 1 which i n d i c a t e s ,  as concluded be fo re  fol lowing a s l i g h t l y  d i f f e r e n t  

l i n e  of reasoning,  t h a t  t h e  compensation f o r  t h e  topographic masses i n  

t h i s  band of f requencies  is only p a r t i a l .  

T) and Rn(AgB, AT), do 

n -  

For 1 - -  < n < 9, 

Along t h e  north-south a x i s ,  t h e  s i t u a t i o n  is  e s s e n t i a l l y  t h e  same. 

The compensation seems t o  be complete on a r eg iona l  scale wi th  evidence 

. f o r  an  a d d i t i o n a l  anomalous mass d i s t r i b u t i o n  i n  t h e  upper mantle o r  

even deeper. 

masses seem t o  be compensated only p a r t i a l l y .  

Also f o r  t h e  higher  f requencies  (m - > l ) ,  t h e  topographic 

The spectrum of t h e  topography f o r  t h e  case when it  i s  completely 

compensated on a l o c a l  s c a l e  can a l s o  be est imated.  I f  t h e  compensating 

masses are assumed t o  have t h e  form of a d i s c ,  t h e  computation can be 

considerably s impl i f i ed .  L e t  t h e  r e s i d u a l  a t t r a c t i o n  of t h e  compensated 

topographic m a s s  be  denoted by Ag then r’ 

z Agr = 2lTGph( 

where 

(39) 

z = depth a t  which t h e  compensating mass may be  assumed 

t o  be concentrated 
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r = r a d i u s  of t h e  disc-shaped compensating m a s s  

and 

p = c r u s t a l  d e n s i t y  

It may be noted t h a t  i n  der iv ing  Equation (51), w e  have ca l cu la t ed  

t h e  a t t r a c t i o n  of t h e  topographic masses on t h e  b a s i s  of an i n f i n i t e  

s l a b  assumption and t h a t  of t h e  compensating masses from t h e  formula f o r  

t h e  g r a v i t y  a t t r a c t i o n  of a c i r c u l a r  d i s c  of f i n i t e  r ad ius .  

s i n c e  99% of t h e  a t t r a c t i o n  of an  i n f i n i t e  s l a b  is r e a l i z e d  wi th in  a 

r ad ius  of 1 

is j u s t i f i e d .  

would probably be more appropr i a t e  i f  a c t u a l  d e n s i t y  va lues  f o r  t h e  

c r u s t  were known, but  without t h i s  knowledge no a d d i t i o n a l  accuracy can 

be achieved by making such an assumption. 

assumptions would t ake  i n t o  account t h e  e f f e c t  of e a r t h ' s  cu rva tu re ,  

I f  t h e  e f f e c t  of e a r t h ' s  curva ture  is t o  be  considered,  t h e  formulas 

f o r  t h e  a t t r a c t i o n  of a s p h e r i c a l  s h e l l  segment would be  more appropr ia te .  

Note t h a t  because of t h e  way formula (51) i s  derived he re ,  p is  

However, 

0 from any po in t  on t h e  e a r t h ' s  su r f ace ,  t h i s  approximation 

The assumption of a v e r t i c a l  cy l inde r  of f i n i t e  dimensions 

None of t h e  above-noted 

' 

e i t h e r  t h e  mean c r u s t a l  d e n s i t y  o r  t h e  d i f f e r e n c e  between t h e  mean 

c r u s t a l  and ocean-water d e n s i t i e s ,  depending upon whether w e  are 

consider ing t h e  land areas o r  t h e  oceanic a reas .  

ence between t h e  d e n s i t i e s  of t h e  mantle and t h e  compensating mass i n  

t h i s  case (unless ,  of course,  h is taken t o  be t h e  th ickness  of t h e  

compensating ' r o o t ' ) .  

It is not  t h e  d i f f e r -  

The spectrum D (Ag ) f o r  t h e  case when t h e  topographic masses are n r  
f u l l y  compensated, is then  given by 
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This  r e s i d u a l  spectrum is  given i n  Table 20, column 3 .  

It may be noted t h a t  a l though t h e  lower f requencies  of t h e  spectrum 

D (T) have much higher t o t a l  energy concentrat ion,  t h e  energy d i s t r i b u t i o n  i n  

higher  f r equenc ie s  of t h e  r e s i d u a l  spectrum D (Ag ) is equal t o  o r  some- n r  
t i m e s  g r e a t e r  than t h a t  i n  t h e  lower f requencies .  

case aga in ,  t h e  ' s p e c t r a l  r a t i o  €unction'  can b e  used t o  e l a b o r a t e  t h i s  

po in t  f u r t h e r .  This func t ion  is given i n  Table 19,  column 3 ,  f o r  t h e  

n 

I n  t h i s  p a r t i c u l a r  

s p e c t r a  of t h e  r e s i d u a l  g r a v i t y  f i e l d  and t h e  topography. It is r e a d i l y  

seen t h a t  t h e  func t ion  i n c r e a s e s  p rogres s ive ly  as higher  f requencies  

are approached. Th i s  shows t h a t  i f  Equation (51) s imula t e s  t h e  a c t u a l  

phys i ca l  s i t u a t i o n  t o  any reasonable  degree,  t h e  smaller topographic 

f e a t u r e s  w i l l  g i v e  rise t o  s i g n i f i c a n t  g r a v i t y  anomalies even when they 

are i n  p e r f e c t  i s o s t a t i c  equilibrium. The same th ing  is  shown by 

Woollard (1962) f o r  a l imi t ed  frequency range i n  regard t o  a hypo the t i ca l  

case. 

The degree c o r r e l a t i o n  func t ion  of t h e  bathymetry and t h e  sa te l l i t e  

g r a v i t y  is  r a t h e r  i r r e g u l a r  again.  However, i f  t h e  negat ive c o r r e l a t i o n  

f o r  t h e  zero o rde r  harmonics is  v a l i d ,  i t  would i n d i c a t e  t h a t  t h e  

sa te l l i t e  g r a v i t y  is  not  influenced t o  any g r e a t  degree by t h e  s u r f i c i a l  

f e a t u r e s  and t h a t  t h e  concen t r a t ion  of energy i n  zero o rde r  harmonic i n  

t h e  sa te l l i t e  g r a v i t y  only arises from sources  i n  t h e  mantle. 

apparent c o r r e l a t i o n  a t  higher  f r equenc ie s  i s  obviously f o r t u i t o u s ,  f o r  

i t  i s  not  real is t ic  t o  expect t h a t  a sa te l l i t e  w i l l  be  a b l e  t o  map 

such s m a l l  wavelength f e a t u r e s .  

of energy i n  D (Ags, T) and Dn(Agf, T).  

s u i t e d  f o r  problems i n  which two r ep resen ta t ions  of t h e  same func t ion ,  

obtained by two d i f f e r e n t  measurement techniques,  are des i r ed  t o  be  

compared. 

two d i f f e r e n t  func t ions  i f  t h e  a i m  of such a comparison i s  t o  make a 

comparative s tudy of t h e  r e l a t i o n s h i p  of two func t ions  a t  d i f f e r e n t  

f requencies;  b u t  t h i s  r a t i o  i s  not  t h e  same as t h e  c lass ical  c o r r e l a t i o n  

c o e f f i c i e n t .  The comparison of two d i f f e r e n t  func t ions  with t h e  h e l p  

of t h i s  parameter, f o r  t h e  purposes of e s t a b l i s h i n g  c o r r e l a t i o n  between 

them, could be misleading i f  t h e  l i m i t a t i o n s  of t h i s  parameter are not  

f u l l y  comprehended. 

The 

Note t h e  d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  

n 
It should be  noted t h a t  t h e  s p e c t r a l  r a t i o  func t ion  i s  p a r t i c u l a r l y  

It can a l s o  poss ib ly  be  used as a u s e f u l  measure f o r  comparing 
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Conclusions on Frequency Analysis  

The appropr i a t e  formulas f o r  t h e  frequency and s p e c t r a l  a n a l y s i s  

of two-dimensional d a t a  on a rec tangular  area wi th  def ined boundaries are 

given i n  a form i n  which they can be r e a d i l y  appl ied  t o  t h e  a n a l y s i s  

of t h e  g r a v i t y  and topographic da t a .  

s tudying t h e  c o r r e l a t i o n  between t h e  var ious  harmonic components of 

two func t ions  and hence are p a r t i c u l a r l y  s u i t a b l e  f o r  s tudying t h e  

geophysical c o r r e l a t i o n s .  

Such a n a l y s i s  are u s e f u l  f o r  

A s  a s p e c i f i c  example, t h e  comparison of t h e  sa te l l i t e -de te rmined  

g r a v i t y  anomalies and t h e  f r e e  a i r  g r a v i t y  anomalies over t h e  Solomon 

I s l ands  area shows t h a t ,  when 1 

compared wi th  t h e  sa t e l l i t e -de te rmined  g r a v i t y  anomalies a t  1' i n t e r v a l s  

obtained from an  8 t h  - degree s p h e r i c a l  harmonic r ep resen ta t ion ,  t h e  

satel l i te  ' sens ing '  f o r  wavelengths of t h e  order  of 10' o r  smaller is  

almost n e g l i g i b l e .  

0 0 x 1 mean f r e e - a i r  anomalies are 

The zero order  term i n d i c a t i n g  t h e  mean va lue  of 

anomalous s u r f a c e  g r a v i t y  over t h e  area appears t o  be w e l l  r epresented  

by t h e  satel l i te  r e s u l t s .  

sa te l l i te  g r a v i t y  and f r e e  a i r  anomalies suggests  t h a t  a p a r t  of t h e  

long-wavelength component of t h e  sa te l l i t e -de te rmined  f i e l d  does o r i g i -  

n a t e  from an i n t e g r a t i o n  of t h e  higher  frequency components which are 

not  ' d i s c e r n i b l e '  t o  t h e  s a t e l l i t e  because of t h e  l imi t ed  r e s o l u t i o n  

imposed by t h e  he ight  of t h e  sa te l l i t e .  

i n  h igher  f requencies  of t h e  sa te l l i t e  g r a v i t y  spectrum, t h e  degree 

c o r r e l a t i o n  func t ion  between t h e  sa te l l i te  g r a v i t y  and t h e  f r e e  air  

g r a v i t y  becomes r a t h e r  i r r e g u l a r  and it is  h e l p f u l  t o  supplement t h e  

information suppl ied  by it  by s tudying a simple parameter c a l l e d  t h e  

'spectral r a t i o  func t ion '  which seems t o  be p a r t i c u l a r l y  s u i t a b l e  f o r  

comparing two ve r s ions  of t h e  same func t ion  obtained by d i f f e r e n t  

methods. The comparison of sa te l l i t e  g r a v i t y  wi th  t h e  topography of t h e  

area, v i a  t h e  degree c o r r e l a t i o n  func t ion  of t h e  two, can only be 

i n t e r p r e t e d  t o  mean t h a t  t h e  satel l i te  g r a v i t y  i s  r e l a t e d  t o  deeper 

sources  r a t h e r  than t h e  s u r f i c f a l  f e a t u r e s .  

The s p e c t r a l  r a t i o  func t ion  between t h e  

Because of t h e  near-zero energy 

The a n a l y s i s  af Ehe f r e e  a i r  and t h e  Bouguer g r a v i t y  anomalies t o  

ob ta in  t h e  s p e c t r a  af  t h e  a t l x a c t i o n  of t h e  topographic masses ant3 t h e  
1 

compensating masses over rhe  a r e a , i n  conjunct ion wi th  t h e  degree 
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c o r r e l a t i o n  func t ion  between t h e  f r e e  a i r  anomalies and topography and 

t h e  Bouguer anomalies and topography, i n d i c a t e  t h a t  t h e  topographic fea-  

t u r e s  of t h e  s i z e  of t h e  area considered he re  are f u l l y  compensated. 

There is marginal evidence t h a t  on a r eg iona l  scale, t h e r e  may be  some 

anomalous mass d i s t r i b u t i o n  i n  t h e  upper mantle. This  conclusion is 

supported by nega t ive  c o r r e l a t i o n  between t h e  f r e e  a i r  anomalies and 

topography f o r  t h e  zero o rde r  term. A s  would be expected, topographic 

f e a t u r e s  of smaller e x t e n t  seem t o  b e  only p a r t i a l l y  compensated and 

t h e  degree of compensation is gene ra l ly  less f o r  higher  f requencies .  

This conclusion remains v a l i d  even when one t akes  i n t o  account t h e  

r e s i d u a l  g r a v i t y  e f f e c t  which w i l l  show up as a n  anomaly even when a 

small-scale f e a t u r e  i s  f u l l y  Compensated. 

It is  obvious t h a t  a n a l y s i s  of t h i s  na tu re ,  f o r  areas of t h e  s i z e  

considered here ,  g i v m r e s u l t s  of gene ra l  cha rac t e r  only.  It is  probable 

t h a t  1 i n t e r v a l  chosen f o r  t h i s  a n a l y s i s  may be  too  l a r g e  f o r  s u r f a c e  

d a t a  and too  small f o r  s a t e l l i t e  d a t a .  However, w i th  t h e  a v a i l a b l e  

0 

amount and d e t a i l  of s u r f a c e  and s a t e l l i t e  g r a v i t y  d a t a ,  i t  seems t o  be 

t h e  most s u i t a b l e  choice f o r  t h i s  s p e c i f i c  s tudy.  
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REVIEW OF SEISMIC REFRACTION RESULTS I N  THE SOLOMONS REGION 
AND THEIR RELATION TO FREQUENCY ANALYSIS RESULTS 

I f  t h e  r e s u l t s  of t h e  frequency a n a l y s i s  are examined i n  terms of 

t h e  c r u s t a l  parameters def ined by t h e  seismic r e f r a c t i o n  measurements 

i n  t h e  Solomons area, it i s  found t h a t  t h e r e  i s  gene ra l  corroborat ion 

f o r  most of t h e  m a s s  anomaly occurr ing near t h e  s u r f a c e  r a t h e r  than 

a t  a depth of around 12 as suggested by t h e  sa te l l i t e  g r a v i t y  anomaly 

half-width value.  Rose et a l .  (1968) have given one a n a l y t i c a l  s o l u t i o n  

t h a t  would account f o r  a l l  t h e  m a s s  anomaly being a c t u a l l y  a s soc ia t ed  

with t h e  c r u s t .  There are reasons though f o r  a t t r i b u t i n g  p a r t  of t h e  

anomaly t o  t h e  upper mantle. The p e r t i n e n t  seismic d a t a  are given i n  

Table 21 and t h e  s i t e  l o c a t i o n s  shown i n  Figure 23. 

0 

The g r a v i t y  d a t a  included i n  Table 21 are  mean va lues  along t h e  

l i n e  of each seismic measurement. 

A s  brought ou t  earlier, t h e  upper mantle v e l o c i t y  i s  u s u a l l y  

r e l a t e d  t o  both t h e  th i ckness  of t h e  c r u s t  and a l s o  t h e  development of 

t h e  b a s a l  l a y e r  of t h e  c r u s t .  Also as ind ica t ed  earlier, c o n t i n e n t a l  

d a t a  i n d i c a t e  t h e r e  is  a r e l a t i o n  between f r e e  a i r  and i s o s t a t i c  g r a v i t y  

anomalies and t h e  v e l o c i t y  of t h e  mantle and c r u s t a l  thickness .  On t h e  

b a s i s  of t h e s e  obse rva t ions  t h e  d a t a  of Table 21 were f i r s t  p l o t t e d  i n  

terms of v a r i a t i o n s  i n  mantle v e l o c i t y  va lues  and depa r tu re s  i n  c r u s t a l  

t h i ckness  from "normal values" t o  be expected f o r  t h e  equivalent  s u r f a c e  

e l e v a t i o n  as a func t ion  of t h e  f r e e  a i r  anomaly va lues .  Th i s  p l o t  is  

shown i n  Figure 24. The d a t a  f a l l  i n t o  f i v e  groups. A group being 

def ined by an apparent  coherent systematic  r e l a t i o n  between abnormality 

i n  c r u s t a l  t h i ckness  and mantle v e l o c i t y  as a func t ion  of f r e e  a i r  

anomaly values .  

as r ep resen t ing  a s p e c i a l  case, and S t a t i o n  RB (Rabal) as being question- 

a b l e  because of incomplete d a t a ,  t h e r e  are three groups of va lues .  

I f  w e  e l i m i n a t e  S t a t i o n  M i n  t h e  Bougainvi l le  Trench 

Group I1 ( S t a t i o n s  B ,  K, I and J)  and Group I11 (S ta t ions  P, G, F, and 

E) show a normal r e l a t i o n s h i p  i n  t h a t  t h e  c r u s t a l  t h i ckness  is  d i r e c t l y  

r e l a t e d  t o  t h e  f r e e  a i r  anomaly. However, both groups show a n  abnormal 

i n v e r s e  r e l a t i o n s h i p  of mantle v e l o c i t y  t o  f r e e  a i r  anomaly and c r u s t a l  

t h i ckness  abnormality.  

of d a t a  are d i sp laced  from each o t h e r .  

It a l s o  i s  t o  b e  noted t h a t  both t h e s e  groups 

This  displacement is  ve ry  similar 
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Fig. 24. Variations i n  the mantle velocity and crustal thickness values 
from their respective 'normal values' as a function of free a ir  
anomaly values. 
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t o  t h a t  noted f o r  t h e  d a t a  f o r  t h e  Basin and Range area i n  t h e  United 

S t a t e s  which are d isp laced  from t h e  d a t a  f o r  t h e  rest of North America. 

Group I (S ta t ions  A, C and D) show a similar inve r se  dependence of t h e  

change i n  c r u s t a l  abnormality and mantle  v e l o c i t y ,  but  a l l  have t h e  same 

f r e e  a i r  g r a v i t y  anomaly (-100 mgal). 

I f  t h e  d a t a  f o r  t h e  two parameters,  mantle v e l o c i t y  and abnormality 

i n  c r u s t a l  th ickness  f o r  s u r f a c e  e l e v a t i o n  are p l o t t e d  independently 

without regard t o  t h e  f r e e  a i r  anomaly, t h e  va lues  f a l l  i n t o  t h e  same 

i d e n t i c a l  t h r e e  groups d isp laced  from each o the r  as shown i n  Figure 25.  

Each group as before  shows t h a t  t h e  c r u s t  t h i n s  as t h e  mantle v e l o c i t y  

inc reases .  

only t h e  o v e r a l l  p l o t ,  i t  is  evident  t h a t  t h e r e  i s  an anomalous inc rease  

i n  c r u s t a l  th ickness  as t h e  v e l o c i t y  of t h e  mantle increases .  This  

genera l  r e l a t i o n  i s  subs t an t i a t ed  if w e  p l o t  t h e  seismic d a t a  as a 

c r u s t a l  c r o s s  s e c t i o n  ac ross  t h e  Solomon I s l ands  reg ion  along wi th  a 

companion p l o t  of mantle v e l o c i t y  va lues  a s  shown i n  Figure 26. This  

o v e r a l l  r e l a t i o n  is t h e  same as t h a t  observed on t h e  con t inen t s  i n  t h a t  

v a r i a t i o n s  i n  c r u s t a l  th ickness  appear t o  be a mir ror  image of v a r i a t i o n s  

i n  mantle v e l o c i t y .  

found between c r u s t a l  th ickness  and mantle v e l o c i t y  f o r  t h e  mid-Atlantic 

Ridge and t h e  East P a c i f i c  R i s e .  

However, i f  w e  d i s r ega rd  t h e  groups as such and consider  

A s  shown i n  Figure 9, a similar r e l a t i o n s h i p  is 

The only way of r econc i l ing  t h e  c o n f l i c t i n g  r e l a t i o n s h i p s  portrayed 

and i n  p a r t i c u l a r  t h e  inve r se  r e l a t i o n s h i p  from t h e  normal one f o r  t h e  

r e l a t i o n  of f r e e  a i r  anomalies t o  mantle v e l o c i t y  i s  t o  have t h e  i n t e r -  

r e l a t i o n s h i p  between t h e  d e n s i t y  of t h e  c r u s t  and mantle wi th  change i n  

mantle v e l o c i t y  d i f f e r  from t h a t  found on the  con t inen t s .  

con t inen t s  t h e  higher  t h e  mantle v e l o c i t y ,  t h e  lower t h e  apparent  dens i ty  

c o n t r a s t  between t h e  c r u s t  and mantle.  

c h a r a c t e r i z e  areas having a t h i c k  c r u s t  and occur where t h e  geologic  

On t h e  

High mantle  v e l o c i t y  va lues  

evidence (basins)  d e f i n e s  subsidence.  The p o s i t i v e  g r a v i t y  found i n  t h e s e  

areas can only be accounted f o r  by an inc rease  i n  c r u s t a l  d e n s i t y  s i n c e  

t h e r e  i s  an obvious e x t r a  c r u s t a l  r o o t  increment whose e f f e c t  has  t o  be  

cancel led.  

I n  the  Solomon I s l ands  a rea  al though an inc rease  i n  g r a v i t y  is a l s o  

a s soc ia t ed  wi th  an inc rease  i n  c r u s t a l  th ickness  f o r  two of t h e  groups 

of d a t a ,  t h e r e  i s  no o v e r a l l  sys temat ic  p a t t e r n  o r  g e n e r a l i z a t i o n  p o s s i b l e  
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such as appears between mantle v e l o c i t y  and c r u s t a l  thickness .  

explanat ion does not appear t o  be i n  t ec ton ic  displacement and a l a c k  

of i s o s t a t i c  equi l ibr ium as t h e  s i g n  of t h e  depar tures  are reversed;  

f o r  example,a subnormal c r u s t a l  th ickness  due t o  a h o r s t  should be an 

area of p o s i t i v e  g r a v i t y  r a t h e r  than negat ive  g r a v i t y  as observed. The 

explanat ion the re fo re  has  t o  be i n  t h e  phys ica l  p r o p e r t i e s  of t h e  c r u s t  

and mantle e i t h e r  because of changes i n  composition o r  t h e  physical  

environment. That t h r e e  regimes are represented is obvious because of 

t h e  o f f s e t s  i n  va lues .  

dens i ty  c o n t r a s t  between t h e  c r u s t  and mantle with decrease i n  mantle 

v e l o c i t y  a t tended by an inc rease  i n  g r a v i t y  cha rac t e r i zes  two of t h e  

groups and a l s o  t h e  t h i r d  group,except t h a t  t h e r e  i s  no change i n  g r a v i t y  

with change i n  c r u s t a l  th ickness  and mantle v e l o c i t y  f o r  t h i s  group 

The 

That t h e  t rend i n  each i s  one of decreasing 

(Group I ) .  

As normally v e l o c i t y  and dens i ty  are d i r e c t l y  r e l a t e d ,  a decrease  

i n  mantle v e l o c i t y  would suggest a decrease i n  dens i ty  which would 

expla in  t h e  inc rease  i n  c r u s t a l  th ickness  wi th in  each group f o r  a 

decrease i n  mantle ve loc i ty .  The o v e r a l l  i nc rease  i n  c r u s t a l  th ickness  

with mantle v e l o c i t y  ind ica ted  f o r  a l l  t h e  d a t a  t r e a t e d  as a s i n g l e  group 

i n d i c a t e  t h a t  t h e r e  are t h r e e  mantle regimes represented.  

cannot be a t t r i b u t e d  t o  t h e  c r u s t  i n  t h a t  t h e  va lues  of c r u s t a l  th ickness  

i n  each group are both l a r g e  and va r i ab le .  

d i f f e r e n t i a t e d  on t h e  b a s i s  of mantle v e l o c i t y  va lues  as t h e  spread i n  

va lues  is  q u i t e  l a rge .  They, however, with only two exceptions f a l l  i n t o  

geographic areas. 

(-100 mgal f r e e  a i r  anomaly) and which has t h e  g r e a t e s t  excess va lues  of 

c r u s t a l  th ickness  (+6 km ave.)  which i m p l i e s  t h e  smallest dens i ty  d i f f e r -  

e n t i a l  between t h e  c r u s t  and m a n t l e , l i e s  on t h e  e a s t e r n  end of t h e  Solomon 

Is lands .  

(+20 t o  +80 mgal) and which has e s s e n t i a l l y  normal va lues  of c r u s t a l  

thickness,  l ies t o  t h e  south of the1 western 

Group III,which is  charac te r ized  by a wide range of f r e e  air anomalies 

(-140 t o  +120 mgal) and subnormal va lues  o f  c r u s t a l  th ickness  ( 5  t o  1 3  km) 
which implies  a high dens i ty  c o n t r a s t  between t h e  c r u s t  and mantle,  l ies 

south of t h e  c e n t r a l  Solomon Is land  area. This  geographic d i s t r i b u t i o n  

cannot be r e l a t e d  t o  t e c t o n i c  a c t i v i t y ,  but t h e  a v a i l a b l e  hea t  f low d a t a  

The r e l a t i o n s  

These regimes cannot be 

Group &which i s  charac te r ized  by negat ive  g r a v i t y  

Group I1,which is  charac te r ized  by p o s i t i v e  f r e e  a i r  anomalies 

end of t h e  Solomon I s l ands .  
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suggests  t h e r e  may be a c o r r e l a t i o n  with t h i s  f a c t o r .  Group I cotticides 

with an area of subnormal hea t  flow; Group I1 with an a r e a  of normal heat 

f low;.and Group I11 wi th  an area of high heat  flow. 

t h i s  would exp la in  t h e  observed r e l a t i o n s  s i n c e  v e l o c i t y  is  s e n s i t i v e  

t o  temperature. 

On an o v e r a l l  b a s i s  

The h ighes t  mean mantle v e l o c i t y  is as soc ia t ed  with 

Group I, t h e  area of subnormal h e a t  flow (0.71-0.73 l~ cal/cm2 s e e ) ,  

and t h e  lowest mean mantle v e l o c i t y  is as soc ia t ed  with Group I11 t h e  

area of abnormal hea t  flow (1.9-3.0 1-1 cal/cm s e c ) .  There i s  no sys t e -  

matic g r a v i t y  r e l a t i o n s h i p  involved, but  as ind ica t ed  t h e  c r u s t  is 

abnormally t h i c k  where t h e  heat  flow i s  subnormal, and subnormal i n  

thickness  where t h e  h e a t  f low is  abnormal. Where h e a t  flow is  normal 

( 1 . 2  1-1 cal/cm2 sec) t h e  va lue  of c r u s t a l  t h i ckness  are normal. 

implied d e n s i t y  c o n t r a s t s  between t h e  c r u s t  and mantle however are 

reversed from what might be expected i n  t h a t  a high temperature presumably 

would a l s o  lower t h e  d e n s i t y  of t h e  mantle and hence decrease t h e  

d e n s i t y  c o n t r a s t  between t h e  c r u s t  and mantle and r e s u l t  i n  c r u s t a l  

subsidence ( too  t h i c k  a c r u s t ) .  

through.therma1 d i l a t i o n  o r  p a r t i a l  mel t ing with a n  a t t enden t  change 

i n  mantle mineralogy which would raise i t s  d e n s i t y  and lower i t s  v e l o c i t y .  

T f  t h e r e  w e r e  j u s t  thermal d i l a t i o n ,  one would expect subnormal g r a v i t y  

values .  I n  po in t  of f a c t  t h e  f r e e  a i r  g r a v i t y  anomaly va lues  f o r  t h e  

seismic observat ion sites i n  t h e  area of high h e a t  flow are a l l  p o s i t i v e  

(+20 t o  +125 mgal), and t h e  mantle v e l o c i t y  va lues  range from 7 . 3  t o  

7.9 km/sec. 

i n  t h e  no r the rn  p a r t  of t h e  Basin and Range area of t h e  United States 

and where Woollard (1968) has  computed t h e r e  would have t o  be an 

2 

The 

E i t h e r  t h e r e  has  been c r u s t a l  u p l i f t  

The r e l a t i o n s  t h e r e f o r e  are q u i t e  s imi l a r  t o  those observed 

inc rease  of about 0 . 6  gm/cm3 i n  mantle d e n s i t y  t o  maintain t h e  s u r f a c e  

e l e v a t i o n  wi th  t h e  observed subnormal v a l u e  of c r u s t a l  t h i ckness  under 

i s o s t a t i c  condi t ions.  

A l l  t h e  evidence t h e r e f o r e  p o i n t s  t o  t h e  excess m a s s  i n  t h e  area 

of t h e  Group I11 observat ions being a s soc ia t ed  with t h e  upper mantle 

r a t h e r  than t h e  c r u s t ,  and t h a t  t h e  top of t h i s  d i s t u r b i n g  m a s s  l ies  

f o r  t h e  most p a r t  a t  depths  less than 15 km. The same explanat ion 

probably a p p l i e s  t o  t h e  area of t h e  Group I1 observat ions even though 

t h e r e  i s  no abnormality i n  c r u s t a l  t h i ckness ,  t h e  mantle v e l o c i t i e s  are 
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subnormal and t h e  f r e e  a i r  anomalies s i g n i f i c a n t l y  p o s i t i v e .  Only t h e  

area of t h e  Group I observat ions ly ing  t o  t h e  no r th  of t h e  Solomon I s l a n d s  

where t h e r e  is a n  abnormally t h i c k  c r u s t  is  cha rac t e r i zed  by negat ive 

f r e e  a i r  anomalies. I f  w e  are deal ing with a reversal process t h a t  is 

temperature con t ro l l ed ,  t h i s  might explain the  observed r e l a t i o n s ,  but 

i t  is a l s o  poss ib l e  t h a t  t h e r e  is  t ec ton ic  con t ro l  i n  t h e  area of t h e  

Group I observat ions and t h a t  t h e  t h i c k  c r u s t  is due t o  underthrust ing 

of t h e  ocean p l a t e  beneath t h e  Solomon I s l a n d s  platform. 

suggested by t h e  seismic c r u s t a l  s e c t i o n  (Fig. 26) and a l s o  t h e  inc rease  

i n  depth of earthquake f o c i  going t o  t h e  no r th  a c r o s s  t h e  Solomon 

Is lands.  The g r a v i t y  c o n t r o l  f o r  t he  Group I observat ions t h e r e f o r e  

appears t o  be of c r u s t a l  o r i g i n  whereas f o r  Group I1 and Group I1 i t  

appears t o  be  of mantle o r i g i n .  I n  a l l  cases i t  is  shallow-seated. 

This is  

That t h e  in t eg ra t ed  p a t t e r n  of r e l a t i v e l y  short-wavelength f ree  

a i r  anomalies would g ive  a p a t t e r n  similar t o  t h a t  defined by the  

sa te l l i t e  derived anomalous g r a v i t y  f i e l d  is evident from Figure 21 

which shows contoured lo x 1' average va lues  and 5' x 5 

It appears s i g n i f i c a n t  t h a t  although only a p a r t i a l  c losu re  is defined 

by t h e  5' x 5O values ,  i t  agrees  c l o s e l y  i n  p o s i t i o n  and i n  s i g n  with 

t h a t  def ined by t h e  s a t e l l i t e  d a t a  and would have a long wavelength i f  

t h e  d a t a  w e r e  a v a i l a b l e  f o r  f u l l y  de f in ing  i t .  

of t h e  s a t e l l i t e - d e f i n e d  g r a v i t y  high i s  12' which would p l ace  t h e  

maximum depth t o  t h e  cen te r  of d i s t u r b i n g  mass beneath the  Ea r th ' s  

su r f ace  a t  about 8 , and i t  is  clear from Figure 27,which compares 

p r o f i l e s  ac ross  t h e  Solomon I s l ands  a t  about 10's la t i tude,  t h a t  loo  x loo  
average values  might w e l l  g ive  a comparable value.  

0 average values .  

The half-width va lue  

0 
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RECAPITULATION ON FREQUENCY ANALYSIS ANI) GEOPHYSICAIo RRLATIONS 

There is general  agreement between the r e s u l t s  of the frequency 

a n a l y s i s  and t h e  geophysical ana lys i s .  The evidence from the frequency 

a n a l y s i s  indicataa:  (1) t h a t  n e i t h e r  t h e  s a t e l l i t e  defined or su r face  

g r a v i t y  anomaly over t h e  Solomon I s l ands  area is associated with t h e  topo- 

graphic  and bathymetric f e a t u r e s  of t h e  area.  This is a l ~ o  borne out by 

t h e  geophysical a n a l y s i s .  

r e so lve  whether t h e  anomaly o r i g i n a t e s  from overcompensation i n  t h e  c r u s t ,  

o r  from sources i n  t h e  upper mantle, o r  from changes i n  the  i n t e r r e l a t i o n -  

s h i p s  of t h e  geophysical parameters of t h e  c r u s t  and the mantle, t h e  f a c t  

t h a t  t h e  c o r r e l a t i o n  of bathymetric f e a t u r e s  with t h e  satel l i te-determined 

g r a v i t y  f i e l d  is g r e a t e r  than t h a t  of t h e  bathymetric f e a t u r e s  with t h e  

su r face  g r a v i t y  f i e l d ,  and is i n  t h e  same sense,  i n d i c a t e s  t h a t  t h e  p a r t  

of t h e  g r a v i t y  anomaly unrelated t o  topography 1s r e l a t i v e l y  of long- 

wavelength o r i g i n  and hence should be r e l a t i v e l y  deep-seated as t h e  s u r f i c i a l  

f e a t u r e s  of comparable wavelength are a l l  i s o s t a t i c a l l y  compensated, 

(3) The geophysical a n a l y s i s  shows t h a t  t h e r e  are adequate reasons t o  

b e l i e v e  t h a t  t h e  excess mass i n  question is associated with t h e  upper 

mantle r a t h e r  than t h e  c r u s t ,  over most of t h e  area being considered here,  

and t h a t  t h e  top of t h i s  excess mass l i es  f o r  t h e  most p a r t  a t  depths 

not  exceeding 15 km, though t h e  d i s tu rb ing  mass may extend t o  much g r e a t e r  

depths and may be associated mostly with t h e  upper mantle, 

geophysical analylj is  p o i n t s  out  t h e  existence of t h r e e  regimes of geo- 

phyeical i n t e r r e l a t i o n s h i p s ,  The eastern p a r t  of t h e  Solomon I s l ands  

(Group I) i s  cha rac t e r i zed  by negat ive Eree a i r  g r a v i t y  anomalies, abnormally 

t h i c k  crust and subnormal heat  f law. The p a r t  l y i n g  t o  t h e  south of t h e  

western end s f  t h e  Solomon I s l ands  (Group 11) is character ized by possitive 

f r e e  a i r  g r a v i t y  anomaliee, normal values  of c r u s t a l  thicknese and normal 

heat  flow. The p a r t  l y ing  t o  the south of t he  central  Solomon I s l ands  

area (Group ZIT) i r j  marked by a wide range of free a i r  g r a v i t y  snomali& 

(-140 to  +I20 mgarl), subnormal values  of crurJtal thickness  and high heat  

flow, 
with the mantle v e l o c i t y  i s  anomalous, in comparison t o  t h a t  f o r  t h e  

con t inen ta l  areas i n  t he  gense t h a t  within each of t h e s e  groups, t h e  mantle 

(2) Although t h e  frequency a n a l y s i s  cannot 

(4) The 

Mithin each o f  t hese  groupe t he  r e l a t i o n s h i p  of t h e  c r u s t a l  thickness  
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v e l o c i t y  inc reases  as t h e  c r u s t a l  thickness  decreases .  However t h e  o v e r a l l  

t rend is  normal and t h e  same as t h a t  for  t he  c o n t i n e n t a l  area; t h a t  is, 

t h e  mantle v e l o c i t y  inc reases  with t h e  c r u s t a l  t h i ckness .  

apparent systematic  r e l a t i o n s h i p  of t hese  groups t o  areas of t e c t o n i c  

a c t i v i t y  with t h e  p o s s i b l e  exception of Group I i n  which case t h e  abnormally 

t h i c k  c r u s t  may have been caused by t h e  underthrust ing of t h e  ocean p l a t e  

beneath t h e  Solomon I s l a n d s  platform. I n  t h a t  case, it would be poss ib l e  

t o  exp la in  t h e  g r a v i t y  p a t t e r n  i n  t h e  area of Group I as due t o  c r u s t a l  

o r i g i n .  The g r a v i t y  anomaly f i e l d  i n  t h e  remaining p a r t  of t h e  Solomons 

would have t o  be  a t t r i b u t e d  t o  sources  i n  t h e  upper mantle.  

a n a l y s i s  w a s  not  used t o  d i f f e r e n t i a t e  between t h e s e  t h r e e  regimes of 

geophysical i n t e r r e l a t i o n s h i p s .  This  would have required the  frequency 

a n a l y s i s  of t h e  geophysical d a t a  of each group independently,  and such 

analyses  would a l s o  r e q u i r e  a much denser  geophysical coverage o f  t h e  

area than is now a v a i l a b l e .  It may be p o s s i b l e  t o  make t h e s e  s t u d i e s  

when more geophysical d a t a  f o r  t h e  area become a v a i l a b l e ,  as probably 

on t h e  success fu l  conclusion of t h e  present  geophysical expedition which 

is now ope ra t ing  i n  t h a t  area. 

There is no 

The s p e c t r a l  

(5) That t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d  r e p r e s e n t s  only t h e  

&average g r a v i t y  anomaly p a t t e r n  over t h e  area is obvious from t h e  d i scuss ion  

of both t h e  s p e c t r a l  as w e l l  as geophysical analyses .  The f a c t  t h a t  most 

of t h e  energy of t h e  s a t e l l i t e - d e r i v e d  g r a v i t y  f i e l d  over t h e  area is  

concentrated i n  t h e  zero o rde r  terms shows t h i s  f a c t  c l e a r l y .  The same is  

a l s o  borne o u t  by t h e  geophysical d i scuss ion  given i n  t h e  preceding 

sec t ion .  I n  any case, t h i s  is what one would expect on a l o g i c a l  b a s i s  

a l s o .  

represented as long-wavelength component of a s p e c i f i c  frequency may be 

a r e s u l t  of t h e  i n t e g r a t i o n  of t h e  short-wavelength f e a t u r e s  and hence not  

genuinely belonging t o  t h e  frequency i n  quest ion,  is c e r t a i n l y  suggested 

by t h e  frequency a n a l y s i s  which shows t h a t  t h e  energy i n  t h e  zero o rde r  

terms of t h e  sa t e l l i t e -de te rmined  g r a v i t y  f i e l d s  i s  g r e a t e r  than t h a t  i n  

t h e  corresponding f r equenc ie s  of t h e  s u r f a c e  g r a v i t y  f l e l d .  A s  pointed 

o u t  earlier, an a l t e r n a t e  explanat ion of t h i s  may be  t h e  l a c k  of complete 

s u r f a c e  gravimetr ic  coverage of t h e  area under cons ide ra t ion  and consequent 

l a c k  of information on t h e  long-wavelength components which are not  properly 

represented.  To completely r e s o l v e  t h i s  quest ion,  several g loba l  comparisons 

(6) That a p a r t  of t h e  g r a v i t y  anomaly sensed by the  sa te l l i t e  and 
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of t h e  s u r f a c e  and t h e  sa t e l l i t e -de te rmined  g r a v i t y  f i e l d s  w i l l  be treeded 

based on more extensive g rav ime t r i c  coverage as well as more compls.te 

sa te l l i t e  s o l u t i o n s .  The only o the r  comparison now p o s s i b l e ,  t h a t  f o r  

t h e  North A t l a n t i c  area, has only been examined i n  terms of t he  gross  

r e l a t i o n s  t h a t  e x i s t  between the  s a t e l l i t e - d e f i n e d  anomalous g r a v i t y  f i e l d  

and 5' x 5 O  and loo x loo averages of su r face  f r e e  a i r  anomaly values .  

This comparison does show t h a t  t h e  s u r f a c e  and t h e  s a t e l l i t e - d e r i v e d  

g r a v i t y  f i e l d s  show similar long-wavelength f e a t u r e s .  Since,  however, a 

d e t a i l e d  a n a l y s i s  of t h e  type reported he re  f o r  t h e  Solomon I s l a n d s  region 

is not  a v a i l a b l e  f o r  t h e  North A t l a n t i c  area--or f o r  any o t h e r  area f o r  

t h a t  matter--it is  d i f f i c u l t  a t  t h i s  s t a g e  t o  draw any p a r a l l e l  based on 

such a n a l y s i s  f o r  d i f f e r e n t  areas. 
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