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INTRODUCTION 

We are in the process of examining  regional stream  geochemical  data obtained during i3 joint Federal- 
Provincial Uranium Reconnaissance  Program of NTS map-areas 82 F and K released in 1978.  The  purposes 
of  our study are to evaluate  the  usefulness of individual variables  coded in the  course of these  surveys, to 
develop a statistical procedure for  extracting useful information  from the data,  and to utilize the data base 
as an effective means of  defining problems of geological  interest that warrant further inv,estigation.  Our 
work i s  developmental in nature and is  confined to data for NTS map-area 82F. 

Initial work (Sinclair and Fletcher, 1980) considered only numeric (concentration) data  and  emphasized a 
systematic  approach to i t s  evaluation  using  standard  statistical  procedures.  However, in addition to the 
quantitative data the  Uranium Reconnaissance  Program files contain  field observations  describing  the drain- 
age sediments  and collection si te for each  sample. For example, in addition to rock type,  coded  comments 
are recorded to describe  the presence of  contamination, the  nature of the bank  material,  water  and  sedi- 
ment  colour, texture, the presence of organics  or  precipitates,  and  such  physiographic  features as landscape 
maturity, drainage  pattern, and  stream  class. Although similar  data are often  collected as part  of drainage 
surveys, they are so seldom utilized in any  systematic  fashion that a recent  review  (Meyer, et a/. ,  1979) 
suggested limiting  field observation to those of proven  significance.  Our  ongoing  studies attempt to estab- 
lish  which field observations are significant and to assess their influence on metal content  of the  drainage 
sediments. Two complementary  procedures are being utilized: 

(1) Contingency  tables  and  the  chi-square test, and 
( 2 )  Duncan’s multiple range test. 

CONTINGENCY TABLES 

Two-way  contingency  tables  represent an ordered  arrangement of counts of ‘intersection‘ of pairs of vari- 
ables. A simple  example is illustrated in Table 1 for rock type versus  stream velocity  for  1  318 stream 
sediment  samples from NTS map-area 82F. The count  of 245 a t  the intersection of the GRNT-35 and 
MOD columns means that 245 sediments from the area  are characterized by both these  features. With such 
a table one  can quickly, if subjectively,  evaluate  the distribution  of one  variable in relation to another. 
For  example, in Table 1 we  can look a t  the distribution  of samples in velocity categories for  individual  rock 
types (that is, distribution  of counts  along  rows)  and  compare  the distribution  for one rock  type with the 
distribution  for another.  Conversely  the  data  can be viewed in terms of the distribution  of counts  along 
each column. That is, dominant stream velocity categories  may differ over  each rock  type and different 
distribution patterns  may  occur in different columns. 
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It is apparent that contingency  tables permit  rapid  qualitative evaluation of paired  variables  although  the 
importance of this feature is not particularly obvious in viewing  Table 1. However, the usefulness of a 
computer-generated two-way contingency  table for 40 or more  variables, as is the case with stream  sedi- 
ment samples collected during the  Uranium Reconnaissance  Program, is apparent.  Two-way  tables for 
such a large  number of variables  are difficult and impractical  to  obtain manually.  They can,  however,  be 
produced with ease on the computer and a program in FORTRAN designed specifically for dealing with 
publically available  magnetic  tapes of regional  geochemical  data for the  Uranium Reconnaissance  Program 
has  been developed. Because the  table is symmetrical  about the main  diagonal, only  half is printed  by  the 
program.  Row  and column  totals are  also output. For 182 categories of about 15 variables, 45 pages of 
computer output are  necessary to generate  an entire  contingency  table. 

In reality such a two-way  table  consists of a series of self-contained subsets of which  Table 1 is one 
example.  Using a chi-square tes t  these  subsets  can  be examined  rigorously to see whether  one  variable is 
statistically dependent on the second  variable. 

As an application  of the  chi-square test, consider  the  data of Table 1. The  chi-square tes t  requires that 
there are no zero  values  and that no  more than 20 per  cent of  the values  are less than 5. Rows  and  columns 
must be grouped  or eliminated to meet  these conditions. In the case of Table 1 a possible  grouping leads 
to the  arrangement in Table 2. 

In conducting a chi-square test, it is assumed that summations of rows  and  columns  represent a best esti- 
mate of independence of the two variables. Consequently, these  summations  are  used to estimate  expected 
values for each intersection according to the formula 

r.c. 
E.. =- 4 1  

‘1 N 

whert is the sum of row i and  c. is the sum of column j. 
I 

The  values “.Lermined  represent an expected  value  assuming that the  variables are independent. Differ- 
ences  be neen observed  and calculated values (0.. - E..)  are examined by the  chi-square test to evaluate 
wheths. or not they  could result from random  saALling: 11 

If differences are  small X’,l,, is small,  and the two variables  are  said to be independent. If  XZcalc, is 
greater than some critical value, x’ (d,f,, L), that depends on the number of degress of freedom  and  the 
level of significance of  the test, then one  variable is said to be dependent  on  the other. 

For the example of Table 2, XZcalc. is 32.63 which is much  greater  than  the critical value of 18.31 obtain- 
ed from tables  such as those  given in Krumbein and Graybill (1965) for 10 degrees of freedom  and a test  
level of 0.05. Consequently, we  can  say with assurance that stream velocity depends on rock  type; more 
specifically, some rock types are characterized by high  stream  velocities  and  others by  low velocities. Be- 
cause higher  stream  velocities  generally  mean  steeper  gradients we see the  physiographic information con- 
tained within such tests. Within the test  area, for example, siltstone  (SLTE) is generally  resistant  and  forms 
Steep  slopes in contrast to gneiss (GNSS) which is recessive  and more  prevalent in valleys. 

A similar tes t  can  be  done between  any two variables. For  example, we  can  compare sediment  colour 
against rock type,  bank type versus  stream velocity, and so on. 
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DUNCAN'S MULTIPLE  RANGE TEST 

METHOD 

Duncan's multiple range test (Duncan,  1955, 1957) provides a method of  testing if differences among B 

group of means  are significant. It has previously been applied to regional  geochemical ,data by  Miesch 
(1976) and Doyle and Fletcher (1979). The test assumes that the means  m,, ma.. . . . nl are indepen- 
dently drawn from 'n'  normal populations having true means of p , ,  pa . . . . . p respectively.  However, as 
previously  reported  (Sinclair and Fletcher, 1980) much of the  metal concentration data from  the  Uranium 
Reconnaissance  Program is lognormally  distributed and it is often  multimodal. Consequently,  before  the 
significance of  field parameters for a background population  could be evaluated  using  Duncan's multiple 
range test, it was  necessary to log-transform the data  and eliminate anomalous  results.  For this report the 
procedures  involved  and  results will be illustrated with respect to streams draining  granites (GRNT-35) in 
map-area 82F. 

n 
n 

The first step is  to partition the log-probability  plot, using  the method of Sinclair (1976).  for each element 
into  low (probably background)  and  high (probably anomalous)  populations.  Anomalous samples  are then 
rejected  leaving only background samples for classification into groups  based on the field observations. For 
example,  considering  copper in sediments  associated with GRNT-35,  12 samples (from a total  of  485) are 
rejected as anomalous; if sediment colour is the field observation of interest  the  remaining  473  sediment; 
can then be divided into seven (red, white, black, yellow, green,  grey,  and pink) groups  and  log  means  and 
standard  deviations  calculated.  However,  the only colours  recorded with reasonable  frequency  are  red (n =: 
341).  white (1051.  and black (23)  with corresponding means of 9, 9,and  15  parts per million  (ppm). The 
significance of t h e  differences  among  these  means are then calculated (0.05 confidence  level)  using  Dun. 
can's multiple range test. Results of the test  establish that concentrations of copper in white and  red  sedi. 
ments  are indistinguishable but those in black  sediments are significantly greater.  The  results  are  conven. 
iently presented as Venn  diagrams in which  overlapping or shared circles  indicate  groups whose  means  arc 
not  significantly  different (Fig. 52:  figures a t  end of  text, pages 155 to 158). 

RESULTS 

Data for 11 of the  elements  reported were subdivided into groups  according to their classification with 
respect to four sediment  characteristics  (fines, sand, organic  content, and colour) and six environmental 
parameters  (physiography, water flow, stream class, drainage pattern, bank type, and contarnination). The 
significance of differences of means  among  groups  were then tested  and  presented as Venn  diagrams a!; 
shown on Figures  52 to 54.  Results  can  be  summarized as follows: 

(1 1 Bulk composition - fines  (absent; minor <33  per  cent;  medium 33 to 67 per  cent;  major 
>67  per  cent, Fig. 52). Except for tungsten, variation in the content  of fines in the 

(21 Bulk  composition - sand  (absent; minor <33  per  cent: medium 33 to 67  per  cent;  major 
sediment has no  apparent influence on  metal  concentrations. 

>67  per cent).  Although lead, zinc.  uranium, manganese,  and mercury  concentrations in 
sediments  estimated to contain medium  amounts of sand  are lower  than  those in other 
sediments, it is only  for lead that this  group  forms a statistically independent population. 
Similarly, sediments in which sand is absent or a minor component contain  relatively high 
concentrations of zinc.  uranium, manganese,  and mercury without their  constituting a 
significantly  different statistical  group. Sand content has no apparent influence on 
concentrations of copper,  nickel,  molybdenum, iron, and cobalt 
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Bulk  composition - organic  (absent; minor <33 per  cent;  medium 33 to 67 per  cent; 
major  >67  per  cent,  Fig. 53). Sediments  can be divided according to the presence or 
absence of organic matter: those with no  organic matter  contain  significantly lower 
concentrations of zinc,  lead, uranium, manganese,  and mercury.  Copper,  molybdenum, 
iron, and cobalt do not appear to be affected  by  variations in organic content. The 
difference  between  the presence of minor or  medium quantities of organic matter does 
not seem to be important  for any of the elements. 
Sediment colour (red, white, black,  yellow, green,  grey,  and pink, Fig. 54).  As might be 
anticipated,  red  sediments contain higher average concentrations of  iron and  manganese 
than  white  or black sediments: uranium shows the same pattern.  Between  the red and 
white sediments  the  difference in means for these  elements is  also significant. In con- 
trast,  the  greater average concentrations of copper, nickel, lead,  and mercury form a 
statistically significant group associated with black sediments. For lead  and mercury.  red 
sediments  comprise a statistically independent  group of intermediate  concentrations. 
Physiography  (plateau, hilly undulating, mountainous  mature,  mountainous youthful). 
Zinc,  lead,  manganese,  copper,  and mercury have their lowest  concentrations in the 
youthful category  which, for the first three of these  elements, forms a statistically sig- 
nificant group,  Conversely, molybdenum (and  tungsten) have their  maximum values in 
this category.  Nickel,  cobalt,  and iron concentrations show no  relationship to the 
physiographic  classification. 
Stream class (permanent.  secondary, tertiary,  quaternary). Zinc,  molybdenum,  uranium, 

stream  class. Concentrations of copper are significantly  different in each of the three 
tungsten,  iron, and mercury show no  significant differences in concentration related to 

classes, highest  concentrations  being  associated with secondary  drainages.  Secondary 
drainage  also  comprises a significantly  distinct group  of  high  concentrations for  cobalt 
and nickel. In contrast, maximum manganese content is associated with quaternary 
streams. 
Water flow (zero,  slow,  moderate, fast, torrential). Molybdenum,  uranium,  tungsten, 
iron, and  manganese concentrations  cannot be subdivided  on the basis of flow velocities. 
For  the  remaining  elements  (except cobalt) there is  a tendency for  maximum values to be 
associated with slow flow rates. There is, however,  considerable  overlap  between  the 
groups. 
Drainage pattern  (poorly defined, dendritic, herringbone,  rectangular,  discontinuous, 
basinal, other).  Only copper  and  lead form  significantly  distinct groups with their lowest 
concentrations in areas with poor and  herringbone  drainages  respectively.  Lowest  con- 
centrations of zinc, manganese,  and mercury are  also found in areas of poor drainage but 
concentrations are not significantly  different between  those with dendritic or herring- 
bone  patterns. 
Bank type (undefined,  alluvial,  colluvial,  glacial till, glacial  outwash,  bare  rock,  talus, 
organic predominant).  With seven  categories  sample size is often small.  Nevertheless, 
relatively high  nickel, molybdenum. and cobalt values  are significantly associated with 
talus slopes.  Results for  uranium and iron show a similar pattern but they are not  sig 
nificantly  different to all other  groups. 

(10) Contamination (none,  possible,  probable, definite, mining,  agriculture, forestry, domes- 
tic). Of the six  categories of contamination  only  the association of  low concentrations of 
copper  and cobalt with domestic contamination is  significantly  different to concentra- 

tions in all other  categories. 
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DISCUSSION 

Despite their very  qualitative,  subjective  character it is apparent that the field observations can  be related to 
variations in the  trace  element content of sediments  associated with a single rock  unit,  in this case GRNT- 
35.  Under these  circumstances it is  of obvious  interest to: 

( 1 )  Consider if the  relationships observed  are consistent with factors known to influence 
trace  element  behaviour,  and 

(2) To establish  the  interactions  between  the field parameters with a view to  eliminating 
those that are either  redundant  or appear to have little influence on trace  element  concen- 
trations. 

Considerably  more work is required on  both topics,  however, a summary (Fig. 55) does indicate  those field 
parameters  which influence the greatest  number of elements. From this we note that sediment  colour, 
physiography,  and  bank type  significantly influence  concentrations of 8 out of the 11  elelnents whereas, 
rather  surprisingly. content  of fines only influences  zinc  concentrations.  Conversely, the  susceptibility of 
an element to influence  by  the field parameters  decreases from lead, which is significantly affected by eight 
factors, in the  order manganese  and  zinc (71, copper, nickel, and uranium (61. cobalt and  mercury (51. 
tungsten (41. and iron and molybdenum (2). 

Clearly  the composition of a particular sediment  reflects  the interaction and relative  strengths of many 
factors  which,  by reinforcing or  counteracting each other, impart a low, average, or  high  metal content. At 
present  we do not know  why many of the  factors,  especially  those  related to physiography,  produce  the 
results  observed.  However, it is encouraging to note that the  results are in accord with solne well-known 
controls on  the  behaviour of trace  elements in sediments. For  example, scavenging of metals  by  organic 
matter and hydrous oxide precipitates  probably cause the  associations  between  zinc,  lead,  uranium,  man- 
ganese,  and  organics  and mercury and of zinc,  copper,  lead,  uranium,  manganese, mercury. and iron  with 
red  sediments. 

Finally, the need for  caution in interpreting  interacting factors  should be  emphasized. FOI, example, rela 
tively low background  concentrations of copper are apparently associated with streams receiving  domestic 
contaminants. Although this  may reflect good  housekeeping it seems more likely  that it means that  town- 
sites were  developed in valleys,  alongside quaternary drainages which have low copper  contents.  Higher in 
the mountains  secondary  and tertiary drainages have relatively higher copper contents. 

CONCLUSIONS 

As far as we  are  aware, this is the first systematic attempt to evaluate  the  significance of field observations 
in relation to background  variations in metal  contents of drainage  sediments. We conclude: 

( 1 )  Despite their .!lbject  character field observations can  be related to significant variations in 
metal content  of drainage  sediments  associated with a single rock  unit. 

(2) Two-way  contingency  tables are a useful means for  rapidly  identifying those  paired  cate- 
gorical  variables for which enough  samples exist for statistical analysis.  For  prac:tical  use, 
however, a computerized  system of generating  such  tables is essential. 

(3) Subsets from large two-way  contingency  tables for regional  stream  sediment  sarnples  can 
be tested  rigorously for dependence  or  independence  using a chi-square test. An  example 



from NTS B2F  maparea indicated  preferential occurrence of certain rock types in certain 
physiographic  environments as indicated  by stream  velocity. 

(4) Duncan's multiple range test. used in conjunction with  probability plots, enables the s i g  
nificance of field observations to be systematically  related to variations in background 
metal content  of sediments.  This  provides a basis for studying  the interactions  of en- 
vironmental factors and determining  which are most  relevant to geochemical exploration 
programs. 
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Figure 52. Duncan's multiple range  test for  the influence of per centage of fines on metal content  of stream ssdi. 
mentr associated with granites (GRNT-35). map-area 82F. Common or  Overlapping circler indicate 
that group means are not significantly different  at  the 0.05 confidence level. 

155 



f= 57 68 76 ppm 
N= 282 137 30 

T= 10 
U *  284 142 36 

14 18 ppm 

T'JNXTEN c[I> 
?= 2  2 2 pprn 
i= 295 142 36 

SCEALT i) 
[= 

I =  
5 5 5  
287 143 36 

C O P P E R  0 
9 10 11 ppm. 

N= 296 143 36 

MOLYBDENUM 0 
I R O N  0 

N I C K E L  

j =  6 8.2  8.6 ppm. 
I= 142 36  296 

URANIUM 

,=  302 142 29 
= 11 14 18 ppm. 

= 291 
'= 360 428 437 pprn. 

136 35 

VARIABLES 
Absent 1. ................ 

2= .E?iQFIF.(9:33%1,,.. 
3= Medlum (34-66$) .................. 
4= . . . . . . . . . . . . . . . .  
5= ................ 
6= . . . . . . . . . . . . . . . .  
7= ................ 

Figure 53. Duncan's multiple range  test for  the influence of organic matter  content on metal content of stream 

cate that group means are not significantly different  at  the 0.05 confidence level. 
sediments e w x i d d  with granites (GRNT-35). map-area 82F. Common or overlapping  circles  indi- 
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Figure 54. Duncan’s multiple range test for the influence of sediment colour an metal  content  of stream sedi- 
ments associated with granites IGRNT-351. maparea 82F. Common or overlapping circles indicate 
that group means are not significantly different  at  the 0.05 confidence level. 
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