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THIRD INTERNATIONAL 
GEOCHEMICAL EXPLORATION 
SYMPOSIUM 
Sponsors: 
The Geology Division of The Canadian 
Institute of Mining and Metallurgy; 
The Society of Economic Geologists 

location: 
King Edward Hotel, Toronto, Ontario, Canada 

Date: 
April 16-18, 1970 

TECHNICAL SESSIONS 

Thursday a.m ....... Opening S£ssion Ballmom 
Thur·sday p.m ....... G1 ueral SessiiJII Ball worn 
Thurl'da~· p.m ....... Stxsion rm Remoft St n.~ill{f 

Huntin~ Room 
Friday a.m ..... . ... General Session Rallt'(lOrn 
Frida~· a.m ..... . ... Sc.~xion on Petroleum and 

.Vat111·al Gas Mayfair Room 
Friday p.m .... . ..... Geneml Session Bnllt·oom 
Friday p.m ... . ...... Scs11ion on Primm·u flalo.~ 

. Sheraton Room 
Bnturday a.m ... . .... General Session Ralll'Oom 
Sntut·duy u.m ........ ScsRion on Statistics 

Mayfair Room 
~aturda~· p.m . . .... .. r.o1cral Session Ballroom 

SOCIAL FUNCTIONS 

\\'ine and Cheese Party .. .... Wednesday, April 15, 
8:00-10:00 p.m. Sheraton Room, Kin~ Edward 
Sheraton Hotel. Courtesy Bondar-Ciegg and Com­
pany, Ltd., Ottawa. Ontario. 

Cutktltil Party ...... Thmsday, April 16, ~ ::30 p.m. 
Ballroom, King Edward Sheraton Hotel. 
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SYMPOSIUM CO:\IMI'ITEE 

R. W. BOYLE CChairman ) , Geological Sun·cy of Can­
ada, Ottawa 

W. SMITHERINGALE, )lemol'ial l:nh·ersity, St. ,John\;, 
Xewfoundland 

C. F. GLEESON, SOQUEl\1, Ste-Foy, Quebec 
,J. L. WALKER, Barringer Research Ltd., Hcxdule. To-

ronto, Ontario 
.J . • \. HA:KSCLD, A max Exploration lnc .. Toronto 
A. Y. SM ITH. 10 Cherrywood Dri\'e, Oltawa 
G. LAPOJ:KTE, L'nh·cr:>ite de Sherbrooke, Sherbrooke. 

Quebec 
.J. R. SMITH, SnRkutchewan Resea•·ch Council, Sa:-~­

katoon 
J. BARAKSO, Anaconda American Bni!IR Ltd., Britan­

nia Beach, JH'. 
I. L. ELLIOTT, Falconbridge ~Hekel :\lines Ltd .. Van­

couver 
n. G. McCROSSA!\' Geological Sun·ey of Canada. 

Calgary 
.J. A. COOPE. ~e\\mont )lining Corp. Canadn, Limited, 

Toronto, Ontario 
IL C. GARRETT, Geological Sun·ey of Canada, Ottawa 
11. C. SAKRISON, Cominco Ltd., Exploration Eastern 

District, Toronto 

GE~ERAL INFORl\L.\TION 

1. All technical Rellsions will he held in the KinJ! 
Edward Sheraton Hotel, Toruntu. !looms where 
sessions arc to be held at·e indicated in the pro­
g ram. 

2.- It is anticipated that the proceeding:-~ of thi:~ 
Symposium will be published as a Spet>iul Volume 
of The Canadian Institute of ~lining and i\Ietal­
lurgy. 

3. The registration fee includes three tickets for 
the cocktail party on Thursday night. :\lore tic·ket:> 
can be purchased at the cash bat·. 

1.- Coffee is available during coffee bt·eaks near the 
l"«Klms where the sessions are in JH'ogre::~s. 

6.- Gt·ateful acknowledgment i:.; made to Amax Ex­
ploration Inc., Toronto and the Geological Sun·e). 
t>f Canada. Ottawa for the use of theit' typing. 
drafting and reproduction facilitiell. 
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PROGRAM SCHEDULE 

Wednesday, April 1 S 

Pre-Registration - King Edward Sheraton Hotel - 3:00-5:30 
p.m. 

Get-together and wine and cheese party - Sheraton Room, 
King Edward Sheraton Hotel - 8:00-10:00 p.m. 

Thursday Morning, April 16 
Registration- King Edward Sheraton Hotel - 8:00-10:00 a.m. 

BAllROOM - OPENING SESSION: 10.00 a.m. 

Chairman: Dr. Y. 0. FORTIER, Director, 
Geological Survey of Canada, 
Ottawa. 

Welcoming Remarks: 
Dr. J. M. HARRISON, 
President, The Canadian Institute of Mining and Metallurgy, 
Assistant Deputy Minister (Mines and Geosciences), 
Department of Energy, Mines and Resources, 
Ottawa. 

Dr. C. H. SMITH, 
Regional Vice-President, North America, 
Society of Economic Geologists, 
Chief, Crustal Geology Division, 
Geological Survey of Canada, 
Ottawa. 

Opening Address: 
Dr. D. R. DERRY, 
Derry, Michener and Booth, Consultants, 
Toronto. 
Geochemistry - the link between ore genesis and ex­
ploration. 

COFFEE BREAK - Coffee courtesy Noranda Exploration Co., 
Ltd., Toronto 

J. ALAN COOPE - The Association of Exploration Geo­
chemists - 11.30 a.m. 
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Thursday Ahernoon, April 16 
BALLROOM - GENERAL SESSION 

Co-Chairmen: R. KELLY, Ministere des Richesses Nacurelles, 
Quebec 
R. L. ERICKSON, U.S. Geological Survey, Denver, 
Colorado 

C. Lepeltier: Geochemical Exploration in the Unit- 1.00-1.20 
ed Nations Development Programs 

B. Biilviken, C. A. Nilsson and H. Wennervirta: Re- 1.20·1.35 
search and Development in Geochemical Ex· 
pi oration in Scandinavian Countries (Read 
by Mrs. Britt Nairis) 

L. V. Tauson, et al: The Use and Development of 1.35-1.50 
Geochemical Prospecting Methods for Ore 
Deposits in the U.S.S.R. 

J. S. Webb: Research in Applied Geochemistry at 1.50·2.05 
Imperial College, London 

M. Daii'Aglio: Trends in Geochemical Exploration 2.05·2.20 
in Italy 

G. L. Coetzee: Geochemical Exploration in South· 2.20·2.35 
ern Africa and Madagascar 

H. Bloom and H. E. Hawkes: The Continuing Edu- 2.35-2.50 
cation of the Exploration Geochemist 

COFFEE BREAK - Coffee courtesy Cominco Exploration Div­
ision, Toronto 

A. R. Archer and C. A. Main: Casino, Yukon - 3.30-3.50 
A Geochemical Discovery of an Unglaciated 
Arizona-type Porphyry 

A. K. Chakrabarti and P. J. Solomon: A Geoche- 3.50-4.10 
mica! Case History of the Rajburi Antimony 
Prospect, Thailand 

G. H. Friedrich and W. L. Pluger: Geochemical 4.10-4.30 
Prospecting for Baryte and Fluorite Deposits 

H. W. Lakin, G. C. Curtin and A. E. Hubert: Geo- 4.30-4.50 
chemistry of Gold in the Weathering Cycle 

R. J. Allan and E. H. W. Hornbrook: Exploration 4.50-5.10 
Geochemistry Evaluation Study in a Region 
of Continuous Permafrost: The Coppermine 
Basalt Belt, N.W.T., Canada 

N. Varlamoff: Behaviour of Tungsten Minerals and 5.10-5.30 
Ores in the Weathering Zone under Equatorial 
and Tropical Conditions 

S. S. Shannon: Evaluation of Copper and Molyb- 5.30·5.50 
denum Geochemical Anomalies at the Cumo 
Prospect, Boise County, Idaho 
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HUNTING ROOM - SESSION ON REMOTE SENSING METHODS 

Co-Chairmen: A. R. BARRI NGER, Barringer Research limited, 
Rexdale, Toronto 
A. G. DARNLEY, Geological Survey of Canada, 
Ottawa 

B. Cook, J. Duval and J. A. S. Adams: Progress 1.15-1.40 
in the Calibration of Airborne Gamma Spectro-
meters for Geochemical Exploration 

C. H. Johnson: Recent Advances in Sensitivity 1.40-2.05 
and Data Analysis of Airborne Gamma-ray 
Spectrometry for Mineral Exploration 

R. Bennett: Exploration for Hydrothermal Mineral- 2.05-2.30 
ization with Airborne Gamma-ray Spectrome-
try 

A. G. Darnley, R. L. Grasty and B. W. Charbonneau: 2.30-3.00 
Mapping from the Air by Gamma-ray Spectro-
metry 

COFFEE BREAK - Coffee courtesy Cominco Exploration Div­
ision, Toronto 

F. C. Canney: Remote Detection of Geochemical 3.30-4.00 
Anomalies; a Preliminary Feasibility Study 

0. Weiss: Airborne Geochemical Prospecting 4.00-4.30 
A. R. Barringer: Optical Detection of Geochemical 4.30-5.00 

Anomalies in the Atmosphere 

Friday Morning, April 17 
BALLROOM - GENERAL SESSION 

Co-Chairmen: C. F. GLEESON, Soquem, Ste-Foy, Quebec 
M. DALL'AGLIO, Centro Di Studi Nucleari Della 
Casaccia, Laboratorio Geominerario, Rome 

G. Liberto de Pablo: The Present Status of Geo- 9.00-9.15 
chemistry in Mexico 

R. L. Erickson: U.S.G.S. Program in Geochemical 9.15-9.30 
Exploration Research - 1970 

J. L. Walker and P. M. D. Bradshaw: Summary of 9.30-9.45 
Research and Development in Geochemical 
Exploration in Canada 

N. H. Fisher: Recent Research in Geochemical 9.45-10.00 
Prospecting in Australia 

S. E. Rodriguez: Geochemical Investigations for 10.00-10.15 
Base Metals and Silver in the Coast Geosyn-
cline, Northern Venezuela, South America 
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COFFEE BREAK - Coffee courtsey Texas Gulf Sulphur Com­
pany, Exploration Division, Toronto 

I. Nichol: An Assessment of Requirements and 10.40-11.00 
Future Trends of Exploration Geochemistry 
in Canada 

S. H. U. Bowie, D. Ostle and T. K. Ball: Geo- 11.00-11.20 
chemical Methods in the Detection of Hidden 
Uranium Deposits 

W. Dyck, et al: Comparison of Regional Geochemi- 11.20-11.40 
cal Uranium Exploration Methods in the Beav-
erlodge Area, Saskatchewan 

F. R. Siegel: Marine Geochemical Prospecting - 11.40-12.00 
Present and Future 

MAYFAIR ROOM - SESSION ON GEOCHEMICAL PROSPECTING 
FOR PETROLEUM AND NATURAL GAS 

Co-Chairmen: W. M. ZARRELLA, Gulf Research and Develop­
ment Corporation, Pittsburgh, Penn., U.S.A. 
G. W. HODGSON, Exo-Biology Department, Uni· 
versity of Calgary, Calgary, Alberta 

B. Housse: Geochemical Prospecting for Hydro· 9.00-9.20 
carbons 

V. A. Sokolov: The Theoretical Foundations and 9.20-9.40 
Development Tendencies of Geochemical 
Prospecting for Petroleum and Natural Gas 

C. R. Evans: Regional Facies of Organic Meta- 9.40-10.00 
morphism 

COFFEE BREAK - Coffee courtesy Texas Gulf Sulphur Com­
pany, Exploration Division, Toronto 

J L Rumeau et G. L. Kulbicki: Caracteres geo- 10.40-11.00 
chimiques de Ia Keg River Formation 

R. E. Gerard: Application of Data Processing 11.00-11.20 
Methods to Geochemical Prospecting for Pet-
roleum 

R. G. McCrossan: An Evaluation of Surface Geo- 11.20-11.40 
chemical Prospecting for Petroleum, Caro-
l ne Area, Alberta 

J. B. _McClusky: Gas Geochemistry in the Seven- 11.40-12.00 
ttes - Challenge and Concepts 
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Friday Afternoon, April17 

BALLROOM - GENERAL SESSION 

Co-Chairmen: I. NICHOL, Department of Geological Sciences, 
Queen's University, Kingston, Ontario 
W. F. BONDAR, Bondar-Ciegg and Company, ltd., 
Ottawa, Ontario 

W. P. Sears: Mercury in Base-Metal and Gold 1.15-1.35 
Ores of the Province of Quebec 

P. B. Trost and R. E. Bisque: Differentiation of 1.35-1.55 
Vaporous and Ionic Origin of Trace Mercury 
in Soils 

M. Daii'Aglio: Comparison between Hydrogeochem- 1.55-2.15 
istry and Stream-Sediment Methods in Pro-
specting for Mercury 

J. J. Barakso and B. A. Bradshaw: Molybdenum 2.15-2.35 
Surface Depletion and Leaching 

R. F. Horsnail and I. L. Elliott: Some Environ- 2.35-2.55 
mental Influences on the Seconda ry Dis-
persion of Molybdenum and Copper in West-
ern Canada 

COFFEE BREAK - Coffee courtesy Technical Service Labora­
tories, Toronto 

R. G. Garrett: The Dispersion of Copper and Zinc 3.15-3.25 
in Glacial Overburden at the Louvem Deposit, 
Val d'Or, Quebec 

C. F. Gleeson and R. Cormier: Evaluation by Geo- 3.25-3.35 
chemistry of Geophysical Anomalies and Geo-
logical Targets Using Overburden Sampling 
at Depth 

B. Woznessensky: Geochemistry - A Tool in Re- 3.35-3.55 
gional Metallogenic Exploration 

A. A. Levinson: Hydrogeochemistry of Rivers in the 3.55-4.1 5 
Mackenzie Drainage Basin 

0. M. Clarke: Geochemical Prospecting in Lateri- 4.15-4.35 
tic Soils of Alabama 

K. F. G. Hosking: Problems Associated with the 4.35-4.55 
Application of Geochemical Methods of Ex-
ploration in Cornwall , England 

F. M. Smith: Geochemical Exploration over Complex 4.55-5.15 
Mountain Glacial Terrain, Yukon 
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SHERATON ROOM - SESSION ON PRIMARY HALOS AND LITHO· 
GEOCHEMICAL METHODS 

Co-Chairmen: J. E. RIDDELL, International Geochemical Assoc· 
iates, Montreal, Quebec 
G. R. WEBBER, Department of Geological Sci· 
ences, McGill University 

V. V. Polikarpochkin and N. A. Kitaev: Endogenic 1.15·1.35 
Halos of Epithermal Gold-bearing Deposits 

D. M. Hausen and P. F. Kerr: X-ray Diffraction 1.35·1.55 
Methods of Evaluating Potassium Silicate AI· 
teration in Porphyry Mineralization 

B. H. Flinter: Tin in Acid Granitoids; the Search for 1.55·2.15 
a Geochemical Scheme of Mineral Exploration 

B. Nairis: Endogene Dispersion Aureoles Around 2.15·2.35 
the Rudtjebacken Sulphide Ore in the Adak 
Area, Northern Sweden 

D. Brabec and W. H. White: Distribution of Copper 2.35·2.55 
and Zinc in Rocks of Guichon Batholith, B.C. 

COFFEE BREAK - Coffee courtesy Technical Service Labora· 
tories, Toronto 

E. Bolter, Z. AI·Shaieb and N. H. Tibbs: Trace Ele· 3.15-3.35 
ment Anomalies in Igneous Wallrocks of Hy-
drothermal Veins 

W. R. Hesp: Correlations Between the Tin Content 3.35·3.55 
of Granitic Rocks and their Chemical and 
Mineralogical Composition 

B. M. Hamil and M. P. Nackowski: Trace Element 3.55-4.15 
Distribution in Accessory Magnetite from 
Quartz Monzonite Intrusives, etc. 

R. Darling: Minor Element Anomalies in Biotite 4.15-4.35 
from Quartz Monzonite Associated with Con· 
tact-Metasomatic Tungsten Ore, California 

V. Velchev and M. Tokmakchieva: Preliminary Re· 4.35·4.55 
suits on the Primary Deep Geochemical Au· 
reoles of Elements in the Pyritic Copper Mine, 
"Radka" (Bulgaria) 

R. B. Kayser and W. T. Parry: Geochemical Trends 4.55·5.15 
within the Texas Canyon Stock, Cochise Coun· 
ty, Arizona 
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Saturday Morning, April 18 

BALl ROOM - GENERAl SESSION 

Co-Chairmen: W. M. TUPPER, Department of Geology, Carleton 
University, Ottawa 
J. A. HANSULD, Amax Exploration, Inc., Toronto 

M. L Jensen: Stable Isotopes in Geochemical 9.00-9.20 
Prospecting 

M. Shima and H. G. Thode: A Geochemical Pro- 9.20-9.40 
specting Method Using Stable Isotopes 

A. P. Pierce, J. C. Antweiler and R. S. Cannon: 9.40-10.00 
Suggested Uses of Lead Isotopes in Explora-
tion 

E. E. Angino, E. D. Goebel and T. C. Waugh: Lead 10.00-10.20 
Isotopes and Metallic Sulphides as Explora-
tion Guides in Mid-Continent Paleozoic Rocks 

COFFEE BREAK - Coffee courtesy Barringer Research Lim­
ited, Rexdale, Toronto 

F. Cachau-Herreillat and J. P. Prouhet: The Uti!- 10.40-11.00 
ization of Metalloids (Arsenic, Phosphorus, 
Fluorine ) as Pathfinders for Skarn Tungsten 
Deposits in Pyrenees (France ) 

0. H. Rostad: Offset Geochemical Anomalies at 11.00-11.15 
the lma Mine, Lemhi County, Idaho 

C. leduc and M. Boucetta: A Study of the Dis- 11.15-1 1.30 
t ribution and Localiza tion of Lead and Zinc 
in the Weathered Mantle of the Granite de 
Fougeres, Northwest Brittany 

L. C. Huff: A Comparison of Alluvial Exploration 11.30-11.45 
Techniques for Copper Deposits 

D. W. Muller and P. R. Donovan: Stream-Sediment 11.45-12.00 
Reconnaissance for Zinc Silicate (Willemite ) 
in the Flinders Ranges, South Australia 

MAYFAIR ROOM - SESSION ON STATISTICS AND EVALUATION 

Co-Chairmen: R. G. GARRm , Geological Survey of Canada, 
Ottawa 

R. A. BLAIS, Ecole Polytechnique, Departement 
Genie Geologique, Montreal 

J. M. Botbol: Geochemical Exploration Data-Pro- 9.00-9.20 
cessing Techniques Utilized by the Branch 
of Exploration Research 
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A. H. Beers, M. P. Mackowski and W. T. Parry: 9.20-9.40 
Trace Element Study of the Oquirrh Moun-
tains, Utah. 

B. Bolviken: A Statistical Approach to the Prob- 9.40-10.00 
lem of Interpretation in Geochemical Pro-
specting 

COFFEE BREAK - Coffee courtesy Barringer Research Lim­
ited, Rexdale, Toronto 

L. Martin: Computerized Regional-Residual Map- 10.40-11.00 
ping and Its Use in the Evaluation of Geo-
chemical Anomalies 

A. W. Rose and N. H. Suhr: Major Element Con- 11.00-11.20 
tent as a Means of Allowing for Background 
Variation in Geochemical Exploration 

J. H. Schuenemeyer, C. E. lienert and G. S. Koch: 11.20-11.40 
Recognition of Geochemical Anomalies from 
Anomalous Points by Measuring Perimeters 
of Convex Hulls 

E. M. Cameron, G. Siddeley and W. R. A. Bara- 11.40-12.00 
gar: Distribution Functions of Ore Elements 
in Rocks for Evaluating Ore Potential 

B. W. Brown: Geochemistry and Ore Exploration 12.00·12.20 

Saturday Afternoon, April18 
BALLROOM - GENERAL SESSION 

Co-Chairmen: H. V. WARREN, Department of Geology, Univer· 
sity of British Columbia 
D. R. CLEWS, Barringer Research Limited, Rex­
dale, Toronto 

Monica M. Cole: The Importance of Environment 1.15-1.35 
in Biogeographicai /Geobotanical and Bio· 
geochemical Investigations 

E. M. El Shazly, et al: The Use of Acacia Trees 1.35-1.55 
in Biogeochemical Prospecting 

M. A. Chaffee and T. D. Hessin: An Evaluation of 1.55-2.15 
Some Geochemical Sampling in the Search 
for Concealed "Porphyry" Copper-Molybde· 
num Deposits on Pediments in Southern Ari· 
zona, U.S.A. 
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E. H. W. Hornbrook: Effectiveness of Geochemical 2.15-2.35 
and Biogeochemical Exploration Methods in 
the Cobalt Area, Ontario 

H. V. Warren, et al: The Copper and Zinc Content 2.35-2.55 
of Trout Livers as an Aid in the Search for 
Favourable Areas to Prospect 

COFFEE BREAK - Coffee courtesy Phelps Dodge Corp. of 
Canada Limited, Toronto; Mcintyre Porcupine Mines Limited, 
Toronto; Newmont Mining Corp. of Canada Limited, Toronto. 

A. N. Chowdhury and B. B. Bose: Role of Humus 3.15-3.35 
Matter in the Formation of Geochemical Anom-
alies 

J. 0. Larsson and I. Nichol: Analyses of Glacial 3.35-3.55 
Material as an Aid in Geological Mapping 

R. E. Delavault and R. J. Manson: Spectroscopic 3.55-4.10 
Determination of Arsenic in Geochemical 
Prospecting Samples 

T. E. Green, W. J. Campbell and S. L. law: Ap- 4.10-4.25 
plication of a Combined lon Exchange Paper 
- X-ray Spectrographic Method to Geo-
chemical Exploration 

J. R. Foster: Analytical Requirements in Geochemi- 4.25-4.40 
cal Exploration 

D. R. Clews: Summary 4.40 

Papers read by title 

K. Bloomfield, J. H. Reedman and J. G. G. Tether: Geochemical 
Exploration of Carbonatite Complexes in Eastern Uganda 

R. W. Boyle: Boron and Boron Minerals as Indicators of Mineral 
Deposits 

F. Cachau-Herreillat and P. LaSalle: The Utilization of Eskers 
as Ancient Hydrographical Networks for Geochemical 
Prospecting in Glaciated Areas 

E. M. Cameron and D. Hobbs: Computerized Methods for In­
terpreting Reconnaissance Geochemical Surveys 

R. I. Dubov: The Quantitative Study of Geochemical Fields for 
Ore Deposits Search 
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H. E. Hawkes: Recent Articles on Geochemical Prospecting, 
1965-1969 (Copy available on Registration) 

D. H. Johnson, A. J. Holmes and B. R. Cooper: Geochemical 
Investigations of Base Metal Occurrences in Western 
Liberia 

R. W. lewis: Status of Geochemical Prospecting in Brazil 
R. H. Morse: Comparison of Geochemical Prospecting Methods 

using Radium with those using Radon and Uranium 
A. Nigrini: Investigations into the Transport and Deposition of 

Copper, lead and Zinc in the Surficial Environment 
D. Norton, J. Suthard and R. Hendricks: A Chemical and Min­

eralogical Study of the Weathering Processes in West­
Central Puerto Rico 

H. ling Ong: Status of Geochemical Exploration in Indonesia 
V. V. Polikarpochkin: The Quantitative Estimation of Ore-bear­

ing Areas by Sample Data of the Drainage System 
A. S. P. Rao: Meteoritics in Geochemical Exploration 
B. M. Shmakin, et al: Use of the Petrographical-Geochemical 

Prospecting Method for the Discovery of Hidden Musco­
vite Deposits in Different Geological Environments 

V. A. Sokolov, et al: The New Methods of Gas Surveys; Gas 
Investigations of Wells and Some Practical Results 

D. N. Stevens, G. E. Rouse and R. H. DeVoto: Radon in Soil 
Gas: Three Uranium Exploration Case Histories in the 
Western United States 

l. V. Tauson and S. G. Petrovskaya: Endogenic Halo Types of 
Hydrothermal Molybdenum Deposits 

CIM SPECIAL VOLUMES 
A REFERENCE LIBRARY 
Struc-tural Geology of Canadian Ore Deposits, Volume 1 
S•"·~tural Geology of Canadian Ore Deposits, Volume 2 
Min g in Canada 
The Mill ing of Canadian Ores 
The Geology of Canadian Industrial Mineral Deposits 
lector c History and Mineral Deposits, Western Cordillera 
Ore Re. rve Estimation and Grade Control 
The Ice Seminar 

Available from CIM Headquarters, 
906 - 1 17 Ste. Catherine St. W. , Mtl., Que. 
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ABSTRACTS OF PAPERS 

(alphabetically, by author) 

Exploration Geochemistry E valuation tudy in a Region 
of Continuous Permnfro!'t: the Coppermine Basalt Belt, 
~.w:r .. Canada. 
ALLAN, R. J ., and HORNBROOK, E. H. W., Geological 
Survey of Canada, Ottawa, Canada. 

DUI·i nt: the summer of 106fi. the authors conducted o sccochemical 
""IJI(lt·ution feasibility study in the Coppermine R iver bnaalt belt, im­
mediately north of Di~mnl Lak<?S. Coppermi ne River or en. N.W.T. 'fh<.> 
gcnet·u.J objective was to evnJunte gcochemieal exploration methods ir1 
ul'eas or continuous nermafros t. The study was nartit·1.tlnt'ly concerned 
with th(' detection of COJ)UCI' mincrnlization in thi.s bo.!-ln lt series. 

lleeouse this was a fea•lbility study. samples were coll...etcd from 
a variet)' of materials: 0 A, B and C horizons of soils: mineral soil 
Aamplcs f rom silt)r fro~t bolls; stream sediments; vegetation: 
and luke watel'b. :\lost sample• came from the ,·ieinity of a 
known ropper orehody I the H -zone of the Coppermine River Company, 
Ltd. I and u mineralized ctunru \'ein I the 13-showing of the Copper­
mine Rh,.er Company. Ltd.). Luke waters Wt!:re sampled over a 200-sq.­
mile nrea, as were some barkgn)und soils and frost boils. Analys is of 
nil •n mpl"" was by hot nitric neid leach and atomic absorption spec­
troscopy. 

Conc(•ntrations of eqppet· in nventy-five lake watet·s SCJ)n.rnted four 
nnumnlous 1above 15 ppb Cu 1 lnkcs. two of which W<>I'C very close 
to the 47-zone, from •even t ht•esholcl tnbout b ppb Cu) lakes, most of 
which were rlose to knnw n mincrali ted showings, and from fourteen 
bnckground rabout 2 ppb Cu 1. lnkes. randomly dis tributed within the 
i\UmS>Ie nt•eu. 

Anomnlous concentrationg ! or streum sedimentS !rom four streams 
occurred only for the two which crossed the 47-zon" orebody. For lhese 
two. concentrations immedinteJy downstream ft·om the orebody were 
three- to four-fold tnbout :1,000 ppm Cui thos<' aho\'e the orebody 
1 about ~00 ppm Cu 1 in a bnck~rt"Ound area. 

0 A horizons were not entirely ~atisfactory for exploration purposes 
b~cause of the prolonged time and eHon required for t•olleclion. 
Anomnlous and rCI!ional background £!-horizon concentrations, 1.000 
ppm Cu and 70 ppm Cu respectively. defined an anomalous zon ... 
immediately downslope from the 47-zone orebody. Silt)' frost boils 
were collected on only one line across this orcbo1Jy. A comparison of 
the anomalous to background contrast>! for the s ilty frost boils. B 
horizon and 0 / A horizon on thiR line shows the loltowing: s ilty ft·ost 
boils. GO fold: B horium, 25 fo ld: and 0 / A horizon, 50 fold. Material 
from the C horizon, immediately above t he permnit·ost. in the thawed 
zuut>. nt three soil profiles in the vicinity of the 47-zone. had sub­
•tantiall)' hig her ! I 7 fold in one case) copper concentrations than 
IJ .. horizon material in the Hnme soil profiles. The phenomenon of in­
creasing coppet concentration• with depth was also found in silty 
fr001t boils at the 13-showing. but the inerease waa considerably less 
Jlronounced Ia maximu m of 2 fold I and occurred onh• \'ery close to 
the mineralized quurtz vein. 

Regional background for silty frost boils is in the order of 45 ppm 
Cu Ieight boils on n 25-mile travet'Se ranged from 20 to 71 ppm Cu). 
At the l:1-showing, analysis o-f s ilty frost -boil surface samples showed 
rlispersion of copper to be limited to 100 to 200 feet downslope !rom 
lh£l \'ein. 

Results of bio~oteoohemicnl expiOI'ILlion (76 samples were collected 
uver the 47-zone) indicate that !lowering sh rubs in strenm volleys 
and certain lichens have on exploration potentioJ. 

SurCident chemical processes suc.h as leaching, absol'ption. etc., and 
phys ical processes such ns solifluction and f t·ost heaving, etc., take 
plnce to develop geochemie11l dispet"Sion halos in lnkC5. stream sedi­
mcn t8 and soils in the 'ricinity of copper deposits. 

l:lnsed on the results of this feas ibility study. the following approach 
for geochemical mineral eJCploration in the Coppermine basalt belL 
appear~ to be effecth·e: (ll lake water analysis (one &JCio or lhe lake 
should be at least I .000 feet), f<>llowed by (2) S'tream sediment analysis 
lsnmple every 1.000 feetl. followed by (3) silty frost-boil surface soil 
nnalys is !sample every 100 feet on traverse lines or grid•)· 
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Lead I sotopes and Metallic Sulphides as Exploration 
Guides in Mid-Continen t Pa leozoic Rocks. 
ANGINO, E. E., GOEBEL, E . D., and WAUGH, T. C., 
State Geological Sur vey, University of Kansas , Lawrence. 

Acetic acid insoluble residues o( Paleozoic cherty.earbonatc rock 
cores commonly include severa l metallic sulphide minerals. The m in. 
era ls identified are py rite, c ha lcopyrite . marcasite, sph a le rite, galena 
and bornite. P y rite and marcasi te are present most often , followed 
by chalcopyrite, spha lerite, bornite a n d galena - n ot necessarily in 
t hat order. W hole- rock analyses of s ix cores from Woodson and Green­
wood County, Kansas, by semi-q uant itative emission s pectrography 
for Pb, N i, Mn, Cr, V, Co. Cu, Zn , Mo anu Sn, indicated the presence 
of unusual m ineralizat ion levels. Two hig hly minera lized cores had Ni 
concentra t ions of 300-1,600 ppm with 1! o f 28 samp les greater t han 
1,000 ppm. C•· levels (300-1,250 ) also greatly exceeded background 
levels. Measured concentrations of Zn , Pb, Cu. Co and Ag wer·e com­
parable to or exceeded those of productive jasperoid from several m ining 
distl'icts of t he western U nited States. 

rn searching for ''big" ore deposits o r the Mississippi Valley type, 
Cannon and Pie rce suggested t hat one should search for J - type leads 
in w h ich t he Pb206J Pb207 ratio is ncar 1.40. Ph-isotope analyses o( 
galena sa mples from a w ide a rea of the Mid-Continent are identified 
as J .. type. Applying the concept of Ca nnon and Pierce, most sam ples 
examined y ielded P b 'Z06f 207 ratios in the range of 1.30-1.60. H oweve1·, 
samples fi'Om the Big J umbo, a n abandoned mine in Pennsylvan ian 
rocks in Linn County, Kansas, yielded a value o( 1.41. which strongly 
suggests the need fo r further evaluat io n of this prospect. 

i sotope ratios (206 204 ) of J -type Pb fl•om surface and mine sample• 
t·anged f•·om 2 1.6 to 22.5: in cont1·ast, 1·atios from subsurface core 
samples exceeded 22.5 and ranged to 27.1. Also. 207 206 ratios f rom the 
mine and surface samples were greater than 0. 7 ; those from the second 
category were less t ha n 0.7. Samples from succeeding older stratigraphic 
units (relative age determined by conodont biostratigraphy 1 y ielded gen­
erally increasing 207/ 206 ratios. T he significance of t he seeming cor­
relat ion between these two types of data is not clear. but the l)OS­
sibility of a meaningful relations hip merits further investigation. 

Casino, Yukon - A Geochemical Discovery of an Un­
glaciated Ar izona-type Por phyry. 
ARCHER, A. R., and MAIN, C. A., Archet· Cathro and As­
sociates Ltd., Whitehorse, Yukon. 

The first copper-molybdenum porphyry deposit in Yukon was found 
on the Casino S ilver Mines property by Brameda Resources Ltd. in 
1968, using geochemistry. The deposit is s ituated in the Dawson Range, 
180 m iles northwest of Whitehorse, in one of t he few portions of 
Canada that escaped Pleistocene ice-sheet glaciation. The unglaciated 
surface of the deposit displays a well-developed zone of surface leach­
ing. A zone of secondary chalcocite enl'ichment undel'iying the leached 
capping and hydrothermal alteration pattern are more similar to 
porp hyry deposits in Ariwna than those in Br itish Columbia. Stream­
sediment geochemistry located the area of interest, and soil geo­
chemistry proved to be the most effect ive tool for locating the min­
eralized zone. Th e explorat ion history of the deposit and the geochem­
ical response for copper. molybdenum, lead , tungsten, gold and silver 
are discussed. 

Molybdenum Surface Deplet ion and Leaching. 
BARAKSO, J. J ., Anaconda American Brass Ltd., Br itan­
nia Beach, B.C., and BRADSHAW, B. A., Copper Range 
Exploration Company Inc., Toronto. 

A lithogeochemical btudy was carried out on thTee major molybdenum 
properties in west-central Brit ish Columbia (AHce Arm, Endako and 
Berg) . The pu rpose wos to observe the extent of supergene oxidat ion 
and depletion of molybdenum under difCerent climatic environments. 

Oxidation and leaching is not f ully appreciated in explorat ion. but 
it c learly l'eveals itsel'f in open-p it operations. 

ln the case of the Alice Arm deposit, the amount of near-su rface 
deple t ion was not realized until pre-production stripping \\'88 done, 
because of the solubility o! molybdenum oxides in dri ll water undeJ' 
those condi t ions. Leaching at t he Berg deposit extends to 200 feet or 
more for copper, but molybdenum oxides were noted down to only 
50 CeeL In the case of Endako, annual precip itatio n is only 15 inches 
\)er year. The oxidat ion of molybdenite extends only to a few feet. 

- 14-



A study was devoted to the search for the influencing factors o f 
oxidation and leaching in the field and laboratory, includ ing ehemical, 
mineralogical and bacterial cha r ac teristics. It was concluded that there 
is depletion o f molybdenum a t t hese propert ies a t a variable rate 
depending on major controlling factors, such as the amount of sulphide 
presen t, Eh and pH relationships, and the presence of iro n and o ther 
complexing ions. as well as the amount o f rainfall. 

All these factors . individually and/or in conjunction can be J'e· 
sDonsib le f or the depletion of molybdenum in a g iven environment. 

Optical Detection of Geochemical Anomalies in t he At­
mos phere. 
BARRI~GER, A. R., Barringer Resear ch Limited, Rexdale, 
Ontario. 

Certain elements such as mer cury and iodine have a. high vapour 
pressure and a re present in the atmosphere in vapour form in s ig­
nifi cant concentt·ations. These clements may be detected by optical 
methods either by sampling the a tmosphere in multipath optical cells 
or by t rue remote sensing techniques in whic h gaseous absorption o t· 
em ission spectra are identified by optical col' relation. Work by Wil­
liston, McCarthy and o thers has a lready indicated the potential ex­
p loration va lue o f atmos)>heric measurements of mercury, and the 
present writer and his colleagues are currently investigating the pos­
s ible uses o f iodine remote sensing. Optical eQuipment has been con­
structed for rneasurinR: both a tmospheric me rcury and iodine on a 
continuous basis, and wot"k is underway on a irborne installations of 
this equipment. Some of the details of this instrument a t ion a re de­
scribed. Hig h-a ltitude experiments f rom a stratospheric baJioon have 
already heen successfully carried out LO establish the feasibili ty of 
making certain types of gas measuremen ts by remote sensing f)'om 
satellites. 

Although the development of techniques a ppears promis ing. much 
remains to be done in establishing the operational value o f atmospheric 
geochemical measurements in exploration. Considerable experience will 
have to be obtained in interpreting complex me teoro]Qgical effects. 
The effects of vegetation are also being investigated. 

Trace-Element Study of the Oquirrh Mountains, Utah. 
BEERS, A. H. , Weber State College, Ogden, Utah, NAC­
KOWSKI, M.P., and PARRY, W. T., University of Utah. 

T h e Oquirrh Mountain Range, trending north-south, is about 30 
mile• Ion!!' and 10 miles wide, is located approximately 20 m iles west 
of Salt Lake City and is the hub of metal m in ing activity in Utah. 
Mining districts within th e mountain range inc lude: Bingham-Lark 
!West Mountain), Ophir, Hush Valley, and Mercur. O f these, the 
Bingham djstric t is the largest. Copper~ lead, z inc , s ilver. gold and 
molybdenum are the principal metals produced from these districts. 

A rectangular nrea encompassing nearly 400 square miJes has been 
sampled on a quadrilateral grid. Three hundred soil samples have been 
roJJected on section corners about one mile apart throughout t he moun­
tain range at a depth of 8~12 inches to ))l'event possible contamination 
from operating and former smelters located near the boundaries of the 
mountain 1·ange. 

These soil samples have been analyzed for copper. ]ead, zinc. silver. 
molYbdenum. manganese and iron by X-ray fJu01·escence using a rsenic 
as an internal standard. The arithmetic mean metal content of the 
~oil is as follows: copper a\·erages 129 ppm: lead averages 226 ppm; 
z.in <• avel'aget; 244 ppm; the s iJve1· content is lower and a\~erages 10 
ppm; the molybdenum content is 169 ppm; and the manganese content 
&\·~rages 721 ppm. The fre<1uency distributions of the elements are 
»ositively skewed and a1·e t·epresented by log-normal or exponential 
curves. These data have been transformed to a pproximate normal 
d istribntions and trend surfaces of trace metals and t race-met a l 
ratios and their residuals have been prepared. 

The mining d istricts are effectively delin eated. Contaminat io n from 
smelter fumes is evident and localized. Trace-element anomalies separate 
from those representing known mining districts are suggested. 

Explorat ion for Hydrothermal Mineralization with Air­
borne Gamma-Ray Spectrometry. 
BENNETT, R., Geophoto Services, Inc., Denver, Colorado. 

Airbol"ne geochemical prospecting is possible by surveying w ith a 
high-sens itivity airborne ga.mma-ray spect1·ometer with large-volume 
Nal CTll Cl"ystal detectors. The high-sens it ivity spectrometer measures 
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small variations in the concentration of potassium I as K·IO), thorium 
(as T120t'j and uranium las Bi211' along the flight lines in the area 
surveyed. H ydrothermal dispersion patterns are indicated by anomalous 
measured values or the con centrations of potassium. thorium, uranium, 
o1· their ratios. In two sur vey areas, coppe1· mineralization was located 
along favorable structures w ithin hydrothermal d ispersion patterns 
delineated by airborne geochemical surveys. In metamorphic terrane 
where there had been potassium metasomatism, the hydrothermnl dis· 
persion patterns were indicated by high potassium/ uranium ratios 
( K10/ Bi2H). In a sedimentary environment that had been intruded 
by a stock, the path of hydrothermal fluids was indicated by uranium 
(Bi214), t horium (T1208) and urnniuml thorium 1 Bi214 Tt208) ratios. 
Example" from Canada. Australia and t he United States will be 
presented. 

Geochemical Exploration of Carbonatite Complexes in 
Eastern Uganda. 
BLOOMFIELD, K., REEDMAN, J. H., and T ETHER, J. 
G. G., Geological Sur vey and Mines Department, Mbale, 
Uganda. 

The eight known carbonatile complexes, which occur between 
34°00'E and 34°30'E, are divisible into an early Tertiary s ub·volcanic 
gt·oup and a later TerLiary gt·out) associated with widespn~ad alkaline 
volcanism. The f m·mer, restl"icted to southeast Uganda, !oJJow a 
65-km-lonJ< NNE-SSW line and comprise the Budcda, Butiriku, Bukusu, 
Tororo and Sukulu complexes. The latter, represented by the Lolekek. 
Napak and Toror complexes, occur farther· north, in Karamoja, and 
a1·e t he roots o f d issected volcanoes. 

A comprehensive economic mineral appraisal of s ix of the centres 
is at present being undertaken as a s pecial Carbonatite Exploration 
P1·oject. This involves detai led geochemical soil and stream·sed imenL 
surveys, with systematic r·csidual soil mineralogy in poorly-exposed 
areas, followed by geophysical work, J>itt ing and drilling. 

Pioneer ~eochemical s urveys o f the thickly mantled Bukusu Complex, 
• imilar geologically to Palabora in South Afr ica, revealed four h igh· 
contrast copper anomalies in res idual soils overlying carbonatized 
ultramafic and a lkaline t·ocks . S imilar copper anomalies have been 
found at the a lmost completely obscured Butiriku Complex. At both 
localities. res idual soil g eochemistry and mineralogy are used as map· 
p ing aids and as pathfinders of possible mineralization. 

Thick e luvial and colluvial soils overlying carbonatite at the Sukulu 
Complex carry abundant magnetite and apatite w ith some pyrochlore, 
but current interest lies in strong coincident lead and zinc anomalies 
1 > 1,350 ppm and > 15,600 ppm respectively ) , probably indicative of 
late-stage m inel'alization. 

Geochemical su t·veys of the Kara moja carbonatites, where the climat.ic 
environment is semi·arid and markedly seasonal in contrast to t he 
humid conditions farther south , indicate, in addition to ubiquitous Nb. 
enrichment in rare earths, Mo. Ba, Sr and, of particular interest. Be. 
At Napak, w here the background is approximately 2 ppm, soils con­
tain up to 80 ppm Be, i.e. values s imilar to those obtained over beryl 
pegmatites. The J>rescnce of a fourth unexposed carbonatite is s ug­
gested by local soil enrichment in Nb, Be and rare earths . 

A Miocene sedimenta ry series, del'ived from carbonntite( s ) masked 
by volcanics, contains local concent-rations of ))yrochlore and apatite. 
the r ichest sections bein}t indicated by stream·sed iment sampling. 

The Continuing Education of The Exploration Geochemist : 
A Report of an Experimental Works hOJ>. 
BLOOM, H ., Color ado School of Mines, Golden, and 
HAWKES, H. E., 4422 Macomb St. N .W., Washington, 
D.C. 20016. 

A group oC twenty-five North American exploration geochemists 
participated in a three-day exper imental works hop held in April 1969 
at the Colorado S chool of Mines. T he objective of the workshop wM 
to provide for a free exchange of ideas and the discussion of geo­
chemical problems in an informal atmos phe re. No publications were 
planned. Audience participation increased as it became apparent that 
compan y se curity need not be involved. Seven s essions . led by s pecialiSbii:, 
included these topics : S tatis t ics , Remote Sensing, Mercury Inst'!' 
mentation and Application, Uranium E.xploration, Exploration tn 
Nevada, Problems in Reconn aissance, and S ample Analys is . . 

The res ults o f the meeting were encouraging and provided guld• 
lines !or holding future works hops. 
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Trace-E lement Anoma lies in Igneous Wall-Rocks of Hy­
drother mal Veins. 
BOLTER, E., AL-SHAIEB, Z., and T IBBS, N. H., Depart­
ment of Geology, University of Missouri at Rolla, Missou­
ri. 

Two hundred a n d fifty vein and andesit ic walh·ock samples from 
two low-grade gold-•ilver depos its of the Searchlight District. Nevada. 
were analyzed for gold, silver, copper. lend a nd zinc. The samples 
were collect<"d along lines normal to the vein~ at inte rvals of l to 10 
ft>et. Analysis was perf.Qimed by neutron activation and atomic ab· 
sorntion sp(>etrophotometry. 

Tn m ost cases, the concentration of the elements d ec1·eases with 
increas ing distance from the vein and reaches background values at 
a distance o f 40 to 120 feet. The results suggest that gold and silver 
are mo re mobile than copper, lead and zinc. Anomalies are better 
developed in the hanging wall than in the footwall of a vein. Fre· 
(lttently, the walh·ock has relatively low concen trat io ns in the imme­
d iate vicinity of the vein. 

S ummar y of Research and Develoi>ment in Geochemical 
Exi>lora tion in Scandinavian Countries. 
BOLVIKEN, B., Geological Survey of Norway, Trondheim ; 
NILSSON, C. A., Geological Survey of Sweden, Stockholm; 
and WENNERVIRTA, H., Outokumpu Oy, Outokumpu, 
Finland. 

The role of geochemistry as an aid in prospecting is growing 
rapidly in Scandinavia. In Finland the investigation of soil und till 
dominates, whereas in Norway emphasis is placed o n regional stream· 
sed ime n t surveys. l n Sweden the two m e thods are used to about the 
same extent - s tream sediments for regional reconnaissance and 
till sampling for detailed investigations. Biogeochemical methods are 
te.ted as to theil' applicability in detailed pl'ospecting work. It is 
thought that bedrock geochemistry will develop into a valuable tool in 
flt·o:;;pecting for blind ores. Invest igations on trace·element patterns 
in the wall rocks of severul orebodies are being car r ied out, mainly 
in Finland nnd SweUen. in th~ cou1-se o.f prospectin~ for uranium, 
a ge<JchemicaJ p1·o~ram. including san1pling and analyses of wate1· 
from streams, is being developed in Sweden. Modern computer tech· 
niclues h;n•e been aucce$sfuJiy applied to the treatment and intei'Preta· 
tion of th~ increasing number or analyses. 

A Statistical Approach to t he P roblem of Inter pretation 
in Geochemical Prospecting. 
BOLVIKEN, B., Geological Survey of ~orway, Trondheim, 
Norway. 

The c-oncepts backgrou nd and a noma ly in geochemistry can be con· 
Bidered as stat is tical dist1·ibutions. Both should, the1·efor·e, depict 
straight lines when plotted on probability papet·. A simple graphical 
method using JHobability paper for separating empirical geochemical 
dhitributions into background a nd a nomalous vdll be described and 
!iUme €'xamples of its practical use demonstrated. 

Geochemical Exploration Data -Processing Techniques 
t'tilized by t he U.S. Geological Suney 1

• 

BOTBOL, J. M., U.S. Geological Survey, Denver, Colorado. 

Recent advances in analytical techniques have resulted in the acqui· 
ition and accumulation of vast amounts of geochemical data. The 

U.S. Geo]o)!ical Survey in Denver is utilizing a moden1 compute1· and 
a s;{eochE'mical data informatio n a nd statistical processin~ s ystem not 
only to process the data, but also to aid in theh· evaluation. This 
information system is called t he Rock Analysis Storage System tRASS) 
nnd hM provision ror all analytical 1·esults and brier geologie descrip­

JOns 4 incuding latitude and longitude) for e\•ery sample entered in 
~e sygtem. Con ceptually, RASS is a la1·gc rectangular array with a 

f1xed numbet· of columns and an infinite numbet· o f rows. The 
columns represent geologic and chemical variables. and each sample 

'Publication apJ>roved by the Director, U.S.G.S. 
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occupies one row. Data are ente1·ed into RASS on standard punched 
cards and nre stored on magetic tape or disk. Retrievals are formu­
lated on the basis of any value 01' values for any va1·iable or com­
bination of variables. netrieved data sets are trans ferred to a mag­
netic tape or disk and are automatically transformed to a format 
that can be easily manipulated by a se•·ies of statistical and proces­
s in!< programs called STATPAC. Once a selected data set is in STAT· 
PAC format. the data can be evaluated statistically and plotted. 

The geochemical study of the Coeur d' Alene distr ict, ldahu, is the 
first major pt·oject in which aJI geochemical data have been com­
pletely processed within the framework of the U.S. Geological Sur· 
vey's geochemical information system. Data sets were retrie,·ed on 
t he basis of formation and type of sample. T here were nine major 
formational groups and four types of samples. The retrieval created 
36 STATPAC data sets. For each data set, the 50th, 75th and 90th per· 
centiles wel'e computed for each element. Linear correlation coeffi­
cient$ among logarithms of values (or all pairs o f elements were 
computed. New variables were created by calculating the ratios of 
selected clements. AIJ variables were then gridded on 1.000- foot inter­
vals, and the average for each 1,000-foot block was computed. The 
g ridded data were then automatically scribed onto a plastic film. 
Mylar positives were made from the scribed negatives, and oza lid 
work s heets were made from the positives. The positives were suitable 
!ot: pubHcation. and preliminary statistical result.~ a nd maps were 
released in an open-file report. 

In all, about 6,000 soil samples and 2,500 rock samples were collected 
rluring three successive field seasons. Each sample was analyzed for 
41 elements. With the aid of the computer, RASS a nd STATPAC, the 
Survey geologists began the evaluation of three seasons• fieldwork 
at the close of the third season and released useful intermediate 
results within a few months. The final evaluation of the analytical 
data will be completed w ithin a yea 1-. 

New methods of communication with the computer are currently 
being developed. An experiment involving remote entry of analytical 
data on a titne·share basis was successfully completed at a distant 
field s ite and at the U.S. Geological Sm·vey laboratories in Denver. 
The free-field format of the int>ut at the time-share terminal results 
in data preparation that is t h ree t imes faster than conv-entiona11y 
punching the same data onto formatted cards. 

Geochemical Methods in the Detection of Hidden l.:ranium 
De)>osits. 
BOWIE, S. H. U., OSTLE, D., and BALL, T. K., Institute 
of Geological Sciences, London, U.K. 

Conventional methods of prospecting for uranium using radioactivity 
detectors are ineffective in regions where there is a relatively thin 
ina.ctive overburden. Research based on a geochemical approach to 
discover hidden orebodies is desC'ribed - in particulat· the use of 
neutron activation methods of sample analysis. Indicator elements, 
including radon, have been investigated, and the use of these tech­
nhlues applied to soils. stream sediment and water samples - both 
on a regional and local scale - is discussed. The pitfalls to be 
avoided are also mentioned. 

Boron and Boron Minerals as Indicators of Mineral De­
posits. 
BOYLE, R. W., Geological Survey of Canada, Ottawa. 

Boron and boron minerals arc widely diffused in many types of 
endogenic and exogenic mineral deposits. The minerals mos t com· 
monty found in endog:enic deposits include tourmaline. axinite, dan· 
burite, datolite, dumortierite. kotoite, ludwiJ;dte and nordenskiOidine. 
Those in exogenic deposits include numerous borates such as borax, 
boracite. coleman ite, ket·nite. and tincalconite. B oJ'ic acid 1sassolite) 
11nd other soluble b01·ates occu1· in steam jets, hot sprin,:cs. and other 
natural waters. 

The following types of deposits are characterized by the develop­
ment of boron minerals or boron metasomatism. 

D eposit 
Pegmatites (simple and complex 

types) 
Skarn (including those contain­

ing Be, Fe, Cu, Zn, Pb, Sn, 
Di, rare eart.hs, Mo and Wl 

Characteristic Boron Mintrals 
Tout·maline 

Tourmaline. axinite, danburite, 
dumm·tieJ'ite. kol~uite. ludwi­
gite. nordenski01dine 
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Gr·eiBeniz.ed, sericiti~ed and nlbi­
tized JlTDnites and similnr 
rocks containing Ue, Sn and 
w 

Tin-tun~sten veins and lodeH 
Gold quaa-tz veins nnd lodes 
Polymetallic tCu, l'b. Zn, Ag, 

etc.) veins nnd lodes 
Porphyry Cu and lllo deposits 

Native oopper dcJ>osits in ba-
salts. conglomerates and 
sandston~ 

Native ~ilvel' det)OSiU 
Mercury deposits 
13Nlded borntes 
Hot springs nut! ateam jets 

TourmnJin~ 

'l'ouJ·maJirw, axinite 
TourmuJine 
Tourmaline. axinite 

Tourmaline (only certain depo­
sits) 

Datolite, axinite 

Datolitc 1 t'nt·e}, axinite 
Tourmaline t rare• 
Borates 
l.lol'ic neid tsnssolitel, bor·ate• 

Weather~nl!, oxidation and leaching of endogenic deposits yields 
soluble borntes and the boron re;istate minerals. mainly tourmaline 
nnd axinite. Doth the soluble borntes and boron resistate miner·nls 
collect in the soils and in nearby ~trenm sediments. Near bedded borate 
deposits, the natur·al waters may be greatly enriched in soluble 
bor:ues. Vegetation in the vicinit3-· of bol'iferous detlosits may become 
t~nriched in bot·on and may aJsu exhibit endemic charactel'ist.ies 
1 Buyalov and Shvyrynyevn, 1U61J. 

Gwchemirul :;m·veyiS hnsed on soils, st1·eam sediments. waters, heavy 
min(>l'al~ and \'egctation using boron as an indi(!ntor are useful in 
'learching fM the types of deposits noted Jn the tnble nbo,•e. Speeifir 
example; are gh•en by Boyle (1965) for soils over a tin ~,>ccur·rence 
in Yukon and by Gleeson 1196 ) for stream sediments in Yukon. In 
the Iauer sur\'ey. both skarn-type deposits of scheeli te and polymetallic 
deposits contuininf[ Ph, Zn. Cd und Ag an~ indicated by bor''" 
analyses of the stream sediments. Others cxamJ>les, not yet published. 
sugge;t that boron nnalysee, of soils and stream sediments may indicate 
)I'Ofd-<tURrtz deJlOSit• and pegmatites. 
Analys~ uf tourmaline and othc1' boron minet'als obtained in heO\'Y­

minel•nl !\"Urveys suggest that these mineraiR moy indicate certain 
IYJ>es of deJ)<18its in n terrane. Thus, tourmaline fr·om lithium peg­
matites i> Pnriched In Li, Cll and Rb: and tourmaline from lin depo­
sits is ent•iched in Li and Sn. 

Difficulti~ mny be encountered in interpreting 1<eochemicnl sur­
\"eys based un boron as an indirnlor or mineral deposits where the 
t.•ountr}' rocks contain abundant tuurmaJine. dumortierite, o r· other 
boron mineruls, r·l'sulting mainll~ from metumm-phism or ign('()u~ 
intrusion. 
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Distribution of Copper and Zinc in Rocks of Guichon 
Batholith, B.C'. 
BRABEC, D., and WHITE, W. H., Department of Geol­
ogy, University of British Columbia, Vancouver. 

Aqua-regin-extrnctnble copper in 354 fr·esh-rock samples from the 
Guichon batholith, B.C. •howl! a multi-modal lognormal distribution, 
with values ranging widely from 1 t.o 1.600 PJ>m. Aqua-regia-e.•tract­
able zinc, as determined in 263 samples, bas a normal distribution 
and a much more limited range of \·a lues fronr 6 to 80 ppm. The 
proportion of total copper extractable by acid attack is considerably 
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higher than that of zinc, indicating that the two metals difCer in 
their form of occurrence. 

Trend surfaces computed for both copper and z inc show pattern~ 
that correlate with the z.onnl arrangement of major rock phases: i.e. 
a general decrease in metal values from the marginal hybrid phase 
inward. This trend is much better expressed for copper t han for 
zinc. The mean copper content of the two central phases, Bethlehem 
and Bethsaida, is s ignificantly lower than the means of the other 
phases at 0.05 t -probability level. 

Doth copper and zinc show little or no correlation with the modes 
of main 1·ock-form inp: minerals nor with the iron and sulphur content. 

On a regional scale, the centra) l 'OCk phases, containing the main 
porphyry copper deposits in the Guichon batholith, are lowest in 
copper. This fact must be kept in mind when estimating the back­
ground values for any kind of geochemical p rospecting in the area. 
A relatively high copper content of a granitic phase is nQt indicative 
of superior m·e potential. 

Geochemis try and Ore Exploration. 
BROWN, B. W., University of Southern Mississippi, Hat­
tiesburg, Mississippi. 

Geochemical science and the prospecting arts of geochemical sea1·ch 
ought. to be placed in a true perspective for the ore search mission. 
Geochemical prospecting and the search for actual orebodied w ith 
the aid of geochemistry a1·e not strictly synonyn1ous. The word geo­
chemistry is in itself an anomaly because it embraces two unlike 
disciplines: only the second is factual, and t he first is tradit ionally 
stochastical and hypothetical. What is needed for success in ~eo­
chemical exploration is a marriage between the strictly geochemical 
f;cience and a probabilistic art. The exploration game can be played 
eithe1· from the statist ics or immediate experience or from the base 
of an a priori judgment. We have not yet generated sufficient expe­
rience in geochemical exploratio n undeJ· various ten·ain.s and climate 
to justify the formet· approach. On the other hand, some pr-inciples 
have emerged out of our eff01·ts which can he used in a priori hypo­
thetical ways a:, guicies to a more ~conomical search in future expe­
rience. In practice, emphasis must be placed on the dimensionality 
of the search problem and its suggested geochemical solution. Ore­
bodies are three-dimensional realities, whereas geochemical data are, 
at their optimum, unidimensional facts of space. 

The Ut ilizat ion of Metalloids (arsenic, phosphorus, fluo­
rine) as Pathfinders for Ska rn Tungsten Deposits in 
Pyrenees (F ra nce) . 
CACHAU-HERREILLAT, F., B.R.G.M. - BP 818, 45 
Orleans, France; and PROUHET, J. P., B.R.G.M. - DSO, 
49 avenue de Courreges, 31 Toulouse, France. 

The disc0\1CI'Y of scheclite deposits in skarns associated with granitic 
inttusions is mainly the result of field geology and conventional 
prospecting. However, the cm·relation of these deposits with the apical 
parts of batholiths leads to the utilization of airborne geophysics 
and of geochemistry to discover buried intrusions which cun be of 
mining interest. 

To achieve this goal, the deposits of Saluu and Avrenere Wf'l'E" 
sampled at. the "tactical .. and .. strategic" levels of exploration, and 
the samples were analysed for t.UnJ!sten, lead, zinc, copper, molybde­
num, arsenic, phosphorus and fluo1·ine. 

Tungsten shows very stt·ong anomalies that are closeJy restricted 
to the trace of the deposit and to the hydrographic netwoa·k dow 
Mtream from the deposit. The other metals sho'" clear but ~ma1 t 
anomalies which do not enlarge the target. 

The metalloids show increas ingly larger anomalies in the ~,1 
arsenic - fluorine - phosphorus. The enlargement of the target t 
to 500 meters for fluorine, without any field indication of h)o: 
thermal alteration. 

The metalloid elements appear to be good indicators in r t' :u1 
prospecting !or granitic intrusions and their associated rr nasi 
deposits. 
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Distribution Functions of Ore Elements in Rocks for 
Evaluating Ore Potential. 
CAMERON, E. M., S IDDELEY, G., and BARAGAR, W. 
R. A., Geological Survey of Canada, Ottawa. 

Several investigators have shown that the frec1uency distribution 
by s ize of genetically related economic 01·e deposits within a given 
at·ea or rock unit obeys probability laws, with many of these distribu­
tions approximating lognormal dist r ibution functions. The Jo,ver 
bounds of these distributions appear to be always 'artificially' limited 
by economic considerations such as size and ~n·ade. The sampled 
deposits are, therefore. probably only the extreme r ight tail of a 
more general pt·obability distribution for the ore minerals in the given 
unit, ' 'lith the lower, much more frequent, components of the distribu­
tion being represented by segregations of ore material ranging in 
s ize from 'showings' to single grains. 

Unfortunate1y, the function best describing an empirical distribu­
tion cannot be relied upon to remain eonstant across the entire 
range of s ize classes. I t. is, therefore, not possible to predict, by con· 
ventional probabilistic methods, the frequency and size of ore deposi ts 
from data on the more frequent s ize classes uf the given unit. It 
does, however, behoove the geochemist to make the best use of the 
latter data, which may readily be obtained by chemical analy•is of 
samples from sur face exposures, to estimate the ore potential of a 
rock u ni t. or area. Such data a r e unlikely to become one of the- more 
useful inputs to mathematical met hods of decision-making in mineral 
exploration. " 

The distribution o f ore element.c; has been investigated for two 
types of ore deposit where it may reasonably be supposed that the 
ores have been derived b)' segregation of sulphides from the magma 
of the rocks that are the host of, or closely adjoin. the ore deposit. 
In the first case, the distribution of HNOa soluble copper in 715 
samples of Coppermine (N. W.T.t basalt has been compared with 
sim ilar data for 195 samples of mainly basaltic lava from the Yellow­
knife (N.W.T. , greenstone belt. The former series contains copper 
deposits and abundant. showings of this metal: in contrast, ther-e are 
no known copper deposits of the seg1·egation type in the Yellowknife 
grcen•tone rocks that were sampled. The Coppermine data show the 
type of frequency distribution w hich is believed to be the likely 
accompaniment of related ore deposits - a right skewed distribution 
which is continuous into the range or thousands o f ppm copper. The 
Yellowknife data are not right skewed, and no sample exceeds 273 
ppm coppe1·. 

For the second phase, 1.080 samples from more t han forty ultra· 
mafic bodies distributed across the Canadian Shield were analysed 
for ascorbic acid - hydrogen peroxide - soluble nickel, copper and 
cobalt. Bodies that are associated with nickel and or copper mineral­
ization tend to be enriched in these elements, particularly copper 
and n ickel. compared to barren ultramafic bodies. Multivariate meth­
ods are used to classify the ultramafic bodies by ore potential on 
the basis of analyses of the above three elements. 

Computerized Methods for Interpreting Reconnaissance 
Geochemical Surveys. 
CAMERON, E. M., and HOBBS, D., Geological Survey of 
Canada, Ottawa. 

The principal purpo~e of computerized methods for interpreting 
reconnaissance data is to extract and lucidly display the greatest 
amount of information relating specifically to potential ore deposits . 
An important by-product is the considerable reduction i n the labour 
of manual co11ation, intCI'JH'etation and Jllotting. 

The procedures used for interpre tation aim nt t he separation of 
t he chemical "'signal" caused by ore deposits from other signals and 
from random noise. At present, perhaps the most generaJly useful 
technique is to contour by computer t he residuals from a low-order 
polynomial trend surface. The trend surface removes the gradual 
variation due to l'eg-ional lithologic change, climate, vegetation and 
topography; the moving average approach utilized in compute1· COll ­
touring reduces the effect of random noise and reveals zones o! 
consistent local variation. The choice of the mol:it appropriate form 
of trend surface and of the parameters of the contouring method 
remain highly subjective, and thus the comparison o f the effective­
ness of other surface-fitting methods is urgently required. The 
many methods developed for communications theory and other 

-21 -



sciences ofCe1· considerable SCOJ)e lor t he geochemist. Because, in most 
reconnaissance surveys, m a terial is sampled at intervals along linear 
drainage features, such techniques as Markov schemes are of potential 
application. Apart from t h ese sophisticat ed techniques, s iml>ler meth~ 
o ds may olten be quite effective in separating the signals. Fo1· 
instance, i f the rocks of an area can be subdivided into a few, rela~ 
tively homogeneous 1ithologic types, the element concentrations in 
each sample may be normalized using the mean and variance of all 
s a mples overlying that particular rock type. 

The above methods utilize the r elationship between the concen­
t ration of one element i n a sample to the concentrations of the 
same element in surrounding samples to differentiate t he signal of 
in terest from other sources of variation. A differen t approach to 
separating the s ignals is to use multivariate techniques which employ 
the reJationship between the d ifferent elements contained in the 
samples. The methods that have sparked most interest are component 
and factor analysis, although other methods may prove to be more 
effective. Each factor that is extracted hopefully represents the 
variation that is due to but one geological 01· geochemical process, 
rather than the sum of processes t hat is usually represented by the 
concentration of an e lement. Scores may be computed measuring the 
influence of every factor on each sample, and these data may be 
trend-surfaced, contoured and plotted in the same fashion as the 
original element data. It may often be useful to apply component 
or factor analysis to the r esiduals from a trend surface, as the trend 
surface may be e ffective in removing some ''factors" and thus 
simplifying the task of the multivariate procedures. 

Notwithstanding the above, factor analysis rna)· often be inap .. 
propriate for the interp1·etation of reconnaissance data. The methods 
are designed to extract a set of factors operating within a single 
population. If the area studied is heterogeneous in terms of its 
geology and assemblage of mineral deposits, there may be a very large 
number of different facton~ or processes acting upon the same vari­
ables, which is quite beyond the ability of factor a nalysis to resolve. 
The interpretation given by factoring these conditions may be quite 
misleading. Such effects may be tested by subdividing the data by 
suba1·ea and determining whether the factor matrices are reasonably 
constant between the subareas. T he second impediment to utilizing 
factor analysis for reconnaissance surveys is that six to eight ele­
ments may be too few to significantly resolve the factor structure. 
which remains constant, irrespective of the number of elements that 
may be determined. 

It is perhaps not generally appt·eciated that the introduction of 
such powerful statistical methods may require changes in other aspects 
of the reconnaissance survey. For instance. to get the best results 
from trend-surface and contouring methods demands a reasonably 
even distribution of samples over the area and more attention to opti­
m izing the samplin g interval in terms of both economics and the 
size of the expected anomalies. I n general, the utility of factor ana· 
lysis increases with the number of variables factored. Mol'e attention 
should be g iven to determining major elements simultaneously with 
the trace metals (as may be done w ith a direct- reading optical spec­
tmmeter). Factol'ing of such data would considerably reduce the effect 
of variation of the trace indicator metals that is due to varying 
quantities of major minerals in the sediment. 

T he Utilization of Eskers as Ancient Hydrogr a phical Net­
works for Geochemica l Pros pect ing in Glaciated Areas. 
CACHAU-HERRE ILLAT, F., B.R.G.M.-D.S.G.N., B.P . 818, 
45 Orleans, France; and LA SALLE, P., M.R.N., 1620 
Boulevard de !'Ent ente, Quebec 6, Quebec, Canada. 

I n the area of the °Clay Delt" of Abitibi, mining exploration is a 
challenging problem to w hich a i r borne geophysical surveys failed to 
give a complete solution. Geoch emical prospecting in soils or stream 
sed iments a lso failed to d iscover such deposits as Joutel tR. Kelly, 
personal communication. 1968). T he in terference of up to 200 feet of 
glacial dr if t in p laces prevents the sampling of g1·ound moraine, 
w hich is generally effective (Wcnnervirta, 19681 . H . A. Lee 11965) 
suggested sampling eskers in the sa me way as actual streams are used 
fo r mineral explora t io n. 

The Department of Natural Resources of Quebec and the Bureau 
de Recherches g.Wlogiques et miniCrcs of F rance decided to sponsor 
a joint study of both the mineralogical and geochemical constitution 
o f the eskers in the m i n ing region of Abitibi. 
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The first step in 1968 cons isted only in the sampling of t he Mat­
tagarni esker " at 1 ~-mile intervals , wherever access was possible. A 
mineralogical sample of 50 to 100 pounds of esker sand and g ravel, 
a nd two goochemical samples, one in t he "B" horizon o ( the podzol 
and one in the .. C" horizon, were collected. The geochemical samples 
were analysed f or copper, zinc~ lead, silver, gold and molybdenum. 
The sampling of the B hm·izon was done s imply for t he sake of 
completion and s hould definitely be ruled out as a geochemical pro­
specting tool in the eskers of the Abitibi area. The C horizon shows 
some high values. H owever. in th e a bsence of mine1·alogical data . 
we do not yet know in which miner a ls the anomalous e lement.s are 
concen tral.ed. F urthermore, the absen ce of any known source nlong 
the Mat..tagami esker, makes t he evaluation of the distance <>f transport. 
based on publis hed literature on t he s ubject, no more than an ed ucated 
)tuess for the moment. 

•The eskers are depos its of ancient stream s associated with t he melting 
of c(mtine nta1 ice s heets. ln the Abitibi area, they appea r to be 
evenly s paced (average spacing: 5 m iles). They are stratigr aphically 
earlier than the vurved clay, but they appear as topographic "'highs" 
through the clays. 

Remote Detection of Geochemical Anomalies - A Pre­
liminary Feasibility Study ' 
CANNEY, F . C., U.S. Geological Survey, Denver, Colo­
rado. 

Spectral ref lectance curves for red spruce (Picea rubens Sarg.) and 
balsam fir (Abies balsam en ( Ll Mill), based on in s itu measurements, 
were obtained at Cathcart Mountain. Maine, ·w hete a large low-grade 
copper-molybdenum deposit occurs on a forested m ountainside. Large 
areas of soil contain highly anomalous amounts of copper and molyb­
flenu m which are also anomalously concentrated in the trees. Five 
t\pecimens of each species growing in the area of meta l-rich soils were 
m easured anrl compared with s imilar speeir:nens sn·owing in a nearby 
unmineralizcd area. Other factors - such as soil type, soil moisture 
ancl exposurf> - that ·might affect reflectance were kept as constant 
as possible between the h\.,.O groups. 

S imultaneous spectrot--adiometric measurements were obtained of the 
solar radiation incident upon and refl ected f rom the trees at 27 dif­
ferent wa\"t' lengths in the 350- to 1,100-nnnometer region of the 
~pectrum. Th(>Se data were used to compute per·ce n t directional re­
flectance at each wave length. To make the reflectance measurements 
mean ingful for l)Oss ible futu1·e e.."Xperiments using an aerial sensor, 
the spectroradiometcr was placed above the tree and pointed down­
ward. 

The spectral cun·es for both background and a n omalous ~otroups of 
red spruce are essentia]ly the same in the visible region, but in the 
near infrured the anomalous g roup s hows a uniform pattern of 
decreased reflectance. The curves for balsam fir contrast markedly with 
those o f sprure because. at every wave length , the anomalous fir 
group has a higher t•eflectance than the background grou(). 

The inferences to be drawn f rom the data are limited by the small 
sample s ize. but. o n the basis of t h is experiment, multispeetral aerial 
photographic techniques could probably be used to separate balsam 
fir trees \vith anomalous metal contents f1·om the other tree groups 
Rampled. The present results are encouraging enough to warrant 
additional st udies. 

An Evaluation of Some Geochemical Sampling in the 
Search for Concea led "Porphyry" Copper-Molybdenum 
Deposits on Pediments in Southern Arizona, U.S.A. ' 
CHAFFEE, M. A., and HESSIN, T. D., U.S. Geological 
Survey, Denver, Colorado. 

A detailed geochemical survey has been mnde over a .. porphyry•• 
copper-molybdenum depos it located on a desert pediment on the 
eastern edge of the Vekol Mountains. Pinal County, southern Ariwna. 
On ly a few mineralized outc-rops remain exposed today in the v ic inity 
o f the deposit: the greater part of the deposit is now buried by 
pustmineralization alluvium as much as aoo feet thic k. 

•Publication appro\"ed by the D irector, U.S.G.S. 
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About 2,400 samples of soil t-60 mesh l a nd be<lrock, plus lea''"" 
a nd s tems f rom three apeeics o r deep- t·ooted plants commo n to the 
ar~a (CrOOilote, iron wood and foot hill palo-verdel . were collected and 
anolyi!ed for zinc. cop pet·, molybdenu m and manganese by wet chem­
ical methods. 

The paltet·ns exhibi ted by copper, molybdenum a nd ma nganese in 
soils do not correlate s))ntinlly with the con cealed 110rt ion.. o r t he 
dcposiL The anomalous patterns t>r esent mere ly reflect the chemistry 
of subjacent meta llized Qutcrops. T he restricted nature o f t hese pat­
terns suggests thnt these e lements ha"·e only n Hmi terl mobili ty in 
this cnvit·onment. Zinc so il vnttel'nS, on the othe t· hand, tshow that z:ine 
holf mhtrated from zinc-a·ic:h outcrop~ downs lope Lown rcl nctive drain­
Il l!:<! channels. A lt hough these zin c patterns do not define the known 
cuppet·-molybdenum detlOSi t. they dQ sugge"l a f1tv<>rable (l'inge..zone 
envil'o oment. 

The plots of zinc. cooper a nd mo lybdenum tbut nQt ma nganese! in 
the M h of parts of all three p la n t species show nnomu lous p at terns 
wbich extend as much as 00 feet beyond mineralized outcrops into 
at·~as in which postminera1ization a lluvium ovm·lies the concea led 
depos it. but in which l hcrc are no corrcsoo nding soil nnomali<>S. Be­
cause the roots of these p lnnts may penetrate a~ much ns 100 feet 
v f O\'erbul'den , it appears tbat the anomalous metnl con ten ts of the 
p lant reflect mainly the concealed mineral deposit. Bio~teochemical 
sampling o ( <leep-rootcd plan ts s hou ld, therefore, he n useful tool in 
the sea t·ch for concealed m ineral deposits in the Bn• in an d Range 
Jl l'ovince. 

A Geochemical Case His tor y of the Rajburi Antimony 
Pros pect, Thailand. 
CHAKRABARTI, A. K., Senior Geologist-Geochemist, 
McMahon & P at'tners (S.E. Asia) P ty. Ltd., P.O. Box 211, 
Bangkok, Thailand ; a nd SOLOMON, P. J ., Consulting 
Geochemist, Kennet h McMahon & Partners Pty. Ltd., 
G.P.O. Box 3362, Sydney, N.S.W. 2001, AustraHa. 

The Rajburi antimony prospect oeeu1·s in the Knnchnnaburi series 
of 6Cd im en ts (Carbonif~rous?) , overlain by Raj bur i lime:itone (Per ­
mian ?1. Surface outc1'01• or the in s itu mineralized showi n)l'S is ])rae­
ticn1ly n il, but occo ~uonally m inerali7..ed bou lders have b~en en­
rounteJ't"d. A detailed 60il g~chemical sam)>linst p ro-"n l.m was under .. 
tak<'n on a SO-met re g rid, a nd 11 hand aup:er was used w collect sa mple• 
from a dep th of 1 metr e b<>low t he ~urface. 

T he sun ·ey delineated BC\"crnl h ilth ly a nomalous an ~imony and lead 
areas; 100 p pm and ICSJ! w e•·e considered as batkJu·ound values. and 
th.- • igni!ican t anomalies reached as high as 4 per cen~ Sb2S.1 and 
1.2 l>er cent Ph. The s ig nificance of the anomn li~ i!l enlJ>has ized 
be··ause of t.he low mobility of a ntimony and the fllll n ature or the 
coun try. 

T he trend of the anomalies, being at large ang leR to the reg-ional 
N-S t rend, largely nullifies the effect of hi~th bnck~tround rocks a.• 
thfl soutc.e of lhe a nomalous values. Maximum conccnt .. ations occur 
primarily along an ~'-W t rend, w ith m inor N W-SE nnd N F,SW 
tt·ends. 

~'ullowing t he ~tcochemlca l s tudy. test-pitt ing by bulldozer led to a 
ht.'U.Cr knowledge o f the minc l'nlizntion. Hh~h·~rade mine,•n1iz.a.tion waR 
found mainly in quartz it<> locally in terbedded with silidfied shale. 
Thu•. a low-cost soil geochem ical s tudy led to the but·ied ore. 

Role of 'Humus Matter' in the Formation of Geochemical 
. \ nomalies. 
CHOWDHURY, A. N., and BOSE, B. B., Geological Sm­
vey of India, Calcutta. 

Residual soil is one o r most widely emp loyed • umplinsc muterialo 
Cnr tracing geochcmicul anoma lies in geochemical exploro.tion. Sys .. 
temut ir s tudies o n the l>henomenon or the formn.tion of geochemica l 
anomalies in residual soils nre being carried out. by the Geolog·i~a.l 
Sur~ey o! I ndia . All tbe diffet·ent factors contl'ib ut ing to the retention 
or metal and leading to the ! ormation of ~:eoch<•micnl a noma lies ar~ 
beinsc s tudied in detail. The role or 'humus mat te r ' in soil is re<· 
OJmized as an iml)ot·tant factor. T he paper reports some •·esul ts '?b· 
tained on t.he reaction and equilibl"ium of 'soi l humus matter' \Vl th 
dilute solutions of heavy metals , such as Cu, Pb, Zn, Ni nnd C... 

'Hu mic acid' was scparntecl f rom n typical sample of soil anti 
nurified by electrodialys is. Sus pens ions of tb(> 'humic ac id' \Vereo 
brouKht to equilibrium w ilh dilute solutions of the bea,·y meta ls, a.nd 
the amount of heavy metal r etained by tbe humic acid wns meMured. 
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The equilibrium amuunt Of metal retained was more or lesf:l the same 
for the five metuiM Ktudied. The shape of th<> lldsorption isotherm 
1 metal •·etained ve1-sus equilil,)l'ium concentr·ntion in solu tion) was 
different Cor the different metals. The equilibl"ium concentration or the 
metals in solution r·equired £or maximum retention was in the 
order Pb< Cu<Zn<Ni< Co. l'b attains equilibrium wilh a minimum 
concenu·ation in SQiutiun. The meta l-holding capacity o r lbe "humic 
acid" wa• observed to be in the order or 400 micro-equivalent.s / gm 
of humic ucid. The •·elease of the metals from metal humates prepared 
separatelY wns also studied. The release or Lhe metal fl"Om the 
t'at.ul'nted metal humnles at different. 1>H's showed an interesting 
orde•· o! release. Co was released fi•·st and Pb released last: Lhat is. 
the metnJs are l"t:! len"ed in the reverse order compared t.o the order 
nf metal retention mentioned earlier. The nature or the •burnie acid­
metal' system was nls<> s~udied, and the relative chelating ab ility with 
different metals wa.• reported. The s tability of the c helates appears to 
be in Lhe order P b>Cu>Zn>Ni >Co. The s ign ificance of the results 
in l'e1ution to the fo r·mntion or gcoch£>mical unomalies i.ij discussed. 

Geochemical Pros pecting in Lateritic Soils of Alabama'. 
CLARKE, 0. ~I., Jr., Geological Survey of Alabama. 

Diffell!nt soil h<>rizons were sampled uve•· the H atchel Creek dis­
semina ted copl)er prosvect in Clay County. Alnbnma. The prospect is 
in greenstone and has been ex1llored by drill ing. Results of soil 
samplin!( indicate tbal the highest copper values are in the 03 horizon . 
On sl<•l)'-'" subjected to erosion, soil samples from any horizon reflect 
accurately the undeJ'Iying minerali.zl'tt ion. Lower copper values were 
obtained un terraces nnd plateaus that are underlain by thick, well 
developed soils t han on s lopes. Coppet· values in the B horizon over 
mineralized areas average 550 pans per million on the plateau and 
1,600 parts per million on s lope•. The "bttckground level" of un­
mineralized gre<>nstone ranged from 50 Lo 100 parts per million copper. 

Copper wns also found conrentra~ed in the B3 and uppel" part of 
the C I horizon on pin tenus in lateritic soils that are not associated 
with mineralimlion. A ' ' false a nom a ly" of 300 to 500 part..< per million 
copppr was noted over mafic rocks in Tallnl>oosa C<Junty. Weathered 
rock belhw the g ibbsite zone and soi l from adjacent s lopes contain 
a maximum of 100 ports per million eoppeT, which is normul for 
marjc I'O('ks in this nt·eu. The maximum concentration or copper over­
lyin..r mineralized gTnnite g neiss was 200 parts ver mi11ion. This alo.;o 
occurrt!d rn the B horhr.un, and lo"''e1· copper values were noted below. 

Conflicting analyticnl results in latedtic soils on pla teuug indicate 
Lhat •oil• und topo1<raphy should be conside•·ed "" well as ruck types 
in planning und interaneting geochemic.a.J surveys. This conc lus ion 
will nppl)• to other regions where lateritic or sublateritic soils occur. 

'Publica tion au thorized by lhe State Geologist, Geological Survey o( 
Alabama. 

Geochemical Explora tion in Southern Africa a nd Mada­
gascar. 
COETZEE, G. L., Anglo American Corporation of South 
Africa Ltd., Johannesburg. 

Geurhemisrry was fi rst introdueed in centrru A!rica in the early 
fifties. notably in Znmbia where il has been used extensively and 
successfully. Its application to p1·ospecting in southern Africa hn• been 
s ignificnnt only in the pnst decudc. 

Annual precipitation in the area reviewed ranges from 3 metres in 
the rain forests or eastern Madagascar and the eas tern escarpment of 
southern Africa to 0.2 metre on the margins of the Kalahari Desert 
in the Republic of South Africa. South Wcs~ Africa and Botswana. 
The conditions for geochemical prospectinl< are favourable because 
soils are re$idua1 over virtually the entire area, w ith the exc.ention of 
Utose in the Kalnhnl'i basin, and the drainage Kystems are commonly 
well d{'\·c)uped: conseQuently, extensive s ilt-sampling drainage recon­
naissance su rveys hlnrc been undel'tnken in Madagascar, Rhodesia and 
the Republic of South Africa. Large concession areas can be obtained, 
and thu• areal! exceeding 20,000 square kilometres have been pro­
specle<l. usually at a sample dens ity of one sample per square kilo­
metre. Follow-up work in don e by grid soil samn ling of the O-zone in 
the high rainfall t•egions and of Lhe O-zone in the thin soils o f the 
more ltomPCl'ate regions. 

Th" prospecting tor COPI>er. cobnll, nickel, ?. inc, lead, tin, niobiunt 
and molyhdenum dep011its has not, as yet, however, achieved any s ig­
nifiennt 8Uct-ess. 
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Recent mineral dhscoveries in t he aJ·id region$ on the marg ins of 
t he Kalahari bas in have given impetus to the use of biogeochemistry and 
geobotany. New t echniques for prospecting for fl uoride and phosphate 
have been developed, invo lving some major departures from the ntethods 
emp)oyed in metal prospecti ng, especially in sample prepal'ation . ln 
the past ten years , the use o f multi-channel emission s pectrog1·aphs 
has become more popular than co1orimetric methods . and in the pas t 
t h ree years . atom ic absorption anci X-ray s pectrography ha\'e been 
m o1·e widely us ed. 

The Importance of Em ·ironment in Biogeographicai / Geo­
botanical and Biogeochemical Investigations . 
COLE, MONICA M., Bedford College, London, U.K. 
Biogeographyig<.~botany and b iogeochemis try provide usefu l prospect ­

ing tools when the dis tributions of vegetation a ssociations , plant com­
munities and individual species a re fuJly t.mders tood. These distributions 
repr~sent. plant. response to the interplay of all the fac tors o f th<t 
environment in space and time. The relative importance of individual 
factors varies spatially and according to the toxicity of an individual 
mineral. 

The importance o f e nvironme n t in biogeographical geobotanical and 
biogeochemical s tudies is t•eviewed in the light of hitherto unpublished 
results of inves tigatio ns undertaken in Africa. A\ IStralia and E u rope. 

The environme n t al factors are assessed in the search fo t· copper o res 
in the contra s ting e nvironments of South West Africa and Bots wana 
and Hougainville Island in the Solomon c hain. They are e valuated i n 
the search for nickel ores in the contrast ing environments o £ Rhodesia 
and Western Aus tralia. 

The s uccess o f geobotany in the low tree and s hrub savanna country 
of South W est Africa is a t tributed to a semi·arid climate with rain­
fall in the summer period of a ctive gro wth, when plants a re J>at·­
ticular]y susceptible to toxic condition s in the soil , combined w ith a 
direct r elationship between vegetation and bedrock, which character­
izes thos e parts o f th(' area where }evel s urfaces are planed a l' ross 
steeply dipp ing sedime ntar)' rocks. Where the presence or trans ported 
K a lahari sand com p1icates p lant/ bedrock relations hips , soil s ampling 
at finer fractions than is notmal and the analys is of samples of 
selected deep ly r ooted plant s pecies offers promis e. Whe r e calcrete 
is particularly thick in Botswana, the recoJ{nition of anom a lous plant 
communities i n puns reeeiving drainage c irculat ing from m ine ralized 
bedroc k beneath the calcr ete is pro mis ing. ln both South V.'est Africa 
and B otswana. copper mine)'alization has been f ound be neath J;teo­
botanical anomalies. Geobotany is assisting the elucidation of geological 
struc ture a s w e ll a s the location o( mineralization. 

In the tro pical r ain forests , diff icult ies of a ccess and of s pecies 
recognition necessita te prior reco nna issa nce from a low-fly ing air ­
e raft. On Bougainv ille I s land, mountainous relief is respons ible for 
altitudinal variations in the s pecies composition of the f orest . but the 
a reas with the h ig hest t•oppe r levels in the soils o ve r the po rphy ry 
cop per depos it carry a dis tincthye tree association which is independen t 
o f height above s ea level. 

The usc o f geobotany and bioge och<'mis try in the sean·h for nickel 
o re is conft onted by several p roblems, particularly tha t o f dis ting uis h­
ing 'fals e anomalies• over ultrabas ic rocks - nota b ly serpentinite or 
hypc rs thenite \vith hig h n ick el contents - from t rue anomali t>s over 
s ulphide orebodies. 

The rela tively simple vegetation/ en vironment relations hips in the 
v icinity o f the Empress nickel d eposit, located in Rhodesia in sa vanna 
w oodland c ountl·y experiencing s ummer rainfa l l. a re compared with 
the complex one..:; over the Kamhalda. orebody and several other p ro· 
spects in the se le rophy llous woodland and s hrub country in \Ves tern 
Aus tralia. which receives iU; rainfall in winter. Here. in som e areas. 
r e lict laterite produces hig h nickel values in the soil which e liminate 
the normal backg round vegetation; in other areas . calcareous h orizons 
in the soil profi le countet' the toxicit;\' and permit backqTo und vegeta­
tion values t o be obtained over areas underlain by sulphide-bearin~ 
rocks . The nickel con ten ts of plant samples fr·om both countries a re 
compared. and the role of indicator and accumulator plants nssessed. 

Withi n the a reas c ited, attempts are made to assess the relative 
importance of c limat ic and geom or·phological fa ctors and soil profile 
characteris tics , a s w eJI a s geology, on the form and composition of 
t he vegetation and o n the mineral upta ke o f the plants . Attention is 
also given to the r ooting habits and growth rhy thms of individ ual 
species, t heir s tatus a s indicutors of a ccumulators of particula r m et a ls . 
and the d eg ree of toxicity of these metals in an o ver-all a ssessment 
o f the impo1·tance of e-nv ironment in biogeo~-traphical gcobota nica l and 
biogeochemic-al s tudies. 
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Progress in t he Calibration of Airborne Gamma SJlectro­
meters for Geochemical EXJllorat ion. 
COOK, B., DUVAL, J., and ADAMS, J. A. S., Depart­
ment of Geology, Rice University, Houston, Texas. 

In princ iple, gnmrnn·ray spectrometry con yield caunntitntivc data on 
the contribut ion o! Th, K and, in favorable eases. U. In the lnb­
oraltii'Y, the technique has been refined, TJal'ticularly fo•· 'l'h and K, 
and less satis(act.ori ly ! or U bt'cause of secular· radioactive dis· 
e<tuilibrin in the U-2:18 s eries in many geolo)(ic samples. Aflcr thil·ty 
years· Q.'C J'ler·ience, mosst logging tools are still giving l'clntive outputs 
in ~ounL'I per unit time. Collimated gamma Hpectrometers Cor Quanti· 
tative oul("l"OP meueuremcnts have b~n in usc few over eight )"ears. 

The calibration of ail·bome g amma spectrometers is difficult because 
of the lar·ge a nd usually heterogeneous area s urveyed, terrain roug h­
ness nnd U -2!18 set·iea dise<tuil ibt'ia. Altitude and )(round-speed va riat ions 
also J>rct·u:mt proLJcma. Using a n outcron gnmrno SJ)ectromctcr to es­
tablish ground truth. n helicopter-borne gamma s pectrometer. opemted 
at an altitude of 50 !eel and n ground speed of 60 k nots, is being 
calibrated for Th, the simple>~t cuoe. K is the next s implest case, 
and U will be the most diffi cult. Quantitative Th K ratios • •·e l)nr­
ticulnt ly con venient. outputs. The low-!Jying-hcl icopter data are con­
$ic.l<'t'cd a nccest:~nry inlcrmedint.e to calibrut.ing fi xed-winK syst.c.rn.s 
that liurvey much larger areas tlm·ing each m('asurement interval. 

ln terms of cost vcr nnalysis, volume o f investig ation P~•· analysis. 
livr-limc data reduction and s peed or survey, airborne gnmmn spectro­
metry i." a n attra(.'live geochemicul exploration techniqu~ fol" lar~e 
an~nl operations. 

T he Association of Exploration Geochemists. 
COOPE, J. A., Newmont Mining Corporation o.f Canada 
Ltd., Toronto. 

'l'he obk-cts and purposes fm· which the Associntion of Exploration 
Geochemists is being constituted nre: the advancement of the ~cience 
of geochemistry, ettJ'leciully as it J'elutes to e.XJ)loration and a!isociated 
t·es~arch ; to foster the co·mmon seiC'ntific inlC't'C*'ts o f explo ration geo .. 
ehemi~tK: to encournge resenrch and development of geu~hcmica l ex­
ploration methods in uni...-ersitic.'i; to ad\Tancc the stntu.s of the prof eN· 
rc.ion o f exploration goochE'mistry: and to J>rol~ct nnd maintnin a hhch 
professional stnndins,r among it.8 membeMJ. 

Details of the contents of the constitution and some )>rop<>Anls on 
the m•sctt.n iz.ntion nnd operation of the Assneintlon will be presented. 

Trends in Geochemical Exploration in Italy. 
DALL'AGLIO, M., Geochemical Group of Laboratorio 
Geomineral'io del CNE N, C.S.N. della Casaccia, Roma 
(Italy). 

In I taly, geochemistry has been applied unly recently tu mineml 
e1\.J)Jurntion, and JteQ<'hemical prospecting sun·<-ys have be~n under­
tak(>n ttl some extent only in the last twel\'e- yeat~. CPUehemicaJ 
pH>.~pec-Ling wn.s ini..t·oduced by F. Tonani in the field or uranium 
rcsenJ•cb. GeochcDlitnl ex:J>Ioration has been e mployffi only i n n 
r""tr ictctl sense. mninly IJy CNEN. for urnnium and oth~•· el~ments. 

Jo."rom n m ethoUologic point of v iew, the (ollowinll rcsultft obtained 
in tht• l n~l decade nl'e of some intel'est. 

tal Organizational und methodolo!(ic prulllems rlealin)! with the de­
terminat ion u! traee elem«!'nts in water and alluvia 8ample:oe have 
been solH~c.t. Some new nnnlytical methods were devisec.l t Q meet 
lhto needs or !l"eoehemical surveyb, such as the determination or 
mct·t-.ury, coJll)(H' nnd z.inc. in nulut·al '''nters nnrl the cl(•ter·rninat.ion 
ut mercury in n11uvial saml) )('S. etc. Complete mobile labo1'atories, 
mounl~d in car. \'an and hou~e-trailc1·, o.nd also com pnct pol'tabl~ 
luborntories for nnni)rses in situ were buil l and tes ted. 

•hi Autnmatic procl!ll•in)! of geochemical datn ha~ been 1\PIIIied by the 
CNEN Ge<K'hemirnl Group ri,r some t~n years. All geochemical 
•lata are tran•f~•·red to punched cards nn<l then submitted hl autn­
motic Pl'O<'es.•ing by mean• uf eompt~tc•·· This v•·ocedurl' makes 
it l)Of!.sible to Hclcct. unomuluus snmplt.~ in an objective nnd <'Om· 
JliN~ manner unct lo obt.uin. ns a by·product. basie infor·mation 
em the distribution and circulation of the clements in the cxogenic 
envh'f>nment. 
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Prfim n geoehemicnl vie\VJJUint. some interesting t'esult.s ha\ e been 
achieved. 

1 o.) Geochemical prospec:tinsc on a regional scale has t..een applied in 
many Italian regions. This method is based on the s tud)• of water 
and alluvial s amples collected over wide areas 110.000·60.000 square 
k ilometers) wilh a low sampling density 11 sample every 10-20 
square kilomete•·s). The determination of a ll mnjor constituents 
and some of the trace cl~ments in water samples allows us to 
collect information on t..he prevailing ronditions of weuthel'ing 
an d to select the moat J>l"omis ing a reas f01· detailed prospecting 
in a short time nnd ut o low cost. 

(b) T he validi ty of hydrogeochemical methods in the el<ploration of 
many trace elements tHg, F. heavy met.n.lij, etc.) was PI'Oven. 

The methodologic results ochie,•ed and the practical ri!Rulu obtained 
fn lhe di tSCO\"ery or new 0l"CS ore discussed. 

Comparison Between Hydrogeochemistry and Stream­
Sediment Methods in Prospecting for Mercury. 
DALL'AGLIO, M., Geoehemical Group of Laborator io 
Geominerario del CNEN, C.S.N. della Casaecia, Roma 
(Italy) . 

During the last few yea111, a concerted effon hns heen made by lhe 
t·esearchers of CNEN G~omining Laboratory to nchievc a better un­
ders tandinll o! m~•cury, both in the basic and appUed fields. As a 
f irst step in this progrnnt. new analytical rnethllds hn\'C been devised 
(OJ' the determination ._,, mercury in alluvial and soil samples and 
ahH) in natural water samples. 

Prospecting surveys were then carried out in order to evaluate the 
l'fficiency and applicability Of \"&rious geo.,hemicaJ prospectiDI< methods 
to the exploration for ore dep<»Jits. On the one hand, the hydrogeo­
chemic-al behaviour or mel'('Ury was in,•estigated in orde•· to determine 
the characteristics of hydmgeochemical halos and the role of natural 
water• in the transportotion of mercury. On the other hand, a re­
J:donnl gcochemieal su rvey of the whule of Tusc.any wus carried out. 
The analyses of about 1.000 samples of alluvia, collected over on area 
of 20.000 square kilomelCl"K, outlined some major anomalies. Such in­
(urmntion subsequently led to the discovery of previously unrepo•·ted 
new mercury deposits. The feasibility and the imp<ll"lnnce to prospect­
in!( of t innabar hulos in nlluvia was aL~o investiga~ed by the n1inerai­
OI(iSL~ of tbe CNEN Geomininp: Laboratory. 

In the paper, the above rc•ulu are discussed in detail a nd some 
Jtencl·aJ conclusions are drnwn with respect to the efficiency o( the 
diffcJ·ent prospecting methods for mercury. 

Mapping From t he Air by Gamma-Ray S J>ectrometry. 
DARNLEY, A. G., GRASTY, R. L., and CHARBON­
NEAU, B . W ., Geological Survey of Canada, Ottawa. 

Sinte 1967, t he Geolosdcol Survey of Canndn, in conjunction w ith 
Atomic Energy of Canada Ltd., hili! been develnpin~r a high-sengitivity 
uirborne gamma-ray Sl)CCli'Ometer system for the PUI"POSe Of nteasut·ing 
surfa<'e concentrations of K, eU and eTh. During the initial stages 
or the pro~ram, \\•hil'h have been described in CH J"Jit'T publications, 
problems of optimum spectrometer design. calibr·ation and data cor­
rection we1·c investigated. At the same lime, SC!10Und h\\·estigations 
were undertaken to compare the K. eU. and eTh (•ontcnt of \'Urious 
rock types and o\"erburden. One of the most important findini!S of 
this research was tl1at in the Shi.,ld area.s examined tbere hi a close 
tt imilarity between the radiometric composition of t•ock and its as­
tcocintcd overburden. 

In 1969. the first extende•l tria ls of the complete spertmmete•· system 
took place with a detailed survey of approximately 600 square miles 
in l he UanCl"Oft 81'e8 of Ontal·io. Flight lines flown 400 r~et above 
sut·fnce were spaced nt ~~-mile intervals, and rncliomctJ·ic data were 
nceumulated and read-out onto magnetic tape nt nnnroximat~h· 500-
foot intervals along the fl il(ht line. In this woy, 8JJJJroximately 75 
per cent of the total surruce of t he area has be"n rndiolllelrically 
sampled. The data on the mngnetic tope hnve been corrected to allow 
for variable atmospheric-radioactivity, for variations in terntin clear­
ance nnd Cor Compton ecatterinSt" contributions in the speclrometer•s 
lower energy channels. C01·rected profiles have been comput.,r-drawn 
along each f light line, ond a \•ariety of computer-drown sreochemieaJ 
maps have been made over lbe aren covered, based on u contouring 
program de"ised by Holroyd and Bhattacharyya. The•e show l!ood 
correlation with the known sul"face geology, and th~ JH"incipal rock 
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lype::i in the 1U·ea e.an be di~tinguiRhed. InCo1·mntion is also provided 
about the NE-SW zone u! urnnium and thorium cnricbmcn~ which 
crosse.~ the Rren. and a subdivision o( g1·anitic h'ves can be made. 
The relative nbundhnc~ of the vnl"ious nHlioelement.s nre shown to be 
a sens itive indicator of unusunJ concentrations. nnd these vru·iublcs 
a1·e pnJ•titulnrly shrnificnnt in using this type ,,r data for mineral 
exploration IJUrpo.aes. 

Minor E lement Anomalies in Biotite from Quartz Mon­
zonite Associated nrith Contact-Met asomatic Tungsten 
Ore, California . 
DARLING, R., Department of Geological Engineering, 
Ecole Polytechnique, Montreal. 

Sample~~ or <1uartz m<>n•.onite were collected ulong nine su1·Cace und 
underground trnv!*rses tJe11lendieulal• to intrugive contacts between 
c1uartz monzonite and other older rock types. The traversed marble­
quartz monzonite contacts are mineralized with eontact-metasomntic 
w -·Mo-Cu ore. Contaets against ounrtzite and quan7. diorite a1·e 1Jnrren. 

Biotite was scpm nted (rom !01 ty-four of these samples, and tht' 
biotite sepnr·ates were ana1)'J:Sed by microprobe Cot· fluorine nnd by 
emission •Pectroscopy fol' lbe elements B, Bi, C•-. Cu , Fe, Ca. La, Li, 
Mg, Mn, M(), Na. Ni, Pb, Sc, Sn, Sl', T i, V, Y', Yb and Zn . 

The analysed samples were grouped into ''ore .. ond "non-ore" gl'Y\IJlS 
for comnat·ntive pu:·J)()Ses. The former were taken on travers<..as that. 
~ross Qre-bearinv contaCt$ and the tatter· from tt·averses across barren 
contacts. M~an vnlues [or lhe two g roups show thnl the biotite from 
"ore" sample>! contains more B. lli. Cu. F. Ll, Mn. Mo. Pb. Sc, Ti, 
Y and Zn ond les:; Na, Ni ond Sn than biotite from "non-ore•· samples. 

For samplt'S of the "o.-e .. ~roup, the cOJ·relotion between biotite 
chemistry and distance to the ore-bearing conlncl ghows a change in 
biotite chemist1·y with proximity lo ore. The portion of this chang~ 
that is not genetically related to the presence of the ore is i nclicatcd 
by similnr correlnlions obtnined Ct·om .. non-ore•· samples. In this wn~·. 
it is po..,ible to isolate the chunge.• in biotite chemistry that are 
related to the pt·csence of nearhy ore. '.fhese nn~ nn addition ur Bi. 
Li, Pb. ll1n, Y. Yb and Zn and a removal or Cu. F, Mg, Na. Ni. Ca. 
Sr and V. 

S pectroscopic Determination of Arsenic in Geochemical 
Prospecting Samples . 
DELAVAULT, R. E ., a nd MANSON, R. J., Depa1·tment 
of Geology, University of British Columbia, Vancouver. 

ResuJtl! o r arsenic determinations by a chemical method and b) 
D.C. arc SP<!<"U'O$COPY on duplicate samples are compared. Factors 
peculiar to 8Jlt!Ctt'08eopi c analysis n11ow only a rather loose correlation: 
but near!)· all the samples or plant or soil where more than 1U ppm 
had been dctecterl by chemical m<'thods gave a positive result b)• SJ>ec­
troseoJJY. Where arsenic Us used aJt n pathfinder for silver, cobo1t or 
olhe•· metals, spectroscopy has nt least the same kind of reliability no 
that o(fered by cold exl1actable methods for v.inc t>l' copper. 

The QuantitatiH Study of Geochemical Fields for Ore 
Deposit Search. 
DUBOV, R. I., Institute of Geochemistry la, Favorsky 
Street Irkuts k-33, U.S.S.R. 

A matl1cmnticnl, statis tical ond model apJ'I·oach to the treatment of 
geochemical dotn is discussed wilh special l'eference lo the application 
of moving uvcrn~tes in on nttcmpt to minimize th~ effects of rarutonl 
errors. 

Comparison of Regional Geochemical ranium Explora-
tion Methods in the Beaverlodge Area, Saskatchewan. 
DYCK, W., DASS, A. S., DURHAM, C. C., PELCHAT, 
J. C., and GALBRAITH, .J. H., Geolog-ical Survey of Can­
ada, Ottawa. 

To e\•aluntc the relative merilM ()( •·egional ICeothemical exploration 
methods Cor uranium, partirula1·ly those employing radon and uranium 
in su rface waters, a 500-sCluare-mile block in the Beaverlodge area, 
Saskatchewan was sampled during the t 9G9 field season. The area 
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~umpled cxt.,mls Cor about 22 miles north fmm the s hore (I( Lake 
Athabaskn and from the town o f Eldorado some 23 mile~ c~t. Surface 
lnke-wnter samples were collected at an average dt.>nsity of l.3 samnles 
per Mquare mile. St1·eum- wnte•· samples and sediment samp les were 
rullectcd !1·om the s ame gi te at a de ns ity of about l per square mile. 
Approximate ly 95 rock s umplcs !ro m the major ro<'k fo J•mnlions we1·e 
collected . All field notes unci unnlyticnl results we•·c rerordrd o n cards 
for comimteJ' sto rage and pt·occssing. Radon, pH nnd the a lkalinity of 
all samples were dete rmined in a field labo ratory, nnd the temperature 
WB!'I measured at the site. 'fhe s treum sediments and acidified n liquots 
o( wnter were s hippNI to Otl.awn Cor uranium nnd llthet· tt·nee-elcment 
nnnlyses. 

E~t.imates indica te that the buckg1·ound value f(}r uranium lies under 
the detection Umit o r lbe method employed f<>r this wcH'k, i.e. OA ppb. 
for both lake and su·eam watC1"M. Radon background \•slues in s treams 
a nd lakes are approximutcly 30 and 2 piC"oeu1·ies per liter. rc&IH~cth·e)}·. 
The lnu:~kJrround Cor uranium in lltream sedimen ts is about :1 ppm. The 
rnw daUl outline a number of known uraniferous zones. Th'"re are at 
lens;t s ix nrea.s. excluding a :~·mile area around the town of f:ldorado. 
in which lhe 1·adon and th(• uranium concentra.t ion:t in lnke and su·eam 
wnte1~ and in su·cam s~diments were greater t ha n twice the back­
gr·ound or lwice the detection limit. These areas are locuted: between 
Cornwnll 13ny a nd Fis hhook Bay: near Gibbs Lake: between Culle•· 
Loke a nd .Mickey Lake: in Lhc v icinity of Dyke Lake: IJetween Dona ld­
son Lake nnd Gcbec Lake: a nd south of Dusyk Lake. A1\othe1· a rea in 
the vicinity o f Berkwall Lake gave anomalous U1'nnium values in 
~tr(>amK o n ly. 

S('nsonal tests of @nmplcs from four lake sites anrl four stream s ites 
<n•er nn eis.:-ht·week period showed lilt.le variation in the concentration 
of ionic species, Le. uran ium. pH and bicarbonate. The radon con tent. 
11t the •u•·face or lakes. 11n Lh<' other hand, vol'ies considerably from 
day to day. ln strenmH. the variation in radon l"OOC<"nl•·ation with 
t im<' i• less than in lukel'. M"leorlllogical data incliratc thot low radon 
values in the lakes rouJ.rhly coincide w ith windy days. 

ln genentl. thE" uran ium l)nttern compared tu that of radon is 
somewhat more diffus~d. particuln•·ly in the lakl's. T his is proba bly 
due t o the fact that. urnnium is mc,l'e soluble in Kurrnce waters tha n 
a·ndium. 

ln l'UJ.!tored teJTain like the Hco.verlodge area, lake ~umpJing is mo1·e 
(.>(·tmOntienl than sttf'am t-tnmpling. H owe,·er. n.naly tic ul costs u '·e !:SOme· 
what hi l(h<•r Cor lake ftan>pl~• b~cnuse o! low~r cuncenll'llLion levels. 

Rnclon and urnnium in SUI·f aee waters of th(' Bcaver lodge area 
nutline urani!erow; arc'* ~tually well. a nd both should be used where 
pnu·tical. Being simi)Je•-. the radon method is prefe1·nble where ana· 
lytica.l facilities are una\ni lnble or where it L~ desil'nbJe to have the 
f("'!iUit~ immediate}).·. 

L' SGS Progr am in Geochem ical Exploration Hesearch -
1970 ' . 
ERICKSON, R. L., U.S. Geological Survey, Denver , Colo­
t·ado. 

Some 1·eo•·ientnt ion of the •·esearch pro~l'nm in geochcmit"a l ex· 
ploralion by the U.S. Genlogicnl Survey ha• been in il ilncd s ince the 
ltun In ternational Geochemical 1-:xplo•·ation SymJ)ONium nt Golden, 
Ct;lm·ndo, in 1968. The princ ipal chanRes a re: 11 1 n Hhift in emJ)hasis 
tu u dimatic province (H' ~nvironmenta l approach to <"Xplorution gco­
r he ntistry: t21 a strong thna~L in r~earch, clc>velotlmt~nt anti apJlraisal 
of m~thods of measurement o f \'Ointile element" in the atmosphere in 
relation to mineral deposits: 131 upgradinl( of our nnalytic:ul lnb­
oratot··ies to meet the demnncld o( inereas~d use of troce--~IPment data 
fur other than eXJliQrntion work geologic mnpl)inJl. Jeeolog-y and 
health. nnd remote sensing: un<l 141 reseat•rh ond de,·elopmeot in 
computer approac hes tu mineaol e..xploration problems. 

'l'ubllt·o tion opprovccl by the Directm· U.S.G.S . 

The Use of Acacia T rees in Biogeochemical PrOSJ>ecting. 
EL SHAZLY, E . M., BARAKAT, N., EISSA, E. A., 
EMARA, H. H. , ALI, I. S., SHALTOUT, S., a nd SHA­
RAF, F. S., Geological Society of Egypt. Cairo, Egypt, 
U.A.R. 

Ac•eia trees grow in t he \•alleys or the Ea•tcnt Oeset·t o f Egypt 
und<•r nn extremely nl"id e nvironment with '"ery little rninCnll. high 
e vaporation and mild wealh.:!a· in winter, but hot ot herwise. 
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In areas with s ulphide mineralization, methods have been applied 
for th e sulphophile elements nickel, copper, lead. zinc, and cobalt. 
Dul'ing these procedures , roots, twigs and stems of Acacia raddiana 
and Acacia e:hrenbergiana have been sampled and analyzed. Plants 
are found to be more useful in prospecting than alluvium and water. 
Rock exposures show localized geoch emical anomalies, but a large 
n umbeJ' of analyses a re required. 

Furthermore, in an aren with beryl and other minerals, f,feochemical 
methods have been applied for the oxyphile elements be•·yllium, lithium 
and boron. Twigs of Acacia raddiana have been analyzed for these 
elements. Beryllium anomalies are found in planh, but the element is 
J>resent in appreciable eoncentrations only where there is g-roundwater 
stored under plant roots on itn impermeable basement. The beryllium 
anomalies in plants do not coincide with the alJuvial anomalies. Lithium 
is concentrated in p lants growing in the bends of the valleys nnd 
where these valleys meet. On the other hand. boron is common in 
high concentrations in plants, showing only s mall d ifferen ces in con­
c.en t.ration from one plant to another. For all these elements. alluvium 
has been found more useful in prospecting than plants. L ithium is 
mor·e suitable f01 biol'!eochemicnl prospecting than bet·yllium, which 
seems to be absorbed by plants in appreciable amounts only w hen 
groundwater is particulady available. Boron, however, is not s uitable 
fOJ' biogeochemical prospecting, as it is nbsor·bed by plants without 
notable discrimination regarding their spatial relation to a lluvial or 
rock anomalies. 

It is concluded that biogeochemical pros pecting may be used with 
varying degrees of success for a variety of clements in Acacia trees 
which are of wide geographical distribution in many a rid regions of 
the world. 

Regional Facies of Or~tanic Metamorphism . 
EVANS, C. R., Imperial Oi l Enterprises, Ltd., Calgary, 
Alberta. 

Organic constituents in both fine-R"rained rocks and reservoirs un­
dergo a weJI defined series o f chemical and physical changes with 
increasing temperature. These changes result in the destruction of 
crude oil at temperature~ well below those required fo r the meta­
morphism of the rock matl"ix. By examining and analysing fine~ 
grained rocks, it is possible to detect and map the metamorphic limit 
of oiJ occurrence. In addition. the changes which occut· before oil is 
dest royed have a large effect on the type or product to be found in 
Jess a lle red regions. 

At present, we can recognize three major facies of o1·ganic metamor­
phism. The immature facies y ields dry gas and medium to heavy 
oil ; t he matm·e facies yields mainly medium to light oil, wet gas 
and condensate. Only methane. H"S and CO" can be expected from 
the metamorphosed facies, which is reco~niz.ed by d1·y cuttings, gas 
and black organic matter. 

Recent Research in Geochemica l Prospectin~t in Australia. 
FISHER, N. H., Bureau of Mineral Resources, Geology 
and Geophysics, Canberra, Australia. 

Research in geochemical prospecting in Aus tralia during the past 
two years faiJs under four main headings: 
1. chemical procedures 
2. s ignificant geochemical associations 
a. improvements in field techniques 
4. comprehensive s tudies o f exploration problems or of or e deJlOsits. 

Chemica) procedures include: identification of anulyseJ where X-ray 
f1uorescene methods have advantages over atomic absorption. such as 
those fot· Nb, Ta, Sn, etc.: the use of the inf ra-red spectrophotometer 
in mineral analyses; stmlies on the '·elative efficacy of cold extrac­
tion met-hods for Cu, Pb and Zn from geological materials : and the 
development of a modified form of the S hapiro field test for phosphate 
exploration. 

Element associations that have been shown to be relevant to ex­
piOJ·ation for o rebodies indude nickel-copJ)CI' in the nltl'abas ic areas 
and tcJJu rium-gold and arsenic-~old in t he goJclJields: studies ha,·e 
been made of trace elements in tourmalines as ore indicatoi'S. 

Researc h into field procedures ha8 s hown that, for nu tch of Australia. 
samples are best taken below the soil in the top of the weathered 
roek; sizing analys is of s tream sediments has indicated the particular 
s ize fractions that contain the highest p 1·oportion of certain metals 
unde1· various conditions of climate, topogr·aphy and geology: mineral­
ogical studies of associated rocks enable more meaningful interpreta­
tion to be made of the results of geochemical surveys; optimum line 
and sample spacings ha\•e been dete•·mined under various sets of 
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conditions; geochemical anomalies ha \ye been used to localize J. P. 
surveys, and to locate dri lling targets over geophysical anomalies . 

Sys tematic geochemical research p rojects have been carded out: on 
element d is tributio n in the rocks s urrounding the Mt. Isa orebodics; on 
the processes of change from rock to soil. later ite and ot he r weather ing 
p roducts and the chemical and ph ysical processes involved; and on 
the occurrence and natur e of mineralized •halos' a r ound orebodies. 

In addition, some work has been done on the a pplications of com· 
puters to J,!eochemical exploratio n. 

Tin in Acid Granitoids: The Search for a Geochemical 
Scheme of Mineral Exploration. 
FLINTER, B. H., CSIRO, Division of Minera l Chemistry, 
Chatswood, N.S.W., Australia. 

A review of the li terature on t he occurrence or tin in gran itoids 
indicates that although a number o f correlative trend') have been noted 
Co l" individual igneous bodies, none is generally applicable. F o l" the 
development of a geochemical schem e for the detection of mineralized 
granitoids. a m ore systematic approach than appears to have been 
used in the past is n eeded, and correlations s hould be sought within 
groups of rocks having s imilar features. Tn this paper, majo r aspects 
o f the h istory of a wide range of granitoid rocks are examined in 
relatio n to t in content. These include roek t ype, o rigin, mode and 
t ime of emplacemenc, age, ma jo1· and mino r minel'al content, major 
and trace e lement content, and t he ro le of intruded rocks. lt appears 
that t he most im portant s ing le aspect of a s tanniferous granitoid is 
its origin . and there is much evidence to suggest that th e main sour ce 
of the t in is in t he pre·ex isting rocks which ha\·e becom e incorporated 
dur ing t he evolution of the granitic materia l. 

Analytical Requirements in Geochemical Explora tion. 
FOSTER, J. R., Department of Geological Sciences, 
Queen's University, Kingston, Ontario. 

The successf ul implementation o f geochemical prospectinJt methods 
is complicated in Canada due to t he complexiti~s of metal distribution 
related to glacial history. Successful geochemical exploration is de· 
pendent o n the adoption of appropriate sampling . analytical a nd in· 
terpretational t>rocedures. The general req u irements o f analyses in 
geochemical exploration was t he topic of a panel discus~ion at the 
previous Geochemical Exploration Symposium at Denver in 1968. It is 
considered that the careful selection of optimum analytical procedures 
for specific problems stands to make a s ig nificant contribution in 
future geochemical exploration. E xamples are g ive n !1'om case his· 
tories to illustrate the s ignificance of selecting appropriate a nalytical 
techniques to meet specific requirements of particular exploration 
problems . 

Geochemical ProsJ>ecting for Baryte and Fluorite Deposits. 
FRIEDRICH, G. H ., and PLUGER, W. L ., Abteilung fiir 
Angewandte Lagerstattenlehre Tecknische Hochschule 
Aachen, West Germany. 

The exploration fo r barite and fluorite veins and stra t iform deposits 
which occur in dilfel'cnt types of rocks, pa 1'ticular ly si liceous schists, 
limestones. volcanics and granites, is discussed. According to t he 
mineralogical composition of the ore, different geochemical ind icator 
element.~ had to be found for each deposit. 

Geochemical studies have been carried ou t at the Dre islar barite 
deposit (West Germany). which is confined to a large NW.striking 
tectonic feature. Mineralization is known only in the area of t he 
Altcn btiren-Ke l1erwald fracture. The ore mined consists mainly of 
barite w it h s malJ amounts o f quartz a nd s iderite and traces of hema· 
tite. pyrite, chalcopyrit e a nd ga lena. The ba ri te co n tains from l.l7 
to 4.23 per cent SrS01 . and m e rcury is p resent in amounts of up to 
250 ppm. Geochemical studies of soil samples have shown that met·cury 
may be used a s a pathfinder e lement. The distribution of this element. 
in rocks and o re and in the soil w ill be discussed. 

Geochemical methods f or the exploration of fluorite depos its in the 
S chwarzwnld a nd W Oisendorf a 1·cas in W est Germany and in Spain 
have bee n tested and found to be s uccessful in locating known depos its. 
In t hese a reas. mercu1·y, z inc and lead ~in soils), and fluo rine 1in 
stream waters a nd $lream sediments), may be used a s indicators in 
reconnaissance su rveys and in the detailed stages of p1·ospecting. 

-32-



The Dispersion of Copper and Zinc in Glacial Overburden 
at the Lou,·ern Deposit, Val d'Or, Quebec. 
GARRETT, R. G., Geological Survey of Canada, Ottawa. 

The dispersion of coppe1· and ~inc in the basal till and ovel'll·inJ>: 
glacio lncustrine sediments was investigated in the down-ice direction 
f•·om the s uboutcrop of the main ropper pipe nt the Lou\'em deposit, 
"orne 12 miles ea~t of Val d'Or, Quebec. A totnl or 34 holes on 100-
fuot centres were sunk to un nvel'fi!'<e depth of !18 feet in ove•·burden 
ancl continued for un f\Vel'DJlC of 3 ~~ feet into bedrock. Sump ling wns 
carri~d out with an AX-size split spoon, which was ovel'driven bv 50 
t.u JtlO per cent to ensut·~ complete recovel'y. SnmtlleN were taken in 
ntlvnn('e of NX-size rasinJf which was ultimutely sunk to bedrock, where 
AX'!' rtu·e <h·illinl" wns commenced. 

Thf:' samples \\N"e dried. und eopper and z inc were determined in 
the -~U-mesh fractiun by u pyrosu lphate [us ion anll colorimetric method 
in o field laboratory coloblishcd at Val d'O•·· The analytical in­
rormntion was thus immediately available for the dit·eclion of the 
drillinJ< program. 

Although Ute su JiJ\('e topography i ~ gentl~. with n slope t.o the 
nonheast. the bedrock topography is rugged, and as o result ~he 
basal till thickness is vurinble (0-20 feet). The til l is cosily dis· 
tinguishable ! rom the overlying gladolacustrin<> deposits by its coarse 
u.vernJte grain s ize und i ts complete lack t)f SOI't i nJ,t. The glnciolac:us· 
tri ne s.ands are well so1·t.ed and are thought to owe their orig in to u 
lo•·ge csl< e •· some 2 miles to the east. 

Ldcnl background in lhc J.rlaeiolaeustrine sediments is around 10 
ppm for both Cu nnd Zn. nncl there is very little \'arintion in the 
data on the sedimen ts. L<1c~tl background in the basol till is 20 ppm 
for both Cu and Zn, nnd there is o much greater tiiJJ'end in the data. 
Thr<'Shold values <>f GO ppm Cu nnd 50 ppm Zn were chosen : using 
the<e. anomnlou~ le,•els in the ba.•al till weJ'e obsen·ed fo•· some 
40fl-5011 feet in 11 down-ire <lir~tion from the depooJil. In the ell$(> 
of Zn, it is possiule to outline a zone of high buckst•·ound 1 >25 ppm I 
which extends away from the drilled area . some SOO feel southwest. 

To im]nove eonlrast between ba("kground nod anomalous JevelsJ the 
80-230-mesh fraction or nil till 8nmplcs wn• aubjeeted t.o n heavy­
minel'al fteparation prior to ann)ysis. This size f•·ncLiun wn.s chosen to 
inc-rense the nurnber of grains in n 200-mg a liquot t·clalive to the 

HO-mesh fraC'tion. the o.nnl}'licnl l'eproducibility being a function of 
the numbeJ' of grniM tmnlyse<l. Both Cu and Zn were dete•·mined 
as in the ~0-mcsh !rnction. The local background• fOI' Cu and Zn 
were established at 60 and !10 PJ)m •·espectively, and th•·esholri values 
uf 200 ppm Cu nnd 100 ppm Zn were used to delimit an anomalous 
dispergion trnjn moa·e thnn hOO reel long fur Cu and some 700 feet 
long in the case or Zn. 

In ce1·tain sampk'8, there is e\'idence of a limited hydromorphic 
dispel'l'iOn of Zn, be<"nu•e anomalous le,•els or Zn in lhe 410-mesh 
material are not reproduced in the heavy-mineral anuly~, a feature 
which indicates thnt the Zn is not present in the sul~.>h ide form. '!'her" 
i~ alstl evidence tbnt the nuomalous 2.011e escalad<!ll within the till 
Close to the s ubuutc•·os) and outcrop of the ot·e, the anomalous levels 
or Cu and Zn al'e found at the base of the till: however, .... one 
J) l'o(•eerls in a dO\\TJt-ic{J dit•cct.ion, the anornaly nppen rs to rise at o 
gradient of about 1 in 100 within the t ill. This fentUI'e IK known as 
overriding and is well known in Quaternary g-eology. 

At the Louvem dePtl!lit, clastic dispet'11ion of <opper a nd zinc ns 
sulphide grains appeal'S tn be the dominnnt tliKnersion mechanism. 
Th<'l e has, however, been some saline di.spension or zinc=. 'fhe clastic 
dispersion trnin is controlled by the sum of lhe ice movements, but 
dominnnlly by the last renth·nnce of the ice-sheet, und is lhus rela· 
t ively ea~y to trace to ttource. The saline dispersion patterns are 
controlled by the local hydrological regime, which is in turn related 
to the bedrock topo~Tapby, and more of ten than not thQre is insuf­
ficient. in!ormntion on the-se two features to make n thorough in6 

te1·oretation. Due to the reJat..h'e en.se of interpretation of clastic 
diKile!1lion patte1·ns vcrsuK saline dispersion nat-tCI'ns it is preferable. 
in the authors opinion, to Klurly the heavy-m ineral fraction 01 the till. 

It is ('oncluded thnt OV<'I·bul'den sumpling and gubsef~Uent. geochem ical 
nnalysis has application in exnloration programs ut two !(>vela. F il1!1, 
it offers a tool by which gcophy•icnl anomalies a nd geological ex­
trapolations mny be tested. ussuming that Ofll't of the ·mineralized 
zone, or its en velope o f diseeminatcd mineralization, suboutcrops. In 
lhi~ case. it is sufficient lo analyse the - SO-mesh fraction, "" lhe 
method is s imply being utted as a confirmatory lou1 before expensive 
diamond driUing is undertaken. Second. the method hill! application in 
more regional studies whe•·e lnrger belts o[ polenlinlly mineralized 
rocks nr<: unde1· investigation. In t his kind of work, the extra ex­
pens~ of heavy-mineral sepaJ·alions would be easily justified because 
a low•n sample density could be used, and any anomalies found would 
bP (•lnstic and more readily traced to souree. 
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Application of Data Processing Methods in Geochemical 
Pros pecting for Petroleum. 
GERARD, R. E. , Geoservices North America Ltd., Cal­
gary, Alberta. 

Mapping hydroenrbons concentration anomalies is a problem com· 
p licnted by the fnct that different soil or subooil horitono have dif­
ferent gas retention J>ropeJ•ties und or renct differentJy to chemicnl 
trentment. F ..... Jq1e1·ime nts tend to show that the assumption, (m• a g iven 
facies, or normalcy for the hydrocarbon gas ('ontent. background dis­
tribution cannot be rejected. F'or n given facies. a sample value is 
n n<>mnloua i1 the eonesponding Student's ••t•• statistic e><ceed.• the 
four shrmas level. Anomalous values are plotted on the m&J'> and 
weighted by the Jorobability of having an anomolous s ample within a 
small neighbom·hood. 

E\·aluation bv Geochemis try of Geophysical Anomalies 
and Geological Target s Using Q,•erburden Sa mpling at 
Depth. 
GLEESON, C. F., and CORMI ER, R., Soquem, S tc-Foy, 
Quebec. 

As n r·esult of some e.xperint~ntal w01·k done early in the winter 
of 1967, n method of lttking ovcrbtii'Cien geochemioal sampl..., at de1>lh 
was dc\~eJoped. The technique proved to he an efricient, pr·nct.ienl and 
economical mean~ of obtaining ba!lal ti ll surnplea for ~eochcmicu.J 
annlyol's in the search for base metal depu•its in areas covered b)• 
~tlaoial lake sediments. 

'fhe method invt•lves the UBI' O f 8 light. portable, gasoline-opet·ated 
drill which drive3 into the ~round n stainless st~el sampler attached 
to a series of Rtecl rods. \Vhen the desired snmple depth is reached, 
th~ snmplet· is opened and then filled by dt•h•inu: il into the material 
to be sampled. 

Thi• •ystem hn• been ueed in the Abitibi region o f Quebec tu 
e\•nJuat.e E M geollhYKicnl anomnlie!\ that would not ordinal'ih' warrant 
diamond drillinu. Hole depths have vat'ied from less than 10 feet to 
over 100 feet, but generally hn••e averaged about 50 feet. 

At one place. an E ~1 anomnly was found tc> be due to n barren 
I>Yrite zone. However·, geochemical analyses or the basal t ill several 
hundred reel awny indicntecl nbnm·maJly high zint' value~. 'rhe area 
in the vicinity of thf' geochemical anomaly wns subsequently cliamond­
drilled, and n zinc deposit was found. 

Orienlfltion wo-rk over two known but buried copper depOt:Sits in 
the Val d'Or - Barrnute region s howL-d that geochemical ann lyses t Cu. 
Pb. Zn I of the ~0-mesh fraction o f the basal till normally g ave 
P<fflilhe resuh.s. Howev(.'J·. much greater contrast was round when the 
-+-hO·mtwth heavy ... mineJ•al fraction was analyz<'d. 

Micro-.·opic examination of Lhe heavy and light • 80-mesh fraction 
from the basal till has also he<>n helpful in detecting beda·ock tYJ>es. 
bnse-metul-benrinK sulphides. gruphite and bat·a•cn •ulphidcs. 'rhc last 
two hnve been round to be the cause of mnny or the E M anomalies. 
Geo~hemieal anomalies found in t he bnsnl till have shown little hori­

zontal displacement by glacial action; generally, the abnormnl valueo 
f.>C{"UI' Cl\'C t or in the immediate Vi<· inil)• or the ~uboutC1'0P of the base 
metal del)osits. 

Another useful R!llllicntion of this drilling method has hecn the 
detc•··minulion of clc1)ths of overburden either for engineering pur·pose)l:: 
or to correct for bedrock con ! igul'ntion in grnvit)' sur"·eyH, Ove1· RO 
per cent or th~ gravity anomnli~.,. t<'>lted to date ha,·e been found w 
b<' caused by int•·eascs in the elevation oC the b<-drock Kurfnces. 

The (i\'erburden samp1in~t technic1ue has also been successfully applied 
in d~Jinenting a niobium-bmu'inJC rarbonatiw about 15 miltl'S west. of 
Oka, Quebec. l~erause of the w.:n thering chao·ncterislic• or the car­
honutite, it was po!:f.Sible to KYHtt.•n'Hi t ically sample the weathered cnr·­
bonatite, which was rovel'ed by U to 70 (t>('t uC g lacial overburden. 
Samples were visuully examined f tU" carbonnlite frag-ments and then 
assay~ Cot· Nb20.;. Geochemirnl nnaJyses for zinc and siiVE'l' were 
al~o dcmf:'. 

After putting togethe r the analy~ical information on the sample; 
taken 1\l depth, it was possible to t;how. in n VE>I"Y short time and at 
minimal cost . thuL instead or having two s mnll separate ('arbonatite 
bodi<"s. os was udginnlly thought, actually there was on~ lnrge bod) 
of niubium-bearinll carbonat ite. 

Cu~ts for thes~ pruga·ams hnl'e varied from 60 cents lo 2 dolla<" 
a root. 
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Application of a Combined Ion Exchange Paper - X-Ray 
Spectrographic Method to Geochemical Exploration. 
GREEN, T. E., CAMPBELL, W. J ., and LAW, S. L., Bu­
reau of Mines, U.S. Department of the Interior, College 
Park Metallurgy Research Center, College Park, Mary­
land. 

Previously published work by the authors (Anal. Chern., 38 987 
(1966)) has shown that eoJiecting metal ions on ion exchange resin ­
loaded papers and determining the collected metals by X -ray spectro­
~t"aphy provide a useful analytical technique. This techni<JUe is es­
l)ecially applicable to the determination of s ma11 qunntit ies o f metal:; 
because the ion exchange collection prov ides hi~h sensitivity by 
presenting the collected metals to the X-ray spectrograph in a nearly 
ideal fo1m. Detection limits !or most metals are in the r·ange of one 
microgram or less. However, t he technique has also been found useful 
for determining major component.~ in samples such as nicke1-coba1t­
ehromium alJoys for which ·wet methods of ana lysis are complicated 
and t ime-consuming. 

The chief advantag-es of the method are : 

la} reduction of matrix effects; 
(b 1 applicability to lar~e samples, thereby increasing sensttlvJty and 

reduc ing sampling errors associated with inhomOfeeneous materials; 
I c) s imp lification vf the problem of preparing X- ray standards. 

The collection procedure is extremely s imple and rertuires only a 
minimum of equ ipment. For solutions, only adjustment of acidity and 
filtJ"ation through the resin-loaded d isks is necessary. T he only addi­
tional step re<luired for solid samples is treatment with a solvent 
capable of dissolving the desired components. Therefore, the technique 
s hould be especially suitable fol' field applications. The collected metals 
nre f irmly retained on a light-weigh t (0.12 gram) paper disk which 
can easily be transported to a central laboratory !or X-ray determina­
tion. The clisks may also be filed for fu ture reference. 

Commercially available resin-loaded papers conta in nonselective l"C­
s ins which collect most of the common metals. r::ach o f the collected 
metals can be determined on the same disk. Fo1· determining ind ividual 
metals, or selected groups of metals , more selective t•esins ean be used. 
A n exam ple is the selective collection of gold and platinum metals on 
disks containing lonae SRXL resin. 

A special modirication of the technique is used fol' gold. Samples 
weighing several hundred grams tue heated \vit.h nqua regia. The 
damp residue is then taken up w ith water and n res in-loaded disk 
is suspended in the resulting solution . Re moval of the insoluble sili­
rate l"()S idue is not necegsary. A small quantity o f I9!}Au 1·adioactive 
tracer added to the ol"iginal sample serves as a collection mon itor. 
The gold collected on the d isk is determined by X- ray spech·ogTaphy. 
and t.he J95Au collected on the disk is determined by mounting this 
disk in front of the scint illation counte1· of the X- ray spectro­
J:!raph. The ratio o f these two instrument readings is a measure of 
the gold content of the original sam ple. 

Results obtained by this method compare favorably with results 
obtained by other methods. 

GOLD F Ol'ND, OZ/TON 

Jon exchange Solvent ext. Fire 
X-ray method a tomic abs. assay 

Hu1•eau <>f Mines Refel'~nce Ore 
Std. dcvia tion 

College Park Low Reference O•·e 
Std. deviation 

College Park High Reference Ore 
Std. deviation 

USGS Gold Quartz Standard 

.215 
( .007) 
.0531 

(.0011) 

.370 
(.0111 

.07761 • ' 

'• 1average of .0781 and .0770 oz ton 

.20fi 
1.005) 
.0527 

( .00151 

.373 
(.011 1 

.()774 1bl 

fbJa\·eragoe or .0787' .0758, .0773 and .0779 0~ ton 
ft> trecommended \"alue, USGS Circular &98 

.206 
( .003) 
.05 

s ingle det. 

.35 
s ingle det. 

.OiGl l t> l 

F'uture work is planned on the use of papers containing other selec­
t ive ion exchange resins and on the use of c.omplexing: agents tO devel­
flP othel' seleetive procedures fot· special application . 
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Trace-E lement Distribution in Accessory :\l agnetite From 
Quartz Monzonite Intrus i\•es and Its Relation to Sulphide 
Mineralization in the Basin a nd Ra nge Pro\'ince of Uta h 
and Nevada - A Preliminar y Report. 
H AMI L, B. l\L, Department of Geology and Geological 
Engineering, Michigan Technological University, Hough­
ton, Michigan, and NACKOWSKI, :\1:. P., Department of 
Mining and Geological Engineering, University of Ut a h, 
Sal t Lake City, Utah. 

Accessory magnetites we1·e concentrated from 14 monozonit.ic intru· 
s ives in len districts or the R1udn and Range pt'ovince. Utah and 
Ne,•ada a total of ~8 snmpk'll. Oistl;cts sampl~d included the Tintit· 
mining district, lhe Hin~rham mining distTict, the Park City - Little 
Cottonwood area. the Iron Springs district. the Mineml Range stock. 
the Gold Hill mining district and the Ibapah stock. ali in Utah. and 
the Robinson district and the Kinsley stock in Nevada. 1,hese areas 
inrlude stocks w-ith known at~tsocinted major sulohidc minet•aJi?.ation. 
some stocks \Vith known A$Rociated minor su1phide mincrnlizalion and 
some 8loe.kf5 with no known associated sulphide minc.ralizotion. 

Concentl'tltes weo·e analysed for their trace metal content by X-ray 
spe~trochcmical method usinJC ~JY nthct.ic standards. Sumple mineraloJit'Y 
wns uetermincd by a qunntitnti"e X-t·ay diffraction method. Of the 
elements analysed. Ti . V, Mn. Cr and Zn were detected in most sam­
pice above the reliable <tlln ntitutive detection limits of the analytical 
method. Of the other elements rletecled. Ni. Cu and Mo were above 
reliable quamitath·e limits in a few samples. One or more of the 
elements Co. Ga. Ge. As. S<>. In, Sn and Sb were dett.'('ted in a majo­
rity of s amples in amountH belo" the <JUantitntive o·elinbility limiL 

The equivalence Of V&J;80c."C8 Of ti''DCE!'-elemenl abundnnce:J in magne­
tites from groups or the indivfc..lunt stocks or districts weu• determined 
by means or the F-tesL Comparitoons were made (In the basis of the 
distribution of group• about the mean element abundances foo· all 
samples and empirically mocJifi~l f1·om the examination or a graphical 
romparison or geometric means and standard devintions of the trace­
element abundances on magnetite until ststisticaliy s ignificant gl'oups 
were obtained. 

The results of the comparison~ show the following: 
1. Each stock or tli~ tt·irt. belongs to its own individual Lrace--clcmcnt 

population. 
2. l o general. acce~ory mnttneth.es from major lead .. zinc districts have 

hhth trace-element abundantes. Magnetites from major copper· 
producing districts ba\•e truce---element abundances near lhe mean 
abundances for all dunricts. 

3. The abundance of chromium RJ>pears to be ~educed in magnetites 
rrom stocks which have bet>n hydrothermally altered. It i• the only 
trace element thus affected. 

4. High tJ·ace-element abundances of Ti and Zn in accet\sory mag netite 
corrf'late w ith major lcnd .. zinc mineralization as..~tWiat.ed wit.h the 
porent intrusive. Low trare abundances of Ti and Zn in accessory 
magnetite coJ•relatc with major cOl)Pel~ mineralization associated with 
the 1Htrent intrus ive. 

6. 'fhe BUJ/Posedly unmlneo·nlizc<l [4nst Chance ~lock is t he major ano­
mnJy of this study in thol it contains ucecssOJ'Y magnetite with 
trace-element abundanc~ similar to those in magnetite. arcessot'Y 
in intrusives assoe:inted with major lead-zinc mincra. liz.alion. 

6. Trace-element abundances in accessory magnetite correlate with 
sulphide nnd iron mineralization associated with BMin nntl Range 
intrusives. 

Recent Articles on Geochemical Pros pecting, 1965 to 1969. 
HAWKES, H. E., 4422 Macomb St., N.W., Washington, 
D.C. 

11te bibliography and index of the literature or geochemistry as 
applied t.o m inerai exploo·ntjon, s tarting with January, 1U66, includes 
the ntoo·e imponnnt and relevant citations IU.ted in the Htandard 
En~rl ish-language abstract journals thal were available (In December 1. 
1969. PaJ>ers written in Slavic or Oriental languaJ<es and uncon­
sum ated abs tL"acLct artt noL included 
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X-Ray Diffraction Methods of Evaluating Potass ium Sili­
cate Alteration in Porphyry Mineralization. 
HAUSEN, D. M., and KERR, P. F. , Newmont Explora­
tion Ltd., Danbury, Connecticut. 

It has long been recognized that concentric zones of altered rock 
surround many hydrothermal orebodics . Such zones a re variable in 
shape and s ize. but generally s urround the concentrations of mineral­
ization as geometric halos. A determination of the types and inten­
s ities of altera tion often yields mineralization trends . In m ore t·ecent 
studies, a lteration patterns have been established by methods of g t·id 
sampling combined with the analys is of s e]ected a lteration minerals 
by microsco p ic and X-ray difft·action techniques. 

Silicifica t ion, fclds)>athizat ion and sericitization have bee n evaluated 
semi-q uantitat ively by the X-ray analys is of q uartz, potash feldspars 
and sericitic micas in altered rock. The res ulting analyses have found 
special application in delineating several ''pol-phyry-type'• mineral 
deposit.c;. Facies of potassium s ilicate alteration correlate closely with 
molybdenum and copper mineralization in a variety of examples in 
which a plot of alteration values on a geologic map may be suCfie:ient. 
to outline the limits of mineralization and the direction of the most 
p robable ore occu1·rence. Types of alteration may be measured vector­
ially around centers of mineralization. but may usually range in thick­
n ess and intensity with differences in rock type and locality. As a re­
s ult, an individual s tudy of ea ch occurrence is essential. The inter­
pretation of alteration patterns frequently permits the projection of 
inferred reserves along trends that might other w ise g-o unrccognizel!. 

Correlation of alteration anomalies with geophysical and geochemical 
anomalies from a number of molybdenum and copper "porphyry" 
prospects had demonstrated t he validity of alteration parameters a s an 
ore guide in the exl) loration a nd development of a number of minera l 
depos its of the mesothermal to hypothermal "porphyry" type. 

Correlations between the Tin Content of Granitic Rocks 
and Their Chemical and Mineralogical Composition. 
HESP , W. R., CSIRO, Division of Mineral Chemistry, 
Chatswood, ~.S.W., Australia. 

A wide range of Australian granitic rocks (67 s amples) are statis ­
t ically c ha racterized, involving the (requency distribution of SiO;! 
! range 64.5-77.5 pe1· cent ! and the tin content in rocks (2.5-45 p pm l 
and in biotitcs 1 7-~ 15 ppm ). 

The biotites carry up to 45 per cent of the total tin content and 
the crystallocbe mical affinity between Sn4 + a nd Fe3 + appears to 
p lay n major role in the mechanis m of tin-accum ulation. Of the 
other cations occupying octahedral s ites in the biotite, tin s hows a 
direct relations hip with Li + , and it is inversely re lated to Fe2 -+ , 
Mll2 - , Ti4+ and Mn2 .... . On t he bas is of these relations, a composite 
! actor. the "tin h olding capac ity" tTH C) of biotites, is used to chara c­
terize the chemical compos ition of biotites in t he following reg ression 
equatior'IS: 

Log (Sn8 ;) - 0.0357. X + 1.354 (r - 0 .90: 95 per cent conL limit ± 0.46) 
TA - 2.946 ( lO x THC + Bi) - 1.4529 (r = 0.95: 95 per cent con f. limit 
± 9.1) 

where S n8 , - cone. of Sn in biotite in ppm; X = 10 x THC + S nR - 2 x Bi; 
THC - (Fe• + Li+ Fe• + + Mg2 ') - (Ti• • + Mn2+) 10; SnR = Sn in rock 
in ppm ; Bi - modal per cen t o f b iotite in rock: TA = percentage tin ac· 
cumulation in biotite = (Snl Bi SnR)x 100. Sn1 Ui = (Sn 13; x Ri) ; 100. 

The lack o f correlation betwee n t he tin content of rocks and their 
c~emieal ~nd mineralogical compos it ion suggests t hat the concentra­
tion of tln was not uniform in the various source materials. The 
composition of these source materials rather t han the degree of en­
richment during rork~forming processes appears to determine t he t in 
content of the rocks. The composit ion of a w ide range of tin-bearing 
granitic rocks from the U.S.A., Canada, the U .K., the Soviet Union 
and Malaya sup])orts the above conclusions . 
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E ffect iveness of Geochemical a nd Bio~eochemical Explora­
tion Methods in t he Coba lt Area, Ontar io. 
HORNBROOK, E. H. W., Geological Survey of Canada, 
Ottawa. 

'fhe effectivenetu4: o f geochemicn l and biogeochemical Nqllut"ation 
methods in detectinll' the silver vein deposit.< at Sih·erfiel<ls Mining 
Corp. 1-td .. Hi Ho Silver Mines Ltd. and Agnico Silver Mines, Ltd .• 
was Ktudied dul'ing the summer of 1968. 

At lheHe mine aites . bark, l~r. spur and ot• twi.J( org ans of trem. 
blinl:' aspen and white birch. together with B-horizon soils and 1 Ao 
All horizons combined, were collect<'d and Rnnlyzed for AI<. Co, Ni, 
Mn, Cu. Pb and Zn. 

A major part ot the study "'"" conducted at the Silverfields Mining 
Corp. Ltd. mine because certain geologicnJ fentures of the n1inc-, 
described a~ follow!:', were partieutorly apprOJ)I'inle fm· lhi!S $Lud3or: 

The pl'incipal ore veins occu•· in tbe 100- to 200-foot-thick n•semblage 
of Cobalt sediments which overlie Keewatin greens tones containing sedi­
mentary interflow bands. The sediments and g1·eenstones are capped 
by aPI>roximatel)· 176 to 200 feet of Nipissinsr diabase sill. 

In the Cobalt sediments, ore veins have the folluwinll' dimensions: 
l<'ngth, 60 to 900 feet; vertical extent, &0 to 200 feet : thiekness, sel­
dom more than 6 inches for nn individual vein. In some place$:~ on~ 
,•eins pinch out or awelJ for ~eve r·a l feet along strike. or they fre· 
<1uently horsetail and may or may nQt continue. They occur in the form 
of single veins or closely spaced multiple vcinR tOml)rising a fnmily or 
''ein system. Vein systems may be separated by up to tens of feel 
of wall rock from other similar, roughly parallel vein system$. Some 
of the narrow fractures at the surface o f the diabase contain traces 
of ore elements. Ruggesting that Ol'e veins extend upward thr()Ugh 
the diabase as thin, p•·obubly discontinuous •eoms. 

Bectmse the pl'inch>al ore vein• being mined at depth hnve a sm·­
fnee eXIH'ession. they are amenable lo detection by soil or plant ex­
ploration methods. 1-""u•·lhea·. the reflection nt the surface or the con­
figuration of the near-vertical ore veins nt depth facilitates their 
correlation with anomalous distributions of on~ elements in soils and 
vegetntion. 

A rectan~ular srrid t500 feel by 2,000 feet! was established T>erpendi­
culnr to the strike of the roughly parallel, prineipol ore veins. Sam­
ple~ wel'~ t'O Jiected nl 2!i·fnot intC' l'VBJ.::; from five lin<.>s, 100 feet noart. 
Tbe 1 Ao + All combined horizun• scived to minus 10 plus 80 mesh. 
were the most ertccti \'e soil horizons to sample because they we1·e en­
riched in most elements compar<'d to the B horizon. Similarly, birch 
spurs were the mos t e ffective plant organ to sample of thO.'U!: s tudied. 
followed b:v aspen twigs. Thu~. anomaly maps were constructed from 
1 Ao .4. AI) horizon~ and birch spur analytical data. 

The anomalies developed, pnrticulnl'ly for Ag, Co and Ni, nol on ly 
defined anomalous tn.rget areas where se\•eral vein sy~tem~ oceur·red 
M opposed to t'eluti\lely ba1·ren nreus within the mine. but olso estab ­
lished the anomu1ous expression c.•f an individual ore-vein S)'Stem with­
in a ta"'lel aren. In addition lo the determination of the proper type 
of snmpl~ material to be collected nnd the upproprinte incHrntor ele­
ments. the factors responsible for the effectiveness of these method• 
s ignificantly include the snmpling density. A method incorpuratinJ{ 
sRmple collection ut 100-foot or even 200-foot centers would detect 
the nnomaJous tnrgct Arens. 

Some E n vironmenta l Influences on the Secondary Disper­
s ion of Molybdenum and C'OPJ>er in Western Canada. 
HORSNAIL, R. F., Amax Exploration Inc., Vancouver, 
Bl'itish Columbia, and ELLIOTT, 1. L., Falconbridge 
Nickel Mines Ltd., Vancouver, British Columbia. 

Ceriuin broad vnriat.ions in the geochemical cnvh·onm(?nt of Brith;h 
Columbia, and their influences on the secondary dispersion of molyb­
denum und coppe1·, a•·e described. Some eomplicuting fa~torM in tb<' 
use or geochemistr)' RB un exploration tool for molybdenum und copper 
mineralization a•·e outlined. 

Three en,•ironmenu;, conu-olled by topog-rnJlhy and climnle , nre con­
s idered: 
tn 1 strong relief. hig h •·ainfnll, po<lzolic soils; 
!bl subdued relief, moderate •·ainfnll. interl'Ul>ted draino~(', water· 

logged orl"anic-rioh ovet·bu•·den; 
tc) moderate -relief. l<lw rninfnlJ. caliche accumulations in on!rburden 
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Some areas of watel"log&·ed overburden s how accumulation s o( Cu in 
organic topsoil~ w here groundwater~ made acid by the oxidation of py­
.-ite. entc1-s the s wamp. To a lesser degree, enhancement of Mo is also 
apparent. Accumulation of Mo, with som e W but not accompanied by 
Cu, is observed in areas wh ere s wamps are underlain by weakly n lka­
Jine clay. In neither case is any a ccumulation of Fe, Mn, Co, Ni, P b 
or Zn apparent. 

Fe and o r· Mn hydrox ide precipitates, in both drainage ch anneJg 
and soil profiles. are described from areas or high rainfall. The ac­
cumulation or Mo with Fe-rich seepa ge p recipita tes is observed. and 
Mn-rich deposits have hig h Co con tents . 

The di:-;tribution of Cu and Mo in calic he-bearing overburden is 
described. Caliche apr>enrs to inhibit the mobility of both e lements. 
This leads to co ncentration on steep, seepage- fed slopes covered by 
calcareous talus fans. However, on level s ites, Cu mine ralization in 
bedrock appea1·s to be effectively masked by calcareous t i11, and no 
anomaly appears in near-surface subsoi ls. 

These studies illustl"ate some effects of the ionic potentials and 
Eh-p H conditions of aqueous dispet-s io n media on trace-element mi­
gratio n. Acid g roundwa ter, particularly in the vicinity of oxidiz ing 
pyrite, prom ot es the mobili ty of Cu. whereas Mo is mobile under 
weakly alkaline conditions. The mobilities of Mo a nd Cu appear, to 
varying llegrees, t o be t•estricted b y chelation with orJ{anic compounds, 
sca venging by Fe and Mn hydroxide precipitates, a nd precipitation in 
the vicinity of caliche. 

Some techniques, involving multi-element ana lysis and ]lartial ex­
t raction studies. are suggested to a id in the recognition o f common 
e ffects of the geochemical environmenL 

Problems Associated with the Application of Geochemical 
Methods of Ex1>loration in Cornwall, England. 
HOSKING, K. F. G., University of Malaya, Kuala Lum­
pur, West Malaysia. 

In recent years, d ;.ning the resurgence of inteJ·est in the mineral 
poten t ial of Corn wal1, geochemira] m ethods oi e."<ploration have been 
applied with varying degTees of s uccess in the County. From over 
600 mines, one 01· m ore of the elements Sn, Cu . W, Pb , Zn, U . As, 
Fe, Sb and Mn have been recovered in economically important a mounts, 
and cas$iterite and wolframite have b een won fr·om many placer·s. 
Contamination, due to mining, mine•·al beneficia t ion and smelting 
operations, is widespread. and further· con tamination results from the 
p resence or domestic and factory waste in the rivers. and t he em· 
p)oyment of m etal-bearing fungicides by rarmers. 

Intens ive investigations into the nature and origin of any contami­
nation likely to occur in an area selected fQr exploration is neces ­
sary before decisions are reached concerning the fea s ibili ty of ap)>lying 
geochemical methods , and, if f easible, t he best program to adopt. 

However, de::;pite the magnitudes of the contaminat ion problem in 
Cornwall, geoche mica l methods . particularly those invo lv ing soil ana­
lysis, have. when J>rudcnth• applied . .fac ilitated the sea rch for parallel 
lodes. permitted the extensions of known lo des and vein s ystems to be 
rap idly delineated, and pointed to a possible mineral potential in areas 
that h ad been neglected in the past. 

Finally , o n occasion, contamination due to mining has aided ex­
ploratio n. The local in\·ersion of p lacers dudng past mining opera .. 
tions sometimes permits the parent lodes to be located with compara­
tive ease by geochemical methods. Similarly, geochemical and allied 
s tudies of o ld mine dumps have revealed inro1·mation concernin~ the 
lodes f rom which t he discarded material ca me, which is very l)road ty 
equivalent to that whic h mig ht be ob tained f1·om diamo nd drill cot·cs. 

A Comparison of Alluvial Exploration Techniques for 
Copper Deposits ' . 
HUFF, L. C., U.S. Geological Survey, Denver, Colorado. 

Coppet· from porphyry copper deposits in the Gila Mountains near 
Stafford, Arizona, can be traced 5 to 7 miles downstream along severa l 
desert washes. Seven different types of subsumplcs were prepared 
from alluvial matel'ials collected near t he mouths of these washes 
and fro m n e ighbouring washes which do not drain coppe1· deposits. 
These ty pes nre: ( 11 the minus -80-mesh s ize fraction from the 
norma lly coarse a lluvium on the bed of the wash: (2 1 the minus- SO-

1 Publication approved by the Director, U.S.G.S. 
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mesh s iz.e f raction of finer. s lack water a lluvium along the s ides of 
the wash: (3) the 30- to 80-mes h s ize f raction o f the coarse allu­
vium: (4) sets of hydrothermally altered pebbles: (5) ultrasonic 
concentrates o f g1·ain coatings; (61 magnet ic heavy minerals : and (7) 
nonmag netic heavy minerals. The coppet· content of th e magnetic 
heavy minerals failed to identify the washes draining cop J;> e l· depo. 
s it s and t he 30- to SO-mes h f ract ion y ielded only s lightly better •·esults. 
The copper content of t he u ltrasonic concentrates of grain coatings 
and the nonmagnetic fraction of the heavy minerals has a high range 
and cleal"ly identifies anomalous washes. Such samples appear to be 
w e ll sui te<l for tracing anomalies foJ· long dis tances . Both types of 
minus-80-me.:sh samples and the pebble samples have a lower range 
in copper content, but also clearly identify anomalous was hes. They 
appear to be satis factory here fo r ro utine geochemica l explorat ion . 

Stable Isotopes in Geochemical Prospecting. 
J ENSEN, M. L., Department of Geological and Geophysi­
cal Sciences, University of Utah, Salt Lake City. 

As the k nowledge of chemical d i ffe rences between rocks , minerals 
a nd hydrothermal altering solutions have been fundame ntal in min­
eJ·al exploration, measurements o f variations in s table isotopic com­
positions are providing an additional fundamental step in mineral 
explo ration and a better understanding of the ge nesis of mineral 
deposits. 

Measurements with hig h-precis ion. d ual-collector mass s pectrometers 
o f the staole sulphur isotope rat io 8"4 s az have enabled the economic 
geolog i.'it to dete1·mine if sulphide minerals have formed at. low tem­
peratu•·es (bacter iogenically - generally $yngenetically l 01· nt high 
temperatures (epigenetically). Primary sulphates can readily be d is ­
tinguis hed from secondary sulphates and from primary studies in 
hydrothe1mal deposits by th e differences in the S3<~S32 ratios of their 
respective s ulphur. In some deposits, primal')• sulphates are associat­
ed with primary metal values and secondary sulphates are not. In 
addition, the distinctions be tween the m agmatic hydrothermal and 
sedimenta ry origin of sulphide deposits can generally be resolved by 
s ulphur i~olop ic measurements. 

T he inc reas ing application of hydrogen, carbon and especially 
oxyg-en isotopic studies to petrogenesis and t heir application to min­
eral exploration appears most t>romis ing. The 018 Q16 isotopic frac­
t ionat ion between coexisting oxygen-bearing minerals or of hydrother­
mal s o lutions tl'ans iting oxygen-bearing rocks decreases \Vith increas ing 
temperature. 

H ydrothermal dolomitization extending thousands o f feet from the 
hig her tempe1·ature, possible ore-fo rming site may form three-dimen­
sional isop leths of eQual ots, oto ratios , each indic-ative of the chang ing 
isotopic equ ilibration temperature o( the carbonate m ineral with the 
hydrothermal water. This may be applied at dis tances from a poten­
tial hydrothem1al ore depos it that greatly exeeed those of almost any 
other remote sensing technique - w hethe1· it be geoc.hentical Or g eo­
physical. 

Recent Advances in Sensitivity and Data Ana lysis of 
Airborne Gamma-Ray S pectrometry for Mineral ExJJiora­
tion. 
JOHNSON, C. H., Geophoto Ser vices, Inc., Dallas, Texas. 

T he airborne digital gamma-ray s pectrometer developed by Texas 
Ins truments is a hig h-sen sitiv ity dual s yst em. S ix 11 \"- by 4-in. 
Nal (Tl) crystals and a 400·chnnnel pu1.se·height analyzer measu re 
radiatio n from all directions. Two additional crystals of the same s ize, 
s hielded from radiation from the grou n d , and a second 400-channel 
a nalyzer are used to separate the data in to its airbm·ne and s tn·face 
source components. This technique effectively pt'events airborne radon 
f rom mask ing small conce n trations of uranium at the s urface and 
a llows rep1·oducible meas urements to be made of surface concentra .. 
t ions of Ul'anium, thorium a nd potassium in the parts per million 
1·ange. 

Data ! rom these two s pectrometers, a proton-precession magneto­
meter, a broad-beam radar altimeter, a 24-hour clock and several 
other bookkeeping dev ices are recorded i n fli ght d igitally on computer 
magnetic tape every two seconds. Subseauen t J) rocessing is done o n a 
Univac 1108 computer and includes energy calibratio n , spect1·um un­
f olding, baekground col'rections, separation of t he a irborne component 
and altitude con ·ection . T he final data are contoured or pro!iled and 
also plotted by the computer. 

-40-



Geochemical Im·estigations of Base Metal Occurrences in 
Western Liberia. 
JOHNSON, D. H., U.S. Geological Survey', HOL~fES, A. 
J ., Liberian Geological Survey', and COOPER, B. R., 
Liberian Geological Survey'. 

Geochemical soil sampling methods were used in examining two 
buse metal occurrences in weste1·n Liberia to evaluate the p,pplicability 
of the methods to p1·ospectinp: fur base metals in Llberiu. Geologic 
studies to determ ine the likelihood of minable ore a t either p 1·ospect 
were made concut·1·ently. 

In the Gboe)·a Creek - Galena Creek area f\Ou tbwes t of T awalnta, 
fm·mer gold placer mining had disclosed fragments o f galena in the 
i<h·eam gravels. A Sll'OOJ'( s hear zone trends N 70•E parallel to tbe 
foliation o r the granil.,-gneiss country r ock and controls the course 
of GbO<'ya ~reek. At the junction of Galena and Gboeya creeks, a 
smull out~rop or ~ataclutie se•·icite-(auartz. schist contninff s})arse tiny 
grnins of galena, sphalerite and pyrite. No othel" minernli7.ed outc1·ops 
were seen. Pits and t rench"" were dug to bedrocl< both up and down 
stream from the junction and across the shea•· zone.. A lew small 
gruins of galena and pyrite were found in weathered sericite--quartz 
~chist nt the bottom or one trench about 100 f eet downstream from 
the j un ction. Samples o r the material excavated from each pit or 
h'ench were j igged and panned. A s ing le g rain <•f galena about a 
millimeter in diumetel' and several 1- to 2-mm gt'ain of pyrite were 
found a lon~ Galena cre~k about 250 !eet upstream from the jun ction . 
Many samples yielded n few colours of gold, but none contained 
enomth gold to warrant mining. 

Geoehemical soil samples were collected from the upp"r soil horizon 
in a random net over the ureu, and at cl06ely spaced intervals from 
the surface down to bedrork in the wall or each p it and trench. The 
•nmplel:\ were analyzed for total c<>ld extractable heavy metals by the 
methods descl'ibed in U.S. Geological Survey Bulletin I 152, and those 
samples showing mol·e than 10 parts per mi!Uon IPPm) cold ex­
tractable hca\-y metals were further analyzed for total lead and zinc 
by method• described in the same bulletin. Most samples ohowed zero 
to a few ppm cold extractable heavy metals. The only s amples that 
showed more than the background value o.f 10 pJ)m were some from 
th e bottoms of pits and tl·enchcs at the contact between soil and 
weathe red bedrock. Total lend nnd zinc in those sam1>lea ranged from 
16 to 7,000 ppm, with a median value of about 400 ppm. Most of the 
•amples that showed m o1·e than background contents of lead and 
%inc were of grayish to blackish d iscolorations at the base or stream 
•edlments nnd in the UJ>Per part or the under lyinp; weathered bedrock. 
Thl' mineralogical chnrnrter o r the discolorat ion hilS not been de­
termined. Anomalous lead zinc vnlucs were found over nn area more 
thnn 1.500 feet long and 200 reet w ide. 

Although geochemical IIRmpling of surface soil s howed neglisdble 
metal valu<'S, the same methods applied to samples from the bottoms 
ot pita nnd trenches revealed anomalous values which were not in­
dicated on minel'alogienl or geological evidence. Lnck or geochemical 
Indications of lead a nd tine in the upper part o r the soil io p robably 
due to tl1e low topoJtraphic pos ition of thE! min£>rnliznt i<m (virtually 
in a su·eam bedJ and to the: cove1·ing of the mineraHzntion by stream 
sediments rather than by t·esidunl soil. 

At Sam Davis creek near Gonnoja, tiny grains or galena, pyrite. 
sphalerite and chalcopyrite at·e sparsely scutte.red in small nuartz veins 
in weathered amphibulitcs, pyrox~nitcs and t>el·idotites. Several old 
trenchetl, an adit and n verticnl s haft reveal only n !ew small min­
era li-zed quartz veins, and limiled outcrops of \tein qunrtz on the 
hillside RPI)ear largely o r entirely barren. Visual cstimotion of the ot•e 
minerals in pome of the more strongly minet·alized vein material in­
dicates u grade of combined lead, zinc and co]lper of about I or 2 
per ~ent. 

SnmJ>Ies were taken of the upper soil horizon in n rondom pattern 
neat• the surface working-s nnd outcrops, and of soil and weathered 
l'Ock at several different depths from the surface to the bottom o f 
each trPnch. Cold extractab le heavy metals were determined in the 
fie ld by methods described In U.S. Geolol!ical Su•·vey Bulletin 1152, 
nnd individual determinations or coppel', lead and zinc were later 
mad<' in the Jaborato•·y by methods described in the enme bulletin. 
Cold extractable heavy metals runged f rom 6 to 116 ppm: Jeod, from 
0 to 12,500 ppm: ~inc, rrom 200 to 1,000 ppm: and copper, from 100 
to 600 ppm. Gene•·a lh·. the h igher values were found in samples taken 
l)enealh or do,vn s lope ! rom mineralized vein matPl'inl. The onset of 

l Publication authorized b~· the Oh·ector, 1J.S. Geolo~ri<al Survey, and 
th~ Director, Bureau or Natural Resou_rces and Sur' eya, Liberia. 
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the rainy season prevented the determinat ion of an a 1·eal backgrou nd 
level and <' f the s ize of the a rea in which anomalous geoch emical 
values could be detected. 

At bot h p r·ospects . geochemical soil sampling methods indicated 
target areas large!' than could be recognized on t he basis of geology 
alone, although at tbe Gboeya Creek • Galena C1·eek area deep s ampling 
was requi1·ed. Even though ~eochemical soil sampling was not used 
for pl'ospecting as such. the results o f these stud ies suggest that. geo­
chemical soil sampling would be useful in prospecting for concealed 
deposits of base metals in L iberia. 

Geochemical Trends within the Texas Canyon S tock, Co­
chise County, Arizona. 
KAYSER, R. B., GeoSystems Corporation, Ora nge, Ca li­
fornia, a nd PARRY, W. T., Depart ment of Mining and 
Geological Engineering, University of Uta h, Sal t Lake 
City, Utah. 

A geochemical exploration p rogra m was des igned to test the presence 
of usef ul geochemical trends within n large iJ.tneous s tock. The Texas 
Canyon s tock was chosen for the experiment berause of its excellen t 
sampling accessibili ty and c lose relations.hip with known contact 
mineralization. The Johnson Camp area on the northeast bonJ~w of 
the stock has Jll'Oduced over 26 million dollars in copper. zinc ore ( rom 
contact depos its . Minor conpcr mineralization occut-s in metam01·· 
phosed sediments along the south and southeast contacts of the stock. 
If the con tact mineralization is rela ted to t he stock. then geochemical 
sampling and analysis of out crop s within the stock ::;h ould detect 
metallic e lement concentration gTadicnts trending toward the m in· 
era liz a tion. 

To detect the JHesenec OJ• absence of such trends, a rour.Jevel. 
hierarchical sampling sys tem was designed. The stock was divided into 
l:!· mile-square cells , and sample s ites within the cells were chosen 
randomly. The hierarch ical sampling made it possible to evalunte 
g eochemical variability on four leve ls within a hand spec imen. 
within an outcrop, within a 1 ~-mile-s(luare cell, and with in the stock. 
The object ive o f the sa mpling s ys tem was to determine if geochemical 
variations behveen cells wcJ'e J;treater than variations within cells. 

One hundred and t hirt y-four samples were analyzed by atomic 
abson>tion spec trophotometry for Au, Ag, Cu, f'b, Zn, Mo nnd W. 
Analytical results were statistically analyzed to determine s ignificant 
levels of variation. Trend surface techniques were used to detect 
metallic el<"ment concentration ~radicnts. The results of t hi.'i progt·am 
indicate that a properly des ig ned sampling program a nd a careful 
analys is of the analytical data can detect elemental concentrat ion 
Je"J'adients within an igneous body that may be U!:;e ful exploration 
~uides to related metallic tnin<"ral occuJ·rences. 

Geochemistry of Gold in t he Weathering Cycle'. 
LAKIN, H. W., CURTIN, G. C., and H UBE RT, A. E., 
U.S. Geological Survey, Denver, Colorado. 

Gold. is mobile in t.he supergene environment under certain weather­
insr conditions. lts presence in plant tissues has been reported by 
r. any investigators. Becau~e colloidal gold is not taken up by plants 
• I because the simple ions , Au + and Au .. ~ 4 

• cannot exist in 
at lrcc-iable quantities in aqueous solutions, ~old must e n ter the plant 
au: a ~olubJe complex ion. The enl'ichment of gold in fo rest humus 
m ll n nd near-surface soil also suggests that its mobility as a eomplex 
I n is transitory. 

W <· have con sidered that the following complex io ns possibly play 
a I,, .. in the mignl.lion or g:old : AuCI, - , AuBr, J AU I :! • Au!CNJ:! , 
Au fNS1 1 and Au!S:;O:d23 . 
. 'I s tanda•·d electrode potentials !Latimer, 1952 ) listed below 
•lit ·tratf? the mn1·ked dependence of the oxidation potential on the 
natu r uf the gold complex t hat is fonned: 

Au 
Au 
Au 
Au 
Au 4 -

4Cl 
1Br -
4CNS -
21 
2CN 

AuCl, - 3e 
AuBr , +- 3e - .. 

Au!CNS) 1 -t- ae-
Aul ·• p 

Au cCN):! - e -

'Puhlieatiun appro,·ed by the Director , U.S.G.S. 
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0.87v 
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- 0.50v 
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No e lectrode J>otential for the reaction Au + 2S~0.1•­
Au tS~0.1 !23 + e iij available. but be~ause gold rencts with Nn~s~o., 
in aerated water the polenlinl of the complex is probably near 0.6 
or - 0.7 volt. 

Conse<1uently. the o~x idant and pH rcquirefl to oxidize gold changeA 
markedly. Thus, 11l a pH of 2 in a solution of Fe~tSO, t ;: und CuSO 1 
containing 0.05 M Cl , gold lear is dissoh·ed ''ery s l()wly, if at a ll 
< 0.004 m g I in 1 month; w hen 0.05 111 Br - is used. 1.2 mg I a re 
dissolved in 1 month ; but with 0.05 M t -, 72 mg I of gold are tl L'<­
huh·ed in 1 week. In conu·ast to the halide complexes. aqueous 0.05 M 
~olution& of tbe sodium salts o r CN , CNS- and S20.,•- (pH 5 to 71 
dissolve 14 m~< I, 0.16 m!l'fl and 3.4 mg I, respeetively, or leuf gold in 
I mont h, offering the possibility of SC>Iution of gold in n o•·mal soils. 

In a carbonate-free cn\"ironmcnt.., tht' oxidation or PY'tit.e p1·odueefi an 
ncid solution suitable for th" oxida tion o! 1tuld by ehloride if MnOz 
is a lso present. A lthou,:ch the ense or oxidation of srold inCI't'&ses in 
the ordc•· Cl , Br - , I , the abundance or these halides in th e earth'• 
crust d<->(l'reases in the HRme order - their molecular abundance. ratio in 
the erust is approx-imately 100, 0.6. 0.06. ln a carbonate environment, 
the oxidiltion or pyrite may produce sufficient s~o .• •- to dissolve gold. 

in on ox idi1.ing environment at 1>H of 5 to 8, only SzO:~t , CNS 
and CN m ay be expected to dissolve gold. Thio.•ulphates a t·e trans ien t 
Jli'OdOC'ts of biolog-ical ac tivity in s oils. but never reach subatantinl 
concentrations. Thiocyanates ore e''en less abundant in soilK. Cyanide\ 
nre produced by the hydrolysi~ of eynno~<enelic glycosides which n r~ 
nbundnnL Over 1.000 species of plants y ield liCN on hydrol)·sis: m any 
nrthrupods produce H CN: n nrl some fungi also produce appreeiabl~ 
amounts of HCN. M &ltce1"a.ted aqueous suspe.nsions of s ixteen specie~ 
or native plan ts collected in CoiOI'adu. Utah, Nevnda anti Arizonn 
<lissolved lear gnld. 

The stability of the gold comt>lex hns a marked effect on the mobil· 
ity of gold, "" illus trated hy the remCI\'al u{ gold from solution by 
, ·arious minernls. 

\\'ith a·adioaelive gold as n tracer. 114 minel'nl powtl~rs were mixed 
rol' 1 minute with solutions, at pH 6 , of these s ix gold (•omplexes. 
and immediutely centri(uged to obtain a clear supernatant liquid and 
Jt min«!rnl centrifugate. The radioactivity of the..;;.e separates was then 
measured to determine the nmount of gold rf"mnining in st)l tt t ion. or 
the 114 minel'ala te~t<!d, the numbers ()( min~ruls removing !)0 per t.•ent 
f•r mol'<' of the gold f•·nm 80iution were, respecth·ely: 52 frt•m gold 
r hloride, 47 from gold bromide. 23 !rom ~:old iodide, 6 f rom ~to ld 
cyanide. 4 from gold t hiocyana te and ;j from gold thiosulphnte. 

The ab son>tion of gold from solut ion by a g iven t>lant species is n 
function of the ll'Oid comt>le>- p1·esent. Gold chloride. t h iocyanate and 
thiosulphate ore ' 'ery weakly absorbed throull:h the t·oous of JmpatieM 
hosti i: J<old bromide nnd iodide are moderate!)' 11bsorbed: and gold 
cyanide stTongly abso•·bed (]00 x the ch loridel tShucklcLtc and others. 
1!!70]. 

In aun1mary, nc idie oxidation o f pyrite gold depos its mny result in 
u·an.bicnt mobilization of gold ns AuC1t : alknline oxidation nf pyritic­
I<Oid dPposita may r<'!lult in tl'an~ ient mobilization of gold n• 
Au I S:~O :ti" : in soils unde•· native ,·egcts•tion !!Old mny he n10bilized 
Ill' AutCN1~ . Wha...,vet the eircu mstances. lhe gold •olutions would 
he transitory. 
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Analysis of Glacial l\1 aterial as an Aid in Geolog ical 
Map1>ing. 
LARSSO~. J . 0., Applied Geochemistry Research Group, 
Imperial College, London, a11d Dept. of Geological Sci­
ences, Queen's Univer sity, Kingston, Onta.rio; and NI­
CH OL, 1.. Dept. of Geological Sciences, Queen's Univer­
sity, Kingston, Ontario. 
Th~ n•·oblems of minera1 explol'at ioo ancl geologica) mapping in nrens 

or glncinl overburden nnd extensive J)eat ('0\'el" a1·e well knuwn. ln 
the Wl'l't M Ireland, bedrock i• m()!;tly cove1·ed by gladal dc1)011ils nnd 
peat, ~iving •·i se to o s ituation whE"l"eby JtNlogical mapping on the 
basil! of sudure expOISUI"e ha~ n low confidence level. From o mineru l 
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potent ial v ie \vpoint, reeoJ,Cniz.ed fa\•Ourable ge:ologicnl environments 
include Devonian sand~tone • Carboniferous limestone cont.ncts. l t is. 
thus, importan t to be able to identi fy these geolngiwl features in 
poorly exJ>osed terrain with som~ de)!Tee of confidence. Attention was 
gi\'en tO establishing thl' feASibility of identifying the nntur" of the 
unde•·ly ing- bedrock on t he basis of sampling and ana lysis of t he 
overly ing surficial mate•·ials. The mineralogical composition or the 
•ilt-sized f raction or the till. as determin ed by X-ray diff raction 
a nalysis, was found tn be SJ>eclric to the u nderlyin)C bedru~k. 1 n this 
way . the mineralogical com position or the t il l can be used ns an 
a id in geologica l mnt>l)ing. 

A St udy of the Dis t ribution a nd Localization of Lead and 
Zinc in the Weather ed Mantle of the Gra nite de Fougeres 
(Bois -N euf-en-Vieux-Vy l\1 ineralized Zone, Nor th wes t 
Brittany) . T he use of a trace metal extraction method in 
geochemical pros pecting. 
LEDUC, C., Labora toire de Geologie Ap pliquee, Paris, 
Fra nce. Present address: Opemiska Copper Mines Limited, 
Cha pa is, Quebec; and BOUCETTA, M., B.R.G.M. Centre 
Scientif ique et Technique, La Source ( 45) , France. 

This study was made on the weathered mantle of a narrow lode 
1 contain ing galena and a lillie sphalerite) and that o f t he enelosing 
gronite. A geochemical •u•-vey provided data on the hori<ontal dis­
tribution of lead and zinc in the At horizon. T he \'ert ical distribu­
tion o f these element.'i wns studied on a eros., section or the mantle 
across the strike of the \'t>in. The localization of lend and zinc was 
investigated in four soil profilell in the mineralized %One and in a 
profile ()( the weathet·ed barren granite. 

T he t·esults nrc as follows: 
l. T he h or izontul and venfc<1l distribution of lead a nd <inc suggest 

that zinc is more mobile than lead under the local condit ions of 
weat-hering . Nevel'Lhcles~ . lenching experimen~ hnve shown lha.t an 
npp-recinble quantity of l~ad cnn mig ra te in ground wat.crs above nnd 
near t he lode. 

2.- T he study o f the localization of each m etal wa. undc•·tuken on 
severa l fractions of the weathered mant le. l ron nn<.l a luminum o.xiJ~ 
and hydroxides were found to be the most imPOI'lnn L curriers o! lend 
and zinc. These rOmJluunds ret.nin about 50 per cent of tot.al metat'i 
nnd mn)' be consirleJ·etl ns ~rood indicators of the presence or m ineral 
dept,.5its overlain by a l'esidual overburden. Clay minerals of th(t 
ucla.)' fraction'" f ix reJativcly little zinc nod lead ta·esnectiv(tly 16 per 
c~nt and 7 per centJ. In Lhe mineralized zone. 20 pea· cenl o f the 
lead is bound to organic compounds. The study of the rock-forming 
minerals has shown that, in close proximity to the vcln. feldspars 
and ch lorites ha\'C a high ~ontcnl or lead. 

3. Concernin~ geochetn icnl prosvecting in soils in t.cmpe1·nte clim­
ates, three applications n1•e g iven. The first two concern t he deJlth of 
snmJl linl< a nd the suitable panicle-size c lass to be a nalyzed fo t· lead 
and zinc. The third is a proposed m ethod to exlmct heavy m etuls 
bound t.o iron and ulun1inum oxides and hydroxJcJes. These metals are 
extl'nrted by a n ammonh1m oxulnte-acid solution. 

Geochemical Exploration in the United ::-.rations Develop­
ment Programs. 
LEPELTIER, C., Resources a nd TTans port Divis ion, Unit­
ed ::-.rations, New York. 

Sin ce IU60, s ixty-s ix m ineral tH'ojects Sponsored by UNOP have 
been entrust ed to the Un ited Nations as execut in~t ugency, and fo rty­
e ight or them have earri~d out to a· n 1·c caJTying out) geochem ica l ex­
ploration programs. As or December 1969. twenty-<leven ha ve been 
complet<.'d and twenty-one t\l·e in progress. Data about operations a nd 
costs have been collected f rom lhirty-rour projects. The informa tion 
receh·ed reflects the over-nil importance of geochemical p rospectiu l! 
in the U.N . pmjects in the last eight yeai'S or operation (about 
100,000 samples collected and 1.600.000 detem tinntions car ried out in 
Lotall and its growin'! share among the \"'arious explontt ion tec:h ­
ni<JUCS: it compare.' favourably w ith geophysics. and t his year can 
expect a collection of about 100.000 samples a nd 400,000 deter minations. 
It also shows the evolut ion in personnel n.nd l<"chn iques to'\ ... nrd 
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greater specializatio n and sophistication. The bottleneck of analytical 
deter mina tions was overcom e around 1966 by the introduction in the 
laboratoJ-y of the atomic absorption s pectrometer. I n addition, the 
geochemists are now usually assisted by chemists. 

One o f the m a in featu res of U.N. geochemical su rveys is their 
extreme diversif ication: by the personnel (geochemists from fifteen 
nationalities), by t he type o f operation 1 reconnaissance, detai led, in­
stitute building, orientation L by importance and organization 1 small 
ancillary sur veys to f ull-scale campaig ns). and by d istribution {wm·ld­
wide u nde r all climatic condit io ns). Notwiths tanding this great variety, 
t he costs of reconnaissance s trea m-sediment surveys , w h ich make up 
the bulk o f the program, are relatively steady; they vary from (US) 
88 to $14 per sQuare kilomett·e, with an average of 1 US! $10 per 
squa 1·e kilometre, or Ct·om I US I $5 to $40 per sample, with an average 
of 1 US I $ 15 per sample. The costs of detailed follow-up (soil s urveys ! 
arc more vat·iable. from !US) S20 to $1.000 per square kilometre, 
depending on t he sampling density and local conditions. I n the labo­
ratol·y. the cost per determination of the common base met.als may be 
as IO\V as 20 cents oct· det..ermination in the ease of Large operations: 
t he average is below 50 cen ts per determinatio n. Cons idering the 
usually difficult con d itions and the relatively long period of initial 
''tune up.,, the productivity is high in most of the projects, both in 
the f ield and laborato•·y. Some typical case his tol'ies a re briefly re­
viewed. 

The main drawback of such a variety of exploration J)t"'grams is 
the lack or uniformity in the recordin!< and presentation of t he data 
and, to some ext.ent, the failu1·e to fin a lize interpretatio ns. The record­
ing a nd presentation of the data in a comJ>uter-recoverable tol'm and 
a more sophisticated interpretation of the results is the immediate 
aim of the Divis ion. 

Statu of Geochemical P rospecting in Brazil' . 
LEWIS, R. W., U.S. Geological Survey/USAID/Brazil, 
Vania Nabuco de Araujo Mello, and GONCALVES, Gus­
tavo Noronha Diniz, Departamento Nacional da Producao 
Mineral, Rio de Janeiro, Brazil. 

Brazil. one t he world's largest countr·ies, has considerabl~ mint!'ral 
potential, lhe development of which faces problents of inaccessibility 
and srreat distances f1·om ports and con sumption centers. In addition, 
much o! the bedL·ock i.s masked because intensive t ropica l weathel'ing 
has formed deep sap roli tes that seriously hinder m ineral explo ration . 
The cli~cover·y and evaluation o f ore deposits have n ot kept pace with 
the Brazilian Government's des h·e for development o£ the m ine rals 
inclustry. In recent yeat-s. however, the Government has shown con­
• iderable interest in establishing geochemical prospecting laboratories 
and field projects to he h> overcome som e of these problems. Several 
of these laboratories have now acquired conside t·able experience in 
basic techniques a nd have executed som e extensive regional p t·oje("ts; 
for instance. regional soil surveys and stream-sediment sampling. The 
next step will be bas ic research related s pecifically to the problems 
of mineral prospecting in a1·eas of tropical weat.herinsc and the a-p­
plication o f computer-oriented techniques of data interpretation. 

11'ublication approved by t he Dit·ector, U.S.G.S. 

Hydrogeoche mis try of Ri\•ers in the Mackenzie Dra inage 
Basin. 
LEVINSON, A. A., Department of Geology, University 
< • Cal11:ary, Calgary, Alberta. 

Little is known about the major- and tl'nce·element composition of 
rl\tl·r:~~ in the Mackenzie drainage basin, a nd even less is known o! 
the \!ariations to be expected f rom va.-ious parts of the bas in. As 
part of a continuing s tudy in this area, 101 water samples were 
colleetPd from all majo r tributaries of t he Pence, Athabasca and 
~ackenlie l"iverl$, as well a s from various loca li t ies on the main 
rt)irs. and a nalyzed for major and tt·aee elements. The samples were A) f.'t•led mostly within a two-week period d uring la te July and earhr 

UJtust 1969, when the r iver is close to ' 'average'' flow . 
. Re~~Ju are presented wh ich outline variations fo1· many element.c;, 
~~~ludtng :ievernl of s ig nificance in geochem ical explo1·at ion : lo1' 
Io 8~r1e. uranium, boron and selected base metals. Backg round values 

r te!u~ elt"ments in \"aJ·ious parts o f the bas in can n ow be stated 
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with a t'easonable deso·ee ot a<:curacy (at least for the time or year 
sampled~. thus assisting in the recognition of geochemical anomalies. 
Variations in the composition of many elements in the rivel"S is 
discussed in relation to bedrock geology and other parameters. 

Computeri zed Regional-Residual Mapping and Its use in 
the E valuation of Geochemical Anomalies. 
MARTIN, L., Computer Applications and Systems Engi­
neering, Toronto. 

Geochemistry as a prospecting tool can have a two-fold u~erulness: 
locally, one or mor·e elosely spaced anomalies can diagnose a deposit; 
regionally, the distribution of certain elements can define ar·eas ancl 
horizons ra vourable to the occurrence of rieposits. 

As the chemical analysis of a sample for a given element yields 
one value representing the combined effects of local and re~tional 
causes, the separation of these components becomes a necessa1·y step 
in the meaningful interpretation of a survey. Two suitable mathemati­
cal methods are Surface Fitting and Moving Averages. 

The least squares fitting of polynomial su1·faces of given deg1·ee to 
repl'esent broad features is generally known: a major dt'&\vback has 
been the n ecessity c,t a-pr ior i selecting the degree and form of the 
::surface. The use of orthoJ;~:dnal polynomial techniques has given us a 
more fJex ible tool whereby the coefCicients of the approximating sur­
face are determined not by at·bit.raa-y choice but by a preliminary 
analysis of the data. 

Moving averages methods approximate the rel"(ional effect by the 
mean of all ''alues fallinJC within a square centered at n J;th•en point 
on the map. ln most techniques. t.he sQuare is moved in fLxed s teps. 
~iving an estimate of the regional effect at a regular network of 
points generally not corresponding to the sampling sites. By comput­
inj:! the average at the collectio n points, we are able to produce not 
only a a·eacional map but also a residual map, thus sepaJ·atinlt local 
and background effects into distinct patte1·ns. 

The evaluation of individual anomalies as local indicatort" is then 
carried out. by applying classical s tatistical methods to the regidual 
component of the sampled value. 

New techniques based on recent geostatistical theories a1·e currently 
b~ing tested on geochemical data. 

An Evaluat ion of Surface Geochemical P rospecting for 
Pet roleum, Caroline Area, Alberta. 
McCROSSAN, R. G., Geological Survey of Canada, Cal­
gary. 

A geochemical prospecting technique for hydrocarbon \VWi tested 
in the Caroline area of southweste1·n Albe1·tn 1Twp. 33-36. Rnst. 3-6 
W 5 ). Approximately 6,000 samples were collected below the soil profile 
from a depth of 5 feet. The method used is that of Geoser"ices. which 
is described in an accompanying paper. 

Although the data hR\ P not been fully J>rocessed at the time of 
writing, some preliminary obse1·vations can be made. The nrea of 
som e 1.000 square miles contai ns several oil rields in the Missi~sippian, 
Viking and Cardium as well as numerous o il and gns s hows in these 
r.nd other horizons. The mups of the various bydrocat·bon• all show 
numerous anomalies throu)lhout t.he a1·ea. both associated with and 
away from the main pools. The ·•Jively" nature or the area. with th~ 
numerous commercial and non-com_mercial accumulations. may have 
a bearing on the ubiquity of the anomalies. It is apparent (rom this 
type of surface stud y that this is a hydrocarbon-rich area. It also appears 
that all commercial pools have a;ome sort or an anomaly associated 
with them. Other anomalies between pool$ make it evident that this 
tool mus t be used with caution in eonj\mction with other methods. 

The propane anomalies outnumber the methane anomalies in number, 
s ize and s trength. which may reflect the oiliness of the area. More­
over. the methane and ethane anomalies tend to be more associated 
with gas fields. and the propane anomalies more widely distributed. 
W hen the data processing is completed, s tatistica l correlations will be 
attempted between the field s and anomalies. A set of control samples 
have also been taken which will permit additional statistical checks. 
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Gas Geochemistry in the Seventies - Challenge and Con­
cepts. 
McCLt;SKY, J. B., J . B. )IcClusky, Limited, Toronto. 

The disrovery nnd exploitation of the world's nanm•l ,...,.oureell 
prt.--sents a formidable rhallenate to man in th<- nineteen se,•enties. 

To meet this chnllenlfe, earth scientists must evolve bold, new and 
dl.'finitive concept.ft. A lthough these concepts wi11 embrace cu rrent 
technoiOI<Y, many or them in terms O! today's thinking will be con­
sideor~d bizar1·e, unorthodox ant.l unconventional. NtlVe1·th~ l ess, such 
conceptq will lle nece~sery lo challenge. stimulate and revolutionize 
lhfnking in the earth "eiences, including the exploration !or oil, 
gas and minerals. 

The question arise>, "Whftt role oan gas geoohentilltry play in the 
evolution o! such new ronr€'J>t.s''. 

A lthou~~:h past experhmce demonstrates that ga~ lteo<:hemi.str)' sur­
H'YS in •oil llnd roeb can pre~~ent formidable problemA in arriving 
nt Ut<eful interpretation~. nevertheless, in the author's OJ>inion. g_as 
geochemistry can and will generate basic information for aome or the 
most ,:ctartling concepts or the seventies. 

This O)linion is based on comprehensive studies undct•taken by the 
outhHr in the )last. dee ad(>. '11u~se studies attempted to cort·ela te gas 
RU I'\I!)'S in soils and I'QCk~ with su rface nnd subsUI·fare ateol<lgy and 
I!I!OJlhysics over Se\•ernl hund1·ed thousand squn•·e miles, including 
data f rom 0\Cr one hundred thou.santl wells and exten~ ive computer 
otudies. 
'fh~e correlations rt-~'-'lted in numerous interpretations, both real 

and imaginary, but the O\'er-all result was the evolution by the author 
of a buic concept. Thb concept em bodies a "frame of re ference'' -
e..~panding and diminishing- In terms of time. spare and matter. 

\\then earth science data are related to this ••frame of reference··. 
n.n astonishing array oC observations. concluaions and eoneet>t.s evoh•e. 
Some of the eonceptJJ evolved ""'' discus.'<ed, bearing in mind that 
~orne mny ha\'e e\'oh·ed Ill' will evolve from other considerations. 

The conci!PtK enumerated 11ertain to the alignment or lbe axis 
or t·otation or the rl\ l'th. continental drirt. the shape and mosaic of 
c<>ntinents, world l'irt M)'stems, global, continental ond local fault 
l'lYi:H.t'm~. the orientation of (ntrusives and othe1· struct.urn l phenomena. 
Othe•· concepts pertain to the {Ceogrophic disposition of mining camps 
nn<l major oil structut1!11 and the poss ible npa>licntion of funda­
mentnl laws tO the intCrJ)t'etation o( geopbysic~. 

An example of information which can be obtained from the ap· 
plication of the "rrame of reference" t.o an entire sedimentJHY basin 
is illustrated. A new structural concept evolved for exploration in 
lhf' basin concerned. 

Fundamental law'!! $(0\'Cnling the .. frame of reference" are bein2 
formulated and e,·aloat.ed in various earth science fields~ including 
mining and oil and gaa exploration. 

Comparison of Geochemical Prospecting Methods using 
Hadium with those using Uadon and Uranium. 
MORSE, R. H., Dept. of Geological Sciences, Queen's Uni­
versity, Kingston, Ontar io. 

A rapid analytical method ror detecting radium-226 In sediment and 
•oil, suitable for g~bemical prospecting. has been developed. The 
umple is imm.,....ed In water In 11 sealed bottle. After oeveral dayS 
<'<IUflibtating t ime, radon-222 in the water is measured. The detection 
limit is 0.02 pc srm (pic.ocurief\ per gram,, but no samples we1·e below 
this limit. Replicate determination.s give n.n average deviation from 
the mea.n or 1 per cent. Twenty determinations can be made per day 
u•lnlt a single radon counting system. An alternate method. in which 
radon-222 builds 1111 in air, was tested and round to g ive superior 
precision. 

A d r a inag e survey, carried ou t at Bancroft , Ontal'io, gave the fol­
lu\\'ing t-esults: 

Radlum-226. pc mg organic sediments 
clastic sediments 

Uranium. ppm tn-ganie sediments 
dastlc &edimeot.s 

Radon-222, pe s tream water 
lakt,~ nnd s wamp water 

Uranium. ppb s ta·eam water 
lake and swamp water 
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median 
0.92 
0.2 
3.4 
1.3 
23 
I.S 
0.2 
0. 1 

range 
0.02 - 400 
0.03 . 28 

<0.5- 220 
< o.s- ~so 

<I - 12,000 
<1 - 9,000 
<0.1- 40 
<0.1 - 12 



Re.suJu for organic sediments can be ebown on the u me map as 
th""e for clastic se<lim.,n ta by npplying a cor1·ertion f~~etor. All the 
m<'thotls tested show a positi"e response to ore dep(JSiiJI, Mclhod~ u•ing 
a~iment nre superior to those using water. 

Radon-222 i n water is nr~tat iv<' IY correlated 1r -6.4) with the oize 
tlf ~tream and with water temperature and positively corre la ted 
, r O.i) with 1'-ftdium-226 in t'ediments. R~don-222 hns t.wo sources: 
mo..t comes f rom ndium-226 in the associated sedlmenU! and the rest 
from the influx Of IP'OU n()wnt<'r. 

In o •oil survey. the u•efulness or radium-226 ancl u ranium in A 
and B horizons was tested, All rou1· methods nre userul in reconnais­
!<llnce prospecting ; a ll but uranium in the A horiz<m are usefu l in d~ 
tailed prospecting. 

Stream-Sedimen t Reconna issance for Zinc iUcate ( Wil­
lemite) in t he Flinders Ranges. South Au tral ia. 
MULLER, D. W. , Electrolytic Zinc Company of Austra­
lasia Ltd., and DONOVAN, P . R., McPhar Geophys ics 
Pty. Ltd. 

The Lower Cambrinn A•·chneocrathinne limestones in the Flinders 
nanf(~S contain weak )('nd and zine mineralization over ll runsiderable 
an~a. Following an initiol discovery uf a high·stnul~ willemite orebody 
hy routine stream-sediment sampling, a new ptogro.m wos designed 
to explore specifically (or rurther occurrence~ or this mineral. 

01·it'nlation studies s howed that coarser fractions gove the most 
meaoin(lful t·esult.s in thill semi-arid to add area bounded on three 
1lneoo by arid plains tra\ln'l!e<l by &and dunes. Wind-blown sediment 
appru·ently falls mainly in the! Cin~r Cractions and dilutes th~ contrast. 

\lirroseopie inspection or the cuarse fractions tJ f &nomolous sediments 
h"" mnde it possible to distin.(ruish between willemlte souroet' and 
t.inrlferous limestone. 

A• a J'(":;.Uh of the pro,. rom, a second outcroppintt willemite orebody 
wae hocatetl 7 miles northwes t of lhe initial disco\'e l')'. 

Endogene Dispersion Aureoles a round the Rudtjebacken 
Sulphide Or e in t he Adak Area, Northern Sweden. 
:-;AIRIS, B., Geological Survey of Sweden, Stockholm. 

Th~ df•tribution or ae,·~nteen elements !Cu. Pb. Zn. Sn, 81. Ag. Mo. 
A•. Fe, ~lg, Ti. Ca, Mn. lin. V. Co. Ni 1 around o complex. epig~netic 
ouh•hi<le ore has been ritudied. and 241 samples front •even drill...,ores 
ln n profile lhrougb the ore have been spectrographically analysed. 
Tht 1"Sults or these analyses show thnt there ex~t complex au•·eoJes 
of Cu, Zn, Pb. As, Ag, Mo and Bi around the orebod)·. 

The distribution of the uure<lle-fo•·ming elemen'" in the vein min­
~··,.Jiutlon or the deepest drill-core in the Rudtiebilcken profile has 
he..n investigated and s hows higher contents or these e lements in 
tht• veins compared to the t'(ICk samples: wic1e•· aureolett are also 
11re~ ('nt. 

\n Assessment of Require ments a nd F ut ure Tr ends of 
Exploration Geochemistry in Canada. 
NICHOL, I., Dept. of Geological Sciences, Queen's Uni­
versity. Kingston, Ontario. 

Current problems of geochemical explorntion in Can&da largely 
fhi\Jire the develo))ment o( t~chnit1ues applicable tO the search for 
c;onv~ntional mineralization In par-ticular surface environments or tor 
typf'~ of minera1iz.ation that ure becoming or increasing economic sig­
nifirance. T o date, geochemical exploration techrlitiUetl have been 
widely u•e<l in t he Yukon, British Columbia and the Maritimes. but 
flbewhere have found limited Ul>Piication, such as in the extensive 
1<laciated Shield areas, because of the problems posed by tb~ glacial 
hlxtorr. 

Suc~essful geochemical exploration is dependent on the implem~nta 
tlun of appropriate sampl intr, analytical and inte rpretational proc~ 
dures. The de,•elopment or critical sampling techniques accordin" t 
tb~ ,-nryinS< provenance o r the glacia l overburden t01:eLher with U 
oelettion o r analytical technlqu<>S to nccommodate the varying modM 
ocrurrente of metals in the nutural eo\• iro nme-nt appear to be P" 

- 48 -



ticularly attractive aspects for investigation. Automated data processing 
techniques, carefully selected according to the nature of a specific: 
exploration proLlem, may materially aid the interpretation of geo­
chemical data. The s hortage of approp•·iately qualified exploration 
geochemists has been discussed at length at the previous Geochemical 
Exploration Symposia. 

A research pro~ram, at Queen's University, working on s ignificant 
exploration problems is discussed: it is hoped that this program w ill 
go some way to f ulfilling this need for geochemical exvloration tech­
no1ogy and personneL 

Investigations into the Trans port and Deposi tion of Cop­
per, Lead and Zinc in the Surficial Environment. 
NIGRI~I, A., Geological Survey of Canada, Ottawa. 

A study of three st1·eams associated with sources of Cu, Pb and Zn 
in the Bathurst area of New Brunswick, s uggests that ground wat.en5, 
after eontaet. with these sources, are highly charged with C02J H + 
and metal cations. As these waters a1·e exposed to the atmosphere, 
there is n rapid increase in pHJ rapid decreases in Pco2, Cu, Pb and 
Zn, and concomitant deposition of hydrous iron oxides ric h in Cu, 
Pb and Zn. These changes occur within a few feet or tens of feet 
of the site of exposure o f the ground waters to the atmosphere . 
Further transport of Cu. Pb, and Zn is by physical means rather than 
chemical. Accumulations o£ Cu, and Zn in sediments farther down­
stream from the s ite of emergence o f the charged ground water are 
a function or changea in physical conditions in the streams. 

At sites of ~round-watel' inflow, P co::! in the stream water is as 
high as 100,000 ppm, whereas P co2 in the atmosphere is approximately 
320 ppm, pH is as low as 2.7, and Cu. Pb and Zn values are 30, 6 and 
:JOO ppb respectively. Downstream, P co2 stabilizes at approximately 
2.000 ppm. pH stabilizes at approximately 7, and Cu. Pb and Zn 
values average < 1, < 1 and 5 ppb respectively. This Pco2 is out of 
equilibrium with the atmosphere and represents an equilibrium between 
the rates o f biochemical pmduction or co~ and ita escape from the 
river to the atmosphere. 

A Chemical and Mineralogical Study of the Weathering 
Processes in West-Central P uer to Rico. 
NORTON, D., SUTHARD, J., and HENDRICKS, R., Ken­
necott Exploration, I nc., Geochemical Research and Lab­
oratory Division, Salt Lake City, Utah. 

The chemical and mineralogical nature of soils and streams sil ts 
and the chemical nature of stream waters produced by the weathering 
of mineralized a ndesitic volcan ic and dioritic intrusive 1·ocks have 
been documented f or a restricted area in west-central Puerto Rico. 
The area has a subtropical climate characterized by a mean annual 
temperature of 70°F and a rainfall of 80 inches (bimodal distribu­
tion 1. Samples of water. silt and soil were collected and analyzed for 
the major rock-forming elements, and mineralogical determinations 
were made on the clay s ize fraction of the s ilt and soil samples. 

The results of this survey are discussed 'for a 0.6-km2 drainage 
basin. The principal c)ay-mineJ·al phases in the silts are gibbsite. 
kaolinite, muscovite and chlorite. The soil profile samples 11 meter 
long) have variable clay-mineralogy. The upper h orizons (0-70 em) 
are nominated by kaolinite and gibbsite. with minor amounts of 
montmoriHonite, chlorite and muscovite. Rock samples collected from 
road cuts contain dominantly muscovite and chlorite. The muscovite 
and chlorite in the soils are considered to be residual phases from 
the moderately weathered bedrock. The stl'eam-water samples contain: 
Si02, 20 ppm; Na. 7 ppm; Ca, 3- 10 pp m ; K, 1 ppm; Mg, 5 ppm; 
and have a pH of 4.5-7.0 on the average. Samples from different 
streams s how minor variation from this composition. 

The s t ream-water compositions are compared with the published 
data on the system K20-Na20- AI203-Si02-H20. When referred to 
diagrams s howing phase relationships in K + / H + , .• Si02 and Na + / H ~ 
vs Si02, the water compositions plot in the kao Jinite stability field. 
A d iscrepancy exists between data on the 6-component system (Hess) 
and actual m ineral-water relationships. This discrepancy could be 
explained if waters in the drainage basin equilibrate with the :portion 
of the soil profile that contains predominately kaolinite, and t hei r 
composition does not change appreciably on ente ring the s tream en­
vironment. 
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Status of Geochemica l Exploration in Indonesia. 
ONG, H. LING, Department of Geology, Instit ut Tekno­
logi Bandung, Bandung, I ndonesia. 

In tbe last two years. rndonesia hos experieneed the greatest amount 
o! mineral exploration since its Independence in 1945. The exploration 
aetivities include geochemical exploraLion carried out by foreign 
companies. by the Geologleal Survey of Indonesia, by the State Mining 
Company and by the Depa•·tmenL o! Geology of the lnstitut Teknolo~~: i 
Oandung. 

Since 1967, eiJlbl foa·ciscn mining companies hove been gl'anted ex· 
plorotion rights in lndone~ia, with a total in vestment or !U.S. I $463,-
207,000. T his amoun ts to 59 per cent of the foreign investment total 
budget. represented by 72 eompanies. Some of these eompanies are 
doing reg-ional su e:am-eediment, soil and c.olluvium sampling to 
delineate areas of interest. Other foreign companies are now doing 
.:eochemical el<ploration at a number o( places in the Archi1>elago and 
are placing con3iderable emphll8is on the results or this work in 
obtaining new conces!!iona. 

in 1968, the Geological Survey o! Indonesia s tarted a systematic 
umpling of stream sediments in West Java, Central Sulawesi, Sumatra 
and West Kalimantan, u !>art of the ri¥e-year development program. 
Samples taken at '•· to 1-km intervals wer<.> analySed in the field 
colorimetrically !or Cu. l'b, Zn and Mo. T he Ceochemlcol Exploration 
Section or the Ccologicnl Survey is CUITently operating with a budget 
of !U.S.) $149,GOO. ThiH amounts to 17 per cent of the Survey's total 
budp;et for 1969-1970. 

The staLe mining company "Aneka Tambang" is carrying out soil 
and stream - sediment sampling in Central Sulawesi and in itS 
'l'jlkotok Tjirotan gold concession in West Ja\'a. 

The Department of Geology of the lnstitut TeknoloJti Bnndung is 
currently engaged in •oil l!ampling 'for academic lHiri)Ofles In the Lok 
Ulo area in Central Java, wher<' its field school is located. Although 
lhi.s area has no minerftJitation, the presence o( serpentinite i i reflected 
in the soil by tbe high Ni, Cr and Co content. Consequently, this area 
can also be used as a training .:round Cor students takln~e t·ouraes in 
l(eochemical exploration. The above institution i• lh<> only one in 
Indonesia o!/ering cotn"t!es In w:eoehemistry. 

Problems encountered by government geologists invoh•cd in geo­
chemical exploration in lndoneoia are briefly discussed. 

Applicat ion of Endo~tenic Geochemical Aureoles in Pro­
specting for Su lphide Deposits. 
OVCHINNIKOV, L. K, and GRIGORIAN, S. V., Institute 
of Mineralogy, Geochemistry and Crystallochemistry of 
the Rare Elements, ~toscow, U.S.S.R. 

Sulnhide deposits of diffe•·ent composilion and formed under different 
II'~CJiogical conditions o•·e characterized by endogen ic uu•·eoles, com­
p!'ising zones of scattered mineral and/ OI' elc:mental imllre(C'nntlons that 
bo•·uer the orebodies. The great extent of endogenic - g,-ochemical 
aureoh~R O\'Cr depos its permhs their use in the detee tlon or orebodies 
anti deposits occurring at ~rreat d{'pth. 

One of the mo~t intereltinst vecuHarities or endo~enic oureoles is 
their vertical zoningt eau.sed by the differential distributit>n or element­
indicntors in vertical ~ection. As a result oC ttndogenie aurenle in ­
,,._..tigu tiona on ¥arious sulphide dePOsits, a single Aerlei< or ,·ertical 
zoning or element-indlcato•-.. was establillhed, as s hown in the appended 
table. 

The vertical toning or the endogenic aureoles itJ or great Jlraclkal 
importance, because it helps to determine the depth or the e•-osional 
sect.ion ot. geochemieul anomalies fto disLin_guish 8UJ)nl-orc and sub-<>re 
1\UI"COICS). 

As n r•esull of the weathering of rocks in the endo~ecnic au.-eoles . 
seeon<inry dispersion halos a 1·e formed. These secondary disp~rsion halos 
nre usually connected with endogenic ones and ol•o muy be used Cor 
evaluation of the depth of the erosional section or ICeochemical 
anomnlies. 

In the USSR endogenic and hypergenic aureoles are widely used in 
the &~arch ror blind OI'C mineralization. As a result or investigations 
carried out in the Soviet Union over the last few >•ears. the high 
d!iclency of this method has been established. Within the ore f ield 
of Kurusaillkoe t Middle /Uial, as a Tesult of geoehemleal ourveys of 
bedrock, twelve anomalies were recommended for prOSI)PCting by 
drilling. Blind orebodiet< o( commercial interest have been detected 
within all or them. 
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VERTICAL ZONING OF EN DOGEKIC Al':REOLES OF V ARIOllS 
O£POSITS 

Type or Depo•it 
Lead-1inc deposit~ in skat·ns 

Lead-zinc dep011itn in acid 
effusive rocks 

Skarn-scheelite depo~its 

Quartz-gold ore del)oSits 

Com>er-l(old deo~ite 
Copper-bi~muth tleposits 

Uranium-molybdenum 
deposits 

Mercury deposits 

Sulphide-cassiterite depOsits 

Straiifo•·m lead-tine deposits 

Vertical Zoning• 
Antimony, arsenic:. bnr·hrm, s ilver. leRd, 
zinc, copper 
tlnenic, barium, s ilver, lead, zinc. c.op .. 
per, bismuth, tobnlt 
barium, lead, tint. copper. t:unJ.Cslen. 
molybdenum 
anlimony, arseni~. silver, lead, xint, 
copper, bismuth. mol)·bdenum, gold. 
cobalt, beryllium 
•ilver. COPPet·, molybdenum. gold 
bnrh.1m, silvel'. Jead, zinc, cor.mer. bi8· 
muth. tobalt 
silver, lead, zinc:. ChJliJCr. molybdenum. 
urantUm 
batham, mercury, antimon)'. srsenle. 
•ilvet·, lead, zinc. cut>Per. nickel, cuball 
silver, lead. zinc, cortPer, molybdenum, 
tin 
n~enie. barium, •ilver, copper, l.ead. 
zinc, cobalt 

~·.-om left to right: pussing fl'om lndicntor·s or supl'a-ore sections to 
indicators or R\lb-<n'C sections. 

T he Present Status of Geochemis try in ~J exico. 
LIBERTO DE PABLO, G., Tnstituto de Geologia, Univer­
s idad .:'liacional A. de ::\Iexico, ~Iexico. 

Geocbemi~try, as a method uf geolo1<ieal explorntlon, has noL been 
extensively used in Mexico and hence is s till in n stage of develop­
ment. Howe•er, J(eochcmieal reconnai•sance Is f rl'<tUenth• employed in 
tonjunetion with other exploration teehnicjues. 

Prospectin,r tor the non-ff'rrous metals gold, silver, lead, z.int. 
f'Opper nud mercury using stream sedim~nts and soils in c.ertnin 
»reas of Baja California, JnJisco, Miehoacan, San Luis Potosi and 
Guanajuato, di<l not indicate intereJ<ting •ites. Analy~i• or extractable 
topper and moh·bdenum in $BMJ't l~ from Nacozari, Sonora, was soe­
•·essful in locotlnlt important coppct• deJ)Osits or the pot•phyry type 
RV<'t'aginl< 1.2 P<'r cent Cu and 0.02 per cent Mo. In Guerret·o otole, 
in southwest. Me..xico, similar methods have indicatlld interesting site:~ 
churnetedz.cd by aoJd-copper-t~ilvca· minet·aliz.ation. 

Lend nnd •ine distt•ibution patterns have been useful in locating drill 
hul~ ut a new development iu Zncntecas. In Durango. some inter~t­
inl< work is being COrTied OUt on the distribution uf tin in rhyolitic 
rocks. In lllleritle soils, geochemi~try and minernlO!-"l' are used in th~ 
-tudy or tht> formation of gibbsite. 

l>;otope geochemistry has been of 1ecent inlet·e•t in the study of 
ftl'eas of intense hydrolhe1·mal activity, useful in the production nC 
electricity. In geochronology, the lead alpha and n•bi<lium str·ontium 
mHhods a re commonly used. 

Geochemical rescat·ch in Me.'<icu is o( a more basic character and Is 
roneerned mainly with geoc.b1·onulogy. isotul)e s tudies, mineral synthesis. 
phase equilibria, petroi()Ry, minemlogy and analysi•. 

Su~~ested l'ses of Lead Isotopes in ExJ>loration '. 
PIERCE, A. P.1 ANTWEILER, J. C., and CA.:'-iNON, R. 
S., U.S. Geolog1cal Survey, Denver, Colorado. 

The applicntfon o f lead iJu)tqpe t{'chniqu~ in minet·a) explorntlnn 
nnd de\'elopment offers great pmmise. In the pn•t decade, we pub· 
li•hed two brief papers for the prospector sugg.,.ting the application 
of lead i.sotoptt t<"Chniques to prosp~ting for rntlioncLive material" and 
Cur Missi;tSippi Vnlley lead-zinc ores. Se,·eral o! our $clentific papert! 
boued durin!< this period allude to YN other Po«&ibl., application• of 
lead ismonea in exploration. Now, for th<' fi rt!t time we preaent o 
romprehenaive &Jlpraisa1 or nil such puss ibiHLi~. 

Better underatandinl!' or genesis might I!'Uide the pt·o•oector, in KOR>e 
instances. directly to the diseovf'l')' of new ore. Leact i.!iotope ~tutlies 
o1·e a powe1'ful tuol [or providinK new information <'" the genesis of 
(lfefl. 

tPublication approved b)' the Director. U.S.G.S. 
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Delineations of tarR"et a 1·eas by the inductive interpretation o( pat. 
terns of lend isotope \'ariation observed within a district o r region are 
perhaps of even great er immedia te Pl"'>mise. For example, we have 
observed evidence of a lead isoto pe g r adient in the Lend ville district 
that appears to point toward the focus of mineralization. A lso, in t he 
Upper Mississippi Valley distd ct, lead isotope data available at presen t 
indicate portions o f t he district within w hich one might expect better 
c hances oi nl.aking a majo1· d iscovery, and o favorable dirert ion in 
which lo look for an extens ion of the district. 

An empi.-iral compar ison or a ne w isotope analys is or lead with 
t he known pattern of lead isotope data ft·om )lroductive m ines a nd 
unproductive p rospect.c; can be most info rmative. A s ingle lead isotope 
analysis oC galena from a p 1·ospect , 01' of soil from a geochemical 
a nomaly, may •·eveal valuable infot"mation about the potential of the 
occurrence. The existing J'ecord s hows that specific isotopic varieties 
of lead 1 i.e., distinctive ran ges o f isotopic composition 1 tend to char­
act.erize uranium ores, cer t ain gold ores, la1·ge metal deposits or ore 
deposits relatrd tu a pal'ticular episode o f mine ralization. Such "blood­
typing" of the lead in a P I'OSPect, at a cost o! only a h und•·ed dollars 
or so, might provide a better evaluation of the potentia l o f the pros pect 
than exploratory work by traditional methods costing far more. 

The Quantitati\'e Estimation of Ore-bearing- Areas by 
Sample Data of the Drainage System. 
POLIKARPOCHKIN, V. V., Institute of Geochemistry, l a, 
Favorsky Street, Irkutsk-33, U.S.S.R. 

A formu la is g iven by which a n omalies in drainage sygtems can 
be sct·eened to indicate those possibly related to deposits and recauirinSt 
furtbe•· study from those that are related to ot her causes and can be 
dis•·egarded. 

Endogenic Halos of Epithermal Gold-Bearing Deposits. 
POLIKARPOCHKI:t'\, V. V. , and KITAEV, N. A., Ins titute 
of Geochemistr y, la, Favosky Street, lrkutsk-33, 
U.S.S.R. 

In Transbnikalia, in t he Far F:ast, a nd in t he Northeast USSR. 
epithermal gold-bearing deposits occur which are l'elated t.o effusive a nd 
e; ubvolcan ic formations. Others a1·c f ound in areas w he re t here iR no 
volcano-plutonic activity of the col'responding age. The deposi t s are 
comparatively young t Upper-Mesoz.oie·Te r t iary). Their discovery i!S 
diffieult because there has been lit tle eros ion o f t he deposits and 
commerc ial mineralization occu1'8 over a s mall vertical interval. T o 
aid In their search. we studied e ndogenic halos o f three depos its: 
Baleisky, Onokhovsky I Eastern Transbaikalia) and Be loy Gory l Lowe•· 
Ci~amUI· I. 

It is n characteristic o f these three deposits that their elemental 
composition and th at of their halos is p ractically the same. ln addi­
tion to marked concentrations o f Au and Ag, t hey also contain As. 
Sb. Hg, Cu, Pb, Zn, Ge, Ga. Tl a nd sometimes Mo. Arg illizatio n as­
sociated with t he mineralization is accompanied by introductions or 
L i, llb, Cs, f ' and Cl. T e was not fo und ( using an analytical m ethod 
with a sensitivity of 1.10-1 per cenU. 

I n the Baleis ky o re fi e ld, whe re the investigation was carried out 
in detail, the halos are w ide and extend some 200 to 300 metres above 
the commercial mineralizatio n zone. A clea1' zonality can be made uut. 
with high contents of A g and Au in the ~one o f op timal mine1·a1iza· 
tion, an inc rease o f Pb and Mo in the s nbo1·e zone, a nd a n increase 
o f As, Sb, Cu a nd H g in the supra-ore zone. This zonality is also 
present at the Beloy Gory and th e Ono khovsky depos it. G raphs of tbe 
concentrations of the d i fferent elements ohow tha t a t Beloy Gory the 
upper parL of t he de1>osit, including the opt imal mine r·aliz.ation zone. 
has been e roded. It is o f interest that the e lemental composition in 
the zones o r the halos is cons tant over· g 1·eat distances f Beloy Gon· 
is 1.5 thousand km f rom Haleisky 1, a fea t ure that is appare ntly com· 
mon for the whole province of epither mal gold deposits. 

S ummarizing, o ne c.an say that the s upra-ore halos of As, Sb, H g 
and Cu can be used in the se111'ch f or hidden deposits of epithermal 
gold depos its. 

Meteoritics in Geochemical EXJ)Ioration. 
RAO, A.S.P., Department of Geology, Osmania Univer­
s ity, Hyderabad-7, India. 

The a u thor t Rao, 1969) . f rom the prim ary mine1·aJ and chemical 
s imilarities between achondl"i tes and ultramafics and a lso from th• 
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hydrodynamic inten>retation or pt•imary sedimcntRI"Y Sti'UCtUl'CS (l1•vi ne , 
1965. 1967) o f ultramafic rocks, has s hown that ultramafic rocks are 
derived from the fall of meteoritic s howers. 

The present. pape1· maintains that t he ore deposits (ch romi te. 
magnetite, sulphide!J. etc. ) a ssociated with ultramafic a nd ultrabas ic 
roc ks (Adirondacks, Bushveld, Stillwater, Skaergaard, Great dyke, and 
other layer ed •·ocks) hnve resulted from falling meteoritic s howers 
which have settled in an aqueous medium as ''hydJ·aulically equivalen t 
particles". 

The above conclusion is supported by : 
1. Most s pectacular, conformable and parnllel layers over long dis-

tances. 
2. Distinctive and renelitive patterns or rocks and ores. 
3. Extremely thin layers (inch scale) over long distances. 
4. Crossbedding, plutonir breccia, loose crystal cumulates. 
5. Zo ne of large blocks and s lump structures in the neighbourhood 

of large b locks. 
6. Lognormal distribution of ea c h mineral and a lso b imodal distribu­

tion of two or more minerals. 
7. Coexistence of "hydraulically equivalent' ' particles a t any depth. 
8. Lateral variations in gl'ain-s ize and thickness of beds a nd planar 

ill'l'angements or platy m inerals g iving f issility. 
9. Reve•·sed gl'avit-y Stl'atif ication. 

The author, therefore. considers the following parameters as im­
portant guides in any mineral explol'ation program: 
1. Rate o! accretion or meteoritic s howers. 
2. Dist.ribution patterns of s howe.rs and their sequen ce in compositions. 
3. Source or sources o£ showe1-s:. their s ize, shape, veloci ty and com­

position, and the density, sh ape and size o f paJ•tieles. 
4. Dis tribution o f geosynclines ot· basins suitable f or deposition of 

met~ritic matter. 
5. Size. shape, depth and life span of basins geosynclines. 

Geoche mical Investigations for Base Metals and Silver in 
t he Coast Geosyncline, Northern Venezuela, South Ame­
rica. 
RODRIGUEZ, S. E., Division de Geologia Econ6mica, Di­
recci6n de Geologia, Ministerio de Minas e Hidrocarburos 
Caracas, Venezuela, S.A. 

Two mineralized zones had been outlined by geochemical methods 
in the western part of the Coast Geosyncline, Venezuela. The whole 
area forms part of a complex sequence or metamorphic and igneous 
rocks with a complicated tectonic history. Sevet·nt copper mines were 
wo1·ked in the area during the 1930's and 1940's and estimated reserves 
of over a mHiion tons of coppe1· ore are present. 

This pape1· presents the results o f geochemical studies carried out 
near these copper deposits. A complex silver , antimony and lead 
deposit containing boulnngerite , polybasite, tetrahedrite and pyrarg)'­
r ite. fillin g parallel fractures in limestones and metamorphic rocks. 
was discovet·ed using geochemical methods in a highly faulted area. 
l n the nortbeaste1·n part of the zone, typical pyrrhotile·c halco)lyrite­
pyrite veins were located within limestone uni ts. It is possible that 
syngenetir mineralization is also p resent in this zone. The Bloom 
method for base m etals was used in all t he geochemical investigations, 
nnd was s hown to be an excellent tool in this kind o f lll"eliminai'Y 
wol'k. Problems such as lands lides, tropical weathering and seasonal 
rainfall eonstituted SE't·ious obstacles in t he geochemical sampling. At 
l)resent~ these mineralized areas arc unde1· study by the Economic 
GeolO!<Y Dh·ision of the Geological Sur,·ey (Ministry of Mines a nd 
Hydrocarbons). 

Major Element Content as a Means of Allowing for Back­
ground Variation in Geochemical Exploration. 
ROSE, A. W., and SUHR, N. H., Department of Geoche­
mistry and Mineralogy, P ennsylvania State University, 
University Park, Pennsylvania. 

Bnckpound and threshold values al'e known to vary from place to place 
and sample to samnle in a geochemical survey because of physical and 
c hemical processes and chan'!:'es in rock type. Detailed chemical, min· 
e ralogical and statistical studies of forty stream sed iments indicate 
that. important metal·beat;ng phases are vermiculite cla y (Cu. Zn ), 
i1·on oxides ICu, Z n , Co, Cl', Ni) and organic matte,. IZn, Co). 

The <Juantitative effects of variation in these major phases can be 
evaluated by regression or the U'ace·metal contents against key major 
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elements found in the phases, using a la1·ge group of normal samples 
to determine regression coefficients. Regressions of Fe, Mn and 
nineteen lithologies against six t race metals for 460 Pennsylvania 
drainage basins demonstrates that iron is the most s ignifi eant variable 
l or Cu. Ni, Co, Cr and V, and is important for Zn. Anomalies relative 
to expected values computed from the regression are a s ignificant 
improvement over the raw data. Re1n·ession of Fe, Mn, Mg, Ca and 
AI, plus l ithologic VBl'iables f or 84 samples from the Allentown­
Bethlehem area. shows that one m· more major elements are sig­
nificant for each of the six trace elements. 

Both major ancl trace-element data for use in regression eQuations 
can be efficiently obtained by the use of a direct-reading emission 
spectrometer. The combination of thi~ data with the regression tech­
ni(lUe is suggested as an effective tool in the interpretation of large 
geochemical surveys. 

Offset Geochemical Anomalies at the Jma Mine, Lemhi 
County, Idaho. 
ROSTAD, 0. H., Amax Exploration Inc., Denver, Colorado. 

Mine1·alization consisting of tungsten. s ilver. copper and molybdenum 
at the Ima mine in Lemhi County, Idaho has been related to a Tertiary 
gran ite stock whjcb apexes within the mine rrom aoo to 1,400 teet 
below stn·face. Molybdenite mineralization is the earliest in the Se<tuence 
and is found in disseminations and narrow quartz veinlets in the 
upper part of the stotk and in the overlying Precambrian Quartzites. 
Tungsten minel'alization. p redominantly in the form of huebnerite, 
was mined from s trong north to northwetiter)y striking Quart.z veins 
which cut both the quartzites and the granite. Huebnerite-bearing 
veins in the eastern group dip westerly, whet"eas the veins on the 
west side or the mine dip east. 

T he molybdenum content of the soils is gene•·ally very low, but is 
s trongest in the outcrop or projected uutcrop areas of huebnel'ite­
bearing ounrb veins. Because of the distance. updip. on the vein 
projections from the granite to the surfnce, these projected outerop 
areas are, fm· lhe most part, offset f1·om the area directly over the 
granite stock. The associated molybdenum anomalies. therefore, do 
not indicate vertically underlying moh·bdenite mineralization. 

Caracteres Geochimiques de Ia Keg River Formation. 
RUMEAU, J. L., et KULBICKI, G. L., Centre de recher­
ches de Pau, Societe nationale de petrole d' Aquitaine, 
Pau, France. 

Dans le seeteur de Rainbow Ia !ormation carbonatee du Keg River, 
encadn~e par deuA episodes evaporit iques t Chinchaga et Muskeg forma­
tions I est s ubdivisCe en deux termes: 

1 - L ower Keg River Member, plate-forme carbonatee de IRO pieds 
d'epaisseur a crinoi"des, brachiol)odes. trilobites, algues. 

2 - Upper Keg River Member, dnns lequel se developpent des edifices 
recifaux {pinacles. patch-reefs! A crinoides, corau...'C et stomato­
pot·es. de 700 pieds d'~hntisseur f Rainbow Member Reef I~ tan dis 
que les facies orr-reer est forme par 180 pieds de micrites litees 
pratiquemenl depou1·vues de restes fossiJes. 

L 'etude gOOchimique s'est fixee comme objectir l'estimation de Ia 
quantite. de Ia qunlite et du degrC d't!-volution diagenetique de Ia 
rnatithe organ ique dispersee en tenant compte des caracteristiques des 
trois lithofacies de Ia rormation. Dans ce but ont He utilises Ia 
diffraction X sur roche totale, Je dosage du cat·bone organique. J'extrait 
OrJranique soluble, les teneurs en elements-traces et le degrC de C81"­

bonisation. 
Les fac ies construits en milieu oxydnnt I Rainbow Member Reef) 

sont caractC,risCs par des teneurs foibles en carbone o rganiQue. par 
J'absence de correlations Mo - Carbone organique et Cu - Ca1·bone 
organique et par des rapports Mo/ Carbone o rganique et Cu Carbone 
organique generalement faibles. 

Le Lower Keg River et !'Upper Keg River off-reef presentent au 
contrah·e des teneurs beaucoup plus elevees en Carbone on~·anique 
et des correlations Mo - Carbone organique et Cu - Carbone o t·ganique. 
Les rapports Mo/ Carbone organique et Mo Cu apparaissent d'autant 
p lus e le ves que le milieu de depot a ete plus •·educteur. On .,.t aussi 
conduit a admettre que I'Upper Keg River oH-1·eef a pu -.?tre Ia roche­
mere des gisements de Rainbow. Le deg ri' d'evolution du kerogene ne 
contredit pas cette hypothese. La matiere organique est au contraire 
beaucoup moins evoluee dans des secteurs p lus Ol'ientaux du bassin de 
J'Elk Point (Winnipegos is). 
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Recognition of Geochemical Anomalies from Anomalous 
Points by Measuring Perimeters of Convex Hulls. 
SCHUENEMEYER, J. H., LIENERT, C. E., and KOCH, 
G. S., Mine Systems Engineering Group, Denver Mining 
Research Center, Bureau of Mines, U.S. Department of 
the Interior, Denver, Colorado. 

Cons ider a set of points, some of which at·e anomalous {determined 
to be anomalous by a geochen1ical or other survey), located on a 
plane. Whether some or a ll of these poinL~ are clustered to form one O J' 
more anomalies OJ', alternatively, whether these points are scattered 
at random may be investiga ted by measuring perimete1·s of convex 
hulls . A conve.x bull is the smallest convex polygon that. w ill encompass 
a group o f points. f Examples of convex polygons are tl"iangles , rec­
tAn gles and al l other •·egular polygons; examples o( polygons that 
are not convex are stars, arrowheads and T-squares. J 

The pel"imetel'S of con vex hulls of selected anomalous points are 
measured. ]{ a perimeter is smaller than expected by chance (at. 
specified •isk levels 1. the points are con•idered to be cluatered to 
fonn an anomaly: otherwise, they are considered to be l'andomly 
scatte1'ed. Tabled values of perimeters to define c lustering at several 
risk levels have been computed by mathematical simulation. 

If too large a pe1·centage or sample -points is anomalous, the method 
of convex hulls may not be useful, and an alternative minimum-con­
figuration model is explained. The minimum-confi~uration model de­
fines various configurations of contiguous points and compare~ the 
observed number or configurations per unit area with the expected 
number. 

Application are discussed in several fields of geology and geo­
chemistrlr - including geochemical exploration surveys, rock tex­
tures, heavy-mineral spatial distributions and distl"ibutions of metals 
in tabular orebodies - a!! well as in mining (dust control/, metallut·gy. 
bioiO!lY. ecol()j(Y and medical sceogt·aphy. 

Specific- applications to a geochemical survey in the Coeur d'Alene 
dis trict. Idaho, and to the di~tl"ibution of gold in pa11; of the City 
Deep mine, Central \Vilwatersrand, South Africa, are reviewed. 

Mercury in Base Metal and Gold Ores of the Province of 
Quebec. 
SEARS, W. P., Hogan McCuaig Ltd., Montreal. 

The distribution of mercury in selected base metal and gold deposits 
in the Province o! Quebec was s tudied. Approximately s ix hundred 
ore samples were taken from nineteen producing- base metal mines, 
three producing goltl mines and five previously operating base metal 
properties. These sl)ecimens were chosen to be representative o f the 
orebodies or each mine. 

Analysis of the sanlples has demonstrated that. me1·cury is more 
abundant in zinc sulphide ores than in il·on. coppe1· or lead sulphides, 
and that, generally, thel'e is an increase in met·cul·y w ith inc1·easing 
zinc content of the ore. 

The work has shown that the base metal ores or two mines from 
the Grenville province of the Preenmbrian Shield have t he highest 
tenors or mercury of all o•·es sampled. followed by the base metal ores 
of the Superior province of the Preenmbrian Shield, the Appalachian 
region and the St. Lawrence lowlands. 

Samples of t h ree !<Old deposits f•·om the Superior province show 
that, contrary to expectations. the gold ores are extremely low in 
met·eury. 

Evaluation of Copper and Molybdenum Geochemical Ano­
malies at the Cumo Pros pect, Boise County, Idaho. 
SHANNON, S. S., Department of Geological Sciences, 
University of Texas at El Paso. 

The Cumo prospect is in west-central Idaho, approximately 35 m iles 
northeast of Boise. During a irborne reconnaissance. limonitic dis .. 
colouration was noted in soils in a f01·ested a1·ea having outcrops and 
a maximum relief of 1.750 !eet. Soil samples cut a long ridges and 
spurs contained anomalous amounts of copper and molybdenum. 

A 2.6-mile l'oad was constnJcted and several trenches were e.x­
cnvated to make exposu t·es. The 0.3-square-mile anomalous area in­
cludes a small part of a northeastel"ly trending dyke swarm in quartz 
monzonite o( the Idaho batholith of CretAceous age. Rhyolite J>orphyry, 
dacite porpby1-y, biotite lamprophyre and calcareous diabase dykes are 
align ed subparallel to the principal joint seta. 

Molybdenite and chalcopyrite occur as disseminated ~trains and along 
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fractures in r hyolite oorphyry, lamprophyre and dacite porphy ty 
dykes. The sulphide content of the wall rock and the intensity of 
s ilicification decrease outward !rom the dyke marg ins . Thin qua1·tz 
veinlets containing molybdenite and c halcopyrite cut some dy kes and 
the quartz monzonite p luton. However, veinlets thicker than 1 mm 
commonly are barre n . Rare coarse m o lybdenite occupies scattered a J. 
teration voids in ~uartz monzo_nite. Fresh diabase dykes contain up 
to 10 per cent calc1te, but no prlma1·y copper or molybdenum minerals. 

Chrysocolla, limonite and minor amounts of tenorite , azur ite. cup­
ri te and malachite occur along faul ts and within and next to weathered 
diabase dykes. 

The molybdenum ions travelled only s hort distances f rom m olyb­
d enite occurrences b efore they were precipitated. H ence, t he linear 
mo lybdenum anomalies are closely related spatially to the m olybden ite­
bearing dykes. The coppe1· ions were carried by groundwater until 
they were p recipitated by the ca Ie ite in diabase (n· under reducing 
conditions along fauJls. Thel'efore. copper soil anomalies are displaced 
from pt•imnry sources and are related to the distl'ibution of calcateous 
diabaSE' dykes and faults. 

A Geochemical Prospecting Method using Stable Isotopes. 
SHIMA, M ., The Institute of Physical and Chemical Re­
search, Yamato-machi, Saitama Pref., Japan, and THODE, 
H. G., McMaster University, Hamilton, Ontario. 

The use of stable isotope abundance variations in geochemical pro­
spect ing is discussed in terms o f observed correla tions between varia­
tions in m inor e lement contents and in 3-& S J32S values near four ore­
bodies. Obser,·ations s how thal each of these orebodies is enriched, 
relative to waJI rock, in the indicator e lements - copper, zinc. su l­
p hatE' - and in tbe •~s content o! the sulphides, and that in each 
case the concen lrat ion o f these indicator e lements, a s well as 32S. 
decreru;e with distance from the orebody. The precise mechanism which 
causes the sulphu r isotope abundance variations is not known, but 
t he results show that a t·edistributio n of s ulphu1· isotopes may be 
involved in processes of rock alte ration and that such effects may 
form the basis of a useful p rospecting method. 

Use of the Petrographical-Geochemical Prospecting ~Iethod 
for the Discovery of Hidden Musco,·ite Deposits in Dif­
ferent Geological Environments. 
SHMAKI N, B. 111., MAK.RYGHINA, V. A., GLEBOV, :M. 
P., and ZAGORSKY, V. Y., Institute of Geochemistry, la, 
Favorsky Street, Irkutsk, U.S.S.R. 

Muscovi te deposits and other types o f nonmetallic depos i ts have no 
direct geochem ical indicato1·s. H o wever, with indirect indica tors it is 
possible to use secondary aureoles to discover granites and pegmn­
tites, but it is impossible to determine those that are mica-bearing 
from t hose that are barl'en. 

Mica bearing veins a re frequent]~· accompanied by wide primary 
toned aureoles of altered c::ountry rocks. These include zones of o ligo­
clasizationJ muscovitization and s ilicification of gneisses a nd schists. 
MicrocJiniz.ation is comm on around pe~matite veins containing K­
(eldspar. Magnesian skorns frequently have wjde calc iphy ral zones at 
the contacts of micaceous pegmatites and marbles. A 11 these circum­
;-;tances permit the use of primary aureoles in the searc h fo1· 'blind' 
micaceous pegmatite bodies n nd f o t· the evaluation o f bodies without 
commercial mica. 

Positive anomalies, three to f our times backJ(round, o f Ba, Rb and 
Pb in the zones of microcJinization ( 10 to 60 metres from peJ:matitE" 
contacts) , positive anomalies, two to three times background, of l:la, 
Rb, Cs, Li, Pb. Tl, Be and Tr in the zones of muscovitizution (5 to 
20 metres from Pegmatite contacts ), and negative anomalies of the 
majority of e lements in t he zones of silicifica t ion are present near 
the contacts of pegmatite bodies ric h in K-feldspar. 

Positive anomalies of B, Be, Rb, Cs, Li and Ba occur a round qttartz­
muscovite-plagioclase veins in gneisses and schists. H owever, mineral 
aureoles (up to 15 metres) or secondary muscovite are o nly satisfactory 
for t he purposes of disting uishing commea·cial mica·bearing veins. 
T his type of muscovite is about. twice as frequent in abundance near 
commercial veins us near those that are ba1Ten. 

Anomalies of Ba, Rb and Cs around K-feldspar-eontaining veins 
do n~t s how enough contrast where the coun try 1·ocks are rich i.n 
kyan1te. Petrographical control and quantitive methods of analysis 
are necessary in most cases to dis tinguish these bodies. 
T~e calciphy1·e zones can be easily located in the marbles eve"! .bY 

sem1qoant.itative methods. These zones have hig h·conh·ast pos lt Jve 
anomalies o! K. Ba. Rb and Li, mostly concentrated in phlosropite. 
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:\Iarine Geochemical Prospectin~ - Present and Future. 
SIEGEL, F . R., Department of Geology, The Geo1·ge 
Washington University, Washington, D.C. 

Applied g eochemis try mus t not 1imit its horizons to terrestrial 
prospectinJt alone. but mus t project into the futur" nnd conceive of 
using and imJ)I•oving existing exnlo,·a.tion technic1u~ and developing 
new ones for marine geochemical pro:spec:ting. Fur fourteen significant 
commoditil'!l, 7.9 per cent or their to tal worth d"rh·.,. from offs hore 
!continental ohelfl mining OJ)Cl'Btions !excluding beach sandal and 
has a vnh•e of more than $4.170 million. 

Of the 70.R per cent of the earth's gur!ace covered by the seas, 
7.6 per cent has wnter depths of Ieos than 200 metel'8 and is both ex­
plorable and exploitable. The U.S. Novy Seolnb 1 llnd II investi!(atiun 
ond the government- and 1 0 1' industry-supported Oevelopm~nl and opent· 
tion of undersea deep research vcs.sel• have demnngtrated the feasibility 
of in situ iOSJ>ection of areas 'lf the ~e~n floor ond the collection of 
materials compl'isinll the floor to 200 mete1-.;. Another ll.5 per cent 
or the oceanic ana has water depths uf between 200 and 2,000 meters 
and is explorable and in part exploitable. The R V Prospector is 
invoh~ed in a mon~anese nodule surtion mininll oilot program on the 
l.llake Plateau in 800 to 900 metel'8 of water. The remaining 83.9 per 
cent of the oceanic urea includes waters with depthR greatel' thun 
2,000 metel's and is cxplornl.tle. although at this moment not ex­
ploitable. 

As with tera·es trinl geochemicnl p•·osueeting. se\('l'al s tages are in­
,~o)ved in marine mineral e...'Cpluration: review of knuwn regional ren­
tures and trendl4. television or uth~r undersea ph()togrnphy. mapping. 
sampling. mineralo):tical nnd chemical analyses q( ;.;nmples, intel"J)reta­
tion. and evaluation of the prosJ>ec"t. Equipment for "in mare' semi­
<tuantilative analysis of sediment5, sedimentary rocks and other rock 
types must be developed and 01' adapted in a manner similar tO the 
alpha scattel'iniC experiment which was used to 1<he the first chemicnl 
analyses of tht·ee sites on lhe lunar surfaC"e. Such et1uipment will 
undoubtedly be based on activnllon analysis methods and will b~ 
11~ed in conjunction with llCOilhYsienl data und tWrhntlS natural radio­
activity surveys. Whether for metals. non-metals nr hyclrocal'lxms. the 
tlracticality or exploitation will be dictated by tht> economies of th~ 
pnrtic-ulru• proje<.'l. 

Radon in Soil Gas: Three ranium Exploration Case His­
tories in the Western United States. 
Sl'EVENS, D. N., ROUSE, G. E., Ea1·th Sciences, Inc., 
Golden, Colorado, and DE VOTO, R. H., Colorado School of 
:\1ines, Golden, Colorado. 

Radon2:!:.2 , ft "aseous dn.ughtea ploducl of uraniumUIIi, dis~rses fa·om 
the poinl or formation by lrovellinl[ in solution in groundwater, by 
diffusion, and by barometric pumping, for dis tant.es measurable in 
inches to hundreds o! feet. This paper describ..,. very diverse resulll' 
for tht·ee field examples vr this prospeclin~e approach in soil-llM 
above sandstOn<' uranium tn•·~tets or the Western U.S. 

ln the fir$! ease, the geology i• typical of the Te1•tiary bnsins ot 
Colorado. ln a 2-&Quare-mile nrea o f pervasive alluvial cover, a urR· 
nium-bearing snnd~tone bed, 0 to 30 feel below su..tace, was readily 
delineated b>' Rn'U2: values of up to 39 cps tcount!i per secondJ rback· 
ground 3 <PSI. 

In the t§econd case Con the Colorado Plateau 1. uranium mine•·aJiz.&· 
tion occurs in a widespread 5-foot-thiek blanket of calcite-cemented 
lii<'S<lzoic sandstone below 19 to 400 feet or interbedded shaleil and 
mudstones. Rndon in soiJ-gu, and scintiJiomet<>r readings. were 
moderately tel strungly anomA lous over outcrops Ct( Ul'ttniferous sa nd· 
Rtone and mine dumps within the ore trend. Jlowcve•·. radon in I!Oil­
scas over buried mineralization s howed no anomulies. even within J n 
f~et ot miMrallzalion, UPllarently because of the impermeability 
M both the enleite mnlrix and the relatively un f i'Dctured overb·inl!' 
obales and mudAtones. 

In the third case. lhe geology is tYJ>ical of the! Tertiary sandaton<'­
type uranium deposits of Wyoming. Nearby rama>s where geoloscy is 
very similar have radon in soil-gaB anomalies of l'-l\0 cps (background 
- 4 cps! OH!r known mineralization 60-200 feet below sur!nce and 
readings or 100-160 cps in the ore itself . Radon in soil-gas readings 
in virgin !lround yielded up to 82 cps. with buckground valUeR of 
4 cps. Subsequent dri lling •·evealed mudstoneg ond illlerbedded ~and­
stones which 1\'omma-ray aclivity indicat"" tel be totally devoid of 
uranium except for background values. No geolo~rical or geochemical 
~xplanationM tol' these radon anomalies nr~ known at present. 

These dh·erse findings illustrate that radon22t . d~spitc its unittue.ness 
"" n short half-life gueous pathfinder, can rC'lui~ in problems com­
men to other ~teoch~micat e.xplorr•tiun tectlniqul'8. 
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Geochemical Exploration over Complex .\fountain Glacial 
Terrain, Yukon. 
SJ\HTH, F. )!., l\ew Imperial Mines Ltd., Whitehorse, 
Yukon. 

The a lpine-glaciated Yukun River Valley, especially in its upper 
portion, displays many glacial-lacustdne-rtuvinl tills und outwash 
sediments. TopogrnJ>hy a long the s ample area conaisl8 of flat plains 
and gently rolling hillo along the ~e l acial floor and flank. Vegetation 
ia boreal to sub-bot·eal, with minor a lpine fea tures, and the soils are 
primitive, usually orthlcbi'Own in character. Along the "Copper Belt" , 
the bedrock is a grnnodiorite batholith- miogeos)•nclinal sediment con­
tact area. The mineralization i• of the pyrometuomutic type, with 
copper primarily, and occasionally molybdenum. 

Q,·erlying soils vary from a few inches to 40 teet in thickness, 
with an average or about 2~ ("et. The soils are ac:idic, with a mean 
llH or 6, except whe1·c calciricd due to underlyin~e sediments. 

Typical Yukon soil sampling techniques were applied, with the 
samples analyzed for coppet· only. The values were ri.s:torously at­
taeked with stali.stics and contoured with a rolling-means smoothing 
tcehnh,ue. 

Gl'Oehem•cnl su•·ve>·• cmJ>IOyt'd to find skun-typc minerali•ntion in 
mixed ncidic nnd bnsic environmcnlJI must be ca•·cfully interpreted on 
the basi~ or subtle feulure.q, due to the complex mol>ility patterns of 
th~ vurious element$ present.. Thes(' subtle reatut•es ran only be no­
t..iccd by employing tho&m.uth statistical examination uf th~ data, with 
specinl con•ideration to the problemh o! repeatability uC a•say and o( 
tl&mpling value. 

The New :\lethods of Gas un·eys; Gas ln,·esti~ations of 
Wells and Some Practical Results . 
SOKOLOV, V. A., VAIXBAUM:, S. J., GEODEKJAN, A. 
A., GRIGORIEV, G. G .. KREMS, A. J., STROGANOV, V. 
A., ZORKIN, L. M., and ZEIDELSON, M. I., Scientific 
Council of Academy of Sciences and Ministry of Geology 
U.S.S.R. on Geochemical Prospecting, Moscow, U.S.S.R. 

The llal)er d~•ct·ibeo the new methods of subsurface and deep ~ens 
surveys as u-5ed in geochemicnl prot"tpectinJl for petroleum and natural 
11:118. Methods or deep gaa • urvey-. arc described, which arc employed 
wherP the gas indicatiun~ in the upper )ay-ers or a stratigraphic section 
are feeble, or where there i• a hi!fh background. The method of in­
\"t.'8litration O( ga.sf."K in r<)f~ lhroUilh Stra.tigraphic &ecliOUJJ Of I"'Cks 
i~ al110 described. 

The shape of gas anomalies i• more •·eliabl~ in the upper strati­
~Ctnpbic layers, owin~t to the large number or aample poinUI. Gas 
anomalies in deeper l&Yef>'. slthough obtained on n 1maller number or 
points, have more contrast, Col' example 4- Cor methane anti 10-20 
for heavie~· hydrocarbons. The method of intenll'etation of !f&S 
onomalies. combined with the investigations of gases through ihe 
section. is rounded on the concept of "'hnse hodzons"', shapes or 
anomalies and s ituation of wells. Tbe concentl·ation~ or gases in 
COI"es are higher and mot·e in accordance with the conditions ob­
taining in deep layers, when a special hermetically aealed core-lifter 
t. used. 

In the paper a •-e d""cribed the results of geochemical prospeeting 
and their efCiciency under different geological condition•. 

The gas-Jogg:in~ methods and their interpretation in determining 
the presence of petroleum and e:as deposits thmugh s tratigrapbic 
section• or rocks are a]SQ described. 

The Theoretical foundations and Development Tendencies 
of Geochemical Pros 1>ecting for Petroleum and Natural 
Gas. 
SOKOLOV, V. A., Rcientific Council of the Academy of 
Science and Ministry of Geology U.S.S.R. on Geochemical 
Prospecting, .Moscow, U.S.S.R. 

The geochemical methods of prospecting Cor petroleum and natural 
gall are rounded on t.he determination or gas and petroleum indicators 
in the near surface or deeper layen or rocks. The direct. indicators 

rl.' hydrocarbons, mhrrating from petroleum and ~ea• deJ>OI!ilJI. These 
I ·drocarbollll are det.e•·mined by the methods of subsurface and deel) 

•ur ven and by investigations ot gases in eort>s obtained from 
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th" rock~. The foundations of these m"thods are th" specific chemical 
composition of hydrocarbons , their vertical mil<•·ation and th.,ir dif­
ferentiation. 

Gaseous hydrocarbons may migrate oonsiderable distanc"s from the 
petroleum and gas deposit.s and form gas anomalies with strahrh t or 
ltalo shapo>s at diflerent le\•els of the stratigraphic section and hence 
indicat" the presence of dep011its at great"r derHhs. 

The influence of the p•·.,sence of P"troleum and gas on the geo­
chemical conditions and the alteration of components migrating !rom 
the deposits arc the b!lsis of prospeetinp: method• utilizing hydro­
chemicals, bitumens. etc. Geochemical genetic indications ch.araetel'ize 
the J)OS8ibility and .coles of petr<lleum and gas formation . Some 
J.taseous componenll art' lhe indicators of certain metallic ores. 

In the paper are <1edel ibed the results of new theoretical investiga­
tions about the compOt>ition and formation of hydrocarbons and other 
gases under different geochemical conditiuns. the role and scale or 
thei•· miiii"RtiOn. differentiation ond chromatographic distribution, a nd 
the nature and peculiarities of gaseous and other ~reochem ical unomalies 
at di!fe1·ent stratigraphic levels. in the paper nrc also described the 
foundotions of method• of (<eochemical prosperting under different 
IICOiogicnl conditions, especially offshore p•·ospectinp:. and prospecting 
for d""ply buried depo•its. 

The peNpectives and tendenciCI'O of rlevelopment.s in geochemical 
prospecting for oil and gas are di•cussed on the basis or the results 
obtained nnd the effi<"iency of the methods employed. 

The se- and De,·elopment of Geochemical Prospecting 
~tethods for Ore Deposits in the t:.S.S.R. 
TAUSON, L. V., OVCHINNIKOV, L. N., POLIKARPOCH­
KIN, V. V., and GRIGORYA.N, S. V., Institute of Geo­
chemistry, la, Favorsky Street, It-kutsk-33, U.S.S.R. 

The mos1 widely used geochemical l)r<lOpecting methods in the USSR 
lore metaliomelric sur,·eys based on secondary bolos In soi!A and uvet·­
burden nnd • tream sediments in draina~te I!YStems. These a1·e followed 
by geulolfical, ge<:>ph)•sical and detailed ~reochemical methods. Modern 
development• in the tceochemical methods include the following: (a) 
widening the sphe··~ or elements analyzed and using automated methods 
or analyois to attain the best anulyticni results nnd to cut the costs 
'the main n1ethod.s are analytic:a1. t'emi·qunntitotive emission aoeetro­
~c:opy. nnd in some cas<"& atomic-absorption t : I b 1 the use or statistical 
methods and computers for proc4>8Sing the sampl" data and the map­
ping uf geochemical onomaiieo: anol let assessment of the ore po­
tential of the areas by theoretiet~l and empirical formulae bused on 
lhe data of the hnlug in the overburden and su·cam sediments. The 
mehtllllmeu·ic survey method is uoopted to the prevailinjC landscape 
and tc<•orhemical conditions, particular))• to the nature of the halos 
in the O\"erburden and to the dispersion of the element'! in the drainage 
.. ystern.s. 

For locnlintc hidden bolos, somt>les are chOtlen from borehot .... and 
hydro-, otmu- nnd biog('()(!hemical surveys are cnrl"ied out.. 

ln the Jnst decade. methods for locating hidden deposits and for 
a>rospeetintc fot· minei"Diitation at depth, using supra-ore pl'imary 
halos of ore elemento and volatile and petrogenic elements, have been 
inten•i-ely invt!!'tigated. By th<!l'e methods. deposits nt a depth of 
some hundred metres have been discovered. 

Studies or the prospective ore potential o! a1·eas bl' an investhcation 
or tb< g.,.,.,hemicol f~stu..-es of magmatic intrusions and vulcano-plu­
lonic. cUMJllexc.s nre ncli\'ely being pursued. 

Fvr de\:t')oping the theoret.icaJ bnsis o! geochemical pl'ospccting 
meUlodtt, nn in,~est igation of the geochemist!')' of ore-forming processes 
and the formation or halos nssocintc<l with dept)l<its Is puroued along 
tbermo<lynamical and phYtlieO-chemical lines, a~<:Qmpanied by ex­
perimental and matbemntical modelling. 

Endogenic Halo Types of Hydrothermal Molybdenum De­
posits. 
TAUSO~. L. V., and PETROVSKAYA, S. G., Institute of 
Geochemistry, la, Favorsky Street, Irkutsk-33, U.S.S.R. 

Tht> wtudy of endogenic hnlu~ ur ore elements within the ot•e fields 
or some hydrothermal deJ>osits o! molybdenum in Enstern Trnnsbaikaiia 
has revealed that these halos hn,·e n ~omplex nntl hcterogeni<' stt'ue­
tul'e. DeposHs confined to cxtc.nsive weak yet penetrating structural 
:tones rue c.haracterit.ed by three enrlou~nic halo t)'P~: 

The fiut halo tn>e has a con&idernble extent. being ten and more 
times the Mize nr the nr~ zon~s. \Vithjn this halu lh<'re irs an inc.rca~~ 
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in the content of Mo. Cu. Pb. Zn, and Hg of f .-om two to ten time:; 
the genera l bac:kll'round. In I> laces, the increue may be 25 times 
t he normal background. These hnlos are not accom panied by nny of 
the postmagnet i~ ch anges common in •·ocks. T he increased molybdenum 
concen tratio ns nre s imply related to small dispet·sed impregnation~ or 
molybden ite. 

Th e second halo tYI>e is chnt·acte>·islic of a rel\8 close tt• the ore ?.one•. 
lt is characwrit.ed b)' a sharp increue or dec.rease in the concentrotiun 
of molybdenum tup to 0.5- 1 '\ g decrease and up to 20-70 ~, g increaseJ 
an d exhibi \4 oigns or postmagmatie reworking of lhe enclosing l'<>~kl. 

T he third type of endog<mk halo is that asiiOCiated with the ore­
bodies. TheY' show a marked ore e lement concentration. a 7..ona lity of 
str ucture with I'I'>IPCct lo the orebodies and un intensh·e hydrothermal 
t·eworking of enclosing rocks. Outward from the orebodies the con ­
centrations of the ot·e eJemcn\4 dec• case in the Jollowing ordet·: 
Mo • Ph • Zn • Cu • Hg. 

The total etrecl of these endoJrenie processes l~nds to an unusual 
distribution uC elementd. reflc.ctinK the complic&l4.~ nnd multista1le 
forma tion ot the endogenic haloB. 

The first and widest endogenie halo. representing the earliest pruc· 
"""· is apparently related to the late-magmati< deellll8ing of productive 
intrusions. The second and third are related to the processes or the 
l'edistJ·ibut ion of the ote e lements during post.masrmotic l)roce.s!iel. in~ 
eluding the hyc1mthermal sta~te. 

Differentia tion of \ 'aporous a nd Ionic Ori~in of T ra ce Mer­
cury in Soils. 
TROST. P. B., and BISQUE, R. E., Colol'ado School of 
~1i nes, Golden, Colorado. 

Differentiation of a ''a t>orous or ionic (aQueousJ source of lrntt!' 
mercury In eoil• can be accoms>lisbed by nnn)yiji~ or both humole· 
rich a nd e.lny-l'ich hol'i7.on~. This conclusion wos SUJ<gested by n 
t ield study In one ~:eolo~tic envh•onmen L, SUJlllOned by laborntury 
investigations and substantiated in another f,feologic envi1-<,nment. 
The approach l>H."'llents n u~eful refin~ment in soil-mercur)' geochemienl 
prospecting and ;, particularly npplieahle to buried deposi\4. 

Field a~<mt>linlt In southw""t Ort:'llon and central Colorado, in areM de· 
scribed by previou• independ~nt studies. cot-roboratc the laboratory I'I!IIUIL•. 
Two portionti wttre taken at e:och 8ampl~ site, one of organie trash ttntl 
m ull and anothc• or the clay-rich h ori•on. H g.,rtr•nk lijc da• t·atlos le», 
leS!S. than unity em-rela~e with an ionic source. whereas ratios greater 
U1an five corl't~late with n vaJ,OI'OUK source lor the mercury. 

Laboratory studi~ involved Ol'ganic m&tel'inl (rom variOU!iio 
types of Vea"<'lalion and three types o! cia)·. [n must inRtanee .... 
the Rgr,rg-anir H~tda' a·atio a·~u1tinsr from exposure to a \'Bpormr~"~ 
source or mercui'Y was an Ol(ler or magnitude greAter than the samt 
ratio resulti.nst frc,m exptri\Ure to an ionic sourc~. 

Behadour of Tungsten l\l inera ls a nd Ores in the Wea ther­
in~ Zone under Equatorial and Tropical Condit ions - Pos­
sibilit ies of Geochemical Ex ploration and Prospecting. 
VARLAMOFF, K, United Nations S pecial Technical Ad­
viser . United Xations, New York. 

Tungsten ores &I'<' composed mainly o! wolframite or scheelite or 
both these minet•aLs; the)' are extracted /t·om alluvial. eluvial or 
pdmary deJ)OlOiltl. 

T aking into consideration the fuel t hat the tun)(!lt~n ore mineral• 
aJ'e main))r wolframite und .acheelite. many geochemical investigation!!! 
related to tung•tcn dispet·sion nncl migration ut·e devoted to t he Btudy 
of their meehnni<'nl properties or to the ir react.ionK in different kind"' 
or solution• or reagents. In fact, In the zone of wenthering, partieularh 
in hot, humid ftnd forested ecauatorial and tropic&! conditions. t he dis· 
persion and mit;r:rati.on of luna-wten do not at..an with l resh minerAb 
but with t he pmducts ur their alteration, namely antboinite. ferti· 
tungslite, hydrotungstite. me)·mnclt.,. and tungstite, which, in this r.()n(', 
may ret)r~~nL as much a~ 50 to 76 peT eenl of ull tungsten-heari nJC 
miner-als. 

T he nbove-mentioned products u! a lteration •t•·ongly affect the 
mechan ical t·esi•Uince or wolframite and schecllte, such that the>' 
cannot survh•e for more tht\n some hundred mete1·s of alluvial 
transportation. At the dame time. they fn~ i lii.M.tl' theh· chemiral 
solub ili ty. 

In the present paper. the author examines the mAin mec-bani~al 
and chemical tnoperties or printary and seeondar)· lUOflSten mineral~: 
and gh·es O<>m<' exiLmple• ! t·nm the Easte1•n Democratic: Republic uf 
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Conl)'u, Rwanda, Burundi and lllranda or the dU.trlbution of these 
mint"ralt~t in tbe weathering zon.,. and of Lhe tli.speNion and migration 
ot tUnK!lten in eluvial and aiJu,·laJ soils. 

Under e<tuatorial nnd t r<lt>lcal conditions. dulinst: eluvial proeesses, 
nil the- abo\•e-mentioned produc:t~ o f a lteration al'(ll pulvel'ized a lmost 
rumpiHely and are J)artly d issolved and partly mixed with the Cines~ 
prudurt• oC eluvium, which absot·bs at least part or the ,olution. 

J)ul"iniC the alluvial PI"OCc:\81'8, the lli"Oduct.s or alteration 81"(! d is· 
1,et"lltld and tmnsported ror distances that may be ex11ressed in kilo­
mete"' and tens o f kflomctc111. They a re mixed with the finest. products 
o r the- rher s iltA and soii~S. The coarse wolfl'nmit!' nnd srhcelite at"e 
c-onc.:entrated in rhe1· bedM ncnr Lhe p1·imory depusilft ove1· some 
hundrt'd meters. 

G"<><'hemical hnlo• or di•persion nre produce•! by thei!e products or 
dil'pel"tiion in region~ whrre JnAnitic cupolas are not reachL"<I by erOSiQn. 
In re!linns where Rranlllc cupuln• outcrop, th~ tungSten of .~~:rnnites 
i• added tu these J>rodu<'IJI. 

Ge<.K'hemical test.< ha,·e been made in dirrerent 1>1\t·ts of Con~:o, 
Rwanda and Burundi on difrerenl tyt>es of geochemical di•persion halo< 
u( tung-l'4ten . 

Preliminar y l~esults on t he Prima ry Deep Geochemical 
Aureoles of Elements in the Pyritic Copt>er Mine " Radka'' 
(Bulgaria) . 
VELCREV, V., and TOKMAKCHIEV A, M., Institute of 
Mining and Geology, OarvenHza, Sofia, Bulgaria. 

Tht> "Radka" mine ;,. n fll'l"itic-copper mine. The enclosing rocks 
t•om1Jri.~e andesites, ande-,itic: turre and eruptive .. flvw brecclas. dacite;. 
<laelti<' turrs a.nd bl"('e<ill>!, and marly limestone 1Senonian1. The t·ock• 
•xhibit a regional t>ropylhi~ alteration. 

H)•r!ruthermal wall-rutk alteration near the orehodles ronsists or: 
~ilicificfition. albitizatlon, ~ericiti~ation. eJ)idotizalion tin fissures), 
hl'Mntitiution. aluniti%,&tion, HYt'ophyllititatiun, cnrbonalizotlon, baJ'Y­
tizntiun nnd anhydrati~ation. Jo:xotcenetic kaolinitit-otion is a lso pt·esent. 

The ut·e::. nt·e: (41 connu\el pyri:Lie ores: lb) impregnation py1·itic 
(Wefi; fCI ennlf)a<"t t'UJ)t?er ~SUIJ'hid<! OI'CS; and tdJ imJ)l'egnntion coppel' 
dU ltlhid~ ures. 

Thtt 1u·incipal m·e minera.l~t nrc: pyrite. chalcopyt•ite. bornite. sphale­
l'ite. J.Calenn. eoargite. tennantlte and c.halcosite (several vo.rictit>S). The 
ru:ccRso .. )· mineral!' nre: no.tlve KOhl . native silver. stannite. germanite. 
t·enierite. idaite. tetradymite, beegerite nnd chrysocolla. The , .. ein 
ntlnernl• are: quartz. •ericile, ehlurite, albite, alunite. epidote, PHOJJhyl­
litt•. t•aldte, anhydrite, lll'IISUm, barite and kaolinite. 

The p1·imary r:oochemital auret,le or elements Willi examined in the 
dt·toat lt!veht, where there nre no exogenic migrntions or elements. 
Anul)flll'l) were done by &pel"trograph on rel)resentative f!hannel samples. 

Preliminary results sUIUt~;t~L that, neDI the orebodlt'11, there is an 
ond!IJCt'OCIU< geochemical aureole or Pb. Arc. Mo, Sn. Ill, As a.nd Mo. 
The l:lr$t"eSt aureole is that r('Jlresented by the dispension or z inc. 
Aro<'nlc is usually rl)und in the st:rea teo;t amounl.l< nbovc the o t·ebodies. 
Cohah, titanium, vann.diurn nnd gallium give negative nnomaJies. 
Tutaft'St(•n ijhows an invf.l:1"8e •·elationship w ith respect. t.o vanadium and 
chromium and also to cobalt. 

The r<'l!ults or tbe analyses ute graphically treated nnd can be used 
rut scwchemical explorllllon nod t h e discovery or deeply buried copper 
ur"" in the "'Radkn'" mine in Bull<llt"ia. 

:ummary of Research a nd Development in Geochemical 
Exploration in Canada. 
WALKER, J . L., and BRADSHAW, P. :\I. D., Baninger 
Research Limited, Rexda le, Toronto, Canada. 

~~l<!>enditure on l'ef!enrch nnrl developm ent in e>.nlomtion ge<.>ehem­
i.otr~· in Canada has reuched nn nil -time hist:h as n direrl t·e;Htlt of the 
t'(l('t'nt t'Uc-eesses or geochemhst.t·v. w hic h t hemselves hu.ve t·esulteri fJ'Om 
a bHte1· k nowledge or the ractol'3 controlling the collection, analysis 
and int('rpretation or geochemical datu. 

A btie! summal'y o£ current reflearch in exJ>Icwatihn gPochemistry 
~ing undel"laken b)' universities, government d!'pnrtmenl.1 and in .. 
dtt•trie~~ in Canada i.s U"iven. 

c .. n,iderable data are being <ollected in eas~-hi•tury studies of a 
widf' variety o( mineruliution typ~ in almottt. every envif'Onment oJ. 
Canadn. Altbousch the.oc studies nre important to nn undt'rstandinr: of 
the US(" or explvratiun geochemistry in a particular nrea. emphasis 
In thito paper is placed on a dell<:ription of fundamental s tudi"" which 
arft•Ct tbe Ulle &nd interllrCtatlun or .lt:eoebCmistry on a bt•oarl front. 
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Merrury continues tQ be of g-reat. interest. and a con!4idernb1e 
amount of research is being undertaken by a number of institutions. 
Investigations into the mode or occurrence or mercury in bedrock and 
soil are reeeiving close attent ion, and t his information. when &\'ail­
able. will pel"mit. a much c loser interpretation of mercury anomalies. 
This work io being supplemented by experiments investigating the 
rate at which p)ants tranKpire mercury into the otn,osphe1·e and 
the effect of different soil, atmospheric and plant conditions on 
this rate. ln conjunct ion with these inve&tigatic>ns. instl'umentation 
has been developed which can mea.sure the concentration o£ mercut•y 
in the nlmosphere either (rom lhe ground or f1·om low-flying- nircraJt. 

References nre made to the use being made of computers for data 
handling, the conelntion of f ield nnd laboratory observations, data 
plotting, the formation of a national data bank uf geochemical in­
format ion and interpf'etational progrnms. 

Increasing attention ia being paid to the uae of bedro~k .:eochemistry 
nt a ll phases or exploration. including locatinJ< geochemical province~. 
the detection of mineralized intrusives and volcanic sequences. and the 
recognition of s ignificant ·waiJ·roek anomalies. 

Although the application of overburden geochemistry within the 
Canadian Shield bas been con•idered unreliable in the past, this area 
io also receiving increasing attention with the development or tPeh­
nictues roc· deep overburden sampling. whkh has yielded pusitive rt'­
sults. 

As well as c•esearch and development into ten understanding and 
interpretalion of methods currently used on a routine basis, consider­
able ertort is heine put into an investigation or lh(l use o f a rang~ 
ur other element& and rompounda. particularly the ' 'olnlile component&. 
as applied to mineral exploration. This work is particularly directed 
to the identification and detection of any vola tile eumponent~ which 
may be pt·e:~ent in th(' suil, air or atmosphere. E..xperimental work is 
beirur carried out on the modi!yinl!' effect u! organics, particularly 
those related to plant tc·anspirutioo. The de\elopm~nt of in. u-umentn­
tion capable u! detectin~r these products is also being undertaken. 

The Copper and Zinc Content of Trout LiYers as an Aid i n 
the Seare,h for Favourable Areas to Prospect. 
\\'ARREN, H. V., DELAVAULT, R. E., PETERSON, G. 
R., and FLETCHER, K., Department of Geology, Univer­
sity of British Columbia, Vancouver. 

Ninety-.,ix Rainbow and Cut-throat trout !hers wec·e colle<'tecl from 
!uny-seven wid~ly separated ilX'alities in British Columbia. The lhec.,. 
from thirty localities contained 60 or less ppm copper 1 wet wei~rht 1. 
nnd th011e f rom forty-four locnlities had 50 oc· less ppm zinc. 

All or the livers with moJ'e than 50 ppm zinc came from fis h living 
in water known to be associnted with economic zinc mineralization. 

Of the seventeen localities where th e fish livers s howed more than 
60 ppm t.'OPJ>er, (our are known to ''ontain KiS!n ificsot minel'nlizat.ion 
1Stellako River 121 , Suttle Lake. Okanagan Lnke1. and ot least 
seven, on the laais of their background geology. merit further " serioiL• 
investigation". These seven ore Tlowils. Cnmp and Elsie Lakes on 
Vnncouv<'t Island; Mud. Hyas and Rhoda T"akes north of Komioops; 
and Sleepinl!' Water Lake in the South Okanogan. The other six ano­
malous copper localities, ec)ually divided betwet'n the Cariboo and the 
t<Outheut Kootenay di~u·icts. suggest possibilities, but the authors 
lack the detailed geolo~r ica l dnta necessary for any a.scssment of their 
pntentinlities. 

Olselll>e and or pollution mny cause the copper content or human 
lhers to be hi~j:her than normal. We do not know if fiah livN'II may 
be s imilal'ly a ffected. However. 11eithec· di•ease nor pollution 81'<' 
known to occur in those lakes meriting ··serit)us invt~tigat ion··. 

Hesearch in Applied Geochemis try at Impe rial College, 
London. 
WEBB, J. S., Department of Geologr. Royal School of 
~fines, London, U.K. 

Th~ Applied Geochemistry Research Group was founded in 1954 
for work on problems or mineral exploration, with particular refer ... 
~nee to prospecting in u ·opicnl terrain. Over s ixty J•rojects hnve been 
unde .. tnken in nineteen countries, mostly in Africa. Ausuotia, th~ 
~· .. r E:nu and the Southwest Pnc:iCic area. Since 1963. the scope haw 
b~n enlarged to include lhe appli~tion or 11eoch~mistry in marine 
mcnec·al ""Piornlion. 8griculture, shell-fishery nnd vullution. Considec·­
kble effort h l\8 been given to the de"eloJ>ment of mu lti-pur)}ose ~reo· 
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chemical reconnaissance and. latterly. to geostatist.ical aids to inter­
pretation and automatic plottine- t~Ystems. Recent research in lhese 
\'&rious fields is summarized below. 

Problems of minea·al exploration in peat- and drift-<"ovea·ed terrain 
ar~ being examined in lrelttnd. Renewed attention is being given to 
mereur)' dispersion in or)Canic environments fo llo wing the discovery 
thllt the anomaly contrlllll for mercury in stream sedimen ts in the 
v icinity of Gortdrum is ten-fold greatea· than that for COI>J>er. Miner­
ololfical analysis by X-ray dif!a·oction of t he fine fraction o f glaeial 
till promiseo to aid geological ma pping in aa·eaa overlain by ground 
moa·nine. 

The rli~covery of hhrh-grade oa·e a t Kalumbilu on the edge of the 
Kulnhnri •and cover in Zambia has increR$ed the already considerable 
Interest in methods uf vro•pecling for mineralization beneath aeolian 
covca. It has recently proved to be possible to t race the extens ion ot 
minernlitntion beneath the Kalahari by the analysis o r PArtia l ex­
tract..• or selected fractions Q( •urface sands. Spurious anomalies have 
been diJitinguished by eXJ)r('!Uiinl( the results in terms Of the CQpper: 
irnn and other meta l ratios. 

Stream-sediment sampling or 80,000 sq. miles in Z11mbla. at a density 
of I sample per 100 sq. miles, indicates that variations in the back­
g round ~ontent or Cu. Sn and Sr correlate with the known copper, 
~in and carbonatite provlncPR. Stream-sediment reconnaissance of 
Noa·thern Ireland at a dens ity of I sample per sQ. mile has been 
completed. and a s imilar Kurvey of E ng land and Wales is under way. 
Mnps are being compiled for up to 25 elements, and the results are 
JHOvidinsr unique opport unities to1· identifying and examining the 
factors influencing- the interpretation or regional-s tream sediment 
data. 

The regional data are a ls,, beln~r studied in relation to the incidence 
of lllnnt nnd animal diseaat'll, and J>OIIut ion. Also in the bio~reochemical 
field. anomalous zinc In ea~tuarine waters derived from o ld n1ine 
workinl<JI has b<>en implicated in problems of o)'llter culture. 

Research in applied marine ~hemistry has been concerned with 
the de\·elopment a.nd imprvvement of prospecting techniques t or a vari­
ety of economic and Jmtentinlly economic ma l'ine minea·al deposits. 
Ncar the toast, some sure~ has been achieved in locating detrital 
heavy mineral deposita and primary tin mineralization concealed by 
bo~tom bediments. In ga·eatea· water depths on the Moroccan conti­
nental t<helf of the Atlantic, extenijive occurrences or phosphol'ite 
have been proved , a nd submerged radioactivity oou nting hu.s been 
demonsu·nted a.• an aid to prospecting for this type of deposit. 

Research in the deep ocean off the continental s helve• has been 
cCJnrined to metalliferous hot brines and associated deposits, and to 
mnn~eanese nodules and encrustations. Investigations in the Red Sea 
han.' t~~hown the existence or on extens ive zine-~opper anomaly in the 
... -..llmcnts related to the known brine occurrences in lhe center or the 
Sea. These results have application in the search Cor s imilar metnlli­
rerou• deJ)OSits occurring elsewhere and in earlier geological times. 

Studi"" of manganeae deJ)OSits in the oceans demonstrate that a 
marked va riation in a ... erage composition can be recorded over a dis­
tan~c of a few miles. Evidence is now accumulating tha'- these dif­
fere-nces can be e;cplained by environmental (at"tOr13. 

Finally, in geostatistics, an evnlunlion is b<>ing made or the scope 
foa various smoothing and filtea-ing techniques in the intenn·elation 
of th<> geochemical data obtained during the coua.,e of thcse various 
t t.udles. Two-dimensional moving averages and princ il)lll component 
nnal)11ia have assisted in the delineation or some regional s tream­
aPdiment patterns. and clu&ter analys is has shown paL·ticuJat• promise 
In the study or compOsitional variations in manganese nodules and 
minf'r&logical vat"iat ions in Klacinl t il l. The examination or compu­
t.,rlted automatic plotting systems includes ''arious types of line­
printer and CRT outputs, and will be extended to CQ\·ct· inter-active 
CRT displays. The application or pattern recognition techniques is 
aloo bein~r otudied. 

The over-aU program outlined above is planned on a eont.inuin(! 
hui", and enquiries concerning opportunities Cor research by or 
within the Group are always welcomed and should be addressed to the 
Applied Geochemistry R~seareh Group. Geology Depa rtment, Imperial 
C'nllege, L.ondon S. W.7, En~t land. 

Airborne Geochemical Pros pecting . 
WEISS. 0., 10 Park Crescent Road, London, U.K. 
Air~rne _geophysical ext>loratlon methods have become important 

t<1nlo an maneral exploration. With the e:<ception o! the airborne 
!fBmma-ray technique, none o! the airborne methoos arc able to 
adentl()· direc.Uy the specific metal content of a mineralized site. Ex­
perlmenttt With remote-sensin~t methods ba11ed on the analysis of 
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vapourtt l'manating (rum ore deposil.d promi~e tv indicate the exist· 
ence ot mineraliznt.ion. but it iM questionable whethel' the spe<:ific­
met.nl content of 3uch deposi ts can be identified. 

T he new airborne geochemical prospecting technique tU.S.A. Patent 
No. ll3005LS dated 14th March 1067: Canadian 'PP.tent No. '05117 
dated 20th January 19691 is based on the discovery that minute pat"ti­
cles or outcropping mineralized rocks or soils are carried by air 
cm..-enta into the lllmosphere, forming partirulnte aerosols. By the 
usc or rnicro-analytie:al techniqu~. it is 1)()81\ible to detl:'nn ine the 
identity of the elements in the~e purticles, a nd t hus to identify the 
nature or the ore depo&its. l:lt•oudly speaking. the new technique 
comprises the collectin1< of airborne particles of minera.ls, and the 
anah•si$ of such particles lor ltte elements they contain. 

In nddition. the new technique can also locute the mineral deposit. 
For this purpose. the particles collected are analysed. not only fo1 
the content of elements but also Cor the number and s ite distribu­
tion or the partie!<'~ of elements. Jn this manner. it is oos•ible to 
locate th~ renterg of mine•·nlizution, because the largest l>Bl'tieleR 
of the elemeoUs derived from mineralization on t he stround occu• 
in la•·~teet numbers in the ajr immediately abo,·e the 8rea. of min­
f'lrnliz.ac.ton, alter applying cor1·ections !or wind veloc.ity and direction. 

The collection or the airborne part ides is achieved t U.S. Patent 
No. 11462.9U5 dated 26th Auvust 19691 by winding thin nylon or 
similar threads, with a diameter of 0.1 mm. on light aluminum 
frames. Such f rames. I root S<IUUre wit h 450 windin gs, i.t'. 91JO feet, 
of thrcadR, .ure towed from an aeroplune or belicot>t.er, on o titrong 
nylon line, at 100 l<l 200 feeL ubovt' the ground. A small high-s peed 
electrieal winch, with two drums on the same axift, lowers one frame 
while s imultaneously lifting another frame which has been pre,•iously 
lowered. The air resistan<:t> of the two frames balanee, to a \oer)• large 
ctegree, the power requirement. 

The exposed coll~ctOI' f rames nre packed in plas tic bags and taken 
to the lnbo•·atm·y, where half ut the thteads cu t from the frame• are 
sttbj~cted to spectrographic anulys is, IJ such analysis finds trac<'ll of 
metals of interest. tht> second half of the thread~ are pulled throu~~:h 
an abruive pad. The panicles rubbed orr in this manner !onn 
two streaks on the folded pad. These thin streaks . of the order or 
a fractiun or n millimetre, contain the concentrate of the panicles, 
anrl these can be subJected to analysis for s ize diMLrihution by means 
ol electron beam micn>-analysis. The correlation of the samples and 
t he position or the aircraft i• determined by the well known process 
of nerial photography and electronic methods or location. CuntOUI'tl 
and profiles or the concentration of dilfere'nt metallic element.S and 
of their s ize distribution are used for locatinv the poaition of ore 
dei)()Si ta. 

This new method or airborne (<eochemical e'ploration. li '<e all 
~reologicul and geoph}Sical techniques, hRS its own possibilitic• and 
limitations. It makes possible th~ dit·ect detedion and identif ication 
of the metals in mineralized outcrops. Its limitation is that it can­
nol be used ove1· rround £'0\'ered by water. s now or thick ll'OPieal 
for<!!'t- On the other hand, its great advantage i• its ~peed of s am­
pling at a rate of 100-200 mph, and it can reach areas which are 
difficult of access. such as cliffe, canyons, mountain peaks. He. This 
airborn~ l(eochemjcal exploration method can a lsu be used to 8creen 
magnetic and e leeu·omagnetic anomalies4 

The • peed of the techn i(Jue, whereby in two monthB' suitable weather 
it is I>OI<s ible to covet• 16.000 s(Junre miles with traverses half a mile 
apart. results in a l&tJCe coverage and hence 11. snently inC'reo~ed s ta­
ti.stical probability for the disct>\'ery of minf!ralized areaH. 

Geochemistry - a Tool in Regional .Metallogenk Ex plora­
tion. 
WOZNESSENSKY, B., :\1 in isterio de Minas e Hidrocar­
buros, Centro Simon Bolivar, Caracas, Venezuela. 

An intensive rescional ~e<>economic prospect ing s urvey Is curt·ent ly 
being carded out by a team or metallogenic l'eseorch worket"S or the 
Geolt>IJ;ieul Survey of Venezuela 1 Direcci6n de C:l'OI<>ll:i& l in the Vene­
zuelan Andes. 

Seventeen .. prognustic areas.-· have been outlint>d un the preliminan 
metallogenic map 11 :250,0001 biUled Ot\ regional metallo~~:enic analysis. 
Thu• far. e ight areas have been eXJ>Iored aeoehemically "•ith positive 
results. The methods used were adopted to t he chnracter istic.11 or the 
par ticular ot•efs likely to be /ouncl , the nnt~tre of Lhe ol'ebodies. and 
the geol01cica l and physiographic Bellin~ of the uen under investi­
gation. 

The paper summarizet~ the geochemical method• u•ed and the results 
obtained. 
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