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PERSONAL C O L U M N  

I n f o r m a t i o n  on  A s s o c i a t i o n  members  
i s  r e c e i v e d  f r o m  a r o u n d  t h e  w o r l d .  To k e e p  
y o u r  f e l l o w  members  i n f o r m e d  o f  y o u r  l a t e s t  
moves s e n d  a  b r i e f  summary  t o  t h e  R e x d a l e  
A s s o c i a t i o n  o f f i c e .  

A .  Armour-Brown h a s  j o i n e d  t h e  G r e e n l a n d  
G e o l o g i c a l  S u r v e y .  He i s  b a s e d  a t  t h e  S u r v e y  
i n  C o p e n h a g e n  a n d  c a r r y i n g  o u t  a  u r a n i u m  e x -  
p l o r a t i o n  p r o j e c t  i n  s o u t h w e s t  G r e e n l a n d .  

H .  Bloom i s  now r e t i r e d  a s  P r o f e s s o r  o f  Geo- 
l o g y  a t  t h e  C o l o r a d o  S c h o o l  o f  M i n e s ,  w h e r e  
h e  h a s  t a u g h t  e x p l o r a t i o n  g e o c h e m i s t r y  f o r  
o v e r  2 2  y e a r s .  He c o n t i n u e s  t o  t e a c h  i n  t h e i r  
c o n t i n u i n g  e d u c a t i o n  p r o g r a m  a n d  i s  a s s o c i a t e d  
w i t h  B o n d a r - C l e g g  I n c .  o f  Lakewood ,  C o l o r a d o ,  
a s  a  c o n s u l t a n t .  

P . G .  Moeskops  o f  A M D E L ,  S o u t h  A u s t r a l i a ,  h a s  
' r e t u r n e d  t o  A u s t r a l i a  a f t e r  u n d e r t a k i n g  ' a  
b r i e f  c o n s u l  t a n c y  term i n  P a k i s t a n  on b e h a l f  
o f  t h e  P a k i s t a n  g o v e r n m a n t .  

R . V .  S a l e  h a s  a c c e p t e d  t h e  p o s i t i o n  o f  S e n i o r  
E x p l o r a t i o n  G e o c h e m i s t  w i t h  R i o f i n e x  i n  S a u d i  
A r a b i a  a n d  i s  b a s e d  i n  J e d d a h ,  S a u d i  A r a b i a .  

Southern Afrrca Regronal Councillor. 
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EDITORIAL 

The symposium on geochemical exploration fo r  urani um he1 d in conjunction 
with the GSA meeting in San Diego was a success; Bob Carpenter, Art Rose, and 
John Runnells are to be congratulated for  the i r  e f fo r t .  The proceedings of the 
symposium are planned for  a special issue of the Journal of Geochemical Exploration. 
I t  will be anxiously awaited by those of us who attended and need our minds jogged 
as well as those who were unable to attend. I wish the editors well and urge the 
parti  cipants to  cooperate as expedi t iously as possible. 

February 27 will be Association of Exploration Geochemists Day in Las Vegas. 
I am sure tha t  the organizers of the SEG and AIME programs are  not aware of th i s ,  
b u t  check the s t a t i s t i c s .  On that  date Ken Lovstrom has organized the applied 
geochemistry program for  the Society of Mining Engineers, John Webb will be the 
Distinguished Lecturer for  the Society of Economic Geologists, and Herb Hawkes 
will present the Jackling Lecture. A potent t r i o  of events recognizing senior 
members of our Association and of the f i e ld  of Exploration Geochemistry. 

The Basin and Range symposium in Tucson (held immediately following the 
SEG f ie ld  conference), the uranium symposium in San Diego (held in conjunction 
with GSA), and the events to  transpire in Las Vegas (held by AIME with only indirect 
support from our Association) are b u t  three many instances that  have come to my 
attention in the past year where the Association of Exploration Geochemists inter-  
acted with other associations in more than a casual way. All of these interactions 
have been accomplished i n  an informal or  ad hoc manner. There are a f i n i t e  number 
of accomplished exploration geochemists to service what appears to be an in f in i t e  
number of information-needing groups. I t  i s  gratifying to  see tha t  we are wanted, 
b u t  how can we best serve the need ? Is i t  time to implement a more formal mechanism 
fo r  coordination within our Association and with our s i s t e r  societ ies  ? I would 
we1 come your thoughts on this  matter. **************** 

ADMISSIONS COMMITTEE REPORT 

The following individuals have been accepted for  Membership in the 
Association by Council. The Association i s  pleased to  welcome the new members. 

VOTING MEMBERS 

Bloch, S .  Geologist, Okl ahoma Geol ogi cal Survey, Norman, Oklahoma, USA. 

Cox, R.S. (Transfer from Affi 1 i a t e  Member) Exploration geochemist , 
with Phelps Dodge of Africa L t d . ,  Braamfontein, South Africa. 

Davie, R . F .  Review geologist with the Ontario Geological Survey, 
Toronto, Ontario, Canada. 

D u n n ,  C . E .  Research geologist, Saskatchewan Dept. of Mineral Resrouces , 
Regi nay Saskatchewan. 

Glanzman, R . K .  Geochemist with the U.S. Geological Survey, Lakewood, Colorado,USA. 

Kontio, M . H . M .  Geochemist, LKAB Prospektering A B ,  Grangesberg, Sweden. 

Middleton, W . G .  Project geologist with Uranerz Australia Pty.Ltd. Subiaco, 
Australia. 

Pauwels, A.M. Senior geologist, Umex, Richmond, British Columbia, Canada. 

Read, C . D .  Geochemist, Barringer Magenta L t d . ,  Calgary, Alberta, Canada. 
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( V o t i n g  members con'  t. ) 

Sargent,  J.D. Re ins ta ted .  Consu l t i ng  g e o l o g i s t  w i t h  GCX America Inc. ,  
Co r ra l  es , New Mexi c o y  U.S .A. 

Spooner, E.T.C. A s s i s t a n t  P ro fesso r  a t  t h e  Dept. o f  Geology, U n i v e r s i t y  o f  
Toronto,  Toronto,  Onta r io ,  Canada. 

de Toledo, L.A.A. Geochemist, Centro Admi n i s t r a t i v o  da Bahia, Salvador,  B r a 3 i l .  

Walker, K.R. 

Waychison, M.M. 

Weil and, E. F. 

AFFILIATE MEMBERS 

Cec ion i ,  A.R. 

Far ias ,  R. 

Le f i n ,  J.P. 

L i p p i t t ,  C.R.  

de O l i v i e r a ,  J.E. 

Romanini, S.J. 

Webb 111, W . W .  

STUDENT MEMBERS 

Benedic t ,  J r . ,  F.C. 

B e r t o n i  , C.H. 

D e l i a ,  R.G. 

Fedikow, M.A.F. 

Geronsin, R.L. 

Habib,  H.R. 

Kumi, R .K .  

L y t t l e ,  T.W. 

Mantzos, L .  

Nascimento, J.W. 

Oshin, 1.0. 

Passos, V.T. da R. 

Tucker, J.D. 

Geo log is t ,  w i t h  t he  Bureau o f  M inera l  Resources, Canberra City, 
A.C.T., A u s t r a l i a .  

P r o j e c t  g e o l o g i s t  w i t h  G u l f  M ine ra l s  o f  Canada Ltd. ,  Toronto,  
Onta r io ,  Canada. 

Geochemist w i t h  B a r r i n g e r  Research Inc. ,  Golden, Colorado, USA. 

Pro fessor  a t  t h e  U n i v e r s i t y  o f  Conception, Concepcion, Ch i l e .  

Head o f  t echn i  c a l  s e r v i c e s  o f  e x p l o r a t i o n  f o r  Indus tri a 
M i  nera Mexico, San L u i s  Po tos i  , Mexico. 

Geologis t -geochemist  w i t h  U n i v e r s i t y  o f  Louvain,  Be1 gium. 

E x p l o r a t i o n  g e o l o g i s t  w i  t h  Power Resources Corp. , Denver, 
Colorado, U.S.A. 

Geol o g i  s t-geochemi s t w i  t h  Companhi a de Pesqui sa de Recursos 
Minera is  (CPRM) , Salvador,  Bahi a, B ras i  1. 

Geochemist w i t h  Companhia de Pesquisa de Recursos Minera is  (CPRM) , 
Por to  Vel ho, B r a s i  1 . 
E x p l o r a t i o n  g e o l o g i s t ,  Dresser Exp lo ra t i on ,  E l  ko, Nevada, U.S.A. 

Graduate s tuden t ,  Colorado School o f  Mines, Go1 den, Co. U.S .A. 

Graduate s tuden t ,  Queen's U n i v e r s i t y ,  K ingston,  Onta r io ,  Canada. 

Graduate s tuden t ,  Uni v e r s i  ty  o f  Georgia, Athens, Georgia, U. S .A 

Ph. D. candidate, School o f  Appl i e d  Geology, U n i v e r s i t y  of New 
South Wales, Sydney, A u s t r a l i a .  

Graduate s tuden t ,  U n i v e r s i t y  o f  M i ssou r i  a t  R o l l  a, Ro l l a ,  
M i ssou r i ,  U.S.A. 

Postgraduate research  s tuden t  a t  Leeds U n i v e r s i t y ,  Leeds , Engl and. 

Student  a t  t h e  U n i v e r s i t y  o f  Ghana, Legon, Ghana. 

Graduate s tuden t  a t  Colorado s t a t e  U n i v e r s i t y ,  S t .  C o l l  i n s ,  USA. 

Student  a t  t h e  U n i v e r s i t y  o f  Athens, Greece. 

Post graduate s tuden t  a t  Fed.Univers i  ty  o f  Bahia, B r a s i l  . 
Graduate s tuden t  a t  McMaster U n i v e r s i t y ,  Hami 1 ton, Ontario,Canada. 

Post  graduate s t u d e n t  a t  t he  Fed .Un ivers i t y  o f  Bahia,  B r a s i l  . 
Student  a t  t h e  Colorado School o f  Mines, Golden, Colorado, U.S.A. 
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FUTURE MEETINGS 

8 t h  INTERNATIONAL GEOCHEMICAL EXPLORATION SYMPOSIUM - A p r i l  10-15, 1980, Hannover 

By mid December t h e  o r g a n i z i n g  committee had rece i ved  ove r  300 p re -  
r e g i s t r a t i o n  appl i c a t i o n s ,  and s  ti 11 more a re  coming i n .  A p p l i c a t i o n s  have come 
f r om around t he  wor l  d  where we have members, and a1 so f rom geochemists i n  coun t r i es  
where we have no p resen t  membership, they  i n c l u d e  Bu lga r i a ,  China and t he  S o v i e t  Union. 

The response t o  the  c a l l  f o r  papers was very  good and t h e  o r g a n i z i n g  
committee had a  hard  t ask  t o  s e l e c t  some 65 f o r  acceptance. L e t t e r s  were ma i l ed  
t o  p r o s p e c t i v e  authors  f rom Hannover i n  l a t e  December. 

The t h i r d ,  and f i n a l ,  announcement g i v i n g  d e t a i l s  o f  a l l  t h e  symposium 
arrangements, i n c l u d i n g  t h e  accompanying members program, w i  11 be mai 1  ed i n  February. 
I f  you have n o t  y e t  r e g i s t e r e d  p lease  no te  t h a t  excurs ions  A l ,  B1, B2 and C6 a re  
comple te ly  booked ou t ,  space was s t i l l  a v a i l a b l e  f o r  o t h e r  excurs ions  i n  mid December. 
A l e t t e r  w i l l  be ma i led  t o  a l l  excu rs i on  p a r t i c i p a n t s  i n  e a r l y  February g i v i n g  d e t a i l s  
and exac t  fares e t c .  

I n  case any members a r e  s t i l l  on t he  8 t h  I G E S  ma i l  i n g  1  i s t  and p l a n  
t o  a t t e n d  t h e y  shou ld  c o n t a c t  t he  o r g a n i z i n g  committee immediate ly  . 

D r .  H. Gundlach 
8 t h  I G E S  Organi z i n g  Commi t t e e  
Federal  I n s  t i t u t e  f o r  Geosci ence and Natu ra l  Resources, 
P.O.Box 510 153 
D-3000, Hannover 51 
Federal  Republ ic  o f  Germany 

NEA / IAEA URANIUM EXPLORATION R & D  GROUP 

Dr. A.G. Darnley,  chairman o f  t h e  N E A / I A E A  Uranium E x p l o r a t i o n  R & D  Group, 
has p rov ided  t h e  News le t t e r  w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n .  D e t a i l s  a r e  c u r r e n t l y  
b e i n g  worked o u t  between t he  NEA and t h e  Hannover Organinz ing Committee, b u t  
i n t e r e s t e d  members shou ld  be prepared t o  reach Hannover e a r l y ,  o r  de lay  t h e i r  de- 
p a r t u r e  a f t e r  the  symposium. 

I t  i s  planned t o  use t h e  Hannover Symposium as an o ~ p o r t u n i  ty  t o  i n f o r m  
and seek t h e  views o f  geochemists about  va r i ous  geochemical p r o j e c t s  t h a t  have 
been launched under t h e  auspices o f  t h e  NEA/IAEA Uranium E x p l o r a t i o n  R & D  Group. 
Th i s  Group p rov ides  t he  f o c a l  p o i n t  f o r  a  v a r i e t y  o f  i n t e r n a t i o n a l  c o l l a b o r a t i v e  
research  p r o j e c t s  aimed a t  improv ing  t h e  e f f i c i e n c y  and e f f e c t i v e n e s s  of  methods 
o f  u r a n i  um e x p l o r a t i o n .  

Aspects o f  geochemistry which a r e  p r e s e n t l y  covered by t h e  R & D Group's 
a c t i  v i  t i e s  i n c l  ude da ta  f i  1  es ; u r a n i  um 1  i thogeochemi s  t ry  i n c l  u d i  ng standards and 
procedures ; u ran i  um biogeochemis t ry  i n c l  u d i  ng 1  ake sediments ; radon and he1 i um. 
Some o f  t h e  R & D a c t i v i t i e s  a r e  o rgan ized  under s p e c i f i c a l l y  geochemical headings, 
e .  g. "B i  ogeochemis try", "Gases" ; i n  o t h e r  a c t i v i t i e s  geochemi s t r y  i s  i n c i d e n t a l  
t o  a  b roader  aim, such as "Recogn i t ion  o f  Uranium Prov inces" .  I n  b o t h  types of 
s i t u a t i o n  t h e r e  i s  scope f o r  t he  p a r t i c i p a t i o n  and i n t e r a c t i o n  o f  a d d i t i o n a l  resear/'-- 
e r s ,  and i t  seems s e n s i b l e  t o  ask a  g a t h e r i n g  o f  geochemists t he  f o l l o w i n g  ques t ion  
"Are t h e r e  any obv ious l y  reward ing  l i n e s  o f  geochemical R & D  t h a t  a re  be ing  over-  
looked?"  It i s  recognized t h a t  a  case can always be made f o r  pu rsu ing  a lmost  any 
l i n e  o f  research  on t h e  grounds t h a t  sooner o r  l a t e r  i t  may p a y - o f f .  What i s  needed 
i s  a  b r a i n - s t o r m i n g  sess ion  t o  s t i m u l a t e  suggest ions concern ing p o s s i b l e  sho r t - cu t s  
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t o  success! For  t h i s  reason t he  NEA/IAEA E x p l o r a t i o n  Group proposes t o  convene 
a  one-day Workshop i n  c o n j u n c t i o n  w i t h  t h e  Hannover Symposium i n  o r d e r  t o  p r o v i d e  
i n f o r m a t i o n ,  exchange ideas,  and f o rmu la te  proposals  i f  such seem t o  be warranted. 
Members o f  the  Assoc ia t i on  w i l l  be adv ised as t o  t he  t ime  and p lace  o f  t he  Workshop 
i n  t h e  n e x t  News le t te r .  I f  i n f o r m a t i o n  i s  r e q u i r e d  i n  t h e  meantime p lease con tac t  
t he  R & D Group s e c r e t a r i a t :  

Dr. D.M. Tay lo r ,  Nuc lear  Energy Agency, 38 Boulevard Suchet, 
7501 6  P a r i  s  , France. Telephone 524-8200 

NORTH AMERICAN A I R  CHARTER FLIGHT 

Mrs. E .C .  H i l l  , who has been l o o k i n g  i n t o  8 t h  IGES c h a r t e r  f l i g h t  
p o s s i b i l i t i e s  f o r  western Nor th  American members (see page 7, News le t t e r  No. 28), 
has ma i l ed  f rom Casper, Wyoming, d e t a i l s  o f  the  f i n a l  t r a v e l  arrangements she has 
been a b l e  t o  o rgan ize .  Her l e t t e r  has gone t o  a l l  members i n  Canada and t he  Un i t ed  
S ta tes .  For  Nor th  American members unable t o  take  advantage o f  Mrs. H i l l ' s  arrange- 
ments o t h e r  p o s s i b i l i t i e s  were o u t l i n e d  i n  t he  l a s t  News le t t e r  (see p . 3  of No.29). 

9 t h  INTERNATIONAL GEOCHEMICAL EXPLORATION SYMPOSIUM - May 12-14, 1982, Saskatoon 

A s e r i e s  o f  o r g a n i z i n g  committee meetings a re  b e i n g  h e l d  t h i s  w i n t e r  and 
s p r i n g  i n  Saskatoon. Themes and o t h e r  genera l  t o p i c s  w i l l  be def ined,  these w i l l  
be pub l i shed  i n  t h e  News le t t e r  l a t e r  t h i s  year .  

URANIUM GEOLOGY AND EXPLORATION - s h o r t  course 

A  three-day s h o r t  course i n  Uranium Geology and E x p l o r a t i o n  i s  t o  
be o f f e r e d  tw i ce :  March 12-14 and May 21-23, 1980, by D r .  R ichard  H.  De Voto 
o f  t h e  Colorado School o f  Mines. The course covers:  a)  The geochemistry and 
geology o f  u r a n i  um, b )  The mechanisms impo r tan t  i n  t h e  gene ra t i on  o f  anomol ous 
u r a n i  um concent ra t ions ,  c )  The many geo log i c  environments f a v o r a b l e  f o r  t h e  forma- 
t i o n  o f  economic and subeconomic uranium depos i ts ,  d )  The geology and geochemistry 
o f  t h e  p r i n c i p a l  uranium d i s t r i c t s  o f  t h e  wor ld ,  and e )  e x p l o r a t i o n  techniques and 
programs. R e g i s t r a t i o n  fee :  $300. 

For  i n f o r m a t i o n  r e g a r d i n g  t h e  course, c o n t a c t  t h e  o f f i c e  o f  Cont inu ing  
Educat ion,  Colorado School o f  Mines, Golden, Colorado 80401 ; 
Telephone (303) 279-0300 ex tens ion  2321 . 

REGIONAL REPORT - SOUTHERN AFRICA 

The l a s t  rev iew of t rends  i n  E x p l o r a t i o n  Ge0chemistr.y i n  Southern A f r i c a ,  
p u b l i s h e d  i n  News le t t e r  No. 14, January 1974 a lmost  co inc ided  w i t h  a  major  down- 
t u r n  i n  e x p l o r a t i o n  f o l l o w i n g  t h e  boom o f  the  l a t e  s i x t i e s  and e a r l y  seven t ies .  
E x p l o r a t i o n  a c t i v i t y  has r e t u r n e d  t o  q u i t e  heal  t h y  l e v e l s  again,  e s p e c i a l l y  ove r  
t h e  p a s t  two years .  Inc reased  uranium e x p l o r a t i o n  has p a r t l y  been respons ib l e  
f o r  t h e  up tu rn .  

Cur ren t  e x p l o r a t i o n  expend i t u re  i n  t he  Republ ic  o f  South A f r i c a  a1 one 
has been es t imated  a t  some $60 m i l l i o n  (US) p e r  annum. Th i s  i s  p robab ly  a  conser- 
v a t i v e  es t ima te  and t h e  a c t u a l  f i g u r e  may be i n  t h e  r e g i o n  o f  $80 - 100 m i l l i o n .  
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The g r e a t e r  p a r t  o f  the  above expend i tu re  i s  accounted f o r  b y  Wi twatersrand g o l d  
and uranium, as w e l l  as diamond and coa l  e x p l o r a t i o n  i n  which e x p l o r a t i o n  geochernis+-v 
does n o t  p l a y  a  s i g n i f i c a n t  r o l e .  Base metal and non-Wi twa te rs rand  uranium exp lo ra  ,n 
p o s s i b l y  accounts f o r  some $30 m i l l i o n  p e r  annum. 

E x p l o r a t i o n  geochemistry was we1 1  entrenched, even 10 years ago, b u t  i t s  
impor tance has increased, a t  t h e  c o s t  o f  geouhysics and p a r t i  c u l a r l y  t h e  e l e c t r i c a l  
methods. I t  i s  w i t h o u t  ques t i on  t h e  most impo r tan t  p r ima ry  e x p l o r a t i o n  t o o l .  The 
most marked t rends  i n  geochemical e x p l o r a t i o n  which have develoued i n  t he  pas t  couple 
o f  years  are:  

i 

i i )  

i i i )  

i v)  

v  

v i )  

I nc reas ing  use o f  1  i thogeochemistry t o  d e t e c t  inconspicuous minera l  i s a t i o n ,  
ha los  o r  a1 t e r a t i o n  zones. 

I nc reas ing  use o f  mu l t i - e l emen t  ana l ys i s .  

A  g r e a t e r  understanding o f  t h e  geochemistry o f  gossans. 

Improved a n a l y t i c a l  techniques have l e d  t o  a  l owe r i ng  o f  d e t e c t i o n  l i m i t s  
f o r  the  common base meta ls  which has been of p a r t i c u l a r  va lue  i n  dese r t  
env i  ronment geochemistry.  

Greater  a t t e n t i o n  t o  t he  geochemistry of  t he  more e x o t i c  meta ls  such as 
Sn, W .  Ta. 

Greater  use o f  p a r t i  a1 e x t r a c t i o n  techniques, p a r t i  cu l  a r l y  i n  u r a n i  urn geo- 
chemist ry .  A1 though t h e  1  a t t e r  has n o t  been w i t h o u t  i t s  d i f f i c u l t i e s  cons ider-  
ab le  progress has been made. 

A b r i e f  sketch o f  p rogress  i n  the  var ious  c l i m a t i c  reg ions  o f  southern 
A f r i c a  f o l l o w s :  

Geochemistry has proven t o  be a  h i g h l y  e f f e c t i v e  technique w i t h  q u i t e  wide 
a p p l i c a t i o n  i n  the  u l  t r a - a r i d  Namib d e s e r t  r e g i o n  o f  South West A f r i ca INamib ia  and 
i t s  ex tens ion  i n t o  the  nor thwes te rn  Cape Prov ince.  Desp i te  i n s i g n i f i c a n t  r a i n f a l l  
(0-50 mm pe r  annum) smal l  ephemeral streams dra inage i nse lbe rgs  are samuled, us i ng  
t h e  coarse, i . e .  -10 t o  +30 mesh f r a c t i o n ,  and low o r d e r  b u t  c l e a r l y  d i s c e r n i b l e  
anomal i e s  can be re1 a t e d  t o  bedrock minera l  i s a t i  on. The 01 d  pebble-armoured p l  a i  ns , 
c h a r a c t e r i s t i c  o f  much o f  t h e  dese r t ,  a1 so y i e l d s  a  meaningfu l  geochemical response 
e i t h e r  i n  t h e  coarse o f  -80 mesh f r a c t i o n .  Geochemistry has q e n e r a l l y  n o t  been 
at tempted i n  t he  reg ions  o f  f i x e d  o r  t r a n s i e n t  sand dunes. I n  t h e  somewhat l e s s  a r i d  
r eg ions  i n l a n d  from t h e  Namib, w i t h  50 t o  200 mm r a i n f a l l  p e r  annum, bo th  stream and 
s o i l  geochemistry i s  g e n e r a l l y  e f f e c t i v e  us ing  t h e  -80 mesh f r a c t i o n .  Al though t h e  
-200 mesh f r a c t i o n  may a t  p laces  p r o v i d e  b e t t e r  anomaly c o n t r a s t  i t  i s  n o t  commonly 
used because o f  t he  d i f f i  cu l  ty i n  o b t a i n i n g  s u f f i c i e n t  m a t e r i a l  f o r  a n a l y s i s .  

I n  the  major  Ka laha r i  b a s i n  o f  sou th - cen t ra l  A f r i c a ,  which con ta ins  up t o  
300 m o f  c o n t i n e n t a l  sediments o f  Cretaceous and younger age, t h e  use o f  biogeochemistr.y 
and t he  heavy and u l t r a f i n e  f r a c t i o n s  o f  the  s o i l  has en joyed  some success. Prec ise  
de te rm ina t i on  o f  the  common base meta ls  i n  t he  range 1-10 ppm on t h e  -80 mesh s o i l  
f r a c t i o n  has y i e l d e d  responses i n  areas w i t h  25 m o f  Ka laha r i  cover .  

,' - 
Geochemistry con t inues  t o  be an e f f e c t i v e  i ns t rumen t  i n  the more humid I 

(300 - 1500 mm annual r a i n f a l l )  eas te rn  h a l f  o f  South A f r i c a .  Some o l d  r u l e s  o f  t h u ~ m  
and l ong -he ld  b e l i e f s  have s u f f e r e d  i n  t he  process o f  con t inued  reapp ra i sa l  e s p e c i a l l y  
w i t h  r ega rd  t o  d i s p e r s i o n  and l each ing .  Rout ine analyses o f  i r o n  and manganese on 
s o i l s ,  and stream sediments, coupled w i t h  t he  usual  base meta l  ana l ys i s ,  have been 
o f  va lue  i n  guard ing a g a i n s t  enr ichments caused by scavenging. 
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There has been considerable ac t iv i ty  in the Mesozoic Karoo sandstone 
uranium provinces of South Africa where the i n i t i a l  surface discovery was made by 
Union Carbide in 1969. The Geological Survey of South Africa has carried out an 
extensive hydrogeochemi cal survey, sampl ing water bores, in th is  semi-arid region. 
The resu l t s ,  which are published periodically, have been of considerable assistance 
in exploration. 

Major d i f f icu l ty  has been experienced in some of the secondary uranium 
deposits of the arid western regions of the subcontinent as a resu l t  of disequili-  
bri um between uranium and i t s  radium and radon daughter products. 

The Geological Surveys of Botswana and Swazi 1 and have conducted geochemi cal 
surveys, principally stream sediment sampling, in the i r  respective countries as has 
the Geological Survey of South Africa. 

Consolidated Diamond Mines of S o u t h  Africa during 1978 announced a 
6 million (US) f ive year programme to further the mining industry in the te r r i tory .  
A substantial portion of these funds have been allocated to  geochemical surveys 
of regions thought to be d i f f i c u l t  to prospect or  previously neglected. Systematic 
stream sediment and soil  sampling programmes in several areas have been completed. 
A helicopter-borne Surtrace survey of a large t r a c t  in the north west of the te r r i tory  
i s  in progress. Results of the CDM Mineral Survey, including geochemistry are placed 
on open f i l e  with the Geological Survey in Windhoek as they becaome available. 

In summary, exploration geochemistry i s  flourinshing in Southern Africa 
and has led to the discovery of a considerable number of new prospects. Some of 
these have s ignif icant  promise and more will no doubt be heard of them. 

G . L .  Coetzee, Johannesburg, November 1979. 

NOMINATIONS FOR COUNCIL 

Nominations for  Council weremade to f i l l  5 vacancies which will ar ise  a t  the 
next Annual General Meeting in April 1980. Ballots have been prepared and d i s t r i -  
buted to the voting membership. Results of th is  voting will be tabulated a t  the 
A G M y  a f t e r  which the new Councillors will be announced. I t  i s  important that  the 
Voting Members cast  t he i r  ballots as soon as received. The ballots must be returned 
to  the Association's permanent off ice in Rexdale (Toronto) by April 1 ,  1980, from 
there they will be transferred to  Hannover for  the AGM on April 14th. 

Four of the five vacancies on Council are due to members who must r e t i r e  
as demanded in our By-Laws, or  do so due to pressure of the i r  work. On behalf of 
the Association I would l ike to thank Dick Horsnail, Lloyd James, Tim Meyer and 
Howie McCarthy for  a1 1 the i r  time and e f f o r t  given in service to the Association. 

N E W  OFFICERS O F  THE ASSOCIATION 

A t  a Council Meeting held on November 4, 1979, members of the new Executive 
were elected fo r  the year 1980-81 . 
Art W .  Rose of Penn State  Universtiy has been elected to the position of President 

of the Association. 

G .  Roger Webber of McGill University , Montreal, has been elected as F i rs t  Vice- 
President of the Association. 
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Ken A .  Lovstrom of Amax, Denver, has been elected as Second Vice-president. 

Ian Thomson of the Ontario Geological Survey, Toronto, has been re-elected to the 
pos i t i  on of Treasurer. 

Bob Garrett of the Geological Survey of Canada, Ottawa, has been re-elected to the 
posi tion of Secretary. 

ANNUAL G E N E R A L  M E E T I N G  -1980 

The next Annual General Meeting of the Association will be held in con- 
junction with the 8th IGES in Hannover, West Germany. The meeting will be held 
immediately a f t e r  the l a s t  technical session on Monday, April 14, 1980. The Agenda 
f o r  the AGM i s  as follows: 

1 .  Minutes of the 1979 Annual General Meeting 
2 .  Matters ar is ing 
3. Presidents' Report 
4. Secretary's Report 
5 .  Treasurer's Renort 
6 .  Appointment of Auditors 
7 .  Introduction of the 1980-81 Executive 
8. Election of Ordinary Councillors 
9. Any Other Business 

10. Adjournment 

The President, P . K .  Theobald, will deliver his address immediately 
fol lowing the adjournment of the meeting. 

FROM THE SECRETARY'S OFFICE 

A copy of our By-Laws, with the amendment passed a t  the AGM l a s t  year in 
Tucson, Arizona, i s  being mailed to a l l  members with th i s  Newsletter. However 'dry'  
the document may be please take the time to read i t ,  especially the sections on 
Membership and Councillors, Articles 2 and 4. I draw your attention t o  section 
4.04 and 4.05 on the nomination and election of Councillors. Any group of s ix  or 
more Voting Members may propose a Voting Member for  membership of Council. 

With reference to membership the permanent off ice has drawn my attention 
to  the fac t  that  many Student Members who have graduated are  now sending in dues 
of US $42.50. Do not l e t  me discourage you! Thank you for  continuing to support 
the Association. However, once Student Members have gained two years of experience 
(see By Laws 2.08 ( i ) )  they should apply for  Aff i l ia te  s ta tus .  If  you f a l l  into this  
s i tuat ion could you please ask the Rexdale off ice fo r  an application form? Once you 
have completed i t  with updated information please return i t  to the off ice with a note 
to the e f fec t  that  i t  i s  a t ransfer .  

Dues. So f a r  the Rexdale off ice has received some 410 dues for  1980. 
Over half of those expected, and hopefully many are in the mail to us. If you 
have not yet  forwarded your 1980 dues a notice i s  enclosed with th is  maliling. 
Please attend to the matter, fo r  two reasons. F i rs t ly ,  we will be advising Elsevier 
of the Journal ci rcul ation 1 i s t  soon - no dues, no Journal . Secondly, the new 
membership l i s t ,  which will be available in time for  the 8th IGES in Hannover i s  
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being based on 1980 membership. No update i s  planned until the 9th IGES in 1982, 
so please make every e f fo r t  to  get your dues in. 

You will notice tha t  th i s  issue contains a r e ~ o r t  from our Regional 
Council l o r  in Southern Africa, Louis Coetzee. This i s  a very we1 come addition to 
the Newsletter. Reports such as his help keep members aware of ac t iv i ty  around the 
world. Should any member have a similar regional report ,  o r  a report on a local 
meeting, I am sure i t  would be of general in te res t  and we would be glad to include 
i t  in a Newsletter issue. 

REPRINTS OF 7TH IGES, GOLDEN, PAPERS 

Only a few authors have received the i r  reprints from Geochemical Explo- 
ration 1978. Paul Theobald, John Watterson and Ed Post in Denver have been doing 
what they can, progress i s  being made and the end i s  hopefully in s ight .  Chad Davis, 
the president of Spectra/Graphi cs , was unfortunately ki 1 led in a car accident; he 
was in charge of the production of the volume. John Watterson sends the following 
note ; 

Some internal disorder a t  Spectra/Graphics i s  now known to have 
resulted in fa i lure  to deliver reprint orders of Geochemical 
Exploration 1978 a r t i c l e s .  We are working with the new management 
of Spectra/Graphics and would appreciate those persons who have 
ordered reprints of symposium volume a r t i c l e s  to advise the business 
manager of the '78 symposium--E.V. Post, Skyline Labs, 12090 W.50th 
Place, Wheatridge, Co. 80033, USA -- as soon as ~ o s s i b l e  of the number 
of reprints ordered and the amount paid, enclosing i f  possible, a 
Xerox copy of both sides of cancel led checks or money order receipts.  

P . K .  Theobald, J.R. Watterson, E . V .  Post. 

O L D  ISSUES OF THE JOURNAL 

The off ice has had many enquiries as to the ava i lab i l i ty  of past issues 
of the Journal of Geochemical Exploration, sometimes single issues are l o s t  or 
members would 1 i ke to obtain. 01 d vol umes. To ful f i  11 th i s  need enquiries were made 
to  Elsevier, they have made the following offer :  

1 .  Single issues are only available for  1978 and 1979 volume, i .e. from 
volumes 9-11 inclusive,  these are  costed a t  Dfl 46.00 per 100 printed pages. 

2 .  Prior to 1978, i . e .  volumes 1-10 inclusive, only fu l l  volumes are available. 
These will be offered a t  a special 40% discount to Association members, 
i . e .  Dfl 90.00 (approximately US $45.00), plus Dfl 10.00 postage per volume. 

There i s  a time 1 imi t to  th i s  of fer  and a l l  orders have to  be coordinated 
through the AEG.  Therefore, a l l  requests must be received by March 31st, 1980, and 
should be sent  direct ly  to  the Secretary's off ice in Ottawa. As i t  i s  probable that 
members may only require single issues from pre 1978 volumes I will compile orders 
into whole volumes on a f i r s t  come f i r s t  served basis. I am afraid that  i f  a fu l l  
volume cannot be created from separate orders we will be unable to place the order. 
In addition Elsevier informs me tha t  fo r  some of the older volumes only 20 or  30 
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I would s t r e s s  that  i f  you are missing several issues from a volume and you want 
to  insure their  purchase you should purchase the ent i re  volume. Purchasing issue 
by issue rel ies  on other members to make up  the balance fo r  volume se t s .  Clearly 
i f  everyone wants a single issue, say V.8, 112,  the Sydney Sympsoium, we are going 
to be unable to  place the order. 

Send no money with your order, b u t  i f  you wish to  avail yourself of this  
of fer  please get your order to  Ottawa as f a s t  as possible. This exercise req~lires 
a l o t  t o  be done on t rus t .  I cannot guarantee orders will be f i l l e d  so I prefer 
not to receive funds for  the Association a t  this  time. You will be bil led once 
the costs t o  the Association, including onwards postage from the Rexdale off ice,  
can be determined. The order will be placed with Elsevier in Europe a t  the time of 
the 8th IGES in April. A t  th is  time i t  w o u l d  seem that  s ingle  issues a f t e r  1978 
will cost some $28.00, for  the three issue volumes in 1976 and 1977 the cost per 
s ingle  issue would be about $19.00 or $38.00 for  a double issue;  for  the four issue 
volumes in 1973 to 1975 the single issue cost would be about $14.00, e tc .  I n  1972 
there were only two issues to volume 1 ,  so costs would be about $28.00 each. These 
estimates are in US do1 l a r s  and include A E G  postage and hand1 ing. Please remember 
that  they are estimates only, f inal  costs will be known in April. 

JOURNAL NEWS 

The speci a1 issue, "Conceptual Models in Exploration Geochemistry; 
Australia",  edited by C.R.M. B u t t  and R.E. Smith will be published as volume 12, 
Numbers 2 and 3. This combined issue will thus complete the 1979 journal subscrip- 
tion year. I t  will not however be ~ u b l  ished in 1979. The final parts of the manu- 
sc r ip t s  were forwarded to Amsterdam a t  the end of November, and we are tentatively 
estimating a publication date 'of  April 1980. Having read the Dapers I can assure 
readers that  this  issue carr ies  forward the high standards and' usefullness of the 
Conceptual Models ser ies .  

E .  M .  Cameron, Editor 

B I B L I O G R A P H Y  

RECENT PAPERS ON EXPLORATION GEOCHEMISTRY 

This list comprises titles that have appeared in major 
publications since the compilation present in Newsletter No. 29. 
Journals routinely covered and abbreviations used are as follows: 
Economic Geology (EG); Geochimica et Cosmochimica Acta (GCA); 
The USGS Journal of Research (USGS JR); Circular (USGS CIR); 
and Open p i l e  Report (USGS OFR); Geological Survey of Canada 
Papers (GSC Paper) and Open File Report (GSC OFR); Bulletin of 
the Canadlan Institute of Mining and Metallurgy (CIM Bull); 
Transactions of Institute of Mining and Metallurgy, Section B: 
Applied Earth Sciences, (Trans IMM). Publications less frequently 
cited are identified in full. Compiled by L. Graham Closs, 
Colorado School of Mir,es, Member AEG Bibliography Committee. 
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Blondiaux, G., et.al. 1978. L'analyse par activation neutronique 
appliquee a la prospection biogeochimique: example des 
serpentinites du nord de Cordoue (~spagne). Bull Du B.R.G.M. 
Section 11, Geologie des Gites Mineraux. 20(4): 323-334. - 

Bolviken, B., Otteson, R.T., and Sinding-~arsen, R. 1979. 
Seasonal and sampling variability in the contents of Mn, Fe, 
Ni, Cu, Zn, and Pb at the Snertingdal stream-sediment 
anomaly, Norway. in IMM 1979: 51-58. - 

Boyle, R.W. '979. The geochemistry of gold and its deposits 
(togeather with a chapter on geochemical prospecting for 
the element). GSC Bull. 280. 584 p. 

Broaders, R.R. and Radford, C.C. 1978. An evaluation of back- 
ground and anomalous copper and zinc concentrations in the 
"copper plant" Polycarpaea-spirostylis and other Australian 
species of the genus. Australian IMM Proc. 268: 33-62. - 

Cathrall, J.B. et.al. 1979. A listing and statistical summary of 
spectrographic and chemical analysis of stream-sediment 
samples from the Survey Pass quadrangle, Alaska. USGS OFR 
79-837A. 61 p. 

Closs, L.G. 1979. A preliminary report on the trace element 
geochem2stry of Upper Ordovician rocks of Central Southern 
Ontario. Ontario Geological Survey OFR 5268. 35 p. 

Closs, L.G. and Sado, E.V. 1979. Orientation exploration geo- 
chemistry and quaternary geology investigations of Carbonatite- 
Alkalic complexes at Prairie Lake and Killala Lake. Part 1. 
Overburden Geochemistry, ~istrict of Thunder Bay. Ontario 
Geological Survey OFR 5257. 199 p. 

Crim, W.D. et.al. 1979. Spectrographic and chemical analyses of 
geochemical samples collected during 1978 from the Lake 
Clark quadrangle, Alaska. USGS OFR 79-871. 48  p. 

Davenport, P.H. 1979. Ore-element distribution patterns in lake 
sediment associated with St. Lawrence Granite, Newfoundland 
in IMM 1979: 80-90. - 

David, M. 1979. Geostatistics-bloodhound of uranium exploration. 
Can. Min. J. 100(5): 111-113. - 

DiLabio, R.N.W. 1979. Drift prospecting in uranium and base-metal 
mineralization sites, District of Keewatin, Northwest 
Territories, Canada. in IMii 1979: 91-100. - 

Domenico, J.A. 1979. Spectrographic analyses of selected cores 
from the Blacktail Mountain drilling site, Flathead County, 
Montana. USGS OFR 79-939. 33 p. 

Gannicott, R.A., Armbrust, G.A., and Agterberg, F.P. 1979. Use 
of trend surface analysis to delimit hydrothermal alteration 
patterns. CIM Bull. 72(806): 82-89. 

7 
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Girling, C.A., Peterson, P.J., and Warren, H.V. 1979. Plants as 
indicators of gold mineralization at Watson Bar, British 
Columbia, Canada. EG 74(4): 902-907. - 

G o l d h a b e r  M.B. et.al. 1979. Petrology and isotope geochemistry 
of calcite in a south Texas roll-type uranium deposits. 
USGS OFR 79-828. 24 p. 

Gross, W.H., 1979. Pollution in perspective. CIM Bull. 72(809): - 
75-85. 

Holland, H.D. 1978. The Chemistry of the Atmosphere and Oceans. 
Wiley. 351 p. 

Hood, P. 1979. Mineral exploration trends and developments in 
1978. Can. Min. J. lOO(1): 28-69. - 

IMM. 1979. Prospecting in Areas of ~laciated Terrain 1979. Papers 
presented at a symposium held in Dublin, Ireland, August 
1979. IMM. 110 p. 

Jacobs, D.C. and Parry, W.T. 1979. Geochemistry of biotite in the 
Santa Rita porphyry Copper deposit, New ~exico. EG 74(4) : - 
860-887. 

Jensen, M.L. and Bateman, A.M. 1979. Economic Mineral ~eposits 
3rd Ed. Wiley. 593 p. 

King, H.D. et.al. 1979. Spectrographic and atomic-absorption 
analyses of geochemical samples from the Medfra quadrangle, 
Alaska. USGS OFR 79-959. 44 p. 

Lindahl, I., Bergstrom, B., Fareth, E., and Often, M. 1979. 
Heavy-metal exploration in the western part of Finnmarksvidda, 
northern Norway. in IMM 1979: 59-66. - 

Lowder, G.G. 1979. Exploration analysis wings ahead with mercury. 
Australian Mining. 79(6): 74-76. - 

Lovell, J.S., Hale, M. and Webb, J.S. 1979. Soil air disequilibria 
as a guide to concealed mineralization at Keel, Eire. in - 
IMM 1979: 40-44. 

Ludwig, K.R. and Stuckless, J.S. 1979. Programs in Hewlett-Packard 
BASIC for storing, retrieving, and plotting rare earth 
element data for geochemical studies, using HP 9831/9872 
desk top computers and plotters. USGS OFR 79-949. 24 p. 

Miller, J.K. 1979. Geochemical dispersion over massive sulphides 
within the continuous permafrost zone, Bathurst Norsemines, ! 

Canada. in IMM 1979: 101-109. 

Miller, J.K. and Cazalet, P.C.D. 1979. Barium geochemistry in 
Irish mineral exploration - in IMM 1979: 16-21. 
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Nawrocki, P.E. and Romer, D.M. 1979. A buried anomaly associated 
with a float train in central Ireland. in IMM 1979: 30-39. - 

Odland, S.K., and Millard, H.T., Jr. 1979. uranium and thorium 
content of some sedimentary and igneous rocks from the 
Rolla. 1 x 2 quadrangle, ~issouri. USGS OFR 79-1080. 17 p. 

Olade, M.A. 1979. Copper and zinc in biotite, magnetite and 
feldspar from a porphyry copper environment, Highland Valley, 
British Columbia, Canada. Mining Engineering 31(9): 1363-1370. - 

Reimer, G.M. and Bowles, C.G. 1979. Soil-gas helium concentrations 
in the vicinity of a uranium deposit, Red Desert, Wyoming. 
USGS OFR 79-975. 10 p. 

Solety, P. et.al. 1978. Methodologie d'utilisation des algorithmes 
d'analyse de donnees et de classification en geochimie 
appliquee. Bull de B.R.G.M. Section IV(3): 239-249. 

Solomon, M. and Walshe, J.L. 1979. The formation of massive 
sulfide deposits on the sea floors. EG 74(4): 797-813. 

Steed, G.M. and Tyler, P. 1979. Lithogeochemical haloes about 
Gortdrum copper-mercury orebody, County Tipperary, Ireland. 
in IMM 1979: 22-29. - 

Tenhola, M. and Lummaa, M. 1979. Regional distribution of zinc 
in lake sediments from eastern Finland. in IMM 1979: 67-73. - 

Theis, N.J. 1979. Uranium-bearing and associated minerals in their 
geochemical and sedimentological context, ~lliot Lake, ~ntario. 
GSC Bull. 304. 50 p. 

Thompson, I.S. 1979. Till prospecting for sulphide ores in the 
Abitibi Clay Belt of Ontario. CIM Bull. 72(807): 65-72. - 

Toverud, 0. 1979. Humus: a new sampling medium in geochemical 
prospecting for tungsten. in IMM 1979: 74-79. - 

Tripp, R.B. et.al. 1979. Maps showing the mineralogical and geo- 
chemical data for heavy-mineral concentrates in the Tanacross 
quadrangle, Alaska. USGS MF-767-0. 

Walker, K.R. 1978. Involvement of government organizations in 
geochemical surveys in ~ustralia. BMR Journal of Australian 
Geology and Geophysics. 3 (4) : 311-318. - 

Widenfalk, L. 1979. Mercury as an indicator of stratigraphy and 
metamorphism in the Skellefe Ore District. EG 74(5): 1307-1314. - 
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ANNUAL GENERAL MEETING 

The Assoc ia t i on  o f  Exp lo ra t i on  Geochemists 

w i l l  h o l d  t h e i r  

Annual General Meet ing 

f o l l o w i n g  the  1  a s t  techn ica l  paper o f  the  day a t  the 

8 t h  I n t e r n a t i o n a l  Geochemical Exp lo ra t i on  Symposi um 

i n  the  

"Beethoven Hal 1  " 

o f  the  

" S t r a d t h a l l e  Hannover" 

on 

Monday, A p r i l  14, 1980, a t  1630 hours 



THE ASSOCIATION OF EXPLORATION GEOCHEMISTS 

ELECTION O F  ORDINARY COUNCILLORS - 

E i g h t  Voting Members of t h e  A s s o c i a t i o n  
have been nominated f o r  O r d i n a r y  C o u n c i l l o r s  f o r  
t h e  1980-1982 p e r i o d .  F ive  incumbent  Ord ina ry  
C o u c i l l o r s  w i l l  r e t i r e  a t  t h e  upcoming Annual 
General  Meeting i n  A p r i l ,  1980.  Consequen t ly ,  
members a r e  asked t o  c a s t  f i v e  v o t e s  by e r a s i n g  
t h r e e  names of  c a n d i d a t e s  you do not wish t o  v o t e  
f o r  from t h e  B a l l o t i n g  L i s t .  The pe r sons  whose 
names a r e  n o t  e r a s e d  from t h e  B a l l o t i n g  L i s t  w i l l  
r e c e i v e  one vo te  i n  t h e  b a l l o t i n g .  

\ 

Any B a l l o t i n g  L i s t  w i l l  be deemed i n v a l i d  
i f  t h e  number of  names n o t  e r a s e d  t h e r e f r o m  s h a l l  be - 
more t h e n  f i v e .  - 

Limi ted  i n f o r m a t i o n  on each c a n d i d a t e  i s  
i n c l u d e d  on t h e  r e v e r s e  page .  

Voting Members s h o u l d  n o t  s i g n  o r  o t h e r w i s e  
i d e n t i f y  themse lves  o n  t h e  B a l l o t i n g  L i s t .  P l a c e  
t h e  comple ted  L i s t  i n  t h e  sma l l  enve lope  marked 
"AEG O r d i n a r y  C o u n c i l l o r  B a l l o t "  and s e a l .  P l a c e  
t h i s  sma l l  enve lope  i n  t h e  l a r g e  enve lope  b e a r i n g  
t h e  permanent  o f f i c e  a d d r e s s ,  s e a l ,  stamp and mail 
t o  a r r i v e  i n  Rexdale n o t  l a t e r  t h a n  k r i l  I s t ,  1980.  

The Association of Exploration Geochemists, 
P.O.Box 523, 
Rexdale, Ontario, CANADA 
M9W 5L4 



N O M I N E E S  FOR ORDINARY COUNCILLORS 1 9 8 0 - 1 9 8 2  - 

S . J .  H o f f m a n  - C h i e f  G e o c h e m i s t ,  B .P .  M i n e r a l s ,  V a n c o u v e r , B . C .  - 
Canada.  

W .  K .  F l e t c h e r  - A s s o c i a t e  P r o f e s s o r ,  U n i v e r s i t y  o f  B r i t i s h  - 
C o l u m b i a ,  V a n c o u v e r ,  B.C. Canada .  

L . A .  C l a r k  - E x p l o r a t i o n  M a n a g e r ,  S a s k a t c h e w a n  M i n i n g  & Dev .  
C o r p . ,  S a s k a t o o n ,  S a s k a t c h e w a n ,  Canada .  

J . L .  Wahl  - D i r e c t o r - S e n i o r  G e o l o g i s t  o f  W . G .  Wahl L t d . ,  
T o r o n t o ,  O n t a r i o ,  Canada .  

S . E .  K e s l e r  - P r o f e s s o r ,  U n i v e r s i t y  o f  M i c h i g a n ,  Ann A r b o r ,  - 
M i c h i g a n ,  U.S.A.  

G . M .  A l l c o t t  - C h i e f  o f  B r a n c h  o f  E x p l o r a t i o n  R e s e a r c h ,  
U . S . G . S . ,  D e n v e r ,  C o l o r a d o ,  U.S.A.  

R.E.W. L e t t  - C h i e f  G e o c h e m i s t  B a r r i n g e r  M a g e n t a ,  T o r o n t o ,  
7 

O n t a r i o ,  Canada .  

N . G .  L a v e r y  - S e n i o r  R e s e a r c h  A s s o c i a t e  a t  E x x o n  P r o d u c t i o n  - 
R e s e a r c h  Co.,  H o u s t o n ,  T e x a s ,  U .S .A .  


