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Systematic regional geochemical mapping by the Government of
Canada commenced in 1975 with the initial motivation being
uranium mineral exploration. Stream and centre-bottom lake
sediment surveys were undertaken at an approximate density of 1
site per 13 km® in areas considered to have increased uranium
potential. After 1978 the program was broadened to include all
metallic mineral resources and named the National Geochemical
Reconnaissance (NGR). To date, almost 200,000 lake and stream
sediment samples have been collected following consistent field
and analytical protocols, representing some 2.6 million km* of
Canada’ s9.7millionkm’landmass.

Since the early 1990s the Geological Survey of Canada has been
calleduponforgeochemical datatosupportenvironmental studies.
To meet the growing need and use of NGR data by risk assessors
and to increase public awareness of the characteristics of Canada' s
surface environment, a series of maps, with tables and text, are
being prepared for release through Canada's National Atlas
website. |nadditiontotraditional contouredgeochemical mapsthe
data are being presented as maps in the ecological and drainage
basin spatial frameworks used by the risk assessors. Summary
statistical tables for NGR data on the basis of the different spatial
frameworks will be available so that users can import the
geochemicalinformationintotheirown Gl Sfacilitiesto meettheir
own graphical needs. Text accompanying the mapswill be amed
at thehighschoolandgeneral university level, withthe objectiveof
Informing Canadians about their surface environment so that they
can participate meaningfully in national debate concerning
environmental issues. Examples of the new map products and
tabl esarepresented.
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The Geological Survey of Canada's systematic freshwater
sediment regional geochemical mapping program commenced in
1975. Thesesurveysatasamplingdensityofonesiteper13km’ (5
mi®) donotsetouttodirectlydiscoverpotential oredeposits,but to
recognize the halo of mineral occurrences that usually occur in a
mining camp surrounding the one, or severa, ore deposit(s). As
such, they set out to map metallogenic provinces and provide
extensivedataonnatural backgroundlevels.

Stream sediments are collected in mountainous and hilly terrain
with well directed stream networks, e.g., the western Cordillera
andeasternAppalachians. IntheCanadian Shield, wheretherelief
IS low for the most part and the drainage networks are generally
poorly directed, centre-lake bottom sediments are collected. The
<177 om fractionof sediments areanal ysed by | CP-ES, originally
AAS, following an agua regiadissolution for awiderange of trace
and major elements. Additional trace elements, e.g., Hg and Au,
aredeterminedbymoresuitabl eprocedures,e.g.,coldvapourAAS
(CV-AAS)andINAA respectively. Since1975arigorousQA/QC
monitoring scheme has been in placetoensure that thedatawould
be comparable over indefinitetime periods. The development and
protocols of the NGR program have been described by Friske and
Hornbrook (1991).

In the amost 30 years of systematic mapping some 200,000
freshwater sediment samples have been collected and archived in
Ottawa, representing some 2.6 million km’ of Canada s 9.7 million
km’ landmass. The archive has proven invaluable, the NGR has
been able to respond to newquestionsconcerningmineral resource
potential of already mapped areas by re-analysing the archived
samples.

Contour Map

Amajortasktodayiscompilingandpresenting theaccumul ated NGRdatai nto formsthat facilitate their use beyondthe
original geoscience clients in government and industry. By the 1990s NGR data were being used by environmental

agencies to provide information on the range of natural background levels in freshwater sediments. The practise of
environmental risk assessment under theCanadianEnvironmental ProtectionAct (CEPA, 1988and1999)requiresthat
background levels of natural occurring substances be taken into account. It isbecoming current practiceto regiondize
these assessments, and the framework chosen by the Federal and Provincial Departments of Environment is the
ecol ogicalclassificationof Canada(M arshalletal .,1996; seeEcocl assificationmap)and:

http://www.ec.gc.ca/soer -r ee/English/Framewor k/default.cfm
for greaterdetailwithwebmapsandGl Sframeworkfilessee:
http://sis.agr.gc.ca/cansis/nsdb/ecostr at/intr o.html
Canadaisdivided into 15 Ecozones, which in turn consist of 194 Ecoregions. Within the 217 contiguous Ecoregion
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polygons are spatially nested 1021 Ecodistricts. This classification is widely accepted by physical scientists, e.g.,
geol ogists,pedol ogists, biol ogi sts,climatol ogists,etc.,astheycanseei nitrefl ectionsoftheir own science.
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The map was prepared using an inverse distance squared function with a search radius of 50 km to
Interpolate datato a2x2kmgrid,whichisdisplayedforal |pointswithinl3kmofasamplesite. The
colour scheme rangesfromgreenaroundmedianlevel s,withyell owandincreasi ngrednesstowards
higher level sandincreasingbluenesstowardslowerlevels. Theratiointervals reflectthattherange
of geochemical background often spans about half an order of magnitude, i.e. from half to twice
average background. Beyond these limits there is often evidence for different geochemical
[PrOCESSes.

LowNilevels,deeperblues, relate to geological features. In southern Labrador theareasunderlain
by anorthosites and the trans-Labrador batholith to the north are clearly identified. In northern
Manitobaanareai nfluenced byWisconsin ice retreat marine clays around Hudson Bay is apparent,
other low areas in the western Shield relate to felsic batholiths and gneisses. In the western
Cordillera the Coast Range batholith and other belts of felsic intrusives and metasediments are
clearly identified. Incontrast thehighNilevels,orangesandreds,mayberel atedtobothnaturaland
anthropogenic sources. The most important and obvious anthropogenic source is the Sudbury
mining and smelting complex in Ontario, but even here the anthropogenic inputi ssuperimposed on
naturallyhigherNilevel sduetothepresenceoftheul tramaficrockshostingtheNi-Cudeposits. All
other high Ni levels are of natural origin. Sources range from sedimentary sequences in northern
New Brunswick, the Labrador Trough, the Piling Group in Nunavut and the Selwyn Basin in the
Y ukon, to mafic and ultramafic rocks in greenstone belts in the Precambrian Shield, especially in
L abrador,Manitoba and Saskatchewan,andtoi ntrusivebel tsinthewesternCordillera.

The natural background mediansfor freshwater sedimentsin the Ecodistricts vary in excess of 25-
fold on the map, and in excess of 30-fold in the actual data. This is an essential feature to be
recognized in ecological risk assessments where biotic communities may be specialized for, and
acclimated to,thel ocalgeochemicalreality.

Ecodistricts Map

Traditionally regional overviews of the NGR data have been presented as contoured maps. The ecological framework
presents a new way to map regional geochemistry, where the Ecodistrict polygons are coloured in proportion to the

median of the datafalling within them. In addition to the ecological framework, Environment Canada has adrainage
basin spatial framework that divides continental scale river basins into sub-basinsand sub-sub-basins. Thisprovidesa
further spatial framework for presentationoftheN GRdataf orthosei nvol vedin environmental andri skassessmentand
management functions. EachN GR sample site hasbeenal |l ocated to an Ecoregion, Ecodistrict, river drainage sub-basin
and sub-sub-basin byapoint-in-polygon GI S process. Summary statisticsfor the datafalling within each polygon are
generated(Insightful, 2001, 2002)asfilesfordirectimportati oni ntoaspreadsheet,e.g.,Microsoft’ seExcel ™ (see Table
below).

TheNational Atlasof Canadamai ntai nsawebsitethatprovidesspatiallyrel atedinformationtoCanadi ans,ranging from
elementary school through to college and university students, the general public, and technical and policy decision
makers.
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http://www.atlas.gc.ca/site

TheNGR teamisworking with the National Atlasin apilot projectforfourmetal sof commoninteresttoCanadiansdue
torecent CanadianEnvironmental ProtectionA ct ecosystemand humanhealthriskassessmentsfor:Ni,Cu,ZnandHg.
Itis geochemists responsibility to inform Canadians on the geochemistry of their surface environment asreflected by
freshwater sediment data; and to demonstrate that Canada is not geochemically homogeneous and that the prime
controlling factor isgeology. Thusthe public will be betterinformed when they engagel ndebate and decision making
concerning environmental issues related to naturally occurring substances, e.g., metals such as Hg, Cd and Pb, and
metalloids such as As, with species that can be detrimental to ecosystem or human health. The maps and summary
statisticstableswillbeavail abl ef ordownl oadbyagenci esandindividual sforintegrationi ntotheirownGl Sacti vities.

To demonstrate the new maps and compare them with the traditional contouring approach, maps of Ni in freshwater
sedimentsare presented. To ensure the visualization is uninfluenced by polygons containing afew, maybe high or low

level sampl e sites, onlypolygonsforwhichthemediansarebasedon>30sitesarepl otted. TheCanada-widemediansof

elements in stream and centre-bottom lake sediments are different. Therefore the polygon medians were expressed as Fistogram SummaryStatsios SeNormalProbabiltyFIo — po——— T ————

ratiosto the appropriate Canada-wide median(seeDarnleyetal .,1995) priortotheircompilationintoasinglemap. The h— ] e N -
maps give aninstant indication of how aparticular polygon variesfrom the Canada-wide median in aformthat is easy gme A
for nOn-QGOSCi entiststo appl’GCI ae. iI ;ég:“ttll i» ‘I ;;git:r. ZZZZZZ 6%5 ig
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Example of Ecoregion Summary Statistics Table

Thesame colour schemeisusedasforthecontouredmap. It isimmediatelynoticeablethat therange
of colours is reduced, there are no Ecodistrict polygons with levels greater than 5-fold the
appropriateCanada-wide mediamedian. The useof Ecodistrictmediansresultsin major smoothing
of the data asthey are unaffected by any very high or low values. The benefit isthat medians are
stable estimators of Ecodistrict average backgrounds, which makes them good indicators of shiftsin
regional background.

Most of the Ecodistricts in Ontario fall into either the high or low background range. Low
backgroundEcodistrictscorrespondtotheGrenvill etectonicprovincei nthesoutheastandanareaof

the Superior province northeast of Lake Superior dominated by felsic intrusives and gneisses. In
contrast, the high background Ecodistricts in northwestern Ontario contain greenstone belts,
Proterozoic metal-rich sediments, and Nipigon basic lavas. The Sudbury complex liesin the higher
background Southern tectonic province north of Lake Huron. These lithological and tectonic
differencesreflected in subtle geochemical featuresindicate the robustness of regional geochemical
mapping. In Labrador,low levelsareassociatedwiththeextensiveareas of anorthositesin thesouth
and the trans-L abrador batholith to the north. Further north, elevated levels reflect the presence of
mafic and ultramafic rocks;slightlyel evatedlevel s of Ni in westernL abradorreflect the presence of
Archeanrocksremarkablyaccurately. Higher Nilevelsare associatedwith sedimentsinthe Selwyn
basin, Y ukon, thePiling Group in Nunavut, and in northern New Brunswick. Similarly, elevatedNi

|evel sreflectthe Glennie andKisseynew-FlinFlon tectonic domainsin SaskatchewanandM anitoba
contal ning greenstone belts and associated metallic mineral occurrences and mines. Inthewestern
Cordillerathe Ni-poor CoastRangegranitoid batholith isclearly visible, as arelocal areasof higher-

Nimaficandultramaficrocks.

The Ecodistrictmapclearly reflectsthe geochemistry of major underlying geologicalfeatures. This
demonstrates why unique and acclimated biotic assemblages can be established in different
Ecoregions and Ecodistricts. For ecological risk assessments to be relevant to the natural
environmentthese featuresneedtoberecogni zedinenvironmental risk assessmentsandecotoxicity
testsdesignedappropriately.
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Drainage Basins M ap

Elem|EcoReg| N | NA | Min |2 %ile |5 %ile |10 %ile|25 %ile |Median|75 %ile |90 %ile |95 %ile |98 %ile | Max |LCI | UCI | MAD |IQ SD | Mean | SD | CV %
Ni 5 13| 0 | 14 11808 | 242 | 314 35 39 51 584 | 646 | 6964 | 73 |33 | 56 |11.86 | 5786 | 43 |14.85 | 3455
Ni 7 530 0| 9 | 14 18 21 33 51 77 130 | 160 200 | 360 | 47 | 54 |32.62 | 22.84 | 63.46 | 46.55 | 73.66
Ni 23 1281 0 | 3 7 10 14 24 40 64 96 120 | 160.8 | 415 | 38 | 43 [28.17 | 19.79 | 50.35 | 41.71 | 82.83
Ni 24 | 984| 0 | 2 7 11 16 25 39 59 79 | 9585 | 118 | 325 | 38 | 42 |23.72 | 17.51 | 45.37 | 30.17 | 66.49 T
Ni 25 68| 0| -2 | -2 h 34 | 175 | 275 | 35 523 | 573 | 613 | 73 |23 | 31 | 126 | 1835 | 27.03 | 165 | 61.04 ’; :
Ni 30 (162121 | 3 | 15 21 27 39 54 74 100 136 225 | 850 | 54 | 56 | 252 | 20.56 | 65.59 | 55.18 | 84.13 g%
Ni 35 30| 3| 42 5 8.2 9 13 15 16 20 236 | 26 | 9 | 16 |4.448 | 3654 | 1262 | 5.516 | 43.72 Neioral Gocchemical Pocarmelocance

First seven Ecoregion summary statistics records of the60 records for Ni in lake sediments

Notes. Group = unique Ecoregionpolygonidentifier; N = number of samplesiteswith data; NA=numberof missingdata;Min to Max = minimum and
maximum values andintermediate percentiles and median; LCl & UCI = lower andupper 95% confidence bounds on the medianrespectively; MAD =
medianabsol ute deviation, a robust estimate of standard deviation, 1Q SD = interquartilerange based robust estimate of standarddeviation; Mean =
arithmetic mean; SD = standard deviation; CV% = coefficient of variation.

Summary and the Future

New styles of regional geochemical maps and summary statistics tables that meet the requirements of environmental
risk assessors and managers have been prepared: Ni, Cu, Znand Hg. Thesewill becomeavailableforpublic access on
theNational Atlasof Canadawebsite inSummer2005.

Subsequently, other elements, e.g., As and Pb, will be added. In order to demonstrate the fundamental link between
geology and geochemistry asimple lithological map of Canadaisbeing developed. Thistask isnon-trivial asthe map,
covering9.6millionkny, mustaccommodatearangeof sedi mentary, igneousand metamorphi crocksspanningfromthe
Archean to the present, and distil the lithology down to between 10 and 15 units. This spatial framework will be
particularly useful in demonstrating to students and the public that the primary control on surficial geochemistry isthe

underlyinggeology.

The same colour scheme is used as for the contoured map. This presentation is an extension to the
national scale of the first order geochemical drainage basin mapping procedure presented by
Bonham-Carter et al .(1987).

| n contrast to the Ecodistrict based map the full range of the datadisplay isused. Thisisdueto the
Influence of anthropogenic contamination from the Sudbury mining and smelting complex in
OntarioondrainagesflowingintoL akeHuron. Thefive-foldincreaseinmedian Nicontentisdueto
atmospheric deposition into the small headwater lakes that are the focus of the lake sediment
samplingprogram. Inotherrespectsthemapisquitesi milartotheEcodistrictmap. However,witha
sharper spatial focusin someregions, and apoorer onein others, in part duetothewaythedrainage
basinsareaggregated,withgreater detailinthemorepopul atedareasof Canada.

Again thismode of data presentation indicates theimportance ofaccounting for natural background
variations in ecological risk assessments and the ecotoxicological studies that support them. The
supporting NGRsummary datatableswill provide risk assessors and managerswith drainagebasin
specific knowledgeofthe background rangesforfreshwater sedimentgeochemistry.

This poster may be downloaded from: ftp://nrnl.NRCan.gc.ca/gsc/naceb/8ICOBTE_366.pdf
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