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"The purpose of scientific thought is successful predic-
tion, which is a prerequisite of understanding. Predictions are
made by constructing and extrapolating conceptual models.
The construction of a model is a creative act that admits no
standard procedure, but the validation of the model foliows a
regular process called the 'scientific method’. Models are
never certain and are always subject to revision, but each
new model includes the successful parts of older models.

Thus, scientific knowledge is cumulative.”

Marshall Walker, “The Nature of Scientific Thought” (En-
glewood Cliffs, N.J.: Prentice-Hall, Inc., 1963) p.13.

INTRODUCTION

Regional Earth Science studies today often include
contributions from more than one scientific discipline.
In such studies, each discipline has a unique role to
play. All Earth Scientists are familiar with the role topo-
graphic, geological, and geophysical maps play in rel-

gether with quality control samples were analyzed for
28 elements each during the winter of 1981-1982 un-
der contract to Barringer Magenta Limited of Toronto.
On the basis of the quality control statistical criteria, 20
elements were selected for inclusion in the geochemi-

METHODOLOGY

The geoscience-geochemical approach to regional
geochemical mapping and interpretation involves the
following steps:

1—The use of a descriptive equation to focus at-
tention on the problem of the complexity of ori-
gin of stream sediments.

2—The use of 10 km by 10 km square areas
(micromodules) instead of sample points as
a basic unit for the regional geochemical sur-
vey.

3—The use of 20 sample composite samples rep-
resenting micromodules for chemical analysis
to provide the data for the preparation of the
geochemical maps. This reduces the cost of
chemical analysis 20 fold and simplifies the
task of data processing while enhancing pat-
terns on the geochemical maps.

4—The use of the Clarke unit, K, (i.e. estimate for
the weight percent of element in the earth’s
crust) as a common datum for the preparation
of regional geochemical maps with standard-
ized 0.25 Clarke intervals for each element.

5—The use of gradient analysis, as described
by Fortescue (1981), for the display of re-
gional patterns on single element geochemi-
cal maps.

6—The use of a single scan sheet (Fortescue
1970) for the display of the results for gradient
analysis for 20 elements to facilitate the recog-
nition and interpretation of single and multi-el-
ement geochemical patterns.

7—The use of conceptual models derived from
landscape geochemistry as guides for the
recognition of regional geochemical patterns.

Each of these steps is illustrated on this map using
data and information derived from the Southwest On-
tario geochemical survey.

It is concluded that the geochemical mapping and in-
terpretative procedure described here, although in an
experimental stage of development, provides a logical
scientific basis for the identification and preliminary
explanation of patterns on regional geochemical
maps. It seems clear that standardization of map
production and interpretation methods using the
‘micromodule’ approach is relatively simple and cost
effective, particularly if the chemical data is available
on magnetic tape.

ation to mineral exploration and other aspects of geos-
cience. Until now, the role of regional geochemistry in
geoscience has been less clear, particularly in relation
to applications other than mineral appraisal, or mineral
exploration.

In 1979, the Ontario Geological Survey planned a test
regional geochemical survey designed to provide in-
formation for mineral resource appraisal, exploration,
and general geoscientific applications concurrently.
The plan calied for an area in which certain criteria of
bedrock geology and surficial geology would be met
on a regional scale. Briefly, the area for the survey was
envisaged as being some 20 000 km? and rectangular
in shape. One geological constraint was that there
would be variations in the lithology of the bedrock at
approximately right angles to the ice direction during
the last glaciation. Another constraint was that the
Quaternary cover would involve relatively large areas
underlain by tills and related materials, glaciofiuvial
deposits, and glaciolacustrian deposits.

In 1981, the Ontario Geological Survey collected some
4000 samples of stream sediment from an area of ap-
proximately 20 000 km? extending from Niagara Falls
westward to Lake Huron and bounded to some extent
to the north by Lake Ontario and to the south by Lake
Erie (Thomson and Boni 1981). These samples to-

cal maps of the area which are now being prepared by
the Ontario Geological Survey.

The Southwest Ontario geochemical survey was plan-
ned in 2 parts: the first was for the production of a se-
ries of detailed single element regional geochemical
maps similar to those published previously for the
northern shore of Lake Superior (Ontario Geological
Survey, Open File Reports 5248, 5249, 5228, 5266,
5267, 5284, and 5285). The second was to complete
an experimental project using a new approach to re-
gional geochemical mapping and map pattern inter-
pretation. It is this second approach which is the sub-
ject of this report.

The new approach was designed to introduce a pre-
dictive aspect to the interpretation of patterns on re-
gional geochemical maps based on conceptual mod-
els derived directly from landscape geochemistry. It
was also designed as an experiment in processing re-
gional geochemical data in a relatively simple way to
provide an overview of the regional patterns which,
after identification using conceptual models, provide
hypotheses for testing by follow-up investigations. The
new approach is designed as a first step towards a
geochemical map of Ontario. This example of regional
geochemical data processing is Phase | of a 3 phase
approach to Regional Geochemical mapping and
map interpretation (see Fortescue 1983).
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General Descriptive Equation for
Element Abundance in Stream
Sediments

If X is the weight percent (1% = 10,000 parts per mil-
lion) of an element in a sample of oven dried -80 mesh
stream sediment material, then, in theory, X can be de-
scribed by the following equation:

X = XGeology + XPedoIogy + xEcoIogy + XTechnology t+e
where Xgeoi0qy IS the contribution to X from bedrock and
surficial geological material

Xpedoogy 1S the contribution to X from processes of
weathering and soil formation

Xecology IS the contribution to X from organic matter
Xrechnology 1S the contribution to X derived from man's
activities

e is the percent of error in the value of X derived from
sampling, sample preparation, and chemical analysis

Thus stream sediments are seen as mixtures of 4 com-
ponents each of which is a complex natural, or man
derived material. At present there is no simple way to
solve the equation in order to discover the relative pro-
portions of each component in a given sample of
stream sediment. Consequently, it is not possible to
contour the contributions to X from each of the 4 com-
ponents individually. But, provided the value of e is
small compared with X, a comparison of element
abundance patterns on gradient maps (Fortescue
1981) does enable patterns for elements derived from

cal analysis. The reference standards data were used
for quality control purposes. Each of the 240 samples
was analyzed for 28 elements including Si, Al, Fe, Ca,
Mg, Na, K, Ti, P, Mn, Ba, Sr, Zr, V, Cr, Ni, Zn, Cu, Co,
Li, Pb, Th, U, Be, As, Mo, Cd, and Ag. The data from
the quality control samples and the unknowns were
then processed by the computer and transformed into
Clarke units and only elements with a coefficient of
variation less than 5% in the quality control data were
used for mapping purposes.

The geoscience geochemical maps were designed
around the Clarke unit. As defined by the Russian geo-
chemist A.E. Fursman in 1923, (Beus 1976), the Clarke
is a general estimate of the weight percent of an ele-
ment in the earth’s crust. Although estimates for the
values of the Clarke differ, those listed by Ronov and
Yaroshevski (1972) are often quoted and are used
here. The advantage of using Clarke (K) units is that it
enables interpreters of geochemical map patterns
(who are not geochemists) to relate multi-element geo-
chemical data to a common datum, like the use of sea
level in topography.

Statistical analysis of the quality control samples within
the batch of 240 samples resulted in the selection of
20 elements for inclusion in the regional geoscience

MICROMODULE GEOCHEMICAL
MAPS BASED ON CLARKES

The chemical data from the chemical analysis for ele-
ment X was transformed into Clarke values and as-
signed a letter code value according to the ppm limits
for the 0.25 K intervals listed in Table 1. A computer
program was written to print out these code letters
representing the levels of element X in the Micromo-
dule composites on a rectangular grid (Figure 1A).
The grid was so arranged that it was on the same
scale as a transparent plastic mask (Figure 1B) show-
ing the micromodule grid, the geological formation
outlines (dotted), and the features of the Quaternary
geology (fine lines). In order to make the regional geo-
chemical map, the mask was photocopied over the
grid of code letters. Using this procedure, a set of 20
regional geochemical maps can be prepared in a day
and the geochemical patterns for a 100 km by 200 km
map area are quite legible at page size (Figure 1C).
The area represented on Figure 1 is 100 km by 100
km.

GRADIENT ANALYSIS

Gradient analysis (Fortescue 1981) was devised as a
simple way of relating patterns on regional geochemi-
cal maps to geological and other patterns on the same
map area. Five models, idealized and simplified from
actual examples, are given in Figure 2. All are due to
bedrock conditions (see geochemical maps at bottom
of columns, Figure 2) as evidenced by the abundance
of element X in stream sediments. The scale in K units
is given at the left of the model series. Briefly, Model |
depicts uniform geology, with some higher or low
values in “C"” the most common. Model I depicts 2
abundance levels for element X on either side of a
fault. Level B is at left and level D at right. Model Ill is of
a pluton with a high (i.e. level E) of element X sur-
rounded by rocks with a lower level of the element.
Model IV illustrates a “geochemical linear” with high
element X abundance along it. Finally, Model V is
more complex with 2 plutons and country rock, all with
different levels of element X. The advantage of gra-
dient analysis is that it accentuates similar level pat-
terns and avoids clutter by intermediate values.
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CLARKE UNITS
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Geochemical Map Sets

Gradient Maps for the Southwest
Ontario Survey

So far we have been concerned with hypothetical gra-
dient map patterns. In Figure 4 gradient analysis pat-
terns for 20 elements in the micromodule samples are
shown. The elements are arranged in order of increas-
ing K values which range from B(0 to 0.25 K) to N(3.0
K). The gradient map panels on the Southwest Ontario
scan sheet are made up of dots each of which is the
level of element X in a 20 sample micromodule com-
posite. Because the performance of the chemical
analysis for each of the 20 elements is known and the
limits of each micromodule are known it is quite practi-

- cal to reduce the map panel scale and stili retain the

geochemical patterns (Figure 4).

Conceptual Models for the
Interpretation of Patterns on the Multi-
Element Scan Sheet for the Southwest
Ontario Geochemical Survey Area

Concepts of landscape geochemistry, as described
by the Russian workers and in the book by Fortescue
(1980), form the basis for 6 types of conceptual model
designed to act as guides for the interpretation of pat-
terns on the regional geochemical maps of Southwest
Ontario. How the concepts of ‘geochemical

THE SCAN SHEET OF THE

SOUTHWEST ONTARIO REGIONAL

GEOCHEMICAL DATA

Figures 2 and 3 are examples of a scan sheet which is
a convenient way of presenting the map panels for
gradient analysis for more than 1 element. On Figure
4, a scan sheet for the Southwest Ontario Regional
geochemical survey geochemical data for 20 ele-
ments in each of the 190 micromodule composites is
presented. Each map panel is a replica of the South-
west Ontario area depicted on Figure 5. Figure 5 illus-
trates the relationship between the micromodule grid

and the dots shown on Figure 4.

OVERVIEW OF THE GEOLOGY OF
SOUTHWEST ONTARIO

On Figure 6 is presented a generalized map of South-
west Ontario showing the outcrop area of the principal
lithologies. Notice that the strike is generally in the
northwest to southeast direction. A similar map for the
Quaternary geology of the area is presented on Figure
7. It is important to note that the predominant regional
ice direction was from northeast to southwest and that
there are 3 general areas of surficial lithologies. These
are tills and related deposits in the western part of the
map, sand plains in the central part of the map, and
glacial lake clays in the eastern part of the area.
Hence the grain of the bedrock is at right angles to the
grain of the Quaternary deposits. These geological
maps provide a general background for the interpreta-
tion of the patterns on the multi-element scan sheet
(Figure 4). Further information on the bedrock lithology
can be obtained from Hewitt (1972), and on the Qua-
ternary geology from Chapman and Putman (1972).
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Figure 5. Map of the Southwest Ontario area included in the geochemical survey showing the micro-
module grid and the location of the micromodule centres as dots. The place name locations
are approximate, actual place locations are not included in order to avoid clutter.
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EXAMPLES

SIX WORKED EXAMPLES OF THE
USE OF CONCEPTUAL MODELS TO
IDENTIFY AND DESCRIBE
GEOCHEMICAL PATTERNS ON THE
GEOCHEMICAL MAP OF
SOUTHWEST ONTARIO

The scan sheet display of the abundance data for 20
elements on Figure 4 can be used for the identification
of general geochemical patterns in the data, element
by element. it is beyond the scope of this presentation
to examine in detail all the geochemical patterns
which occur on the scan sheet. Instead, 6 examples of
geochemical patterns, one for each of the interpreta-
tive model types on Figure 3, are included here (Fig-
ure 8). Other patterns may be identified by the reader.
The preliminary overview report on the Southwest On-
tario Regional Geochemical Survey (Fortescue, in
preparation) will include more examples of single and
multi-element patterns identified from the scan sheet.
The purpose of the examples described here is to ex-
plain how general regional geochemical patterns of

Example I: Geochemical Anomaly

Pattern

Identification

In the Southwest Ontario Regional Geochemical Sur-
vey a “geochemical anomaly” is considered to involve
micromodule composite data points individually, or in
clusters, which are valued at 3 Clarkes or higher (see

Conceptual Model, Figure 3(1)).

The most obvious of such geochemical anomalies is

for the element zinec and involves 6 high val

ues clus-

tered just west of the City of Hamilton (Figures 4, 5,

and 8).

Verification

The small triangles on the scan sheet (Figure 4) relate
to chemical analyses of micromodule composites
each containing contributions from the 20 stream sedi-

the type described in above theory can be identified,
verified and used to provide hypotheses to be tested
by follow-up studies.
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Figure 8. Index Map for examples of Regional Geochemical Pattern Types discussed
here. Examples II, I1l, and IV concern the whole of the survey area.

Figure 9c. Enlarged portion of the zinc regional
geochemical map in the area of the
“geochemical anomaly” including quar-
ter composite mean values in KK units.

ment samples collected within each of the 10 km by 10
km areas. The regional geochemical map for zinc is
reproduced here (Figure 9). This involves the micro-
module grid boundaries as a grid and the code for the
abundance of zinc in Clarke units within the centre of
eachcircle.

The frequency distribution for the zinc micromodule
composite data plotted on the map is shown on Figure
9b. This shows that in the whole survey there were only
7 zinc values greater than N and the map shows that 6
of these are included in the zinc geochemical anomaly
identified above.

A furiher check on the validity of the zinc geochemical
anomaly comes from an independent source which
would not generally be available in regional geochem-
ical mapping of the type described here. This involves
the chemical analysis of individual samples (not com-
posites) from each micromodule for zinc. These data
were processed to give Micromodule Quarter Mean
values for zinc in the area which includes and sur-
rounds the geochemical anomaly (Figure 9¢).

These data elogquently verify the pattern on the re-
gional geochemical map and indicate the "“target” (i.e.
dotted area) more precisely than would be indicated
by the regional map data itself.

Explanation

The explanation of the cause of the geochemical ano-
maly requires a follow-up study designed to investi-
gate if the geochemical anomaly is due to zinc in the
surficial material or bedrock of the area of interest (see
Figures 6 and 7).

Conclusion

The zinc geochemical anomaly provides an excellent
example of this type of regional pattern which can be
easily identified on regional geochemical maps of the
type described here. It is excellent because the micro-
module high values for zinc are well above those for
the rest of the region and because the high values are
clustered in adjacent micromodules. Independent
geochemical evidence from the Micromodule Quarter
Means for zinc (Figure 9c) confirms the presence of
the geochemical anomaly.
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Figure 9a. Regional geochemical map for zinc with cluster of values over 3 K as dots.

Example II: Geochemical Gradient
Pattern

Identification

Using the conceptual model for a “Geochemical
Gradient” (Figure 3(Il)) as a guide, inspection of the
scan sheet (Figure 4) reveals the presence of geo-
chemical gradients for several elements including
lithium, zin¢, and lead but the best example of a gra-
dient is for the element calcium.

The calcium gradient is almost ideal because it in-
volves all the Clarke cell limits from B through N (Table
1, Figure 10), it follows a direction somewhat different
from either the strike of the bedrock or the direction of
the Quaternary deposits of the region (see maps for
Bedrock Geology (Figure 8) and Quaternary geology
(Figure 7)) and it can be identified even though values
for individual micromodule composites overlap within
the same general area. For example, Clarke patterns
F, G, and H can be identified as a part of the gradient
which would be hard to identify if the micromodule
composite geochemical data were contoured.

The gradient for calcium is so clear and extends over
S0 many concentration ranges that its existence does
not require detailed verification using Micromodule
Quarter Mean data (see Example |).

Explanation

It seems likely that the geochemical gradient for cal-
cium may be due to not one, but several causes
which, in the Southwest Ontario area reinfor e each
other. From the viewpoint of regional geochemistry the
identification of a gradient of this type provides a hy-
pothesis for testing. Such testing should be carried out
partly by a rigorous statistical study of the regional
geochemical data for calcium, magnesium, and re-
lated elements and partly by further follow-up ‘ield and
laboratory investigations.

Conclusions

Geochemical gradients are relatively common in re-
gional geochemical data but are seldom so well de-
fined as in the above example for a major element. The
calcium pattern shown here strongly supports the
case for using micromodule composites in order to
identify major geochemical patterns for one or more
elements within a region. It seems clear that the study
of geochemical gradients by combined fisld and
mathematical techniques can do much to improve our
knowledge of regional geochemical patterns. For ex-
ample, the existence of a regional gradient for calcium
(or some other nutrient element) could well be: related
to variations in the growth and health of plants, ani-
mals, or man.

CALCIUM CALCIUM CALCIUM Clarke
(Weight / Percent)] Clarke Units | Plots of Micromodule 'é"g;""'
AveDra e D%a Displayed |©0des
as Dofs on Maps. Erom
See Table I See Table 1 ( Intervals as for Figure (4)
(a) (b) (a) and (b).
13.80 - 14.95 300- 325 N
]
12.65 - 13.80 275 - 3.00 M
A
1150 - 12.65 250-275 L
10.35 - 1150 2.25-2.50 1 K
A
9.20- 1035 2.00-225 J
]
A
805-9.20 1.75 - 2.00 |
A
6.90-805 1.50-1.75 o H
575- 690 1.25 - 1.50 N 1 G
460-575 1.00-1.25 L L/‘ F
Ml
345 - 460 0.75- 1.00 s E
2.30-345 050-075 ;,,_4 - D
115- 2.30 025- 050 T Z“’-’é:'.'_ C
]
]
0.00- 115 000-0.25 O B

Example III: Geochemical Barrier
Pattern

Identification

Linear abrupt changes in the abundance level of an el-
ement on the regional scale are due to geochemical
barriers. A general model of a geochemical barrier is
shown as a conceptual model on Figure 3. Several
geochemical barrier patterns can be identified on the
scan sheet (Figure 4). Perhaps the best example is for
nickel where 2 geochemical barriers are seen side by
side in the data for Clarke codes B and C (Figures 11
and 12). Of the 2 geochemical barriers (X-X') and
(Y-Y') (Figures 11 and 12) the most clear cut is the
second. The first is accompanied by a transition zone
suggesting that the barrier is due to the effect of 2
components of the sediments which have mixed une-

qually.

Verification

As in the case of geochemical gradients, no detailed
verification is required to confirm such a major feature
of the geochemical data for nickel.

Explanation

A glance at the surficial geological map for the region
(Figure 7) provides explanations for geochemical bar-
riers X and Y. The central area of relatively low nickel is
occupied by a sand plain. The barrier X-X results from
the interface of the sand plain with tills and other gla-
cial deposits. The barrier Y-Y’ results from the inter-
face between the sand plains and glaciolacustrian
clays. Because the fine textured material derived from
the Canadian Shield is likely to be present in the tills
and the lake sediments, areas underlain by these
rocks have a slightly higher nickel content than the
coarse textured sands. Follow-up investigations in-
volving detailed mineralogical and textural study of
stream sediments are needed to establish the validity
of this hypothesis.

Conclusion

Like geochemical gradients geochemical barrier pat-
terns are relatively common on regional geochemical
maps. The barriers cited in the example are likely to be
due to surficial and textural changes in the surficial
geochemical component of the stream sediment. It
should be noted that although geochemical barriers
may be explained on the basis of patterns on bedrock
or surficial geological maps (as in this case) this ex-
planation is not the only one available. For example,
changes in groundwater conditions independent of li-
thology may give rise to regional geochemical barrier
effects on regional geochemical maps.

Figure 10. Diagram of the map panels for calcium and both

the Clarke (K) cell limits and the corresponding
weight percent limits. The figure shows clearly the
regional geochemical gradient for this element.

Example IV: Geochemical Flow
Patterns

Identification

Geochemical flow patterns on the local, or regional
scale may relate to movement of material through the
air, within waters (groundwaters or precipitation), or as
a result of waters flowing at the surface (rivers or
lakes). Yet another transport mechanism is ice move-
ment particularly in areas where the regional ice direc-
tion is known and the bedrock strike is approximately
at right angles to it. The detection of flow patterns de-
rived from bedrock under these conditions is simpli-
fied if the bedrock is known to contain certain trace el-
ements which may be used as indicator elements.

These conditions are met in the northern part of the Ni-
agara Peninsula. It can be shown that zinc and lead
derived from minor mineralization in the Lockport For-
mation were transported by ice towards the southwest
(personal communication, Peter Barnett, Quaternary
Geologist, Ontario Geological Survey, 1983). The scan
sheet for the area (Figure 4) indicates patterns likely to
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from the outcrop area of the Lockport Formation. This
suggests, but does not prove, that this area of 900 km?

Conclusions

Geochemical flow patterns on the regional scale can
result from any one of a number of causes. In the ex-
ample quoted here prior research had indicated the
movement of material by ice from the Lockport Forma-
tion to the southwest and this movement appears to be
confirmed by the patterns for zinc and lead combined
within the same concentration limits. This example fo-
cuses attention on the idea of geochemical flows of
relatively constant chemical composition but more re-
search is required to establish rules for their recogni-
tion on regional maps.
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Figure 13. Regional geochemical map for lead including levels G and H (from Fig-
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The zinc/lead pattern just described suggests, but
does not prove, that when elements derived from mi-

Figure 14. Regional geochemical map for zinc including levels G and H

nor mineralization in a particular rock type (i.e. the (from Figure 4) as dots.
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Figure 15. Regional geochemical map including micromodule centres as dots

where both lead and zinc are leve! G or H.
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Figure 11. An example of a geochemical barrier. Map for nickel showing the 0.25
to 0.50 K values in the micromodule composites from Southwest Ontario.

Figure 12. An example of geochemical barrier on either site of a geochemical low.
The 0 to 0.25 K values .in the micromodule composites for nickel from
Southwest Ontario.

Figure 16. The concept of relative
mobility as evidenced by
zirconium,  titanium,

um, and magnesium in mi-

cated in a sand plain (see

Figure 7).

Example V: Geochemical Mobility
Patterns

Identification

The relative mobility of chemical elements can be
identified on a regional scale on gradient maps. For
example, in the sand plain in the centre of the region
(Figure 7) elements such as titanium and zirconium,
may be expected to increase in sediments due to the
outwash process which winnows heavy minerals. In
contrast other elements, such as magnesium and lithi-
um, which are present in less resistant minerals, may
be expected to decrease. Examination of the surficial
geological map of the region (Figure 7) reveals the
presence of a sand plain, associated with some till
moraines in micromodules B04, B14, B15, B06, B16,
BO7, B17, B08, B18, B09, and B19. The values for
titanium, zirconium, magnesium, and lithium in
these micromodules appear to have gradients (Figure
4). The Clarke values for these eiements in the 12
micromodules are as follows:

Micro- Thitanium Zirconium | Magnesium Lithium

modules KK KK KK KK

| [} | (] | [} | il | ]
B04 B14 (1.0 050|150 1001050 050(075 1.00
BO5 B15 125 050175 075|050 025|050 0.75
BO6 B16 |1.0 075 (125 1251050 0.25}050 050
BO7 B17 {10 050 (175 100025 025025 Q.50
BO8 818 {075 125150 200025 025]/025 0.50
B9 B19 /075 050]|125 1.00{025 025}(025 0.25

If we sum the values collected in any of the micro-
modules which are side by side (i.e. B04, B14 etc.)
and plot the same element on a graph (Figure 16) the
relative mobility of the 2 pairs of elements is clearly
seen.

The high value at BO8 and B18 for the elements in
heavy minerals (i.e. titanium and zirconium) is almost
certainly due to a raised beach deposit in BO8 and
B18 which is plotted on the detailed Quaternary maps
of the area.

Verification

The idea of geochemical mobility in relation to regional
geochemical survey patterns is relatively new. Conse-
quently there is little background data which can be
used to assess the validity of the crude relative mobil-
ity pattern discussed above.,

Explanation

The explanation of the relative mobility of elements in
primary minerals and weathering products requires a
systematic follow-up study involving geochemistry,
Quaternary geology, and sedimentation. The geo-
chemical mobility pattern illustrated here is included to
indicate the nature of studies of this type more than to
explain the causes of this particular example. Prob-
lems of this type are best identified and solved using
rigorous statistical methods.

Conclusion

This example draws attention to the study of different
mobilities of elements within the same general geo-
logical environment, in this case this occurs in a sand
plain due to Quaternary outwash processes. The sys-
tematic descriptive and statistical study of problems of
this nature may become an important component in
the development of regional geochemical mapping as

time goes on.
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Example VI: Historical Geochemical
Patterns

Identification

At times some event which can be dated in the land-
scape gives rise to a geochemical pattern which can
overprint natural regional geochemical patterns for
one or more elements. Examples of natural events of
this type include major floods and volcanic eruptions.
Man may also affect the geochemistry of stream sedi-
ments in detectable, but minor, ways.

Fortescue (1976) in a detailed study of stream sedi-
ments at the eastern end of the Niagara peninsula de-
scribed an area of slightly enhanced nickel content in
stream sediments collected downwind from the Port
Colborne smelter. Although this pattern is certainly not
considered to be a hazard to plants, animals, or man,
it is a good example of a historical geochemical pat-
tern due to man'’s activities which is detected in micro-
module composites (Figure 4). The regional geochem-
ical map for nickel (Figure 17) includes 2 relatively
high values in the vicinity of Port Colbourne. Using the
micromodule quarter composite technigue (Figure 17)
the validity of these high values is confirmed.

Verification

The map published by Fortescue et al. (1980) pro-
vides detailed independent verification for the nickel
pattern in stream sediments collected in the vicinity of
the Port Colbourne smelter (Figure 18).

This map, which is based on data from individual
stream sediment samples, shows clearly the nickel
pattern resulting from the Port Colborne smelter. The
erratic high values to the north of the smelter plume
anomaly suggest that winds from the south and east
blow at certain times of the year.

Conclusion

The detailed map of the level of nickel in stream sedi-
ments in the Niagara Peninsula provides proof that the
pattern observed in the micromodule composite re-
gional survey was in fact due to a historical event. The
values for nickel above and below 35 ppm tell the
reader nothing about the potential significance of the
nickel anomaly. Because the Clarke value for nickel is
99 ppm, the values on Figure 18 are clearly relatively
low. This is an advantage of using the Clarke units be-
cause it places the abundance data for an element in
a specific area directly into a global context.
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Figure 17b. Micromodule quarter data for the area
around the Port Colborne smelter con
firming the geochemical anomaly for
nickel.
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Figure 17. Regional geochemical map for nickel showing the one value above 1.2 K (actually
S$=4.24K) by a dot. This micromodule is in the area of the Port Colbourne smelter.
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Figure 18. Regional geochemical map for nickel in individual stream sediment samples (from Fortescue et al. 1980).

SUMMARY

This approach was designed to cope with the problem
of irterpreting chemical data for each of 20 elements
in a total of over 4000 samples simply, rapidly, and re-
liably in relation to data and information from the other
Geosciences. The first step was to base the study on
10 km by 10 km areas and by compositing the 20 sam-
ples collected from such areas, reduce the number of
samples for chemical analysis 20 fold and the num-
bers of sample points for mapping from over 4000 to
190. The second step was to produce regional geo-
chemical maps of the data for each element in a form
in which they were comparable with each other and
with similar maps produced anywhere in Ontario. This
was done using the Clarke unit, which although it is
relative rather than absolute, does provide a general
guide to regional geochemistry. The use of 0.25 K in-
tervals between levels for Clarkes is also relative but
here again, experience shows that patterns with this
interval may often relate directly to geological, pedo-
logical, ecological, or technological inputs to the sedi-
ments which would otherwise not be apparent. Al-
though simple letter code regional geochemical maps
are often difficult to interpret because of clutter, the
parallel use of gradient analysis reduces clutter to a
minimum and enhances patterns even in areas where
transitions between levels occur. The assembly of the
gradient map panels into a scan sheet facilitates the
recognition of gradients and other patterns. The use of
conceptual models for the recognition of geochemical
gradients (and related concepts derived from land-
scape geochemistry) focuses attention on the use of
the predictive models for the interpretation of geo-
chemical maps. Once identified, hypotheses for pat-
tern causes can be established and proven by rig-
orously designed follow-up investigations.

Further information on the scope of this approach to
regional geochemistry for geoscience will be provided
in a series of reports now.in preparation which will de-
scribe details of the Southwest Ontario Geochemical
Survey. It is hoped that the approach described here
will lead to the broadening of interest in regional geo-
chemical surveys to include interdisciplinary activity
involving other Earth Sciences and towards the day
when the unique contribution of geochemistry to such
activity is generally recognized.

CONCLUSIONS

1. The study supports the view that mineral appraisal
and general geoscience regional geochemical pat-
terns can be carried out simultaneously and effec-
tively based on chemical data obtained from 20
sample composite samples of stream sediment col-
lected from 10 km by 10 km micromodules.

2. The basing of data points for regional geochemical
surveys using stream sediments collected froma 10
km by 10 km area (i.e. a micromodule) instead of
single sites combined with the Clarke transform ap-
pears to have the following advantages in the
Southwest-Ontario area:

« It reduces errors and stabilizes patterns at the
regional level thus facilitating interpretation.

Although the estimates for Clarke values are rel-
ative rather than absolute, the Clarke transfor-
mation of chemical data facilitates element to
element pattern comparisons during the inter-
pretative process.

The combination of the use of the Clarke, the
use of 0.25 K intervals for plotting micromodule
values on regional geochemical maps, and gra-
dient analysis of the maps themselves enables
preliminary recognition of geochemical patterns
for 20 elements in 4000 samples to be com-
pleted using a single scan sheet.

The interpretation of regional geochemical pat-
terns in terms of the presence of mineralization,
bedrock geology, surficial deposits, and anthro-
pogenic causes is facilitated using conceptual
models based on the fundamentals of land-
scape geochemistry (eg. gradients, barriers,
etc.).

« Although not essential, the confirmation of re-
gional geochemical patterns using micromo-
dule quarter composite data based on indepen-
dent analyses of the same stream sediment
samples provides a bridge between the proce-
dure of regional geochemical mapping as de-
scribed here and Follow-up Level surveys de-
signed to explain regional patterns.

3. From the practical viewpoint, the use of 20 sample
micromodule composites reduces the cost of
chemical analysis of samples nearly 20 fold while,
at the same time, focussing attention on single, or
multi-element variations in the stream sediments.

4.The “"micromodule composite” approach to re-
gional geochemical surveying depends upon strict
quality control of the chemical analysis of samples
using replicated reference standards within the
batches of unknown.

5. The "micromodule composite, clarke transform,
gradient analysis” approach to multi-element re-
gional geochemistry is applicable to simultaneous
studies of the behaviour of any number of elements.

GEOSCIENCE IMPLICATIONS OF
THE MICROMODULE APPROACH
TO REGIONAL GEOCHEMICAL
MAPPING

To date, the technique of multi-element regional geo-
chemical surveying based on chemical analysis of
stream sediments (or similar materiais) has been used
largely for purposes of mineral exploration as de-
scribed by Howarth (1983). The interpretation of re-
gional surveys of this type is now considered largely
as a complex problem in geomathematics. But,
‘geochemical anomalies’ due to mineral deposits, pol-
lution, or some other cause, are rare in the context of
multi-element regional geochemical mapping. Geo-
chemical anomalies due to mineral deposits are not
the only geochemical features of landscape of interest
in geoscience.

The implications of the research described here are
that certain other patterns (in addition to geochemical
anomalies) can be predicted to occur in regional geo-
chemical data and these predictions can be summa-
rized in a series of conceptual model patterns. It is
demonstrated that if a regional geochemical survey is
conducted in order to reveal the existence of the pat-
terns described in the conceptual models (i.e. using
the micromodule/clarke/scan sheet approach) such
patterns can be found. When such patterns are found
on maps based on data from single chemical analyses
of 20 sample composites, the patterns can be verified
using techniques described by Howarth (1983) and
others.

From the geoscience viewpoint, the study of regional
geochemical model patterns obtained from relatively
few multi-element chemical anlayses paves the way
for the preparation of geochemical surveys including
most elements in the Periodic Table and the interpre-
tation of their patterns in terms of mineral exploration,
bedrock geology (in covered areas), surficial geology
{on the basis of geochemical signatures of specific li-
thologies), pollution due to man’s activities, and the
health and nutrition of plants, animals, and man.

In summary, this study has demonstrated the feasibil-
ity of a predictive approach to regional geochemical
mapping. As times goes on, the approach described
here will certainly evolve and the conceptual models
will be refined and described using geomathematics.
When that times comes, geochemistry along with geo-
physics, remote sensing, and other disciplines will be
integrated with geology, soil science, and related dis-
ciplines to provide a truly interdisciplinary approach to
the solution of complex problems in environmental
Earth Sciences.
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