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J NTRODUCTION 

The near-ear th r ~ a g n e t i c  f i e l d ,  as measured by the magnetometers on 

Magsat, conta ins con t r i bu t i ons  from th ree  sources: t h e  e a r t h ' s  core, the  

e a r t h ' s  c r u s t ,  and external  cu r ren t  systems i n  t h e  e a r t h ' s  ionosphere and 

beyond. By f a r  t he  l a r g e s t  i n  magnitude i s  t he  f i e l d  from the  core, o r  the  

"main" f i e l d ,  Near ly  d i p o l a r  i n  nature, t he  s t rength  o f  the  main f i e l d  i s  near 

60,000 nT ( ~ " w t e s l a )  a t  the  poles and near 30,000 nT a t  the  equator. I t s  

temporal v a r ~ d t i o n ,  c a l l e d  secular  v a r i a t i o n ,  i s  slow, w i t h  a maximum o f  about 

1% per year.  External  cu r ren t  systems a re  t ime vary ing  on a scale o f  seconds 

t o  days and can vary i n  magnitude from f r a c t i o n s  o f  a nT t o  thousands o f  nT. 

These cu r ren t  systems are  loca ted i n  a cav i  t y -1  i ke reg ion  surrounding the  

e a r t h  and known as the magnetosphere. Although always present,  the s t rength  

and l o c a t i o n  o f  these cur ren ts  vary considerably between per iods o f  magnetic 

q u i e t  and periods of magnetic disturbance. F i e l d s  from the  e a r t h ' s  c r u s t  

a r e  by f a r  the  smal lest  i n  amp1 i tude of the  th ree  sources a t  sate1 1 i t e  

a l t i t u d e s .  The i r  s t rength  a t  Magsat a l t i t u d e s  i s  between zero and 50 nT. 

A1 so c a l l e d  "anomaly f i e l d s  ," the sources a re  associated w i t h  va r ia t i ons  i n  

t h e  geologic  and/or geophysical p rope r t i es  i n  the e a r t h ' s  c r u s t  and, accord ingly ,  

t h e i r  temporal v a r i a t i o n s  a re  on a geologic  t ime scale. 

P r i o r  t o  the s a t e l l i t e  era, the e a r t h ' s  magnetic f i e l d  was (and s t i l l  i s )  

monitored both by means o f  permanent magnetic observator ies,  which measure 

the  ambient f i e l d  cont inuously, and by p e r i o d i c a l  l y  repeat ing  measurements a t  

se lected s i t e s .  F i e l d  surveys are  necessary t o  fill i n  t h e  s p a t i a l  gaps 

between observator ies and repeat  s i t e s .  Such surveys were f i r s t  conducted by 

e a r l y  mariners and land surveyers, Edmund Ha l ley  made a sea voyage i n  the  



years 1698-1700 exp ress l y  t o  survey t h e  magnet ic f i e l d  over t h e  oceans. Tn 

1701 he pub l i shed  t h e  f i r s t  c h a r t  o f  t h e  magnet ic d e c l i n a t i o n  i n  t h e  r e g i o n  

of t he  A t l a n t i c  Ocean and i n  t h e  f o l l o w i n g  year  he extended h i s  c h a r t  t o  the  

Ind ian  Ocean and t o  t h e  sea near China. 

I n  a d d i t i o n  t o  l a n d  and sea surveys, some a i r c r a f t  have been e s p e c i a l l y  

adapted f o r  the  measurement o f  magnet ic f i e l d s .  Such surveys have u s u a l l y ,  

a l though n o t  always, measured o n l y  t h e  sca la r  magnitude o f  t h e  f i e l d ,  Many 

coun t r i es  have been surveyed i n  t h e i r  e n t i r e t y ,  some more than once, 

Unfor tunate ly ,  t h e  U.S. has n o t  y e t  been t o t a l l y  surveyed. I n  a d d i t i o n  t o  

t h e i r  obvious v a l u e  f o r  model ing t he  e a r t h ' s  main f i e l d ,  such surveys a re  

p a r t i c u l a r l y  u s e f u l  f o r  mappi!rg t h e  anomaly f i e l d  a t  low a l t i t u d e  and, as a 

r e s u l t ,  have been conducted by t h e  o i l  and minera l  e x p l o r a t i o n  i n d u s t r y  on a 

l o c a l  sca le .  

Sate1 1 i t e  measurements o f  t h e  geomagnetic f i e l d  began w i t h  t he  1 aunch 

o f  Spu tn ik  3 i n  May o f  1958 and have cont inued s p o r a d i c a l l y  i n  t h e  i n t e r v e n i n g  

years. Table 1 i s  a l i s t  o f  spacecra f t  which have made s i g n i f i c a n t  c o n t r i -  

bu t ions  t o  our  understanding o f  t h e  near-ear th  geomagnetic f i e l d .  Each has 

i t s  own l i m i t a t i o n s ,  f rom a l a c k  o f  g l oba l  coverage due t o  t h e  absence o f  on- 

board tape  recorders  t o  l i m i t e d  accuracy due e i t h e r  t o  ins t rumenta l  s h o r t -  

comings o r  t o  ambient spacecra f t  f i e l d s .  P r i o r  t o  Magsat, o n l y  t h e  p o l a r  

o r b i t i n g  QGO 2, 4 and 6 (POGO) s a t e l l i t e s  have p rov ided  a t r u l y  accurate,  

g lobal  geomagnetic survey. These s a t e l l i t e s  operated between 1965 and 1971 

and t h e i r  a1 k a l  i vapor magnetometers prov ided g loba l  measurements o f  t h e  f i e l  d 

magnitude approx imate ly  every  k second oyer an a1 t i t u d e  range o f  about 400 t o  

1500 km (Cain and Langel , 1971; Langel , 1974a). 



A new e r a  i n  near -ear th  magnet ic f i e l d  measurements began wi t h  NASA's 

launch o f  Magsat i n  October o f  1979. Magsat i s  p r o v i d i n g  t he  f i r s t  t r u l y  

g l oba l  geomagnetic survey s i nce  the  Pogo s a t e l l i t e s ,  and t he  very  f i r s t  

g l oba l  survey o f  vec to r  components o f  t h e  geomagnetic f i e l d .  Magsat i s  

designed w i t h  t w c  major  measurement tasks i n  view: t o  p rov ide  a  g loba l  vec to r  

survey o f  t h e  main geopoten t ia l  f i e l d  and t o  p rov ide  a  lower-a1 t i t u d e  measure- 

ment of c r u s t a l  anomalies. These tasks stem d i r e c t l y  f rom t h e  Magsat m iss i on  

o b j e c t i v e s  o u t l i n e d  by Ousley ( t h i s  i s sue ) .  Ana lys is  o f  t he  da ta  from Magsat 

w i l l  be c a r r i e d  o u t  by a  l a r g e  number o f  i n v e s t i g a t o r s ,  some o f  whom a r e  

working coope ra t i ve l y .  The nex t  s e c t i o n  i n d i c a t e s  who these i n v e s t i g a t o r s  a re  

and the f o l l o w i n g  sec t ions  descr ibe  i n  more d e t a i l  t h e  type o f  i n v e s t i g a t i o n s  

they  w i l l  be conduct ing. 



OVERVIEW OF INVESTIGATIONS 

Invest igatdons a r e  being c a r r i e d  ou t  by s c i e n t i s t s  a t  Goddard Space F l i g h t  

Center (GSFC) , the U.S. Geological Survey (USGS) and by s c i e n t i s t s  se lec ted  i n  

response t o  a NASA Announcement of Opportuni ty  (AO). Much o f  t h i s  r e p o r t  

r e f l e c t s  the work a t  GSFC, which inc ludes d e r i v a t i o n  o f  t he  f i r s t  geomagnetic 

f i e l d  models from Magsat <dri ivat ion o f  the g loba l  anomaly nlap from POGO, and 

some i n t e r p r e t a t i o n  oz t h a t  map i n  terms o f  geologic/geophysical models of t he  

e a r t h ' s  c rus t .   re USGS e f fo r t ,  under the  d i r e c t i o n  of Frank Frischknecht,  

inc ludes  bo2.r f i e l d  modeling and magnetic c h a r t i n g  as c a r r i e d  ou t  by 

Joseph # 'd in  and Eugene Fabiano, and c r u s t a l  modeling by J e f f  P h i l l i p s  and 

1 ot',rr'S. A t o t a l  o f  19 domestic and 1 3  fo re ign  i n v e s t i g a t o r s  were selected from 
1 
I :esponses t o  t h e  AO. Table 2 l i s t s  these i nves t i ga to rs ,  t h e i r  i n s t i t u t i o n ,  

and a b r i e f  d e s c r i p t i o n  of t h e i r  proposed i nves t i ga t i on .  More d e t a i l e d  
I 

! 
i n fo rma t ion  regarding most o f  these i nves t i ga t i ons  w i  11 be g iven i n  the  

remainder o f  t h i s  paper which, n o t  count ing t h e  Conclusion, i s  d i v ided  i n t o  

f o u r  sect ions correspondi ng t o  f o u r  r e l a t i v e l y  d i s t i n c t  areas o f  s c i e n t i f i c  

i n v e s t i g a t i o n ,  namely: 

1. Geomagnetic f i e l d  modeling ; 
L 

2. Crusta l  magnetic anomaly s tudies,  i .e., p o ~ t u l a t i n g  t h e  c r u s t a l  s t r u c t u r e  

and composit ion which causes the  magnetic anomalies; 

3 .  I nves t i ga t i ons  of the  inner  ear th:  the core, mantle and core-mantle 

i n t e r f a c e  area; 

4. Studies o f  ex terna l  cu r ren t  systems. 



GEOMAGNETIC FIELD MODELING 

By geomagnetic f i e l d  model ing i s  meant d e r i v a t i o n  o f  t h e  sphe r i ca l  

harmonic p o t e n t i a l  f u n c t i o n  which bes t  represen ts  t h e  main f i e l d  o f  t h e  

e a r t h  i n  a l e a s t  squares sense. T h e o r e t i c a l l y ,  such a p o t e n t i a l  f u n c t i o n  

c o u l d  be made t o  represz~ t  b o t h  t h e  core and c r u s t a l  f i e l d s  e x a c t l y .  I n  

p r a c t i c e  a r e s t r i c t e d  modt+l must be chosen on p r a c t i c a l  grounds: t h e  f i n i t e  

l i m i t a t i o n  on computer s i z e  and speed. Most researchers a t tempt  o n l y  t o  

represen t  t h e  colle f i e l d  w i t h  a p o t e n t i a l  functSon and u t i l i z e  a i t e r n a t e  

methods o f  d e s c r i b i n g  t h e  c r u s t a l  f i e l d s .  

One of t h e  p r i n c i p a l  c o n t r i b u t i o n s  o f  s a t e l l i t e  magnet ic f i e l d  measure- 

ments t o  geomagnetism has been t o  make a v a i l a b l e  a t r u l y  g l o b a l  d i s t r i b u t i o n  

o f  data.  Sur face measurements a r e  no tab l y  sparse, p a r t i c u l a r l y  i n  oceanic 

and remote reg ions .  The problem i s  compounded by t h e  l ong  term, o r  secular ,  

v a r i a t i o n  i n  t h e  main geomagnetic f i e l d  which can amount t o  as much as 1% 

p e r  year  i n  some l o c a l i t i e s .  Th i s  means t h a t  t o  represen t  t h e  g l oba l  geo- 

magnet ic f i e l d  accu ra te l y  a t  any g iven  epoch, worldwide measurements must be 

made a t  t imes near t h a t  epoch, a f e a t  o n l y  achieved by s a t e l l i t e  observat ions,  

and even then  o n l y  by t h e  Pogo and Magsat s a t e l l i t e s  w i t h  t h e i r  on-board tape 

recorders  and near p o l a r  o rb i t s . .  Accurate global rep resen ta t i on  of t he  secu la r  

v a r i a t f o n  i t s e l f  would r e q u i r e  p e r i o d i c  worldwide surveys, something o f t e n  

spoken o f  b u t  y e t  t o  become a r e a l i t y .  The Pogo s a t e l l i t e s  accomplished one 

such survey and Magsat w i l l  f u r n i s h  another,  These,together w i t h  e x i s t i n g  

sur face data,  w i l l  p e r m i t  accura te  g loba l  r ep resen ta t i on  of secu la r  v a r i a t i o n  

f o r  t he  p e r i o d  beginn ing w i t h  OGO 2 u n t i l  t h e  demise of Magsat: rough ly  October 

1965 through J u l y  1980. Fu tu re  s a t e l l i t e  surveys w i l l  be needed f o r  accura te  

g l o b a l  represen ta t ions  beyond t h e  l i f e t i m e  o f  Magsat. 



A1 though Pogo data were global and taken over a shor t  time span, tne  

1 imitat ion of measuring only the f i e l d  magnitude resulted in some anibigui ty  

in the  f i e l d  d i rect ion in  spherical harmonic analyses b a s ~ d  on Pogo data 

alone (Backus, 1970; Hurwitz and Knapp, 1974; Stern and Bredeltamp, 1975; 

Lowes, 1975). This ambiguity will be removed by the acquis i t ion of global 

vector data wi t h  Magsat. 

The USGS i s  current ly  in the process of updating world and national niag- 

n e t i c  charts and f i e l d  models. Three se t s  of charts  a r e  being prepared: a 

U.S. chart  of decl inat ion,  a U.S. char t  of t o t a l  f i e l d  i n t ens i t y ,  and a s e t  

of world charts  f o r  a1 1 components, The declination char t  wil l  be f inal ized 

in  ea r ly  1980, the  t o t a l  in tens i ty  charts  by the end of 1980, and the world 

char t s  by August 1981. Magsat data will contribute t o  a l l  of these s e t s  of 

char t s .  

To provide timely input f o r  a l l  appl ica t ions ,  a s e r i e s  of f i e l d  models 

wi l l  be derived from data during qu ie t  magnetically times over the period of 

data accumulation. One has already been generated from two f u l l  days of data 

(Lanqel e t  a1 . , 1 9 8 0 ~ ) .  A t  appropriate in te rva l s  t h i s  model w i  11 be updated 

w i t h  additional data,  culminating i n  a f ina l  model, incorporating a l l  data 

with f i ne  a t t i t u d e  coordinate accuracy, to be avai lable  about October 1981. 

Magsat data wil l  a lso  be combined w i t h  data from the Pogo sate1 l i t e s  and 

other  sources t o  derive predict ive niodels w i t h  temporal terms, 

Of the Magsat data currently available f o r  analys is ,  November 5 and 6 

have the lowest Kp indices,  The highest three  hourly Kp value i s  I+, which 

occurred only once., Plots  of Dst and of the data i t s e l f  a lso  indicated t h a t  

these  days were indeed very quie t ,  Accordinly, a se lect ion of 7468 data points 



f r om  these days was used t o  d e r i v e  t h e  f i r s t  geomagnetic f i e l d  model from 

Magsat (Cangel e t  a1 . , 1 9 8 0 ~ ) .  The s p h e r i c a l  harmonic c o e f f i c i e n t s  a r e  

g i v e n  i n  Tab le  3. Vec to r  da ta  above 50' l a t i t u d e  were n o t  i nc l uded  because 

of c u r l  - f r ee  f i e l d s  f rom f i e l d  a1 i gned c u r r e n t s .  Such f i e l d s  a r e  t ransverse  

t o  t h e  main f i e l d  and, as shown by Langel (1974a), have l i t t l e  o r  no e f f e c t  

on t h e  f i e l d  magnitude. However, 1679 va lues o f  B r ,  1681 o f  B,, and 1694 

va lues  o f  B were i r i c l  uded f o r  l a t i t u d e s  below 50'. + 
Th is  model f i t s  t h e  se lec ted  data w i t h  t h e  mean and s tandard d e v i a t i o n s  

shown i n  t h e  f o l l o w i n g  Table:  

MEAN STANDARD 
COMPONENT DEVIATION (nT) DEVIATION (nT)  

Scalar  Magnitude 0  8  

The source o f  t h e  non-zero means f o r  t h e  v e c t o r  da ta  appears t o  be a  b i as  o f  

4-7 arc-minutes i n  t h e  i n i t i a l  a t t i t u d e  s o l u t i o n .  The s tandard d e v i a t i o n  o f  

t h e  sca la r  da ta  i s  ma i j r l y  due t o  a  cor r~b inat ion o f  " i e l d s  f rom ex te rna l  and 

c r u s t a l  sources, n e i t h e r  o f  which i s  modeled. The s tandard d e v i a t i o n  o f  t h e  

v e c t o r  data i s  due t o  c u r r e n t  l a c k  of p r e c i s i o n  i n  spacec ra f t  a t t i t u d e .  

As p a r t  o f  our p r e p a r a t i o n  f o r  Magsat, Pogo da ta  was combined w i t h  su r f ace  

da ta  from obse rva to r i es  between 1960 and 1977, se l ec ted  repea t  data,  and 

s e l e c t e d  sh ipborne da ta  t o  d e r i v e  what we cons ider  t o  be t h e  b e s t  p o s s i b l e  

pre-Magsat model (bangel e t  al . ,  1980b). Both cons tan t  and f i w s t  d e r i v a t i v e  

t i m e  terms were i nc l uded  t o  degree and o rde r  13. Th i s  model, des ignated 

~ ~ ~ G ( 1 0 / 7 9 ) ,  u t i l i z e d  a  new technique f o r  d e a l i n g  w i t h  t h e  observa to ry  data.  



As a t  t h e  s a t e l l i t e ,  su r f ace  f i e l d s  con ta in  c o n t r i b u t i o n s  from t h e  t h r e e  

sources. For f i e l d  model ing the  annual mean va lue  f o r  each observa to ry  a r e  

u s u a l l y  u t i l i z e d  so t h a t  t h e  ex te rna l  c o n t r i b u t i o n  i s  same (hope fu l l y  smal l  ) 

averaged va l  ue. C rus ta l  anomaly f i e l d s  are,  however, t y p i  c a l  l y  qubi t e  1  arge. 

For p a s t  models t h e  rrns r e s i d u a l  of surface da ta  t o  t h e  model has t y p i c a l l y  

been between one and two hundred nT (see, e.g. , Cain e t  a1 . , 1967). We have 

i nco rpo ra ted  a procedure f o r  s o l v i n g  i ndependently f o r  t he  "b i as "  o r  anomaly 

f i e l d  i n  each component a t  each observatory .  Th i s  procedure was used f o r  

t he  f i r s t  t ime  i n  t h e  d e r i v a t i o n  of  t h e  ~ M A ~ ( 1 0 / 7 9 )  model. A f t e r  s o l v i n g  f o r  

t he  c o e f f i c i e n t s  o f  t h e  p o t e n t i a l  f u n c t i o n  and t h e  observa to ry  "biases ,I' t he  

rms r e s i d u a l  o f  t h e  observa to ry  data was reduced t o  16 nT. For  repea t  da ta  

t h i s  procedure was n o t  f e a s i b l e  due t o  l a c k  of ex tens i ve  temporal change. 

These data were i nco rpo ra ted  by i n c l u d i n g  o n l y  l o c a t i o n s  where t h r e e  o r  more 

measurements, a t  d i f f e r e n t  t imes, were avai  l ab1  e, Each component a t  each 

l o c a t i o n  was then  represented by a l i n e a r  f i t  and o n l y  t h e  r a t e  o f  change was 

u t i l i z e d  i n  d e r i v i n g  PMAG(l0/79). The r e s i d u a l  t o  t h e  f i t  was 6 nT per  year .  

For  shipborne data,  39 l ong  t r acks  i n  reg ions devoid o f  o t h e r  su r f ace  measure- 

ments were se lec ted .  These were low-pass f i l t e r e d  w i t h  a  c u t o f f  o f  500 km 

t o  e l i m i n a t e  t he  c r u s t a l  anomaly f i e l d ,  The rms r e s i d u a l  t o  t h e  f i t  was 27 nT. 

U t i l i z i n g  qu ick - look  data f rom t h e  f i r s t  few days o f  Magsat opera t ion ,  

va r ious  pre-Magsat models were evaluated. These r e s u l t s  a r e  summarized i n  

Table 4. 



Global geomagnetic models w d l  1 a180 be undertaken by t h e  USGS (Cai n, 

Fabiano) and by t h e  French i n v e s t i g a t o r s  under t h e  d i r e c t i o n  of LeMouel and 

t h e  B r i t i s h  i n v e s t i g a t o r s  under t h e  d i r e c t i o n  o f  Barraclough. The USGS 

i n v e s t i g a t o r s ,  i n  a d d i t i o n  t o  p u b l i s h i n g  c h a r t s  o f  the  f i e l d ,  w i l l  pay p a r t i -  

c u l a r  a t t e n t i o n  t o  t he  problem of separa t ing  t h e  core, c r u s t a l  and ex te rna l  

c o n t r i b u t i o n s  t o  t h e  f i e l d  and o f  adequately mathemat ica l l y  r ep resen t i ng  

each. The French and B r i t i s h  w i l l  a t tempt  a  v e r y  accurate model o f  secu la r  

v a r i a t i o n  bo th  f o r  t h e  purpose of p r e d i c t i n g  t h e  f i e l d  i n  t h e  f u t u r e  and a l s o  

f o r  use i n  s tudy ing  p r o p e r t i e s  of co re  f l u i d  mot ions and i n t e r a c t i o n s  a t  t he  

core-mant le boundaries. I n  a d d i t i o n  t o  t he  g l o b a l  models, severa l  i n v e s t i g a -  

t o r s  & i l l  a*E;Cc,mpt more accura te  vegional  models f o r  p a r t i c u l a r  areas i n  o rde r  

t o  b e t t e r  i s o l a t e  t h e  c r u s t a l  anomaly f i e l d s  i~ those areas. 

Magsat w i l l  p rov ide  an accura te  model o f  t h e  main geomagnetic f i e l d ,  b u t  

i t s  expected l i f e t i m e  i s  t o o  s h o r t  f o r  de te rmin ing  the secu la r  v a r i a t i o n  o f  

t h e  f i e l d .  The secu la r  v a r i a t i o n  can be determined through cornparison w i t h  

e a r l i e r  glob41 surveys o f  t h e  geomagnetic f i e l d  f rom space us ing  s c a l a r  data, 

b u t  such surveys a r e  known t o  s u f f e r  f rom enhanced e r r o r s  i n  c e r t a i n  sequences 

o f  harmonlc terms. Stern (GSFC) w i l l  use t he  Magsat model t o  eva lua te  t h e  

ex ten t  o f  such enhanced e r r o r s ,  c o r r e c t  them and then use t he  co r rec ted  models 

f o r  d e r i v i n g  the  mean secu la r  v a r i a t i o n  aver t h e  pe r i od  1965-1980. 

G i  bbs (Business and Technolog ica l  Systems) w i  11 a t t a c k  t he  secu la r  v a r i a -  

t i o n  problems f rom a  s t a t i s t i c a l  p o i n t  o f  v iew by us ing  r e c u r s i v e  es t ima t i on  

theory t o  combine convent ional  models i n t o  op t ima l  est imates o f  t i l e  f i e l d  

parameters f o r  any g iven  t ime. The s t a t i s t i c a l  i n f o r m a t i o n  so de r i ved  should 

enable a more accurate p r e d i c t i o n  c a p a b i l i t y  as w e l l  as rnore accura te  a  poste-  

r i  o r i  modei s. 



A n  a1 terfus  t i  ve to the classical spherical harmonic representation wi 11 be 

attempted by Mayhew (Business and Technological Systems), He wi 11 adopt 

methods of anomaly modeling by equivalent sources by representing the mafn 

f ie ld with an array of dipoles a t  a fixed radius within the core. I f  

such a method proves feasible,  i t  would potentially use less computer time 

than the usual methods. 

CRUSTAL MAGNETIC ANOMALY STUD1 ES 

By crustal magnetic anomaly i s  meant the residual f ie ld  when estimates 

of the core and external f ie lds  have been subtracted from the measured f i e ld .  

A n  anomaly map i s  a contour map of the measured average anorilaly f ie ld  a t  the 

a1 t i  tude of the data. lJinomaly maps have been derived from aeronlagneti c and 

shipborne data for  many years and util ized in the construction of geologic1 

geophysical models of the crust ,  Investigations with aeromagnetic and ship- 

borne magnetic data have mainly concentrated on the very localized anomalies 

associated with small scale geologic features and localized mineralization. 

However, in the past few years there has been an increased interest  in studies 

of the broad-scal e anomalies that apppear in regional cotnpi 1 ations of aero- 

magnetic and shipborne data (see, e.g. ,  - Pakiser and Zeitz, 1965; Zietz e t  a1 , , - 
1966; Shuey e t  a l . ,  1973; Hall, 1974; Kruitkhovskaya and Paskevich, 1977). 

Sa te l l i te  an~maly rnaps are of recent origin and describe only the very broadest 

scale anomal ies.  Aeromagnetic and shipborne anomaly maps have usually been 

interpreted assuming a f l a t  earth and a constant ambient f ie ld  over the region 

of in te res t .  Because of the i r  extremely large scale,  both of these assunlptions 

are invalid for sate1 1 i te-derived anomalies, thus necessitating development of 

new analysi s techniques. 



O r i g i n a l l y  i t  was thought  
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imposs ib le  t o  d e t e c t  f i e l d s  o f  c r u s t a l  o r i g i n  

i n  s a t e l l i t e  data, However, w h i l e  ana lyz ing  data f rom t h e  Pogo s a t e l l i t e s ,  

Regan e t  a1 . (1975) d iscovered t h a t  t h e  lower  a1 t i tude data cananr ned 

I separable T i e l d s  due t o  c r u s t a l  anonal i e s ,  thus opening t h e  door t o  a  new 

k c l ass  o f  i n v e s t i g a t i o n s .  Nnne o f  t he  s a t e l l i t e s  shown f n  Table 1 were designed 

f o r  s o l i d  e a r t h  s tud ies ,  y e t  r e s u l t s  f rom the  Pogo s a t e l l i t e s  have demon- 

s t r a t e d  t h e  c a p a b i l i t y  o f  napping broad sca le  anomalies, Al though t h e  map of 

Resan e t  a l .  was p a r t i a l  l y  contaminated by "no? se" fr~m magnetospheri c and 

ionospher ic  f i e l d s ,  t h e  r e a l i t y  and c r u s t a l  o r i g i n  of  severa l  o f  t he  anomalies 

de f ined  by t h e  map were c l e a r l y  demonstrated. More r e c e n t l y  Langel e t  a l .  - 
(1980a) have compared a Pogo-derived anomaly map w i t h  upward cont inued aero- 

magnetic data from Western Canada. F igu re  1 shows t h e  r e s u l t s  o f  t h a t  compari- 

son. The two maps a r e  i n  s u b s t a n t i a l  agreement, demonstrat ing f u r t h e r  bo th  t he  

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

The techniques f o r  p repa r i ng  such a  map i n c l u d e  s e l e c t i o n  o f  s u i t a b l e  

q u i e t - t i m e  data,  removing t h e  bes t  es t imate  o f  t h e  f i e l d s  n o t  o r i g i n a t i n g  i n  

t h e  e a r t h ' s  c r u s t ,  and averaging data a t  t he  app rop r i a te  r e s o l u t i o n .  I t  i s  

be1 ieved t h a t  these t x h n i q u e s  can be r e a d i l y  adapted t o  Magsat data, bo th  

s c a l a r  and vec to r .  I t  w i l l  be some months before an anomaly map i s  a v a i l a b l e  

f r om Magsat data.  I n d i v i d u a l  pass res idua l s ,  however, c l  e a r l y  show t h e  

presence of these c r u s t a l  f i e l d s .  F i gu re  2, f o r  example, shows t h e  Bangui o r  

Cent ra l  A f r i c a n  anomaly f i r s t  d iscovered by Regan e t  a l .  (1975). 

The b a s i c  anomaly maps a r e  o n l y  a s t a r t i n g  p o i n t  f o r  i n t e r p r e t a t i o n .  

To maximize t h e i r  usefulness, they  must be transformed t o  a  common a l t i t u d e  

and t o  t h e  anomalies t h a t  would be present  i f  the  e a r t h ' s  f i e l d  were t h e  same 

i n c l i n a t i o n  everywhere ( r educ t i on  t o  a  common i n c l i n a t i o n ) .  



- .--. - 
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PrelJminary techrl iques f o r  r e d u c t i o n  t o  comtnon a l t i t u d e  now e x i s t  and have 

been a p p l i e d  t o  Pogo da ta  between + 5 ~ ~ 1 a t i t u d e .  The r e s u l t i n g  map i s  shown 

i n  F i g u r e  3. 

For  geo log ic  s tud ies ,  such anomaly naps must be i n v e r t e d  t o  a  d e s c r i p t i o n  

o f  t he  magnetic p r o p e r t i e s  of  t h e  c r u s t a l  rocks.  Such i nve rs i ons  a r e  n o t  

unique and c o n s t r a i n t s  froln o t h e r  da ta  Ldurces w i l l  be r e q u i r e d  i n  t h e i r  

i n t e r p r e t a t i o n .  As a  f i r s t  s t ep  i n  such modelaing, t r a d i t i o n a l  equ i va len t  

source methods, adapted f o r  t h e  case of a  sphe r i ca l  e a r t h  w i t h  changing f i e l d  

i n c l i n a t i o n ,  have been app l i ed  t o  t h e  Un i t ed  S ta tes  (Mayhew, 1979) and 

A u s t r a l i a  (Mayhew e t  a1 . , 1980). Th is  technique assumed a  cons tan t  40 km 

th ickness  o f  the  magnet ic c r u s t  and de r i ves  t h e  magnet i za t ion  i n  such a c r u s t  

which would cause t h e  anomalies seen a t  t h e  spacecraft .  A1 1  of t h e  anomalous 

f i e l d  i s  assu~lled t o  be induced; i .e., renianent magnet i za t ion  i s  assumed t o  be 

zcro. The r e s u l t s  f o r  t he  Un i t ed  States a r e  shown i n  F igure  4. I n  many 

reg ions known geo log i c  fea tu res  a r e  c l e a r l y  out1 i n e d  (e.g . , the  Basin and 

Range, Colorado Plateau,  Rio Grande R i f t ,  Mich igan Bas in  snd M i s s i s s i p p i  

Embayment) whereas some fea tu res  a r e  no tab le  by  t he  absence o f  magnet ic 

fea tu res  (e.g., t h e  mid -con t inen t  g r a v i t y  h i gh ) .  I t  w i l l  be some years  be fo re  
-- - - . - - 

thbse maps a re  f u l l y  understood and i n t e r p r e t e d ,  b u t  they  promise t o  -shed new 

l i g h t  on t he  geology of t he  deep c r u s t .  

Anomaly maps, o r  even magnet i za t ion  maps, a re  n o t  an end i n  themselves. 

The o b j e c t  o f  these e f f o r t s  i s  t h e  d e r i v a t i o n  o f  models of t he  c r u s t  and upper 

mant le f o r  l a r g e  s c a l e  reg ions of t he  g lobe.  There a r e  many k inds  of models. 

They have as common purposes general  i z a t i o n  o f  observa t ions  and p r e d i c t i o n .  

Through synthes is  o f  p a r t i c u l a r  models, compl ex models o f  c r u s t a l  geo log ic  

systems a r e  b ~ i l t  up i n  terms of s t r u c t u r a l  and composi t ional  v a r i a t i o n s  and 

the movements :%C n ia te r i a l  and energy. Conclusions can then be drawn about t h e  

e v o l u t i o n  o f  reg ions  t h a t  l ead  t o  in ferences about t h e  d i s t r i b u t i o n  of  n a t u r a l  

resources.  



F i g u r e  5 i s  an ou t1  i n e  o f  one example o f  how w e  m igh t  t h i n k  of t he  process 

of syn thes i z i ng  models beginn ing w i t h  s a t e l l i t e  magnet ic f i e l d  da ta  and i n c l u d i n g  

c o r r e l a t i o n  w i t h  o t h e r  da ta  types. Models of gross v a r i a t i o n s  i n  mean magneti- 

z a t i o n  t o  t he  C u r i e  i so therm can be developed f rom sate1 li t e  data.  Th is  serves 

t o  q u a n t i f y  t h e  anomaly map and can be of g r e a t  u t i l i t y  i n  more d e t a i l e d  

a n a l y s i s  of t h e  data.  C o r r e l a t i v e l y ,  f rom g r a v i t y  nieasurements, v a r i a t i o n s  i n  

niean d e n s i t y  t o  some f i x e d  depth can be i n f e r r e d ,  assuming honiogenei t y  below 

t h i s  depth.  These models can be combined w i t h  v e l o c i t y  niodels based on se ismic 

data and w i t h  composi t ional  models based on l a b o r a t o r y  measurements o f  rock  

p r o p e r t i e s  t o  g i v e  l a r g e  sca le  models of  c r u s t a l  s t r u c t u r e  and composit ion. 

S i m i l a r l y ,  models o f  r e l a t i v e  movements and o f  temperature d i s t r i b u t i o n  can be 

b u i l t  up f o r  v e r y  l a r g e  reg ions.  These " l a r g e  sca le "  models can then be used 

t o  make more d e t a i l e d  niodels f o r  sma l le r  reg ions us ing  a v a r i e t y  o f  data types, 

sorne o f  which a r e  a l s o  1 i s t e d  i n  F igu re  5 .  There a re  no harr '  - q d - f a s t  r u l e s  

about t h e  combinat ion sequence; t h i s  depends on t h e  reg ion  and t h e  data a v a i l -  

ab le .  Fur ther ,  t h e  process i s  an i t e r a t i v e  one i n  which new data a r e  sought 

based on p r e d i c t i o n s  from i n t e r i m  models .. 
rom which these maps were de r i ved  had two severe 

l i m i t a t - i o n s  f o r  these s tud ies ;  t he  a l t i t u d e  range was h igh,  most da ta  be ing 

above 500 km, and t he  da ta  were o f  f i e l d  magnitude on l y .  Magsat addresses 

ho th  o f  these shortcomings, I t s  lower a l t i t u d e  increases t h e  r e s o l u t i o n  by 

rough l y  a f a c t o r  o f  two and t he  f i e l d  s t r eng th  o f  the  anomalies by a f a c t o r  

o f  between two and f i v e ,  depending on t he  geometry o f  t he  source reg ion ,  With 

f i e 1  d magnitude data,  o n l y  i n d i r e c t  est imates o f  rernanent magnet i za t ion  a re  

p o s s i b l e  (Bhattacharyya, 1977) .  Tlie yec to r  data frorr: Iilagsat measures atlomaly 

d i r e c t i o n s  o t h e r  than a long  t h e  e a r t h ' s  main f i e l d .  
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We a t  GSFC w i l l  d e r i v e  a  bas i c  g l oba l  magnet ic anomaly niap froln t he  

Magsat data, Many i n v e s t i g a t o r s  w i l l  use t he  mzp, and/or t h e  assoc ia ted  

magnet i za t ion  map, d i r e c t l y  i n  t h e i r  i n v e s t i g a t i o n s ,  Other i n v e s t i g a t o r s  

w i  11 re-examine t h e  bas i c  d e r i v a t i o n  of  t he  anomaly niap and seek t o  extend 

o r  m0dif.y these techniques. Aniong t h e  l a t t e r  a re :  

I n v e s t i g a t o r  Region I n v e s t i g a t e d  

Bhargava I n d i a  

Fukushili~a 

Coles, Ha11 

Hinze and K e l l e r  

Mayhew 

Johnson, Do01 ey 

LeMoel 

Japan and v i c i n i t y  

Canada 

South and Cent ra l  America 

Un i t ed  S ta tes  

A u s t r a l i a ,  A n t a r c t i c a  

Europe and Cent ra l  A f r i c a  

Th i s  type o f  tilode1 i n g  w i l l  be c a r r i e d  o u t  by t h e  i n v e s t i g a t o r s  ' l i s t e d  

above f o r  the  c o n t i n e n t a l  s i z e  reg ions  i nd i ca ted .  When t h e  l a r g e r  r e g i o n  

has been modeled, features of p a r t i c u l a r  i n t e r e s t  w i l l  become t h e  sub jec t  

of-more i n t e n s i v e  i n v e s t i g a t i o n .  I n  some cases e x i s t i n g  t e c t o n i c  features 

have a l ready been s i n g l e d  o u t  f o r  more l o c a l i z e d  model ing, such as t he  

j Narmada-son l inealnent i n  c e n t r a l  I n d i a  (Bhargava), t h e  supe r i o r  p rov ince  

of Canada (Strangway) o r  t h e  Japan Trench (Fukushirna). 

Cont inen ta l  sca le  s tud ies  which w i l l  u t i l i z e  maps made a t  GSFC i n c l u d e  

Pacca ( B r a z i l ) ,  Ben t l y  ( A n t a r c t i c a )  and Hast ings ( A f r i c a  and South America),  

j Mayhew, Hinze, Coles and Pacca w i l l  pay p a r t i c u l a r  a t t e n t i o r ,  t o  mapping 

af t h e  Cur ie  isotherm. Hinze, K e l l e r  and Hast ings a re  i n t e r e s t e d  i n  t he  

i m p l i c a t i o n s  o f  t h e  Magsat data f o r  t he  P l a t e - t e c t o n i c  r e c o n s t r u c t i o n  o f  

A f r i c a  and South America, a  t o p i c  now under s tudy by Langel , Frey and Mead 

a t  GSFC u t i l - i z i n g  t he  Pogo data. 



I n  a d d i t i o n  t o  t h e  c o n t i  nen ta l  sca le  s tud ies  , severa l  i n v e s t i g a t o r s  

w i l l  s tudy more 1  i m i  t e d  areas o r  p a r t i c u l a r  t e c t o n i c  fea tu res .  God i v i e r  

(Orstom) w i l l  extend t h e  work o f  Regan and Marsh (1979) i n  t h e  r e g i o n  

around t he  Cent ra l  A f r i c a n  Empire where Orstom has a  l a r g e  amount o f  co r re -  

l a t i v e  data. Saspar in i  (Osserva to r io  Vesuviano) w i l l  i n v e s t i g a t e  t h e  Cur ie  

depth and volcanism i n  t h e  Mediterranean area. Won (N, C. S t a t e  U n i v e r s i t y )  

w i l l  s tudy a  combinat ion o f  Magsat, aeromagnetic and r e g i o n a l  g r a v i t y  da ta  

i n  t h e  eastern Piedmont o f  t h e  U.S. Carmichael and assoc ia tes  (U. o f  Iowa) 

w i l l  s tudy t h e  c e n t r a l  m id -con t inen t  o f  t h e  U.S. w i t h  p a r t i c u l a r  a t t e n t i o n  

p a i d  t o  the  known mi d -con t i  nent  geophysical  anomaly. 

I n  c o n t r a s t  t o  t h e  l a r g e  number o f  i n v e s t i g a t i o n s  c i t e d  as s tudy ing  

c o n t i n e n t a l  t ype  reg ions  , t h e r e  a r e  o n l y  t h r e e  i n v e s t i g a t o r s  g i v i n g  con- 

cen t ra ted  a t t e n t i o n  t o  oceanic reg ions .  There a r e  severa l  reasons f o r  t h i s .  

F i r s t ,  the s a t e l l i t e  anomaly niaps der i ved  from Pogo da ta  show very  few 

anomalies i n  oceanic  reg ions  compared t o  c o n t i n e n t a l  reg ions .  Second, 

t h e o r e t i c a l l y ,  t he  t h i n n e r  oceanic c r u s t  should n o t  c o n t a i n  anomalous 

fea tu res  o f  comparable s i z e  t o  c o n t i n e n t a l  c r u s t .  Ha r r i son  (U. o f  Miami ) 

no tes  t h a t  a  minimum i n  t he  power spectrum should occur between t h e  c o n t r i -  

b u t i o n s  from core  and c r u s t a l  sources b u t  t h a t  such a  minimum i s  n o t  p resen t  

i n  spec t ra  from shipborne data over  oceanic bas ins.  He w i l l  u t i l i z e  Magsat 

da ta  t o  study t h e  i ntermedi.ate wave1 engt?, anomal i es. Brammer (TASC) w i  11 

concentrate h i s  e f f o r t s  on a  s tudy o f  Magsat and GEOS-3 a l t i m e t e r  g r a v i t y  

da ta  i n  the  eas te rn  I n d i a n  Ocean. 



LaBreque (Lamont-Doherty ) w i  11 organize t h e  e x i s t i n g  s h i  pborne da ta  

i n  an e f f o r t  t o  h e l p  descr ibe  the  secu la r  v a r i a t i o n  over  oceanic areas 

and t o  p r o v i d e  su r f ace  anomaly maps s u i t a b l e  f o r  upward c o n t i n u a t i o n  and 

comparison w i  t h  Magsat data.  

Under ly ing  a1 1 c r u s t a l  models der i ved  f rom Magsat and c o r r e l a t i v e  da ta  

i s  a  need f o r  understanding t h e  bas i c  magnet ic p r o p e r t i e s  o f  c r u s t a l  rocks. 

Such understanding depends upon c a r e f u l  l a b o r a t o r y  measurements, some a t  t h e  

h i ghe r  temperatures and pressures o f  the  lower  c r u s t .  P re l im ina ry  s tud ies  

by Wasilewski e t  a1 . (1979) have a l ready  c la imed t o  show t h e  ext remely  

s i g n i f i c a i ~ t  r e s u l t  t h a t  the  Poho i s  a  magnet ic boundary, even when t h e  Cu r i e  

i so therm l i e s  i n  t he  mant le.  Wasilewski and t h e  o t h e r  GSFC i n v e s t i g a t o r s  

a r e  con t i nu ing  these e f f o r t s .  P a r t i c u l a r  a t t e n t i o n  t o  p e t r o l o g i c  c o n s t r a i n t s  

t h e  e f f e c t s  of  oxygen fugac i t y ,  and o t h e r  p r o p e r t i e s  w i l l  be g i ven  by 

Haggerty (U. o f  Massachusetts). A s u b s t a n t i a l  ref inement o f  t he  pe t ro l ogy  

o f  source rocks  respons ib l e  f o r  deep c r u s t a l  anomalies i s  expected. 

INVESTIGATIONS OF THE INNER EARTH 

Man has d i r e c t l y  pene t ra ted  o n l y  a  few k i l ome te rs  o f  t he  6378 km d i s tance  

t o  t h e  e a r t h ' s  cen te r .  I n fo rma t i on  about t h e  i n n e r  e a r t h  must be ob ta ined  by 

i n d i r e c t  methods such as seismology and measurements o f  t he  g r a v i t y  and mag- 

n e t i c  f i e l d s .  

Combining Magsat data w i t h  Pogo and near-sur face surveys w i l l  pe rm i t  more 

accura te  de te rm ina t i on  o f  t h e  secu la r  y a r i a t i o n  of  t h e  core  f i e l d .  Th is  v a r i -  

a t i o n  w i l l  be used by Benton (U. o f  Colorado) t o  s tudy p r o p e r t i e s  o f  the  f l u i d  



mot ions i n  t h a t  core and, i n  t u rn ,  app rop r i a te  ~agr~e tohydrodynami  c  c o n s t r a i n t s  

w i  11 be i n v e s t i g a t e d  t o  determine if they can a i d  i n  b e t t e r  model i n g  t h e  

secu la r  v a r i a t i o n .  

When magnetospheric f i e l d s  a r e  t ime-vary ing  , they  resu l  t i n  induced 

f i e l d s  w i t h i n  t h e  e a r t h  because of t h e  f i n i t e  c o n d u c t i v i t y  o f  t h e  ea r th .  

The c h a r a c t e r i s t i c s  o f  these induced f i e l d s  a r e  determined by t h e  p r o p e r t i e s  

o f  t h e  m a t e r i a l s  i n  t he  e a r t h ' s  mant le  ( i  . e. , composi t i o n ,  temperature).  A t  

p resen t  t he  1  i m i  ti ng f ac to r  i n  de te rmin ing  a  p r e c i  se c o n d u c t i v i t y  p r o f i  1 e  

w i t h i n  t he  ea r th ,  w i t h  adequate s p a t i a l  r e s o l u t i o n ,  i s  t he  accuracy p o s s i b l e  

i n determi n i  ng t h e  ex te rna l  and induced f i e l  ds . Hermance (Brown Uni v e r s i  t y )  

w i l l  u t i l i z e  Magsat vec to r  measurenlent t oge the r  w i t h  su r f ace  da ta  f o r  a  

more accurate ana l ys i s  than p r e v i o u s l y  poss ib l e ,  

STUD1 ES OF EXTERNAL CURRENT SYSTEMS 

E a r l y  observers o f  t h e  e a r t h ' s  magnet ic f i e l d  d iscovered t h a t  i t  con- 

t i n u a l l y  undergoes t r a n s i e n t  changes., These changes i n c l u d e  sys temat ic  

v a r i a t i o n s  o c c u r r i n g  w i t h  da i  l y  r e g u l a r i t y  and o f  i r r e g u l a r  v a r i a t i o n s ,  bo th  

o f  ampl i tude and o f  a t o t a l l y  d i f f e r e n 2 t  k i nd ,  superimposed on t he  r e g u l a r  

v a r i a t i o n s .  Per iods of tirne when t he  changes a r e  mos t l y  r e g u l a r  a r e  c a l l e d  

magne t i ca l l y  q u i e t ,  and per iods where t h e  magnet ic d is turbances become i r r e g -  

u l a r  a re  c a l l  ed g n e t i c a l  l y  d is tu rbed .  When t h e  i r r e g u l a r  f i e 1  ds a r e  l a r g e  

b u t  ma in ly  con f ined  t o  h i g h  l a t i t u d e s  i t  i s  c a l l e d  a magnet ic substorm, and when 

t h e  i r r e g u l a r  f i e l d s  a r e  l a r g e  qnd wor ldwide i t  i s  c a l l e d  a  magnetic storm. To 

understand such changes i n  f i e l d  one must r e a l  i z e  t h a t  the  space surrounding 



t he  ea r th  conta ins several "species" o f  e l e c t r i c  cur ren t .  The energy f o r  

these cur ren ts  comes u l t i m a t e l y  from the Sun. F igure  6 i s  an a r t i s t s  con- 

cep t i on  (based on F igure  1 o f  Hei k k i l a ,  1972 wherein f i n d  a more d e t a i l e d  

explanat ion)  o f  the  magnetic environment o f  the  ear th,  t h e  magnetosphere. 

A stream o f  charged p a r t i c l e s  from the  sun, c a l l e d  the s o l a r  wind, conf ines 

the  ea r th ' s  magnetic f i e l d  t o  a c a v i t y  known as the  magnetosphere, This  

c a v i t y  i s  compressed on the f r o n t ,  o r  sunward, s ide  and drawn o u t  i n  a 

" t a i l "  t o  the anti-sunward s ide.  Currents f low,  as shown, on the  boundaries 

of t h i s  c a v i t y  and across the  t a i  1. Also, trapped p a r t i c l e s  w i t h i n  the  

c a v i t y  f low i n  a " r i n g  cu r ren t "  i n  a westward d i r e c t i o n  around the  equa to r i a l  

plane. Most o f  these cur ren ts  a r e  r e l a t i v e l y  d i s t a n t  from the ea r th  and 

cause on ly  small f i e l d s  a t  Magsat loca t ions .  The r i n g  cur ren t ,  however, 

i n t e n s i f i e s  considerably dur ing  per iods o f  magnetic disturbance and causes 

subs tant ia l  f i e l d s  a t  Magsat, 

I n  additdon t o  the  cur ren ts  shown i n  F igure 6, a v a r i e t y  o f  cur ren ts  

f low i n  the conduct ing l a y e r  o f  t h e  atmosphere known as the  ionosphere. The 

regu la r  d a i l y  v a r i a t i o n s  o f  the f i e l d  obseryed a t  t h e  surface are from such 

a c u r r e n t  system, known as Sq: S f o r  s o l a r  d a i l y  y a r i a t i o n  and q f o r  q u i e t  

times. Sq i s  ma in ly  a low and m i d - l a t i t u d e  phenomena, A t  h i gh  l a t i t u d e s  

very i n tense  cur ren ts  f low, o f t e n  associated w i t h  aurora l  phenomena. These 

currents,  i 1 l u s t r a t e d  schematical l y  i n  F igure 7 (Langel , 1974b) are  coup1 ed 

t o  the  r i n g  cu r ren t  and t o  cur ren ts  i n  the  t a i l  o f  t he  magnetosphere, 



Because Magsat i s  near sun-synchronous i t  w i  11 sampje ma in l y  t w i  1  i g h t  

l o c a l  t imes, a d i s t i n c t  disadvantage f o r  synop t i c  s tud ies  o f  t h e  magnetospheric 

f i e l d s ,  which a r e  r e l a t i v e l y  f i x e d  i n  l o c a l  t ime.  However, because Magsat i s  

t h e  f i r s t  near -ear th  sate1 li t e  t o  o b t a i n  g l o b a l  vec to r  nieasurements and 

because i t s  measurement accuracy f a r  exceeds t h a t  of those spacecra f t  which 

d i d  o b t a i n  some near -ear th  vec to r  measurements, i t  i s  expected t o  be ve ry  

u s e f u l  i n  extending p rev ious  research rega rd i  ng these c u r r e n t  sys tems. 

One reason f o r  i n v e s t i g a t i n g  these ex te rna l  c u r r e n t  systems w i t h  Magsat 

i s  t o  a i d  i n  i s o l a t i n g  t h e i r  f i e l d s  f r ~ m  t he  core  and c r u s t a l  f i e l d s .  Several 

i n v e s t i g a t o r s  w i l l  c o n t r i b u t e  t o  t h i s  e f f o r t  b u t  Regan (Phoenix Corp.) w i l l  1 
p a r t i c u l a r l y  work toward ren~oving ex te rna l  f i e l d  e f f e c t s  f rom anomaly data. 

Klumper (U. o f    ex as) w i l l  concentrate h i s  e f f o r t  on extending e x i s t i n g  

model s  f o r  h i g h  1 a t i  tude ionospher ic  cu r ren t s  and t h e  f i e l  d-a1 i gned cu r ren t s  

coup1 i n g  the ionospher ic  cu r ren t s  t o  t he  magnetosphere, Burrows (NRL , Canada) 

and Potenira (Johns Hopkins, App l ied  Physics Lab) w i  11 p a r t i c u l a r l y  i n v e s t i g a t e  

t h e  f i e l d  a1 igned  cur ren ts ,  a l s o  us ing  c o r r e l a t i v e  da ta  from sate1 1 i t e  photo- 

graphs o f  a u r o r a l  phenomena (Burrows) and w i t h  simultaneous da ta  fro,m.the.. .., . 

TRIAD sate1 1 i t e  (Potenira) . 
F igure  8 shows t he  e f f ec t s  o f  f i e l d - a l i g n e d  c u r r e n t s  i n  Magsat data.  

Del ta-X,  -Y ,  - Z  a r e  r e s i d u a l s  from a f i e l d  model i n  a  nor th ,  e a s t  and down 4 9 
,coordinated system. Large ampl i tude, h i g h l y  s t r u c t u r e d  v a r i a t i o n s  occur i n  

t h e  n o r t h  and eas t  d i r e c t i o n s  b u t  n o t  i n  t he  v e r t i c a l  d i r e c t i o n ,  as expected 

f rom f i e l d - a 1  igned  cu r ren t s .  



S a t e l l i t e - b a s e d  magnet ic f i e l d  measurements make g l o b a l  surveys p r a c t i c a l  

f o r  b o t h  f i e l d  model ing and f o r  t h e  mapping o f  l a rge -sca le  c r u s t a l  anomalies. 

They a r e  t he  o n l y  p r a c t i c a l  method of accu ra te l y  model ing t h e  g l oba l  secu la r  

v a r i a t i o n .  Magsat i s  p r o v i d i n g  a  s i g n i f i c a n t  c o n t r i b u t i o n ,  bo th  because o f  

t he  t ime1 i ness of  t h e  survey and because i t s  vec to r  measurement capabi 1  i ty 

represen ts  an advance i n  t h e  technology o f  such measurements. 

Data from Magsat w i  11 be a v a i l a b l e  f o r  any i n t e r e s t e d  user  through t h e  

Nat iona l  Space Sciences Data Center a t  Goddard Space F l i g h t  Center.  

I f  Magsat proves successfu l  , f u t u r e  miss ions should t ake  two courses. 

F i e l d  model ing r e q u i r e s  p e r i o d i c  surveys, b u t  n o t  low-a1 ti tude  measurements 

as r e q u i r e d  f o r  c r u s t a l  s tud ies .  On t h e  o the r  hand, f u r t h e r  advances i n  

sate1 1  i t e  c r u s t a l  s t ud ies  w i  11 r e s t  on NASA's ab i  1 i ty  t o  o r b i t  magnetometers 

a t  s t i l l  lower a l t i t u d e s ,  concepts f o r  which a re  s t i l l  i n  t h e  stage o f  

d iscuss ions  as t o  t h e i r  f e a s i b i l i t y .  
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Interpretation of Slagsat SIapetic  
Data Over Canada 

Nagsat Data, the Regional LIagnetic 
Field, and the Crustal Structure 
of Australia and -4ntarctica 

Proposal from Japanese Sationd 
Team for 1Iagsat Project 

Select quiet-time data; correct Magsat 
data for disturbmce f idds  and appl3 the 
routines; compare 3Iags:sat and vector 
airborne data; combine 3Iazsat and air- 
craft data of magnetic .wn~ai ies ;  produce 
regional ir.ierprehtions relzting to 
Earth structure 

Incorporate Xagsat dah into rcgional 
magnetic Gi3d charts to  improve their 
accuncy;  determine i f  differences e x i ~ t  
in temperature-depth curves for different 
tectonic a rms;  study the boundaries between 
major tectonic block, between continental 
and oceanic crust; determine Curie point 
depth and crush: magnetization for 
.:narctic3 

.Analssis of the regional geormgnctic field 
a r m d  Japnn and japancse .tntarc!lca; study 
the contributions to magnetic \arintions by 
electric currents an8 h\dromagnetic ~vavcs 
in and zt*>ve the ionosphere 

Business and Technological Systems, 
Incoipomted 

Osservatorio ~ e s u v i z : . i ; o / I T A ~ ~  

Office de l a  Recherche Scicntifiqac 
e t  Technique Outremer/Fn~SCE 

C~-ustal Structures Cnder the .letice 
\Tolcanic .Areas of Central and 
Eastern 3Iediterranean 

Geomagnetic Field Nodeling by 
Optimal Recursive Filtering 

Cdcul  -. .ne depth of the Curie texpemture 
for  the 1Iediterrane.w area. and relate to 
areas of *-olcanic acfiviQ; incest ipte the 
Iblinn md n r r h e n i m  anunuly 

Stephen E. Kaggerty 

Jlagnetic .\non~aly of Bangui 

Eniversit). of %~assachusetts The JIineralogy of Global Jlagncttc 
,\nomalies 

To produce a state vector to p r c ~ i c t  iield 
values :or several years beyond the Usgsat 
model; to o5tzin optimal est izates of f idd  
v ~ l u c s  throughout t!w 1900-1980 period 

Improve the e \~ lmat ion  of the cause of the 
Bangui anomaly, using Slagsat data, other 
ma.gmtic data, gmxify, seisnic,  and h a t  
f lo~s  c!clta 

To interpret Jfagsat data to locate m f i C  

m.F.li ultnmafic source r o c k  and linean~ent 
e~yress ions  of anom3lies that csn be corre- 
lated with crustal of upper mantle depths; 
to determine minerd  stabilities pertinent 
to magnetic anomalies to determine the 
magnetic properties of metamorphic r o c k  



Table 2 (continued) 

INVESTIGATOR 

D. H. Hal l  

Christopher G. A. Harrison 

David A. Hastings 

John F. Hermance 

William J. Hinze 

B. David Jobson 

G. R. Keller 

INSTITUTION/COUNTRY 

University of Iilanitoba/CA~A~A 

University of Miami 

Michigan Technological University 

Brown University 

Purdue University 

1 

3Iacquarie Univers i ty /A~~~IWLW 

University of Texas a t  El Paso 

TITLE 

Identification of the 3Iagnetic Signatures 
of Lithoslrabgraphic and Structural 
Elements in the Canadian Shield Using 
Magnetic Anomalies and Data from 
Individual Tracks from BIagsat 

Investigations of Rredium Wavelength 
illagetic Anomalies in the Eastern 
Pacific Using Magsat Data 

An Investigation of SIagsat and Com- 
plementary Data Emphasizing R e -  
cambrian Shields and Adjacent Areas 
of West Africa and South -4merica 

Eiectromngnetic Deep-Probing 
(100-1000 his) of the Earth's Interior 
from Artificial Satellites: Constraints 
on the Regio~~al Emplacement of 
Crustal Resources 

Application of Magsat to Lithospheric 
Rlodeling in South America: Part  
I--Processing and Interpietation of 
Siapetic and Gravity Anomdy Data 

An Investigation of tile Crustal 
Properties of =lustrJia and Surround- 
ing Regions Derived from Interprets- 
tion of IIagsiit Anomaly Field Dah 

Application of Nagsat to Lithospheric 
JIodeling in South ,lmerica Part  
IT--Synthesis of Geologic and Seismic 
Dntn for Development nf Integrated 
Crustal hIodels 

OBJECTIVES 

Confirm and e~tend the model for the crust 
mantle magnetization 

To deternine the relationship of magnetic 
anomalies with surface geological features 

To determine the 3Iagsat magnetic signatures 
of various tectnfic provinces; to determine 
the geological associations of these signatures; 
to spthesize Slagsat and other data with 
mineral resources data globally 

To evaluate the ?pplicabiiit!: of electromagetic 
deep-sounding exqeriments us5ngnaCunl sources 
in the magneto.sphere 

JIagnctic raomalies \\-ill b- ssed to develop 
lithospheric models to determine the properties 
of principal Lirctonic featt.res; magnetic anosfilies 
oi  Sont'? America tvili ';c rorrel?trd with these 
of adjacent continental .Ireas to rtttenpt to re- 
;+tnstruct Goud'.-m~l.u;d (see bdolv) 

Produce 3 r.m:> of s u r f ~ r  e 3 ~agetization to 
understand the rrrl~ttion 3s :he crust m i  to 
aid in minerd e~~ lo rn t ion  

To provide moSels of t\e aeisxic \eloci:v 
structure oi :hc z:t'nosp5exL .<ec .~borej 
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INVESTIGATOR 

David 11. Klumpar 

John L. LaBrecque 

Jean-Louis Le  Moue1 

INSTITUTION/COX~TRY 

The University of Texas aL Dallas 

Lamont-Doherty Geological Observatory 

Institut de Physique du Globe de Faris/ 
rRANCE 

TITLE? 1 OI'.JECTi\'ES 

Investigation of the Effects of gxternal .Ipplv a modeiicf procedure to the vector i Current Systems on the 3Iagsat Data :.!ag.;at dab in order t9 .*cparate the 

Alichnel A. Nayhe\\. 

BIichad :I. 1Iayhelv 

Igor I. Gil Paccn 

Thomas A. Potemra 

Utilizing Grid C d  310deling 
Techniques 

Analysis of Intermedi~te-{vavelength 
BIagnetic .4nomlies Over the Oceans 
in Xagsat and Sea Surface Dalci 

Nagsat Investigaticns Consortium 
! 

tcrrestr5.J component from that due to 
eurr.ite. restrial sources 

To dc:ermine the dis-ribution 01 inter- 
mediate \*vaceim@h nm:aqetic anomalies 
oi lithos;G*eri( origin in the oceans. me 
extent Lo .\hich SIap.~t  describe2 the 
ol'str;l.u:ioa, w.:l to determine %e cause 
of these icemalies 

Reduce Xafifat v ~ c t 3 r  &&in for 3 g1uI1nl 
analytic lield model and conslmr altitude 

Business and Teclnolo@cnl Systems, 
Incorporated 

Biisiness and Technological Systems, 
Incorporated 

Institute Astronomico e Geofisico--VPS/ 
BR .I ZJL 

I 
fidd maps; co111~trc X.*,:, . - ri:tta to 
regional stuciics: s t d ,  I;.~tures or the 
core field; corielntcl &lobally :md region- 
aIly 3lagsa;snt and gr:tvin~etric* data 

! 
BIagsat .Inomaly r i ~ l J  Inverbion and 
Inte~pretation for the P.S. 

F q u i ~ . ~ l ~ t  Source J1odeliir.g of the 
Xain Field 'C'sing AIagszt D:.k 

I Johns IIopkins vniversi& h Proposd for the Investigation of 
1Iagsat .and Triad 3Iagnetometer 
Data to Proride Corrective Infornla- 
rion on IIigh-Latitude Estelnal fields 

To construct rr r e aond  cr=td  temperatcrc/ 
he.?t 3ow w . 3 ~  L? h.isccl un :I iltvcl~ped map- 
neiization model, heat i l~~v/~roduction &lb, 

ant1 spcct:Yi estir.:.ttc-s of thr Curie depth 

Tc model ;iic core field; compute erlui\;ile~&t . 
>phericnl hxrr..o,?ic coefficienzs for comparison 
eith o'iicr tX<?> mou'elq; to ttamine the 
spec t r~ i  co.:t~%,t of Ihc c6rc field 

gtolckiclll provin~t-b 

Ic'entif~ :md er:Lluott high iatitzde external 
f idds  fro^ :3c comparison of datt acqui~td  
b\ the SIagsat and Triad sp:?cecr?it which 
can be used to iniprovf geom.;gneliz field 

I 
nl~dels 

Structure, Composition, and Thermal Co:wtrurt Prelir:i?.~r- em~'%d modcis in the 
State nt' the Crust in 3 r ~ z I 1  I Bwzili:? terriioy . .. bt out pos~ihle \-ni,-- 

tioris in crustzi stn:cr~;e 17: 9ng differat 





T a b l e  3 ,  The M G S T ( ~ ! ~ O )  f - i e l d  rnodt.'l, The mean radius o f  '?he b r th  

was assumed t o  be 6371.2 km. !lean epoch i s  1979.85. 

m 
g, , nl' 
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TABLE 4 

DEVIATIONS OF MAGSAT DATA FROM MODEL (nT) 

SCALAR 
Br - - B 

0 - 
MEAN STANDARD MEAN STANDARD MEAN STANDARD MEAN STANDARD 

ErlODEL - REFERENCE DEVIATION DEVIATION DEVIATION DEVIATION DEVIATION DEVIATION DEVIATION DEVIATION 

IGRF IAGA, 1976 -90 125 29 204 44 146 62 181 

Barraclough et al., 61 
1975 

! IGS/75 Peddie and Fabiano, 23 120 
i 1976 40 

137 8 114 61 155 
I 
I 
i P060(02/72) Langel et al., 
! 9 1980a 

107 25 211 12 145 
I 61 

208 

4 r 

PMAG(10/79) Langel et al., 
1 1980b 
I 
f 
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LATITUDE 

THE BANGUI OR CENTRAL AFRICAN ANOMALY 

AS SEEN IN MAGSAT DATA. THE EQUATORIAL 

LONGITUDE IS 1 4 . 6 O ,  THE ALTITUDE IS 425KM. 

Figure 2 



SCALAR MAGNETIC ANOMALY MAP 
FROM THE POGO SATELLITES 

REDUCED TO 500KM ALTITUDE 

Figure 3 



EQUIVALENT BULK MAGNETIZATION DERIVED FROM POGO SATEUlTE DATA ASSUMING 
A CONSTANT THICKNESS MAGNmC CRUST OF 50 KM. UNITS ARE EMUICCx lO'. 

F i g u r e  4 



DATA (Examples) 

Satellite 
Magnetics + 
Gravity - i 

l Imagery (Regional) - 

LlTHOSPHERlC MODELS 

Overall Regional Model 

Relative Magnetitation/Curic Isotherrn Depth 

StructurelTopoyraphy/Mec~a~lia:cfanicnts 
- ~"--- -- -., .* --. 

Correlative 
Seismic Regional Velocity Structure 

I-feat i : I~w Regional Heat Flux 

Field Geology Geologic/Tectonic Maps 

Comparative Planetology Evolutionary Models 

Satellite 
Imagery (Vis/IR/Thermal) 
Alt i~netrv 7 
Raclar 
Passive Microwave 

Correlative I .--- 
Aeroniagnetic 
Surface Gravity 
Dotailed Seismology 
Magnetotelluric 
PetroIogic/Radior~ietric 
Tilt, Vertical Movement 
Mineralization Distribution 

HEFiPIED COMPOSITE 
MODEL FOR SELECTED 
SUEREGIONS 

TECTONIC HISTORY 
RESOURCE ASSESSMENT 
HAZARD ASSESSMENT 



LC- 
0 





D ELTA-Y 
- 90.0 

DELTA-P 

-32.0 - 
-54.0 - 
-76.0 - 

TIME (MINI 1190.0 1190.2 1190.5 1190.7 1190.9 1191.1 1191.3 1191.6 1191.8 1192.0 
LAT - 56.3 - 9 .1  - 57.9 - 58.7 - 59.6 - 60.4 -61.2 - 62.0 - 62.8 - 63.6 
LON 142.4 142.1 141.7 141 2 140.8 140.4 139.9 139.4 138.9 138.3 

ALT 524.6 526.0 527.3 528.6 529.9 531.2 532.5 533.7 535.0 5362 

Figure 8: blagneti c f ie1 d variations due to  f i el d-a1 i gn current. 
The scale,  i n  nT, is  relat ive only. 
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