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CHIEMISTRY IN FKARYT} S(,l‘]ﬂlf)]\‘(‘.’]:IS AND RELATED IJELDS

INTRODUCTION

Definition of the ficld

The cari;h can be Jogically divided into {ive spheres as

follows - lithosphere, pedosph&_:rc, hydrosp‘;hcre, atxnospl’mrc, and
biospherce. The lithosphere comprises the consolidated rocks of the

- earth; the pedosphere is composed of the weathered products and soils
of the carthv including glacial materials; the hydrosphere includes the
occans, fresh water surface bodies, .and grounld waters; the atmosphere
comprises the gases in the outer envélope of the earth and in the rocks;
and the biosphere is the spherc of life and includes all living organisms
on the earth as well as thc_zir fossil ren‘*}.ai..nS such as peat, coal, and
petroleum.

The science that deals with the migration and concentration of

the elements and their i.sot.opc:s in the five spheres of the carth is called
-geochemistry, a term introduced’in 1838 by C.F. Schonbein, the Swiss
‘c'hcmist who discovered ozone. Not until the twentieth ccﬁtury,
however, -has the science reached maturity. Most of the fundamental
aspects‘of geochemistry have been wc;rl:ed out in Furope and the Unit(:'d.
: States principally by V,I. Vernadsky il86.3~‘1945), A }. Fersman (1883 -
.1945), V.M. Goldschmidt (1888-1947}), and }. W, Clarke (1847-193]). In
Canada the study of geochemical processces began with T, Sterry Iunt
(]826»}892), a Iozigtir;'xc member of the Geological Survey of Canada,
Since Hunt's time various faccts of the chemistry of the carth have
been taken up by many agencics and academic institutions concerncd

with geology, mining, agriculturc, forestry, fisherics, metcorology,
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It nced hardly be pointed out that the chemistry of the carth
has an infinitc number of practical applications. Thesc of course
depend essentially on the knowledge of the fundamental chemical

\

processes taking place in the carth. The latter constitutes the basic

rescarch aspectls oJ% gcecochemistry and on L\hlS depends the development of
ways and mcans of contro}_]_ing and utilizi.x‘ngz_ 1T.hc ﬁatural chemical
environment. Some of the praAc‘:ti,cal aspcctg of the chemistry of the
carth include utilization of the knowledgc'; of the chemistry of soils for
the betterment of agriculture and fprcstry; ut.ilization of the knowledge
of the c;hcmistry of natural waters in water su‘pply, fisheries, and the
amelioration of the pollution problems that beset the natiOn‘ as a result
of industrialization; utilization of the chcnqiétry 'of the atmosphere in
assisting mectcorology and alleviating pol]k.ltion; and utilization of 'the .~
knowlcdgc of the distribution of certain elements in soil and water in

combating certain endemic discases in plants, animals, and man causcd

by deficiencies or excesses of these clements. Inaddition a knowledge

of the chemistry of rocks assists in a better understanding of the nature

and origin of mineral deposits, and geochemical prospecting provides

a rclatively cheap and efficient method of discovering new mineral

deposits and accumulations of petroleum and natural gas on which

Canada will depend for future supplies of raw matierials for its increcasing

industrialization and export tradec. _ : -
T}.IC number of ficlds on which geochemistry i1111)i.{1g(:s: is so
diverse that a division _iﬁto sclf containcd units is necessary for any
lovgi(:a]. discussion of rescarch zmc'1 development. . The committee, has,
thercefore chosen to accept the following s;ubdivis;ions of the overall

. . &

E
ficld of chemistry in the earth scicnces and related fields,

i
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- Cosmochemistry — includes the chemistry of the cosmos and

the abundance of the clements in the cosmos; also
includes the chemistry of mcteorites,

General geochemistry — includes primarily the chemistry of the
various spheres of the carth and the abundance of the
elements in thesc spheres.

Atmochemistry — includes the chemistry of the atmosphere and
those aspects of metcorology-and climatology that have
‘a chemical basis. Also includes high altitude chemistry
and air pollution. '

Hydrogecochemistry - includes those aspects of hydrology that
have a chemical basis, specifically the hydrogeco-
-chemistry of surface and ground walers excluding
chemical oceanography and limnology. Includes the
chemistry of hot springs. '

Chemical oceanography and limnology - includes all chemical
aspects of the occans; major lakes, and rivers.

Pecdochemistry — includes all chemical aspccts of soils and
other surficial materials. Specifically to include soil
pollution. » .

Biogeochemistry — includes all chemical aspects of biogco-
chemistry as they affect geological processes. Also
includes organic geochemistry.

Isotopes and geochronology — includes all chemical aspects of

isotopes in geochemical processes. Also includes
geochronology.

Geochemistry of mineral deposits - includes all chemical and
isotopic rescarch designed to elucidate the nature of
the chemical processes that lead to the concentration
of the elements in economic deposits.

Gceochemical pr ()...poctlng — includes rescar ch, d( vclopmcnt
and apphcatlon of chemical methods as apphod to the
analysis of the materials of the various spheres of the
earth in the scarch and discovery of mincral deposits,
petroleum, natural gascs, and other hydrocarbons.

Mincralogical phasc geochemistry - includes high temperature -

high pressurc and low temperature - low pressurce
synthesis of minerals as well as laboratory cxperimaents
to simulate geochemnical processes in nature.

' i
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Insert p, 6.

An effort wes made by the Committeoe members to use the statistical data
counpiled from the gencral survey of chemistry! R, and D, made by the C,1.C.
lowever, the Committee found that the CyJ.C. data tended to talke into account
ruch rore in geological science than that part covered by geochémistry and other
facets of chemistry in the earth scicences, They decided, therefore, to base

their briefs on their intimate knowledge of the specific fields covered,



13, Dada processing in geochemislry = involves the sclection wnd

' storage of data; the vsc of compuicers to sclect, compare,
computce, and asscss dala statistically, to test hypothescn
and mathcematical models against stored data; the retrioval
of data ..clcctlvc’l) or in compuier form; and their displ
in standard, tabular, or graphic form.

Sy

14. E du(,dtmn and research in geochemistry in Canadian universilics

jncludes the teaching of all faccts of gcochmnr lry ¢ and
. rcscarch by professors, rescarch fellows, undergraduatus,
and graduates in Canadian Universitics

Method of Collecting Information

Becausce of the great diversity of the ficld of chemistry in the
earth scicnces it was necessary to organize a committee of ten men,
each a specialist in a particular ficld. Fach committee member surveyed
the particular field for which he was responsible and compiled a concisc

\ ' T-XVH
brief which forms part of the appendices of this report. In addition a
~ A

number of briefs were solicited {rom individuals in Industry, Government,

and the Universities on particular fields. These bricfs are also included

. . -
in the appendices.
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The chairman interviewed numerous geologists, gcf:oche'mis;i.s;, ‘
‘and others intercsted in the chcrﬁistry of carth sciences at a number
of universitics, various govolnmcnt.rcscar(h organizations, and mining
companics. The consensus of their ol.)inions is included in the main
report. ' - =

The annual reviews of "Current Rescarch in the Geological
Sciences in Canada', c:mhpi]cd by J. ¥, Henderson for the National
Advisory Commiltee on Rc:sc:w:dh in the Geological Scicn'cc:s;, the "Annual
Reports on Support of University Rescarch" by the National Rescarch
Council, and the report Y"Graduate Si,’u.dc:nt.s at Canadian Universitics in

Science and kngincering® by the National Rescarch Council were

invaduable in obtaining an overall idea of the level of aclivity in
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Rescarch on the chemis tly of 1]1(: cosmos and on the abundance of
the clements and isotopes in the cosmos involves spectral studics of
various cclestial bodics, chemical and Jootopzc analysis of extira-
terrvestrial materials such as nectcorites and samples from the moon and
other celestial bodics when dv(n]abk‘. and chemical and isolopic analysis
of all typcs of carth 'mat.cri.als." The analytical data from the abov?:, whc-.x;
treated statistically, yiecld average abundance figures for the elements

and their,isotopes in the earth and in the cosmos as a whole. Combinced

with various nuclear data, known chemical l*cacti.c;ns'in the carth, and
pctrokvucal research, the c'iist}'ibuti.én of the clcrnentsﬁ in various carth
and extra-terrestrial :m’LLcrm]o gives a c1udc idea of the chemistry of
the COSInOé. ’

Much'work of the above type has been done at many institutions
throughout the world, and numerous tables of abundance figures for the
e-l'cnlents and their isotopes are available. These indicate that the.
general order of magnitude of .i:he 2x131111c1énccs of the clements and their
isAotopcs in the crust of the carth is now well known, and further work
will be cqnccrﬁcd with details. The a,bund-ancc data for thc cosmos as
a \.vholc: arec, however, unceriain, and the orders of ma.gx‘xit‘.uﬂ.c may be
grcally in error. Similarily, while the outlines of the chcmi.stry of the
crust of the canjth are relatively well est:a.b]iishcd, the chemistry of the
illtél‘ior of the carth and of the cosmos as a wholc 15 mainly a matter of
speculation.

Rescarch in cosmochemistiry is a Jong term 1’)}’01‘105;5.1.501‘1., and

there are few breakthroughs such as occurred in the carly part of this

century with the discover y of radioactivity, nuclear fission, and nucleay



— {5 =

'chemical fall-out! of routine étl}d Spccia]’ichd work such as ZISI]-,‘()p]\'y:'iic‘.i!].
and speclroscopic studics of heavenly bodics, investigations of various
natural nuclcar processcs, c{:hemi.cal wvestigations of meteorites and
othex c}:h'u-At.crrcs;tria]_ xnatcria],sisucl'z as thosc that preswinably will
‘soon come from the moon, and gcnczi,'al gcochemical 5n.\v'c:s;it.ig,‘ations; of
~earth materials.

In Cax.aada routine and spccialized investigations of the ab.ovc
tyi)cs are cai‘ried out at a numbcr. of instit:uti.ons; including the Dolmiv.nion
Obsecrvatlorics (A.st.x.'ophysic‘a]. and. sfectral studics of heavenly bodies),
the various Li]'iivcl'sitigs (stuc-]ies of nuclear processes, general
gcochcmicz_d studics, metecorite studies), the National Rc;qcarch Council
(nuclcar studiecs, meteorile studies), A.ftom.ic Encrgy of Can-ada, Limitcd
{nuclear studies and abundance of the 'clcmcnts), and various other
federal and provincial governm@nt institutions (general geochemical
studics and metcorite studies)._.

Meteorite studics have always played a large part in cosmo-
chemical research. Dr. J.A.V. Douglas of the Geological Survey of

. , : : o e e

Canada briefly reviews Canadian rescarch on meteorites (Appendix I).
He maintains that mceteorites play a;a important part in geoc.hcz'n.ical
abundance studies of trace elements and isolopes, and remarks that
chemical and mineralogical studics of meteorites may lead to a belter
\'ﬁldcrstanding of the la.ws'govcrning the dis(:ribu‘tion of the ‘v:n'ious‘
elements in thé carth's mantle and core. This céuld provide usecful
information in the fulure exploration of mineral deposits at great .(](".l){h
~in the carth. Furthermore, a knowledge of the chemical and crystallo-
g{r;q:ﬂ»ic characteristics of metcorites may have future %i})l)]i(t(tii()}1(: to

Canadian metallurgical processes since the characteristics of metcoric

ity . . b R, N 4
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The level of chemical yesearch on metcorites in Canada appears

to be m’ktqtlétlc, and the necessavy analylical facilitics are available fov
‘CXpF!.]‘Jé]Cd rescarch at a nunber of Canadian universitics and governnient
insﬁtu(ions. f}ccordi.ng to Dr. Douglas financial assistance should be
increascd, however, to provide adcquate funds for metcorite scavches
by the Associate Committee on Meteorites of the National Rcscen(:ch
Council of Canada. Ic mentions an annual sum of $10,000 as adequate
for this purpose. When the proposcd nelwork of cameras for tracking
incoming fircballs is installed by t}lc Dominion Observatories throughout
a large part of Western Canada, the moncy required for scarch;:s; will
probably increase because of the greater number of sightings. In the
malter of education and training Dr. Douglas emphasizcs that a fuller
treatment be given to the basics of metcorilics in univci:‘s ity courscs,
in ordexr fo stimulate rescarch in this aspect ‘of cosmochemistry.

The race to the moon..by the U.S. A. and U.S.S. R, has firced
the imagination of man in the second half of the twenticeth CC‘:n.t‘ury, and
it certainly goes without saying that the analysis of moon material will
represent a great advance in cosmochemistry. A group of officers of
.the Geological Survey of Canada anc'.ﬁ Dominion Obscrvations have been
namecd by the Uniled States National Acronautics and Space Administration
A (NASAY) to undertake pctro]ogical; lninc::'alogicai; geophysical, isotopic,
and chemical studices of a sample of Tunax crus,:t,’a]‘ rﬁatc:ria] to be oblained
by the Unit'cd Statcs Apollo space program. The chemical and isotopic
studics by this group as well as those by other groups in numerous
countrics will be of grcat intercst to all concerned with cosmochemistry.

The number of personncl engaged in cosmochemical r(:s;‘crarcz‘n in

Canada and the amount of moncy actually cxpended on cosmochemistiry in

oo cannat he eafimnted bheocause of {he 'I)\"'I“'Od\l(:i.‘ ratur e of the
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in Canada, U. 5/‘\ and overscas, judges that the Jevel of activily in
Canada, thce moncy .c,\ipcndc:dAin the past, and i.]-mt to be expended in i]xé
next five years are adequate for a cpuntzry with the population of Canado.

It would sccin, judging fromn past performance in this ficld, that future

yropress 1s assured. He would point oul, however, that ceriain gaps
4 & 3 &> 1
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exist mainly in rescarch in the fundamental aspects of the geochemistry

of the earth's crust. These arc discussed in greater detail in the

section below.

2. SURVIEY OF RESEARCII AND D]‘.‘.VICLO}?’J\'{}E‘,E\I'_J.‘ IN GENERAL

GEOCHIEMISTRY .

General géochcinistry is concerned with the chemistry of the
clements and their isotopes in the five spheres of the carth (Jithosphere,
pcddsphcrc, hydrosphere, atmosphcre, and biosphere) and with the
abundance of the elements and their isotopes in these sphcrcs.b The
subjcct is a comprchensive and diverse one, and the details arc
considered at greater Jength in the écctions that follow on the various
subdivisions of gcochemistry, viz a‘l:n:;o-Agcochernistry, pcdogeochcm:’.s:ti'):',
elc. Here only some gcncra.],itics arc" considered.

R;:scarch in general geochemistry is pur.%ucd in at least three

ways - {1} by chemical and isotopic analyses of rocks, soils, scdiments,

7
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walcers, the air, and biological nmfcrials;; (2} by ;“t:udi.c:s; of dynamic
chemical processces in f;h(: five spheres of the carth, at the interfaces
of lh(:sc' spheres, or where onc sphere impinges on one or more ol the
other spheres; and (3) by chemical and isotopic experiments dcvis;cd {o

simulade the natural situations.  Analysces of matevials from {he five

N LR B DR -~ ra



respective spheres, and these when integrafed, with duc

By 3

ard to the
lqu;mi:ila.tivu aspect of .c:chh sphere, yicld overall Ezblmd;mcc.f.ié;tll‘(':‘.‘- for
the carth. A l»:uo\;‘f]_cdge of the chemical reactions in the carth yiclds
information on ﬂlc. migration, 'Conc(:ntration, or dispersion of the
c]c:zﬁc-.nts; in t])é: various spheres of the carth.  All of 1.hcsc; aspccts arc
of vital importance in the preu;'ttical usc of geochemistry, especially in
agriculturce, in forcst‘ry, in the fishing industry, in pollution control,
and in gkcochemical prospecting for mincral dcposits. The fundamental
data on abundances and on the c.hcmistry of the elements in the carth
arc the foundation on whic}_a all practical work in geochemistry is bascd.

The data of fundamental geochemistry come from sceveral

sources, as follows: (1) Geological, mineralogical, and petrological

investigations, (2) various investigations by soil scientists, (3) varjous
investigations by oceanographers, hydrologists, and water control
agencies, (4) meteorological and air chemistry studics, (5b) various
biochemical and biogeochemical investigations, and (6) spc:cié]izcd
.geoc]‘xcmical investigations. !

Becausce of the diversity of the origin»of the data it is nearly
impossible to estimate the number of personnel engaged in providing
fundamental geochemical data. It is also impossible to determine the
moncy 'cxpenc‘l‘cc'} on the acquisition of the data since the geochemical
aspect of the various investigations 41'anges‘ all the way from minor to
inajm: prol)ori:.ions.

Since 1945 rescarch in general geochemistry at Canadian

universitics and government institutions has ingreascd ycarly to a

rclatively high level. lowever, on a per capifa basis; compared with
the U.S.A., U.S. S R., Britain, and France, the Jevel of activity s

stil) relatively Jow, not becausee of lack of funds but rather {Trough



lack of ‘;i‘;li)l(,‘d s:;‘(‘:ﬂ(;ialﬂisjt. pcrsmmcl: Phere are some serious gaps in
the fundaimental data from certain spheres of the carth in Canada mainly
becausce of too much spc:\;,ialization in certain ficlds, particularly in
thos ¢ concerned with igncous rocks and igncous processcs.

'l‘l"x{c state of the productiop ’of fundamental geochemical data
is discusscd bricily Be]ow.

) I. The p:.‘ochlvcl'i,on of geochemical data on igncous rocks,
igneous processcs, melamorphic rocks, and metamorphic processes is
adcquate a?ld cx.pzuidi.ng yearly. Th‘i.s is probably because of the
traditional stress at Canadian universities and government institutions
on igneous rocks and igncous processes and metamorphic rocks and
metamorphic processes.

Z. The production of gcochemical data on scdimentary rocks
and sedimcentary processes is low and not expanding rapidly enough,
hav'ing regard to the importan.c_'c of these rocks and processcs in
petroleum and ore geology.

3. The production of geochemical data foxr all varictics of
surficial materials (soils, till, glaci.a}, clay, stream and lake
scdiments) S.s. adequate for agl‘iculm‘ral. necds and probably also
adequatc ’for the needs of the foresters. It is inadequate for pollution
rescarch, and certainly inadcquaté as far as geology is concerned,
YCS})(:CiZ-l].]y gcochemical prospecting. Few gcochvcmi,f;ts have been
ackh.“c;ss;i.ng‘themsc]vcs to surﬂ.c‘ial materials research in Canada
ma;fn}.y because most universitics have neglected to expand training and
rescarch in this ficld commensurate with present day needs. Most
govc:'mncni geological institutions have, ]i'kc:\vis;c, failc‘:d to expand
sl;f[i.(:i(:ﬁ(.]y in this ficld. Rescarch in surficial chemical processes af

universitics and government insttutions is wocfully inndequade, a state



that urg'(‘;ntly ].'C(i{li]‘cs c(nr1'(:(;{_;;11; considering that the surface geology
of Canada js Jargely concernced with Pleistocene deposils and soils
developed on them. Further remarvks about the inadequacy of surficial
rrmt‘crials rescarch are made in the section on geochemical prospecting.

4, The i)l‘Oduction of-gcochemi(?al data on natural waters
'(occzm, lake, river, strcam, and ground sz.tcrs) falls into two
categorics - that concerned wi?h major constituents and tha{ concerncd
with trace constituents. The production of data on major constitucnts
by various government institutions and éLg;cncijcé has been extensive
and ;will»probably expand in the next five years to a ]}cvcl Ac.orm'ncnsuratc
with the requirements of the country. The produdion-of data on the
trace constituents of all naiural waters is completely inadeciuatc at
this point in time, having regard to the fa'é.t that this data is particularly
valuable 51} pollution controi, in fisheries res carch, and in geochemnical
prospecting.

There is also a dearth ’oflresearch activity concerned with the
.solution, migration, and precipitation of the elements in natural watcers
al both the universities and various governmental institutions.

Furthermore there is no attempt to train students intensively in the

complex chemistry of natural

vaters at any of "t'hc univc_::rsili.‘qs; in~
Canada.

Chemnical resecarch on co].c‘a' springs and hotl springs has bcen
coml,],(-:tcly.ncg].ccted in Canaﬂa, this despite the fact that these
phenomena are important from the Yicv.fpoint of the tourist industry and
from the vicewpoint that frszmy sp_ri.ngs; may contain clements which could
be extracted cconomically.  As aimcasurc of the neglect it should be

stated that the Jast comprcehensive chemical report on the springs of

Canada appeared in 1926.

o



5. W'J.‘hc 1‘)1‘0(&&(;1’5@)11 of fundamental data on the atmosphere b
continucs at a rclatively low level, insufficient for the purposcs of the
vital problem of pollution ccmtr?l.

6. The production of .bioguoc]‘xcmical data and rescarch on
" biogcochemical processes is not adequate in Canada corzsidcrh;g the
imbortancc of the field to pollution, geochemical prospecting, the
petroleum a.nd.natural gas ind_ustries, and the health of the nation. With
" the exception of some notable work done at one university and one
federal government institution fc;v geochcmisﬁs have addressed themsclves
tov the problems of biogeochemical processes involving plants and
animals. .Likewisc, with the exception of one federal and onc provincial
government institution, where some good woivk has been done, there is
a dearth of research on the natural hydrocarbons. This despite the

fact that Canada is a major producer of petrolewm and natural gas.

There is also a glaring gap in geochemical rescarch on coal,

3. SURVEY OF RESEARCH AND DEVELOPMENT IN ATMOSPHERIC

CHEMISTRY, 1NCL!5D1NG AIR POLLUTION AND

UPPER ATMOSPHERIC STUDIES

Atmochemistry is concerned with fllc Chen‘xisntry of the near
surfa‘cc. atmospherc and the high atmosphcr? up to a level of ’)0
kilomectres or more. Work done in the ficld is gencrally part of more
cx(,éllsi.ve studics. that have a phys igal and 1°ncte:.'01ogica,1 basis. Rescarch
in the fic]ﬁd is particularly important in the control of pollution of the air,

Dr. J. L. Sullivan of the 'Dcpm'i:mem 01% National Hcealth and

Welfare outlines in his bricf (Appendix 11) the level of activity and the

state of rescarch in atmospheric chemistry, uwpper atmospheric studies,



in Canada, DUCDINUs thal comparcd With THT UTH, AL and sonic FUuropean
Counirics rescarch in the chemical, as well as other aspecls of air
pellution, lags well behiad.,  Furthermmore, apart from work divected

toward air pollution }ittle oxr no rescarch on the chemistry of the surface
lcyc‘r} zi[.n‘)cu«‘ph(:r(‘,‘ is being done in Canada, nor is there any rescarch in
“atmospheric chemistry related to clima.(.i.c modification,

Dr. Sullivan attributes the low level'of activity in atmo ,phcz ic
chemistry to inadequate {inance of rescarch in this .{J-';cldvanc‘. strecssc
the nced for a several fold incrcasc in rescarch cxpcnc’lelm ¢ in the next
few years. He also mentions a lack of co-«ordi‘nzttion in research cffort
in atmospheric chemistry in Canada and {inds various impediments duc
to jurisdictional problems between federal and provincial agencies
Umvchsﬁ cs should be given greater encouragement to develop graduate
studies in ajr chemistry, otherwisc a shortage of trained staff will

pres sent difficultics for the future.

4, 5. SURVEY OF RESEARCH AND DEVELOPMENT IN

HYDROGIEOCHEMISTRY, CHEMICAT, OCEANOGRAPLIY,

) AND LIMNOLOGY

Hydrogeochemistiry is concerncd with the chemistry of natural

waters in all envirenments of the E:lel“{;h. Work done in the ficld is
generally part of more extensive surveys involving hydrologic studics,
water control studies, and 1)()],].\1[‘.501"1.

Dr. 1. C. Browp outlincs in hi_s;‘ln“ic.f {Appendix ]H)/t.;\c Jevel of
activity and the state of J.'csc;arc.:lix and d(ﬁ\'C]Op;llé]]t in groundwater studics
in Canada. He states that activity in hydrogeochemistry has incrceased

greally in the last ten years, and that all agencics which he polled agrec
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dolars iin the next five ycars. Dr. Brown, himself, cstimates a (\(,;111,)13“;1
of ¢ffort inthe next five years to the point where annual expenditures for
the whole of Canada could be in the order of five to ten million dnllurs.
for rcs;carqh and development in the groundwater ficld, He points out,
however, that while uni.vcrsity courécs arc being developed to (‘:OVC’I‘I‘
thc- field, they are inadequaté at present; as is also the supply of. unde -
graduate and post-graduate students,

Drs. J.P. Tully and B. A. Gingras outline in their bricf
" {Appendix 1V the stale of rescarch and development in occanography and
limnology and in the important field of pollution control in natural bodics
of water. ;Et is evident from their bricf that the ].cvc;l of rescarch and
development in all aspccets of occanography and limnology will increase
‘to a satisfactory level in the years ahcad. They siress, however, that
the training of chemists in occanograpi)y, limnology, and anti-pollution
rescarch is inadcquate at the kp_.rcsm.lt time, and that therc are very real
requirements for better training in water chemistry of graduates from
technical institutes and at the B. Sc. level from universities.

Despitr; the fé.vourabie state of hydrogcochemistry in Ca‘nada'

and assurance of progress in the field in the next five years thc’
chairman feels that there are still some gaps in rescarch in the subjecct
in Canada. Thesc include the general low production o{ data on trace
‘elements in all types of natural waters, and the general low Jevel of
detailed field and synthetic rescarclh on the solution, migration, and
precipitation of the elements in natural waters. With respect to the
Jast subject there is a gencral paucity of data on the nature of organic
compounds in natural waters and their effect on the so'.'!ﬁt:icma transport,

and precipitation of the celements.  This is an important matter since

many of the natural waters of Cavada have a high organic (humic)

2



content.  JFinally, the chairman would stress that the chemistry of hot

springs requires much more attention in the fulurc.

¥
?

6. SURVEY O RESFARCH AND DEVELOPMENT IN PLEDOCHEMISTRY

Pedochemistry 'is the science dealing with the chemistry of
surfi-(;iztl materials inecluc’]ihg'soils, wcathcrcc} rocks, glacial ﬁ]l,
glécial clay, and othcr glacial materials. The science is particularly
important in agriculture and forestry and also in surficial geology and
gcochemical prospecting.
DrA. J.S. Clark, Soil Rescarch Institute, Department of
Agriculture, Central Experimental Farm, Ottawa, in his bricf (Appendix
V), revicews the state of research and development in pedochemistry and
soil pollution, principally {from the viewpoint of agriculture and forestry.
He statcs that the past and present objective of agricultural pédOC]‘x(tlnistry
is to make most effective use of the soil resource for food production.
: The virgin nutrient factor ilﬁ so0ils is, however, not now as imporiant as
it was in the past becausc of the introduction of chemical fertilizers.
Dr. Clark concludes from this feature that although pedochemical
activity will be necessary to ensurc high agricultural produc.{/ion, there
appcars to be no long term aéficultural justifiézaticm for a m'zltjm'
expansion in pedochemistry., On the (_).Lhm' hand he sces an expansion
of pedochemistry in t.i)c future in theiicld; of forestry, in wastic

disposal, in soil pollution, and in geology and engincering. ¥rom the

.

viewpoint of education in pCdOC.}‘;C]Ili.StTy Dr. Clark thinks that the

munber of pedochemists coming from the universitics is slightly below

the anticipated need, but the gag
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» is nof Invge and can be reduced or



in the chamistry of surflicial matervials with a nwnbicer of Pleistocenc

cocheinical prospaecting.

geologiats and with geochemists interested in g

The gencral consensus of opinion .is that the level of activity in this
ficld is' inadequatc. There have been, for instance, oxlﬂy a few limited
“and local cfforts to characterize the chernistry of glacial tills an-d clays
in Canada, z'mci onc can say' truthf{ully that we know practically nothing
a’b-out the major and trace element content of the glacial deposits in this
country. Furthcrmore, we have no idea of the posi;--d(:pos»iti.ona].
chemical history of surficial deposits in Canada, and there have been
few if any syz}thetié rescarches on the migration and concentration of
th‘c clcx-ncnts in glacial materials, in addition there has been only a
limited amount of systematic work on the geochemistry of the extensive

muskeg arca« of Canada. The latter deficiency is amplificd in morc

detail in the scection on biogeochemistry below,

7. SURVEY OF RESEARCIH AND DEVELOPMENT IN BIOGHOCH!

SMISTRY

Biogeochcmistrx is that branch of scicnce which is concerned
with the i})teraction and cffects of living organisms on the natural cycic
of the clements ;m(j their .isot.iop(:s in geochemical processes, More
spcc:if:;cél]y biogcochemistry is iixtimatczl.y concerned with the chcnﬁs.[.ry
of all ﬁai;ural organic substances in the biosphere, both living and dead.
Aﬁmng the living arc the organisms that co;nprisc the two great
kingdoms - the Plantac and Animalia - and t]xos‘; ¢ of micros copic
dimensions, the typical bacteria and algac. Jun the category of the dead
arc humus, pc::ti:, ('o;zl., carbonaccous s_:h:v.]'c:s;, petroleurn, and various

oither hydrocarbons, all of which were devived inonc form or another
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and the synthetic.  The analytical once ¢mploys the methods of chemical
and other types of analyses o trace the cycle of the e¢lements in
biological systems. The synthetic one attempts to reproduce and study

the coursce of natural biogecochemical systems in the laboratory. Aun
example of thc latter would be a laboratory study of the role of sulphate
reducing 1:>chLc:.rizL in the precipitation of sulphides under the conditions
of sedimentation thought to be present in certain reducing basins in

the oceans.

The data of biogcochemistry are derived {from a varicty of
sources - from the l'e'.scarc'hcs of biologists, biochemists, coal and
petrolc‘um chemists and geologists, sail scientists, and biogczo'chemists.
Since the data have such a varied derivation it is impossible to give an
adcqguate estimate of the number of scientists actually involved in
biogcochemical research in Canada and the yearly amount of money
aciitally spczﬁ on oblaining the da'ta. Dr. Fortescue in his bricf to the
Cémmittcc\(Appendix V1) estimates that overall there arc perhaps about
a hundrcd scieni’ii‘.sts‘ working on some facet of biogeochemistry in Canada.
Of these probably less than ten are fully engaged in biogecochemical
rescarch: The lafter ‘arc gi‘ogacd mainly in four institutions, the
Univcrsity. of ]31"5.&5811 Columbia, the Alberta Res c:arc‘h'Ccmnci], the
(}co].ogi.;al. Survey of Canada, and the Bedford Institute of Oc.c;.:mograp}w.
The yca.ﬂy cost of biogeochemical rescarch (cxcludi.ng .sa].af:«fics) inb
Canada is (:s“tima,tcd i;y D, Fortescuce to be a few tens of thousands of
dollars.

To describe the present Jevel of biogeochemistry in Canada and

point oul the existing gaps in rescarch in the science, a grouping into

subjects is necessary.

These include: (1) general biogcochemiatry ond
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deposits such as mircs (bogs and TeNg] and othey Lypes ol poorly 7
consolidated (n’ganic‘ }l-]iti.cl‘]..éi].s, (3) research 43'.1‘1 coal (‘.1](:11155}11‘);,

(4) rescarch in the chemistry of petroleum and other natural hydro-
carbons, (5) rcscarch in carbonaccous shales and other similar types
of organic scdiments, al}d (6) synthetic biogcochemical rescarch.

(1) The level of activity in gcncra].biogcochcrnfSi.)'y and in the
study of biogc:échcmic‘;il }'n:‘occ;sses is difficult to asscss becausce these
arc the ficlds where a co-nsidcrablc amount of work has becen (11‘0}}(! and
is bciné done by a greatl variety of scientists, including biologists,
bioche:nists, and biogeochemists. Compared v)ith the level of activity
in these fields in U. 5.5 R., U.S5 A., and Great Britain the level of
aclivity in Canada scems low on a population basis, although it should
be remarked that some very good work has been done and is being done in
Canada which i=s recognized throughout the world. There arc, however,
many scrious gaps in our knowledge of the cycle of traﬁc and minor
elgm.cnts in the plants and animals in the Canadian setting which should be
filled by increased research.  Such kno#v].edge is especially valuable in
endemiology and in gcochemical prospecting.

Pollution .of the biosphcre, especially as it relates tcl)‘ the health
of man, is a concern to zi]_],_. The Department of National Jlealth and
WG}.farc, as wecll as various Provincial health agencics, arvc vitally
concerncd with this l')EL].'tiC-U,].Ell‘ provb].cm and carry oul a l.azx:gcvnumhc Y
of routinc céhcc:ks and analyscs of food .stuff..s and other products used by
the populace. The chpartmcnt of National Mecalth and Welfare has long
becen monitoring natural rnatc:ria}.s; for 5r-90 and Cs-137 avising from
atomic cxplosions. This work is continuing. In addition this d(:p;ll‘l.xn(:ni.

has also initiated specialized studics in patural radioactivily and its

cffects on animals and man.,  Als) recently initiated ave studics of thae
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& 1’11(_)(]@3.‘21&: Jevel at @ number ol institutions in C;umdu..- Al the Soil
Rcsc.arch Institule, Department of Agriculturc, 'Oi'_{‘z’nva, much gzod work
on organco-mefallic compoundginAs';oi].s has been done and is continuing.
The chemistry of i'mat has also received cons in‘iﬁrablc attention at the
Qu'cbcc Dcparizncnt. of Mines and at the Fuels Rescarch Centler, .I\'Iipes;
Branch, Otl,a\x{a. Studics of mires (bogs and fens), the familiar muskeg
to many pcople, Bave been })111:3116(1 al McMaster Uni.vcrsit)} and the
National Rescarch Council for a number of years., All of this rescarch
ha_s supplied data thal are invaluable Lo geochemistry. Chemical
rcscarcﬁ on mirc;s has been pursued at the National Muscmﬁ of Canada,
at the Geological Survey of Canada, and by ccrtéin individual gco_chcmis:is;
in’ mining companies. Despite all this work our knowledge of the chemical
processces in humic deposits is zlncagre, and there remain numerous facets
which arc‘ relatively uninvesﬁtig.ated in Canada. FXoremost among thesc
ié a knowledge of the distribution, migration, and {ixation of various
trace cilc:ments sucl.l as copper, zinc, and uranium in mires and other
humic deposits. Such knowledge is o,.f grcatkimport_:mcc in geochemical
prospecting because large parts'of é:anada are covered by organic
terrain,

{3) Réscarch in coal chemistry has been carried out mainly at
the Yucls Rescarch Center, Minecs ':“xz:zmch, Ottawa and at the Alberta
Resecarch Council. Much of this work has 1_;(1011 directled toward coal
utilization, b;‘l[.‘ the data arce also uscful in gecochemical studies on the
origin of coal. The distribution of trace elements in coal has reccived
some attention at Queens University and clsewhere, bul there has been

rclatively little work of this kind in rccent years at any institulionin

Carvada, Furthermore there have been no systematic geochomicenl



investigations of the Canadian coul basins and their enclosing scedimants.

This is onc aspect of the geochamistry of coal that reguires atltention in

Canada.

As far as the chairman czin ascertain there is no coursc in
coul geochemistry at any university in Canada nor are there any rescaveh
projects on the g(:o.c]‘ic:mif;b-y of coal or coal basins now in progress at
any uiﬁivcrsity or government institution in the country.

(4) Rescarch in the chcmistry of petroleurmn and other natural
hydrocarbons is carvicd on cx{:ensivclyiin a nunbcer of industrial
13})03:2{(;01.‘5.03; at the Fuels Research Ccntcr, Mincs Brm‘}ch, Ottawa; and
at the Alberta Rescarch Council. Most of this work is directed toward.
pctro]e:um and natural gas utilization but the data arc in many cascs
usecful in gcochcmicél studics of the origi’n, migration, and concentration
of petroleumn and natural gascs.

Some of the research, such as that on porphyrins, carricd out
in thé Petroleum Division of the Alberta Rescarch Council, 15 dirccted
specifically toward the problem of the origin and migration of petroleum.
Sirnilar rcsearch on the organic consi:itucnts of marin.c scdiments under -
way at the Bedford Institute of Océanography is, likewisc, of.funda.mcnm]
importance in dc:ci.phcring the origin of the mdﬁhcr subsf{ance of
i)CLJTC)IGIl]n.

Outside of tl'xcse_st‘.udic:s and a few others, some dealing with
the qulp]mrn isc;[,opic coml‘aosiii.on of oils and n::ipc:z:als in i‘];CiJf rescervoir
yocks, there is no concerted rescarch attack on the geochemistry of
‘I)ICt].'O].ClUn and other ]1ydrocn,rbcm.;; at Canadian _ii1s;1.5,tu_l.i.on::. Therce is,
].ikf:\\li;(:, with the exception of only one project now cownpleted by the

Geological Survey of Canada, no cffort by Industry, Universilics, or
& ? ) )
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p:‘o.f;pcc{ing} These are rather strelngéizr.nd E crious gz'{l}r‘s;, considering the
importance of petroleum in the cconomy of the nation. : -7
(5) Résca.r_ch in carbonaccous shales and other similar types
OI. érganic scdiments has reccived some attention at @ number of Canadian
uni.vcrsitic:s and govcrmnént ins.ti.tgt‘ions.‘ The llcvc]. of Zlcti‘\’iliyv is, how-
ever, low having regard to similar work now going on in U S. Av.‘and
U.S. 5. R. 13].a.ck' carbonaccous shales, bituminous shales, and other
similar scdiméntary 1'oc]§s, arec olten cnrichcbd in many metals such as
copper,; zinc, and uranium as wcll as in bitumin and other organic
constituents. Such sediments will be low grade metal deposits and sources
of hydrocarbons in the future. A knowledge of their chemistry is
'impcrative now to provide a basis for their utilization in the ycars ahcad.
(6) Synthetic biogeochemical research to simulatc»Inz-g)ccss;cs
.whercby organisms concentrafe or disperse the elements in nature has
reccived }ittlc;, if any, attention at Canadian universitics and government
institutions. The reason for this is not clear but probably stems {rom
th.e:fact that biochemists, have not taken any interest in the subject and
that geologists and geochemists in C.ajnada are traditionally iﬁorganical]y
oriented as a result’ of the curricula at most Canadian universitics, This
situatic;n i)ez~§ists despite t‘he' fact that it has been known for many years
.that bacteria and many other organisms play a part, pr‘obab]y a majpr
part,. in o%i"dation processcs in ore deposits, in.‘sedim».cntatyion processcs,

in the formation of pctrolcuz.n, and indced in the formation of rumerous
types of scedimentary ore déposits as well as thosce in faults, fracturces,
and other structures. It is time for the univc:rs.:ii,i_(‘.s, government institutio
b.iochcnﬁsl;s;, and gecochemists Lc; take note of this fact zmd. divect thein

attention to synthetic biogeochemical rescarch in order fo rectify this

grave omission.



8. SURVEY O) RESIEARCIH AND DIEVILOPMENT IN 27115 NATURAL
DISTR n,m mN ol K mom,s A\I]) c,J oumoii
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Studics of the nat‘ura-l dist;‘ﬂmtion of isotopes in the raaterials
of the spheres of the ca,rt;h, in addition to 1.)3‘o\ri;1511{; jfuz‘ml&trﬁc:nt::&.l data on
the abundance of the various isolopes of the clcmcﬁts in nature, also,

. o . » . . | .
when properly applicd, yield information on various geochemical processcs
concernced \Vi.(ll'l the formation, lnctalnorphisnl, and transformation of
rocks and the formation of mincral deposits, petroleum, and natural gas.
Studiés of the abundancc- of those isotopes th'at arisc through Al’éldiOé‘\(ti.i\"C
accay in the rocks of the earth }51‘0\:’17(1(: a basis for mcasuring geological
time, a scicnce now known as geochronology. Both types of studics have
been pursued at ‘Canadian universities and government institutions with
increasing tempo since 1945,

Most of the rescarch on stable isotopes in Canada has been
conc-ernc:d with the isotopes of sulphur, lead, hydrogen, carbon, and
bc‘)'i"on, ivith some limited work on magnesium, and a few other clements

The geochronological ].aboratorigs in Canada have specialized in dating
methods utilizing K/Ar, Rb/Sr, U/Th/Pb, and Pb/Pb isotopic systems

and radiocarbon mcasurmﬁcnts. Much of the work on stable isotopes has
~been dir'ectcd toward elucidation of the processcs of formation of mincral
deposits, nativc_su].phur deposits, and petroleum accumulations. The
gcochronological investigations have been focused on both Jocal and regional
probleins cbrmcz:pcd with the age of intrusive rocks, stratificed rocks,

and mincral deposits. Radiocarbon measurements have been used widely
in. interpreting the age of Pleistocenc deposits of i1l and other materials
containing carbon.

Dy, lx.K Wanless of thc (.c-o]ogac |]. nll?‘\’ cy of Canada, in hig
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Mfé\;(:].b[ aclivity, and j’:ul.urc of isolopic rescarch and g-rbocln'un(»loy_y mooLg
Canada. Wis cstimates of present and fulure activily and c:xpcndil,m:cs;

of m oncy appear to anges well for rescarch in geochronology bul lcave
.lhuch room j',or improvement in the s(‘.\;dy of smblc isotopes in thc; opinion
of the chairman and other geologi b.s /ho_>c 0})311101;% were "(>Ughtz on the
su?')jcct;. . Dr. Wanless also notes a general scarcity of trained p'z.'ofcssi(mz-_}
and techn'ic:a]. personnel, cspccially thc‘].attcr_, in the isotopic fic]d.‘ Ile
points out that our technical institutes are not producing pcrscﬁmcl with
tra:nm« and cxpcucnce in vacuum technology and an undc:r_,wnd:nrr of
isotopic problems. ‘ .

To summarize bricﬂy, it appcars that geochronological rescarch
in Canada is adcquate.and assured of a good future. Stablc isolopic
rescarch, especially that directed fow‘ard elucidation of the processcs
of formation of rocks and mincral deposits is lagging compared with the
cﬂort in U.S.A., U.S.S.R., @nd other counirics. (Sce also section 9

below. }

9. SURVEY OF GEOCHEMICAL RESEARCH Ol MINERAL DEPOSITS

Geochemical zfcs;ca,rch of mineral deposits includes the following:

1. A;:a].ysi.s of the geological and structural sctling of the deposits.
This is esscntially a geological problem and will not be discussed further.

2. Analysis of the a})Ltl}c]zv;11cc or content of the various clements (and
thcir isotopes) in the deposits

3. Flucidation of the source of the clements comprising the deposits.

4. }Clucidaﬁon.c;f the gcochcmical proc:es;s;cs that have produced the
concenfration of the (:1(?.]11(51'1{,’5} in the deposits.

5. Flucidation of the {"(‘C'C'h(‘ll“l'](‘-"l] processcs thad dis;pc:rs;c the

e e i Ao defr V)»u T duwenr RIS e e prmeesgon,
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The reader familiar with the various problems in the genesis
of mincral deposits will 1‘(:(;0{;;11?.7:0 that the first is a malter of geological
‘observation and the sccond a matter ‘of chemical and isolopic analysis,
The third admits of some interpretation if it s asswumed that the (:].Cll'l(’:ni.f;
were derived from J'oc:]:s_ on the planfz of obscrvation and that (:‘e,m be
-chﬁcv-micall.y Zm;l,],y'/‘c:(.]. The fourth is-ldrgely a matier of inductivc. and
deductive reasoning as only the produ.cts of the processes remain as object
of study. Synthetic studics, sinnﬂ.ating nz%tural conditions, arec us cfu]. in
the fourth problem in limiting speculative possibilitics. The {ifth problem
gemnc.rél‘]y admits of solution since the ipitial mincrals, the solulions
involved in weathering, and the final mineral products re sulting from thc
various \‘écat}-l'cring reactions are available fqr 511}6)/. Solutions to all of
the five problems are fundalncn‘tal to the application of gc‘:ochcn.ﬁcal meathoc
of pzrosl)¢c1:511g,
Rescarch in all of th.e:a,bovc aspécts of ibe gencsis of mineral
déposits has been carried out in Canadian universities and various
government institutions for many years. M(;s;t of the emphasis has becen
placed on items 1, 2, and 4 above. The -lcvc'l of acti‘vity in geochemical
rescarch in mineral deposits has, h.owevcr, declined somewhat in recent
ycars in I;Oth universitics and govermment ii‘lstitutionsjn the .opinion of
the chajrman, a situation that is té bc,d.cplorcd considering the importance
of mineral dc’posits in the c-conomy of thc'n;-'tti.on. There is a.iso less

empla sis on tAe.aching the fundamentals of mincral d'cposiLs and their

chemistry in the curricula of many uniﬁvcrsitics, another situation that
requires correction. Graduale work in the genesis of minceral deposits
al our universities also appc:au's:.to be dcclining rather than increasing

when compared with the phenomenal growth of the mineral industry in

Canada.,
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Specifically, more rescarch should be directed to clucidating
the source of the elements comprising mincral deposits. In this respect
the new methods of trace clement analyses and stable isotopic analyscs
should be used m}uch: linorc than they have been in the past.  Finally,
rescarch on the chemical and 1ncchani.ca] processes thatl (_HSPCI'S.C the
clements from deposits during weathering and glaciation requires much
greater emphasis in our gradu‘atc schools and government institutions,

becausc of the great importance of the subject in geochemical prospecting.

10. SURVEY OF RESEARCH AND DEVELOPMENT IN GEOCHEMICAL
- PROSPECTING

Geochemical prospecting is t‘}_le applied part of geochemistry that
has( as its aim the discovery of mineral do‘posits and accumulations of(
hydrocarbons. The importance of the field need hardly be emphasized
in the economy of the nation. .

Briefly fhe various methods of geochemical prospecting that
can be applied are based on major, minor, or trace clement analyses of
weathered products, soils, and glacial tills (pedogcochemical methods),
on similar analyses of rocks (lithcigczo_chonﬁca]. mecthods), on similar
analyscs of water and strecam scdizncn?ts (hyc}Togcocl}cznical methods), on
similar analyses of gascs (atmogcochemical methods), and on similar
analyscs of bi.ological matcrials of all types (biogcochemical methods),

The basis of geochemical prospecting in all methods is the
minor or t.racﬁ: clement balo ox ﬁHspcrsion {rain which may be cither of a

yritmary or sccondary naturce. The primary halo oy {yain is formed at
: Y

the time the orebodics were deposited; the secondary hindo ox train generally

veoule fram wenthering and feananort nroceaseas. Thease hnton, and et



NI

«j\

— ‘
reflect the presence of nnn hz,aiicn Inanany ways in the rocks,

soils, watexrs, stream scdiments, rock gascs, almospheric gascs,
and biological materials, The d'ci;ail,s of the halos are much too
complicated to be dealt with here, but a general idea of their nature
is discussecd in some of the briefs appended to this report,

The halos and trains provide the '%umrnal;ics“ for which all
geoch-cmists scarch,

The modern development of geochemical prospecting springs
dircctly from the work in the ninetcen thirties of the famous Russian
_geqche:mists A.E. Fersman, V,I. Vernadsky, I,I, Ginzburg, and A, P,

Vinogradov, and the Qcandanavndm., V.M. Goldschmic‘ﬁi', S. Palmqvist,

A .-

_and N, Brundin,
The concept of prospecting by gcoc.‘:ilcmical metbods was intro-
duced into Canada by H. Lundberg in 1940, but it was not until 1945
when Drs, H.V, Warren and }..{. I, Delavault and their co--workez:g at
the University of British Columbia began their rescarch that ﬂeochcmlc al
'prospcci:ing methods began to be taken seriously, Other carly workers
included J.E. Riddell at McGill Umvcz sity and H., Hawkes, H, Bloom,
J, 1. Riddéll, and J.5. Webb who conducted the first large scale
gcochemical reconnaissance survey in northern New Brunswick in 1954,
Researc‘h. in geochemical prospecting by the Geological Survey
of Canada began in 1949 when a study of }_?.:imary halos associated with
gold dcpos‘i ts 5n the Yellewlnife arca was undertaken, This has been
fo]]owcd by work on waters and solls in the Yukon; recomnaissuance sur-
veys of waters and strcam scdiments in Nova Scotia and New Brunswick:
biogcochemical surveys n a number of metalliferous hc'-.,‘l(‘:_; in Canadag

bedrveek surveys in Northern Ontacio and in carbonate rocks in Wentern



szsfda; and hydrocarbon analyscs of soils over known oil ficlds in ]f)a.&:tci;;
and Western Cle‘l.E.Ld{l. In addi.t.io]’;, a number of other projects have been
C&]’l‘i'i‘.(] out boll in the {icld and ]zuboratdry, concerned with the developing:
and improvement of geochemical methods and techniques.

Geochemical 1":‘1‘(:1.hc>ds of prospecting have been adopted by industry
on an ever increasing scale. From the in:’.t.iﬁal cfforts of X. O.. Chisholm
in 1949, geochemical prospecting methods have grown to be one of the
major tools in mincral exploration. Several of the provincial governments
have recently carried out regional gcpclhcmi.c.al studies as an aid to
pros;pc-cting within their boundaries.

Because Qf. the importance of geochemical prospecting to the
mining and petroleum industry bricfs were requested from a number of
individuals in mining exploration, consult?i‘ng scrviccs‘, and universitics.
In addition a number of interviews were held with gco]ogi.sts carrying
out exploration programs in various parts of Canada. “The gcxméz:a].
conscnsus of those submitting briefs (Appendices VIII to XI1) and those
-intcrvicwed is:

1. The expenditures on geochemical prospecting by the mining
indust.ry is considera.b],c; 5.11’1967 Dr. Clews {(Appendix XI) cstimates that
the expenditure was 2.5 nut.].li;on dollars; in fivc. years this expenditure
will jncreasec to'5 million dollars,

2, The e:s';pcndii.u:'cs on gccc.hmnica]. prospeccting by the petrolewn
industry is -ncgligible.

o

3. A serious shortage of expericenced geochemisls capable of carryir
out gecochemical surveys and interpreting the results from such surveys
exists in Canada,

4. While somce good rescarch in geochamical prospecting has been

done al two universitics and two sovernmaent institutions in Conoda (he



level of aclivity in peochemical prospecting rescorch is far below that
krc.quircd in the subject and on & comparative basis far below that in
U.S.S. R., U.S A, and Great Britain.

The rcaso;s for the low level of activity in government institulions
has been primarily the recruitment and retention of qualified geochemists
;'s.t salarics cquivalent to those in industry. .In the past there has also been
a failure of government executives at all levels to appreciate the importance
of geochemical prospecting research to the mining and pctz‘o].cmﬁ industry
of Canada.

The reasons for the low level of activity in geochemical prospecting
resecarch al our universities is difficult to asseés accurately but scems {o
stem from the fact that many geological facultics and faculty heads view
pro_blcms in mineral deposits and prospecting for mineral deposits as
being not scientific - this despite the fact that the "bread and butter' of
geological science is mincral and petroleum deposits. The comments by
Drs. Warren and Delavault, two of the pioncers in gecochemical prospecting
rescarch in Canada scem particularly pertinent in this matter (Appendix
VIil). Y"When an attempt was made to introduce E!;C()Chfﬂ‘ni.st],‘y into onc
Canadian university, with special emphasis on problems involved in
mine {inding, the attempt was vetoed on the grpund that Ulis‘_i..ypc of work
was not of high enough quality to be considered as a university subject, in
spite of the examples provided by London University, and California,
sm‘.‘cly centres of academic quality and cornpectence’, and "Nor do the
universitics do much to 3';1i5(: the status of the mincfinding; gcochuemist.
Two of Canada's'most important 1;111.5.\'(:1'5;511'(:5 do have Institutes of Jarth

Scicnce, and 'under this umbrella! one might reasonably expect fo [ind



subsurlace geology and Lo peochenustiyy as applicd to none Hnding . Huch
is not the casc. lxccllent and challenging work is being done in other
geochemical {iclds, such as age dating, but a student enlisting in an.
Institute of Jsarth Science in Canada finds little, if anything of subsfoncc
offered in the ficlds of geobotany, biogcqchcmistry, and anly a modest
initiation to f‘;hg various aspects of hyd1'ogcochc:vmis(zry, pedogeochemistry,
and lithogeochemistry.

It seems hardly nccessary to point out that these circumstances
“at our l'miversitics has led f;o the state whcré geochemists, trained in
gcochcnﬁcai prospecting techniques and the interpretation of geochemical
data, arc in short supply.

5. Rescarch in the primary dispersion pattern of metals associated
with mincral dcpoéits continucs at a low level in all insti{utions in Canada.
This is a su'bjc:ct that requires immediate attention if deeply buried mincre
deposits are to be discovered in the future. Rescarch in the sccondary
dispcrsion palterns of metals in surficial matcerials, likewise, reqguires
much more attention that it has received in the past. This aspect of
gcochemistry has been repecatedly emphasized in other sections of this
Committee report. The comment by Dr. Hansuld scems particularly
appropriate in this matter (Appendix IV) "R and D in the fi(j‘]d of
geochemical exploration is, with a fow exceptions, just starting. Oux
understanding of the chemical processes tak.i.ﬁg place in surficial material
at or ncar the carth's surface is szL}'netic' comipzn'(:c’l to what we know ox
think we know about the chemistry within the carth's crust. This siluation
is indced ironic when onc considers we can actually sce and sainplc
matcerials at the surface and yet know so liftle about them. M

6. A systematic long term approach (o rescarch in geochceical

prospecting for petroleum and other hydrocarbons should be started to

| “ 4 . \

Yl oo ¢ YT g8 T g}‘f P SN S A R ),i»;’§~! {0 " e [,,\.--,'(( e A A .



T30 .- e

e Numecrous exploration geologists and geochemists have pointed
oul the necessity of establishing an instilute for tcaching and rescarch
in apnlicd g(':Oc:hcmistry at onc of the universitics in Canada. Various
opinions on t]ai:s matter are given by Dr. Clews (Appendix X1}, Dr,
Glceson (Appendix }x), and Dr. Coopcb (Appc-.ndi,x X1l). 1 is the considered
Topi:m'cm of all who were ilml.c;"vi.cz\ve(1 that s;uc,.h an institute should draw
its funds {rom threc sources - _thc mining vindustry, the pctfolcum iﬁdus;try,
and government. The direction and teaching in this institute must be by
adequately trained applied geochemists, and fh111(121,111011115;1]. rescarch should

be mainly by thesis work lcading to advanced degrees.

1], SURVEY OF RESEARCH AND DEVELOPMENT IN MINERALOGICA
PHASIK GEOCHEMISTRY

This field includes hig:h temperature - high pressure and low
temperature - low pressure synthesis of mincerals as well as laboratory
experiments of various types to simulate geochemical processes in

. nafure.

The {ield is important in two respects:

(1) The data obtained arc cSact and limit spcculation on the possible
geochemical processes 1“%:5?1)0u1'1si.b].c for the 1‘1)_iggl‘ati0n and c.o‘nccntrat.ion
of the elements in the sl;hm:es of the carth. Synthesces cannot be said,
howcever, {o solve the p;f()b]:c‘.rn.s i).lAhCl"Cl'}L in natural geochemical processes
because of the multicomponent nature of natural systems, their constant
change with time, and their very s;]pw yeaction rates.  The t.imc: dependenc
factor cannot be duplicated in the .]abm.‘:xtory..‘

(2)  The data obtained are frequently uscful jo technology, c.g. silicat

systoms in ceramics.



Notable advances in mincralogical phasce chemistry in Canada
bhave been made in recent years in a number of silicate systems, in
.Su].p}l'jdc and oxide systems, and in c.ornpuicr t(‘.(“h)li(plc::; for predicting
phase bound.m:ics in sall and silicatc systems.,

Dr. 1..J. Cabri reviews the status of the ficld of mincralogical
° ' ’ .

;phzisc chchﬁ.stry in his bricf (Appendix X.U.I)'and draws the following

conclusions: )

1. .Mi.neralogical phasc chemistry rescarch isj in its infancy, having
only rcally started growing in the 1960's.

2. Most of the rescarch in the ficld is done at universitics with
limited anriounts. at a few govermment institutions. There is apparently
no, or very little, rescarch in mincralogical phase chcgﬁistry being
carricd out in industry. '

3. The training facilitics bave developed to a certain extent and arc
gxpanding to look after future nceds, if continued support is given to the

university departments concerncd.

4. Government organizations should participate moxc fully in

research in mineralogical phasc chemistry. Onec way to do this would
be to establish a non-profit Materials Rescarch Instifute which would

bring together individuals of numerous disciplines who would work as

teams or in direct consultation with onc anothicr.

5. The wisdom of h;wing up fo fen universities in Canada, cach with
a J,'c:].ativcf.y small stafl engaged in mineralogical phase chemistry should
be examined.
With respect to tl.rc: latter item, the ghf"-li]tmzm interviewed a

pumbcer of individuals across a fairly broad spectrum in petrology,

mincralopy, geochemistry, and raineral deposits. “Phe consensus of
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opinion was thatl pr ulmmy three universily centres of excellence in

b}

training and rescarch in synthelic geochemistry were justified in Canudo
because of the high cost of the cqui.pmcﬁt to carry oul the work, 7There
35 a notion held by a number of univers ity .geo]on;c 2l facultics thal unles
synthetic work is being done, that thc:y arc not in the rescarch .V&ngum:d

in geochemistry., Such @ notion is of course nonscnse. Jf an anology can

be drawn from biochemistzy, it is apparent that mu,]ys,m of the natural

systems, rather than syn{.hcsis; will provide the 1.)3:cz'L'kLh:n:oughs to
~anravelling the cc»mplcxi"é;ics of the systems,

Finally, the chai?fman would like to point out that there is a
précli}.c:ciziO11 in Canada for high temperature - high pressure synthesis
to the vi.ri:ual exclusion of synthetic studics of the natural systems in
soils, unconsolidated sediments, and surfacc \vat.crg;; most of wllxich

operate undex Jow temperature - Jow pressure conditions, This attitude

’
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stemns from the traditional tre 111)1ng of Canadian geologists whosc minds
. #
/ ‘J//"' o /{[ . ‘
have been brainwashed io Lhml\ Jn terms of magmas, hot watcers, and
‘.

other high temperature phenomena. It is time for at least onc or two
wniversity faculties and some government organizations to considen
synthetic work in low temperature - low pressurc processcs as they

apply to Canadian Concht:on.,.

12, SURVEY OF RE SIEARCH AND DIVELOPMENT IN T3 ANALY T
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CHEMISTRY OF ROCKS, MINERALS, AN FOSSIT, 1 ULLS

S T .-_-_ B S . B R T T LTS

The data of geochemistry and indeed the bulk of geochemical

rescarvch and the appliced aspects of geochamistyy depend cssentially on

analysis of carth materials of all kinds, This cssentiol aspectl has Jong

been recomized in Cwada, and icbovalovies of outels tnding nerit hoave
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been cstablished to support geochemical work since its bcg..inninév;s; in the
Geological Su}_’“vcy of Canada in 1844, Since that time nuncrous iztl;cn)'alm:ic:
spcéia]izing in the anaiysis of carth materials have been established in

all 11115\'(:;fsi.ti(:s, resecarch coupcils, and government cm]rgz‘nni?za[ic‘ms doing

gcochemical work.

The history of devclopment, pres ent status, and fufure of rescarch
and development in the analytical chemistry of rocks, minerals, and fossil
fuels are reviewed by Dr. J. A. Maxwell in his 'brief to the Committee
(Appendix XIV). He fil;ds that the level of rescarch and development in
techniques is adequate to support present gecochemical rescarch in Canada,
an-d that adequate financial support has becen provided in the p:kLsL. The
level of activity for the next five ycars will not changc signiﬁcantly {rom
tha{: which p—revailcd during the last five,

Dx. Maxwell makes the point that rock and mineral analysis,
becausc of its specialized nature, should be associated with geoscicnce
sfudies in order to be pr'ovidcd with the stimuli ﬁeccésary to encourage
further research and method development. This latter is probably best
done in university gco]ogy departments, and support should be g.ivcn for
“this purpose. On the other hand the stimulus for developing more rapid
methods of analysis that results from increasing d(sman'ds; for incrcasing
numbers of rock and mineral apalyses is often lacking in university work,
and support should be given for such development work by the government
].aboratoricé; associated with gco].ogic.al surveys. The only factor limiting
rescarch and development m t}’lé.ar‘tal,)rtica]. chemistry of rocks, mincrals,
zmd fojf,;s;ii fucls s the lack of traincd pc:rs;(nmc:],_ a condition shared with

the larger ficld of analytical chemistry.
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13, SURVIY OIF RESIEARCH AND DIV LOPMINT ON DATA.

PROCESSING IN GEOCHLEMISTRY

Datzg processing in gecochieristry involves the sclection and
storage of data; the usc of computers to sclect, c@x*;,parc, compute,
and assecss dala stz_Ltistically, to test hyp_othcscs‘ and 1'na.thc1'rmti.c:a]. modeaels
ag-a.inst sforcd data; the retricval of data sclectively or in compﬁl:c& forim;
and their display in standard, tabular, or graphic forms.

Dr. S.C. Robinson in his bricf to the Commitice (Appendix XV)
reviews the hlstory present status, and future of data processing in
geoc‘hcn 1istry in Canada. He points out the necessity of using data process -
ing in hcmdlmﬁ the vast accumulation of geochemical data in all ficlds of
geochemistry and the need for statistical treatment of geochemical data
in understanding geochemical processes and in tcéting mathematical
models.

Dr. Ro’bi-nson statesvijxat data pfoccssing in geochemistry is
just beginning in Canada and estimates that in the next five years there
is likely to be very rapid development with tripling of staffs and quadrupling
of costs particularly in the n;ining aljc1 government fields. He further
emphasises fhp necessity of gcochm.nists to be trainced in statistics and
computer scicnce at the u.ndc:vrgrac?ua‘i:e and graduate levels. Technical
institutes should develop courses in computer science to train support
staff, and vocational and technical schools should be encouraged to train

key punch operators, digitizer operators, cle.

1. SURVIEY O I ]JU(J&UON AND RESKARCIL IN GG AOCHEMIST Ry
IN CANADIAN UNlVl J\Sll.]}.ﬁ

Teaching and rescarch training in geochemistry in our universitios

is cscential to ensure a continuon ., supply of trained graduntes for
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industry, g},'ovcl‘n.mcnt rescarch organizations, and the professorial rauks,
Without a sustained cffort in teaching and rescarch in our universitics
there cannot possibly be any progress in geochemistry in Canada.

Professor J.H. Crocket, Department of Geology, McMaster
Univérsity in his bricf to the Committec (Appendix XV1) outlines thc.
status of é(hl.cation and resecarch in Cavadian universitics. Ilc notes
that 16 universitics offer introductory courses in inorganic geochemistry,
6 offcy coursces in isotope geochemistry and geochronology, 8 in mineral
synthesis a.,nd stability, 5 in.analytical gc;oclilcmistry, 8 in the geochemistyy
of soils, and 4 in chemical occanography. Therce are obvious deficiencices
in university instruction in the fields of organic gecochemistry, cosmo-
chemistry, the chemistry of {resh wat‘cArs, in atmospheric chemistry, and
in geocheinical prospecting.

As regards resecarch in geochemistry in Canadian universitics,
'Profcs sor Crocket {finds consAich'ablc‘ activitj;' in the geochemistry of
igncous and metamorphic rocks, the geochcmistry of ore deposits, soil
- geochemistry, mineral synthesis and si:a,.‘t)i],ity, and gecochronology.
Arcas in which reseaxch is particularly weak follow the samec pattern as
thosc in feaching and include organic geochemistry, sedimentary
geochemistiry, cosmochemistry, fresh water chcmistr).r, biogcochemistry,
stable isotope gecochemistry, atmogeochemistry, and geochemical
prospgcting. The entire ficld of low temperaturce geochemistry applicable
to aqueous 'systems and dealing basically with mineral stability and rcaction
kineties under temperatlures and oxidation conditions prevailing at the
carth's surface is very poorly covc:rc'd by university teaching and current
rescarch.  This particular feature, as well as that of Jow rescarch

acfivitv in oreanic ccochemisiry pavticularly as reeavds pelrvolcurn, oandd
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noiiced by others and is @fC‘I}}!}’lC?I'lt(:(I upon in previous scctions.

Professor Crocket further notes that miuch of the ins[1_‘1."1&:11{5[{5(»11
reguired for geochoemical J'(-.scarch such as clectron microprobes, mass
.‘EEI)(ZCLITOJTI.C‘{Cl"S, ctc., is very cost].sr 1:)';11: must be provided if tép rescarch
sc:'i;cﬂ,a,rs arce to be attracted and retained by universitics., chhn.i cian
help is also important if professors are to devote their time to L};(: t1'z;inin§;
and supcrvision Qf, graduate students.

Professor Crocket also notes that there is no depariment of
gcocvhmniistry 5.11 ény Canadian uni;"crsity at cither the graduale or
undergradu.atc level., This scems to be a scerious omission.i.n our {raining
facilitics in Canada, considering th.at: i.n' the sister science, biochemistry,
there arce scveral departiments in Canadian universitics. The reqguirernoent

for a tecachir

r

and research institute or deparfment in geochemical

prospecting is discussed in scclion 10,

SUMMARY AND RECOMMENDATIONS

1. The level of rescarcl% activity in cosvmochcmistry in Canada
is satisfactory, but teaching in the subject, especially in the details of
metcorites is wealk at i‘no'st universitics.,

Z. Rescarch activity in some aspects of géncral gco(thcn;xist.ry
is adequate, parijculzw“},y in the ‘fi.clci of igncous and metamorphic rocks.
There are serious gaps and a general low level of activity in the productio
of fundamental geochemical data on sedimentary rocks and sedimentary
processes, on the chemical '(:(mq)c.)s-;iiion of 1':16:‘.& surficial materials, on
the trace element content of natural waters, on biogeochemical processces,

and in organic geochemistry, cspecially on the natural hydrocarbons and



3. Rescarch actlivity in atmosphcﬁc chemistry, upp.c,'x: atmosphorce
cheinistry, él]ld air pollution QOntinucs} at a moderate level in Canada. There
is need igor considerable increasc in these fields to cope with the l'glcmnt'ing.;
problems. of air po].].utibn. G:r:.ca,tcr stimuli in the form of inc:‘rcas;‘cld
{inance, coordination of rescarch projects between federal and
provincial aécncics, and increascd cmphasis in the graduate schools of
thc universitics on rescarch in air chemistry arc highly desirable.

4. Recsearch activity in hydrogcochcmiswﬁy, chemical occanography,
and lmnology has increcased greatly in the last few years in Canada and
will reach a satisfactory level in the next five years. Increascd aftention
is required in studics of trace elements ip; all natural Vwatcrs, in the humic
constitucnts of surface waters, and in the chemistry of hot springs.
Increasced efforis «t universities and technical institulces in the training of
chemists and technicians in occanography, limnology, and anti-pollution
rescarch is prereguisite for future progress in all of thesec ficlds.

5. The vsurvcy of research and dcyelopmcnt in pedochemistry
indicates that the level of 'ac.tivi.ty' in agriculiure is satisfactory and that
an expansion of the field will take place in the future in the {iclds of
foréstry,g in waste disposal, in ;;oil pollution, and in gcology and
enginecring. The number of ‘pcdochemists coming {rom the 1.1115.\{(‘1'sitics is
slightly below the anticipated nced, but the gap is not large and can be
reduced or eliminated with cx.i‘sti.ng facilitics and staff.

There is a need for incrrcascd rescarch in the chemistry of
glacial tills and clays in Canada, particularly fo;: the proper interpretation
of geochemical 1‘51‘()spccti.11g SULVeys.

6. Certain aspects of bjogceochemical rescarch have received

somec altention in Canada, but there ave large gaps in our knowledoao that



requirce increascd attention. Thesc irl'L(‘.lleC trace clement studics of

mires (bogs and muskegs), gecochemical studics of coual and coal Lasing,
chemical studics to clucidate the origin of petrolewm and the manner of
its migration into economic (:013(:01'&1‘211:30115, and increascd emphasis on

the chemical ccmsti.tution of carbonaceous shales and other similar types
of organic sediments. In addition there is need for rescarch fn synthetic
biogeochemical rescarch to control and guide speculation on ideas

relating Lo the migration, concentration, and disbcrsion of the elements as
a result of bacterial and other biochemical agencies.

7. The survey of research and development in the natural
d;stz‘ibLit:i011 of i’s_otopes and geochronology indicates that the level of
activity in gecochronology is:; satisfactory and that the futurc augers well
for_ this scicnce. There is room for imp'r‘ovemcnt in all aspects of
stable i.sotopc research, particularly as it applies to the protcsscs of
formation of rocks, mineral deposits, and petroleum accumulations,

8. Rescarch in the chemistry and origin of mincral deposits

continues at a relatively high level in Canadian universitics and governmen

institutions. The rescarch effort has, however, not kept pace with the

expanding mineral productio:;i of the country, and certain signs indicate
that less emphasis is being placed on the teaching of the fundamentals

of minceral deposits and on rescarch in these fundamentals in Canadian
universities.  This is a situation to be deplored and one that requires
immediate corrcction by .th(‘. geological facultics Qf all universitices.
Specifically, increased rescarch at universitics and government institutio
] should be directed to calucidz;li.ng {he source of the clements comprising
mincral deposits and to the mechanisms wherceby the V’5L1’.5($LIF: clernents

arc concentrated.  In this matter, greatly increased rescavceh aclivity in
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both {ficld and synthctic studics using all of the available chemical and
isotopic techniques are required. Finally, rescarch on the chemical and
mechanical processcs that disp’crsvc the elements from deposits during
weathering and glaciation require grézitcr cmphasis in our graduate schools
and government institutions, becausc of the great importance of the s;_ubjuct
in g‘cochcmical prospectiﬁg.

9. Geochemical prospecting is used 'widcly by the mining induskt:ry
in the scarch for mineral deposits, and it 15 cstimated that jts use will
double in the next five years. On the other hand the usc of gecochemical
prospecting techniques by ‘petrolculn prospecting companics is negligible.

’I‘e.achi.l}g in geochemical prospecting and basic rescarch in the
subjcci at Canadiaﬁ universities has not kept pace with increased usc o'f
geochemical prospecting by indusiry. This has rc.sultcd in a very low
production of Canadian geochcmical prospecling specialists. Fortunately
.a "brain drain' from overseas }.'1as partly filled the gap in the demand for
geochemists, skilled .il;i the techniqtﬁcs of gecochemical prospecting.

A plea is made for incrcased efforts in teaching and rescarch in
all ;‘lenc-.ct.s’ of geochemical prqspecting, and it is suggcstcd that an institute
for tcachiﬂg émd rescarch in applied .g'cochcmistry be sel up at some
univcrsityjin Canada - this institute to draw its funds and grants {rom the
mining industry, the petroleum industry, and go\rérnmcnt.

10. The survey of rescarch and development in mincralogical
phasec c:hcn'u';.fjtry indicates that an increcasc in high temperature — high
pressure work is taking place and will increasc in the next five years.
Most of the work is donc in the universitics and a few government institutio

There is practically no rescarch in low temperature - low pressurce

’-‘ . , T et ( = AP . C”t‘f%‘
smrcimnne s avntccian thal reonives coryrection.
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The wisdom of ha\.’ixt\g up Lo ten univergitics in Canada, cach
with a relatively small staff engaged in mincralogical phasce chemistlry
is questionced. 1t wouldbe bcvtlm:»tc';) ha‘\.fchthrc:c centres of (:.\'(.:,C].lcl"(‘.(: cach
with the required staff apd instrumentation.

The suggéstion is made that government organizations should
pa']..;ticili)al.c more fully in rescarch in mineralogical phasc chemistry by
establishing a Matcrials RescarcﬁInst:itutc which would bring Logctl‘xcl"
individuals from numecrous discip-l:inés.

11. The level of rescarch and development in analytical chemistr
ofnezvlrth matcerials is adequate to support present geochemical research in
Canada. '.E"hc lack of sufficient trained personnel remains a problem, a
condition that is shared with the largex field of analytical chemistry.

12. Data processing in geochemistry is just beginning, and there
will be a rapid developmcnt in the next five yecars with trip]‘ing of staffs
and gquadrupling of costs pa,ri:ic_:ularly in the mining and government fields.
There is a real requirement that geochemists be trained in statistics and
computer science at the undergraduate and graduate levels. Technical

institutes and vocational schools should develop courscs in computer Sgicn

to train support staff.

13. The survey of education and rescarch in geochemistry in
Canadian Universities indicates considerable activity in tcacvhing and resea
in inorganic geochemistiry, geochronology, l’nincral.synthcsis and stability.
analytical gACOChCUliSlil‘y, geochemistry of soils, and chemical oceanograph
There are obvious deficiencics in university instruction and rescarch in
the ficlds of organic geochemistry (petroleum and coal), cos:lnqchcmis:lry,

the chemistry of fresh waters, atimospheric chemistry, and geochemical
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14. A ]'Jlllllb(‘.]jf Ol SUGEESEDONS BUVE DECILMAUe Lo e chmTinan
that a National lns,;l.iliutc of Geochemistry be established in Canada,
combining the featurcs of the Geophysical Laboratory of the Czu:m:giﬁ
Institute 51.1 Washington and the Vernadsky Institute of Geochemistry and

Analytical Chemistry in Moscow. In this respect it should be peinted out

that one of the Divisions of ‘H.]e Geological Survey of Canada has for many
ycars been vitally conccr;m‘d wiEh geochemistry in all of its aspects. The
establishment of an In.stitutc of Geochemistry in Canada would scem to be
best carriced out by the C}:pansion'of this Div.ision of the SLQJ'vcy into an -
illstit.ui:(:, adequately staffed and given sufficient funds to carry out all
types of research in fundamental geochemistry.
| 15, In the transactions of the ROyELj Socicty of Canada, ¥Fourth
Serics, Volume JI, 1964 - Towards a National Scicnce Policy - two aims
arc specifically outlined for Canada's National Science Policy. These are:
1. To improve greatly our technical competence, especially in arvcas
that relate to our natural resources.
2. 7o devclop and support our sc:ic-.nti(fic talent to the limit of its
potential achievement.

The first of these is imperative for the well being of the nation.

Geochemistry has much to offer in the discovery and development of new

mineral dcposits:a;id pctroléum ‘accumulations. In this respect strong
support from all secto-rs xﬁusfg be given to rescarch in the chemistry of
mineral deﬁosifs,- petroleum, and gctoch'cmica]_ prospcczt‘ing. In addition
increascd support must be forthcoming to maintain a high level of rescarcl
in thic chemistry of our soils zmd{ natural waters. We must also be continu
awarc of the problems of pollution as industrialization proceeds, and

moncy and rescarch personnel must be made available to keep owr aiv,

nedusal waters, and soila clean for the benefit of all Canadian,



.16, One final poipt requires emphasis as regards chemistry
in the carth scicnces in Canada. It is possible to ulilize world-wide
chemizal knowledge, especially that relating to industrial chomical
processcs, with a minimum of research and development. Such is,
however, not the case in 'carth sciences. The Canadian natural envivommeaont

is uniquc in many respcects, and the chemistry of this environment can

only be clucidated by sustained rescarch in situ, so to speak.





