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OutlineOutline
A) A) To Contour or Not to ContourTo Contour or Not to Contour

1) regionalization1) regionalization
2) theory justification2) theory justification
3) empirical justification3) empirical justification

a) semivariogramsa) semivariograms
b) bubbleplotsb) bubbleplots

4) logical criteria and decision tree4) logical criteria and decision tree
5) contouring pitfalls5) contouring pitfalls

B) B) BubbleplotsBubbleplots
1) accurate representation1) accurate representation
2) aesthetic representation2) aesthetic representation



The Problem With Contours:The Problem With Contours:

Modern computer programs provide us with a myriad of Modern computer programs provide us with a myriad of 
ways (algorithms) to contour geochemical data:ways (algorithms) to contour geochemical data:

1) nearest neighbor1) nearest neighbor
2) local mean2) local mean
3) inverse distance3) inverse distance
4) kriging4) kriging



But But ……
just because we can draw contours, just because we can draw contours, 

doesndoesn’’t mean we should!t mean we should!



Raw DataRaw Data
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Smoothed DataSmoothed Data
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Foundational Foundational AssumptionAssumption of Contouringof Contouring

the data are the data are regionalizedregionalized ((if the variable is plotted in if the variable is plotted in 
space, it describes a relatively smooth surfacespace, it describes a relatively smooth surface))

RegionalizedRegionalizedNot RegionalizedNot Regionalized

If Data are Regionalized, If Data are Regionalized, 
They Can Be Contoured !They Can Be Contoured !



Regionalization at Various ScalesRegionalization at Various Scales

Small Scale RegionalizationSmall Scale Regionalization Large Scale RegionalizationLarge Scale Regionalization



Regionalization Scale vs. Survey ScaleRegionalization Scale vs. Survey Scale

Scale of the Survey > Scale of RegionalizationScale of the Survey > Scale of Regionalization



Regionalization Scale vs. Survey ScaleRegionalization Scale vs. Survey Scale

Scale of the Survey < Scale of RegionalizationScale of the Survey < Scale of Regionalization



AliasingAliasing
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low density samples => low frequency low density samples => low frequency ‘‘aliasedaliased’’ signal signal 
from data with small scale regionalizationfrom data with small scale regionalization

high density samples => more accurate representation of high density samples => more accurate representation of 
small scale regionalizationsmall scale regionalization



The Two Critical AreasThe Two Critical Areas

Area (Volume, Length) of Signal AssignmentArea (Volume, Length) of Signal Assignment
dependent on survey scale (dependent on survey scale (sample density, sample spacingsample density, sample spacing))

Area of SignalArea of Signal
Assignment (A)Assignment (A)

SurveySurvey
GridGrid



The Two Critical AreasThe Two Critical Areas

Area (Volume, Length) of Signal IntegrationArea (Volume, Length) of Signal Integration
dependent on measurement scale (dependent on measurement scale (how big is the samplehow big is the sample?)?)

SurveySurvey
GridGrid

Area of SignalArea of Signal
Integration (I)Integration (I)



Comparing The Sizes of The Two AreasComparing The Sizes of The Two Areas

RegionalizedRegionalized

Not RegionalizedNot Regionalized



Comparing The Sizes of The Two AreasComparing The Sizes of The Two Areas

if  ( I > A )if  ( I > A )
adjacent samples will be at least partially correlated adjacent samples will be at least partially correlated 
because their areas of signal integration overlapbecause their areas of signal integration overlap

data exhibit regionalization =>data exhibit regionalization => justified to contourjustified to contour
(on theoretical grounds)(on theoretical grounds)

if ( A > I )if ( A > I )
there is no guarantee that adjacent samples will be there is no guarantee that adjacent samples will be 
correlated because their areas of signal integration do correlated because their areas of signal integration do 
not overlapnot overlap

data may not exhibit regionalization =>data may not exhibit regionalization => no a priorino a priori
justification to contourjustification to contour



In Applied GeochemistryIn Applied Geochemistry

•• II is small (its the size of the sample)is small (its the size of the sample)
•• AA is large (itis large (it’’s a function of the sample spacing)s a function of the sample spacing)

•• => in geochemistry, regionalization is not guaranteed=> in geochemistry, regionalization is not guaranteed

•• no theoretical justification for contouring geochemical datano theoretical justification for contouring geochemical data

•• This doesnThis doesn’’t mean that we cant mean that we can’’t contour geochemical datat contour geochemical data

•• It just means that we cannot demonstrate geochemical data It just means that we cannot demonstrate geochemical data 
to be regionalized on theoretical groundsto be regionalized on theoretical grounds

•• If we can demonstrate data to be regionalized on empirical If we can demonstrate data to be regionalized on empirical 
grounds, then it can be contouredgrounds, then it can be contoured



Empirical Assessment of RegionalizationEmpirical Assessment of Regionalization

Several ways to demonstrate geochemical data are Several ways to demonstrate geochemical data are 
regionalized:regionalized:
1.) 1.) semivariogramssemivariograms ((geostatistics geostatistics => average => average 

variance of pairs increases with distance variance of pairs increases with distance 
between pairsbetween pairs))

2.) 2.) bubbleplots bubbleplots ((plot circles at sample locations with plot circles at sample locations with 
the size of the circle proportional to the value the size of the circle proportional to the value 
of the variableof the variable))



SemivariogramSemivariogram

h (meters)h (meters)

nugget nugget 
effecteffect
((γγoo))

sill sill ((σσoo
22))

range range 
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γγ

variance of variance of 
the datasetthe dataset

increasing variance with distanceincreasing variance with distance
indicates data are regionalizedindicates data are regionalized

distance where variance stops increasing distance where variance stops increasing 
defines scale of regionalizationdefines scale of regionalization

magnitude of magnitude of 
measurement measurement 

errorerror

magnitude of magnitude of 
regionalizationregionalization



Empirical Assessment of RegionalizationEmpirical Assessment of Regionalization

Several ways to demonstrate geochemical data areSeveral ways to demonstrate geochemical data are
regionalized:regionalized:
1.) 1.) semivariogramssemivariograms ((geostatistics geostatistics => average => average 

variance of pairs increases with distance variance of pairs increases with distance 
between pairsbetween pairs))

2.) 2.) bubbleplots bubbleplots ((plot circles at sample locations with plot circles at sample locations with 
the size of the circle proportional to the value the size of the circle proportional to the value 
of the variableof the variable))



Bubbleplot Bubbleplot -- RegionalizedRegionalized



Bubbleplot Bubbleplot –– Not RegionalizedNot Regionalized



Logic StreamLogic Stream
Are the data Are the data 
theoretically theoretically 
regionalized?regionalized?

((II > > AA))

N
Determine whether data are Determine whether data are 

empirically regionalizedempirically regionalized
((via semivariograms or via semivariograms or 

bubbleplotsbubbleplots))

Y N

DO NOT CONTOUR!DO NOT CONTOUR!
Theoretical and empirical Theoretical and empirical 

justification is lacking; results justification is lacking; results 
may misrepresent data! may misrepresent data! 

((use bubbleplotsuse bubbleplots).).

Y

ContourContour



Words of CautionWords of Caution

1)1) Standard contouring algorithms can create trends in the Standard contouring algorithms can create trends in the 
datadata

2)2) We should evaluate whether data exhibits regionalization We should evaluate whether data exhibits regionalization 
at an appropriate scale before contouringat an appropriate scale before contouring

3)3) Otherwise, trends might be created during contouringOtherwise, trends might be created during contouring
4)4) => possibly misinterpreted as being caused by real => possibly misinterpreted as being caused by real 

geological phenomena (when none exist)geological phenomena (when none exist)

So if one shouldnSo if one shouldn’’t contour a dataset, t contour a dataset, 
how should we represent the data?how should we represent the data?



Use Bubbleplots!Use Bubbleplots!

1)1) They donThey don’’t smooth the data, and so dont smooth the data, and so don’’t create trendst create trends
2)2) Bubble size is proportional to the geochemical variable, Bubble size is proportional to the geochemical variable, 

so any trends or patterns are accurately representedso any trends or patterns are accurately represented
3)3) Data transformations can be used to improve Data transformations can be used to improve 

geochemical contrastgeochemical contrast

But how do we define/represent bubble size?But how do we define/represent bubble size?



Example Bubble SizesExample Bubble Sizes

Bubble Area 
Doubles

Bubble Diameter 
Doubles
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Perception of SizePerception of Size
Dr. Charles ButtDr. Charles Butt

190 cm tall190 cm tall
7481 cm7481 cm22

Dr. David CohenDr. David Cohen
167 cm tall167 cm tall
6026 cm6026 cm22



The Golden Ratio The Golden Ratio = = φφ = 1.618034= 1.618034
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The Golden Ratio The Golden Ratio = = φφ
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The Golden Ratio The Golden Ratio = = φφ
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The Golden Ratio The Golden Ratio = = φφ

Rectangles



The Golden Ratio = The Golden Ratio = φφ

Pyramids



The Golden Ratio = The Golden Ratio = φφ

1.
61

80
34

1

1

1.
61

80
34

http://images.google.ca/imgres?imgurl=http://people.bath.ac.uk/xs202/MONA.JPG&imgrefurl=http://people.bath.ac.uk/xs202/art.html&h=445&w=316&sz=27&tbnid=H0gTDgN4YvgJ:&tbnh=124&tbnw=88&hl=en&start=26&prev=/images%3Fq%3Dgolden%2Bratio%26start%3D20%26hl%3Den%26lr%3D%26sa%3DN


The Golden Ratio = The Golden Ratio = φφ
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The Golden Ratio = The Golden Ratio = φφ

Spirals



The Golden Ratio = The Golden Ratio = φφ
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The Golden Ratio = The Golden Ratio = φφ

Bubble Area 
Doubles
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Two PointsTwo Points
•• DonDon’’t contour your geochemical data t contour your geochemical data 

unless the data are regionalized at an unless the data are regionalized at an 
appropriate scaleappropriate scale

•• Use bubbleplots with sizes proportioned Use bubbleplots with sizes proportioned 
by diameter or by the Golden Ratio!by diameter or by the Golden Ratio!



ThankThank You!You!
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