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INTRODUCTION 

Bulletin  68 deals with  distribution  of mineral  occurrences in British Columbia  recorded in 
an  extensive computerized  file. The  data are displayed  graphically  and treated statistically 
and analytically. The  authors then discuss, in a tentative way,  the  meaning of the data to 
them. The Bulletin includes in i t s  appendices a series of  computer-generated maps  and  an 
output of all occurrences  used as a basis for  the maps by commodities and National 
Topographic  System sheet number. 

Procedures outlined here  deal with locations of mineral  occurrences  and  represent a 
simple quantitative approach to ranking  large areas (for example, tectonic belts) as to 
general potential  for resources  of  certain  metal  commodities. Maps showing  locations of 
mineral  occurrences  represent a basic form  of  information  for developing a practical 
philosophy relating to exploration and  prospecting, for regional  resource  evaluation,  and 
for land use planning. The  British Columbia Ministry of  Mines  and  Petroleum  Resources' 
Mineral  Inventory maps  were produced partially to  fulfil l this need.  The collection  of 
such  data  seems routine  but  normally is  complicated by  the fact  that they must be 
gathered from a wide  variety of sources. 

A new  dimension is attained when such data are available in computer-processable form, 
as is now the case for more than 0000 British Columbia  mineral  occurrences in a 
computer-based file, known as MINDEP ABC FILE. This file was developed  by the 
MINDEP research  group of the  department  of  Geological Sciences, University of British 
Columbia.  The acronym MINDEP, derived from Mineral Deposits,  includes a variety  of 
computer-related mineral  deposit  studies  under  the direction of H. R. Wynne-Edwards 
and A. J. Sinclair.  Since  the initiation  of the  MINDEP  project in September  1973, i t s  
principal  direction has  been toward design, construction, and utilization  of a general  and 
flexible, computer-based filing system that  could be applied to all types of mineral 
occurrences. In addition, the design  was to incorporate data for such  diverse  purposes as 
metallogenic  studies of the Canadian  Cordillera,  evaluation  of  resource potential, and as a 
routine source of  information  for those involved in mineral exploration. Details  of the 

Wynne-Edwards  and  Sinclair (1976), Sinclair et a/. (1976). and  Montgomery et a/. 
system  are not provided  here.  The  interested  reader is  referred to articles by 

(1975). 
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Throughout i ts existance MINDEP project has  been supported  and promoted by the 
British Columbia Ministry  of Mines  and  Petroleum  Resources, both  in terms of personnel 
participation and through substantial funding. This Bulletin represents  one product 
resulting from this joint government-university  research project. A modified  ABC file i s  
now in operational use a t  the  Ministry and is updated yearly. 
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MINERAL  COMMODITY 
OCCURRENCE MAPS 

GENERAL STATEMENT 

Mineral commodity occurrence maps  show  geographic positions of known and  recorded 
'occurrences of  particular types of mineral concentrations. We confine our attention 
principally to  mineral occurrences important  for specific contained metals, although some 
mineral commodities are important  for the minerals per se rather than the contained 
metals - chrysotile asbestos is an example. These  maps  are hereinafter referred to as 
commodity maps. 

Commodity maps  are not  normally used by  geologists.  Each deposit or  occurrence on 
commodity occurrence maps is shown with equal hierarchy regardless of the relative 
economic  importance  of the deposit. In this respect mineral commodity maps differ  from 
most published metallogenic maps which are  based principally on ores or near-ores. 

Limited  information on the distribution  of mineral occurrences in the  Canadian 
Cordillera has  been presented in metallogenic  studies  such as those reported in  ClM 
Special Volume No. 8 and  by Sutherland  Brown e t  a/. (1971). In keeping with 
metallogenic  studies in general,  these works are restricted to deposits with  known 
production, and to a much lesser extent to deposits that were uneconomic a t  the time the 
papers  were written  but were  large  enough  and with  sufficient grade that  they seemed 
likely  to have  some economic  potential  for the near future. As Pelissonnier (1974) has 
pointed  out there is a strong  'economic' input to  virtually all metallogenic studies; 
Noble's  (19761  discussion of metallogeny in the  western cordillera  of  North and  South 
America is an example. All these  studies  have two  important features in common: 

(1) They considered only the relative giants of the mineral deposits in the 
areas considered (that is, a highly biased  sample),  and 

(2) the choice of what was to be omitted  from consideration was a 
subjective  decision. 
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Hand-plotted  commodity maps  have  been published by  the British  Columbia  Ministry  of 
Mines  and Petroleum Resources, but these  show all commodities together on  individual 
maps and  do not have the advantage of selective retrieval illustrated by the MINDEP 
commodity maps in this  bulletin. The great potential  for the latter maps lies in the fact 
that  they point  to areas in which geological processes of  concentration have  been 
operative forspecific commodities and,  hence,  where actual ore deposits may  also  have 
developed. Furthermore, because small mineral occurrences are important  identifiable 
geological  'oddities,' a map  showing all known occurrences of a particular  commodity 
should give us  some insight into regions with  ore-forming  potential. Viewed in  this way it 
is apparent that  commodity occurrence maps  have something to tell us regarding  resource 
potential and mineral exploration.  Furthermore, experience in the past  has  shown that 
many  large deposits were first  known as small showingsfor a lengthy period before their 
true  potential was recognized.  The Sullivan lead-zinc deposit and the Endako molyb- 
denum  deposit are well-known examples. For  this reason  alone  small  showings  and the 
distribution patterns they exhibit are of  paramount  importance in  thorough studies of 
resource potential, mineral exploration modelling, and  metallogenic  studies  on  various 
scales. 

A considerable  strength of commodity occurrence maps is that they are not  restricted by 
prevailing hypotheses that emphasize  presumed origins of mineral deposits,  or origins in 
vogue a t  a particular time. The  maps, therefore, are not biased as far as choice of data is 
concerned. 

Mineral commodity maps  have limitations, the principal one being that all deposits have 
the same rank regardless of size, grade, or  geological  character.  However,  the commodities 
themselves  have different ranks within a single deposit. This  ranking is  relative and is 
based on subjective interpretations by the innumerable  geologists who have contributed 
commodity  andlor mineralogical information  to the various  manual files used as sources 
of  information  in the construction  of  MINDEP ABC FILE. Such ranking has a general 
economic  overtone which  obviously presents ambiguities over long  periods of time, quite 
apart from sampling  problems. 

Our maps  have had to rely on the subjective  decisions of geologists recording information 
for a deposit. If chalcopyrite was the dominant mineral with minor amounts of 
molybdenum, the deposit is recorded as a copper  occurrence with molybdenum as the 
second-rank commodity. In general,  such  decisions  are straightforward and  are  based on 
reports of mineralogical examination  which  commonly are accompanied  by  supple- 
mentary assay information. In some  cases, however, assay information is essential for a 
realistic decision as to principal  commodities - gold and  silver  deposits are particularly 
good  examples  of this  problem. The principal concern then becomes  one of  commodities 
that have  been omitted  from  property descriptions. With  minor  exception these  are 
probably not the principal  commodities. Consequently, their absence will  not  particularly 
affect patterns obtained  from  high-rank Commodities. 

8 



Another  problem is the ingrained  tendency  of  geologists to speak (and  write)  of deposits 
in a particular way despite the mineralogy. For  example, in a given  area deposits with 
galena  and sphalerite might be spoken of  traditionally as lead-zinc  deposits regardless of 
whether galena or sphalerite was dominant. If recognized, this difficulty can be offset to 
some extent  by considering  dual commodity maps, for example, all occurrences in which 
lead  and  zinc are important regardless of which  might be the  higher  apparent  rank of the 
two metals. 

A fundamentally sounder  approach for appropriate metals would be to divide average 
grades by  corresponding  clarkes,  and then rank commodities relative to  their concen- 
tration ratios. Unfortunately, appropriate information is available for  only a small 
number  of  deposits, so this procedure fails in practice. In addition, published grades 
generally are not representative until extensive exploration  work has  been  done. 

In spite of these limitations, mineral commodity occurrence maps provide a useful means 
of examining geographic distribution patterns of mineral occurrences.  Our  procedure is to 
present the raw  data as maps and in tabulated form,  to provide a regional quantitative 
analysis  of the density of occurrence, and, finally, to consider some of the  geological  and 
other implications  of various  recognizable patterns. 

COMPUTER-GENERATED COMMODITY MAPS 

Commodity occurrence maps reproduced here in Appendix I are direct copies of  Calcomp 
plotter  output based  on selective retrievals from the MINDEP ABC FILE which contains 
information  for more than 8000 mineral occurrences in  British Columbia. Base map 
chosen  was the Lambert conic conformable  projection to permit easy comparison with a 
variety of geological maps published by the  Geological  Survey of Canada (for example, 
GSC Map 1250AI. Original output was a t  a scale of 1 : 5  000 000 so that maps could be 
overlaid on a published  geological  map to aid interpretation of patterns on the 
commodity occurrence maps; however, output is possible a t  a wide range of scales. 

The commodity maps  are  preceded  by two maps (Maps 1 and 2) that provide  respectively 
specific geographic  reference points and the grid used in  contouring.  Only  major 
geographic  features are included on  commodity maps in order that the maps not be 
cluttered  and patterns of occurrence distribution  not be obscured.  Geographic  references 
common to all maps include: 

(a) boundary and  coastline of the province of British Columbia, 
(b) the  corners  of  NTS sheets, 
(c) Fraser, Stikine, Skeena,  and Liard Rivers, 
Id) boundaries  of the five principal  tectonic belts of  the Cordillera of 

British Columbia. 
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After considerable  experimentation  involving scale, symbols,  combinations  of  selection 

criteria,  and  various  choices o f  geographic  reference  points, we produced the selection of 
commodity maps that is reproduced  here. 

The maps  include  single and mult iple  commodity maps that can be further  subdivided  on 

the basis of ranking of commodities within individual deposits. A list of all commodity 

maps included in this report is presented in Table 1 along with a  brief  outline of the 

criteria used to extract'the subset of data on which each map is based. 

Map No. 

4 
3 

5 
6 
7 
8 

10 
9 

11 
12 
13 
14 

16 
15 

17 
18 

20 
19 

21 
22 
23 
24 
25 
26 
27 
28 

29 

30 

TABLE 1 

LIST OF COMPUTER  PRODUCED  MAPS IN APPENDIX I 

Selection Criteria (based on commodity and rankl 

Cu as first commodity 

Cu-Zn and Zn-Cu deposits are indicated by  different symbols' 
Cu and Mo as the first  two commodities in either  order 

Cu as first commodity with Mo present as any other rank 
MO as first commodity 
Mo as  first and  second commodity are indicated separately 
MO as first commodity with Cu present as any other  rank 

Pb as first commodity distinguished from Pb as second commodity 
Pb as f i rs t  commodity 

Zn as first commodity 
Zn as first commodity distinguished from Zn as second commodity 

Ag as first commodity 
Au as first commodity in lode  deposits 
Au as first, recand. or lower rank (distinguished) in lode depmits 
Au first rank deposits Separated into those containing Ag and  those in which Ag is 

AB (asbestos) as first, second, or iowar rank 
Hg distinguished as to first. second, or lower rank 

Co all occurrences regardless of rank 
Ni distinguished as to first or second rank 

Sb distinguished as to  first or second rank 
As distinguished as to first, second, or lower  rank 
Sn distinguished as to first. second. or lower rank 
W distinguished as to first, second, or lower rank 

Cu as first commodity contoured a t  1,5, and  20  occurrences  per NTS 1 :50 000 map 
U distinguished as to first, second, or lower rank 

Pb as first commodity contoured a t  1. 5. 10,and 15accurrencerper NTS 1:50000 

MO as first commodity contoured at 1.  5, and  20  occurrences  per NTS 1 :50 000 map 

Pb-Zn or Zn-Pb  deposits  distinguished with respect to presence or absence of Ag' 

not recorded 

area 

map area 

area 

'Cu-Zn: this hyphenated form as Used in thio report imolier Cu f irst rank and Zn second rank 

In addition to dot density  maps  we have experimented  briefly with contour maps for 
some of the  commodities with a large number of occurrences. The geographic  centre of 
each NTS 1:50 000 map area was used as a contouring  grid  (Fig. 2) and the number of 
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occurrences of a particular  commodity in corresponding 1:50 000 NTS  map  areas  was 
assigned to  these points. The grid  of data thus obtained was contoured using  software 
available from the University of British  Columbia  Computing Centre. An advantage of 
these contour maps is that  they provide a simplified  outline  of trends  and allow one to 
emphasize visually and in a quantitative way,  areas with high  densities of occurrences. 
Contour maps  appear to provide no useful advantage for  commodities with less than 
several hundred occurrences. 

We have adopted a simple  and approximate  contouring procedure in which the 'window' 
or area  over which  commodities are  summed to produce a data grid  for  contouring  (NTS 
1:50 000 map  sheets),  varies in size from  north  to south in the  Province.  This arises from 
the fact  that the map  sheets are bounded  by  longitudes  and latitudes. Nevertheless, the 
total range in area is only  about 12 per  cent on either side of an  average 'window' area of 
about 175 square  miles.  Such  maps, particularly  if  contoured  in a more rigorous manner 
provide a general framework  for considering  resource potential and land use studies. 

Appendix I I, a direct copy  of computer  output, l is ts  all properties used as a base for each 
of the  accompanying commodity maps.  The Mineral Inventory map  series  available from 
the British  Columbia  Ministry  of Mines  and Petroleum Resources  shows  many 
commodities  on a single  map  and serves as a useful  cross-index for locat.ing particular 
mineral occurrences listed in  Appendix II. 

SOME OBSERVATIONS 

Study  of the mineral commodity occurrence maps quickly reveals  several important 
features of mineral deposit distribution  in the  Province.  Many of these  have  been 
commented on by  previous  authors; some  have not. The qualitative analysis that  follows 
will look a t  some of them in detail. 

(1) Mineral occurrences are not spread  evenly throughout the Province  nor throughout 
any of the principal  tectonic belts. 

(2) Local concentrations or  clusters of  known mineral occurrences are common.  Many 
individual  mining camps  stand out as high concentrations of occurrences  sur- 
rounded bv lower concentrations. 

(3) There are variable patterns of clustering for  different  commodities  throughout the 
Province, from one tectonic belt to another,  and within a single tectonic belt. 

(4) Large areas exist with  no occurrences of any of the commodities considered  here, 
for example,  Bowser  Basin,  large  areas of Tertiary volcanic  cover in the central part 
of the Province,  and the axial zone of the Coast Plutonic Complex. 
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The  Bowser  Basin is essentially  devoid of mineral  deposits  except  around i ts  margin. 
This is probably because the basin  developed prior to periods of extensive 
mineralization,  and formed  too  thick a barrier to be penetrated by  intrusions 
associated with later important stages of  plutonism and  mineralization. 

The northwesterly  trending central  core of the Coast Crystalline Belt is essentially 
devoid of metallic  commodity occurrences. Within  the Coast  Crystalline Belt 
metallic occurrences are localized  along the eastern  and  western  margins  especially 
in the  northern and  southern  parts  of the Province, but there is an obvious gap in an 
intermediate  zone north  of latitude 52 degrees north, centred roughly  on Bella 
Coola,  where  even the margins of the Coast Plutonic Complex have few associated 
metallic occurrences (for example,  copper, molybdenum, gold,  and  silver com- 
modity maps).  The absence of mineralization must be related to large  expansesof 
deep-seated  intrusive masses from which  the metals  considered  here have  been 
extracted  preferentially,  probably by partitioning  into mobile fluid phases during 
emplacement  and consolidation  of  the plutonic masses. This interpretation is 
consistent with the suggestion by  Hutchison (1970) that the  intermediate  zone has 
been more uplifted and  eroded than have the  northern and  southern zones, and 
thus represents a deeper  seated  level of plutonism. 

(5) Pronounced  regional  patterns  exist on a scale larger than  individual  mining camps, 
that is, a scale of 1000's of  km2 and commonly related to known geological 
features.  ExamDles  are: 

concentrations of deposits  along the marginal  zones of the Coast Plutonic 
Complex; 

the abundant  deposits of the  Stikine and Skeena  arches; 

the north-south linear trend of lead  and  zinc  occurrences in northern  part of 
the Eastern  Marginal Belt generated by the interplay of stratigraphic 
sequences, tectonics,  and  facies changes related to the paleocontinental  shelf 
edge; 

the  concentration of  mercury  occurrences  along the Pinchi fault; and 

nickel along  the  Insular-Coast,  Coast-Intermontane,  and Intermontane- 
Omineca 'fault' boundaries  between  major tectonic zones. 

The location  of  the  Stikine and Skeena  arches  are particularly  well shown on several 
commodity maps by clusters of deposits of copper  and molybdenum. Curiously, 
however, only the Skeena arch  shows  clear concentration of  lead,  zinc,  gold,  and 
silver,  these  being  sparsely  represented in the  Stikine arch to the north.  To a large 
extent these  arches  are  emphasized by  the  blank areas of the Bowser  Basin  and 
Dlateau basalts that frame them. 

(6) Certain  metals have distributions  particularly  worthy  of comment: 

12 



Copper  occurrences are  very numerous  and  widespread.  They are more than twice 
as abundant per unit area in the exposed  parts  of  the  Insular Belt  than  in any other 
tectonic belt. This  may reflect the large number of different  types of copper 
deposits  represented in the Insular Belt, compared with the bias toward 
porphyry-type deposits in the Intermontane Belt which has the  second-highest 
density of copper  occurrences.  The  very high number of copper  occurrences in 
these two  tectonic belts  compared with the  remainder of the  Province is in line with 
a close genetic  association  between  many classes of these deposits  and  volcanic  and 
plutonic rocks of the calc-alkaline variety - in both cases the dominant  lithologies 
of these two regions. 

Molybdenum occurrences are most  abundant within the Intermontane  Belt and the 
eastern  margin of the Coast Crystalline Belt. 

A general regional  association of tin  with tungsten is apparent  and is centred in the 
Omineca Belt. 

Arsenic as a principal  commodity is particularly characteristic of the Insular Belt, 
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QUANTITATIVE  APPROACH TO 
REGIONAL  ANALYSIS OF 

MINERAL COMMODITY 
OCCURRENCE DATA 

One of the main advantages of the maps included here is to show relatively the extent to  
which  concentration processes of economic  potential have  been operative from one 
tectonic  belt to another. On a broad  regional scale the maps  can  be examined visually and 
interpreted subjectively in light  of geological information. Such  an approach is natural to 
geologists  and is attempted elsewhere in  this  report. Here we consider some quantitative 
aspects of the information  illustrated  in Maps 3 to 30 inclusive. 

It should be noted  that occurrences range in size over  several orders  of  magnitude 
whether the standard of measurement be tons of mineralized rock, total contained'metal. 
dollar value, or other. Hence,  an occurrence  indicates little regarding  the extent or scale 
of  operation  of the concentration processes but does indicate that concentration 
processes  have  been operative on a scale that can  be recognized visually. Mineral 
occurrence  data itself is a variable that warrants thorough evaluation. The amount and 
completeness of information  on locations of mines  and  mineral  occurrences  of a wide 
range of sizes, readily accessible in the MINDEP ABC FILE for the British Columbia 
Cordillera, make this possible for the first time. 

Occurrence  data illustrated  on  commodity  distribution maps  can  be summarized in 
contingency  tables such as that of Table 2 which contains a very  large  subset, about 80 
per  cent,  of the  total records contained in MINDEP ABC FILE. The 20 per cent  of  the 
data not considered  here  includes nonmetallic commodities such as coal,  asbestos, 
gemstones, etc., and properties for  which no commodity  information was available.  The 
only metal  of noteworthy economic  significance not included in the table is iron. Table 2 
is based only on most important  commodity. Thus, a copper-molybenum-gold deposit i s  
considered only as a copper  deposit. 
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TABLE 2 
CONTINGENCY  TABLE  SHOWING  NUMBERS OF LODE  METAL  OCCURRENCES 

IN  BRITISH  COLUMBIA AS  A FUNCTION  OF  PRINCIPAL  TECTONIC  BELT" 

Molybdenum 

Silver 

Zinc 
Lead 

Cobalt 
Nickel 

Tungsten 
Uranium 

Tin 
Antimony 
Gold  (Lode1 
Mercury 
Arsenic 

copper 

TOTALS 

InSUlar coast 

14  72 
475 
39 

305 
76 

4  29 
25 
2 

23 

7 
15 

0 
4 

1 
2 
9 

0 0 
4 

1 89 
14 

1 
284 

4 
15 
1 

765  849 

Intermontane 

233 
1 657 
352 
1 60 
52 
15 
8 

26 
8 

2 

461 
7 

55 
1 

3  037 

Omineca 

65 
31 3 
570 
326 
78 
10 
4 

1 1  
27 
2 

406 
2 

1 
0 

1815 

Eastern 

0 
120 

35 
16 

20 
0 
2 
1 

0 
1 

1 1  
0 

0 
0 

206 

Total 

384 
2 870 
I 053 
554 
1 98 
42 

22 
25 

64 
4 
27 

1 351 
72 
6 

6  672 

'Selective retrieval from Mindep ABC File, August 1976. 

Real differences exist  in average  areal densities of  known  commodity occurrences from 
one tectonic  belt to another. This  generalization,  long  recognized in a qualitative way,  has 
now some numerical basis of support. We can test  this with the unlikely hypothesis  that 
all tectonic belts are characterized  by an equal density of certain precious  and non-ferrous 
metal  occurrences, or, in other words, that deposits are randomly  distributed  throughout 
the Cordillera. To do this, data in Table 2 can be analysed  by a simple chi square (Xz) 
test in which a comparison is made between  observed  values of occurrences in each 
tectonic  belt and  corresponding  expected values that are proportional to areas of land 
surfaces of each belt.* Necessary information is  summarized in Table 3, where it can  be 
seen that the calculated X' value of 340.3 greatly exceeds the critical value of 5.0 a t  the 
99.5 per  cent level. Calculated chi square  values  greater than the critical value  are highly 
unlikely and indicate significant departures of real  data from the  model with which the 
data  are  compared.  Hence, there is virtually no  possibility  that the known mineral 
Occurrences in  British Columbia represent a random sample from tectonic belts with the 
same  areal density of deposits.  Comparable tests done on  individual  commodities of Table 
2 for  which data fulfil l requirements of the chi square test  (molybdenum. copper,  silver, 
lead,  zinc,  and gold) show equally convincing disparities from one tectonic  belt to  
another. Formal results are not presented for  individual metals. 

"The chi square value is a general  measure of the extent to which observed values depart from values 
expected  according to some chosen model  (equal density of mineral occurrences in all  tectonic  belts 

chosen  level of the  statistical test (that is. the probability of a Type I error). 
in this  case). A critical  chi square value is  based on  the Sampling distribution of xz values, and  the 
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TABLE 3 

SUMMARY OF CHI SQUARE (X2) TEST OF THE HYPOTHESIS 

THAT KNOWN MINERAL OCCURRENCES REPRESENT RANDOM SAMPLES OF 
EQUIVALENT OCCURRENCE DENSITIES IN MAJOR TECTONIC BELTS 

Tectonic Insular Coast Intermontane Omineca Eastern British 
Cordilleran 

Belt Columbia 

of Cordilleran 
Porportion of area 

British Columbia . . , 0.059  0.1 64 0.431  0.187  0.1  59 1 .o 

occurrences . . . . . . . 765 
Total recorded 

849  3037  1815  206  6672 

occurrences . . . . . . . 393.7  1094.2 
Expected 

2875.6  1247.7  1060.8  6672 

x2 . . . . . . . . . . . . . .  350.2  55.0  9.1  257.9  688.9  1361 .O 

d.f. = 4; X*/,.,. = 340.3 

An important question to be considered is the cause of disparity  of occurrence-densities 
from one belt to another.  There  are, of course, a great  many  reasons for such differences 
and  we  generalize them as follows: 

( 1 )  real  geological variations from one tectonic belt to  another; 

(2) biased  sampling resulting from variations in  proportion of outcrop and 
volcanic cover  among tectonic belts; 

(31 variable intensity of exploration  (including variable  methodology in 
reporting occurrences). 

From a geological point  of view we  are interested in possible  real variations that exist in 
the distribution  of mineral occurrences.  The  existence of real variations can  be obscured 
by other effects that must  somehow be taken into consideration for best  use of 
occurrence-density  data. In a general  way  we  can  assume that intensity of exploration has 

been relatively uniform across the southern part of the Province. Similarly, we might 
argue that  exploration although much less thorough in the north than in the south, has 
also  been of more-or-less uniform intensity across the  northern  part  of  the Province. 
Thus, it would seem that the variable 'intensity of exploration' should not introduce a 
serious  bias to  commodity occurrence-densities if comparisons  are to be  made  across the 
northwesterly  tectonic  trend of  the Cordillera as we are  doing in comparing  data for 
various tectonic belts. 

The problem  of variations in amount of  rock exposure, or, conversely, the amount of 
'cover,' from one tectonic  belt to  another is more difficult  to deal with. There are two 
distinct aspects to the problem: the first concerns the amount of unconsolidated 
overburden of whatever origin (glacial, alluvial, etc.); the second is large  areas  covered by 
apparently  unmineralized rock sequences. This  latter point relates particularly to  the 
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Intermontane  Belt where two large  areas  are essentially  devoid  of known mineral 
occurrences. One is centred on the Bowser  Basin  and  the other is in the central portion  of 
the belt  which is  largely  covered  by a thin sequence of young volcanic rocks. We have 
assumed that  this  problem  of variable  amounts of such  cover will  not obscure  large  real 
variations in the  regional distribution  of  commodity occurrences due solely to variable 
amounts of cover. 

We have calculated densities per unit area for each tectonic  belt (Table 4) using as a 
standard the number of occurrences  per 1000 km2.  British Columbia is 948 597 km2 
including  part of the Interior  platform  in the Peace River area.  The  area of Cordilleran 
British  Columbia is estimated to be 844 000 km2 and relative proportions  of each 
tectonic  belt (Table 2) form  the basis of the density calculations summarized in Table 4. 
These  average occurrencedensities demonstrate in a realistic and quantitative manner the 
general high level of metal  occurrences in the Insular and  Omineca tectonic belts relative 
to the remainder of the Province, although, as implied previously, the value for the 
Intermontane Belt may be somewhat  underestimated. 

TABLE 4 

DENSITY PER UNIT   AREA FOR EACH  TECTONIC  BEL1 

Cordilleran 
Tectonic 

Belt 
Insular Coan Intermontane Omineca Eastern British 

Columbia 

Porportion of area 
of Cordilleran 
British  Columbia . . . . . . . 0.059  0.164  0.431 0.1  87  0.1  59 1 .o 
Area (km2/10001 ... ..  .. 49.8  138.4  363.8  157.8  134.2 844.0 

Average density" of 
mineral occurrences . . . . . 15.4  6.1 8.4  11.5  1.5  7.9 

'Bared onlv on totale Of Table 2. 
Units are number Of occurrence per 1000 km2. 

Data of Table 4  permit Table 2 to be reconstituted  into  individual  commodity 
occurrence-densities (Table 5). Each numerical  entry in Table 5 has  been calculated in the 
same manner as average occurrence  densities of Table 4. These commodity occurrence- 
densities are useful for comparing occurrences  of a single commodity  from one tectonic 
belt to another because they have  been corrected for size disparity  of  tectonic belts. Each 
column also indicates (as in Table 2) the absolute  and relative abundances of various 
commodities within a single tectonic  belt  that can be expected through chance  (assuming 
that the sample is representative). The  data of Table 5 are useful in other ways. Column 3 
of Table 5, for example,  shows that copper  and gold represent the most  numerous 
commodity occurrences as lode deposits in the Coast Crystalline  Belt. However, the 
figures mask the relative 'goodness'of the Coast Crystalline Belt  for nickel, molybdenum, 
mercury,  and  arsenic as compared with the other tectonic zones  and  overemphasize 
copper relative to other metals. Table 6 corrects this  problem: data from Table 5 are 
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recalculated as 'relative' commodity densities by  dividing  individual  commodity densities 
by  the relevant average commodity density for the whole of  British Columbia (column 7. 
Table 4). Column 3 of  Table 6 now reveals that the Coast  Crystalline Belt is characterized 
by higher than average occurrencedensities for nickel, molybdenum, gold,  mercury,  and 
arsenic (that is, their relative  occurrencedensities are  greater than 1.0). Of equal 
significance is the fact that the relative  occurrence-density for copper is very low  (that is, 
ignoring the possibility of  extreme  clustering of copper  occurrences  there are better 
places in the Province to  find copper  occurrences  and  hence  major  copper  deposits). 

TABLE 5 

COMMODITY  OCCURRENCE-DENSITIES FOR TECTONIC  BELTS IN 

BRITISH COLUMBIA (NUMBER OF OCCURRENCES/1000 km21 

Commodity 

Copper 
Molybdenum 

Silver 

Zinc 
Lead 

Nickel 
Cobalt 
Uranium 
Tungsten 
Tin 
Antimony 
Gold (Lode1 
Mercury 
Arsenic 

TOTALS 

Commodity 

Molybdenum 
Copper 
Silver 

Zinc 
Lead 

Nickel 
Cobalt 
Uranium 
Tungsten 
Tin 
Antimony 
Gold ILodel 

Arsenic 
Mercury 

l"S"lar 

,281 
9.538 

,783 
,080 
,502 
,040 
,141 

,020 

3.795 
,080 

,020 
,080 

.... 

".. 

15.4 

Coast 

,520 
2.204 

2 1  0 
,549 

,166 
,108 
,029 
.01 5 
,065 

2.052 
,101 

,108 
,007 

"" 

6.13 

Intermontane Omineca 

4.555 
,641  ,412 

1.984 
,968  3.612 
,440 
,143 

2.066 
,494 

,041  ,063 
,022 
,022 

,025 

,072 
,070 

,006 
,171 
,013 

,019  ,013 
1.267  2.573 
,151 ,006 
,003 

8.35 

".. 
11.50 

Eastern 
.... 
,894 

,261 
.1 19 

,149 

,015 
,008 
,008 

.... 

"" 

.082 

.... 

.... 

1.54 

". 

RELATIVE COMMODITY OCCURRENCE-DENSITIES FOR 
TABLE 6 

TECTONIC  BELTS IN BRITISH COLUMBIA 

Insular 

0.62 
2.80 
0.63 
0.12 

0.80 
2.14 

4.70 
0 
0.26 
0 
2.50 
2.37 
0.24 

11.43 

coast 

1.14 

0.44 
0.65 

0.32 
0.71 
2.16 
1 .oo 
0.58 
0.86 
0 
3.1 6 
1.28 

1 .oo 
1.27 

Intermontane 

1.41 

0.78 
1.34 

0.67 

0.82 
0.61 

0.73 
0.85 
0.95 
1.20 
0.59 
0.79 
1.78 
0.43 

Omineca 

0.91 
0.58 
2.89 
3.1 5 
2.1 1 

0.83 
1.26 

2.69 
2.25 
2.60 
0.41 

0.07 
1.61 

0 

Eastern 

0 
0.26 
0.10 
0.40 
0.64 

0.50 
0.30 

0 
0.1 1 

0 
0.05 
0 
0 

.." 

Cordilleran 
British 

Columbia 

,455 
3.401 
1.245 
,656 
,235 
,050 

.026 
,030 

,076 
,005 

1.601 
,032 

,085 
,007 

7.91 

Cordilleran 
British 

Columbia 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
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Figure 1. Bar graphs  showing relative density of mineral occurrences for the major  tectonic belts. l ~ a r  widths are proportional to surface area. 
In all cases a  relative density of 1 .O equals average for Cordilleran  British Columbia.) 



Relative  occurrence-densities are a useful  means of examining  metal distribution patterns 
across the Canadian Cordillera. These  densities  are plotted in bar  graph form  on Figure 1. 
Seven distinctive patterns are  recognizable which are generalized on Figure 2. Note that 
the distance  coordinates in bar  graphs  and  generalized patterns of  Figures 1 and 2 show 
widths of  various tectonic belts proportional to  areas of the belts.  The resulting patterns 
are comparable to  and  consistent with various patterns relating to  deposit-type and soil 
and silt geochemistry  described previously by Sutherland Brown (1974; 1976). These 
general correlations have implications concerning  resource potential that are  considered in 
a later  section., 

No(  GENERALIZED FORM 
DISTRIBUTION PATTERN METALS 

3 Mo.H9 

4 C" 

5 Ni 

6 A S  

Figure 2. Bar graphs showing the seven 
distinctive patterns of relative 
densities and corresponding 
metals. (Bar heights show rela- 
tive density of mineral occur. 
rences qualitatively.) 

Most commodities in the  Intermontane  Belt have relative occurrence-densities  near  1.0. 
the average value for Cordilleran British Columbia (zinc and  arsenic are the two  most 
notable exceptions). This  consistency  and the large  area of the  Intermontane  Belt have 
contributed substantially to  the interest the belt has had over the years for explor- 
ationists. If two large  areas  essentially  barren of mineral deposits, the Bowser  Basin  and 
the central area of young plateau  basalts,  were  removed from the density calculations, 
relative  densities would be less than 10 per  cent  greater. 

Table 6 can  be  used to  characterize tectonic belts by  the  commodities  which have  an 
above  average occurrence-density.  These  commodities,  summarized in Table  7.  represent 
one result of a quantitative  approach,to evaluating  regional  resource potential  of British 
Columbia. We  have  been able to  rank  commodities both  within and  between  major 
tectonic belts. It is of interest to  note that the Omineca Belt appears to  have a relatively 
high resource potential for the greatest  number of metals  and that the Eastern  Marginal 
Belt has the lowest overall potential. The high level of exploration activity  in the 
Intermontane  Belt over the past 15 years is reflected in the high occurrence-densities for 
copper  and molybdenum (principally of  the  porphyry  type). The principal conclusion to  
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be drawn from  this analysis is  that  concentration processes of the type  that form 
economic mineral deposits are most in evidence in the  Insular.  Omineca.  and 
Intermontane Belts. Furthermore, the  Omineca Belt contains the greatest diversity of 
characteristic metal  occurrences. These conclusions are not  different  in  their generalities 
from those  reached  by  geologists  using  more  subjective  analysis.  The principal advantage 
of the approach  taken here is to provide some quantification  from a different and  more 
generally  available  source of data than  that used by  others. 

TABLE 7 

MINERAL  COMMODITIES  CHARACTERISTIC* OF  MAJOR TECTONIC  BELTS 

Characteristic  Commodities 
Bared on Total Number 

Tectonic  Belt 

< 100 11 - 100 > 10 

Insular ....................... Cu, Au Zn As, Co 
Coast ........................ Au Ni. Hg. Mo A S  

Intermontane . . . . . . . . . . . . . . . . . .  Mo, Cu Hg S" 

Ornineca ...................... Pb,  Ag, Zn, Au u. w Sn 

Eastern ....................... ". .... "" 

' A  characteristic commodity is taken  arbitrarily as one Wifh a relative  occurrence-density greater 
than 1.0. the average for Cordilleran  British  Columbia. 

This  regional  analysis of  commodity occurrence-densities has  been  done virtually 
independently of detailed geological  parameters.  The only  important geological input to 
the approach  thus  far is the basis for  division  of Cordilleran British  Columbia into 
tectonic belts (see Sutherland  Brown et al., 1971) and  the  basic  premise that 
occurrence-densities for metal commodities have a direct  empirical  relationship to  the 
relative importance of concentration processes that can  lead to  the formation of 
economic mineral deposits.  The  procedures  represent a simple quantitative approach to 
ranking large  areas (tectonic belts) in terms of general potential for the occurrence of 
certain metal resources. Ranking is on a unit area  basis, in  this case a unit of 1000 square 
kilometres. It should be apparent that the figures have only relative value  because the 
number of occurrences a t  any  given time is  a function  of several  variables including 
exploration  intensity and is always less than the total number by an unknown amount. 
Certain types of deposits are not well represented,  or a t  least, not  well recognized  among 
the total occurrences  considered. For example, exploration  for leadlzinc deposits in 
carbonates  and shales, and  volcanogenic  sulphide  deposits, has not been as thorough as 
has exploration  for  molybdenum  and/or copper porphyry-type deposits,  and this must be 
recognized in evaluating the data. 
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SUMMARY 

Densities of metal commodity occurrences  per unit area vary from one tectonic  belt 
to another in a statistically significant  way. 

Relative  occurrence-densities for  different metal  commodities differ  widely within 
the same tectonic belt. 

Relative  occurrence-densities for a given  metal  vary widely between tectonic belts. 

Each tectonic  belt is characterized by  commodities whose  areal occurrence-densities 
are greater than the average for the entire  cordilleran region  of British  Columbia 
(that is, relative occurrence-densities are greater  than 1.01. 

These 'characteristic'  metal commodities are those that  would appear to present 
greatest  resource potential in their respective tectonic belts. 

The  greatest diversity of high  relative  occurrence-densities (that is, the greatest 
number of characteristic  metal  Commodities) is in the Omineca Belt. 

The  conclusions  reached  here are generalizations only and  must not be interpreted 
too rigorously. For example, the Eastern  Marginal Belt  which ranks low in all 
relatlve  occurrence-densities  cannot be ignored completely with regard to mineral 
potential as it has very  obvious potential  for lead and  zinc in shales and  carbonates. 
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DISCUSSION 

MINERAL RESOURCE POTENTIAL 

We  envisage that a thorough understanding of mineral commodity maps will provide a 
useful adjunct to  evaluation of mineral resource potential. The  maps  have the advantage 
of being  easily  comprehensible  and might  well form one  basis for educating the  public 
regarding mineral potential in the Province. 

Mineral commodity maps provide a clear  and  simple  means of outlining areas that have 
high densities of  known mineral occurrences. In general,  these  same  areas  also  have 
relatively high mineral potential compared with areas of no  occurrence  and a qualitative 
evaluation of relative potential can be  made visually by  examining dot density maps. 
Alternatively, one  can simply  outline areas of known occurrences  subjectively,  regardless 
of variable  densities, thus distinguishing areas with occurrences from those without. 

A  more quantitative approach  can be achieved by contouring  dot densities  averaged  over 
some acceptable unit  of area.  We  have attempted this  for several commodities  (Maps 28 
to  30) principally as a means of  simplifying maps with a large number of occurrences. I t  i s  
apparent  though, that such  maps  also  represent  one  approach to  defining areas in which 
metal  concentrating processes  have  acted with  differing intensities;  thus,  such contours 

of the great disparity in intensity  of  exploration from  north  to south  one  cannot  make 
might be  used to  provide a local crude indication of relative resource potential. Because 

such  comparisons  over  great  distances. For example, a specific contour in the north 
cannot be equated with the numerically equivalent contour in the south. 

In a single tectonic  belt it seems  reasonable to  expect that some  areas of cover would 
contribute a comparable density of mineral occurrences  beneath the cover as do areas of 
more  exposure.  Such might be true for the central  part of the Intermontane  Belt where it 
is covered by  Tertiary plateau volcanic rocks.  A  similar type  of argument  can  be applied 
to expected  densities of mineral occurrences in the northern, relatively unexplored part 
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of  the  cordillera as compared with the southern,  more intensely explored part. Thus, 
large, relatively well-known areas can  be  used as models  against which to  measure mineral 
occurrence potential of more poorly  known areas in a quantitative manner. The 
procedure is based on  all available  occurrence  data rather than  the more  extreme type  of 
sample  represented by an arbitrary  group of 'principal' and/or  economic  deposits. The 
correspondence of occurrence-densities  and mineral production shown in a later  section 
allows us to  extend this conclusion to  the  effect that expected  occurrence-densities in 
areas of cover or sparse exploration provide a relative indication of resource potential. 
Such  measures  can  be estimated individually  for  all appropriate  commodities. 

The  foregoing  argument seems to apply  reasonably on a regional scale, that is, if very 
large  areas  such as major tectonic belts in  British Columbia are considered.  The  approach 
probably breaks down  for small areas where the  non-uniformity  of deposit distribution 
becomes  extreme. This general  approach to resource evaluation has potential in other 
regions for which adequate mineral occurrence  data are available. 

TOWARDS A  METALLOGENY 

In the introduction the evident limitations  of mineral commodity maps  were outlined. 
They can  be  restated as: 

(1) Deposits of one commodity  (or a few)  of  all geological origins are 
combined on a single  map  and  are not distinguished. 

(21 Deposits of different ages  are not distinguished. 

(3) Sizes of deposits are not shown,  even qualitatively. 

The  results of the preceding  analysis  should be considered relative to  detailed geology of 
deposits,  metallogenic history, and  regional  geochemical  studies to  evaluate the 
importance of these limitations. 

Several  styles of compilations have  been published to  establish the order of  importance 
by  tectonic  belt of metals in recognized economic  or nearly economic mineral deposits 
(Sutherland Brown et a/.,  1971;  Sutherland  Brown, 1976). These  have  been compared to  
the levels of background  abundance of metals in the various belts (Sutherland Brown, 
19741.  Reproduced from these  papers  are: a list of reserves  and production  by  tectonic 
belt for the whole of the Canadian Cordillera as of December 1973 (Table 8); a matrix  of 
production, also for the whole  Canadian Cordillera, as of  1973 (Table 9); graphs of silt 
and soil background  data (Fig. 3). The original  publications  outlined the quality and 
limitations  of the data on geochemistry. In addition t o  the geochemical  data for the 
major base metals that are shown, it can be reasoned that there is  a generally  eastward 
decreasing steplike gradient in  iron background  and early indications from the recently 
initiated  Uranium Reconnaissance  Program indicate an  eastward  increasing gradient in 
uranium background. 
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BACKGROUND IN SILTS 
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Figure  3a. Bar graph of the average level Of metal background in silts 
by tectonic  belt. 

BACKGROUND  IN SOILS 

Frg, 3b 

Figure 3b. Bar graph of the average level of metal background in soils 
by tectonic belt. 
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TABLE 8 

PRODUCTION  AND  RESERVES OF CANADIAN  CORDILLERA 

BY  TECTONIC  BELT, 1973 

Insular Coan  Intermontane Omineca Eanern 

R. 2  147.5  1  727.0 18 793.5 
16.5 

1 538.5 216.0 
T .  2433.0  2749.5 20  032.5  1  889.5  232.5 

copper P. 285.5 1  022.5  1  239.0  351 .O 

Molybdenum P. 0.6 
R. 48.0 ? 1  188.0 

98.4 3.1 ...~ 
18.9 

T. 48.6 ? 1  286.4  22.0 .... 

.... 
...~ 

Zinc P. 
R. 180.7 

166.6  208.9 
53.4 

18.8 
? 

10 359.6 
5  91 3.7 107.5 

89.4 

T. 327.3  262.3  18.8 16273.3 196.9 

Lead P. 19.5  60.4  15.5  8  878.5  56.7 

T. 
R. 24.4 23.5 

43.9  83.9  15.5  17 458.0  160.2 
? 8  579.5  103.5 

Silver P. 
R. 10.9 

5.0 76.7  9.6  500.3  1 .o 
18.2 

T. 
250.0  250.8 

15.9 
20.0 

94.9 259.6 751.1  21 .o 

Copper. molybdenum. lead. and zinc - X ?03 Short Tons of metal;  silver - X 106 o~nces .  

P. Past PrOdUCfion; R .  = Current reserves Of all categories: T. = total .  

TABLE 9 

1973 PRODUCTION  BY  TECTONIC  BELT 

Total 

2  914.5 
24  422.5 
27  337.0 

1 254.9 
102.1 

1  357.0 

17 078.6 

9 030.6 

17761.5 
8  730.9 

592.6 
549.9 

1 142.5 
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The  data from these  tables  and  graphs  are manipulated in Table 10 to compare rankings 
by tectonic  belt  of 'characteristic metal' from  commodity maps, 1973  production, 
production and reserves in December  1973,  and the geochemical  background.  The latter 
is  averaged for silts and  soils  and only above-average backgrounds are  shown. 
Unfortunately,  in Table IO, column 4 shows only non-ferrous base  metals, and column 3 
only these  metals  plus  silver. Iron is not shown  except in  column 2. 

The high degree of congruency of the ranking  by all these methods is  readily 
evident. This  correlation indicates a fundamental relationship between the 
levels of geochemical  background, number and distribution of showings, and 
the amount and distribution of ore. 

The  comparison  of  Table 10 also indicates a number of features  deserving of comment: 

The importance of copper throughout the Cordillera. It occurs  most widely and 
ranks highly  in most tectonic belts, including the  Eastern  Marginal Belt. 

Zinc  follows copper in  both  broad  distribution and  high ranking among the major 
metals  produced. The importance and breadth  of distribution of molybdenum and 
lead  are  equal although  their distribution  within  different  tectonic belts differs 
markedly. 

The  Eastern  Marginal Belt i s  the least mineralized belt with the fewest  mineral 
showings, least reserves,  and least diversity, well behind the Coast Crystalline Bel t  
which is second poorest. In the Eastern  Marginal Belt there is a dearth of  plutons to 
augment the concentration process,  whereas, in the Coast Crystalline perhaps too 
many plutons and resultant high  temperatures have  dispersed potential mineral 
deposits. 

The  most important feature, the congruency of the rankings deserves  some extended 
comment. Apparently high  soil  and silt geochemical  background levels correlate with 
numerous showings and also with numerous mines. The converse is  also true. The  most 
reasonable explanation  for the first-mentioned  correlation is that high background is an 
essential component to  significant mineralization, whereas, the theory  that dispersal of 
metals from major concentrations creates high  regional  backgrounds seems improbable. 
This is  especially true when it is realized that the very  great bulk of metal in the  upper 
crust is present in the background.  Sutherland Brown  (1974)  for the Intermontane Belt, 
calculated that  if copper in all the known and  speculative  mineral  deposits of copper  were 
evenly distributed it would  only augment the background by 0.3 ppm in contrast to an 
average background of 40 ppm. If high background values  are  associated with numerous 
showings  and  abundant  mines  one  can go further and  suggest that metal  tends to be 
concentrated from neighbouring space, probably largely  by waterhock  interaction. 
Neighbouring space  can, of course,  represent a considerable  thickness of crust. 
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0 TABLE  IO. COMPARISON OF RANKINGS OF METALS 

TECTONIC 

INSULAR 

I 
I INTERMONTANE 

OMINECA 

EASTERN  MARGINAL 

COMMODITY  FROM 
CHARACTERISTIC 

B.C. (TABLE 6 )  

Cu,Au;Zn;/A~,Co.Sbl 

AU;Ni.Hg,Mo,Sb:lAsl 

%,Mo;Hg;lsd 

Ag,Pb,Au;Zn.W.U.Ni;/snl 

""" 

CU 3 100 properties 

Au > 10properties 

[CoJ < 10 properties 

1973  PRODUCTION 
B.C. AND YUKON 

CU;F~; /Z~ .A~J: IN~ .~~ I  

Cu;lNi,Asl 

Cu;Mo;iAuJ;lAsl 

Zn,Pb;Ag;lcu.wl 

IC") 

cu >$l.OX 108 

Mo > $3.0 x 1 O7 

IAul  > $ ] . O X  10' 

IN!] > 53.0 x lo6 

RESERVES, DEC. 1973 
PRODUCTION  AND 

B.C. AND  YUKON 

CU;Zn;/Mo,PbJ 

Pb.Zn.Cu;/Agl 

Mo > 10' tons 

/ A d  > lo7 tons 

GEOCHEMISTRY 
REGIONAL 

B.C. 

Cu,Zn;Ma;lPbl 

Mo;Zn,Cu;IPbl 

Pb;lcu.Mo,znl 

Pb 

Cu high 

Mo moderately high 

Ipbl moderate 



The connection between density of mineral occurrences, the distribution of ore,  and the 
geochemical background leads to a search for causal relations. There appears to be  an 
imperfect relationship between mean crustal abundance of an element and the 
distribution pattern of mineral occurrences of the same element. This relationship is 
shown to some  degree by comparing the abundances in Table 11 but is  best  revealed by 
comparing the ratios of concentration necessary to produce ore deposits.  The table lists 
the metals in order of increasing concentration ratios required for economic recovery. 
From  this it can  be  seen that there is a general correlation between the resulting ranking 
and that  of metals of Table  10. In general the metals with lowest ratios are characteristic 
of the Insular Belt whereas  those with higher ratios occur in the more easterly belts 
including the Omineca Belt. The  Eastern Marginal Belt can  be ignored. 

TABLE 11 

CRUSTAL  ABUNDANCE  AND  RATIO OF CONCENTRATION OF METALS 

Crustal  Approximate 
Abundance' 

in ppm 

Ratio of 
Ore Grade Concentration 

in ppm 

500 000 
18 000 

h" 50 000 
Cobalt 25 

10 

Copper 55 5 000 90 
72 

Nickel 
Uranium 

75 7 500 
2.7 500 

95 

Molybdenum  1.5 1 500 
185 

1 000 

Tungsten 1.5 
Zinc 

2 000 1 333 
100 000 1 425 

Silver 0.07  200 2 850 

Gold (Lode1 
Lead 12.5 

0.005 16 3 200 

Mercury 0.08 
60 000 4 800 

2 500 30 000 

70 

'Taylor ,  1964. 1966 

These empirical relations lead to speculation regarding cause. Sutherland Brown  (1974) 
has  suggested that Taylor (1964a) provides a means of understanding the distribution and 
relating it to crustal processes. Taylor's diagram of ionic radius against ionic charge for 
lithophile and some siderophile elements shows  an orderly arrangement of depletion and 
enrichment in the crust of these elements in relation to terrestrial abundance,  governed 
principally by ionic size but also by valency. He concluded there was a strong upward 
fractionation of elements  unable to enter into  8-fold coordination with oxygen in closely 
packed structures. The  elements Mn.  Fe,  Cu, Ni, Mg, and Cr  are retained in major 
minerals in the mantle and consequently are depleted in the crust.  Elements of  too large 
ionic size or of unsuitable valency for  &fold coordination with oxygen are strongly 
concentrated in the crust, approximately in  proportion  to their differences in size and 
valencv. 
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I \ 3.8% \ 
4 I I I I 
1 2 3 4 5 

IONIC CHARGE 
Figure 4, Taylor’s  diagram,  modified for metals, indicating the relation between depletion 

or percentage concentration in the crust and ionic radius and charge. 

Sutherland Brown  (1974)  plotted the common ore  metals on Taylor‘s diagram (Fig. 4). 
although most are largely chalcophile or siderophile and not commonly  ionically bonded. 
This does not appear to  be critical, for the  pattern resulting is compatible with  that  found 
by  Taylor. However,  more important to  this discussion, the  pattern is virtually the same 
as that  of metal  abundance  and distribution  of mineral deposits in the Canadian 
Cordillera. Elements  showing depletion  or only slight  enrichment in relation to  earth 
abundances  are dominant i n  the Insular Belt.  This belt may  be  considered t o  be composed 
of a large proportion of the most ‘primitive’ crustal  materials i n  the sense that it is  

the highest enrichment in the crust are those characteristic of the deposits of  the Omineca 
composed of rocks closest in composition to  mantle  rocks. In contrast, elements showing 

Belt, the  tectonic  belt most highly evolved  by  crustal processes. The belts between the 
Insular and Omineca  occupy  sequential positions in relation to  metal  characteristics  and 
space. It should be noted that the order listed on the ordinate for atomic radii of the 
metals is substantially similar to  both the order in Table 11  for  ratio concentrations  and 
the composite of rankings in Table 10. 

Various interpretations are  possible to  explain  this systematic  arrangement, but an 
obvious  one is that it results in part from the accretion of Cordilleran crust to  a more 
easterly continental margin. Material is cycled from the mantle to  the western  periphery 
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and  successively reworked and  concentrated as it is incorporated. Areas of pre-existing or 
older continental crust show a concentration of large  ions, dilution  of medium-sized  ions, 
and  more  selectively  enriched  domains related to  specific lithologies. 

A MODEL OF ACCRETION AND METALLOGENY 

Models for the accretionary evolution of the Canadian Cordillera are still developing - 
there is no consensus on details but a fair agreement  exists on the general pattern of 
accretion. To help visualize the processes  involved, a series of simplified diagrams are 

a) 1600 my 
Stratiform  DeDoritr 

volcanogenic  and  Syngenetic 

SEA LEVEL 

I Volcanogenic 

I INSULAR  COAST  MONTANE  OMINECA  EASTERN INTER- 

SEA LEVEL 
Epigenetic - - . . . .  , ,"," ... 

\ I  

d) 60my 

Figure 5. Accretionary  evolution of the Canadian Cordillera showing the Sites of mineral 
del)OSits. 

33 



shown on Figure 5 based on Berry and Forsyth  (1975),  Dickinson  (1976). Monger, 
Souther,  and  Gabrielse (1972). Wheeler  and  Gabrielse (1972). and Wolfhart and  Ney 
(1976). These  references should be consulted for a more thorough  treatment of the 
tectonic  history. Our  interest is to illustrate, in a general  way, the  distribution in  time and 
space of the varying modes of  formation  of  mineral deposits. 

During ,.the Late  Proterozoic, a:period of Atlant.ie-type continental margins, some 
stratiform deposits (for example,  Sullivan  deposit)  were formed in what would become 
the Rocky  Mountain and  Omineca  Belts (Fig. 5a).  The  Kootenay  disturbance (circa 800 
my .  ago), which was probably accompanied by  minor subduction,  resulted in  formation 
of  both volcanogenic  and  epigenetic  deposits in the  general area of the Omineca Belt  (Fig. 
5b).  During Late  Paleozoic, but  particularly Triassic  and Early Jurassic  times, a 
continental margin with some similarities to the Japan-type  existed in a broad area to the 
west of Omineca Belt. In  this period epigenetic  and  volcanic  deposits formed in the arc 
and  backarc  environments  and to a lesser extent in the  offshore volcanic  setting that 
became the Insular Belt  (Fig. 54 .  As this  latter  belt impinged on  the extended 
continental margin, the site of subduction transferred to the west  and culminated  during 
the Early  Tertiary in a major thermal event  centred on the eastern side of the present 
Coast Crystalline Belt and  coupled with the creation of the major  Cordilleran  backarc 
foldlthrust belt (mostly Eastern  Marginal Belt)  (Fig. 5d). During  the  latter  period 
epigenetic  deposits  were formed across the breadth of the four western belts. 

The  results of this are portrayed  on Figure 6, a section from Barkley  Sound through 
Kamloops to beyond  Mount Freshfield on the  Alberta  border. This  section shows the 
continental margin still subject t o  modest subduction  (Hyndman and  Riddihough, 1977) 
and the Cordillera cut  by major through-going  faults that separate  and  also  segment the 
tectonic belts  (Gabrielse,  Campbell,  Monger,  Richards,  and  Tipper, 1977). These faults 
were loci  of large lateral  offsets but do not appear to dislocate  mineral zones extensively 
relative to the scale  we  are dealing with here.  The Mohorovicic  discontinuity is 
interpreted from Berry  and Forsyth  (1975) and the  sillimanite isograd from Wheeler  and 
Grabrielse (1972). Portrayal of the Coast Plutonic  Belt  follows  interpretations of 
Hamilton and  Myers (1967). 

On this section (Fig. 6) is  shown a zone of major Late Paleozoic,  Mesozoic.  and  Cenozoic 
epigenetic  deposits, a zone of major  Proterozoic  and  Early  Paleozoic  syngenetic  and 
epigenetic  deposits,  and a zone of possible  Archean  and  Early  Proterozoic  epigenetic 
deposits.  Metal  occurrence-density  patterns for the major  metals are shown  above the 
cross-section.  The  mineralized  zones are  based on mineral commodity maps  and the 
accretionary  model  described  previously.  Rocks above the  sillimanite isograd  are largely 
eroded in the Coast Crystalline Belt so that lower grade metamorphic rocks are present 
only  in pendants  and  screens. In the Omineca  Belt, in contrast, the  sillimanite isograd is 
uplifted  but is largely  below the present  surface.  The  zone of major  Mesozoic  and 
Cenozoic  epigenetic  deposits in the Insular  and Intermontane Belts is thick so that 
accidental  foldings or uplift invariably still include relatively low metamorphic grade 
volcanic  and  sedimentary  rocks punctured  by plutons. Both Insular  and Intermontane 
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Figure 6. Hypothetical section through the  southern  Canadian Cordillera showing the distribution of mineral zones relative to geology. tectonic belts. 
and metal  occurrence density pattern. 



Belts are capped locally  by  surficial rocks that are unmineralized or scarcely so, although 
these  may form traps for concentrations of secondary uranium from circulating 
groundwater.  The  Omineca  Belt, in addition to participating in the  MesozoicICenozoic 
epigenetic  metallogenesis,  also  contains  major Proterozoic and  Early  Paleozoic  syngenetic 
mineral deposits- in some cases remobilized due to intense  metamorphism  and 
mechanical deformation. In addition,  the Kootenay  disturbance introduced some 
volcanogenic  and  epigenetic  deposits.  Therefore, the Omineca  Belt has participated in the 
maximum  duration  of  tectonism with consequent  increased  chances for a diverse 
development of mineral  deposits, particularly of the elements requiring  multiple processes 
to create ratios of concentrations sufficient  for ore  deposits.  The fold and thrust  belt  of 
the Rocky Mountains  includes some Proterozoic rocks with possible stratiform deposits 
and  overlies a zone a t  depth that may contain older  Precambrian  deposits but as most 
possibilities  occur a t  depth, the  belt is impoverished in outcropping deposits. 
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APPENDIX 

COMPUTER-GENERATED  MAPS: 

1 - GEOGRAPHIC  REFERENCE GRID FOR MINERAL COM- 
MODITY OCCURRENCE  MAPS 

2 - GRID USED IN CONTOURING FOR MAPS  28, 29, AND 
30 

3 to 27 - MINERAL  COMMODITY REFERENCE  MAPS 

28 to 30 - CONTOURED MINERAL  COMMODITY OCCURRENCE 
MAPS FOR COPPER, LEAD, AND  MOLYBDENUM 
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Map 1. Geographic reference grid for mineral commodity occurrence maps. 
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Map 3. Mineral commodity  map - copper as first commodity. 
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Map 4. Mineral commodity map - eopperlmolybdenum as any commodity. 
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Map 5. Mineral commodity  map - copper as first and as second commodity  with zinc Second and  first. 
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Map 6. Mineral commodity map - c o p ~ e r  as first commodity,  molybdenum occurring 
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Map 7. Mineral commodity  map - molybdenum as first commodity 



Map 8. Mineral commodity map - molybdenum as first and as second commodity 



Map 9. Mineral  commodity map - molybdenum as first  commodity, copper occurring. 
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Map I O .  Mineral commodity map - lead as first  commodity 
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Map 11 Mineral commodity  map - lead as first and as Second commodity. 
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Map 12. Mineral commodity map - zinc as first commodity 
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Map 13. Mineral commodity map - zinc as first and as second commodity. 
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Map 14. Mineral  commodity  map - leadlrinc as first two commodities. silver  present and  not present. 
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Map 15. Mineral COmmodity map - silver as first commodity 
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Map 16. Mineral commodity map - lode gold as first commodity 
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Map 17. Mineral commodity map - lode  gold as first, second, third, or lesser commodity. 



Map 18. Mineral commodity map -gold as first commodity, silver  present and not present. 
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Map 19. Mineral  commodity map - mercury as first, second, third, or lesser commodity 
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Map 20. Mineral  commodity mall - asbestosasfirst. third, or lesser commodity 
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Map 21, Mineral commodity map - nickel as first and as second commodity. 
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Map 22. Mineral commodity map -cobalt, all occurrences. 
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Map 23. Mineral commodity map - antimony a$  first and as second commodity. 
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Map 24. Mineral commodity  map  -arsenic 8s first, second, third. or lesser commodity. 
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Map 25. Mineral commodity  map - tin as first, second, chird, or lesser commodity. 
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Map 26. Mineral commodity map - tungsten as first  and as second commodity. 
" 
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Map 27. Mineral commodity map - uranium as first, second. third. or lesser commodity 
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Map 28. Contoured commodity map -copper as first  commodity, contoured for 1,5.  and 20 occurrences. 
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Map 29. Contoured  commodity map - lead as first  commodity, contoured for 1,5, 10. and 15 occurrence$ 
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Map 30. Contoured  commodity map - molybdenum as first commodity,  contoured for 1, 5, and 20 occurrences. 



APPENDIX 

COMPUTER OUTPUT LISTS OF ALL OCCURRENCES 

USED  AS A BASIS OF THE MAPS 

LISTED BY COMMODITY(1ES) AND NTS SHEET 
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