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No. 23 N O V E M B E R  1977 

This i s  the second Newsletter to  be issued in the.1977-78 
Association year; once again i t  i s  a pleasure t o  accept 
th i s  opportunity to  communicate with our Members. We t rus t  
that  a l l  of you have enjoyed a stimulating and profitable 
f i e ld  season and we wish you every success for  the months 
ahead. 

The primary purposes of th i s  Newsletter are: 

a )  t o  report on certain forthcoming events of interest  
to  exploration geochemists. 

b )  to seek expressions of o ~ i n i o n  on cer tain topics Der- 
taining to  the future of our Association. 

c )  to  present reviews of some recent ac t iv i t i e s  of 
geochemical in te res t .  

1978 INTERNATIONAL G E O C H E M I C A L  EXPLORATION SYMPOSIUM 

Plans f o r  the Seventh Symposium are now well advanced 
and a l l  indications are  that t h i s  will be a most successful 
event. The biennial sym~osia are the highlights of the Associa- 
t i on ' s  calendar, and the organizing committee of the Seventh 
Symposium looks forward to welcoming as many AEG members 
as possible to  Golden, Colorado, in April 1978. 

If anyone desires further information concerning the 
Symposium, or has not been receiving our publicity mailings 
please contact the Symposium Secretary: 

Dr. M.A.  Chaffee 
United States Geological Survey, 
5946 McIntyre S t ree t  
Golden, Colorado, 80401 USA 
Phone 303-234-5301 
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C U R R E N T  COMMODITY TRENDS IN MINERAL EXPLORATION A N D  EVALUATION Dec. 5-7, 1977 

The Australian Mineral Foundation, Adel aide,  S.A. 

A f inal  reminder of the Symposium co-sponsored by The Geol. Soc. of Australia (SGIGOD) 
and the A . E . G .  to discuss commodities (U, Sn, W ,  Cr, Mn) which are  of current economic 
in t e res t  b u t  have received l i t t l e  attention in recent symposia. Further information can be 
obtained from Dr. P . G .  Moeskops, Australian Mineral Development Labs, Flemington S t . ,  
Frewvi 1 l e ,  S.A. 5063 Australia (phone 79-1662). 

1980 INTERNATIONAL GEOCHEMICAL EXPLORATION SYMPOSIUM 

The Eighth Symposium will be held in Hanover, Germany in April, 1980, in cooperation 
with the Bundesanstalt fur  Geowissenschaften und Rohstoffe. Plans fo r  th is  Symposium are 
already well in hand and a successful outcome i s  confidently anticipated. The location 
of Hanover should certainly appeal to  the many beer drinkers among our members - similarly 
the appeal of the 1978 Symposium should be heightened by proximity to  the Adolf Coors 
brewing establishment. 

1979 BASIN A N D  RANGE "THEME MEETING" 

Since the 1980 Symposium will be held outside North America, i t  i s  hoped that  two 
"theme meetings" orUmini-sympsoia" can be organized within the l a t t e r  continent in 1979 and 
1981 respectively. Plans have already been in i t ia ted  for  a meeting to  be held, probably 
in the Spring of 1979, in Tucson, Arizona. Mineral exploration in the Basin and Range 
province will be stressed a t  t h i s  meeting. 

Chairman of the organinzing committee for  the 1979 Tucson meeting i s  Ken Lovstrom. 
A t  the present time volunteers are being sought to  serve on th i s  committee. Anyone wishing 
to  do so,  or any person with suggestions to  offer  concerning the meeting, please contact 
Ken a t :  

AMAX Exploration Inc. ,  
130 South Scott  Street  
P . O . B O X  1911 
Tucson Arizona 85702 
Phone (602-624-81 71 ) 

COST OF AEG MEMBERSHIP 

There has been considerable debate, in recent months, among the A E G  Council regarding 
the cost of membership of our Association. Some concern has been expressed that  growth or 
continuity of membership might be adversely affected by the re la t ive  high cost (when com- 
pared with some other earth science organizations) of A E G  dues. I t  should be stressed, 
however, tha t  of our dues of $42.50 only $10.00 actually goes to  support administrative 
costs of the Association-the remainder covers the cost of a member's subscription to  the 
Journal of Geochemical txploration. ' . 

Council's objectives i s  to  r e s t r i c t  future membership costs as much as possible; hope- 
fu l ly  increases in royalty income accruing from growth in JGE circulation will substant ial ly  
counteract inflationary cost pressures in the years ahead. 
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I 
I Opin ions among Counci l  i s ,  a t  present ,  somewhat d i v i d e d  as t o  whether o r  n o t  t he  
I p resen t  c o s t  of AEG membership i s  a  d e t e r r e n t  t o  membership renewal and growth. I t  would 
i 
I be h e l p f u l  if any AEG members who f e e l  p a r t i c u l a r l y  s t r o n g l y  on t h i s  ques t i on  one way o r  

ano ther  would communicate t h e i r  f e e l i n g s  t o  Counci 1  : Please w r i t e  t o  e i t h e r  D ick  Ho rsna i l  
I o r  Bob Armstrong. 
I 

EXPANDING THE SCOPE OF THE AEG 

I I t  would be d e s i r a b l e  t o  broaden t h e  areas o f  a p p l i e d  geochemical a c t i v i t y  w i t h  

I which t h e  Assoc ia t i on  i s  i nvo l ved ;  areas which m e r i t  p a r t i c u l a r  a t t e n t i o n  are; 

1 a )  Geochemistry a p p l i e d  t o  t h e  d e t e c t i o n  and e v a l u a t i o n  o f  energy resources 
1 b )  Geochemical s t ud ies  appl  i e d  t o  t h e  environmental  impacts o f  n a t u r a l  resource deve lo~men t .  
I 

Papers p e r t a i n i n g  t o  e i t h e r  o f  these f i e l d s  w i l l  be p a r t i c u l a r l y  welcomed by t he  
E d i t o r  of  t h e  Journal  o f  Geochemical Exp lo ra t i on .  

I n  o r d e r  t o  f u r t h e r  s t i m u l a t e  i n t e r e s t  i n  t h e  a p p l i c a t i o n s  o f  geochemistry t o  energy 
resource  develouments, a  committee i 2  be ing  e s t a b l i s h e d  t o  r ev i ew  t h i s  f i e l d  and adv ise  on 
g r e a t e r  AEG invo lvement .  I t  i s  hoped t h a t  suggest ions f o r  workshops and/or "theme meet ings",  
JGE a r t i c l e s ,  and p o s s i b l y ,  f u r t h e r  JGE spec ia l  i ssues  ( s i m i l a r  t o  t h e  recen t  i s sue  on 
pe t ro l eum geochemistry)  w i  11 even tua l  l y  emanate. 

The committee w i l l  focus on geochemical t o p i c s  n e r t a i n i n g  t o  r a d i o a c t i v e  minera ls ,  
f o s s i l  f ue l s  and geothermal energy; i t  i s  l i k e l y  t h a t  subcommittees w i l l  be formed t o  
cover  t h e  abovementi oned f i e l  ds . 

Any members who a r e  i n  any way i n t e r e s t e d  i n  y r t i c i p a t i n g  i n  t h e  proposed energy 
committee p lease  w r i t e  t o  D ick  Ho rsna i l  . 

4 
I 
ii 

R.F. HORSNAIL 

FROM THE SECRETARY'S OFFICE 

Wi th  a  busy 1977 e x p l o r a t i o n  f i e l d  season drawing t o  a  c l o s e  we now have t ime t o  
compi le  and p u b l i s h  t h e  second n e w s l e t t e r  o f  t h e  Assoc ia t i on  y e a r .  Mrs. Ines F i l i c e t t i ,  
as before,  handles t h e  p u b l i c a t i o n  as e f f i c i e n t l y  as i n  t h e  pas t .  A meet ing of Counci l  
was h e l d  on October 17 i n  Ottawa w i t h  12 C o u n c i l l o r s  i n  a t tendance.  A number of i tems 
were discussed, some o f  which a r e  r e p o r t e d  f o l l o w i n g :  

European Regional  C o u n c i l l o r  

Nominat ions f o r  t h e  A s s o c i a t i o n ' s  permanent o f f i c e  o f  Regional  C o u n c i l l o r  c losed  
November 1, 1977. One nomina t ion  was rece ived ,  t h a t  o f  Pro fessor  G.H.W. F r i e d r i c h .  
P r o f .  F r i e d r i c h  i s  t h e r e f o r e  e l e c t e d  t o  t h e  o f f i c e  and we w i l l  l o o k  fo rward  t o  r e c e i v i n g  
news o f  geochemical i n t e r e s t  i n  t h e  European geographica l  area. Pro fessor  F r i e d r i c h ' s  
address i s :  

P r o f .  G.  H.  W.  F r i e d r i c h  
Abt .  Angew /Lagers t a t t e n l  ehre 
TH. Aachen 
51 Aachen, West Germany 
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Honorary Membership 

I t  was decided by Counci l  t h a t  t h e  Honorary Membership o f  t h e  Assoc ia t i on  be r e s t r i c ,  , 
t o  n o t  more than 1% o f  t h e  t o t a l  Vo t i ng  Membership, as taken a t  t h e  end of t h e  preceding 
A s s o c i a t i o n  year .  There a r e  p r e s e n t l y  3 Honorary Members of  t h e  Assoc ia t ion ,  Drs. H.E.Hawkes 
H.E. Lak in ,  and J.S. Webb. Wi th  a  p resen t  membership of s l i g h t l y  over  500, t h e  Assoc ia t i on  
can have a  t o t a l  o f  5  Honorary Members, o r  an a d d i t i o n a l  2  t o  t h e  3 p r e s e n t l y  e l ec ted .  An 
Honorary Member i s  e l e c t e d  by t h e  unanimous vo te  o f  C o u n c i l l o r s  o f  t h e  Assoc ia t ion .  

A d v e r t i s i n g  i n  t he  News le t t e r  

The Counci l  r e a f f i r m e d  t h e i r  agreement t h a t  adver t isements shou ld  be a l lowed i n  t h e  
News le t t e r ,  t o  p a r t i a l  l y  o f f s e t  t h e  eve r - i nc reas ing  pub1 i c a t i o n s  cos t s .  With t h i s ,  p r e l  i- 
minary  r a t e s  f o r  a d v e r t i s i n g  space were s e t  a t  $lO.OO/issue o f  t h e  News le t te r  f o r  a  bus iness 
c a r d - s i z e  adver t isement .  A t  t h i s  reasonab ly -p r i ced  r a t e  and t h e  knowledge t h a t  t h e  p u b l i -  
c a t i o n  reaches over  500 geochemically-interested persons, i t  i s  hoped t h a t  businesses w i l l  
t ake  t h i s  o p p o r t u n i t y  t o  a d v e r t i s e  t h e i r  wares and se rv i ces .  I n q u i r i e s  should be d i r e c t e d  
t o  t h e  Sec re ta r y ' s  o f f i c e .  

1978 DUES NOTICE - SECOND CALL 

A t t e n t i o n  i s  d i r e c t e d  once aga in  t o  t h e  1978 Dues N o t i c e  i n c l u d e d  i n  t h i s  News le t te r .  
T h i s  i s  t h e  second c a l l .  Subsc r i p t i ons  a r e  due January 1, 1978. F a i l u r e  t o  pay p r i o r  t o  
t h i s  da te  r e s u l t s  i n  a  t e r m i n a t i o n  of  you r  s u b s c r i p t i o n  as w e l l a s  t h e  exc lus ion  o f  y o u r  name 
f r om t h e  m a i l i n g  l i s t .  E l s e v i e r  m a i l i n g  l i s t s  a re  r e v i s e d  i n  January of each yea r .  

Change o f  Address 

A  Change o f  address fo rm i s  a t tached  f o r  those members who p l a n  t o  change res idence  
f o r  p e r i o d s  o f  more than 12 months. For l e s s e r  per iods ,  i t  i s  p r e f e r a b l e  t h a t  t he  members 
make t h e i r  own arrangements f o r  t h e  r e d i s t r i b u t i o n  o f  t h e i r  Journa l  copy. Th i s  a s s i s t s  
i n  r educ ing  t h e  a d m i n i s t r a t i v e  cos t s  o f  t h e  permanent o f f i c e .  

Back Issues  o f  t h e  Journa l  

Late l ,y ,  t h e  permanent o f f i c e  had rece i ved  a  number o f  reques ts  f o r  back issues of t h e  
Jou rna l .  The permanent o f f i c e  does n o t  c a r r y  back i ssues  and members should con tac t  
E l s e v i e r  d i r e c t l y  w i t h  t h e i r  reaues ts .  

INDUSTRY SUPPORT FOR UNIVERSITY RESEARCH I N  APPLIED GEOCHEMISTRY 

A  l e t t e r  f rom Pro fessor  D.D. Runnels o f  t h e  U n i v e r s i t y  o f  Colorado i s  reproduced below. 
T h i s  shou ld  be o f  cons ide rab le  i n t e r e s t  t o  AEG members e m ~ l o y e d  by U.S.-based i n d u s t r i a l  
o r g a n i z a t i o n s .  
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UNIVERSITY OF C O L O R A D O  

BOULDER. COLORADO 80309 

DCPARTMLNT OF GEOLOGICAL SCILNCEB July 5, 1977 
(SOB) 402-8141 

Dr. R. F. Horsnail 
President of the S.E.G. 
AMAX Exploration Inc. 
4704 Harlan Street 
Denver, CO 80212 

Dear Dr. Horsnail: 

In the recent Newsleter No. 22 of our Society, a number of comments are made 
concerning the role of universities in training future exploration geochemists. 
In particular, Dr. Govett states that: "...the mining industry--and the public-- 
that pays the taxes to support universities have a right to expect those 
universities to undertake the fundamental research necessary to improve the 
capability of mineral exploration ...." 
Although the situation may be different in Canada, the amount of tax money 
paid by the minerals industry in most states in the United States is trivial 
in comparison to the overall tax support of the universities. There may be 
some exceptions to this in the U.S., such as Utah, Idaho, Montana, and Arizona, 
but not many. If the minerals industry wishes to have better training of 
future geochemists, the industry should be willing to offer some financial 
support directly to the universities for this purpose. Along this line, I thought 
it might be of interest to the members of the S.E.G. to learn of the results of 
a campaign that I launched about five years ago to raise money from industry 
to inaugurate a modest program in the fundamentals of exploration geochemistry here 
at the University of Colorado. I contacted 71 mining companies and oil companies 
that have a mining department. In a three-page letter I described my hopes and 
aspirations for initiating instruction and research in this field, and I asked for 
contributions of either money or new or used equipment. In response, I received 
69 rejections. One company did contribute some used tubes for atomic absorption, 
but they would not fit our instrument. And Gulf PlineraZs Corp. gave us $3500; we 
used that money to buy a student-model emission spectroscope. Needless to say, 
this overwhelmingly negative response from industry killed any hopes that I had 
of convincing my colleagues and administration of the desirability of teaching 
and conducting research in exploration geochemistry. 

It is also important to point out that the financial health of the universities 
in the United States has deteriorated significantly since I made my plea to industry. 
We are less able to initiate new programs now than ever before. Without direct 
and substantial support from industry, education and research in exploration 
geochemistry cannot be improved. 

Donald D. Runnel 
DDR: pf Professor of Geochemistry 
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PAST SYMPOSIA 

PROSPECTING IN GALCIAL TERRAIN 

The third symposium on "Prospecting in Areas of Glaciated Terrain", organized by the 
Inst i tut ion of Mining and Metallurgy with the cooperation of the Geological Survey of 
Finland, was held in Helsinki, Finland on the 15th, 16th and 17th of August. The meeting 
was attended by 115 participants and was followed by a f i e l d  t r i p  to  Finnish Lapland. 

The following i s  a l i s t  of the nineteen 

Application of humus analysis to geochemical 
prospecting: some case histories 
J. Nuutilainen and V. Peuraniemi 1 

Exploration in the northwest region of the 
Koitelainen gabbro complex, Sodankyla, Finnish 
Lapland 
K. Puustinen 6 

Prospecting for lithium and tungsten in Ireland 
R. Steiger 14 

Aspects of photogeological interpretation of Sokli 
carbonatits massif 
H. Paarma, H. Vartainen and J. Penninkilampi 25 

Kola ~enins'ula till stratigraphy 
V. Ya. Evzerov and B. I. Koshechkin 30 

Problems of geochemical contrast in Finnish soils 
K. Kauranne, R. S h i n e n  and M. A y rk  34 

Till-sampling methods used in exploration for 
scheelite in Kaustinen, Finland 
B. Lindmark 45 

Detection of deeply-buried sulphide deposits by 
measurement of organic carbon, hydrogen ion and 
conductance in surface soils 
G. J. S. GovetP and C. Y. Chork 49 

Re-evaluation of ore potential a t  KonnHs, Finland, 
by 'means of geochemistry 
A. Bjorklund 56 

Lithogeochemistry as an aid in massive sulphide 
exploration 
/. Nichol, F LA?. Bogle, 0. P. Favia, J. W. McConnell 
and K J. Sopuck 63 

papers presented: 

Case history of discovery and exploration of 
Pleutajokk uranium deposit, northern Sweden 
B. Gusta fsson and H. Mine11 72 

Glacial dispersal of uranium in the District of 
Keewatin, Canada 
R. A. Klassen and W. W. Shilts 80 

Conductive bedrock and overburden effects on 
airborne electromagnetic methods used by the 
Geological Survey of Finland 
M. Peltoniemi 89 

Application of humus to exploration 
M, Kokkola 104 

Magnetic susceptibility and i t s  anisotropy in the 
study of glacial transport in northern Finland 
R. Puranen '1 1 1  

Geophysical methods in thick overburden, Kolari, 
Finland 
A.Hattula 120 

Glacial transport in Finnish Lapland 
k/. H ~ M S  ? 28 

Synopses 

Case history of copper mineralization with 
naturally copper-poisoned areas at Raitevarre, 
Karasjok, F innmark county, Noway 
B. R$sholt 138 

Basemetal concentration in recent lake sediments 
and peat in Radnejaure area, Arjeptog, Swedish 
Lapland ' \ 

\ 
i i 

R. Fricdli, J. Ek and F. C. JaHd 1 39 

The above papers have been publishe ec t i  ng in. Areas of Gl aci cated 
Terrain, 1977", available from the Inst i  ining and Metal 1 urgy, 
44 Portland Place, London, WIN 4BR, ENGL 
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EXPLORATION '77  

The above meeting, sponsored by the Canadian Geoscience Council, was r e c e n t l y  h e l d  
i n  Ottawa and, as w ide l y  predic ted,  was a resounding success. Summaries o f  t he  geochemical 
con t r i bu t i ons  fo l low:  

W Y L E ,  R.W. 
Geological Survey of Canada, O t t awa  

~ e o c h e r n i s t r y  Overview 

(Paper 3 presented a t  11:lO-12:OO am., Monday, October 17) 

The ear th  is character ized by f ive  distinct spheres - lithosphere, pedosphere, 
hydrosphere, atmosphere,  and biosphere - t h e  various materials of whlch provide 
sampling media for  geochemical surveys carried out in the  search for  mineral deposits, 
coal,  oil, and natural  gases.In reconnaissance and detailed prospecting fo r  mineral 
deposits, t h e  best  results have been achieved with hydrogeochemical (particularly 
s t r eam sediment) and soil surveys. Lithogeochemical (rock), atmogeochemical (gas), and 
biogeochemical surveys have not  been extensively employed, but where applied 
judiciously have yielded a modicum of success. In the  search for  hydrocarbons, analyses 
of various hydrocarbon gases and other  associated compounds in soils, waters ,  and rocks 
have produced some significant results. 

The modern methods of geochemical exploration owe their  rapid growth in the  
20th century  t o  the  following circumstances: 

1. Elucidation of the  nature  of primary and secondary dispersion halos and trains t h a t  
a r e  associated with all  mineral deposits and accumulations of hydrocjarbons. 

2. Development of accura t e  and rapid analytical  methods utilizing t h e  spectrograph 
and various specific sensit ive colorimetric reagents (viz. dithizone). 

3. Development of resins and plastic (polyethylene) laboratory ware  of a l l  types. 

4. Development of a tomic  absorption spectroscopy. 

5. Development of gas  chromatography and other precise methods of t r a c e  analyses of 
hydrocarbon compounds and various gaseous inorganic substances. 

6.  Development of radioactive methods of detect ion of the  radioelements,  particularly 
uranium and thorium and thei r  daughter elements.  These have included the  
electroscope, e lec t rometer ,  ionization chamber,  Geiger tube, Geiger-Miiller tube, 
scinti l lometer,  and gamma-ray spect rometer  in about t h a t  order of development.  

7. Development of rapid and precise methods of analyses of various volati le e lements  
such as mercury, sulphur compounds, and radon. 

8. Development of rapid and precise  methods of analysis of various types of both 
organic and inorganic par t icula tes  in t h e  atmosphere.  

9. Ref inement  of field techniques in carrying out reconnaissance and detailed 
geochemical surveys of a l l  types  but especially those based on s t r eam sediments,  
lake bottom sediments,  heavy minerals, s t ream and lake  waters ,  groundwaters,  
springs and their  precipi ta tes ,  and biological materials.  In recent  years  the  use of 
helicopters has revolutionized sample collection in reconnaissance surveys in 
practically all  terrains.  

10. Development and ref inement  of methods of detailed geochemical prospecting using 
overburden drilling techniques in permafros t  ter ranes ,  glacial  ter ranes ,  and deeply 
weathered and lateri t ized terranes.  

11. Development and ref inement  of methods using o re  boulder, gangue boulder, and 
heavy mineral trains and fans  for prospecting in glacial t e r r anes  and in deeply 
weathered and la ter i t ized terranes.  

12. Research and development of ef f ic ient  methods in t h e  processing and assessment of 
geochemical prospecting d a t a  by s ta t i s t ica l  and computer  techniques. 

Future  research in geochemical  prospecting should b e  focused on t h e  following: 

1.Definition of geochemical  provinces and the i r  relationship to metallogenic 
provinces. 

I 2. Development of methods fo r  discovering minera l  deposi ts  and concentra t ions  of 
hydrocarbons deeply buried in bedrocks. 

3.Development of methods fo r  discovering mineral deposi ts  deeply buried below 
g l a c ~ a l  deposits, r ecen t  sediments,  la ter i t ized deposits,  and o the r  types of surficial  
debris.  

4. Elucidation and formulation of techniques to r e l a t e  t h e  s i ze  and in tens i ty  of trace 
e lemen t  halos and dispersion t ra ins  to t h e  e s t ima ted  s i ze  and g r a d e  of mineral 
deposits. 
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5. Fur the r  development  and ref inement  of biogeochemical and a tmogeochemical  
methods  in t h e  search fo r  minera l  deposi ts  and accumulat ions  of hydrocarbons. 

6.Delineation of t h e  n a t u r e  and e x t e n t  of l i thogeochemical,  pedogeochemical,  
hydrogeochemical,  biogeochemical,  and a tmogeochemlcal  halos associa ted  with oil 
and gas  fields. 

7. A b e t t e r  understanding of t h e  f a c t o r s  controll ing t h e  migration of t h e  e l emen t s  in 
endogene and exogene environments.  

8. Production of s tandardized regional geochemical  maps  on a nat ional  grid based on 
analyses  fo r  t h e  principal e l emen t s  in t h e  periodic t ab le  of ma te r i a l s  of t h e  
l i thosphere  (rocks), pedosphere  (soils), hydrosphere (waters ,  s t r e a m  sediments ,  lake  
sediments),  and biosphere (vegetation, etc.). For most  countr ies  such a program may 
require  a concer ted  e f f o r t  f o r  a cen tu ry  or  more. 

BOLVZKEN. B. 
Geological Survey of Norway, Trondheim, Norway 

GLEESON. C.F. 
C.F. Gleeson and Associates Ltd., Ottawa, Canada 

Focus  on t h e  use  of Glacia l  Soils i n  -.------ .- 
Geochemical  Exploration 

(Paper 13  presented a t  2:OO-2:30 p.m., Tuesday, October 18) 

Large portions of t he  Ear th ' s  surface  have been glaciated severa l  t imes  during 
t h e  las t  2 million years. These glacia ted  regions include much of North America  north 
of la t i tude  40°N (New York), most  of Europe north of la t i tude  50°N (London) and 
extensive  regions in Asia, particularly the  a rea  north of la t i tude  60°N (Leningrad). 

The overburden in these  a reas  i s  made up of till and o the r  glaciogenic deposits 
which have been laid down by t h e  ac t ion of glaciers and thei r  me l t  waters.  The mater ia l  
has  been derived f rom fresh or  weathered bedrock and preglacial  soils over which the  
glaciers  advanced. 

The use  of glacially-transported overburden in geochemical exploration c r e a t e s  
specia l  problems dis t inct  f rom those  in ter ra in  covered by residual soils. Types of 
geochemical  dispersion found in glacial  ter ra in  can be  divided in to  t w o  main classes,  
1) syngenet ic  dispersion, i.e. principally mechanical or par t icula te  dispersion which took 
p lace  during glaciation and 2) epigenet ic  dispersion, i.e. mechanical and chemical  
dispersion which has  taken place  during the  post-glacial period. 

There  a r e  many physical a s  well a s  chemical  processes which a lone or in 
combinat ion may resul t  in anomal ies  with in t r i ca t e  dispersion pat terns ;  t h e s e  anomalies 
may  be  di f f icul t  t o  t r a c e  back t o  thei r  sources. To f ac i l i t a t e  in terpre ta t ion of results 
f rom soil surveys in glacial  t e r r a in  t h e  sampling and analytical  methods used should be  
those  which will disclose anomalous pa t t e rns  t h a t  a r e  genetically not  t oo  complex. 

Ideally m'ethods applicable t o  defining syngenetic pa t t e rns  presupposes a 
thorough knowledge of the  glacial  history of t he  a rea ,  frequently th is  requirement  is  not 
fulfilled. Where th is  is  t h e  c a s e  or  where  t h e  glacial  history is very compl icated till 
samples  taken c lose  t o  t h e  bedrock surface  might be  t h e  only way of obtaining 
in t e rp re t ab le  results. Overburden sampling a t  depth  may require heavy drilling 
equipment ,  such equipment  toge the r  with various types  of l ight soil-sampling equipment  
have been developed and successfully used in North America  and Europe. Syngenetic 
dispersion pa t t e rns  a r e  caused by unoxidized mineral par t ic les  and t h e  analytical  
methods  used should employ rigorous digestion techniques,  X-ray f luorescence or  optical  
spectrographical methods. Also mineralogical analyses of heavy minera ls  in glacial  tills 
i s  a method which has  a g r e a t  potent ia l  for  defining and explaining syngenet ic  dispersion 
pat terns .  

In outlining epigenet ic  dispersion pat terns ,  exper ience  has  shown t h a t  strong 
anomal ies  c a n  be  produced in glacial  till due  t o  down-slope m e t a l  dispersion in 
groundwater.  Anomalies can a lso  b e  produced di rect ly  over the  bedrock source  due  t o  
gaseous movement  of e l emen t s  such a s  radon and mercury and various compounds of 
sulphur. The permeabi l i ty  of t he  overburden a s  well a s  t h e  abili ty of humus t o  bind 
heavy me ta l s  a r e  important  f ac to r s  in creat ing these  types  of epigenet ic  dispersion 
pat terns .  Sulphide me ta l  deposits can  be  good e lec t r ica l  conductors,  t oge the r  with the  
po re  water  of t h e  country  rock they  may a c t  a s  galvanic ce l ls  in which chemical  
e l emen t s  move under e l ec t romot ive  forces. Recen t  work seems  t o  ind ica t e  t h a t  
e lec t rochemical  processes of th is  kind might cause  cha rac te r i s t i c  epigenet ic  dispersion 
pa t t e rns  in glacial  soils. 

Normally epigenet ic  dispersion p a t t e r n s  c a n  b e  d e t e c t e d  in s u r f a c e  soils; t h i s  
means  t h a t  sampling c o s t s  a r e  re la t ively  inexpensive when compared  to sampl ing a t  
depth .  Also analyt ica l  methods  using re la t ivey s imple  ex t r ac t ion  t echn iques  gene ra l ly  
a r e  suff ic ient  f o r  mos t  e l e m e n t s  sought.  
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Throughout t h e  shor t  history of geochemical  exploration in g lacia ted  ter ra in ,  
s a i l s  h a v e  been used extensively  a s  a sarnpli~y, medium. In t h e  p a s t  ou r  approach has  

e n  somewha t  empir ica l ;  In t h e  fu ture ,  i l  w e  a r e  t o  advance  our  knowledge of 
ochemical  processes  and applicabili ty of geochemical  soil sampling in  g l ac i a t ed  

environments ,  m o r e  ~ e s e a r c h  in to  dispersion mechanisms will b e  required. i 
BRADSHAW, P.M.D. and THOMSON, I .  

Barringer Research Ltd., Rexdale, Ontario 

The Application of Soil Sampling to Geochemical  Exploration 
in Non-glaciated Regions of t h e  World 

(Paper 14 presented a t  2:30-3:00 p.m., Tuesday, October 18) 

Early work in the  application of geochemistry t o  mineral exploration revealed 
evidence of a simple and dii-ect relationship between geochemical pa t t e rns  in residual 
soils and those  in t h e  underlying bedrock. Many geochemical f ea tu res  a r e  common t o  
soils developed under a wide range of physical and c l imat ic  conditions and thus permit  
t h e  widespread use of geochemistry in exploration. A simple model,  based on t h e  ideal 
pa t t e rn ,  c a n  be applied extensively in t h e  unglaciated regions of t he  world, provided 
a t t en t ion  is given t o  t h e  well understood and documented dis tor t ions  caused by 
mechanical  movement  and hydromorphic dispersion. Significant d i f ferences  a re ,  
however,  noted in ,various places and the  pr ime object ive  of t h e  explcration geochemist 
i s  t o  correct ly  recognize these  situations and t o  se l ec t  techniques of sampling, analysis 
and in terpre ta t ion t o  accommoda te  them or t o  identify environments  where geo- 
chemis t ry  is not e f f ec t ive  and s o  avoid i t s  use completely.  

In th is  paper  a review is presented of the  application of geochemistry in non- 
g lacia ted  soil  environments.  The basic geochemical cha rac te r i s t i c s  of t hese  soils a r e  
i l lustrated by the  use of idealized models and c a s e  histories f rom around t h e  world. 
Par t icular  a t t en t ion  is  given t o  c l imat ic  and physical e f f e c t s  which c r e a t e  conditions 
t h a t  d i f fer  markedly from the  idealized situation, including t h e  e f f e c t s  of la ter i t iza t ion 
and cal iche  development ,  d e s e r t  soils and t h e  e f f ec t s  of t ranspor ted  overburden such a s  
alluvium, blown sand, landslides and volcanic ash. In all  of t hese  cases ,  field experience 
has  demonstra ted  t h a t  a reliable reflection of both lithology and mineralization can be 
obtained in t h e  overlying soil by t h e  co r rec t  selection of techniques.  In establishing 
methods,  ca re fu l  consideration must be given t o  variables such a s  optimum grain size,  
soil horizon t o  be  sampled, analyt ica l  ext ract ion employed, cho ice  of e lements  t o  be 
analyzed and the  in terpre ta t ion of the  various pa ramete r s  measured and observed. 

GOVETT. G.J.S. 
University of New Brunswick, 
Fredericton. New Brunswick 

NICHOLS IAN 
Queen's University, Kingston, Ontario 

Lithogeochemistry in Mineral Exploration - - 
(Paper  13 presented a t  3:OO-3:40 p.m., Tuesday, October  18) 

Lithogeochemistry,  a s  used in this presenta t ion,  is  defined a s  t h e  determinat ion 
of the  chemical  composition of bedrock mater ia l  with the  object ive  of detect ing 
distribution pa t t e rns  of e l emen t s  t h a t  a r e  spatially re la ted  t o  mineralization. 

Mineralogical a l t e ra t ion  zones in host  rocks around mineral deposi ts  have long 
been recognized and used a s  indicators of ore.  Such a l tera t ion zones a r e  t h e  visible 
manifes ta t ions  of physical and chemical changes  in t h e  host rocks resulting from ei ther  
pr imary react ions  associa ted  with o re  format ion or subsequent secondary reactions 
between t h e  o re  and t h e  host rocks. Chemical a l tera t ion halos may be  more  intense,  and 
the re fo re  de tec t ab le ,  over  g rea t e r  d is tances  than mineralogical halos, s ince  t h e  l a t t i ce  
substi tution of e l emen t s  may be  de tec t ed  chemically without having any mineralogical 
representa t ion.  The sca le  and intensity of changes in the  chemis t ry  of t h e  host rock is  a 
function of the  genesis of t he  ore ,  t h e  chemis t ry  of t he  host rock, and t h e  na tu re  of t h e  
secondary processes. Appreciation of these  f ac to r s  is  fundamental  t o  the  successful 
application of l i thogeochemistry t o  mineral exploration. 

I Llthogeochemlstry has a p p l ~ c a t ~ o n  a t  t h ree  levels of exploration: lden t l f~ca t lon  
geochemical provmces,  favourable o re  horlzons, plutons or  volcanlc horlzons on a 

r e g ~ o n a l  reconnalssance scale;  recognltlon of local halos re la ted  t o  ~ n d ~ v ~ d u a l  deposlts 
on a local r e c o n n a m a n c e  or  follow-up scale ;  and wall-rock anomalies related t o  
particular ore-shoots on a mlne scale.  
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Lithogeochemistry has been applied on a regional s ca l e  t o  the  identification of 
1 mineralized a reas  in grani t ic  and gneissic t e r r ane  (Sn, W,  Mo, Cu,  and U); in a reas  of 
1 basic intrusions (Ni, Cr ,  and P t  meta ls)  and basic volcanic rocks (Cu); and in a reas  of 
I sedimentary  rocks (Cu, Pb-Zn, and Au-U). In o ther  cases  favourable geological 
I environments  have been recognized on the  basis of some  diagnostic geochemical 
1 p a rame te r  of lithological units spatially, and probably genetically,  associated with 1 mineralization. For example,  productive greenstone bel ts  c a n  b e  distinguished f rom non- 
i productive greenstone belts,  and cycles of volcanism containing significant massive 

I sulphide deposits can  b e  distinguished f rom equivalent non-productive cycles  on t h e  
basis of enhanced background con ten t s  cf ce r t a in  e lements ;  a r eas  of black shale  

1 horizons enriched in chalcophile e lements  may be  readily identified,  and these  horizons 
I 
1 may be spatially associated with more  favourable horizons - such a s  quar tz i tes  and 

I l imestones - for  t h e  emplacement  of mineralization. 

On a more  local  scale,  geochemical dispersion halos of both major and minor 
e l emen t s  have been shown t o  be  associated with porphyry copper  deposits. Similarly, 
depletion of Na and Ca ,  and enhancement  of Fe ,  Mg, and K - t o g e t h e r  with 
cha rac te r i s t i c  distribution pa t t e rns  of a wide range of t r a c e  e l emen t s  - appear  t o  be  a 
genera l  local-scale f e a t u r e  associated with volcanogenic massive sulphide deposits. 
Wallrock dispersion halos have proved useful in deta i led  exploration, although thei r  
na tu re  i s  very  much dependent on local geological conditions. 

Various techniques  have been employed t o  d e t e c t  bedrock anomal ies  re la ted  t o  
minera l iza t ion;  t hese  include whole rock analysis, measuremen t  of water-soluble 
e l e m e n t s  (especially halogens), and analysis of minera l  separa tes .  In s o m e  cases  
mul t iva r i a t e  s t a t i s t i ca l  techniques have been used to identify o therwise  unrecognized, 
sub t l e  f e a t u r e s  of t he  d a t a  o r  a s  a means  of enhancing very  weak anomalies.  

The r e su l t s  c i t ed  a r e  examples  where  l i thogeochemistry has  been o r  could have 
been  used successfully f o r  t h e  location of par t icular  types  of mineralization. They a r e  
a l s o  indicat ions  of t h e  diversified role  l i thogeochemistry could have in mineral 
exploration. 

Exploration requirements  in t h e  f u t u r e  will demand techniques  t o  find minera l  
deposi ts  in s i tuat ions  where  c u r r e n t  methods  have  failed.  In par t icular ,  present ly  
avai lable  rou t ine  geochemical  methods  a r e  unsuitable, or  have  l imi ted  application, fo r  
t h e  locat ion of deeply-buried or  blind deposi ts  - and these  a r e  t h e  types  of deposi ts  t h a t  
probably will become  common t a rge t s  fo r  mineral explora t ion a s  the  m o r e  easily 
d e t e c t e d  near-surface  t a r g e t s  a r e  exhausted. The sub t l e  l i thogeochemical  anomal ies  and 
e l e m e n t  zoning found in t h e  cap-rocks of some  types  of blind deposi ts  o f f e r  scope f o r  
t he i r  de t ec t ion ,  and may  a lso  be useful in drill-hole control.  

The appl ica t ion of l i thogeochernistry i s  largely a funct ion of t h e  availabil i ty of 
a d e q u a t e  samples  e i the r  f rom sui table  bedrock exposure  o r  dr i l l  co re ;  obviously, i t  mus t  
have  l imi ted  po ten t i a l  in a reas  of deep  weather ing and a r e a s  of extensive  overburden o r  
soil  cover .  However,  within these  const ra in ts ,  r ecen t  deve lopmen t s  o f fe r  convincing 
ev idence  of t h e  po ten t i a l  power of l i thogeochemistry a s  an  explora t ion method. 

BARRINGER. A.R. 
Barringer Research Ltd., Rexdale, Ontario 

The A ~ p l i c a t i o n  of A t r n 3 h e y i c  
Pa r t i cu la t e  Geochemistry In Mineral E x p l ~ a t ~ o n  

(Paper 16 presented a t  3:40-4:20 n.m., Tuesday, October  18) 

The a tmospher ic  layer c lose  t o  the  ear th ' s  surface  c a r r i e s  extensive  geochemical 
information re la t ing t o  t h e  composition of the  underlying ter ra in .  During ac t ive  mixing, 
t h e r e  is an  upward flux of both gaseous and pa r t i cu la t e  ma te r i a l  f rom the  surface.  
Gaseous fo rms  of a tmospher ic  geochemical in teres t  include mercury vapour, halogen 
vapours, sulphur compounds, and radon. These gases  d i f fuse  rapidly and need t o  be 
measured very  c lose  t o  the  surface  to  be  of value. In general ,  exper iments  on t h e  
a tmospher ic  geochemical  measurement  of t r a c e  gases have been mainly confined t o  
mercury and radon, and have not  led to  the  development of techniques t h a t  have been 
widely applied. This i s  due  t o  t h e  inherent  problems relating t o  sensit ivity requirements 
and t h e  e f f e c t s  of rapid dilution. 

In t h e  c a s e  of a tmospher ic  par t icula tes ,  comparat ively  l a rge  fluxes of mater ia l  
rise into t h e  a tmosphere  when mixing conditions a r e  good and with appropr ia te  
ins t rumentat ion i t  has  been shown feasible t o  ca r ry  ou t  a tmospher ic  geochemical 
surveys using this material .  If i t  is  desired, however,  t o  co l l ec t  pa r t i cu la t e  mater ia l  t h a t  
re la tes  closely t o  t h e  underlying ter ra in ,  i t  i s  important  t o  s e p a r a t e  mater ia l  carried in 
parcels of rapidly rising a i r  from par t icula tes  associated with neutra l  or  sinking 
conditions. I t  is  also advantageous t o  use coa r se  pa r t i cu la t e  f r ac t ions  in s i ze  ranges 
larger than 30 microns t o  minimize the  e f f ec t s  of l a t e ra l  migration and t h e  re- 
ent ra inment  of par t ic les  t h a t  have been previously t rans located by wind. 
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Atmospheric particles can be  of both morganlc  and organlc  orlgln, much of t h e  
l a t e r  a r m n g  f rom vegeta t lon .  I t  h a s  been es tabhshed both  In t h e  laboratory and In t h e  

-f t h a t  t h e r e  c a n  be  movement  of e l emen t s  through vegeta t lon  t o  leaf surfaces  
,,,lowed by d l s p e r s ~ o n  of t hese  e l emen t s  Into t h e  a tmosphe re  a s  particulate material. 
Particulates derlved f rom v e g e t a t ~ o n  a re ,  therefore ,  re la ted  g e o c h e m ~ a l l y  t o  t h e  
composlt lon of t h e  underlying s o ~ l s .  In practice, material arlslng f rom both vegeta t lon  
and resldual sol1 surfaces  can  be  u t h z e d  fo r  geochemical exploratlon purposes. 

Severa l  types  of airborne equipment  have been developed fo r  car ry ing ou t  
sys t ema t i c  a tmospher ic  geochemical  surveys. The spat ia l  r e s o l u t i o ~  of t hese  sys t ems  
va r i e s  according t o  design between 100 m e t r e s  and seve ra l  kilometers.  Analytical  
me thods  employed have  included conventional emission spect roscopy,  laser  vapouriza- 
t ion coupled with emission spectroscopy, x-ray f luorescence  spectroscopy, and fission 
t r ace -e t ch  counting.  The spectroscopic measurements  provide analyses  for  20 o r  more  
e l emen t s ,  including a l l  of t he  base  me ta l s  while fission t rack-e tch  methods  give 
except ional ly  high sensivity and specificity fo r  uranium alone ,  and a r e  insensit ive t o  
radon and bismuth  214. 

Op t i ca l  monitoring and fluidic switching devices  have  been used t o  provide fo r  
separa t ion  of upwelling par t icula tes  f rom ma te r i a l  in s t agnan t  and sinking air .  

Atmospher ic  a i rborne  geochemical  prospecting appea r s  t o  o f f e r  impor tant  
po ten t i a l  a s  a complemen ta ry  tool t o  a var ie ty  of a i rborne  geophysical  methods.  In t h e  
c a s e  of uranium exploration,  i t  c an  provide informat ion t h a t  is  unaffec ted  by su r f ace  
disequil ibrium e f f e c t s  and t h e  fine s i ze  aerosol i n t e r f e rence  t h a t  can  considerably 
modify a i rbo rne  gamma-ray spec t rome te r  results .  

W A R D .  F.N. BONDAR, W.F. 
U S  Geological Survey ,  Denver,  Colorado Bondar-Clegg and Company  Ltd . ,  

O t t a w a ,  Canada 

Analytical Methodology in t h e  Search for Metallic O r e s  ... - 

(Paper  17 presented  a t  4:20-5:00 p.m., Tuesday, Oc tobe r  18) 

A tomic  absorption and emission spectrography a r e  t h e  methods  of analysis most 
widely used in geochemical  exploration.  Development  of nonf lame a tomizers ,  
par t icular ly  e l ec t ro the rma l  devices and reduction ce l l s  f o r  a t o m  and metal-hydride 
genera t ion ,  h a s  expanded t h e  application of a t o m i c  absorption spec t rome t ry  by pushing 
d e t e c t i o n  l imi t s  of many e l emen t s  well i n to  t h e  p a r t s  per  billion range and by reducing 
de t ec t ion  l imi ts  f o r  o thers ,  such a s  As, Se, Te, and Sn, t o  levels useful in 
l i thogeochemical  surveys. The r ecen t  introduction of inductively-coupled plasma 
sources  f o r  exc i t a t i on ,  a s  well a s  o the r  variations such a s  u se  of echel le  gratings,  has  
increased t h e  number  of available spect rographic  methods  fo r  mul t i -e lement  surveys 
and h a s  simplified t h e  application of par t ia l  ext rac t ion  techniques  in emission 
spect rography.  

O t h e r  methods  t h a t  require mass  spec t rome te r s  and g a s  chromatographs  a r e  
being used t o  measu re  vola t i le  indicator e l emen t s  and compounds  such a s  helium and 
sulfur gases.  Analyt ica l  techniqes including those  based on vo l t ammet ry ,  ion-selective 
e lec t rodes ,  and t h e  use of par t ia l  or se lec t ive  ex t r ac t ions  a r e  finding increased 
appl ica t ion  a s  ana ly t i ca l  tools and a s  a ids  in de termining m e t a l  specia t ion  so  a s  t o  
b e t t e r  understand geochemical  processes of dispersion and concentra t ion .  

C u r r e n t  i n t e r e s t  in uranium exploration has  sparked a major  e f f o r t  t o  develop 
new o r  improve exist ing analyt ica l  methods  for  t h e  de t e rmina t ion  of uranium and 
re la ted  radionuclides.  Exploration geologists may  now choose  convent ional  f luor imetry ,  
de layed neut ron ac t iva t ion ,  X-ray f luorescence ,  laser-induced f luorescence ,  and 
nuclear-fission t r a c k  techniques for  t h e  determinat ion  of uranium. The cho ice  will 
depend on sens i t iv i ty  required,  sample  media  being analyzed,  chemica l  species  of t h e  
uranium t o  b e  de t e rmined ,  turnaround t i m e  required,  and c o s t  considerations.  Two of 
t h e  me thods  descr ibed,  conventional f luor imetry  and laser-induced f luorescence ,  can  be  
adap ted  f o r  u se  i n  t h e  field. 

Whlle r e c e n t  developments  of exo t l c  technlques  and appa ra tus  have  g rea t ly  
expanded t h e  number  of useful analytical technlques  In explora t lon  geochemistry, each 
o n e  has  ~ t s  own problems and l m l t a t l o n s  a s  well  a s  ~ t s  appllcatlons.  A panacea  for  
a- -1ytlcal problems does  not  y e t  exlst-except perhaps In t h e  skilled analys t ,  whose 

lulty In developing and applylng new methods  augmen t s  t h e  d h g e n t  apphca t lon  of 
t r led  and t r u e  procedures .  
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CANNON, Helen L. BROOKS, R.R. 
US Geological Survey, Denver, Colorado Massey University, Palmerston North, New Zealand 

Botanical Methods of prospect in^ 

(Paper  18  presented a t  9:OO-9:35 am., Wednesday, October  19) 

PART 1 - Advances in Geobotanical Methods 
(presented by H.L. Cannon) 

PART 2 - Advances in Biogeochemical methods 
(presented by R.R. Brooks) 

The  presence or  absence of particular species or  var ie t ies  of plants in 
mmeral ized areas ,  and t h e  e f f e c t s  of meta ls  on plant  growth have been observed and 
used in t h e  search for  concealed o r e  bodies since t h e  8 th  century.  In the  l a s t  ten  years,  
s tudies  of sparsely vegeta ted  a r e a s  in wooded country  have  led t o  t h e  discovery of lead 
in Norway and copper in the  United States.  Botanists have  recent ly  observed t h e  ac tua l  
evolution under s t ress  conditions of new subspecies in mineralized o r  meta l -  
con tamina ted  ground, and the re  i s  now a growing understanding of metal-tolerance 
mechanisms in various plants. The development of new, highly to lerant  races  of p lants  
in metal-poisoned ground i s  much more  rapid than was previously supposed. Plants  a l so  
may  rid themselves  of me ta l  by dying t o  t h e  ground each  yea r  or  by concentra t ing me ta l  
in root  c e l l  walls and subsequently growing new adventit lous roots. Jn widely separa ted 
a r e a s  of Europe, distinctive plant communities have been found t o  cha rac te r i ze  t e r r ane  
t h a t  has  a n  anomalously high con ten t  of specific metals.  New nickel accumulators  have  

been identified in many countries,  and a study by 
R.R. Brooks of herbarium specimens of previously repor ted  
indicator p lants  has  shown many t o  be  t r u e  accumulators  of 
specific metals.  These and o the r  advances indicate  t h e  
continuing usefulness of geobotanical methods of 
prospecting. 

1 MEYER, W.T. 
CITCO International Minerals CO., Tulsa, Oklahoma 

THEOBALD, P .K.  
I 
I 

US Geological Survey, Denver, Colorado 

BLOOM. HAROLD 
Colorado School of Mines, Golden, Colorado 

Stream Sediment Geochemistry 

(Paper 19 presented a t  9:35-10:20 a.m., Wednesday, October 19) 

St ream sediments a r e  characterized by their  variability, ra ther  than by their  
uniformity,  in composition, grain size,  sorting, or color. Their variability is  a function of 
t h e  geology, ter ra in ,  and c l imate  of t he  ca tchment  a rea  sampled by the  s t ream;  and 
variability is  essential  t o  the  success of stream-sediment surveys. Prospectors have 
always made use of s t ream sediments,  initially through observation of mineralized 
boulders and panning of heavy minerals from the  s t r eam bed, and more  recently by 
chemical analysis of t he  fine fractions of s t ream sediments. Over t h e  pas t  twenty-five 
years,  stream-sediment geochemistry has become accepted by government and 
intergovernment agencies and by the  mining industry a s  the  principal method of low- 
cos t  reconnaissance exploration in areas  that  a r e  favored by the  combination of 
adequate  relief,  adequate  precipitation, and a suitable drainage system. 

Today, surveys that  make use of t r ace  analysis of t h e  f ine  fraction (normally - 
80 mesh) of ac t ive  sediments,  t he  most common approach, a r e  increasingly being 
questioned. In a reas  having ex t r eme  c l imates  or for  which information from the  fine 
sediment is  not adequate,  enhancement of anomalies may require sampling of organic 
mater ia l ,  specific coarse  fractions of inorganic sediment,  selected mineral groups 
within t h e  sediment  tha t  may be  isolated mechanically or chemically,  or  a combination 
of these  media. A variety of sampling and analytical  methods have been developed t o  
accommodate  regional geologic and c l imat ic  variations, and these  a r e  fur ther  modified 
t o  suit  t he  a im of the  survey, whether i t  be multi-purpose or  s t r ic t ly  for  prospecting. 

This review outlines the  present  state-of-the-art  in t e rms  of broad c l imat ic  
zones and presents  selected examples from surveys by both government and industry. 
The largest  expense  in a geochemical survey is t h a t  of sample  collection, particularly 
t h e  transportation cos t  t o  or between sample sites. Thus, t h e  cu r ren t  tendency is toward 
multiple samples a t  a s i t e  and multi-element analyses. Mathemat ica l  and graphical 
interrelation of all  of these  components with the  geology, geophysics, and physiography 
of the  a r e a  under study, which usually requires computer  technology, is  more useful in 
determining exploration targets  than is t h e  single-sample, single-element approach t h a t  
was  successful in the  past .  
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CAMERON, E.M.. COKER. W.B. and HORNBROOK. E.H.W. 
Geological Survey of Canada, Ottawa 

Lake Sediment Geochemistry Applied to Mineral Exploration 

(Paper  20 presented a t  10:40-11:25 a m . ,  Wednesday, October 19) 

In r ecen t  years considerable a t tent ion has been focused on investigating t h e  role 
of l ake  sediment  geochemistry a s  a guide t o  mineralization mostly within t h e  Shield 
regions of t h e  northern hemisphere. Investigations have developed because conventional 
geochemical  exploration techniques, involving t h e  sampling and analyses of s t r eam 
sediments ,  soils and bedrock, have found limited application in many a reas  of t h e  Shield. 
These  regions contain extensive glacial overburden and, being of low relief,  a r e  
cha rac te r i zed  by indefinite and'disorganized drainage systems. 

Studies of t he  relationships between lake  sediment geochemistry and various 
types  of mineralization have been performed by government agencies,  t he  mining 
industry and university groups. Under the  auspices of t h e  Uranium Program the  
Geological Survey of Canada is carrying ou t  large  scale  reconnaissance surveys t o  
out l ine  a r e a s  deserving more  detailed exploration for  mineral deposits and also t o  assist  
in resource  appraisal. Features  which have contributed t o  the  effectiveness of lake  
sediment  geochemistry for  reconnaissance mineral exploration within Shield a reas  
include: t h e  g rea t  abundance of lakes; t h a t  centre-lake bottom sediments provide a 
homogeneous sample medium for t r a c e  meta l  accumulation; t he  amenabili ty of this 
procedure  t o  rapid helicopter sampling techniques, which allows large a reas  t o  b e  
covered rapidly and relatively cheaply. 

The use of lake sediment geochemistry for  regional reconnaissance has been 
fairly well  established in t h e  northern permafros t  regions of t h e  Shield. However, t h e  
problems appear  t o  be  somewhat more  complex in regions of t h e  southern Shield, south 
of t h e  zone  of discontinuous permafrost ,  where  only limited work has  been done, 
although some  success has been achieved. The problems he re  include increased biologic 
ac t iv i ty ;  widely varying limnological environments; and an  apparently less intense r a t e  
of weathering compared t o  northern Shield regions. Over the  Shield a s  a whole i t  i s  
c l ea r  t h a t  t h e  effectiveness of t h e  method varies with t h e  e lement  and type of deposit  
sought and with local terrain and overburden conditions. Because of a l l  these 
considerations a g rea t  deal  of information is  required on a number of fundamental 
fronts,  f o r  example: on the  transport  and accumulation of meta ls  within organic-rich 
environments,  on t h e  r a t e s  of weathering of various types  of mineralization in d i f ferent  
regions of t h e  Shield, and on the  physical and chemical processes which ope ra t e  during 
and a f t e r  glacial  activity.  

The techniques of lake sediment geochemistry a r e  currently a t  a s t age  where 
they a r e  being refined and evaluated and a r e  being tes ted  in d i f ferent  regions. The main 
application of lake sediment geochemistry for  mineral exploration has been within the  
Canadian Shield and adjoining areas.  But t h e  problems tha t  originally caused i t s  
application in these  regions a r e  also apparent in o ther  regions. In Canada these  include 
p a r t s  of t h e  Cordillera and Appalachians, and abroad t h e  Scandinavian Shield. 

DYCK, W .  MILLER. W.R.  
Geological Survey o f  Canada, Ot tawa,  Canada US Geological Survey, Golden, Colorado 

A ~ p l i c a t i o n  of Hydrogeochemis t s  t o  the.Search fo r  
Uranium - -- and - Base - M e t a s  

(Pape r  21 presented a t  11:25-12:OO a.m., Wednesday, October 19) 

As t h e  world's surficial mineral deposits become depleted new methods of search 
f o r  subsurface  deposits will have to  b e  developed. Hydrogeochemical techniques were  of 
i n t e re s t  during t h e  early 19501s, but  analytical  techniques were  not available for  routine 
analyses with t h e  required sensitivity. Recently,  equipment and techniques have become 
avai lable  fo r  rapid analyses of water  with t h e  required sensitivity. 

A l i t e r a tu re  search reveals t h a t  by f a r  t h e  g rea te s t  amount  of work on 
hydrogeochemical prospecting is published in Russian journals. While f ew prospectors 
outside Russia can use these publications directly,  severa l  translation services have 
t rans la ted  numerous major works. 
,--. .. ~. 

. j  Generally chemical analyses of wa te r  a r e  more  difficult  t o  in terpre t  than 
'L...Jyses of o the r  common sampling media. Techniques for  interpretation of water  
chemis t ry  f o r  exploration can be divided in to  t h e  use of raw d a t a  and the  use of 
s t a t i s t i ca l  techniques. The f i rs t  technique involves the  plott ing of the  e lement  of 
in teres t  (e.g. Cu t o  locate  Cu-mineralization) or  associated e lements  (e.g. Mo t o  locate  
Cu-porphyry mineralization or F t o  locc te  Pb-Zn mineralization). Ratios can be  used 
f o r  normalization (e.g. SO;/CI- or Cu/SO; t o  e l ima te  compositional differences). A few 
of the  s t a t i s t i ca l  techniques used include the  use of moving averages  (Gleeson and 
Boyle, 19761, multiple regression, and f a c t o r  analysis (Miller and Ficklin, 1976). 
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Water chemistry used in conjunction with thermodynamic d a t a  can also be  used 
fo r  in terpre ta t ion of geochemical d a t a  and t o  gain a be t t e r  understanding of the  
geochemical  cycles of selected e lements  in the  weathering environment. 

The e lements  of in teres t  in hydrogeochemical exploration for  uranium a r e  
uranium and i t s  decay products-radium, radon, and helium. 

Uranium is easily oxidized t o  the  water  soluble hexavalent s ta te .  I ts  mobility is  
a lso  enhanced by the  complexing action of carbonates  in neutral  and basic waters,  of 
sul fa tes  in acid waters,  and of si l icates in neutra l  waters. Organic ma t t e r  adsorbs 
uranium strongly and can be  responsible for  decreasing migration of the  uranyl ion. 

The hydrogeochemical techniques employing radium and/or radon a r e  best  suited 
t o  deta i led  or s emide ta i l ed  investigations of radioactive occurrences. Their ease  of 
detect ion and short  range make them good t r ace r s  for  pin pointing uranium occurrences 
or  outlining radioactivity too weak for  the  gamma-ray spect rometer  or  t h e  fluorimeter.  

Helium, because of i t s  inertness and g r e a t  mobility has the  potential  of revealing 
uranium ore  bodies through greater  thickness of cover  than conventional techniques, but 
t h e  e x a c t  s ame  a t t r ibutes  can cause fa lse  anomalies. 

The use of water  a s  a medium for  geochemical exploration has increased in t h e  
l a s t  decade.  Water is  one of the  more  important  sample media for  locating concealed 
mineralization. Springs have served man since the  dawn of history a s  guides t o  buried 
minerals. In inhabited areas  wells can do  the  same  fo r  20th century man. In uninhabited 
a r e a s  sys temat ic  drilling and testing of aquifers will become one of the  methods of 
search in t h e  future. 

MARTIN. LUCIAN0 HOWARTH. RICHARD J. 
Computer Applications and Systems Engineering, Imperial College, London, England 
Rexdale, Ontario 

(Paper  24 presented 3:45-4:15 p.m., Wednesday, October 19) 

The computer methods used for the  planning, quality control,  presentation and 
in terpre ta t ion of exploration geochemical d a t a  a r e  classified in the  two general 
ca t egor i e s  of purely numerical, whereby the  sample location is not a fac tor ,  and 
mapping in which position is considered. Elementary s ta t i s t ica l  techniques a r e  widely 
used. Laboratory reliability t e s t s  a r e  based on the  evaluation of duplicate and standard 
sample  analyses. The basic s ta t i s t ica l  parameters ,  means, variances, deviations and t h e  
frequency distributions a r e  of ten  the  ex ten t  of t h e  d a t a  t rea tment .  Single e lement ,  
r a the r  than multivariate methods a r e  predominant. The l a t t e r  a r e  used in assessing 
corre la t ion,  in correcting for scavenging e f f ec t s  of iron and manganese and less 
frequently in discriminant and c lus ter  analysis. The mapping methods combine 
numerical t r ea tmen t  with cartographic output.  Single e lement  measured value maps, 
using symbol grading based on the  s ta t i s t ica l  analysis, a r e  the  most frequent practice.  
The next  s tep  for interpretation is usually the  separation of regional (usually contoured) 
and local e f f ec t s ;  some form of moving average method has been found most useful. 
While in some countries lack of suitable computer  hardware has limited the  application 
of these  methods, in o thers  the  restraining f ac to r  is t he  lack of appreciation of the  

powers of t he  methods and equipment when used 
intelligently. However geochemists a r e  gaining a be t t e r  
understanding .of t he  usefulness of mathemat ics  and 
computer  equipment. 

COOPE, J.A. 
Newmont Exploration of Canada Ltd. 
Toronto, Ontario 

DAVIDSON. M.J. 
Newmont Exploration Ltd., Tucson, Arizona 

Some Aspects of Integrated Exploration 

(Paper 25 presented a t  4:15-5:00 p.m., Wednesday, October 19) 

For many years, regional techniques of mineral exploration incorporating 
a i rborne  geophysical methods and other  r emote  senslng techniques applied t o  identify 
broad geological parameters  have been used under a variety of geological and 
geophysical conditions. Such use of disciplines has served t o  broadly classify a reas  based 
primarily on physical properties and prospective mineral potential .  

The be t t e r  understanding of the  geo log~ca l  processes leading t o  the  formation of 
mineral deposits, together wlth t h e  enterprlslng development of geophysical, 
geochernlcal and other  types of exploratlon tools durlng recent  years,  has  provided a 
baslc f ramework for  an  integrated apphcation of techniques on a more  detalled scale  
wlth t h e  potent la l  of Improved cost  and exploratlon effectiveness.  
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O b s e r v a n c e  of var la t lons  In geophysical and g e o c h e m ~ c a l  backgrounds c a n  
provlde  c r l t ~ c a l  d a t a  whlch s e r v e s  t o  elucidate geological m t e r p r e t a t ~ o n  and t h e  

; luat lon of anomalous  c o n d ~ t l o n s .  These var la t lons  a r e  commonly  re la ted  t o  p r m a r y  _ :logical f e a t u r e s  o r  l a rger -sca le  ore- formmg processes  and c a n  yleld c r l t ~ c a l  
~ n f o r m a t ~ o n  when t h e  connec t ion  IS r e c o g n ~ z e d  and proper ly  In te rpre ted .  M a g n e t ~ c ,  
r e s ~ s t l v l t y ,  l ~ t h o g e o c h e m l c a l  and o t h e r  se lec ted  techniques a r e  p a r t ~ c u l a r l y  a d a p t a b l e  In 
t h ~ s  m o r e  d e t a l l e d  In tegra ted  a p p l ~ c a t ~ o n .  

D i f f e r e n t  discipl ines and da ta -ga ther ing  m e t h o d s  within discipl ines c a n  yield t h e  
s a m e  o r  equiva len t  in format ion  i n t e r p r e t a b l e  in a geological  c o n t e x t .  However,  
recogni t ion  of  t h e  physio-chemical  f ingerpr in t  of a n  o r e  envi ronment  requi res  a 
mul t id i sc ip l ined ,  in tegra ted  approach  when s igna tures  observed f r o m  any  o n e  discipl ine 
a r e  t o o  s u b t l e  t o  g e n e r a t e  a d e q u a t e  conf idence  leve ls  by themselves.  In any  p a r t i c u l a r  
s i t u a t i o n  t h e r e  is  a s e q u e n c e  of appl ica t ions  and a r e a l  c o v e r a g e  which will d e f i n e  
t a r g e t s  a t  a min imum cos t .  

WEBSTER, S.S. 
A b m i n c o  N.L., Wayville, South  Aus t ra l ia  

SKEY. E.H.  
Abminco N.L., Kalgoorl ie ,  W .  Aus t ra l ia  

Gepphysical  and  C e o c h ~ i c a l  C a s e  History of  
t h e  Q u e  River  D ~ o s i t ,  T a s m a n i a  

( P a p e r  33 p r e s e n t e d  a t  2:OO-2:20 p.m., Thursday,  O c t o b e r  20) 

The  Q u e  River  massive sulphide depos i t ,  d i scovered  in 1974, c o m p r i s e s  s e v e r a l  
s e p a r a t e  lenses  loca ted  within an a r e a  800  m e t r e s  by 100 m e t r e s .  The  lenses  o c c u r  
wi th in  a s e q u e n c e  of p y r i t i c  d a c i t e s  and a n d e s i t e s  approximate ly  4 k i l o m e t r e s  long and 
up t o  300 m e t r e s  wide. The  lenses a r e  v e r t i c a l  with a v e r a g e  width 9 met res .  O n e  lens is  
p r e d o m i n a n t l y  cha lcopyr i te  and pyr i te ,  t h e  o t h e r s  being predominant ly  ga lena ,  
s p h a l e r i t e  and pyr i te .  Outcrop  of  mass ive  sulphides is  minimal.  

T h e  e x p l o r a t ~ o n  a r e a  w a s  se lec ted  wlthln a well  m l n e r a l ~ z e d  be l t  of C a m b r ~ a n  
c a l c - a l k a l m e  v o l c a n ~ c s  m a r k m g  t h e  e a s t e r n  e d g e  of t h e  Dundas  Trough In Tasmania. 
I n ~ t ~ a l  reconnalssance  surveys  covered  a n  a r e a  of 60  s q u a r e  k l lomet res ,  wlth g e o l o g ~ c a l  
t r a v e r s e s  and  s t r e a m  s e d m e n t  s a m p l ~ n g .  S e v e r a l  a r e a s  of anomalous  geochemistry w e r e  
l o c a t e d  In favourable  rock types.  

P r o g r e s s  of t h e  reconnaissance  p r o g r a m m e  and follow-up invest igat ion w a s  
impeded  by d e n s e  ra infores t  and rugged te r ra in .  Accordingly a n  a i rborne  e l e c t r o -  
m a g n e t i c  survey  was  flown. Though t h e  technique  had n o t  been  a n  ore-f inder in 
Aus t ra l ia ,  t h e  geophysical  envi ronment  in Tasmania  was  such t h a t  applicat ion of t h e  
t e c h n i q u e  w a s  warran ted .  A conductor  w a s  i m m e d i a t e l y  identif ied in o n e  a r e a  of 
a n o m a l o u s  s t r e a m  s e d i m e n t  geochemis t ry .  

The  t a r g e t  was  subsequently de l inea ted  by soil 
geochemis t ry  and ground e l e c t r o m a g n e t i c  techniques.  Ini t ial  
dri l l ing proved t h e  c o n d u t o r  t o  b e  a s ingle lens of 
p redominant ly  c o p p e r  and iron sulphides. Addit ional  dri l l ing 
i n t e r s e c t e d  a c o m p a r a t i v e l y  major  z o n e  of z inc ,  lead and 
iron sulphides which was  n o t  d e t e c t e d  by t h e  e l e c t r o -  
m a g n e t i c  surveys ,  b u t  w a s  expressed by soil geochemis t ry .  
An in tegra ted  o r i e n t a t i o n  survey showed t h a t  t h e  induced 
polar iza t ion  technique ,  combined  with soil geochemis t ry ,  
optimised dri l l  t a r g e t  def in i t ion .  

COOLBAUGH, D.F. 
C o n s u l t a n t  Indus t r ias  Penoles,  Mexico 

G e o c h e m i s t r y  and  Geophysics in  t h e  Discovery  a n d  D e v e l w r n e n t  
of t h e  La Car idad  P o m h v r v  C m o e r  Deoosit .  Sonora. Mexico 

( P a p e r  34  p r e s e n t e d  a t  2:20-2:45 p.m., Thursday,  O c t o b e r  20) 

T h e  d iscovery  of La Car idad ,  which is  a m a j o r  porphyry c o p p e r  depos i t ,  in 
Sonora ,  M e x i c o  w a s  t h e  resu l t  of planned minera l  explora t ion  which was  car r ied  o u t  
o v e r  a l a r g e  p o t e n t i a l  a r e a  employing reconnaissance  explora t ion  m e t h o d s  of photo-  
geology a n d  g e o c h e m i s t r y  followed by serni-detai led and d e t a i l e d  explora t ion  m e t h o d s  
of geophys ics ,  g e o c h e m i s t r y  and geology.  

I n t e n s e  h y d r o t h e r m a l  a l t e r a t ~ o n  exposures  In t h e  d l s t r l c t  w e r e  observed f r o m  
f~ /wmg a l r c r a f t  bu t  b e f o r e  th l s  a r e a  could b e  f le ld-checked ,  anomalous  copper  and 
molybdenum v a l u e s  In s t r e a m  sediments w e r e  found 18 k ~ l o m e t e r s  d o w n s t r e a m  In t h e  
d r a m a g e  f r o m  t h e  depos l t .  These  anomalous  va lues  w e r e  fol lowed u p s t r e a m  t o  t h e  a r e a  
o f  t h e  L a  C a r l d a d  d e p o s ~ t .  The s t r e a m  s e d l m e n t  sampl lng  w a s  fol lowed by m o r e  de ta l led  
sol1 and rock-chip s a m p h n g  and reconnalssance  geologlc  mappmg.  

Induced polar iza t ion  surveys,  g e o c h e m i c a l  s t u d i e s  and geologic mapping w e r e  
used  t o  d e l i m i t  t h e  La Car idad  depos i t .  Very low induced polar iza t ion  and g e o c h e m i c a l  
va lues  w e r e  n o t e d  over  t h e  c e n t r a l  p a r t  of t h e  d e p o s i t  d u e  t o  d e e p  leaching.  A l t e r a t i o n  
and  m i n e r a l i z a t i o n  exhib i t  c lass ic  porphyry c o p p e r  p a t t e r n s .  




















