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ABSTRACT 

The lit erature on prospecting in peatlands 
is reviewed. Suggestions are made for further work 
on a d etai led and regional scale using peatlands in 
geochemical and geobotanical surveys to outline min
eral belts and locat e mineral deposits. A compre
h ensive bibliography is included. 



REVIEW OF GEOCHEMICAL AND GEOBOTANICAL 
PROSPECTING METHODS IN PEATLAND 

INTRODUCTION 

In 1960 Hawkes and Salmon wrote that "the location of ore depos
its beneath organic swamp soil is one of the principal prospecting problems 

in Canada". It is not surprising that this observation should be made in a 
country covered by at least 500, OOO square miles of water-saturated, organic 
terrain variously known as bog, muskeg, peatland, swamp, mire, beaver 
meadow, etc. Furthermore, such terrain conditions are particularly common 
over much of the Canadian Shield, an area potentially rich in mineral depos
its, but where geological and geophysical exploration methods have had only 
limited success . It is, therefore, imperative to develop other methods suit
able to these areas. These will include geology, geophysics, geochemistry, 
and geobotany . This report attempts to discuss only the geochemical and 
geobotanical methods. 

An extensive bibliography has been compiled from a literature 
survey on all aspects of the subject including: the definition, classification, 
origin, development, ecology and environmental factors of peatland (and of 
other wet-site areas); organic and peatland chemistry and geochemistry; and 
prospecting in peatland using geochemical, biogeochemical, geobotanical, and 
airphoto interpretation methods. 

Although there is some disagreement even among ecologists con
cerning the terminology and classification of wet-site areas (Sj~rs, 1963; 
Ritchie, 1960), it is generally agreed that bog, fen, mire, muskeg, peat land, 
organic terrain, and tamarack swamp refer to wet sites that have an accum
ulation of o.rganic matter called peat which is the fossilized and partially 
decomposed remains of plants that grow on it. The two other most common 
water-saturated terrain conditions, marsh and swamp, are not marked by 
peat accumulation. This report deals only with peat areas and refers to all 
their variations, i.e., bog, fen, muskeg, etc., as peatland or organic terr
ain . Areas of confined peat deposits, usually depressions of limited area, 
are commonly referred to as bog, whereas extensive peat land areas, as found 
in northern Ontario, particularly in the Hudson Bay Lowland, are known as 
muskeg. Full bibliographic references to the definition, terminology, and 
classification of peatlands (and other wet-site areas) in Canada may be found 

Project 680054 
Ms. received 19 November, 1 968 



-2-

in Dansereau and Segadas-Vianna (1952), Moss (1953), Ritchie (1960, 1962), 
Sjors (196la, b, 1963), and Radforth (1961, 1962, 1966), 

Peatland is !amiliar to most if not all geologists and prospec
tors and the various terms bog, fen, etc. are used synonymously by most to 
refer to almost any water- saturated terrain condition. It is important, how
ever, to under stand that there are clearly delimited types of peatland w hi ch 
are characterized by a complex of environmental factors. A knowledge and 
recognition of the physical, chemical, hydrological, geological topograph
ical, ecological , and botanical factors is of the utmost importance to the suc
cessful application and interpretation of geochemical and geobotanical pros
pecting. Discussion of these factors as they apply to North American peat
lands may be found in Chalmers (1904), Auer (1930), Dansereau and Segadas
Vianna (1952), Moss (1953), Heinselman (1963, 1965) La Roi (1967), and 
Janssen (1967). References to the Shield and Hudson Bay Lowland include 
Hustich (1955, 1957), Sjors (1959, 196la, b, 1963), and Ritchie (1960, 1962). 
In addition, references to European peatland lit erature may be found in the 
bibliography. 

SUMMARY OF PREVIOUS RESEARCH ON MINERALIZED 
PEATLANDS AND ON GEOCHEMICAL PROSPECTING 

IN PEATLANDS 

The formation of bog iron and bog manganese ores is well known 
to most. Less familiar , however, are the references to bogs highly enriched 
in copper, zinc, uranium, and other metals. As early as 1824 certain bogs 
in Ireland were reported to contain sufficient copper for economical, extrac
tion (Townsend, 1824) and peat bogs over lead-zinc veins at Strontian l.rl 
Scotland have been found to be enriched in both lead and zinc. Numerous 

accounts of metal enriched bogs are reported from the U.S. S. R.; copper 
bogs are described by Manskaya ~ ~ (1960) and Albov and Kostariev (1968) 
and uraniferous bogs by Moiseenko (1959) and Kochenov et~ (1965). 

In America, native copper is present in peat in Montana 
(Lovering, 1927), and copper- bearing peats developed in bogs downstream 
from copper deposits have been described in Montana and Colorado 
(Forrester, 1942; Eckel, 1949). As much as 16 per cent zinc is present in 
peats overlying the zinc-bearing Lockport dolomite in New York according to 
Canon (1955). After the discovery of several uraniferous bogs in California 
the use of 'boggy areas' was recommended for reconnaissance prospecting 
for uranium by Bowes et&. (1957). Zinc carried into bog and muskeg by 
surface waters is concentrated in abnormal amounts in the Keno Hill area, 
Yukon Territory and at Chibougamau, Quebec (Boyle and Cragg, 1957; 
Ermengen, l 957a, b) and a copper-bearing swamp occurs near Sackville, 
New Brunswick (Fraser, l 96la, b). Iron is concentrated in the organic matter 
in a swamp overlying a copper-bearing iron sulphide deposit in the Bathurst 
area, New Brunswick (Hawkes, 1960). 
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Only a few detailed studies of the metal distribution in peat areas 
and the factors controlling the distribution of the various metals in the peat 
components are extant. Almost all work of this kind h_as been done in 
Scandinavia and the U.S.S.R., with only limited investigations in Canada. 
Peat deposits in the vicinity of sulphide orebodies generally contain more 
copper, zinc, and nickel than those remote from mineralized zones accord
ing to Salmi (1950, 1955) and the content of metals in bogs is an indicator of 
deposits. Thus, near the vanadium-bearing titaniferous iron ores of the 
G>tanmaki district in Finland, peat samples from profiles of several bogs gave 
anomalous amounts of all the ore elements studied. Maximum concentrations 

occur over or near the suboutcrop of the orebodies which can be detected 
even where the peat is underlain by as much as 40 feet of sand and till. In 
the vicinity of copper-zinc deposits in the Vihanti ore field in western 
Finland Salmi (l 956b) also found that the metal content of bogs is indicative 
of the presence of mineralization. In this region the largest concentrations 
of lead, zinc, and copper occur in the bogs in the vicinity of ore deposits. 
Also, zones of high pH in bogs outline lenses of limestone which are comm
only associated with zinc deposits in Finland (Salmi, 1958). 

A high content of uranium (and radon) in peat deposits in the 
Norrbotten district of Sweden is associated with radioactive springs (Armands 
and Landergren, 1960; Armands, 1961). Four different kinds of waters are 
responsible for the supply of radioactive material to the peat- surface water, 
groundwater, spring water, and groundwater emanating from fractured rocks. 
Uranium is probably transported by bicarbonate waters from dolomite depos
its or pegmatitic granitic dykes in the vicinity of the peat occurrences. 

Geochemical prospecting in extensivel y covered peat areas in the 
Sukharikha River basin of Siberia by hydrochemical methods revealed a num
ber of anomalous metal-bearing sites trending northeast and roughly coincid
ing with the known principal fault systems of the region (Shvartsev, 1966). 
These were re lat ed to springs that welled up along the fault zones and precip
itated their metal in the peat areas. The difficulty of prospecting in peat 
covered terrain is emphasized by Shvartsev, and metal ratios and metal 
assemblages of mobile elements in the waters are suggested to be more indi
cative of the presence of orebodies than individual determinations of any 
specific element. 

Several factors affect the concentrat ion of trace e l ements in the 
'peat marshes' in the Baltic Shield of the U.S.S.R. These are: (1) the 

type rock surrounding the peat area: high amounts of Cu, Ni, Co, and V 
are detected in deposits surrounded by ultrabasic rock, whereas high amounts 
of Be, Ga, and rare earths occur in those peat areas surrounded by 
arenaceous-argillaceous rock; (2) the geomorphology of the area: the largest 
amounts of trace elements are detected in peatlands of intermontane depres
sions and the smallest in present depressions and river valleys ; (3) the kind 
of waters received by the peat deposit: ' Low peats' (i.e. those receiving 
waters draining from surrounding rocks and soils) are richer in e l ements 
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than the 'upper' (i. e. those rece1vmg rain water solely) and 'intermediary' 
peats; and ( 4) the acidity of the medium: different concentrations of the 
elements are associated with different pH. 

The presence of uranium in peats is not a regional but a lo cal phen
omenon and is related to a source in the under l ying bedrock according to 
Lisitsin et~· (1967). Also, the distribution of copper in peat depends on 
proximity to the underlying bedrock, on the copper content of the underlying 
bedrock, and on the type of formed peat, i. e. low moor , hi gh moor, etc. 
Furthermore, the capacity of humic acids for retaining t h e metal is reported 
to play a decisive role in the copper distribution at different depths in the 
peat profil e (Manskaya et~·, 1960). 

According to Gleeson (1960) and Gleeson and Coope (1967) peatpro
files in bogs in the Shield in Ontario and Quebec and in the Daniels ' Harbour 
area in Newfoundland overlie compact clays and are essentially similar and 
consistent w ith depth. The zinc, copper, and nickel contents in the organic 
horizons increase w ith depth, and maximum vall+eS are pres ent in the upper 
layer of the clay adjacent to the peat . Below the uppermost clay layer the 
metal content decreases with depth. The pattern of zinc distribution in 
anomalous bogs sampled close to areas of bedrock in the Daniels' Harbour 
area is similar to the background bogs. The zinc content of the upper clay 
layer beneath the peat increases in the vicinity of known min eralization, and 
the contrast between the metal content of surface organic samples, the upper 
clay layer , and the lower clay layers is more marked for the areas near 
mineralization than in the background profiles. 

Gleeson and Coope (op. cit.) concluded from their investigations 
that there is a tendency for certain trace metals to distribute themselves 
regularly in the peat profiles in poorly-drained, h eavily-glaciated areas. 
The increase in zinc content in the vicinity of known mineralization suggests 
that careful sampling of specific horizons in the bog p eat profiles can be used 
as a us eful geochemical tool w h en prospecting for unknown ore d epos its in the 
Canadian Shield. 

As much as 10 per cent by weight of copper is reported in a copper 
swamp in southeastern New Brunswick (Fraser, 196la and b). This swamp 
is unique because of its subneutral to slightly alkaline peat conditions as com
pared to all other reported copper swamps in American literature w hich are 
acidic. The factors responsible for the movement of the metal in the mobile 
state are diffusion, capillarity, evaporation, and the growth of frost crystals. 
Vegetation concentration, sorption, and copr ecipitation slightly modify the 
dispersion pattern, and the dominant factor immobilizing the metal appears 
to be the sequestration of the copper by the organic matter by t h e formation 
of a chelate compound. 
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GEOCHEMICAL AND GEOBOTANICAL METHODS OF INVESTIGATION 

The development of geochemical and geobotanical methods in the 
search for mineral deposits in areas of organic deposits should be approached 
on two levels: (1) regional; (2) local. Local investigations are probably 
necessary before undertaking regional problems. Thus, good sampling tech
nique must be established for peat (and other organic material, e. g. gyttja, 
muck) in order to obtain consistent results with a minimum number of 
samples. 

Detailed Local Studies 

Investigation on a detailed local basis in bog and muskeg should 
take the form of: 

(1) Studies of physical conditions such as groundwater flow, upwelling of 
groundwaters, porosity conditions, diffusion of e l ements, etc. 

(2) Studies of the vertical layers in profile in peat areas including their 
underlying clays, tills, etc. 

(3) Studies of the vertical and areal distribution of pH, Eh , and metal and 
gangue e l ements. 

(4) Studies of the nature of binding of e lements in organic matter i. e. 
adsorption, chelation, etc. 

(5) Botanical- ecological studies. 

Physical conditions 

The most important physical parameter is the hydrological condi
tion. For exampl e, peatlands can be classified into two main categories 
depending upon the type of water they receive. Minerotrophic peat land mainly 
receives waters that drain or percolate through soil, till, rock, etc. Ombro
trophic peatland receives water solely from the precipitation on the area. 
The ombrotrophic condition being extreme may not vary much in a given dis
trict and is, therefore, poor in mineral-influenced drainage waters. The 
minerotrophic condition, on the other hand, is highly variable because its 
waters are influenced by precipitation, by the amount of water entering, and 
by the type of rock, soil, or overburden through which the waters pass. It is 
reasonable to expect the minerotrophic condition to be more favourable for 
reflecting mineralization related to a metal deposit beneath it or in its vicin
ity, than the ombrotrophic environment, and hence more favourable for 
exploration prospecting. Studies of the water factor will include, therefore, 
type of water received, drainage patterns, surface and groundwater move
ment, and the effect of these on the chemistry, mode of metallization and 
vertical and lateral dispersion patterns of the elements in the peat area. 
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Drainage courses and surface water patterns in a peati"and can be 
studied from air photographs and in the field. Radioactive tracers and fluor
escein may be helpful in tracing the flow where the surface waters are slug
gish or practically stagnant (Ochiai, 1964) . Knowledge of the flow direction 
is imperative to determine peatland metallization on an areal basis where 
peatlands receive effluent from metal-rich springs that leach mineralized 
areas. 

Determination of the flow direction and characteristics of ground
waters, or more accurately, below-surface- waters is a more difficult prob
lem. Movement can be detected by experimental methods. Rings of holes 
surrounding a central reservoir hole into which a radioactive tracer or fluor 
escein is introduced may be most effective. The rate of flow and the gradient 
can thus be determined approximately, but there are many problems involving 
adsorption of the radioactive tracer or dye by the organic material. Under
ground water movements can also be delineated, probably more readily, by 
vegetation interpretation. This is discussed more fully in the section on 
botanical studies. 

The effect that upwelling groundwaters, for example from springs 
along faults or other open structures, have on mineralization of peat deposits 
can only be examined in the field . Such springs are often marked by more 
alkaline pH or by specific ratios of elements such as the alkalis or alkaline 
earths. Sulphate and carbonate measurements may also reveal the presence 
of the springs as may botanical indicators. Where such springs are arranged 
in linear manner as along faults, the mineralization may exhibit a linear pat
tern. Other patterns are, however, to be expected and can only be delineated 
by detailed chemical and botanical investigations of an area. 

The diffusion of elements upward and laterally in a peat area can 
be examined both in the field and laboratory. In the field, patterns can be 
defined by chemical analyses of the layers over a grid extending throughout 
the study area. In the laboratory, columns and prisms of organic profiles 
can be used to determine the rate of diffusion of the elements by the use of 
radioactive tracers. 

Metal distribution in peat profiles 

Elemental distribution in peat profiles has been studied by Hvatum 
(1964), Mitchell (1954) and Gleeson (1960). Lead, zinc, and molybdenum 
concentrate in the upper layers of peat, and copper, cobalt, and manganese 
are generally present in maximum concentration at the top and bottom of bogs 
in Norway (Hvatum, op. cit.) . The copper, zinc, lead, and nickel contents 
increase with depth in Scottish peats overlying rocks containing background 
quantities of metal s according to Mitchell (op. cit.). 
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Studies of this kind can only be don e in the field. A grid of closely 
spaced sampling sites for peat profiles is required. The vertical and areal 
elemental distribution should be determined for each bog type characterized 
b y its physico- ch emical, hydrological and botanical features. Areas that 
have a background elemental content should be compared with those that are 
enriched in metals from known nearby mineral deposits (Salmi, 1955; Gleeson 
and Coope, 1967). 

Special attention should be given to clay, till, or other mineral 

matter immediately underlying the organic material. For exampl e, at 
Timmins, Ontario, the migration of the elements into the peat above is 
reported to be impeded by an underlying impervious varved clay layer 
(Fortes cue and Hornbrook, 1 967). 

Patt erns of metal distribution along the margins of the peat areas 
where they overlap onto mineralized terrains should be investigated. Mineral 
matter carried by waters draining from mineralized terrains is precipitated, 
absorbed, or otherwise removed from solution comparatively close to the 
marginal parts of the bog according to Salmi (1949). The factors influencing 
the removal of material include the particle size and degree of humification 
of the peat. The central portions of the bog are not influenced by the mineral 
matter of these waters. 

Eh and pH patterns, both vertically and lat erally, should be care
ful! y studied in relation to metal distribution as well as to under lying bedrock, 
clay, till, etc . Different concentrations of the elements and different bedrock 
types are associated with different pH (Saprykin and Sventikhovskaya, 1965; 
Salmi, 1958; Tikhonov, 1966). 

Geochemistry of organic matter 

Studies of the nature of the binding of metals by organic matter are 
necessarily long-term and wi ll require the co -op eration and assistance of 
organic chemists. The mechanisms by which metals and other elements are 
fixed appear to involve sorption processes, exchange reactions, and chelation. 
Other complex organic reactions that may be revealed by further research 
may also be involved. Many organic deposits concentrate the hydroxides of 
iron, manganese, alumina, and silica, all of which may have strong adsorp
tive and fixative properties for many metals. Also, hydrogen sulphide, lib
erated by bacterial action of decaying proteinaceous substances, may precip
itat e the chalcophile elements and influence the precipitation of metals such 
as vanadium and uranium. 

The adsorptive and exchang e capacities of organic matter can be 
readily determined for most e l ements by well established techniques. Radio
active tracers are particularly useful in this respect. It would be interesting 
to examine the various layers of a peat profile for their adsorption and 
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excha!!ilge capacities in relat i cm i!:Cll depth and peat quality, i. e. degree of 
humification, botanical origin (sphagnum peat. woody peat, gyttja, etc.). 
These would be invaluab'le data in t!he interpretation of metal distribution in 
peatlands . 

The importance and necessity of this type of research for pros
pectmg purposes in Cllrganic terrain has only recent'ly been recognized. Sev
eral papers on the subject have appeared in the past few years in theU.S.S.R. 
and Europe. Copper is fixed by various naturall. Cllrganic CCllmpcmnds and in 
part fCllrm1.s chelate c0im.pounds W"itibi. h.um.i..c acids (Manskaya et al. 1958, 196 0) 
Nickell and copper che'l.ation by orga!!ilic matter has also been reported by 
Pratt et a'l.. (1967). MCllll.ybdenlil:m is adsorbed onto humic acids;, and vana 
dium is also associated with hum..ic acids (Szalay and Szilagyi, 1967). 
Iron interacts wil!:h peat soil huim.ic and fulvic acids and uraniu'.!Il is strongly 
bcmded by peat (Manskaya et al., 1956; Titaeva, 1967; Kranz, 1968). 

The copper chelation reported by Fraser (196lb) in New Brunswick 
bogs has already been mentioned. Two other studies on copper behavi0ur 
with organic matter were made by Lees (1950) and Dawson and Nair (1950). 

Pertinent detailed studies on organo - metallic complexes have 
been reported (Broadbent, 1955, 1957; Schnitzer et~., 1964, 1965, 1967; 
Aleksandrova, 1954, l 960; Aleksandrova and Nagy, 1958). A recent treatise 
on the geochemistry of organic substances deals with the organic substances 
of peat, paths of formation, structure of humic and fulvic acids and the 
importance of organic substances in the migration and accumulation of the 
elements (Manskaya and Drozdova, 1964). 

Detailed botanical studies 

Botanical features or 'indication geobotany' (Chikishev and 
Viktorov, 1963) are becoming increasingly important in geological (Sigafoos, 
1 958; Shacklette, 1 966), geomorphological (Shvyrayayeva, 1 961; Sjor s, 1 96 1 b; 
Radforth, 1 962; U sik, 1 966), and hydrogeological (Viktorov, 1955, 1 961; 
Chikishev and Viktorov, 1963; Sloan, 196 7) interpretation. The work of geo
botanists and geologists in analyzing the geological adaptability of plant 
growth and in applying this to practical geologic interpretation has perhaps 
achieved its greatest development in the U.S. S . R. (Viktorov, 1955; 
Viktorov et~·, 1964; Boch, 1965). This is especially true in the case of 
geobotanical prospecting for mineral deposits (Malyuga, 1954; Nesvetaylova, 
1955; and others). The use of vegetation as a tool in mineral exploration 
and prospecting in peatlands opens wide and practical prospects. 

Briefly, the botanical indicator method is based on the principle 
that environmental conditions - hydroll.ogy, chemistry, mineral (nutrient) con
tent, etc. - of the plant growth su'bstrate may be reflected in the vegetation. 
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The geobotanical prospecting method can be developed and applied in peatland 
areas for direct and indirect indicators of mineral deposits. Direct plant 
indicators are those affected by t he presence, or by an abnormal {for the 
plant) concentration, of an element in the soil or soil waters. Such indicat
ors can be recognized by investigation of: ( 1) the plant species or ass em
blage composition and distribution - where presence {because of an affinity 
to an element) or absence (because of the toxicity of an e lement) may be indi
cative of mineralization, and (2) plant appearance - where aberrations or 
variations in the morphological (size, colour, shape) or physiological (vital
ity, reproduction, flowering) features of the plant are indicativ e of mineral
ization. Recognition of direct plant indicators requires a careful detailed 
systematic survey both over areas of known and unknown mineralization. It 
also requires knowledge of plant physiology and ecology in order to distin
guish features (variations) that are dir ectly or indirectly induced by thepres
ence of mineralization. 

In a study of the flora at Great Bear and Great Slave lakes in the 
Northwest Territories, Shacklette found variations in the fruit of the bog 
plant, dwarf blueberry (Vaccinium uliginosum), whic h grew over a pitch
blende deposit. This species and many of the other blueberries are ubiqui
tous and grow most commonly or exclusively in peatlands. 

Another group of plants common to wet organic soil sites that 
merit serious investigation as potential plant indicators in peatlands are the 
mosses. In Canada 'copper mosses' were reported for peat bogs in New 
Brunswick (Beschel, 1959; Fraser, 196la). Pohlia nutans grew in a peat 
deposit highly enriched in copper. The presence of this species invariably 
indicates excessive surface copper content (Fraser op. cit.). Furthermore, 
the high concentration of copper killed the trees on this site. 

Other reports on coppe r mosses, on bryophytes (mosses , liver
worts, lichens) associated with mineral deposits, and on the e l ement content 
of bryophytes may be ref erred to for investigating these plants as direct indi
cators in peatlands (Shacklette, l 965a, l 965b, 1967). 

Some plants accumulate abnormally high concentrations of the 
elements from the substrate without any visible effects. Such accumulator 
plants can only be investigated by careful chemical analysis. This method is 
known as the biogeochemical method and has received much attention in the 
U.S.S.R. (Malyuga, 1964), in the U.S.A. (Cannon, 1961) and in Canada 
(Warren and Delavault, 1955, etc.) . 

Relatively few of the studies, h owever, have been carried out on 
peatlands. In the U.S. S. R. birch and pine are effective for delineating cop 
per mineralization in bogs (Poskotin and Lyubimova, 1963). In Finland, 
twigs of Labrador tea (Ledum palustre) contaim more Zn, Cu , and Pb than the 
peats in which they grow (Salmi, 1956 a, b). It was concluded that planl
chemical sampling is better than peat-chemical prospecting where the peat 
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is not greater than several metres deep and where water conditions are 
very high. 

Nettle, willow, and aspen species concentrate abnormal amounts 
of zinc and have been used to discover two areas of mineralization in the 
U.S. A. In the Bathurst area, New Brunswick, mosses growing in a peat bog 
situated over a copper- bearing sulphide deposit concentrate iron. 

The ubiquitous bog species Labrador tea (Ledum groenlandicum) 
is conspicuous in accumulating manganese and two other well known species 
indigenous to peat areas - black spruce (Picea mariana) and tamarack 
(Larix laricina) are found to respond to even small amounts of Cu and Zn in 
the substrate (Warren and Delavault, l 955a, l 955b). The familiar alder 
(Alnus) of bog, muskeg, and swamp is also reported to be an accumulator of 
copper. Labrador tea, black spruce, and tamarack offer the best hope of 
exploring biogeochemistry in 'muskeg country' according to these authors. 
However, the application of biogeochemistry in peatland areas is limited to 
the depth of the organic deposit; useful results can only be expected when the 
peat is less than 30 feet - or at the most 50 feet thick. 

The development of the biogeochemical method for peatland pros
pecting should be directed towards the examination of the concentration of 
elements in indigenous peatland plant species in order to establish accumu
lator plants. This will require investigation of element behaviour in species 
from peat areas with similar and with different environmental conditions that 
are either mineralized or nonmineralized. There is a need to recognize and 
interpret the effects of the numerous environmental factors - chemical 
(e.g. pH), hydrological (e.g. water regime), physical (e.g. soil tempera
ture) - on the chemical relationships of the plant. Such recognition will 
facilitate the interpretation of elemental accumulation, and levels of toxicity 
and tolerance in plants for prospecting. A basic knowledge of plant physiol
ogy, ecology, and taxonomy are, therefore, essential to successful· research 
of this type. 

Not only do the phytocenoses (plant community, plant species) in 
water-saturated organic soil sites differ from those of dry mineral soil sites, 
but variations within the peatland vegetation are indicative of variations in the 
environment. Hence, the physical, chemical, hydrological, and pedological 
characteristics of a peat area can be interpreted by botanical indicators and 
thus facilitate prospecting. Classification of different kinds of peat areas 
related to their physico-chemical conditions may be made from their vege
tation. The minerotrophic condition of a peat area discussed earlier, is 
char·acterized by a 'fen vegetation', i. e. a rich herb flora of basiphilous or 
calcareous plant species such as buckbean (Menyanthes), bladderwort 
(Utricularia), birch (Betula), sweet gale (Myrica), and the brown (Hypnum) 
mosses. Plant species will even reflect the degree of minerotrophy in this 
condition. For the poorly mineralized (i. e . in plant nutrient content), acidic 
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ombrotrophic condition there is a 'bog vegetation' in which black spruce, 
leather leaf (Chamaedaphne), Labrador tea, bog laurel (Kalmia), and sphag
num mosses predominate. The classification of peatlands in relationship to 
their vegetal cover and environmental conditions, and the relationship 
between mineral influenced bog waters and vegetation coyer and patterns in 
peatlands have been studied by various investigators (Gorham, 1956; 
Heinselman, 1963, 1965; Sparling, 1966; Sjors, 1950, 196la, 1963; Ritchie, 
1960, 1962; Pierce, 1963; Bay, 1966). 

The pH of bogs is related to the underlying bedrock and it has 
been suggested that pH can be used in prospecting (Salmi, 1958). Ionic com
position and pH are also related to the vegetation cover type and may be 
predicted by o~servation of the plant cover alone (Sjors, 1950'a, b ; Pierce, 

1953; Bay, l 967b). Another possible use of vegetation in prospecting peat
land is thus well illustrated. 

Vegetation may also be used to interpret the type of mineral sub
stratum beneath the peat as well as peat depth, peat type, degree of peat 
humification and botanical origin (SJors, 196la, b, 1963; Ritchie, 1962; Boch, 
1965). Such information will undoubtedly facilitate the application of and the 
interpretation of results from the geochemical, geobotanical, and biogeo
chemical methods. 

Finally, vegetation can be used to investigate and interpret the 
hydrologic environment of a peat area. The type of water an area receives 
is reflected in its plant cover. Drainage courses, seepages, and springs can 
be delineated by plant indicators as can underground water movement 
(Yurkevitch, 1966; Heinselman, 1963; Sjors, l 96la, b, 1963; Radforth and 
Usik, 1964). Hydrological conditions may be reflected by: (1) the presence 
of a particular plant species or community of species, e. g. cedar (Thuja) is 
almost always indicative of fresh or spring water; or (2) the vitality and qual
ity of growth, e. g. taller and larger (in diameter) black spruce are found in 
areas of active (under ground) water movement (Ritchie, 1960; Heins elman, 
1963; Sjors, 196lb). 

The geobotanical method is greatly facilitated by the use of 
aerial photographs because of the inaccessibility of and difficult trafficability 
over peatlands. Airphoto interpretation using vegetation has already been 
recognized in mineral reconnaissance and development and botanical investi
gations of environmental plant indicators in peatlands as described above 
have been easily and readily made from airphoto interpretation (Dyukarev, 
1936; Galinka, 1937, 1964a,b; Radforth, 1955, 1956, 1958; Radforthand 
Usik, 1964; Sjors, 1959, l 96lb; Finley, 1960; Heinselman, 1963; Usik, 

1966). 

The use of colour and infrared photography also offers great pas
s ibilities for application of botanical interpretation to peatland prospecting. 
Recent work has shown a greater range and better quality of interpretation in 
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botanical, geological, and hydrological studies by use of these media 
(Colewell, 1968). Geologic interpretation of colour ed air photographs can 
l ead to the discovery of orebodies. The hydrologic environment of an area 
can be inferr ed from vegetation interpretation of infrared photographs 
(Schneider, 1968). Ecological conditions, plant communities and even plant 
species can be investigated on colour photographs (Plummer, 1968). Plant 
vigour and health such as dying and disease-infected forest trees are 
detected by infrared photography (Colewell, 1967; Marshall, 1968; Meyer, 
1967). The use of these tools for the investigation of botanical indicators of 
mineral deposits and of environmental conditions in peatlands is recom
mended . 

Each of the detailed studies discussed above is required to char
acterize accurately the different types of peat (and other wet - site) areas in 
order to frame the most suitable method of approach and sampling technique 
for investigations on a regional basis. 

Regional Studies 

The principal difficulty in the regional approach is to obtain an 
adequate sampling of the peat areas for geochemical analyses. This w ill 
depend essentially on the results obtained and techniques developed from 
detailed local studies of peat areas, both in the vicinity of mineral deposits 
and well removed from them. 

It is probable that mineral belts or zones are reflected by haloes 
or strings of peatlands enriched in metals or gangue elements compared with 
similar peatlands that occur in unmineralized areas. In relatively flat-lying 
areas a mineralized belt is likely to be surrounded by a metal- enriched halo 
which grades into the background bog. In an area in which there is definite 
water movement the metal- enriched halo is like! y to form a linear band 
'downstream' from belt roughly parallel to a mineralized belt. Great varia
tion is to be expected in individual cases because of drainage, underground 
water circulation, upwelling of groundwaters, topography, geology, climate, 
and botanical conditions. 

Once satisfactory sampling procedures are established, a broad 
survey may be carried out using air photographs to delineate the peat areas 
and their hydrological, botanical, geological, and physical features, and hel
icopters to collect samples for chemical and botanical analyses. Two gen
eral areas should be chosen - one a background area where no mineral depos-· 

'its are known, and the other, a test area where mineral deposits are known 
and relatively undisturbed. Geochemical and geobotanical data obtained from 
the survey should be plotted and the patterns studied carefully. 
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CONCLUSION 

Areas of water-saturated organic-covered terrain can be effec
tively investigated by geochemical and botanical methods in order to explore 
and discover mineral deposits in heavily glaciated areas of Canada. Much 
work on a detailed local and regional basis is necessary in order to establish 
local and regional background information as against metal anomalies in peat
lands. Background data on metal migration and behaviour and concentration 
in water, peat, and plants is essential. The establishment of geochemical 
and geobotanical background data will require the knowledge of geologic, geo
morphologic, geogenic, hydrologic, chemical and ecological characteristics 
of the peatlands. Botanical investigations can greatly facilitate the investi
gation of the above factors. A classification of peatlands using established 
geochemical and botanical indicators of mineral deposits or of conditions 
most favourable for their presence, may enable qualitative prediction of min
eralization or ,possible mineralization in any region. 

BIBLIOGRAPHY 

DEFINITION, CLASSIFICATION, ENVIRONMENTAL FACTORS OF 
PEATLANDS; GEOBOTANY; AIRPHOTO INTERPRETATION 

Abramova, T. G. 
1965: The indicator significance of the vegetation cover of the bogs of 

Leningrad Province; Plant Indicators of Soils, Rocks, and Sub
surface Waters; Ed. A. G. Chikishev; Auth. Transl. Russ. 
Consult. Bur., New York, pp. 66-90. 

Aerial photography in geologic field work and economic mineral 
exploration. Gen. Director and Editor. G. F. Lungergauzer; 
"Nedra" Press, Moscow, in 3 volumes (vol. I: Economic 
Exploration and Vegetation Interpretation). 

Afanas'en, N.I. 
1967: Content of co2 and Oz in Belorussian marshy soils; Vesti Akad. 

Navuk Belarus. SSR, Ser. Sel'skagaopad. Navuk (1), pp. 11-15. 
(Chem. Abst., vol. 67, 530882). 

Allington, K. R. 
1966: The bogs of central Labrador-Ungava; an examination of their 

physical characteristics; Ten Years (1954-1964) of Field 
Research in Labrador- Ungava, McGill Sub-Arctic Research 
Paper No. 20, pp. 220-237. 

Anrep, A. V. 
1914: Investigation of the peat bogs and peat industry of Canada; Can. 

Dept. Mines, Bull. 9. 



Auer, V. 
1930: 

-14-

Peat bogs in southeastern Canada; Geol. Surv . Can., Mem. 162. 

Baldwin, K . W. 
1958: Plants of the Clay Belt of northern Ontario and Queb ec; Natl. 

Mus . Can., Bull. 15 6 . 

Bannister, P. 
1964: The water relations of certain h eath plants with reference to their 

ecologi cal amplitude ; J. Ecol., vol. 52, pp. 423-432 . 

Bass - Becking , L.G. and Nicolai, E. 
1935: On the ecology of a Sphagnum bog; Blumea, vol. 1, pp. 10-77. 

Baszynski, 
1956: 

T., Slawonski, W . and Zawadzka, J. 
The peat- bog Garbacz II. Chemical and biochemical studies; 
Acta Soc . Botan. Polan. 25, pp. 421 -423. (Ch em. Abst., vol. 
53, 12979). 

Bavina, L. G . 
1966: The water balanc e of lowland swamps of the Poles'ye Lowland ; 

Abst. in Soviet Hydrology: Selected Papers No. 4, p. 447. 

Bay, R . R. 
1967a: 

l 967b: 

Factors influencing soil - moisture relation ships in undrained 
forested bogs; Int ernatl. Symposium on Forest Hydrology, Ed. 
W. E . Soper an d H. W. Lull; Pergamon Press, pp. 335-343. 

Groundwater and vegetat ion in two peat bogs in northern 
Minnesota; Ecol., vol. 48, No. 2, pp. 308-310 . 

Bellamy, 
1966: 

D. and Bellamy, R. 
An ecological approach to the classification of the lowland mires 
of Ireland; Proc. Roy. Irish Acad., vo l. 65 , sect. B, No. 6 , 
pp. 237 - 251. 

Black, W . A., Cornhill, W. J. and Woodward, F. N . 
1955: A preliminary investigation on the chemical composition of 

Sphagnum moss and peat; J . Applied Chem., vol. 5, Pt . 2, 
pp. 484-492. 

Boatman, D. J. 
1957: An ecological study of two areas of blanket bog on the Galway

Mayo P eninsula, Ir e l and; Proc . Roy. Irish Acad., vol. 59, sect. 
B, No. 3 . 



-15-

Boch, M.S. 
1965: The present position of the problem of the utilization of the indi

cator rol e of the vegetation cover of bogs in relation to the struc
ture and properties of peat deposits; Plant indicators of Soils, 
Rocks, and Subsurface Waters, Ed. A. G. Chikishev; Transl. 
Russ. Consult. Bur., New York, pp. 61-65. 

Buell, M. and Bu ell, H.F. 
1941: Surface level fluctuations in Cedar Creek Bog, Minnesota; Ecol., 

vol. 22, No. 3, pp. 317-321. 

Burke, W. 
1962: 

and 0 1 hare, P. J. 
Problems of peatland; Trans. Joint Meeting Comm. IV and V, 
Internatl. Soc. Soil Sci., N ew Zealand, pp. 6 47-655. 

Burns, G.P. 
1911: A botanical survey of the Huron River Valley VIII. Edaphic con

ditions in peat bogs of southern Michigan; Botan. Gaz., vol. 52, 
pp . 1 0 5 - 1 2 5 . 

Campbell, R.B. and Richards, L.A. 
1950: Some moisture and salinitY. relationships in peat soils; Agron. J., 

vol. 12, No. 1, pp. 582-585. 

Chalmers, R. 
1904: Mineral resources of Canada: Bulletin on p e at ; G e ol. Surv. Can., 

Publ. 880. 

Chapman, S.B. 
1965: The ecology of Coom Rigg Moss, Northumberland III, Soa1e wate r 

relations of the bog system; J. Ecol., vol. 53, pp. 371-384. 

Chikishev, A. G. and Viktorov, C. V. 
1963: Indication geobotany; Priroda (Nature), No. 12, pp. 45-52. 

Chisholm, P. 
1964: The Indians called it Mas-keg; Ontario Hydro New s,June 1964, 

pp. 2-5. 

Clausen, J.J. 
1957: A phytosciological ordination of the conifer swamps of Wisconsin; 

Ecol., vol. 38, No. 4, pp. 638-649. 

Clymo, R.S. 
1964: The ongm of acidity in Sphagnum bogs; Bryologist, vol. 67, 

p. 427. 



-16-

Clymo, R.S. (cont'd) 
1965: Experiments on the breakdown of Sphagnum in two bogs; J. Ecol., 

vol. 53, pp. 747-758. 

Colewell, R. N. 
1967: Remote sensing as a means of determining ecological conditions; 

Bioscience, vol. 17(7), pp. 54-69. 

1968: Remote sensing of natural resources; Sci. Am., vol. 218{1), 
pp. 54-64. 

Conway, V. M. 
1 954: Stratigraphy and pollen analysis of Southern P enine blanket peats; 

J. Ecol., vol. 42, pp. 117-147. 

Coulson, 
1 959: 

C.B., Davies , R.I. and Khan,E.J. 
Chemical studies on upland peat in North Wales; J. Sci. Food 
Agr., vol. 10, pp. 209-217. 

Dachnowski, A. P. 
1920: Peat deposits in the United States and their classification; Soil 

lli., vol. 10, pp. 453-465. 

1 925: 

Dansereau, 
1952: 

Profiles of peatlands within limits of extinct glacial lakes 
Agassiz and Wisconsin; Botan. Gaz., vol. 80, No. 4, pp. 345 -
366. 

P. and Segadas- Vianna, F. 
Ecological study of the peat bogs of eastern North America; I. 
Structure and evolution of vegetation; Can. J. Botan., vol. 30, 
pp. 490-520. 

Deevey, E.S. 
1958: Bogs; Sci. Am.,Octob er, p. 114. 

Drury, W .H., Jr. 
1956: Bog flats and physiographic processes in the upper Kuskokwim 

River Region, Alaska; Contr. Gray Her barium, Harvard Univ., 
No. 178. 

Dyukarev, I. 
1936: Issledovanie bolot s samoleta (Airplane Swamp Investigation); 

Sov. botanika, No. 5. 

Efimov, V. N. and Donskikh, N. 
1966: Ash content and forms of potassium accumulation in the main 

types of peat soils of the northwestern part of the R.S.F.S.R.; 
Zap. Leningrad Sel'skokhvz. Inst., 105 {l), pp. 78-85 (Chem. 
Abst., vol. 66 , 18334). 



-17-

Farmer, V. C. and Morrison, R.S. 
1 960: Chemical and infrared studies of phragmites peat and its humic 

acid; Sci. Proc. Roy. Dublin Soc., S e r. A , 1, No. 4, · p. 53. 

Finley, V. P. 
1960: Photo interpretation of vegetat ion: Literature Survey and 

Analysis; U.S. Army Snow, Ice and Permafrost Research; U.S. 
Corps Engineers; Tech, Rept. 69. 

Fischer, W.A. 
1962: <;:olour aerial photography in geologic investigations; Photogram. 

Eng., vol. 2 8 ( 1) , pp . 1 3 3 - 1 3 9. 

Gagnon, W. T. 
1897: Upon raised peat-bogs in New Brunswick; Roy. Soc. Can., 

Trans., vol. 3, sect. IV, p. 131. 

Galinka, Ye. A. 
1937: Primenenie samoleta pri detal'nom izuch eni i bolot (The applica

tion of the airplane in detailed studies of bogs); Sb. Primenenie 
samoleta pri geobotanicheskikh issl edovaniyakh, M. L., izd-vo 
AN SSSR. 

1964a: 

1%4b: 

Method of using aerial photographs for typifying and mapping bog 
massifs; Uch. zap . Petrozavod univ., vol. 12 (2), pp. 5 -24. 

Geomorphological classification of bogs; Uch. zap. Petrozavod. 
univ . , vo l,12 (2), pp. 10 6 -113. 

Gates, F. G. 
1942: Bogs of Lower Michigan; EcoL Monographs, vo l. 12, No . 3, 

pp . 21 5 - 2 3 0 . 

Goluk, P. F. 
1964: Biochemical processes in virgin and reclaimed p eat bog soils; 

Soviet Soil Sci., 7, pp . 692 -699. 

Gorham, E . 
1950: 

1 956 : 

Variation in some chemical conditions along the borders of a 
Carex lasiocarpa fen community; Oikos, vol. 2, No. 2, 
pp. 2 I 7 - 2 40. 

The ionic compos ition of some bog and fen waters in the English 
Lake District; J. Ecol., vo l. 44, pp. 142-152. 



- 18-

Gorham, E. (cont'd) 
195 7: The development of peat lands; Quart. Rev. Biol., vol. 32, No. 

2' pp . 1 4 5 - 1 6 6 . 

Gorham, E. and Pearsall, W. H. 
1956: Acidity, specific conductivity and calcium content of some bog 

and fen waters in Northern Britain; J. Ecol. , vol. 44, pp. 129-
141 . 

Gupta, U. C. and Reuszer, H. W. 
1967: Effect of plant species on the amino acid content and nitrification 

ofsoi lorganicmatter;SoilSci., vol. 104, No . 6, pp. 395-400. 

Haslam, S.M. 
1965: Ecological studi e s in the Breck fens I. Vegetation in relation to 

habitat; J. Ecol. , vol. 53, pp. 599-619. 

Heinselman, M. L. 
1963: Forest sites, bog proc esses , and petaland types in the Glacial 

Lake Agassiz Region, Minnesota; Ecol. Monographs, vol. 33, 
pp. 32 7- 3 7 4. 

1965: String bogs and other pattern e d organic terrain near Seney, 
UpperMichigan;Ecol. Monographs, vol. 46 , pp. 185-188. 

Hohenberg, R. 
1965: The number of samples required for th e transversal section 

method of determining the chemical composition of peat bogs; 
Zeszyty Probl. Postepow Nauk Rolniczych, 57, pp. 485- 496 
(Chem. Abst., vol. 65 , 7953a). 

Holowaychuk, N.L., Wilding, P. and Gersper, P .L . 
1965: A core sampler for organic deposits ; Can. J. Soil Sci., vol. 45, 

pp. 108-110. 

Hustich, I. 
1955: 

195 7: 

Forest-botanical notes from the Moose River Area, Ontario, 
Canada; Acta Geograph., vol. 13 (2) , pp. 1-50. 

On the phytogeography of the Sub-Arctic Hudson Bay Lowland; 
Acta Geograph., vol. 16 (1), pp. 1- 48. 

Ignatenko, I. V. 
1967: Water logge d and bog soils of the East- European Tundra; Soviet 

Soil Sci., No. 2, pp. 177-192. 



-19-

Janssen, C.R. 
1967: A floristic study of forests and bog vegetation, Northwestern 

Minnesota; Ecol., vol. 48, No. 5, pp. 751-765. 

Judd, W.W. 
1 957: Studies of the Byron Bog in southwestern Ontario I. Description 

of the bog; Can. Entomol., vol. 89, No. 5, pp. 235-238. 

Kaila, Armi, Kivekas, J. and Virri, K. 
1959: The nutrient content of Treeless Sphagnum papillosum bogs; 

Suomen Maatalonstieteelinen Seura, vol. 2 9, pp. 96-102. 

Katz, N. Ya. 
1927: Sphagnum bogs of central Russia: Phytosociology, ecology and 

succession; J. Ecol., vol. 14, pp. 177-202. 

1958: Bog types and their distribution in the cold and moderate zones of 
the Northern Hemisphere; Soviet Soil Sci., No. 6 , pp. 13-20. 

Kennedy, R.A. 
1963: The relationship of maximum peat depth to some environmental 

factors in bogs and swamps in Maine; Maine Agr. Exptl. Sta., 
Bull. 620. 

Kulczynski, S. 
1949: Peat bogs of Polesie; Mem. Acad. Sci. Cracovie , Ser. B., 

pp. 1- 356. 

Kuwano, Y. 
1954: 

Lafond, A. 

Formation of peat IV. Exchangeable calcium-magnesiur;i ratios 

of various types of peat ; '-M-"-i-'-s_c-'._R-'-e'-p._t'-'-. _R-'-'e-'s--'._I_n--'s-'t-'-. _N--'a_t'""'._R"'"e·'-'-s_o'"'"u_··r_c'-e--'-'s , 
No. 33, pp. 78-84. 

1958: Some soils, vegetation and site relationships of the climacic and 
subclimacic black spruce forest in Northeastern America; First 
NorthAmerican Forest Soils Conference, Agri. Exptl. Sta. Mich. 
State Univ., pp. 67-73. 

La Roi, G.H. 
1967: Ecological studies in the Boreal Spruce-Fir forests of the North 

American Taiga I. Analysis of the vascular flora; Ecol. 
Monograph, vol. 37, pp. 229-253. 

Legget, R. F. 
1961: Introduction; pp. 3-5inSoilsinCanada, Ed. R.F. Legget, Roy. 

Soc. Can";Spec. Publ., No. 3, Univ. Toronto Press. 



-20-

Leuder, D.R. 
1953: Airphoto interpretation as an aid in mineral reconnaissance and 

development;Photogram. Eng., vol. 19(5), pp. 819-830. 

Leverin, H. A. 
1946: Peat moss deposits in Canada; Can. Dept. Mines, Rept. 817. 

Lewis, F.J. and Moss, E.H. 
l 962a: The vegetation of Alberta II. The swamps, moor, and bog forest 

vegetation of central Alberta; J . E col., vol.14 (2), pp. 1 9- 70. 

l 962b: 

Loach, K. 
1966: 

The vegetation and retrogressive changes of peat areas 
("Muskegs") in central Alberta; J. Ecol., vol. 14 (2), pp. 317-
341. 

Relations between soil nutrients and vegetation in wet heaths I. 
Soil nutrient content and moisture conditions; J. Ecol., vol. 54 
(3), pp. 597-608. 

Maas, E. F. 
1967: The chemical composition of Sphagnum species and the influence 

of drainage in its location ; Soil Sci. Soc. Am. Proc., vol. . 31 (4), 
p. 577. 

Maciak, F. 
1965: Some chemical and biochemical properties of gyttja; poczniki 

_0leb ognaweze, 15 (a) pp. 573-583. (Chem. Abst., vol. 65, 
14368d). 

MacFarlane, I. C. 
1955: A preliminary annotated bibliography on muskeg; Div. Building 

Res ., Natl. Res. Council Can. 

1957: 

1964: 

Guide to a field description of muskeg; Natl. Res. Council Can., 
Tech. Mem. 44. 

Muskeg Field program - Mer Bleue peat bog; Natl. Res. Council 
Can ., Div. Building Res., Internal Rept. No . 304 . 

MacMillan, C. 
1896: On the formation of circular muskeg in tamarack swamps; Bull. 

Torrey Botan. Club , vol. 23, pp. 500 - 507 . 

Malmer, N. and Sjors , M . 
195 5: Some determinations of elementary constituents in mire plants 

and peat; Botaniska Notiser, vol. 108 (1), pp. 46-80. 



-21-

Manson, P. W. and Miller, D. G. 
1955: Groundwater fluctuations in certain open and forested bogs of 

northern Minnesota; Univ. Minn. Agr. Exptl. Sta., Tech. Bull. 
217. 

Marcinek, 
1967: 

J. and Michajluk, L. 
Chemistry of humus in peat soils at various stages of humifica
tion; Zesz. Prolsl. Postepow Nauk.Roln., No. 72, pp. 315-325 
(Chem. Abst., vol. 68, 2300a, 1968). 

Marshall, A. 
1968: Infraredcolourphotography; Sci. J., Jan. 1968, pp. 45-48. 

Matsui, T. 
1953: 

and Kuwano, Y. 
Formation of peat III. Process of humification in the profile of 
a peat bed; Misc. Rept. Res. Inst. Nat. Resources, No. 31, 
pp. 59-68. 

McEwen, J. K. 
1964: European peatland literature and its possible application to north

ern Ontario; Ont. Dept. Lands Forests, Res. Inform. Paper 
(Forestry) No. 29. 

Meyboom, P. 
1964: Pattern of groundwater flow in seven discharge areas in 

Saskatchewan and Manitoba ; Geol. Surv. Can., Bull. 14 7. 

Meyer, M.P. 
1967: Detection of diseased trees; Photogram. Eng.; vol. 33 (9), 

pp . 1 0 3 5 - 1 0 40 . 

Mollard, J. D. 
1960: Guides for the interpretation of muskeg and permafrost conditions 

from aerial photographs: Proc. Sixth Muskeg Res. Conference, 
Natl. Res. Council, Can., Tech. Mem. 67, pp. 67-87. 

Morrison, M.E. 
1959: The ecology of a raised bog in Co. Tyrone, Northern Ireland; 

Proc. Roy. Irish Acad., vol. 60, sect. B, No. 9, pp. 291-308 

Moss, E.M. 
1953: Marsh and bog vegetation in northwestern Alberta ; Can. J. 

Botan . , vol. 31, pp. 448-470. 

N ewbould, P. J . 
1958: Peat bogs; New Biol...,No. 26. 



-22-

Newbould, P. J. and Gorham, E. 
1 956: Acidity and specific conductivity measurements in some plant 

communities of the New Forest Valley bogs ; J. Ecol., vol. 44, 
pp. 11 8- 1 2 8 . 

Nikanov , M. N. 
1957: The pH ranges of peat bogs; Soviet Soil Sci., No. 8, pp. 39-45. 

Novikov, M.A. 
1963: Composition of soil air in peat bog soils; Soviet Soil Sci., No. 2, 

pp . 1 7 1 - 1 7 9 . 

Obraztova, 0. A., Skochinska, N. M. and Kor obchenko, Yu. T. 
1966: Microbiological and physical properties of some Ukranian low

peat marshy soils and their changes under cultivation; Agrokhim. 
Gruntozn.1 No, 2, pp. 82-89. (Chem. Abst., vol. 67 (13), 
63317n, 1967). 

Ochiai, Toshir o 
1964: Exploration of groundwater with radioactive tracers; Genshiryoker 

Kohyo, vol. 10, (12), pp. 41-46 (Chem. Abst.Jvol. 66, 1967, 
98346c). 

O ' hare, P. J. 
1959: An ecological study of certain blankset bogs in Co. Mayo; 

Unpubl. M. Ag. Sc. thesis, Univ. College, Dublin. 

Passer, M. 
1965: Organic constituents in peat; Program of 1965 Annual Meetings 

of Geol. Soc. Am., Kansas City, pp. 121 -122. (Abstract) . 

Pearsall, W.H. and Mortimer, C.N. 
1939: Oxidation-reduction potentials in water-logged soils, natural 

waters and mud; J. Ecol., vol. 27, pp. 483-501 . 

Pearsall, W.H. and Lina, E.M. 
1941: A note on a Connemara bog type; J. Ecol., vol. 29, pp. 62-68. 

Persson, H. 
1948: On the discovery of Merceya ligulata in the Azores, with a dis

cussion of the so-called "copper-mosses"; New Bryologist and 
Lichenologist, vol. 7, pp. 76-78. 

1 956: Studies of the so-called "copper mosses"; Hatteri Botan. Lab. J., 
vol. 1 7, 18 p. 



-23-

Pierce, R . S. 
1953: Oxidation-reduction potential and specific conductance of ground

water; their influence on natural forest distribution; Proc . Soil 
Sci. Soc. Am., 17, pp. 61-65. 

Plummer, G. Y . 
1968 : Colour infrared photography, land-use patte rns and plant 

sciences; Bull. Georgia Acad . Sci., vol. 26 ( 1), pp. 23-32. 

Potzger, J.E. 
1934: A noteable case of bog formation; Am. Midland Naturalist, vol. 

15. 

1953: 

1954: 

1 955: 

19bogs from southern Quebec ; Can. J. Botan., vol. 31, pp . 383-
391. 

Bog and lake studies on Laurentian Shield in Mount Tremblant 
Park, Quebec; Can. J. Botan., vol. 32 (5), pp. 549-560. 

Permafrost and some characteristics of bogs and vegetation of 
northern Quebe c ; Revue Canadienne de G e ographie Societe de 
Montreal, vol. 9 (2), pp. 109-114. 

Potzger, J.E. and Courtemanche, A. 
1956: A series of bogs across Quebec from the St. Lawrence Valley to 

James Bay; Can. J. Botan., vol. 34, pp. 473-500. 

Puustjarvi, V. 
1955: On the humic acids of peat soils; Acta Agriculturae Scandinavia, 

vol. 2-3. (Engl. Summ., pp. 278-279). 

1960a: 

l 960b: 

On the effect of lime upon the forms of bases in peat soils; Acta 
Agralia Fennica, 95 (1). (Engl. summ., pp. 40-41). 

The luxuriance of a bog in its natural state as an index to the 
qualityofitspeat ;J . Agr. Soc. Finland, vol32, pp. 17-26. 

P 1yav chenko, N. I. 
196 7: Biological productivity and the matter cycle in swamp forests of 

Western Siberia ; Lesov e denie, No. 3, pp. 32-43. (Chem. Abst., 
vol. 67 , 81530f). 

Radforth, N. W. 
1952: Suggested classification of muskeg for the engineer; Eng. J., 

35 (II). 



-24-

Radforth, N. W. (cont'd) 
1953: The use of plant material in the recognition of northern organic 

terrain characteristics; Trans. Roy. Soc. Can., Third Ser., 
sect. V, vol. 47, pp. 53 -71. 

1 955 a: 

1955b: 

1 956: 

1 958: 

1961: 

1962: 

1964: 

1965: 

1966: 

Range of structural variation in organic terrain; Trans. Roy. 
Soc. Can., Third Ser., vol. 49, pp. 51-67. 

Organic terrain organization from the air (Altitudes l ess than 
1,000 feet}; Defence Res . Board, Canada, DR 95, Handbook No. 
1, DR. 

The application of aerial survey over organic terrain; Roads and 
Engineering Construction , Aug. 1 956. 

Organic terrain organization from the air (Altitudes 1, OOO to 
5, OOO feet); Defence Res. Board, Canada, DR 124, Handbook 
No. 2. 

Organic terrain; iE Soils in Canada; Roy. Soc . Can., Spee. Publ. 
No . 3, Ed. R.F. Legget, Univ. Toronto Press, pp. 115-139. 

Organic terrain and geomorphology; Can . Geographer, VI (3-4), 
pp . 1 6 6 - 1 71 . 

Environmental and structural differentials in peatland develop
ment; pp. 158-1 59; in Program of 1964 Annual Meeting Geol. 
Soc. Am. (Abstract). 

Muskeg in Arctic North America; Nature, vol. 205, pp. 1153-
1155. 

Muskeg; !!! Proc. 6th Internatl. Conference Soil Mechanics and 
Foundation Eng. , 1966, pp. 149-154. 

Radforth, N. W . and Usik, L. 
1964: Airphoto interpretation applied to a study of tree growth on bogs; 

Proc. 9th Muskeg Res. Conference, 1 963; Natl. Res. Council, 
Can.; Tech. Mem. No. 81 , pp . 216-221. 

Rhode, A.A. 
1950: The regime of the soil and groundwater in podzolic, podzolic

swampy and swampy soils ; Akademia Nauk SSSR Pochvennyi 
Institut, Trudy, 32, pp. 5-73. 

1956: Water regimes of soils and their types; Soviet Soil Sci., No . 4, 
pp. 1-23. 



Rigg, G.B. 
1916: 

1 937: 

1940: 

1943: 

1 951: 

-2 5-

Physical conditions in Sphagnum bogs; Botan. Gaz., vol. 61, 
pp. 159-163. 

Some raised bogs of southeastern Alaska with notes on flat bogs 
and muskegs; Am. J. Botan., vol. 24(4), pp. 194-198. 

Comparison of the development of some Sphagnum bogs of the 
Atlantic coast, Interior, and Pacific coast; Am. J. Botan., vol. 
2 7 ( 1 ) ' pp . 1 - 1 4 . 

Soil and air temperatures in a Sphagnum bog of the Pacific 
Coast of North America; Am. J. Botan., vol. 34, pp. 462-469. 

The development of Sphagnum bogs in North America; Botan. 
Rev., vol. 17, pp. 109-131. 

Rigg, G.M. and Strausbaugh, P. D. 
1949: Some stages in the development of Sphagnum bogs in West 

Virginia; Castanea; J. Southern Appalachian Botan. C lub, vol. 
19 (4). 

Risi, J., Brunette, C .E., Spence, D. and Girard, H. 
1950-1958: A chemical study of the peats of Quebec; Quebec Dept. Mines; 

P.R. 234 (1950), 281, 283 (1953), 301 (1954), 306 (1955), 350 
( 1958). 

Ritchie, J.C. 
1958: A vegetation map from the southern spruce forest zone of 

Manitoba; Geograph. Bull. Can ., No. 12, pp. 39-46. 

1960: 

1962: 

The vegetation of northern Manitoba V. Establishing the major 
zonation; Arctic, vol. 13 (4), pp. 211-229. 

A geobotanical survey of northern Manitoba ; Arctic Inst. N. Am., 
Tech. Paper, No . 9, pp. 5-47 . 

Robertson, R. A. 
1955: Peat classification; The Macaulay Institute for Soil Research, 

Aberdeen. 

Romanov, V. V. 
1 964: Some problems of the hydrophysics of swamplands; 

Meteorological Translation No . 10, 1 964 (Translated from 
Hydrophysics of Swamplands by A. Nurklik, 1961). 



- 26-

Rutter, A.J. 
1955: The composition of wet-heath vegetation in relation to the water 

table; J. Ecol., vol. 43, pp. 507-543. 

Salmi, M. 
1949: 

1950 : 

1963: 

Schatz, A. 
1955: 

Physical and chemical peat investigation in the Pinomaensuo 
Bog, Southwest F

0

inland; Bull. Comm . Geol. Finlande, No. 145, 
pp. 5- 31. 

On trace elements in peat; Geologinen Tutkimuslaitos 
Geoteknilisia Julkaisiya, No. 51, pp. 19-20. 

On the influence of geological factors upon plant nutrient content 
of peats; J. Scientific Agr. Soc. Finland, vol. 35, pp. 1-118. 

Speculation on the ecology and photosynthesis of the "copper 
mosses"; Bryologist, vol. 52 (2), pp. 113-120. 

Schneider, W. J. 
1968: Colour photographs for water resources studies ; Photogram . 

Eng., vol. 34 (3), pp . 257-262. 

Schnitzer, M. 
196 7: Humic-fluvic acid relationships in organic soils and humification 

of the organic matter in these soils; Can. J. Soil Sci., vol. 47 (3), 
pp. 245-250. 

Selman, A., Waksman, S . and Purvis, E. 
1932: Microbiological population of peat; Soil Sci., vol. 34 . 

Shacklette, H. T. 
l 965a: Bryophytes associated with mineral deposits and solut-ions in 

Alaska; U.S . Geol. Surv. , Bull. 11 98- C. 

l 965b: 

1966: 

1967: 

Element content of bryophytes; U . S. Geol. Surv., Bull. 1198-D . 

Phytoecology of a green stone habitat at Eagle, Alaska; U.S. Geol. 
Surv . , Bull. 11 98-F. 

Copper mosses as indicators of metal concentrations; U.S. Geol. 
Surv., Bull. 1198-G. 

Shvyryayeva, A. M. 
1961: An experiment on the applications of geobotanical guides in 

distinguishing between l ithologically similar strata of different 
origin; Internatl. Geol. Rev., vol. 3 (5), pp . 417-42 6 . 



- 27-

Sigafoos , R.S. 
1958: Vegetation of Northwestern North America as an aid in inter

pretation of geological data; U.S. G e ol. Surv., Bull. 1061-E. 

Siladi, M. 
1967: 

Sjors, H. 
1 950a: 

1 950b: 

1959: 

l 96la: 

l 96lb: 

1963: 

Sken e , M . 
1 915: 

On molybdenum sorption on humic preparations; Geokhimia, No. 
12, pp. 1489-1492 (Engl. Summ.). 

On the relation between vegetation and electrolytes in north 
Swedish mire waters; Oikos, vol. 2 (2), pp. 241-258. 

Regional studies in north Swedish mires; Botaniska Notiser , 2, 
pp. 173-222. 

Bogs and fens in the Hudson Bay Lowlands; Arctic, vol. 12 (1), 

pp. 3-1 9. 

Forest and peatland at Hawley Lake, northern Ontario; Contribu
tions to Botany, 1959, Natl. Mus. Can., Bull. 171, pp. 1-31. 

Surface patterns in boreal peatland; Endeavour, vol. 20 (8), 
pp. 217-224. 

Bogs and fens on Attawapiskat River, northern Ontario ; Contribu
tions to Botany 1960-61, Natl. Mus. Can., Bull. 186, pp. 45-
133. 

The acidity of Sphagnum and its relation to chalk and mineral 
soils; Am. Botan., vol. 29, pp. 65 -87. 

Skochinskaya, N. N. 
1966: Microbiological features of peat-bog soils on l eft bank of 

Ukranian forest steppe; Prir. Tr. Resur . Levoberezhn. Ukr . 
Ikh Ispolz., No. 7, pp. 260-263. (Chem. Abst., vol. 6 7, 
107365, 1967). 

Skrynnikova, I. N. 
1954: History of study, principles of classification and systematics of 

bog soils in the U.S.S.R. ; Soviet Soil Sci ., No. 4, pp. 37 - 50. 

1955: 

Sloan, C.E. 
1967: 

More on the principles of classification of peat bog soils; Soviet 
Soil Sci., No. 9, pp. 45-48. 

Groundwater movement as indicated by plants in prairie pothole 
region; North Dakota Geol. Surv., Misc. Ser. 30, pp. 95 - 99. 



-28-

Smith, D. G., Bryson, G., Thompson, E .M. and Young, G. 
1958: Chemical composition of the peat bogs of the Maritime 

Provinces; Can. J. SoilSci., vol. 38, pp. 120-127. 

Smith, D.G. and Lorimer, J.W. 
1964: An examination of the humic acids of Sphagnum peat; Can. J. 

Soil Sci., vol. 44, pp. 76-87. 

Soper, E . K. 
1919: The peat deposits of Minnesota; Minnesota Geol. Surv. Univ . 

Minnesota, Bull. 16. 

Sparling, J. H. 
1966 : Studies on the relationship between water movement and water 

chemistry in mires; Can. J. Botan., vol. 44, pp. 747-758. 

Stanek, W. 
1 961: The properties of certain peats in northern Ontario; Unpubl. 

M. Sc. For. thesis, Univ. Toronto. 

Swain, F. M., Blumentals, A. and Millers, R. 
1959: Stratigraphic distribution of amino acids from Cedar Creek Bog, 

Minnesota, and Dismal Swamp, Virginia; Limnol. Oceanog., 4, 
pp. 119-127. 

Swinnerton, A. A. 
1958: Peat moss in Canada; Can. Dept. Mines Tech. Surv., Mines 

Br., Inform. Circular, IC 104. 

Terasmae, J. 
1961: Muskeg: Its environment and uses; Natl. Res. Council, Can . 

Associate Committee on Soil and Snow Mechanics Tech. Mem. 
No. 71 , pp. 1 - 8. 

Thomas, J.F. 
1964: Chemical analysis of swamp waters near Parry Sound, Ontario; 

Can. Dept. Mines Tech. Surv., Mines Br., Test Rept. MPT 
64-3. 

Thorpe, V.A. 
1967 : Study of moisture, ash and organic content of peat samples;_I_: 

Ass. Offic . Anal. Chem., 50 (2), pp. 394-397. 

Todd, D.K. 
1959: Groundwater hydrology, John Wil ey and Sons Inc., 6th Printing 

1967, Copyright 1959. 



-2 9-

Tomashevski, I. I. 
1957: Bo.g soils and conditions of the environment; Pochvovedenie, No. 

5, pp. 1-11 (Engl. summ.). 

Transeau, E. M. 
1905: The bogs and bog flora of the Huron River Valley; Botan. Gaz., 

vol. 40, pp. 371-375, 418-488. 

1906: The bogs and bog flora of the Huron River Valley; Botan. Gaz., 
vol. 41, pp. 17-42. 

Tyuremnov, S.N. and Largin, I.F. 
1966: Variation of chemical composition of the waters of peat bogs 

depending on conditions of their deposition; Soviet Hydrology: 
Selected Papers, No. 4, p. 448. 

Vardanyan, T. T. 
1965: Armenian peat deposits and their chemical composition; 

Soobshch. Lab. Agrokhim., Akad. Nauk Armenian SSR., No . 6 , 
pp. 31-56 (Chem. Abst., vol. 65, 1966, 8584d). 

Viktorov, S. 
1955: The use of geobotanical methods in geological and hydrogeolog

ical investigations; U.S. Atomic Commission, New York, AE 
c -tr- 3968 . 

1961: 

Viktorov, 
1964: 

Geobotanical methods of groundwater study; Assoc. Internatl. 
d'Hydro. Sci . , Publ. No. 56, pp. 78-80. 

S. V., Vostokova, Ye.A . and Vyshivkin, D. D. 
Short guide to geobotanical surveying; The MacMillan Co., New 
York, 1964. 

Vorob'ev, P. K. 
1966: Application of the results of exp erimental investigations of 

hydrophysical properties of peat to the swamp surface; Soviet 
Hydrology: Selected Papers, No. 4, p. 448. 

Vostokova , Ye.A. and Khdanova, G.I. 
196 1: Utilization of geobotanical indicators in aeromagnetic mapping in 

Western Kazakstan; Internatl. Geol. Rev., vol. 3 (5), pp. 412-
41 6 . 

Waksman, S . A. and Stevens, K.R. 
l 928a: Contributions to the chemical composition of peat I. Chemical 

nature of organic complexes in peat and methods of analysis; 
SoilSci., vol. 26, pp. 113-137. 



-30-

Waksman, S.A. and Stevens, K.R. (cont'd) 
l 928b: Contributions to the chemical composition of peat II. Chemical 

composition of various peat profiles; Soil Sci., vol. 26, pp. 2 3 9-
251. 

192 9a: 

l 929b: 

Contributions to the chemical composition of peat III. Chemical 
studies of two Florida peat profiles; Soil Sci., vol. 27, pp. 271-
281. 

Contributions to chemical composition of peat IV. Chemical 
studies of highmoor peat profiles from Maine; Soil Sci., vol. 27, 
pp. 389-398 . 

Waksman, S.A. and Reuszer, H.W. 
1932: On the origin of the uronic acids in the humus of soil, peat and 

composts;SoilSci., vol. 33, pp. 135-146. 

Walsh, T. 
1958: 

and Barry, T. A. 
The chemical composition of some Irish peats; "'P--'r'--o=-c-"-'-.--'R'-=o_,y_,.-=.I=-r=-is::..:h:::_ 
Acad., vol. 59, sect. 13, No. 15, pp. 305 -32 8. 

Welch, P .S. 
1936: Limnological investigation of a strongly basic bog lake sur.rounded 

by an extensive acid-forming bog mat; Papers Michigan Acad. 
Sci., Arts and Letters, vol. 21, pp. 727-751. 

1938: A limnological study of a retrograding bog lake; Ecology, vol. 
19 (1), pp. 435-454. 

Westveld, R.H. 
1936: Soil characteristics in relation to the occurrence and growth of 

black spruce; Am. Soil Surv. Assoc., Bull. 17, pp. 45-48. 

Whittaker, R. N., et ~· 
1954: The ecology of serpentine soils; Ecology, vol. 35 (2) , pp. 258-

288. 

Yurkevich, I. D., Smolyak, L. P. and Garin, B. E. 
1966: Content of oxygen in the soil water and of carbon dioxide in the 

soil air of forest bogs; Soviet Soil Sci., No. 2, pp. 159-167 . 

ORGANIC GEOCHEMISTRY; GEOCHEMICAL AND GEOBOTANICAL 
PROSPECTING METHODS; PROSPECTING IN PEATLANDS 

Agapov, A. I. 
1966: Cobalt complex formation with organic compounds of the soil I. 

Potentiometric titration with humic acids of soil and peat; 
Agrokhimiya, 9, pp. 88-94(Chem. Abst.,vol. 65, 1966, 20779h). 



-31-

Ahmad, M. 
1960: Aluminum toxicity of certain soils on the coast of British 

Guiana and problems of their agricultural utilisation; 7th 
lnternatl. Congress Soil Sci. Madison, Wise., vol. 2 (22), 
pp. 1 61 - 1 7 0 . 

Albov, M. N. and Kostariev, I. I. 
1968: Copper in peat bog formations of the Middle Urals; Soviet Geol., 

No. 2, pp. 132-139. 

Aleksandrova, L.N. 
1954: Interaction between humic substances and the mineral component 

of the soil; Pochvovedenie, No. 9, pp. 23-34. 

1960: On the composition of humus substances and the nature of 
organo-mineral colloids in soil; 7th Internatl. Congress Soil 
Sci., Madison,Wisc., vol. 2 (22), pp. 74-81. 

Alexsandrova, L. N. and Nagy, M. 
1958: On the nature of organo-mineral colloids and methods of their 

study; Pochvovedenie, No. 10, pp. 21-27. 

Anon 
1933, 1940: Deposits of bog manganese in Renous Area, N. B.; New Brunswick 

Dept. Lands Mines, Central Tech. Files 21, 1 /13-2. 

1967: Gold content in coal, peat, and associated rocks; U.S. Geol. 
Surv. Heavy Metals Program, Progress Report 1966 and 1967, 
p. 17. 

Armands, G. 
1961: Geochemical prospecting of a uraniferous bog deposit at 

Masugnsbyn, northern Sweden; Aktiebolaget Atomenergie, 
Stockholm, Sweden, AE 36. 

Armands, 
1960: 

G. and Landergren, S. 
Geochemical prospecting for uranium in northern Sweden. The 
enrichment of uranium in peat; Report of the 21 st Internatl. 
Geol. Congress, Norden, 1960, Part XV, pp. 51-66 . 

Baughman, N. N. 
1956: The effect of organic matter on the retention of zinc by the soil; 

Unpubl. Ph.D. thesis, Purdue Univ. 

Beschel, R.E. 
1959: The copper swamp in the Aboushagan Woods, North Sackville, 

N. B.; Summary for the Maritimes excursion after the 9th 
lnternatl. Botan. Congress in Montreal, Sept. 7, 1959. 



-32-

Bischoff, C.T. 
1954: Testing for copper and zinc in Canadian glacial soils; Trans. 

Am. Inst. Mining Eng., vol. 6, pp. 57-61. 

Boyle, R.W. and Cragg, C.B. 
1957: Soil analyses as a method of geochemical prospecting in Keno 

Hill-Galena Hill Area, Yukon Territory; Geol. Surv. Can., Bull. 
39. 

Bowes, 
1957: 

W.A., Boles, W.E. and Haselton, G.M. 
Geology of the uraniferous bog deposit at Petit Ranch, Kern 
County, California; U.S. Atomic Energy Commission RME-2063 
(part 1). 

Broadbent, F. E. 
1955: Basic problems in organic matter transformations ; Soil Sci., 

vol. 79, pp. 107-114. 

1 957: Soil organic matter - metal complexes II. Cation- exchange 
chromatography of copper and calcium complexes; Soil Sci., vol. 
84, pp. 127-131. 

Broadbent, F. E. and Ott, I. B. 
1957: Soil organic matter-metal complexes I. Factors affecting reten

tion of various cations; Soil Sci., vol. 83, pp. 419-42 7. 

Brogan, J.C. 
1967: The effect of humic acid on aluminum toxicity; Trans. Internatl. 

Soil Sci., 8th Bucharest, 3, pp. 227-234. 

Brown, A. C. 
1964: Geochemistry of the Dawson Settlement bog manganese deposit, 

New Brunswick; Geol. Surv. Can., Paper 63 -42. 

Campbell, N. 
196 6 : The lead-zinc deposits of Pine Point; Can. Mining Met. Bull., 

vol. 59, No. 652, pp. 953-960. 

Cannon, H. L. 
l 95 5: Geochemical relations of zinc- bearing peat to the Lockport dolo

mite, Orleans County, New York; U .S. Geol. Surv., Bull. 
1000-D. 

Coleman, N. T . , Mc Clung, A. C . and Moore, D. P . 
1956: Formation constants for Cu (II) - Peat Complexes; Science, vol. 

1 2 3, pp. 3 3 0- 3 31 . 



- 33-

Colombo, U. and Hobson, G. D. 
1964: Advances in organic geochemistry; Proc. Internatl. Meeting in 

Milan, 1962, MacMillan Co. N. Y. 

Coulson, 
1959: 

C.B., Davies, R.I. and Akan, E.J. 
Chemical studie ·s on upland peat in North Wales; J. Sci. Food 
Agr., vol. 10, pp. 209-217. 

Dawson, J.E. and Nair, C. K. 
1950: The copper amalgam electrode and its applications IV. The 

chemical nature of the copper complexes in peat soils and plants; 
A Symposium on Copper Metabolism, Baltimore, 1950, Ed. 
W. D. Bentley and Glass, pp. 315 - 335. 

De Mumbrum, L. E. and Jackson, M. L . 
1956: Copper and zinc exchange from dilute neutral solutions by soil 

colloidal electrolytes; Soil Sci., 81 , pp . 353 - 357. 

Eckel, E.B. 
1949: Geology and ore deposits of La Plata District , Colorado; U.S. 

Geol. Surv., Prof. Paper 21 9. 

Ermengen, S . W. 
l 957a: Geochemical prospecting in Chibougamau; Can. Mining J., vol. 

78 (4), pp. 99 - 104. 

1957b: A report on the glacial geology and geochemical dispersion in the 
Chibougamau Area, Quebec; Unpubl. report, Que. Dept. Mines . 

Forrester, J. D . 
1942: A native copper deposit near Jefferson City, Montana; Econ . 

Geol ., vol. 37, pp. 126-135. 

Forsyth, W. G. 
1947: Studies on the more soluble complexes of soil organic matter I. 

1 950: 

A method of fractionation; Biochem. J., vol. 41, pp. 176-181. 

Studies on the more soluble complexes of soil organic matter; 
Biochem. J., vol. 46, pp. 141-146. 

Fortescue, J.A. and Hornbrook, E.H. 
1967: A brief survey of progress made in biogeochemical prospecting 

research at the Geological Survey of Canada, 1962-1965; Geol. 
Surv. Can., Paper 66 -54, pp. 111-132. 



- 34-

Fraser, D . C. 
1960: The Tantramar copper swamp; Unpubl. M.Sc. thesis , Univ. 

l 96la: 

196lb: 

New Brunswick. 

A syngenetic copper deposit of recent age; Econ. Geol., vol. 56, 
pp . 9 51 - 96 2 . 

Organic sequestration of copper; Econ. Geol., vol. 56, pp. 1063-
1078. 

Freise , F. W. 
1931: The transportation of gold by organic underground solutions; 

Econ . Geol., vol. 26, pp. 421-431. 

Ginzbur g , I. I. 
1960: Principles of geoch emical prospecting; Pergamon Press, New 

York. 

Glazovskaya, M.A. 
1957: Content of metal s in soil s of various types; In: The Geochemical 

Prospecting of ore deposits in U . S . S.R., Ed. V.I. Krasnikov, 
State Scientific Technical Pub l ishing House for Literature on 
Geol ogy and Conservation of Natura l Resources, Moscow , 
pp . 1 6 5 - 1 7 4 . 

Gleeson, C . F. 
1960: Studies on the distribution of metals in bogs and glaciolacustrine 

deposits ; Unpubl. Ph.D. thesis, McGill Univ . , Montreal. 

Gleeson, C.F. and Coope, J.A . 
1967: Some observations on the distribution of metals in swamps in 

Eastern Canada, pp. 145-166; in Proc . Symp. Geochem. 
Prospecting, Ottawa, 1966, Geol. Surv . Can., Paper 66- 54. 

Gyori, D. 
1967: The trace element conditions of some moor areas in Hungary; 

Acta. Agrom . Acad. Sci. Hungary, vol. 16 (12), pp. 87-94. 

Hawkes, H.E. 
1957: Principles of geochemical prospecting; U.S. Geol. Surv . , Bull. 

1000 - F. 

1960: Trace elements in organic soils as a guide to copper ore; Proc . 
2lst Internatl. Geol. Congress, Norden, 1960, Part II, pp . 38-
43 . 

Himes, F. L. and Barber, S . A. 
1957: Chelating ability of soil organic matter; Proc. Soil Sci. Soc. 

Am., vol. 21 (4), p. 368. 



-35-

Hobson, G. D. 
1965: Organic geochemistry; Nature, vol. 205 (4966) pp. 16-18. 

Hoffman, W. 
1941: Vegetationversuche mit Humus and Sandboden, ein weiterer 

Beitrag zur Frage des Kupfermangels als ursache der 
Urbamachungskrankheit; Bodenk. und Pflanzenernache, 25, 
pp. 121-136. 

Huff, L. C. 
1952: Abnormal copper, lead, and zinc content near metalliferous 

veins; Econ. Geol., 47, pp. 517-542. 

Hunter, J.C. 
1952: The composition of bracken: Some major and trace element 

constituents; J. Sci. Food Agr., vol. 3, pp. 1489-1493 . 

Hvatum, 0. 
1964: Geokjemisk undersokelse av noen, Norske Myrer; Nordiske 

Geologiske Vintermote, NTH., Trondheim. 

Jones, G. B., Riceman, D.S. and McKenzie, J. D. 
1957: The movement of cobalt and zinc in soils as indicated by radio

active isotopes; Australian J. Agr. Res., vol. 8, pp. 190-201. 

Kauranne, 
1961: 

Kaurichev, 
1967: 

L. K., Lindberg, E. and Lyytikainen, E. 
Heavy metal analysis of humus in prospecting; Bull. de Comm. 
Geol. Finlande, No. 196, pp. 455-471. 

I.S., Nozdrunova, E.M. andTsyurupa, I.G. 
Organic chelate compounds of iron in wood; Trans. Int. Congress 
Soil Sci., 8th Bucharest, 1964, 3, pp. 235-241. (Chem. Abst., 
vol. 68, 1 968, l l 992C). 

Kleinhempel, D. 
1966: Organically bound iron in soils; Albrecht - Thaer - Arch, vol. 

10 (6), pp. 555-568. (Chem. Abst., vol. 66, 1967, 85084r). 

Kochenov, 
1965: 

A. V., Zinev'yev, V. V. and Lovaleva, S.S. 
Some features of the accumulation of uranium in peat bogs; 
Internatl. Geochem., vol. 2 (1), pp. 65-70. 

Kochenov, A.A. and Keshtopova, V.N. 
1967: Rare and trace elements in peats in the northern part of the 

Russian Platform; Geochemistry, No. 3, pp. 330-340. 



-36-

Kononova, M. N. 
1966: Soil organic matter; its nature, its role in soil formation and in 

soil fertility; Transl. from Russian 2nd Engl. ed., Oxford, 

Kovalev, 
l 967a: 

l 967b: 

Kovalev, 
1967: 

New York, Pergamon Press, 1966 , 344 pp. 

V.A. and Bensman, V.R. 
Characteristics of the chemical composition of mineral compon
ents of peat; Dokl. Akad. Nauk. BRRS, Minsk, vol. 11 (7), 
pp. 624-628 . 

Dependence of the concentration of some metal elements in peat 
on its basic properties ; Dokl. Akad. Nauk, BRRS , Minsk , vol. 
11 (9), pp. 832-836. 

V.A . and Generalova, V.A. 
Peat soil humic and fulvic acids interaction with iron; 
Pochvovedenie, No. 9, pp. 135-143. 

Kranz, R . L. 
1968: Participation of organic compounds· in the transport of ore metals 

in hydrothermal solution; Trans. Inst. Mining Met., vol. 77 
(735), pp. B26-B36. 

Kroepelin, H . 
1966: Results, methods and problems of organic geochemistry; 

Fortschr. Mineral., vol. 43 (1), pp. 10-21. 

Lees, H. 
1950: 

Lis it sin, 
1967: 

A note on the copper-retaining power of a humic acid from peat 
soil; Biochem. J., vol. 46, pp. 450-451. 

A.K., Kruglov, A.I., Panteleev, V . M. andSidel'nikova, V.D. 
Conditions of uranium accumulation in lowmoor oxbow peat bogs; 
Lithology Mineral Res., No. 3, pp. 360-370. 

Lopatkina, A. P. 
1967: Conditions governing the accumulation of uranium by peats; 

Geokhimia, No. 6, pp. 708-719. 

Louanama, K. J. 
1965: Studies on the content of iron manganese and zinc in macro

lichens; Annales Botannici Fennici, vol. 2, pp. 127-137. 

Lovering, T. S. 
1927: Organic precipitation of metallic copper; U.S. Geol. Surv., Bull. 

795-C, pp. 45-52. 

1934: Geology and ore deposits of the Breckenridge mining district, 
Colorado; U.S. Geol. Surv., Prof. Paper 1 76. 



- 37-

Lucas, R.E. 
1948: Chemical and physical behaviour of copper in organic soils; 

Soil Sci., vol. 66, pp. 119-130. 

Maki, 5. 
1959: Organic matter of peat bog and its underground water; Bull. 

Geol. Surv. Japan, vol. 10 (7), p. 49 (Engl. Abst.). 

Malmer, N. and Sjors, H. 
1955: Some determination of e lementary constituents in mir e plants and 

peat ; Botaniska Notiser, vol. 108, fasc. 1, pp. 46-80. 

Malyuga, D.P. 
1964: Biogeochemical methods of prospecting ; (Auth. Transl. from 

Russ.) Consultants Bureau, New York, 1954. 

Manskaya, 
1956: 

1958: 

1960: 

S.M., Drozdova, T.V. andEmelianova, M.P. 
Binding of uranium by humic acids and by melanoidins; 
Geokhimia, No. 4, pp. 10-23. 

Fixation of copper by various forms of natural organic com
pounds; Pochvovedenie, No. 6, pp. 41-48. 

Distribution of copper in peats and peat soils of the Belorussian 
SSR; Geokhimia, No. 6, pp. 630-643. 

Manskaya, S. M. and Drozdova, T.V. 
1964: Geochemistry of organic substances; Nauka Press, Moscow, 

315 pp. (Russian). 

Marmo, V. 
1953: 

1958: 

Biogeochemical investigations in Finland; Econ. Geol., vol. 48 
(3), pp. 211-224. 

On the pH values of peat as affected by underlying bedrock; 
Geologinen Tutkimuslaitos Geoteknillsia Julkaisuya, No. 61, 
pp. 38-39. (Engl. summ.). 

Mattson, 
1954: 

S. and Koulter-Andersson, E. 
Geochemistry of a raised bog; Kungl. Lantbrukshogskolans 
Annaler, vol. 21, pp. 322-366. 

McCarthy, E. D. 
1967: Organic geochemical studies; Nature, vol. 216(5116), pp. 642-647. 



- 38-

Mikhelnson, Kh, K. 
1956: The content of trace elements in the peaty calcareous soils of 

Estonia and the effect of micro-fertilizers; Trace Elements in 
Agriculture and Medicine, Acad. Sci. Latv. SSR. Press, Riga. 

Mitchell, R. L. 
1954: Trace elements in Scottish peats; Internatl. Peat Symp., Dublin, 

1954, sect. B, 3, 9. 

Moiseenko, U. I. 
1959: Biogeochemical surveys in prospecting for uranium in marshy 

areas; Geochemistry, No . 1, pp. 117-121. 

Nesvetaylova, N. G. 
1955: Geobotanical investigations in prospecting for ore deposits; 

Internatl. Geol. Rev., vol. 3 (7), pp. 609-618. 

Ong, L.H. 
1966: 

and Swanson, V. E. 
Adsorption of copper by peat, lignite and bituminous coal; Econ. 
Geol., vol. 61 (7), pp. 1214-1231. 

Papunen, H. 
1966: Framboidal texture of the pyritic layer formed in a peat bog in 

southeastern Finland ; Bull. Comm. Geol. Finlande, No. 222, 
pp . 1 1 7 - 1 2 5 . 

Perelman, 
1965: 

A.I. and Saukov, A.A. 
Geochemical principles of prospecting for ore deposits ; "IGEM", 
Academy of Sciences of U.S.S.R. 

Petrov, N. P. 
1961: Molybdenum in a brown coal deposit of Uzbedistan; Sov. GeoL, 

No. 9, pp. 148-152. 

Poskotin, D. L. and Lyubimova, M. V. 
1 963: Bio geochemical prospecting for copper sulphide deposits; 

Geochemistry, No. 6, pp. 620 -62 9 . 

Pratt, P.F., Bair, F.L. and McLean, G.W. 
1967: Nickel and copper chelation capacities of soil organic matter; 

Trans. Internatl. Congress Soil. Sci., 8th Bucharest, 3, 
pp. 243-248. 

Puustjarvi, V. 
1960: On the effect of lime upon the forms of bases in peat soils; Acta 

Agralia Fennica 95 (1), (Engl. sum., pp. 40-41). 



Rana, S . K . 
1967: 

and Ouellette, G. J. 
Cobalt status in Quebec 
88. 

- 39-

soils; Can. J. Soil Sci., vol. 47, pp. 83-

Rankama, K. 
1954: The use of traces of elements in the solution of certain problems 

in applied geology; Geochem. Methods for Exploration of Ore 
Deposits, Moscow, IL . 

Rochow, 
1 957: 

E.G . , Hurd, D.T. and Lewis, R.N. 

Rolt, W. F. 
1962: 

The chemistry of organometallic compounds; Wiley, New York, 
344 pp. 

The copper nitrient status of some soils of the North Island, 
New Zealand; Trans. Joint Meeting Comm. IV. and V. Internatl. 
Soc. Soil Sci., New Zealand, pp. 842-846. 

Safronov, N . I. 
1 957: Forms of dispersed conditions of e l ements in nature and their 

prospecting significance; The Geochemical Prospecting of ore 
Deposits in USSR., Ed. by V.I. Krasnikov, State Scientific 
Technical Publishing House for Literature in Geology and 
Conservation of Natural Resources, Moscow, 1957, pp. 52-61. 

Salie, A. S. 
1 963: Role of humic acids in the geochemistry of uranium and their 

possible role in the geochemistry of other cations; In: Chemistry 
of the Earth's Crust, ed. A.P. Vinogradov, Moscow, 1963, 

Salmi, M. 
1 950: 

1 955: 

l 956a: 

1956b: 

1958: 

pp. 79-80. 

On trace elements in peat; Geologinen Tutkimuslaitos 
Geoteknilisia Julkaisuja, No. 51, pp. 19-20. 

Prospecting for bog- covered ore by means of peat investigations; 
Bull. Comm. Geol. Finlande, No. 169, pp. 5-34. 

On peat chemical prospecting in Finland; 20th Internatl. Geol. 
Congress, Mexico, 1956, Section I, Symp. de Exploracion 
Geoquimica, vol. 2, pp. 243-254. 

Peat and bog plants as indicators of ore minerals in Vihanti ore 
field in western Finland; Bull. Comm. Geol. Finlande, No. 175, 
pp. 5-22. 

On the pH-values of peat as affected by the underlying bedrock; 
Eripainos Geologisin Tutkimuslaitoksen Geoteknillisesta, No. 61, 
pp. 29-39. 



Saprykin, 
1965: 

- 40 -

F. Ya . and Sventikhovskaya , A . N. 
Rare - metal mineral ization in Recent peat marshes; Mater . 
Soveshch. Rabat. Labor . Geol. Organiz ., 19th , Leningrad, No. 
7 , pp. 95-102. (Chem . Abst. , vol. 66 , 1967, 67841£). 

Schnitzer, M . and Skinner , S.I. 
1964: Organo-metallic interactions in soils: 3 . Properties of iron and 

aluminium organic matter complexes, prepared in the laboratory 
and extracted from a soil ; Soil Sci., vol. 98 ( 3), pp. 197 - 2 03. 

1965: 

1967 : 

Scott, B. 
1967: 

Organo - metallic interactions in soils : 4 . Carboxyl and hydroxyl 
groups in organic matter and metal r e tention; Soil. Sci., vol. 99 
(4)' pp . 278- 283. 

Organo-metall ic interactions in soils: 7 . Stabil ity constants of 
Pb++-, Ni+±_, Mn++-, Ca++ - , and Mg++- fulvic acid com
ple xes; Soil Sci. , vol. 103 (4), pp. 247-252 . 

Barytes minerali zation at Grasswater Mine , Ayrshir e , Scotland; 
Trans. Inst. Mining Met., vol. 7 6 (723), pp . B40 - B51. 

Se lwanova, L. S . 
1946: Geochemistry and bioge ochemistry of dispers ed boron; Tr. 

Biogeokhim. Lab., An SSSR 8, pp. 5-72. 

Shacklette , H. T. 
1962: Fie l d observations of var iations in Vaccinium uliginosum L; 

Can. Field Naturalist, vol. 76, pp. 16 2-167 . 

Shvartsev, L . S. 
1966: Hydrochemical method of prospecting in northern s wamp areas; 

Internatl. Geol. Rev., vol. 8 (10), pp. 1151-115 6 . 

Siladi, M. 
1967: 

Sillanpaa, 
1966: 

Solow, H. 
1 95 9: 

On molybdenum sorption on humic preparations; Geokhimia, No. 
12, pp . 1489- 1492. 

M . and Lakanen, E. 
Readily soluble trace e lements in Finnish soils; Ann. Agr. Fenn., 
5 (4), pp . 298-304. 

Geochemistry: the prospectors' new tool ; Fortune , Feb. 1959, 
pp. 126 - 129, 176, 178 and 182 - 184. 



Szalay, A. 
1967: 

Terent'ev, 
1966: 

-41-

and Szilagyi, M. 
The association of vanadium with humic acids; Geochim. 
Co smochim. Ac ta, vol. 31, pp. 1- 6. 

V.M. and Smirnova, T.P. 
Uptake and distribution of molybdenum in Vicia faba as a function 
of the moisture of peat soil; Vesti Akad. Nauk Belorus. SSR, 
Ser. Biyal. Nauk, No. 2, pp. 26-30. 

Tikhonov, S. A. 
1966: Chemistry and mineralogical composition of peat-podzol soils of 

Belorussia, developed on different rocks; Vesti Akad, Nauk 
Beloruss SSR. Ser. Sel'skagaspadar Nauk, No. 1, pp. 28-35. 

Timofeeva, V. I. 
1965: Available molybdenum in semi-bog and bog soils of the 

Kondopozhsk and Medvezh'egorsk districts of Karelia; Uch. Zap. 
Petrozavodskogo Gos. Univ., 13 (3), pp. 63 - 65. 

Titaeva, N. A. 
1967: On the character of radium and uranium bond in peat; Geokhimia, 

No. 12, pp. 1493-1499. 

Toikka, M.A., Timofeeva, V. I. and Tatti, Z .A. 
1965: Content of available boron and molybdenum in soils of the 

Kondopozhsk and Medvezh'egersk areas; Uch. Zap. 
Petrozavodskogo Gos. Univ., 13 (3), pp. 76- 81. 

Townsend, J. 
1824: Geological and mineralogical researches during a period of more 

than fifty years in England, Scotland, Ireland, Switzerland, 
Holland, France, Flanders, and Spain; Bath, Printed by Gye and 
Son, 1824. 

Uglow, W. L. 
1920: Bog manganese deposits upper north branch Canaan River, 

Westmorland County, New Brunswick. Final Rept. of Munition 
Resources Commission, Canada, pp. 65-79 . 

Urquhart, C. 
1966: Improve d method of d emonstrat ing the distribution of sulphides 

in peat soils: Nature, 211 (50481, p. 550. 

Usik, Lily 
1966: A report on circular features in organic terrain; Geel. Surv. 

~an., Paper 66-2, pp. 55-56. 



-42-

Vallentyne, J. R. 
1964: Biogeochemistry of organic matter; Geochim. Cosmochim. Acta, 

vol. 28, pp. 157-188. 

Vinogradov, A. P. 
1940: Copper content in different soils; Dokl. Akad. Nauk SSSR, No. 9, 

pp. 100 2 - 1 0 0 6 . 

1959: 

Vogt, Th. 
1962: 

The geochemistry of rare and <lisper sed chemical elements in 
soils. 2nd ed. Transl. Russian Consultants Bureau, New York. 

Geochemical and geobotanical prospecting for ores VII. Trace 
elements in bog and lake ores; K. Norske vidensk, Seldk. For h., 
vol. 15, pp. 91-97. 

Warren, H.V. andDelavault, R.E. 
l 955a: Biogeochemical prospecting in northern latitudes; Trans. Roy. 

1955b : 

1955 c: 

Webb, J.S. 
1 956: 

1 958: 

Soc. Can., vol. 49, ser. III, pp. 111-115. 

Some biogeochemical investigations in Eastern Canada; Can. 
Mining J . , July, pp. 49-54. 

Some biogeochemical investigations in Eastern Canada; Can. 
MiningJ., Aug., pp. 58-63. 

Observations on geochemical explorations in tropical terrain; 
Imperial College of Science and Technology, Reprint No. 144. 

Notes on geochemical prospecting for lead, zinc deposits in the 
British Isles; Technical Aids to Exploration, Paper 19 (presented 
at the Symposium of non-ferrous mining in Great Britain and 
Ireland). 

Webb, J .S., Tooms, T .S. and Gilbert, M.A. 
1959: Geochemical drainage reconnaissance for copper in Northern 

Rhodesia; Bull. Inst. Mining Met., No. 626, pp. 125-143, and 
No. 629, pp. 321-334. 

Wells, N. 
1967: Selenium in horizons of soil profiles; New Zealand J. Sci., vol. 

1 0 ( 1)' pp. 142- 179. 

Wiese, R. G. Jr. 
1957: An occurrence of mineralized organic material in Nova Scotia; 

Econ. Geol., vol. 52 (1), pp. 76-82. 



Yamagata, 
1956: 

-43-

N. and Yamagata, T. 
Distribution of chemical elements in the profile of Ozegahara 
peat; Nippon Kagaku Zasshi, 77, pp. 702-736 (Chem. Abst., vol. 
51, 1956, 17645c). 

Zvyagintsev, O.E. 
1941: Geokhimia zolota (Geochemistry of gold); Publication of Acad. of 

Sci., USSR, Moscow, pp. 1-114. 


	pa_68-66_c
	pa_68-66_t

