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Abstract

This paper describes and illustrates the production
of digital maps of regional stream geochemical data,
analyzed by catchment basin analysis. Advances in
computer-graphics technology permit the routine raster-

With data organized in this form, catchment basin maps
can be produced at any scale for any of the geochemical
elements, or for derived quantities such as linear
combinations, residuals, or principal components. The
Optronics scanner can also be used in 'playback' mode to

R;j is a rating which takes into consideration both
the area of mineralization and its element content. Thus
a catchment basin having a large area of medium grade
mineralization might be indistinguishable from a small
area of high grade mineralization. The units for R; are

CRETACEOUS Kqm scanning of geological and catchment basin maps. In I;3_roduce output ln the folzm of positive transparencies. those of element content in a stream as if the positive
digital form, the information from these maps, coupled our transparencies (blac , magenta, cyan and yellowg anomaly were2 wholly' due to a deposit exposec_i over an
TRIASSIC - with a geochemical data base, is manipulated to estimate gere lcreated for this ppbllcatlon? r'eglstelred and uss area‘of 1_km . It is as§umed that contributions from
the geochemical background for each element in each 1re.(ct[t'y fo;1 thehproductﬁon. ofl pruzjtmg lp ates, therg y alluvial river bank mqterlal can be neglected, that no
PERMIAN Pt catchment basin. After correcting positive anomalies for avoiding the photomechanical and colour separation feed_baclf be'tween §ed}ment and water ocgurs,and that
cp basin area, maps depicting mineralization ratings are process. erosion is uniform within each catchment basin.
CARBONIFEROUS 5 produced in colour (or grey-tones), providing a valuable This dilution relation assumes that element content
s tool for follow-up exploration. Geological background prediction is not logarithmically transformed. Thus for solving
DEVONIAN AND uDMps . . equation (2), Y; and Y; are both in the original units.
MISSISSIPPIAN That part of the geochemical response that is due to Rati L .
< < : : 5 P atings are only calculated for positive residuals. Some
muDpt Résumeé differences in average chemical composition between map Badld —" : 155 4 Ja £ B
s St . . units, i.e. the background, is estimated using a regression i Siot € EXCFEISed I USIDG, TS Loumuia, 167 othek
mmDI2 L'étude décrit et illustre la facon de produire des ’ . o . - data sets, because if very large differences in basin area
cartes digitales comportant des données géochimiques sur mogeh dSané};h Ttenids ﬂ?léhmh geolgglcal ths .srg n}gt occur, the errors in Yj and Y; will be greatly amplified.
mDlI les cours d"eaux a l'échelle régionqle. Ces donr}e'es sont goonhean?-.(:arter an méoo?jfeuoivs (19%e4n 19255(:)“ an i}; Thiss & yery Jarge basin with @ Weak Posifive anorealy due
— ;)btgnges dg'r.lafl‘yses c;le chaque bassin hyd}roglr(z;')hlque. L(tl similar, iimiconeept io Riose. et el 11570) ’ ’ only f‘co random noise may give rise to an apparently
echnique d'infographie sans cesse en évolution perme : : significant rating.
DEVONIAN ImDI1 maintenant d'effectuer des balayages courants par lignes An equation which predicts the content of an
DI de trame de cartes géologiques et hydrographiques. element in a stream sample on the basis of the geological
L'information nume’r:ique présentée sur les cartes et la composition of the associated catchment basin is derived MIARS
miDd basq (’16 donne:es géochimiques perme/ttgnt d'évaluer les by multiple linear regression. The regression coefficients, The following maps are shown to illustrate the steps
IDd antécédents geochimiques de tous les élements de chaque one coefficient for each mapped unit, are estimated by in analysis. Figure | is a digitized geological map of the
bassin hydrogrqphique; Apreés correcti9n des anomalies least squares, and are those coefficients which minimize Nahanni River area. Figure 2 shows catchment basins,
uiDI positive:s relevées a l'égard de chaque région dg bas§in, il the sum of the squared differences between observed and originally drawn by hand using a topographic base.
B faut préparer des carte:s polychromes (ou en fiegrade gris) predicted element contents. The whole sample set is used Figure 3 shows the original zinc in sediment values,
DEVONIAN, donnant un apergu de l'importance de la minéralisation de simultaneously in this operation. Thus, a catchment basin plotted in the catchment basins using a percentile scale.
SILURIAN OSpt ces regions. Ces cartes constituent un précieux map of predicted element content can be produced, where The predicted =zinc background, calculated using
AND ORDOVICIAN LOSd instrument de travail pour l'exécution de nouveaux projets prediction is based solely on the mapped geology. It has equation (1) is shown in Figure &. Finally, Figure 5 shows
d'exploration. been argued that the 'anomalous' samples should first be mineralization ratings, after correcting posi(tive residuals
u€0Sd removed, as the predicted background is biased upwards for differences in basin area, using equation (2).
by including anomalies. Because of the arbitrary nature
u€od INTRODUCTION p
SILURIAN, of choosing a cutoff, we have preferred to treat the
ORDOVIGIAN u€ol The maps presented here illustrate a method of entire sample set, avoiding the cutoff decision. Predicted SUMMBRY.

AND CAMBRIAN €od correcting for background variations in  stream geological background may thus be biased upwards for (1) The method removes the geochemical background
u geochemical data, thereby highlighting effects due to some samples, but the rank order of samples is probably predicted by mapped geology, and corrects for
u€lol mineralization. It is a mathematical method, heavily relatively unaffected. dilution caused by differences in catchment basin

dependent on computing, yet the basic approach is simple . . . area. The method is suitable for regional
u€l to understand. The geochemical response measured in a R.e51dual element .content at e?ach SAMpIE: SIIE 15 geochemical data in well-mapped areas of moderate

g L determined by subtracting the predicted content from . . A
med stream sediment or water sample is influenced by the bserved content. A catehment basin map of residuals to strong topographic relief. Background variation
bedrock geology, transported surficial materials — observed C ) c - P : due to different glacial geology and geochemical

CAMBRIAN mel . : : : . may be the last stage of computation, or the residuals o o ;

particularly glacial deposits-, chemical processes in the be further t ; d bv correcting for dilution. Le processes acting in the surficial environment are not
(Clds surficial environment such as the scavenging of metals by miyh = utr ber. HEis orm; y corr fng Iy i tq y 1o f corrected for, unless they correlate very strongly
(Fe,Mn) hydroxides, and lastly if present, mineral ca clm‘en asin size. orb areas fod.fr?mer? 1za lon.tc.’ with the geology, and are still present in the
Im€Ep deposits. If the effects of the factors unrelated to e?ua tsrllzi gﬁc;{rrm.g n tv\;o .aSThS 01 ! egen. are[jt,.l 15 residuals. The method is not suitable in flat-lying
HIEps mineralization can be estimated and removed from the e e ot e e Al e e e ST & areas covered predominantly by transported glacial
survey data, the resulting residuals highlighting simple relation derived by Hawkes (1.976)’ we have material since the material is largely exotic and

HIE : i determined 'mineralization ratings' which correct the ; & ;
CAMBRIAN p mineralization can be further evaluated and follow-up positive residuals according to basin area. The larger unlikely therefore to represent the underlying

AND HADRYNIAN Hsp ls)l;re\;leysabtllgdelr;a rzr:n:\llzerih:pf&ig?:e e I_Igzr:ch\zfnigjﬁs basins will thus yield mmer.ahzau.on ratings with a higher geology . . '
Ice contrasting bedrock lithologies and the dilution effects of rank order than the regression residuals alone. (2) Raster scar?gmg of geologxciﬂ anddcatchment tl_)asin

large catchment basins; independent effects due to glacial In some cases, this correction process may amplify 2255 nizs\e” f;cezﬂreaf%iugfe; dzr;a Cgozir):ra S
Abbraviations and surficial chemical processes, and mineralization are the noise in the system due to analytical error and nexpe P P ’

a _ still contained in the residuals. variance between samples collected at the same site. For (3) Statistical analysis and map production have been

uarkz MONZOANS: ;s 12 5. qm The application of this method to data from the elements associated with poor analytical precision and a carried out with a CDC CYBER 170/730 computer,

Chert .................... t Nahanni River area, Yukon and NWT, and to the Cobequid 'noisy' map of observed values, or for cases where large an Applicon ink jet plotter, and an Optronics laser

imestone ................ [ . . : - ifferences in basin area occur, this dilution correction is scanner used in 'playback' mode. Catchment basin
Ei Highlands, Nova ’ Scotia, has ’been described in diff . in basi his diluti iom d in 'playback’ de. Catch o ..
Siltstone and sandstone ... s Bonham-Carter and Goodfellow (1984, 1985) and in miot: advised: maps, at a chosen scale, can be produced showing
PBIIS: - 11« i w3+ s p Bonham-Carter et al. (1985b). The purpose of the present any of the measured or calculated values from
Figure 1. Geological map at 1:500 000 scale of Nahanni River area, NTS 105l, published as Open File 780 Dolomite . ... ... d paper is to describe the steps in making the various maps MATHEMATICAL MODEL stream sample sites.
by Gordey (1981). From the original uncoloured map (scale 1:125 000) a stable base overlay showing involved in catchment basin analysis, and to illustrate Let X:: be the areal proportion of the i-th (#)  The method was successful in improving prediction
geological contacts only was produced at 1:125 000 scale. This was raster-scanned, thereby digitally these maps in colour. caichnment Besin underkain by thepj-*?h' mapped unit. Note of known Pb-Zn deposits in the Nahanni River area
recording the presence/absence of contacts only. Subsequent processing involves the creation of a : ; ; ' (Bonham-Carter and Goodfellow, 1984), and has also
0 ] ; . METHOD that if basins are nested, a large basin may include b5 Ead. s dditi d
geographic data base, corrected according to registration points, with polygons labelled by sequence number several smaller basins. Thus any given pixel may een applied, with some additions, to stream data
and related to geological map unit in a lookup table. Finally a grid file was created, using a pixel size of 50 m The resources needed to undertake catchment basin contribute to more than one basin. {é%rr?han;[hgar t%?beiq;ll d 19?;%?1@(15’ Nova  Scotia
on the ground to be used for colour plotting and for merging with catchment basins. analysis are: 1) a computer file containing for each ) - * .
sample accurate co-ordinates defining location, and the £ th L_efc }3(1 be chhe( measureddfobservid).elirr;)enjc ;:onTtly(]ent
analytical results for each geochemical determination; f{’hetpi ;&fctgjgﬁefnecn(lrrfsgtogn tmg?'to {; Zsls_utme(?s‘ig .be tﬁre]: ACKNOWLEDGMENTS
2 l 1 l . H H 9 1?2
dg;nggg.Ogma map; and 3) a topographic map showing sum of the contributions from each mapped unit occurring We thank the staff of Canada Lands Data Systems,
in the i-th basin. Further, it is assumed that sediment Lands Directorate, Environment Canada, for their
The first step is to plot the stream sample sites on a draining from the j-th mapped unit can be represented by co-operation in raster scanning and 'playback' of maps on
stable base at the same scale as the topographic map. an average element content, b;, and that the contribution the Optronics 4040.  Don Hornbrook and Bob Garrett
GSC PAPER 85-26 Sites are checked to make sure they fall on streams, and from that unit is simply tlhe product of the areal critically = read the  manuscript and suggested
if editing is required this is done using the original field proportion and the average element content. Thus improvements.
NAHANNI RIVER MAP AREA (105 1) sheets. It is vital that the sites be plotted digitally, so m
YUKON AND NORTHWEST TERRITORIES that subsequent digitally-plotted overlays will be in exact ¥i=: biXjj forj=1,2,...m (1) REFERENCES
registration. j=1 )
. : Bonham-Carter G.F. and Goodfellow, W.D.
inked 'l;f;etoboaur;(éirész %{/Z?gple %%tfr}:égf{gs bsrsénsidaer:tfﬁzg where m is the number of mapped units. 1984: - Autocorrelation Structure of stream-sediment
using topography, the ed ey'of the map, drainage, and This model thus ignores spatial trends in chemical geochemical data: interpretation of zinc and
g topograpny, g Ps g€, & p . R,
sample sites. These boundaries define a polygon for each composition within a given map unit, because bj is a lead anomalies, Nahanni River area, Yukon-
site which represents all — or if there are other samples constant, not a function of map co-ordinates. Northwest Territories; in Georstat_lstlcs of
upstream, a portion of — the sample catchment basin. Furthermore, the basic model makes no allowances for Natural Resources 'ChaFBCTe“ZﬁUOﬂ, ed.
D.J. Ellwood This procedure is somewhat subjective, particularly in glacial transport, or for chemical and physical processes G. Verly et al; D. Reidel Pub. Co., part2,
G.F. Bonham-Carter areas of low relief with Widely-spaced contours. A dlgltal in the secondary environment. The residuals, (Yl - Y1)7 p- 817-829.

W.D. Goodfellow terrain map would improve the precision of this process, will still contain information related to these factors, plus 1985: Background corrections to stream geochemical
and cquld be used with an algor.ithm for automatica'lly information due to mineralization. data using digitized drainage and geological
de;gc;tmtg_ catghr:ent . boungarles. Afl:er add1ng§E Equation (1) can be solved by multiple linear maps: application to Selwyn i%asin, Yukon and
registration points @r each corner; Whose —eXac regression. The b's are the regression coefficients, and Northwest Territories; Journal of Geochemical
Eeog;aphlc tﬁo‘ordmit? dare kno.wna.aptc.i ad‘neat' l”l[e as are solved simultaneously for all m rock type’s by Exploration.

oundar e completed map is digitized on a drum
scannery, This gi itizin 5 rocessg is described in s ; " o.y2 Bonham-Carter, G.F., Ellwood, D.J., Crain, LK.,
Borfr oS lg(l & P _ , minimizing the sum of squared residuals I (Yj - ¥;)? over and Scantland, J.L.
erliam-Carter et al. \DEoq), The nltimaee produss is 2 all n basins. i=1 1985a: Raster scanning techniques for the capture
Scale 1:500 000 Echell computer file containing a raster image. Each pixel in : lvsi d % | qf logical P ’
. ; : : ; c - analysis an isplay of geological maps;
- cale L chelle o the image is labelled according to the polygon in which it The predicted element content, ¥j, is thus the Tecgnical Bullet?n,y Canacgia Eands Dapt&;
Kilometres 12 0 12 24 36 Kilométres occurs. A lookup table which relates polygon number to background for the i-th basin. It suffers from bias, Systems, Lands Directorate, Environment
' ) ' sample number provides a link to the geochemical data however, in that basins containing mineralization, and CAREHE, ’
Universal Transverse Mercator Projection  Projection transverse universelle de Mercator file. basins affected by secondary processes, are included in
© Crown Copyrights reserved © Droits de la Couronne réservés The geological map is digitized in a similar fashion. the background estimation. Bon?am—Carter, G.F., Rogers, P.J., and Ellwood, D.J.
. . . ) . L 985b: Catchment basin analysis applied to surficial
The geological contacts comprise polygon boundaries. Equation (1) can be solved using standard statistical soaemical. 5, Cobequic?PHighlands, Nova
Other geological data, such as faults, are not included. rograms for multipl N B th . .
: . . p < : i programs ple regression. ecause € Scotia; Abstracts Volume, 1lth International
Again, a polygon map, with registration points and 'neat : ; : :
f 4 4. The final d : distributions of most elements are positively skewed, and Geochemical Exploration Symposium, Toronto
ine, Is raster scanned. e final product is a second because the variance of the residuals is assumed in 1985, p. 3. ’
raster image, with the. same pixel size and origin as the regression to be independent of element content, in
sample catchment basin map. A lookup table is created practice the Y's in equation (1) should be logarithms of Goodfellow, W.D. _
which relates polygon number to mapped unit. element content. This means that the additive model is 1982: Regional stream  sediment and  water
The two raster images’ geology and catchment actually multiplicative, but leads to a gOOd fit to the data geOChemlStry of the Nahanni map—area. (NTS
basins, are now digitally merged, so as to produce a table for many elements. By taking the antilog of the b's, a 105D), Yukon and Northwest Territories
which gives the area of each geological unit in each value roughly equivalent to a geometric mean element (Nat1oqal Geochemical Maps NGR _51'1981);
catchment basin. These data are in turn merged with the content can be obtained for each geological unit. These Geological Survey of Canada, Open File 868.
geochemical file, so that each sample is described by values are often difficult to interpret, and Gordey, S.P.
location, geochemistry, and geological areal composition Bonham-Carter et al. (1985b) have suggested an alterna- 1981: Geology of Nahanni map area, Yukon Territory
of its associated catchment basin. If a digital terrain map tive method for determining the mean element content of and District of Mackenzie; Geological Survey
were available, the average elevation, slope, roughness, sediment draining from a geological map unit. of Canada, Open File 780.
igijcucl)glteérétatlon of the catchment basin could also be In order to correct for dilution, Hawkes (1976) Hawkes, H.E.
developed the following simple relationship 1976: The downstream dilution of stream sediment
Where sampling has been carried out in such a way R R anomalies; Journal of Geochemical
that nested basins occur, with large basins containing Ri=(Yi- YDA +Y; 2) Exploration, v. 6, p. 345-358.
several smaller basins, a hierarchical network of linked . :

NBEHIRE samples results. This is quantified by providing a link where R; is a mineralization rating for the i-th sample, Aj Rose, A.W., Dahlbgrg, E.C., anfi Keith, ML o
number which denotes the number of the next sample is the area of the i-th basin and Y; and Yj are the 1970 & muliple regression fechnigne for @djusting
downstream, if it exists. From the link numbers, the observed and background element content as before. Thus backgroupd values In  stream sediment
nested catchment basins upstream of any given sa’mple the rating is equal to the residual or anomaly multiplied geochemistry; ~ Economic  Geology, v. 65,
point can be determined digitally, and the full area of the by the area of the bas.in, plus the background. This p- 156-165.

'‘parent' basin is determined by adding the areas of all the contrasts with Yu and Xie (1985) who used an expression Yu, Bochang and Xie, Xuejing
upstream 'daughter' basins. for "normalized area productivity", NAP, which in our 1985: Fuzzy cluster analysis in geochemical
The raster-scanning of the maps shown in this report context here would be defined as exploration; JotsnaEl ot Geochemical
has been carried out by Canada Lands Inventory, Lands Y-S Eixploariens; W 235 P E5 25,
Directorate, Environment Canada, using an Optronics NAP = (— 1 )Si (3)
laser scanner. Their software was used to create the Y
raster files at a pre-selected scale and origin. Software
written at the Geological Survey of Canada was used to where S; is the area of the anomaly.
’ carry out the analysis and produce Applicon colour plots.
Figure 2. Map showing outlines of catchment basins, digitally plotted at 1:500 000 scale. The drainage has
been superimposed photographically. The steps in raster-scanning, with the ultimate product being a grid file
with a pixel size of 50 m on the ground, are identical to those for the geological map.
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Figure 4. Background zinc in stream sediment predicted from the geology of catchment basins. These values
are those obtained from a regression equation, minimizing the sums of squares of the residuals. The
independent variables are the areal proportions of each mapped unit in each basin. The regression
coefficients reflect the geological background of each mapped unit for zinc. Notice that in general the major
trends are predicted rather well. The proportion of the total variance of zinc explained by the geology is 58%
for this case.

Figure 5. Mineralization ratings for zinc in stream sediment. Positive residuals are corrected for dilution using
basin area yielding mineralization ratings, which are re-cast as percentiles. Negative residuals are not
corrected, and are simply shown as below the 50th percentile. Hawkes’ (1976) dilution formula has been used,
which assumes that the positive residuals are entirely due to a 1 km2 area of exposed mineralization in the
catchment basin. The mineralization rating value is the element content of sediment in surface water draining
this hypothetical unit area of mineralization. In reality, of course, the mineralization is variable in size, possibly
large and low grade, or small and high grade, but this method at least standardizes catchment basins for the
effect of dilution. Basins with the highest mineralization ratings are of most interest for exploration follow-up.

Figure 3. Zinc in stream sediment, using observed data values from Goodfellow (1 982) before statistical
analysis. Each catchment basin is coloured according to a percentile scale. The polygon associated with each
basin is related to a stream sample number in a lookup table. Any characteristics of a stream sample
(chemical composition, geological composition of associated basin) can thus be plotted using a colour scale.
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