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V 

EDITOR' S FOREWOR D 

Regolith  Exploration  Geochemistry  in  Arctic  and  Temperate  Terrains  is th e 
fifth volum e in th e Handboo k of Exploratio n serie s which , togethe r wit h 
th e volum e Regolith  Exploration  Geochemistry  in  Tropical  and  Sub-tropical 
Terrains  cover s th e us e of overburde n in exploratio n geochemistry . Thi s 
book , a s wit h othe r volume s in th e series , is designe d to be of practica l 
assistanc e to th e field  geologis t a s wel l as providin g a comprehensiv e revie w 
of th e subjec t tha t wil l be a referenc e sourc e for researc h workers . 

It is axiomati c tha t thos e bes t qualifie d to produc e a wor k suc h a s thi s 
boo k ar e als o to o bus y to undertak e it . I t was , therefore , wit h considerabl e 
trepidatio n tha t I aske d Professo r L.K . Kaurann e to be senio r edito r of th e 
book . I wa s awar e tha t Professo r Kaurann e wa s Directo r of wha t I believ e 
to be th e larges t Geologica l Surve y in norther n Europe ; I wa s als o awar e 
tha t h e ha d founde d an d nurture d on e of th e world' s foremos t exploratio n 
geochemistr y department s a t th e Geologica l Surve y of Finland . I t wa s th e 
latte r experienc e I wishe d to captur e for th e Handboo k series . 

Wherea s I wa s successful , Professo r Kaurann e wa s rathe r les s luck y 
in obtainin g suppor t fro m othe r bus y people , e.g . in Nort h America . My 
origina l concep t of thi s volum e wa s tha t i t woul d dea l wit h til l an d soi l 
geochemistr y in th e glaciate d an d temperat e zone s of th e norther n hemi -
sphere , bu t becaus e of th e lac k of inpu t fro m Nort h America n geochemists , 
thi s boo k is confine d to Europ e —  an d dominantl y Fennoscandia . 

Durin g th e tim e I worke d as a geochemis t in glaciate d terrai n I largel y 
avoide d th e problem s of til l by concentratin g on roc k geochemistry . Thi s 
boo k is a n elegan t exampl e of th e old adag e tha t necessit y is th e mothe r of 
inventio n —  th e blanke t of til l tha t smother s th e lan d surfac e is regarde d by 
th e Fennoscandinavian s a s a rar e gif t in providin g a homogenize d averag e 
sampl e of th e underlyin g bedrock . 

As in al l exploratio n geochemistry , th e exquisitel y simpl e principle s 
prov e agonizingl y difficul t to implemen t in practice . Th e ke y to successfu l 
application s of exploratio n geochemistr y to surficia l material s in glaciate d 
terrai n is to thoroughl y understan d th e processe s tha t gav e ris e to th e 
overburden . Fo r thi s reason , th e first five  chapter s of thi s volum e ar e largel y 
devote d to Quaternar y geology . Th e importanc e of thes e chapter s canno t be 
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over-emphasized ; th e histor y of exploratio n geochemistr y is littere d wit h 
example s of "failures " that , wit h hindsight , ar e clearl y attributabl e to a n 
inadequat e understandin g of surfac e processes . 

In this , a s in th e othe r volume s in th e Handboo k series , adequat e spac e 
ha s bee n give n to allo w idea s an d procedure s to b e explaine d in sufficien t 
dept h t o permi t th e practisin g exploratio n geologis t t o understan d — 
an d appl y —  th e principles . Th e practica l aspect s ar e emphasize d by th e 
inclusio n of chapter s on field  methods , cas e histories , analytica l techniques , 
an d dat a interpretation . 

Thi s volum e specificall y addresse s th e us e of til l in exploratio n geochem -
istry , bu t man y of th e principle s an d technique s ca n b e applie d to othe r 
sampl e media . Th e imaginativ e dat a displa y technique s shoul d prov e to be 
especiall y usefu l to exploratio n geochemist s an d geologist s in al l geologica l 
an d geochemica l environments . 

G.J.S. GOVETT 
Helsinki, Finland and Sydney, Australia 
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1 

Chapter  1 

INTRODUCTIO N 

SCOPE AND CONTENTS OF THIS VOLUME 

Th e purpos e of thi s volum e of th e Handbook  of  Exploration  Geochemistry 
is to assis t th e geologis t in th e us e of overburde n material s in geochemica l 
exploration . Th e propertie s of th e material s t o b e assessed , sampling , 
analysi s an d th e interpretatio n an d presentatio n of result s ar e al l described . 
Geographicall y th e presen t volum e is limite d t o arcti c an d temperat e 
regions . A companio n volum e coverin g th e soi l geochemistr y of tropica l an d 
subtropica l region s wil l be appearin g abou t th e sam e time . 

Togethe r thes e volume s describ e th e geochemica l analysi s of th e Earth' s 
unconsolidate d overburden , bot h th e in  situ  residuu m of weatherin g an d 
th e transporte d minera l drift . Othe r volume s of th e Handboo k ar e devote d 
to th e us e of rocks , strea m an d lak e sediments , organi c materials , wate r an d 
ai r in prospectin g (Fig . 1-1) . As chemica l analysi s an d dat a interpretatio n 
ar e als o treate d in separat e volume s of thi s series , the y ar e touche d upo n 
her e onl y briefly . 

Chapter s 2 , 3 an d 4 describ e th e characteristi c material s of th e over -
burde n in arcti c an d temperat e regions , thei r origin , structur e an d geo -
chemica l character . A genera l descriptio n of th e weathere d bedrock , glacia l 
till , glacifluvia l formation s an d mor e recen t alluvia l sediment s an d organi c 
deposit s is presented , togethe r wit h th e type s an d propertie s of soil . Re -
giona l an d loca l scal e geochemica l dispersio n of elements , an d th e detail s 
of differen t transpor t mechanisms , ar e discusse d in Chapter s 5  an d 6; 
understandin g of th e dispersio n is th e ke y to th e interpretatio n of results . 

Chapter s 7  an d 8 provid e a shor t introductio n to fiel d wor k —  to th e 
differen t sampling , analytica l an d dat a processin g method s appropriat e for 
th e differen t scale s of stud y an d to th e equipmen t an d measurement s tha t 
nee d to be mad e in th e field . Chapter s 9 abou t chemica l analysi s an d 10 
abou t statistica l treatmen t ar e include d to assis t th e reade r acquainte d 
wit h thes e subject s an d partl y to hel p him/he r in th e necessar y discussion s 
wit h chemist s an d mathematicians . 

Th e cas e historie s presente d in Chapte r 11 hav e bee n chose n to illustrat e 
a wid e variet y of situations : topographie s fro m peneplai n t o mountains , 



2 Introduction 

" V * * 

TILLY HILLS 
TILL ON SLOPES 

SHALLOW BOGGY TERRAIN = JÄNKA = MUSKEG 

Fig. 1-1. Different types of overburden formations and materials in arctic and temperate 
glaciated terrain, (photo Peter Johansson) 
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climat e fro m arcti c to temperate , an d a s man y type s of overburde n a s 
possible . I t is to b e hope d tha t fro m amon g th e man y cas e example s th e 
reade r wil l find  a t leas t on e closel y resemblin g hi s o r he r ow n researc h 
object , an d find  instructio n in ho w other s hav e proceede d an d succeeded , 
or failed . Beside s explainin g thei r particula r studies , th e author s tel l wha t 
els e shoul d be don e an d wha t conclusion s ca n be drawn . 

Th e final  Chapte r 12 "Foca l aspect s of soi l geochemistr y applie d in arcti c 
an d temperat e regions " is no t a summar y bu t som e kin d of overvie w of 
th e stat e of ar t an d i t is hope d tha t recommendation s give n in i t wil l hel p 
geologis t in th e geochemica l stag e of her/hi s usuall y urgen t prospectin g 
task . 

HISTORY OF SOIL GEOCHEMICAL PROSPECTING 

Th e us e of metals , thei r exploratio n an d th e beginnin g of geochemistr y 
go bac k a lon g wa y Fiv e thousan d year s ago , villag e blacksmith s in India , 
Iran , Mesopotami a an d Greec e wer e acquainte d wit h coppe r an d wer e abl e 
to smel t i t wit h ti n to mak e bronze . Iro n wa s introduce d to Greec e abou t 
310 0 BP an d it s us e ha d sprea d to norther n Europ e by abou t 250 0 BP. 

Ho w di d ou r forefather s find  thei r ore s befor e th e day s of samplin g 
net s an d sophisticate d analytica l instruments ? Ancien t prospector s wer e 
practisin g a for m of geochemica l exploratio n of soi l whe n the y searche d for 
coppe r stai n an d iro n rust . An old tal e fro m Swede n relate s ho w a farme r 
in Falu n wa s led to a n iro n or e by a goa t tha t cam e hom e wit h it s hoof s 
coloure d red . In th e Finnis h nationa l epi c Kalevala  i t is observe d "th e birt h 
of iro n is of rust" . 

Georgiu s Agricol a colourfull y describe s th e us e of "geochemical " method s 
of prospectin g in hi s famou s boo k De  Re  Metallica  (1556) : 

Now I will discuss that kind of minerals for which it is not necessary to dig, because the 
force of water carries them out of veins. Of these there are two kinds, minerals — and their 
fragments — and juices. When there are springs at the outcrop of veins from which, as 
I have already said, the above-mentioned products are emitted, the miner should consider 
these first, to see whether there are metals or gems mixed with the sand, or whether the 
waters discharged are filled with juices (quoted by Boyle, 1967). 

Jako b Forsskäl , Finnis h stat e prospecto r in th e earl y eighteent h centur y 
advise s in hi s boo k Om  malmers  kännande  och  efterletande.  Underrättelse 
for  allmogen  och  gemene  man  (1736) , ho w overburden , wate r an d ai r shoul d 
all be take n not e of: 

Overburden itself can tell about the ores below or in the vicinity. The weight and colour of 
such a soil, sand or clay, when carefully studied, usually tell much: green soil or drift points 
to copper ore, black, red and brown sand or soil to iron, varyingly yellow, white or bluish 
sand or clay to silver or lead. 



4 Introduction 

He als o note s tha t wate r whic h in confine d place s take s on colou r an d 
tast e fro m th e surroundin g soi l "reflect s th e metalliferou s roc k throug h 
whic h i t is runnin g by it s nast y tast e an d mea n flavour,"  an d a s th e final 
tes t "kill s th e animal s drinkin g it" . 

Danie l Tilas , anothe r Finnis h stat e geologist , reporte d in 174 3 tha t or e 
floats  ar e situate d to th e southeas t sid e of or e suboutcrop s in Finland , so 
hintin g for th e first  tim e a t th e metho d of boulde r tracing . Thi s metho d 
of exploratio n wa s take n to Nort h Americ a a s earl y as 1747-175 1 by Peh r 
Kal m durin g hi s botanica l excursion s (Goldthwait , 1982) . A centur y late r 
th e direc t correlatio n betwee n th e chemistr y of th e overburde n an d th e 
bedroc k belo w wa s take n carefu l not e of by Hjalma r Lundboh m (1887 ) 
in hi s studie s of Swedis h marbl e formation s an d th e C a conten t of th e 
overlyin g soil . 

I t wa s no t har d to gues s a t th e origi n of or e boulder s in talu s u p on th e 
valle y side . As earl y a s 180 2 Playfai r deduce d th e activit y of valle y glacier s 
in transportin g boulder s alon g th e valley , an d in 183 2 Bernhard i trace d th e 
sourc e of th e bi g porphyrit e an d granit e erratic s in norther n German y bac k 
to Scandinavi a (Goldthwait , 1982) . Nil s Nordenskiöl d publishe d hi s ma p 
of glacia l stria e in Finlan d in 1863 . Movin g int o ou r ow n century , boulde r 
tracin g for glaciologica l (Helmersen , 1882 ; Hedström , 1894 ; Hausen , 1912 ) 
an d late r fo r explorationa l purpose s becam e popula r an d importan t no t 
onl y in Finlan d bu t in al l norther n countrie s includin g Canad a an d th e 
Unite d State s (Sauramo , 1924 ; Högbom , 1931 ; Lundqvist , 1948 ; Flint , 
1947 ; Holmes , 1952 ; Grip , 1953 ; Aurola , 1955) . 

Mineral s wer e sough t an d mine d fro m sediment s lon g befor e Agricol a 
— for example , by pannin g of gol d an d preciou s stones . Sinc e th e gol d 
rushe s of las t century , th e heav y mineral s in sediment s hav e bee n studie d 
worldwid e bot h for prospectin g purpose s an d "mapping " of th e underlayin g 
bedroc k (e.g. , Raebur n an d Millner , 1927 ; Kivekäs , 1946 ; Mertie , 1954 ; 
Theobald , 1957 ; Theobal d an d Thompson , 1959 ; Lee , 1971) . 

Mineralogica l analysi s is base d on relativel y few identifie d grain s tha t 
hopefull y ar e typical . If thousand s wer e counte d th e proces s woul d be to o 
tim e consumin g an d tedious . A sampl e of finer  fractio n analyze d chemicall y 
give s mor e reliabl e results . Th e first  attempt s t o us e soi l chemistr y 
specificall y for prospectin g wer e mad e in th e Sovie t Unio n in th e 1920 s by 
Vernadskij , Vinogrado v an d Fersman ; th e metho d wa s calle d metallometry , 
an d accordin g to th e meta l sought , cuprometry , ferrometr y etc . (Sergee v 
an d Solovov , 1937) . 

Wit h littl e dela y th e chemica l metho d wa s applie d in Norwa y (Gold -
schmidt , 1934 ; Vogt , 1939) , Finlan d (Rankama , 1940 ; Kauranne , 1951) , 
Canad a (Chisholm , 1950 ) an d th e Unite d State s (Hawke s an d Lakin , 1949 ; 
Huff , 1951) . Rapidl y pedogeochemistry , as i t wa s calle d in th e West , sprea d 
throughou t th e world , bein g successfull y applie d in a variet y of geologica l 
environments . 
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As furthe r example s of earlie r cas e historie s in pedogeochemica l prospect -
ing , fro m warme r to col d climate , th e followin g ma y be mentioned : Hawke s 
(1952 , 1954) ; Holma n an d Web b (1957) ; Web b (1958) ; Govet t (1960) ; 
Armour-Brow n an d Nicho l (1970 ) —  Sergee v (1941) ; Fulto n (1950) ; Huf f 
(1952) ; Bloo m (1955 ) —  Whit e an d Alle n (1954) ; Warre n an d Delavaul t 
(1956) ; Ermenge n (1957) ; Boyl e an d Crag g (1957) ; Kaurann e (1958 , 1959) ; 
Dreimani s (1960 ) —  Pitulk o (1968) ; Garret t (1971) ; Gleeso n an d Cormie r 
(1971) ; Shilt s (1971) ; Camero n (1977) ; DiLabi o (1981) . 

Th e ne w metho d prove d successfu l in tropica l an d nonglaciate d tem -
perat e areas , wherea s in glaciate d terrai n ther e wer e bot h successe s an d 
failures . Th e haphazar d samplin g of glacia l overburde n produce d result s of 
no valu e to exploratio n an d th e financing  of pedogeochemica l studie s ra n 
int o difficultie s in Sovie t Kareli a (A. V Sidorenko , pers . commun. , 1978 ) an d 
Scandinavia . On e of th e first  attempt s to appl y th e method s in Finlan d wa s 
in connectio n wit h th e searc h for th e sourc e of th e Vihant i zinc-bearin g 
boulders , bu t no obviou s anomalie s wer e foun d (O . Joensuu , unpubl . report , 
1947) . Late r on , th e til l a t Vihant i wa s show n to be highl y comple x in struc -
tur e an d materia l (L.-M . Kauranne , 1979) . Failures , of course , ar e seldo m 
reporte d in th e literature , bu t plent y of th e successfu l case s of geochemica l 
exploratio n ar e described , for exampl e Harbaug h (1953) ; Ginzbur g (1960) ; 
Hawke s an d Web b (1962) ; Kvalhei m (1967) ; Levinso n (1974) ; Nicho l an d 
Björklun d (1973) ; Siege l (1974) ; Beu s an d Grigoria n (1977) . Othe r example s 
ar e give n in th e man y compilation s of internationa l symposi a arrange d by 
th e Associatio n of Exploratio n Geochemist s an d th e Institut e of Minin g 
an d Metallurg y (se e work s edite d by Bradshaw , 1975 ; Kauranne , 1976a ; 
Björklund , 1984) . 

Tradition s in scienc e an d differen t geologica l condition s hav e combine d 
to produc e a numbe r of "schools " of geochemistry , e.g. , th e "French-Soviet " 
typ e of geochemistry , centrin g aroun d th e Internationa l Associatio n of 
Geochemistr y an d Cosmochemistr y an d includin g e.g. , A. E Solovov , A.I . 
Perelman , VV Polikarpochkin , J. Barbie r an d E . Wilhelm , an d th e "Anglo -
Saxon " typ e of geochemistry , represente d by J . Webb , H . Warren , H.E . 
Hawkes , R.W Boyle . A.W Rose , E . Cameron , I . Nicho l an d G.J.S . Govett . 
The n ther e is th e "glacigeological " grou p of geochemist s A. Dreimanis , W 
Shilts , W  Coker , R. DiLabi o an d mos t Fennoscandia n researchers . Eac h 
grou p ha s ha d it s ow n interest s an d method s of stud y an d ha s develope d 
its ow n terminology . Fo r example , lithogeochemistr y in th e Sovie t schoo l 
cover s al l material s consistin g of minera l grains , bot h nonconsolidate d 
overburde n an d toug h rock , whil e lithogeochemistr y in th e Anglo-Saxo n 
schoo l is equivalen t to roc k geochemistry . Th e join t symposi a organize d by 
th e variou s group s hav e helpe d to construc t a commo n "language " withou t 
whic h no compariso n of achievement s is possible . 


