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AIRTRACET” - AR AIRBOPME GEOCHEMICAL EXPLORATION TECHNIQUE

ABSTRACT

The AIRTRACE system is a new airborne geochemical technique
for collecting and analysing atrospheric particulate material
end relating this to the underlying geology and ceochemistry.
The technique depends upon the existence in the atrosphere
of a dispersion of particulate material which covers a

broad range of particle sizes. The coarser meterial above
10 wmicrons dismeter tends to be localized to such en extent
that if this size fraction is used the effects of man-made
pollution are not a problem in wmost exploration areas. In
temperate and tropical regions vecgetation is a prire source
of the particulates utilized in the system and laboratory
research with radicactive tracers as well as field surveys
has demonstrated the important role played by vegatetion in.
relecasing particulates carrying heavy me*als end other trace
elements. .

Special techniques have been develooed for separating
particulates of local derivation from the: general ambient.
background by specifically isolating the material in rising
thermal plumes. Good results have been obtained in test
surveys over orebodies covered by glacial overburden and "
heavy vegetation. Elements detected include Cu, Zn, Ni, In,

fe, Cr, Cd, AY, WHg, Ca, Ti, Si and C. Technicues for measur-

ing uranium are under development. Tests have also been

carried out over @n 011 &nd gas fieid and it has bazn desion-

strated that airborne anomalies correspond with the location

of the field as well as surface rock and soil anomalies in

carbon isotopes and mancanese. The equipment is being flown

both in helicopters and fixed wing aircraft. .

INTRODUCTION

In the conventional approach to geochemical exploration samples of soil, stream sedirments,
rocks or plant material ate gathered on a reconnaissance basis or on a close grid in ordar to

- determine the regional or detailed distribution patterns of mineralizetion. The methods of
sampling and analysis have been studied over a pericd of more than 25 years and have led to
the establishment of geochemical exploration as a prime mineral exploration method {Hawkes
and Webb 1962; Levenson 1974). Considerable research has also been carried out in hydro-
carbon geochemistry, however the techniques of geochemical exploraticn for oil and gas appear
to have found widespread application only in Russia (Kartsev 1954).

In the work reported in this paper investigations have been made of the use of atmospheric

" particulate geochemistry as an exploration tool for both minerals and hydrocarbons, with the
aim of supplementing ground geochemical methods and providing techniques for low cost, large
scale airborne reconnaissance. .

A early proponent of the use of atmospheric particulates for airborne geochemical applica-
tions was Ueiss (Meiss 1967 U.S. Tatent). .Moiss initiellvy ernloved & “ilter rethod for
sucking in air and. an X-ray analytical technique for analysing particles on the filters. Sub-
sequently he has used a system of towed filaments that are drageed through the air in order to
collect particles on their surfaces. These filaments are periodically wiped and the paterial
subscquently analysed. Weiss has referred to the atmospheric eerosols as containing mineral
particies and has stated that the method is not applicable where the terrain is covered by

heavy vegetation (Heiss 1971).

In the present investigations attempts have been rade to develop new particle collection
techniques that are capeble of separating and collecting particles that have risen from uncer-
lying tervain and rejecting particles that have travelled substantial distances laterally.




° .

Investigations have also been carried out on the contribution of vegetation to the generation
of meaningful geochemical responses in the atmosphere and in addition there has been substantial
analytical chemical research to develop appropriate methods for usc-in atmospheric geochemistry.

°

SOURCES OF ATHMOSPHERIC PARTICULATES AND AEROSOLS

The sources of atmospheric particulates and aerosols are both man-made {anthropogenic) and
natural, the former being a source of interference in airborne geochemical studies. Anthro-
pogenic pollutant sources zssociated with urban and industrial arcas gencrate very high
loadings of atmospheric particulates, the effects of which tend to be localized in the giant
particle sizes (plus 10 micron}, but can carry great distances under sorme meteorological
conditions in the small particle size range. In urban environments the mean residence time
in the atmosphere of sub-micron particles in the absence of precipitation is in the order of
100 to 1000 hours whereas particles in the range of 1 to 10 microns have residance tiri2s on
the order of 10 to 100 hours (Esmen and Corn 1971). Pollutent particles of graater then

10 microns diaweter will therefore have mean residence times of less than 10 hours and will
. be generally localized to the vicinity of urban and industrial areas. Studies of easily

- recognized carbon and flyash spherules over the North Atlantic, confirm that these pollutant
particles do not exceed 6 microns in diameter over open ocean and reach larger sizes in only
a very small percentage of the total mass of particulates in ocean areas close to pollutant
sources such as the Bay of Maine (Parkin, Phillips and Sullivan 1970). It has been estimated
that the mean residence time of particles in the lower troposphers is about fowr days (Poot,
Foore and Martell 1972) and it is therefore clear that in the absence of precipitation there
can be widespread migraticon of the mean particulate burden over distances that can on
occasion awount to hundreds of miles or more, The fine particle component is the fraction
that migrates and it is this fraction which contains the highest concentration of trace
wetals (Lee, Patterson and Wagman 1947). Approximately 45% of the mass of particles in
non-urban air close to the ground lies in the size range above 10 microns diameter (Hol}l

and Pilat 1971) and it is essential to consider only this size range if the effects of urban
and industrial pollution are to be minimized when studying the atmospheric geochemistry of

non-urban areas.

The existence of high concentrations of heavy melals in asiwmospheric particulates is observed
even in regions rerote from civilization (Rahn and Winchester 1971) and this is frequently
cited as evidence of an all pervading influsnce of anthropogenic pollution. However, the
presence of high concentrations of heavy metals in atmospheric particulates is by no means

& proven indicator of the influence of pollution, since it has been found that particulates
rich in heavy metals can be released from vegetation by a phenomena that parallels the
release of water by trenspivation (Barber, Beauford and Bavrringer 1975). Once again the
effects of large scale migration of particulates from vegetation sources can be minimized

by considering only particles of greater than 10 microns diameter. The release of heavy
wetals from vegetation and particle localization will be dealt with in greater detail later.

Additional natural terrestrial sources of particulates and aerosols include the weathering
of geological materials to produce soil particulates at the surface; the effects of wind
erosion {Hilst and Hickola 1959); the formation of aerosol particulates derived from
paturally occurring hydrocarbons produced by plants (Ment 1964; 1967); the ceneration of
condensation aerosols by homogeneous gas reactions (Waltew 1973); the formation of condensa-
tion nuclei by evaporation processes in semi-arid terrains {Twomey 1960) and the production
of organic particulate material by the decay, bio-degradation and weathering of plant
material, '

The oceans also provide a significant source of particulates in the atmosphere. Ocean
derived particulates are gencrated by dehydration of wind blown spray and the bursting of
air bubbles entrained hy wave action or rain {Woodcock and Gifford 194Y; Blanchard and
Hoodcock 1957; Junge 1972). Particulates of marine origin can contain up to 207 of organic
carbon (Hoffizan and Duce 1574) and in some areas can contain even higher percentages of
organic material.  This ancralously high concentration of organic substances in marine
particles is derived from the organic layer on the ocean surface (Garrelt 1267; Barger and
Garvett 1970). Acrosols gonerated by bursting bubbles are coated with the organic material
(Blanchard 1963; 1964; 1968; 1972; Garvett 1957; Williams 1967). Hicro-organisms can zlsa
be injected into the atmosphere from the occan surface hy the bubble bursting wechanisny
{CarTucci and Uilliams 19655 Blanchard and Syzdek 1972) and aivborne marine micro-organisms
hove been observed by the author and his colleagucs as well as others {Zobiell, Claude and
fathews 1939 Stevenson and Collier 1962).
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RELEASE OF HEAVY METALS IN PARTICULATE FORM FROM HATURAL SURFACES

The transfer of elements into the atmosphere from vegetation is of spacial interest in relation
to the application of atmosoheric goochemical methods in vegetated terrain. Movement of
elerents into the atwosphere from ceniferous trees has becen studied (Curtin, Xing and Mosier
1974) and it has been suggested that volatile exudates are the cerriar. It has also boep
suggested that aerosols mey te formad subsequently by agglomaration processes from the
volatiles and that they could be ucsed for geochomical sampling purposas. Recent work

however witn leboratory plants using radicactive zinc 65 and lead 210 as tracers in the plant
nutrients has indicated that the initial release takes place in particulate form (Scauford
Barber and Carringer 1975). Scme of this work, as yot unpublished, has shown that p:rticuiates
in swall laboratory plents are releesed dominently in the sub-micron range. However, in the
natural environment particles labelled with radicactive tracers can be released throuch a

size range that is collected through all steges of a multi-staga particles impactor. it is

‘of particular significance to the present study to note that radicactively labellad pearticles
in size ranges up to at least as larce as 10 microns in diameter can bz released under free
convection even in the absence of any wind.

The release of radiocactive materials from vegetation that has been sprayed with a soluticn
containing Strontium 89 hes been reported and it has bean shown that there is a steady loss of
_radioactivity to the atmosphere (Moorby end Squire 1983). It was suggested that the release
micht be taking place during the shedding of cuticular wexes but the work was not centinuad
by Hoorby and Squire to verify this concept. Cuticular waxes abound on the leaves of rost
plants in the form of small wex plateleis which provida the leaves with 2 water shedding
surface, These platelets are continuously released by 2brasion and the rubbing of leaves
against each other, end in many instances are able to renew themselves (Eglinton and
Hamilton 1367; Martin and Juniper 1570). The use of various solvenis on particulates that
have been released from vegatation, clearly indicates that they carry only 2 swall wex
content and an analysis of thez solvent extracts also shows that the wexes do not appear

‘to be the major carrier of retals, .

In considering the machanisms of elemantal release from plant surfeces it is important to

note that such surfaces ccatein salts that cen be readily leechad cut by rain or dew (LeClerc
and Breazeale 1908; long, Sw211 end Tukey 1556; Clement, Jones end Hopper 1971). ‘Yhereas

rost studies are concerned with the leeching of major elemsnts such as &, dNa and C1, the
writer and his colleaguas have confirmed (to be pudiished) that the heavy metal trace elersnts
such as copper, lead and zinc may also be leeched from the surface of leeves with sirulated
dew or rain. It secems highly probable that the deposition of elements at the surface of leaves
is related to the trenspireticn process in which soil solutions carrying dissolved salts are
taken up by the plent roots, but the evaporation {rom the leaf surfaces is confined to the
release of essentially pure water. Sore of the salts in upward migration through ths plent
are utilized in the rormal matebolic processes of the plant, howaver certain elements reay be
enriched in the vicinity of the leaf surfaces.

A preliminary study is being carried out using newly availzble equipsent on the distributions
of 15 elerments in soils, plants and vegetative perticulates on two sites in the Bancroit area
of Ontario, Cenada. The region is one of pre-Cambrian coology end on2 of tha sites carries
pegmatitic urenium mineralizetion while the other has only beckground values in uranium.
Analyses of the A end B zon2 soils, bark, neadles enc branches of consifers and cdecicuous

trees were studied as well'as the particulates generated by this vegztation. Particulates

were sampled by filling larce plastic bags with vegatation rmaterial end collecting the
particulate material released by agitating the bags. Hich volure suction sampling methods were
used exploying a small cyclone thereby providing sufficient material for precision rulti-
element analysis. ’ ' .

Results are shown in Table 1 and indicate certain interesting features. For example the
concentration of many elemants in the particulates released from branches and needles is
comparable with the concentration of these elerents in soil. However, in the case of Fe, Al,
T1 and U these elements are substentially depleted in the plants with respect to the scil
concentrations but the particulates released by the plants in cenaral are enriched in

comparison vith the plent concentrations. It seems as if the vegotation miniimizes the uptake
of these elexonts and at the sare time tends to further eliminate them by shedding enrichod
particulates. These clerents belong to the non-biocenic cless thet occupy a certein restricted
area in @ ilonic radius/ionic charge diagram (Hutchinsca 1943; Grooks 1972).

It will 2lso be ohserved that uranium mineralization is more veadily dotected in the particulate
material than in the vegetation from which it is derived.
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TACLE 1

MNALYSES OF SOTLS, PLANTS- AND VEGETATIVE'PARTICULATES
(Figures quoted arc parts per million dry weight)
] SAMPLE SITE 1 - URANIUM AMOMALY

¢ In N Cr Co Cu Ag - Mo Mo Fe* Sr Ca. Mg XK N2 AY TP u
S¢il A zene 2.4 84.2 13.7 64.1 5.5 9.7 1.6 19.7 250 32290 11.1 1695 1689 2000 353.7 10896 1500.8 472.5 4 g
3591 3 zone 12.5 52.5 5.2 74.3 7.6 7.9 1.6 27.5 134 43552 5.5 727 1434 2800 375.0 13572 1932.7 S03.83 13 5
Conifer Z2rk . 0.9 45.2 6.0 6.6 XD 5.0 ND ND 288 102 17.4 5437 396 1200 ND 109 0.3 310.7 1
saifer cark Ferticuiates 2.9 35.9° 7.3 N» 3.9 3.2 1.6 3.0 176 119 8.7 2746 254 1200 122.2 77 XD 205.3 < )
rnifar Laedles 1.5 74.1 24.2 56.% 1.3 3.2 0.8 3.3 716 314 30.2 10159 768 2800 49.1 109 3.4 600.0 g,y
Conifer Needle Particulates 8.0 66.1 18.4 13.6 4.4 22.6 4.6 4.3 61 1643 5.0 532 328 800 108.C 605 32.0 382.4 g g
Saciduous Bark 4,1122.4 5.6 7.3 1.1 1.1 C1.1 3.2 173 0 476 47.5 10865 435 3200 207.4 308 24.6 305.3  g.2
Ceciduous Bark Particulates 0.4 126.8 ND 9.2 9.6 4.1 3.2 7.7 112° 297 34.3 B169 474 3600 1l.4 96 0.3 206.1. <1
Zeaciducus Zranches 1.8 58.9 37.1 7.2 6.2 2.3 2.1 4.7 92 204 12.0 2983 184 1200 130.7 ND  ND 127.5 <.l
Caciducus Brangh ?articulaies 14.4 105.1 xD 19.5 8.7 25.8 3.4 5.9+ 117 929 23.3 6340 392 2400 137.8 4389 18,5 282.4 i.s
Forast Litier ‘ 2.5 79.8 8.8 7.3 2.1 7.0 1.0 2.8 737 195 29.1 8804 1157 2400 8L.0 135 1.7 235.6 .2
ferest Litter Particulates, 2.0 70.5 ND 21,8 6.6 1l.1 1.9 6.3 h33. 723 27.7 7525 940 2800 44.0 405, 23.3 287.0 c.8
¢ 1 .
SAUPLE SITE 2 - BACKGROUND SITE.
"Ld Zn NP Cr Co Cu Ag Mo M Fe* Sr C2 Mg % Na  Al* T4 p ge
201t A zona 3.5 35.2 8.5 29.6 3.9 4.1 1.0: 7.3 134 12445 8.5 1473 1685 1600 348.0 7056 £€09.1 332.4 0.4
$231 3 zene 4,3 35.2 16.2 51.4° 4.6 3;9 . 0,8 8.9 190 13944 7.6 1158 1596 2000 240.1 €435 8G8.7 353.3 <.2
Comifornis Rark 1.6 48.8 ND ND ND 4.7 ND 2.4 190 136 25.5 5938 442 1600 ND 173 1.0 295.9 <.l
Coniferays Sork Particulates 2.6 56.0 5.4 3.3 1.8 5.0 0.4 2.2 °223 187 27,9 6600 464 1600 76.7 185  10.4 304.6 <.l
S2mifnr taedles 0.9 33.8 ND ND 3.2 2,9 1.6 10.1 201 76 18.1 4507 525 2400 39.8 135 ND 278, <.
Conifer Nesdie Particulates 13.7 65.4 12.7 12.6 . 0.5 43.5 2.7 2.8 59 1687 6.6 702 460 ND 144.9 904 00,4 526.7 0.3
Darciduous Dork 4.0 51.0 10.5 7.3 3.4 12.0 2.6 5.5 8l 451 72.4 15707 214 4000 71.0 302 229.9 0.2
taciduaus Dark Particulates 0.6 40.2 ND 9.2 7.1 4.7 2.1' 7.7 98 221 97.4 18027 367 5600 2.8 167 D177 0.1
Cacicusus Zranches T1.6 15.1 10.9 ND 7.8 4.1 2.6} 6.7 17 ND 6.2 800 £9 1200 16l.9 D 4.4 94.7 <.2
Dociducus 3ranch Particulates 15.6 46.7 3.9 22.5 9.8 15,2 3.8) 8.3 60 937 24.2 4784 342 24C0 02.5 411 2.2 195.4 c.4
Farcse Liteor 3.2 82,0 7.6 XD 3.2 5.9 l.Gi 4.5 653 102 30.5 9543 1059 2000 275.6 77 1.7 232.8 3.
Forcet Liter Particulatos 4.2 61.8 12.4 49.3 7.9 _1_2.0 ?..7{ 8.3 226 4134 23.0 4878 1212 2800 133.5 1979 243.2 318.3 ,0.4
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A further example of this phenomena was noted in some tests over a small deposit of massive
sulphides carrying copper and zinc in the Pre-Cambrian shield of Manitoba. There was a
moderate geochemical enomaly in the soils, but conventional bio-ceochemistry for copper and
2inc in the vegetation gave no indication of the anomaly while there was positive indication

in particulates relcased from vegetation collected in large plastic bags. Further.studies

are continuing to gather more case histories on the relationship between element concentrations
fn soil and vegetation and the particulates released by that vegetation.

The role of vegetation is Tikely to be a very significant factor in any approach to airborne
geochemistry, since plaent surfaces cover an area many times their area as seen on an asrial
photograph. Even in sparsely vegetated terrain, the total plant surfece arca can represent

a sizable proportion of the land/air interface and in temperate regions having moderate to

heavy vegetation cover, the interface is dominated by plants. Since this plant covar projects
into the boundary layer and is exposed to the micro-climate of circulating convective currents
and surface winds, it provides a major contribution to the total particulate burden in vegetated
temperate and tropical regions, Furthermore, although scme of the organic content of atmospheric
particulates in the small size range is derived from the condensation and exidation of plant
volatiles such as terpenes (VWent 1267), twenty percent or more of the atmospheric particulate
burden is normally composed cf non-volalile organic material {lieumann, Fonseluis and Yanlman
1959). It is the plus 10 micron fraction of this non-volatile organic material that is the

main informationcarrier for the AIRTRACE system in vegetated regions.

Hith regard to the sources of inorganic particulate material in the atmosphere in relation to
metals and mineralization, it is obvious that weathered and dusty soil surfaces are a prolific
source. The geochemistry of some of these surface particulates has been studied and Fie. 1
shows analyses for metal and copper in the top few millireters of surface dust sampled in a

~ traverse across the nickel orebody at Agnew in Mestern Australia. -

A number of case histories have been studied of surface dust sarpled across mineral desosits,
. Hhere residual soils are present there is invariably an anomaly which more or less parallels
the conventional B zone geochemical anomaly. However, the problem of obteining a ground sample,

. in areas of even modest vegetative cover, that is truly representative of airborne particulates

is difficult because of the unknown mix between soil surface derived particles and plant surface
derived particles. Furthermore even in the case where the soil .urface dominates there may be

a2 certain bias imposed by the selective winnowing of particles according to their aerodynamic
shape and density. )

Heavy metals are also released from the ocean surface by the bubble bursting mechanism due to
the trace metal enrichment.in the sea organic surface microlayer (Pictrowicz, Ray, Hoffran and
_ Duce 1972; Szekielda, Kupfermen, Klemas and Polis 1972; Barker and Zeitlin 1972). However

not 211 of the trace metals in the marine atmosphere are derived from the ocean surface, since
the finer metal carrying particles may originate from land sources (Hoffmen, Duce and Hoffran
1972). It is not known whether the trace metal content of surface orcenic films and of overlying
atmospheric particulates will increase in the presence of mineral deposits located beneath

shallow water, -

- KETEOROLOGICAL FACTORS AND COMTROLS

When carrying out atmospheric sampling of particulates for airborne geochemical purposes it is
essential to ensure that particles being collected are of Tocal derivation and that they have
not been transported long distances. This reguirement can be met pertially by collectinc only
giant particles of greater than 10 microns diameter, but this in itself is not completely
satisfactory since perticles can still be collected that, have travelled many miles. Spacial
techniques can be used for obtaining a highly localized sample providing that there is strong
vertical mixing and the air is vigorously 1ifting particles from the atrospheric intervace to
appropriaie sampling altitudes. 1lhese conditions iend to arise when there is sunshine énd
adiabalic or super-adiabatic conditions in which the temperature decreases adequately with
increasing altitude, Low level inversions in which the normal lapse of the temperature is
reversed provide very unfavorable conditions which gives rise to suppression of mixing and the
trapping of atmospheric particulates at the inversion layer.

Under the correct survey conditions of sunshine and light winds, convective plumes are formed
wvhich are basically non-rotating columns of rising warm air which travel at a lower velocity

than the mean wind speed (Taylor 195083 Kaimal, Bussipger 1970; Bussincer 1972).  These pluses

are tilted in a downuind divection and show maxiwum vertical flux on their Ycading cdae (Fig. 2),
Flights made with a low flying aircraft carrying cquipment for. measuring temperature fluctuations,
vertical acceleration and particulale loading show close correlation between all of these parva-
meters (Fige 3).  Temperatures were measured at two levels, with one seasor in the atrcraft and

s
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the other 100 fcet below in a towed bird. These sensors show the extent of vertical structure
in the warm thermal peaks and they also indicate that heavy dust loading are carried aloft

" by .these rising vertical thermal structures. It has also been noted that when flights are made
over a lake the thermal structurcs passing with the wind from land to water, tend to smootn

out within 1,000 feet of the shoreline. Clusters of dust particles however can retain coherence
for distances of at lcast one mile. This strongly suggests that when pockets of concentrated
particulates are closely associated with parcesl of viarm air, then these particles have roved
only a short distance from their ground source. Support for the concept that the mixing zone
contains parcels of particulate matter of predominantly. local origin surrounded by particulates
from more distant sources is in part provided by the independent observation that the size
distribution spectra of particles can vary widely in immediately adjacent air samples (Graedel

and Franey 1974).

In the AIRTRACE equipment major emphasis has been placed on the development of mwathods for
separating the particulates in rapidly rising warm air from the particulate burden in the cooler
surrounding air., A very satisfactory thermal switching sampling technique has been evolved and
this 1s outlined in the section describing the AIRTRACE airborne equipmrent.

Hhen the thermal switching and sampling system 1s used it immediately becomes apparent that there
. are often pronounced differences in the chemical composition of the adjacent warm and cool air
samples. Geochemical anomalies will appear on both sets of data, but there is often a displace-
ment downwind of the anomalies derived from cool air particulates, the displacement being a

function of the terrain clearance and wind velocity.

The over-riding need for some reans of selectively sampling predominantly local material end
rejecting the ambient background becomes obvious if one examines the mechanisms that contribute
material to the near surface particulate loadings. There is 2 small global or continental
background that occurs entirely in the minus 10 micron fraction that is derived from

fallout of material that has spread in the stratosphere and upper troposphere. There is

also a regional background that falls out from the middle troposphere in a size rangs

- mostly within the minus 10 micron range. Finally there is a local background gznerated in the
zone of mixing which covers the entire size range up to 100 microns (Fig. 4). The ratio of
regiona] to local background material is strongly controlled by meteorologicel conditions. In
covering the climatic range from stagnant_air through moderate mixing to strong mixing, the
contribution of local backgreund to the total burden increases drastically (Fig. ») At the
same time the increasing thermal plume activity creates columns of particuiates rich in very
local material that is sempled by the AIRTRACE equipment as described above.

In addition to day to day variations in mixing conditions there is also a marked diurnal cycle.
At night time vhen convective mixing ceases and still air conditions prevail there is a steady
settling of particulates within the lower troposphere. In the morning if the sun is shining

and adiebatic or super adiabatic conditions prevail active mixing will commence, building up

by rid-morning to high levels.. This will raise particles into the air in thermal plumes at
velocities which can amount to several metres per secend and there will be a continuous increase
in the particulate burden. The upward flux of particles during active mixing is much greater
than the downward flux since the latter is controlled substantially by sedirentation. By

early afternoon even some of the giant particles may have moved considerable distances laterally
making it imperative to reject the background material if sampling resolutions of fractions of

a mile are to be achieved.

In general the great variability of the conditions which effect the contribution of regional
material to the local particulate burden indicates the difficulties of gathering ralieble data

unless a thermal plume sampling technique is employed.

Turning to the seasonal neteorological constraints placed upon the AIRTRACE system, these depend
upon the region of operations. \Uhereas strong mixing can-occur at all times of the year in

warm climetes, there are areas where nuch of the winter is unsuitable. However, satisfactory
operations have been achieved in Canada at temperatures well) below zero fahrenheit with total
snow coverage on the ground. It appears that if sunshine is present strong rmixing cen occur
even under these winter conditions and an adequate particulate burden for airborne geochemical
surveys can be provided by evergreens and the branches of deciduous vegetation.

The meteorological constraints are of course far less onerous if the ATRTRACE system is used for
assessing regional geochemistry. This approach however has only limited applications,

ATRBOPRNE EQUIPHCHT FOR THE AIRTRACE SYSTEM

Particulate collection is carried out in the AIRTRACE system with enertial devices and both
cyclones and Touvred collectors ave employed {Stern 1968),  Light weiaht cyclones can be
manufactured to handle several hudred cubic feet of air per minute vith esod collection
efficiency for the requisite particle sizes and louvred collectors can readily handle air
volumes of as much as 12,000 thu,und cubic feet por ninute in an airborne systes,  In one
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embodiment of the system perticles are concentrated into a airstrcam and passed to a device
which transfers them into 2n Argon carrier gas (Barringar 1974). Spectroscopic analysis is
then carried out directly in flight on the particles {Barringer 1973(a); 1973(b)).  Tnis
technique is primarily applied to the measurement of volatiles such as hydrocarbons and
mercury. : .

One_of the principle methods used is to impact the particles onto a special tape and to

enalyse this tap2 on a post flight basis. .The key factor in the system is the aforementioned
separation of the incoming stream of particles into rising and falling air components (Barrincor
1974). This selection is zchieved by the use of fast response thermal detectors at the air
scoop inlets in conjunction with a suitadble electrical filter, a digital celay line system and
solenoid valve switching., Celays are adjusted appropriately so that switching of the particle
stream can be agccurately ticed in relation to the transit da2lay for the particles passing
through the piping of the system. This technique enables very small air parcels to be sampled
with a resolution in the order of five feet. Samples are integrated into hot and cold spots

on the tape using collection intervals that can be selected at either 5 or 10 seconds.

The effectiveness ard precise resolution of this plume sampling technique is a function of the
choice of the lower level of particle size collected, the selection of tha vave filter functions
applied to the temperature sensor, and the sensitivity settings of the thermal switching thresholds.
The optimization of these parameters has to be based upon extensive exparimentation.

The equipment is usually mounted on a helicopter {Fig. 6) and surveys are carried out at altitudes
of 20 or 30 {eet above the tree tops. This altituds turns out to be quite practical and is in
fact used very commonly in crep spraying operatiocns. Havigation of standard grid surveys at a
quarter rile spacing for exerple, cen be achieved in most terrains using convantional navigation
from a photo-mosaic, provicing that the ravigator is skilled. Alternatively electronic naviga-
tion can be employed. ‘ : :

The equipment is also being operated in fixed wing installations where surveys are carried out
at 200 feet altitude. At this altitude the equipment is vwell suited for climates where there
is very strong mixing such as in South Africa or Australia.

The basic AIRTRACE system is employed in conjunction with other geophysicel equipment such as

mwagnetorzters in helicopiers end an Elfsystem in the case of 2 fixed wing installatien. In- 3
flight monitoring is provicded by a wmulti-channel analog recorder for optical measurements of
the particle stream, thermal wonitoring etc. ' ’ . o ot

. ANALYTICAL SYSTEMS

One of the problems of airborne geochemistry is the very small amount of meterial thet is
collected. This makes it nacessary to use extremely sensitive analytical techniques. PRelatively
simple equipment has been developed that provides inflight analysis of adsorbad hydrocarbon and
wercury and there are somz valuable applications for this approach. Hewevar zs ressarch on
aivborne g=zochemistry has proceeded it has become obvious that a system capable of analysing

for a large number of elements would provide the optimum., Specifications for such a system
~include wrulti-element cevability, very hich sensitivity, wide dynamic rancza and high spead of
operation. These requirerznts are extrerely dif{ficult to mezet in real tire enalytical equipment
due to thz problems of weicht, power consumption, complexity and the difficulties of cperation
and maintenance in an aircraft. It was therefore decided to cavelop a post-flignt enalytical

system,

e

In considering possible systems, one approach that at first seems obvious would be the use of
¥-vay fluorescence enalysis. Unfortunately however, even the rost advanced of these systems
have inadequate sensitivity for the particulate levels that are encountered uncer some climatic
and terrain conditions and furthermore the time teken for semple analysis tends to be long "in
comparison with the tire teken to collect samples, :

The €olution that hes been emploved is the use of laser veporization in conjunction with inductively
coupled plasma spectroscopic analysis. These two techniques used togethor provide a very wide
dynamic renge, high sensitivity, simultancous rulti-element cepability for rore than a doven
elerents, ¢ood lincarity and an analysis- time of seconds per sarple.  The oparational equipzent

is capable of functioning in a fully aulomatic rode and the output is on magnetic tope whoeve vt

is divectly available for use in the preparvation of maps by computerized retihods.

MY veadings on the cquiprent biear a fixed relationship to the mass of each element present on
the analytical tape so that any pair of clewents can be ratioed.  The Vincarity of the system is
deponstrated by Fig, 7 and 8 which show the plots of silicon versus titenium and zinc versus
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titanium in a minus 200 mesh soil sample through a 40:1 range of loadings., This degree of
precision is duplicated for most of the elements that are recorded and applies to both
organic and inorganic matrices. Elements current]y being analysed include Cu, Zn, Ni, Cr,
¥n, Fe, Ti, Mg, Ca, Na, K, Cd, 51 and C. It is hoped to expand this list shortly and to
1nclude uranium as well as certainp volatile elemnnts. .

With regard 'to data handling, in a simple approach it is possible to plot the ratios of a
given elenent pair such as copper and titanium to look for copper anomalies. However in
practice a more sophisticated method is used in which linear regressions are employed to plot
the variations of elements such as copper against six other pre-selected elements. This
provides a very satwsfuctory approach that is giving good results, but a number of other
possibilities remain to be tested. These include statistical wmethods such as factor and

cluster analysis.

FIELD RESULTS

An interestxng example of the early research work carried out with the system was in a truck
mounted version of the equipment which was traversed across a small orebody at Limerick,
Ontario. 7This mineralization was substentially coveraed by trees with very little e/po<ed
soil present. An important feature of the area was the presence of a seepage zone located to
one side of the m1nera1\zgtlon and which provided.a strong cold extractable anomaly in the
soils. The truck traverse results, which were obtained with an atomic absorption analytical
system, are presented in Fig. 9. 1t will be noted that the mdin AIRTRACE anamaly occurs over
the seepage zone and that the anomalies were present both in the absolute concentraticns of
metals in the atmosphere and also in the copper/zinc metal ratio. Since the area is hea v11y
vegetated, 1t seems almost certain that the anomaly must be mainly bio-geochemical in origin.
Bulk collections of aerosol that were subject to sink and float separation in carbon tetra-
chloride (density 1.60) indicated a very high proportion of organic material being present.
This substantiated the bio-geochemical nature of the particulate anomaly.

An example obtained with the current equipment operating under very difficult geochemical
“conditions is shown in Figs. 10 and 11._ This survey was flown over a deposit recently
discovered with the INPUT airborne Lt system by Selco Fining Corporaticn end Pickens Mather
Incorporated in Brouillan township in Northern Quebec. The deposit is reported to comprise
3 separate zones with an unofficial combined tonnage in excess of 50 million tons. The first
zone discovered contains an estimated 35,400,000 tons of ore averaging 0.3%% copper, 2.30%
zinc, 1.04 oz. silver and 0.009 oz. gold and lies bereath a winimum of 30 feet of glacial
overburden. Ore grades 'in the other two zones are reported to be much higher in copper than
the first zone and they occur at greater depths.

The anomaly map was derived by 2 multiple regression technique carried out on a line by line
basis for copper end zinc and in addition spatial filtering was employed to smooth out noise

and generate a-contoured map.

The area was {lown twice, both times under far {rom ideal weather conditions, since in this
region weather cond1t1ons are frequently rather poor. Nevertheless, clear cut delineation

of an anomalous zone was obtained on bath flights in each case sonowhat displa ced but clearly
.velating to the location of the airborne £M conductor. These results -taken in conjunction
with airborne geophysical date provide a definite indication of a drilling target in a region
which contains large numbers of barren £M conductors that normally have to be disproven by
expensive drilling.

An intercsting example of the AIRTRACE system applied to a hydrocarbon target is shown in

Fig. 32. This traverse was chosen to cross a geochemical anomaly in carbon isolope ratios
jdentified by T. Donovon of the U.S. Geological Survey (Donovon 1374). The survey covered

the Cement field in Oklehoma which is named for the cewentation by carbonate of the surface’
rocks over part of the oilfield. These surface rocks not only show anomalous C 3/¢12 values
but also a menganese anomaly. A ground truth survey carried out by co]lectxng fine particulate
material from the surfacc on a traverse line indicated a definite anomaly in the manganese/iron
ratio across the oilfield and this was subsequently duplicated in airborne traverses with the
AIRYRACE systemt.  Additional tests have been carried out over
technique for hydrocarbon volatiles {Barringer 1973(a))and strong highly localized anomalies
have been observed - some appavently relating to faults and other structures over oilficlds,

other 0ilf{irlds using the AHUWACE»
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_CONTINUING RESEARCH

A programme of research on botanical aspects of airborne geochemistry is continuing in the

Bolany Department of Imperial College, London under a post-doctorate fellowship agreement with

¥l. Beauford, a post-graduate scholarship with M. Luton and with consulting assistance from

J. Barber, Reader in the departwent. Current work is on the factors affecting the release

.of particulates from vegetation in situ as related to seasonal and diurnal factors, meteorological
. conditions, plant growth ccnditions etc.

Research is also continuing on the atmospheric geochemistry over oilfields and the application
of the AIRTRACE techniques to hydrocarbon exploration. On the analytical side, new rethods of
fingerprinting using spectro-fluorometric and mass spectrometric approaches, are being studied
in the laboratories of Barringer Research,

OPERATIONAL PLANS

The AIRTRACE equipment is new being used operationally in parallel with continuing testing over
an increasing range of environments. Certain promising applications remain to be tested,
including the use of the system for uranium, coal and kimberlite erploration.

The system is being operated by tinsearch Surveys Limited for minerals and Barringer Hydrocarbons
Limited for hydrocarbon exploration. Both companies are joint ventures between Anglo American
.Corporation and Barringer Research Limited, ) . :

CONCLUSIONS

The RIRTRPACE system for aivborne geochemical prospecting has been evolved over a period of years
- in a series of parallel research programmes on particulate collection end sampling techniques,
reteorological controls near the ground, analytical methods, biogeochemical studies, and ground
truth geochemical programmes. Some of the earlier field studies and case history prograrmes have
been made obsolescent by the later devalopment of greatly improved collzction methods, thermal
switching techniques, multi-element analyses, etc. There is an immediate necessity therefore

to gather a great deal more data with all of the new technoloagy. Hevertheless a scientific

basis has been established for the development of multi-element particulate anomalies over

areas that are partly or completely covered by vegetation as well as in the more obvious

-regions of soil exposure. Surveys carried out over known mineral deposits in areas covered

by giacial overburden and vegetation have yielded positive results., Furthermore the possibilities
for atmospheric geochemistry being of value not only for mineral exploration but also for hydro-
carbons has been demonstrated and eanomalous effects have been seen in both organic and inorganic
- parameters over known oil and gas fields.

One of the more obviols potential applications of atmospheric geochemical exploration could be
in the areas having difficult access such as tropical rain forests. It will be of great interest
for example to see the effects of deep tap roots and high transpiration rates on the overlying

atnospheric geochemistry. -

Some recent preliminary field data indicates that the principles of biogenic enrichrents and
depletions between plants end soil have a parallel in.the enrichment factors belween nlants and
the particulates they release. A full understanding of this phenomena should in the Tuture
allow a more fundamental approach to the interpretation of data gathered over vegetated

terrain,

ACKNOULEDGEMENTS

Yhe writer has becriassociated with a nurber of colieacues within Barringer Rescarch Ltd who have
contributed substantially to the research reported in this paper and to the dove]opwcny of the
operational AIRTRACE syster.  These persons include the follewing., Geochemical investigations:-

P W, Bradshaw, B, Smee, 1. Thompson. Develeopment of operation hardware and electronics:- H. failes,
W, Paul, F. Lanza., Analytical developmonts:- M. Silvester, ¥. fbercrorbie, M. Zwick. Ilicrobio-

Yogical rescarch:= Ao Murrvay. A1l of the above are mewbers 6f Barringer Research except as incicated.

The writer is especially indebled to Mr. 0. Hacourt**who has played a very important role in many
phases of the AIRTPACE development programme from its inception.

@

-




Rescarch on Dotanical and Biological aspects has been carried out in the Botany Department,
Imperial College by J. Barber and W, Beauford.

The AIRTPACE development has only been possible through the joint efforts of all of the
above together with the cembined funding of Barringer Research Ltd., the Anglo American Corporation
of Canada  and Hudson Bay Mining and Smelting Co. Ltd. .

* H. Failes - Formerly Barringer Research Limited now independent Consultant, Toronto.

** D, Macourt - Indcpéndent Consultant, Sydney.

REFEREMCES

parker, D.R. and Zeitlin, H. (1972). Metal-ion concentrations in sea-surface microlayer and
size-separated atmospheric aerosol samples in Hawaii. J. of Geoohys. fes, Vol. 27: pp. 5076-50856.

Barger, ¥.R. and Garrett, ¥.D. {1970). Surface active organic material in the marine atmosphere.
J. of Geophys. Res. Vol. 75: pp. 4561-4556,

Barringer, A.R. (1973a). . U.S. Patent Ho. 3759617. Method and Apparatus for Geochemical
Surveying.

Barringer, A.R, {1973b).. U.S. Patent llo. 3768302. rlethod and Apparatus for Sensing Substances
by Analysis of Adsorbed Hatter Associated with Atmospheric Particulates.

Barringer, A.R. (1974a). U.S. Patent Pending. HFethod and Apparatus for Collecting atmospheric
samples. )

Barringer, A.R. (1974b). Canadian Patent Mo. 954564, tethod and Apparatus for Transferring
Particles from one Fluid Stream to Another. .

Barringer, A.R. (1975) U.S. Palent No. 3%6822. High Pesolution Geochemical Prospecting lethod
and Apparatus,

peauford, W., Barber, J. and Barringer, A.R. (1975). ‘Heavy metal release from plants into the
atmosphere. Nature 256: pp. 35-37. .

Blanco, A.J. and McIntyre, R.G. {1972). An infra-red spectroscopic view of atmospheric
particulates over E1 Paso, Texas. Atmospheric Envirenment Vol. 6: pp. 557-562.

Blanchard, D. and Woodcock, A.H. (1957). EBubble formation and modification in the sea and its
meteorological significance. Tellus IX: Ko. 2, pp. 145-158,

Blanchard, D. -(1963). The electrification of the atmosphere by particles from bubbles in the
sea. Prog. in Oceanography Vol. 1: pp, 71-202. .

Blanchard, D.C. .{1964). Sea-to-Air transport of surface active material. Science Vol. 146:
pp. 396-3G7.

Blanchard, D.C. (1968), Surface active ofganic material on airborne salt particles. Proc, of
Int. Conf. on Cloud Physics, Toronto. -

Blanchard, D.C. and Syzdek, L.D. {1970). HFechanism for water to air transfer and concentration
“of bacteria, Science 170: pp. 626-628. .

Blanchard, D.C. ond Syzdek, L.D. (1972). Concentration of bacteria in jet drops from bursting
bubbles., J. Ceophvs. Res. Vol, 77: pp. 5087-5099,

Brooks, R.R. (1972). Biobotany and biogeachemistry in mineral exploration. Harper and Row,
Hew York.

Bussinger, J.A. (1972). Remote Sensing of the Troposphere, U.S, Dept. of Coamerce Hational
Oceanic and Almospheric Admin. (University of Colorado),

Carlucci, AF. and Williams, P, (1965). Concentratibn of bacteria'from sca water by bubble
scavenging. J, Cons, perm. int, fxplor, her, Vol, 30: pp. 28-33.

-«




Clement, C.R., Jones, L.H.P. and Hopper, M.J. (1971). The leaching of some elements from
herbage plants by simulated rain. Grassland Rescarch Institute, Hurley, Berkshire.

Curtin, G.C., King, W.D. and Mosier, E.L. (1974). Vovement of elements ‘into fhe atmosohere

from con1ferous trees in subalplnc forests of Colorado and Idaho. J.of Geochem. Exoloration
Yol. 3: pp. 245-263.

Donovon, T. (1974). Petroleum microscepage at Cement,.Oklahoma: Evidence and Mechanism.
The American Association of Petroleum Geologists Bulletin V.58, to. 3, pp. 429-446.

Eglinton, G. and Hamilton, R.J. {1967). Lleaf Epicuticular VWaxes. Science Vol. 156:
pp. 1322-1335,

Esmen, N.A. and Corn, M. {1971). Residence time of particles in urban air. Atmospheric
Envir. Vol. 5: pp. 571-578. ‘ : -

Garrett, ¥.D. (1967). Stabilization of air bubbles at the air-sea {nterface by surface-active
material. I. Sea surface. Deep Sea Research Vol. 14: pp. 661-672.

Graedel, T.E. and Franey, J.P. (1974). Atmospheric aerosol size spectra: Rapid concentration
fluctuations and bimodality. J. of Geophysical Research Vol. 79: pp. 5643-5650,

Hawkes, H.E. and Webb, J.S. (1962). Geochemistry in mineral exploration. Harpers
Geoscience Ser‘es. R

Hilst, G.R. and Hickoia} P.W. (1959). On the wind erosion of small particles. Bull. ¢f
Amer. Meteorological Soc. Vol. 40: pp. 73-77.

Hoffman, E.J. and Duce, R.A. (1974). The organic carbon content of marine aerosols collected
on Bermuda. J. of Geophys. Res: Vol. 79: p. 4474,

- Hoffman, G.L., Duce, R.A. and Hoffman; E.3. {1972). Trace metals in the Hawaiian marine
atmosphere., J. of Geophys. Res: Vol. 77: pp. 5322-5329.

Hutchinson, C.E. (1943). The biogeochem?stry of aluminium and of certain related elerents.
Quart. Rev. Biology Vol.18: pp. 1-29, 129-153, 242-262 and 331-363.

Junge, C.E. (1972). Our knowledge of the physico-chemistry of aerosols in the undistributed
marine environment. J. of Ceophys. Res; Vol. 77: pp. 5183-5200. .

Kaimal, J.C. and Businger, J.A. {1970). Case sludies of a convective plume and a dust
devil. J. of Applied Heteoroloavy VYol. 9: pp. 612-620,

Kartsev, A.A., Tabasaranskii, Z.A., Subbota, M.1. and Hogilevski, G.A. (1954). Geocherical
Vethods of Prospecting and Exploration for Petroleum and Matural Gas. English Translation
edited by Paul A. Hitherspoon and William D. Romey. University of California Press.

leClerc, J.A. and Breazeale, J.F. (1908). Plant food vemoved from grow1nq p]ants by ra1n or
dewt. Yearbook of the U.S. Dept. of Agriculture. pp. 389-402. _

Lee, R.E. Jdr., Patterson, R.K. and Wagman, J. (1967). Particle size distribution of wetal
~components in urban air. Aser, Chem. Society Heeting.

Levenson, A.A.  (1974). Introduction to Exploration Geochemistry. Applied Publishing, Calgary.

tong, W.G., Swell, D.V. and Tukey, H.B. {1956). Loss -of nutricents from foliage by 1each1ng as
indicated by radio-isotopes. Science Vol.27: pp. 1039-1040. .

Martin, J.T. and Juniper, B.E. (1970). The Cuticles of Plants. St. Martins Press, N.Y.

ioorby, J. and Squire, H.H. {1963). The lYoss of radioactive'isotopes from the leaves of
plants in dry conditions. Rad. Botany Vol. 3: pp. 163-107.

NoYl, K.E. and Pilat, M.J, (1971). Size Distribution of atmospheric particles. Atmospheric
Fnvivonment Vol. 6: pp. 527-540,

Neumann, G.H., Fonscluis, S., and WahIman, L. (1959). Measurcments on the content of ron-
volatile organic material in atmospheric precipitation. Int. J. Air Pollution Vol. 2.
pp. 132-141,

Pavkin, D.M., Phillips, D.R{ and Sullivan, R.A(L, (1970). Airborne dust collections over
the Novth ALlantic.  J. of Geophys. Res. Vol 75: pp. 1782-1793.

°

e 10 -




Piotrowicz, S.R., Ray, 8.J., Hoffman, G.L. and Duce, R.A. (1972}, Trace metal enrichment
in the sca—surfacc microlayer., J. of Geophys., Res: Vol. 77: pp. 5243-5254,

poet, S.E., Moore, H.E. and Martell, E.A. (1972). Lead 210, Bismuth 210, and Polonium 210
in the atm0<phcre Accurate ratio measurement and applicetion to aerosol residence
time determination. J. of Geophys. Res. Vel, '77: pp. 6515-6527.

Fahn, X.A. and Winchester, J.%¥. (1971). Sources of trace elements in aerosols: An approach
{0 clean air. NTIS Report lo. C00-1705-9 (U.S. Atomic Energy Commission). ‘

Stern, A.C. (1968). Source Control by Centrifugal Force and Gravity. Knowlton J. Caplan (author).

In: Air Pollution Vol. III, pp. 359-395. Academic Press, N.Y.

Stevenson, R.E. and Collier, A. {1962). Preliminary observafions on the occurrence of airborne
marine phytoplankton. Lloydia Vol. 25: pp. 89-93,

Szek1e1da, k.M., Kupferman, S.L., Klemas, V. and Polis, D.F. -(1972). FElement enrichment in
organic fu]ms and foam assoc1atcd with aquatlc {rontal systems. J. Geophys. Res: Vol. 77:

pp. 5278-5282.
Taylor, R.J. (1958). Thermal structures in the lowest layers of the atmosphere. Aust. J. of
Phys. Vol. 11: pp. 168-176. ‘“

“Twomey, S. {(1970). On the nature and origin of natural cloud nuc1e1 Bull. de'L'Observatoire
du Puy de Dome danvier-lMars Ho. 1: pp. 1-19. N 5

Walter, H. (1973). Coagulation and size distribution of condensation aerosols. Aerosol Science
Yol. 4: pp. 1-15. - ‘

Heiss, 0. (1971). A]rbornﬂ ceochemical ptospectxng CIM Special Vol. 11: Geochen. Explor.
pp. 502-514.

Heiss, 0. U.S. Patent No. 3305518 dated March 1967. lethod of aserial prospecting which includes
a step of analysing each sample for c]ement content, number and size of particles.

tent, F.W. (1967). Fornetion of aerssol particulates derived from naturally occurving hydro-
carbons produced by plents. J. of the Air Pollution Control Asscc. Vel. 17: pp. 572-580.

Hent, F.U. (1954). The nature of Aitken condensation nuclei in the atrospher Botany Vol. 51:

Procced1nqs of the Kational Acad. of Science. pp. 1259-1267.

Woodcock, A.H. and Gifford, M.M. (1949). Sampling atmGSpheric sea-salt nuclei over the ocean.
J._of Harine Res. Vol. VIII: No. 1-3, pp. 177-197.

Hilliams, P.M. "(1967). Sea surface chemistry: Organic carbon and inorganic nitrogen and
phosphates in surface films and sub-surface waters. Deep Sea Res. Vol. 14: pp. 791-800.

ZoBell, C.E. and Mathews, H.M. (1939). A qualitative study of the bacterial flora of sea
and land breezes. Proc. Hatl. Acad. Sci. Vol. 22: pp. 567-572.

. 11 -




'CONCENTRATION OF ELEMENTS IN'SOILS, PLANTS, AND PLANT
PARTICULATES, OVER Zn MINERALIZATION, DEER LAKE ONWARIO

B ZONE SOILS CONIFER BRANCHES  ~ PARTICULATES FROM

AND NEEDLES :  CONIFER BRANCHES
' o AND NEEOLES
wu =XETE ww I wiy EFEX
: ORG ¥ P BhLere N2 ' o YeNe
23|~ 2.5}~ 130}
‘Cd(Ppm) — — —
Ll o L L L]
sool- “150f— - qrsl-
Zn(ppm) ' - -
St 11 e AR 11 e A1
37 16}~ 60
Wi (ppm) -~ — . = ,
I il
eEni o (1L el
.. yok | 4 sol-
Cr {ppm) - — ) —~
. 22|~ H 1] o l | 25|~ !‘ L
125~ Fd o 50 |- ,
Cu(ppm) -~ -~ = l ] .
m! i ] ll! sl 111
. 2035)- 65|~ _ 280 |-
Tl (ppm) -~ - -
620 | l 1 00} HH | 00}- 1‘ J’
oo~ . 1600}~ ‘ 1310~
Popm) - l ! - ) B ‘
LU 900~ _ | | 1

eoof- | L1111t coop- 1







CLUNLLENTRATIVIN U RLLELIN O HE DMy by vy rerr e e =
PARTICULATES, OVER ZnMINERALIZATION, DEER LAKE, ONTAI ?10

CONIFER BRANCHES
AND NEEDLES

PARTICULATES FROM
CONIFER BRANCHES
AND NEEDLES

B ZONE SOILS

o>

P

wul FEFE

beg

.
o EFFF

o~-—-«

ww = 3-2,»

M

QRS er2 gReT R BV P2

780 |~ 785 230~

Mn{ppm) - D
130 |- Hl H o 1 l lJ 450 ll{ 1'

97000 |- | 255 1300 -

Fe (ppm) ~ B
w00 |- | ] ’;i 70 l H 1 39001~ | H

o |- 25 1} e

sr(ppm) - B
sl LU REIr ! : ’ ]

4000 |- 8500 5500 {—

Co(ppr) —~ B
950 |- L1 3200 1 ' 2500 |— 1

3110 |- 300 160 |~

Mg (ppm) - —
1000 |~ t 620 1};"“ 770 |- 1[_ 1

8000 [~ 520 | 470 I~

K{ppm) - T
370 |- [ Lyl 150 1 l 180 :_,JJ,L -.Ji

18500 {~ 530 4100 {—

. Al{ppm) = ' B
Bu00 ;_JJ-.JU.L o l l ‘ | l 1600 L.Ll.[ ~..M






#1

TABLE II

AVERAGE CONCENTRATIONS OF METALS AT 7 COLLECTION SITES
IN SOIL, PLANTS AND PIANT PARTICULATES (PPM)

(1) (2) (3 {4) (5} . {6 (N

B I;Iorizon Conifer Branch Particulates from Enrichment’, Enrichment Enrichment Soil/Plant/
Soil and Needles Conifexr Branches Soil to Plant Plant %o Particulate rarticulate
and Necdles . Particulate to Soil Enrichment/
Depletion
Calculation _ (2y2(1) (3)=(2) (3 (3 @2y )
Elcment .
Te 38,020 147 7,043 o 0.004 47.21 0.19 - 12,392
Al 11,925 239 2,620 0.02 10.95 0.22 547
Cr 40 2.3 44 0.06 12.13 1.10 332.7
cd 11 1.8 67 0.16 37.22 6.09 227.5
Mo 29 2.4 8 . 0.08 3.33 0.28 40.28
Cu 37 . ‘10 64 : 0.27 - - 6.4 1.73 23.68
wi 18 6 032 0.33 : 5.33 1.78 16
Ag 4.5 0.7 1.5 ) 0.16 2.14 0.33 13.78
Zn 406 77 131 0.19 1.70 6.32 8.97
Co 10 2.4 5.1 0.24 2.13 0.51 8.85
X . 2,230 299 336 : 0.13 1.12 0.15 8.38
Na 264 102 . 248 0.39 2,43 0.94 6.29
¥g 2,159 705 ' 1,136 0.33 1.61 0.53 4.93
Sr 8 13 15 3.25 1.15 1.88 0.71
P 540 1,017 1,365 1.88 1.34 2.53 0.71
Mn 375 308 119 0.82 0.39 0.32 0.47°

Ca 1,916 5,796 4,332 3.03 0.75 . 2.26 0.25







