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INTRODUCTION

Moun tain pine beetles are a nat u ral dis tur bance agent
within the for ests of west ern North Amer ica, where they are 
known to range from Brit ish Co lum bia to north ern Mex ico
(Amman and Lo gan, 1998). They were first de scribed in
South Da kota as the “pine de stroy ing bee tle of the Black
Hills”, and mea sures were taken to con trol their spread as
early as 1902 (Hopkins, 1905). Out breaks of mountain pine 
beetle are a nat u ral phe nom e non. Re corded in fes ta tions in
Brit ish Co lum bia date back to 1913 (Unger, 1993), and tree
scar ev i dence for in fes ta tions dates back hun dreds of years
(Taylor and Erickson, 2003). 

It is hu man in ter fer ence with the nor mal suc ces sion of
for est fires, a prin ci pal reg u la tor of for est eco sys tem health
and cre ator of bar ri ers to dis ease trans mis sion (e.g. Hirsch
et al., 2001), that has ren dered the pine for ests of In te rior
Brit ish Co lum bia sus cep ti ble to an out break of mountain
pine beetle of his tor i cally unprecedented scale. 

In an area ex tend ing north from Kamloops to Smithers
and east from the Coast Moun tains to the Rocky Moun tain
Trench, pine is the most wide spread com mer cial tree spe -
cies, and pine bee tle in fes ta tion was es sen tially con tin u ous
in 2004 (BC Min is try of For ests and Range, 2005a; Fig -
ure 1). We re fer to this area as the Bee tle In fested Zone
(BIZ). The BC Min is try of For ests (MoF) pre dicts that only
about 10% of the al ready di min ished 2006 vol ume of pine
will be left stand ing by 2016 (Eng et al., 2006). Ac cel er ated 
tim ber har vests have brought tem po rary eco nomic pros per -
ity to many for estry-de pend ent com mu ni ties within the
BIZ, but har vest lev els will likely be gin to de cline by 2015
(BC Min is try of For ests and Range, 2005a). An tic i pat ing
an eco nomic down turn in the for estry sec tor within the
BIZ, the pro vin cial gov ern ment is sup port ing eco nomic di -
ver si fi ca tion through out the re gion. Work pre sented here
and by other re ports in this vol ume, is part of that pro vin cial 
ef fort (e.g. An drews and Rus sell, 2007; Lo gan et al., 2007;
Mihalynuk et al., 2007; Schiarizza and Macaulay, 2007).

Ac cel er ated tim ber har vest, at ten dant over bur den dis -
tur bance, nee dle loss and for est fires should yield un prec e -
dented op por tu ni ties to dis cover never-be fore-seen bed -
rock out crops within the BIZ. Cospatial with the BIZ is a

geo log i cal prov ince that has his tor i cally been avoided by
min eral explorationists, mainly be cause of lack of out crop
and ex ten sive ve neers of Ce no zoic vol ca nic de pos its with
no known eco nomic min er al iza tion. How ever, sparse ex -
po sures of base ment rocks through out the BIZ show that
the pre-Ce no zoic geo logical and met al lo gen ic fab ric of the
prov ince con tinue in the subsurface, and so too should the
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Fig ure 1. Lo ca tion of the area of mountain pine beetle in fes ta tion,
based on the BC Min is try of For ests and Range (2005) For est
Health Sur vey for 2004. The area of con tig u ous in fes ta tion, shown
by the dashed out line, is herein re ferred to as the Bee tle In fested
Zone (BIZ). 
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rich min eral en dow ment both south and north of the BIZ
(Fig 1). A prin ci pal ob jec tive of the BIZ Pro ject is to dem -
on strate that ap pli ca tion of con ven tional and noncon -
ventional ex plo ra tion tech niques can be suc cess fully ap -
plied to large tracts of the BIZ. Field-based re sults of the
first sea son of the BIZ pro ject are avail able as GeoFile
2007-5. 

This re port is con cerned with es ti mat ing the value of
past (Fig 2) min eral ex plo ra tion ex pen di tures, and mea sur -
ing dis par i ties in min eral pro duc tion or in ven to ries
between geo log i cal belts out side the BIZ and those within
the BIZ. Such dis par i ties are herein at trib uted pri mar ily to a 
rel a tive lack of ex plo ra tion within the BIZ.

ESTIMATES OF MINERAL ENDOWMENT

West of the an ces tral North Amer i can con ti nen tal mar -
gin, north-north west-trending belts of an cient vol ca nic arcs 
form the prin ci pal geo log i cal fab ric of Brit ish Co lum bia.
Each belt is char ac ter ized by sur pris ingly con sis tent rock
suc ces sions through out the length of the prov ince. Thus,
the av er age min eral wealth dem on strated within the best
ex posed and most exhaustively ex plored parts of these belts 
can rea son ably be ex pected within the least well ex posed/
ex plored parts. In this man ner, min eral re source pro duc -
tion, in ven tory, ex plo ra tion and proba bil is tic es ti mates

made for well-ex posed parts of the belts out side the BIZ
can be com pared to those within the BIZ, and def i cits can
be largely at trib uted to lack of ex plo ra tion, mainly as a re -
sult of ex ten sive cover by young vol ca nic rocks or gla cial
de pos its. A sum mary of min eral en dow ment mea sure ment
cri te ria, and min eral ex plo ra tion, in ven tory and pro duc tion
def i cit es ti mates for the BIZ, is pre sented in Ta ble 1.

Mineral Potential Project Data

Ap prox i mately 30 per son-years of work be tween 1992 
and 1997 were in vested in the BC Geo log i cal Sur vey's
Min eral Po ten tial Pro ject to help di rect the es tab lish ment of 
park bound aries. This com pre hen sive as sess ment es tab -
lished Brit ish Co lum bia as the first prov ince in Can ada with 
a com plete as sess ment of its min eral po ten tial (Kilby,
2004). A de cade later, these data con tinue to be use ful in di -
rect ing pub lic pol icy, and they are used here as one method
of es ti mat ing the un dis cov ered min eral wealth of the BIZ. 

One of the first steps of the min eral po ten tial eval u a -
tion was to di vide the prov ince into man age able land tracts
of rel a tively uni form size de fined prin ci pally on the ba sis of 
bed rock ge ol ogy. Of the 794 min eral po ten tial tracts thus
de fined, 150 fall en tirely or largely within the BIZ (Fig 3).
These tracts, taken to be rep re sen ta tive of the BIZ, cover
158 000 km2 — a good ap prox i ma tion of the 155 000 km2

en closed by the BIZ out line as de ter mined from the BC For -
est Health Sur vey (BC Min is try of For ests and Range,
2005a). 
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Fig ure 2. Con tour plot show ing the dis tri bu tion of min eral ex plo ra -
tion ex pen di tures in Brit ish Co lum bia based on in for ma tion cap -
tured within the As sess ment Re port In dex ing Sys tem (ARIS) from
its in cep tion in 1947. The BIZ out line is shown for ref er ence.
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Fig ure 3. Min eral po ten tial tracts and their rel a tive rank ing, based
on the Min eral Re source As sess ment (Level 1) re sults (cf. Kilby,
2004). Park lands and the BIZ are shown for ref er ence. Much of the
BIZ is un der lain by tracts that have in ter me di ate to high rank ings.
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Pro duc tion and min eral in ven tory data used as part of
the Min eral Po ten tial Pro ject were based on a 1986 com pi -
la tion. Now 20 years out of date, the data re main use ful
from a com par a tive stand point, even if the ab so lute num -
bers are no lon ger valid. Com mod ity prices used in the
mineral potential eval u a tion were an av er age for the period
1981–1990 (e.g., Au $596/oz, Cu $1.13/lb, Mo $6/lb) and
are com pa ra ble with com mod ity prices av er aged over the
past de cade, al though lower than prices for most of 2006.

Es ti mat ing un dis cov ered min eral re sources is a dif fi -
cult and con ten tious ex er cise. Part of the Min eral Po ten tial
Pro ject in volved com puter sim u la tion of un dis cov ered
min eral re sources guided by proba bil is tic es ti mates from
min eral ex plo ra tion ex perts. Num bers of un dis cov ered de -
pos its thus de ter mined were tab u lated at var i ous con fi -
dence lev els. For ex am ple, in the Cariboo re gion, es ti mated
me tal lic min eral re sources yet to be dis cov ered at 90, 50, 10 
and 1% con fi dence lev els (in mil lions of 1986 Ca na dian
dol lars) were 1912, 68 997, 886 029 and 14 894 274, re -
spec tively (Kilby, 2004; the Cariboo re gion, which un der -

lies a large por tion of the BIZ, is shown in 5). It is stressed
that the util ity of these proba bil is tic es ti mates is in rank ing
min eral po ten tial tracts, not in de ter min ing the pres ent in-
ground value of un dis cov ered min eral re sour ces. Nev er -
the less, as noted by Kilby (2004), a con sis tent re sult of the
proba bil is tic as sess ment pro cess is that, at the 50% con fi -
dence level, about three-quar ters of the prov ince’s min eral
en dow ment re mains to be dis cov ered. 

Comparative Mineral Endowment 

De spite con sid er able chal lenges for ex plo ra tion
within the BIZ, there are many ex am ples of past ex plo ra -
tion suc cess. His toric pro duc ers, such as those of the
Quesnel Trough cop per belt (e.g., Cop per Moun tain, Iron
Mask, Mount Polley, along the axis of the east ern accreted
vol ca nic belt, Fig 1), Eq uity Sil ver and large de pos its with
out lined re sources that have yet to be mined (e.g., Pros per -
ity), are a tes ti mony to the min eral en dow ment of the area. 
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Value Average
Standard 

deviation

BIZ (150 tracts, 158 000 km2):

Assessment Reports BIZ (I 2.2%)* 280 0.047 0.23 1770
Assessment Reports BIZ (I 4.24%)# 430 0.073 0.34 2720
Metal Inventory BIZ 5470 36 120 34640
Industrial Minerals Inventory BIZ 3020 20 120 1910
Past Production BIZ 1610 10220
Exploration Efficacy Index (EEI) 17
 (($Inventory+$Production)/$Exploration)

South of BIZ (61 tracts, 48 000 km2):

Assessment Reports south of BIZ (I 4.24%) 275 0.052 0.14 5730
Metal inventory south of BIZ 4680 77 200 97500
Industrial Mineral inventory south of BIZ 1640 27 110 34100
Past Production south of BIZ 2240 46600
EEI south of BIZ 31

BIZ to Bowser Basin (40 tracts, 37 000 km2):

Assessment Reports BIZ to Bowser (I 4.24%) 142 0.08 0.22 3840
Metal Inventory BIZ to Bowser 1960 49 96 53000
Industrial Mineral inventory BIZ to Bowser 102 2.6 9.3 2760
Past Production BIZ to Bowser 32 860
EEI BIZ to Bowser 15

North of BIZ (125 tracts, 82000 km2):

Assessment Reports north of BIZ (I 4.24%) 604 0.13 0.43 7370
Metal Inventory north of BIZ 7740 60 180 94400
Industrial Mineral inventory north of BIZ 280 2.2 17 3410
Past Production north of BIZ 910 11100
EEI north of BIZ 15

BIZ deficits ([N+S]/2-BIZ) per km2:

Exploration in BIZ (ARIS) 3830
Metal Inventory BIZ (Mineral Potential) 61310
Industrial Mineral inventory (Mineral Potential) 16850

Production 18630

Two estimates of inflation were used to adjust past expenditures: * an accepted modern inflation rate of 2.2%; # an inflation 
rate of 4.24% based on the calculated mean of the percentage change in the Consumer Price Indexes as provided by 
Statistics Canada for the years 1946 to 2006 (Figure 4). Assessment Reports with records of expenditures were required in 
BC starting in 1947.

$millions

$/km2Estimation criteria   

TABLE 1.  COMPARISON OF METALLIC AND INDUSTRIAL MINERAL INVENTORIES AND MINERAL
EXPLORATION WITHIN THE BIZ TO GEOLOGICAL BELTS ALONG STRIKE TO THE NORTH AND SOUTH



Rec og niz ing that geo log i cal belts con tinue from south
to north of the BIZ, a qual i ta tive vi sual es ti mate of un dis -
cov ered min eral wealth can be made by con tour ing the den -
sity of min eral oc cur rences, and com par ing the area within
the BIZ with ar eas along strike to the south and north. This
can be eas ily ac com plished us ing the prov ince-wide
MINFILE da ta base of more than 12 000 min eral oc cur -
rences (MINFILE, 2006). For the pur poses of pre sen ta tion
here, a grid (0.1° lat i tude by 0.2° de gree lon gi tude) was
gen er ated over the prov ince and grid cells were col oured
based on the num ber of MINFILE oc cur rences that they
con tain (Fig 5). An in di ca tion of the rel a tive im por tance of
MINFILE oc cur rences can be de ter mined spa tially by sim i -
larly con tour ing the dis tri bu tion of min eral ex plo ra tion ex -
pen di tures (Fig 2). A re cent data post ing from the As sess -
ment Re port In dex ing Sys tem (ARIS) is used (ARIS,
2006), with fig ures ad justed for an av er age in fla tion rate of
4.24% (Fig 4). Re port ing min eral ex plo ra tion ac tiv ity in
'As sess ment Re ports' is one mech a nism for main tain ing
min eral ten ure within BC. A syn op tic da ta base of re ports
(avail able for down load; ARIS, 2006), cap tures mon e tary
ex pen di tures since 1947. In 1997, it was es ti mated that only 
about 40% of min eral ex plo ra tion ex pen di tures in BC were
re corded in ARIS (Wilcox, 1998)

In ad di tion to the for go ing vi sual com par i sons, quan ti -
ta tive anal y ses are pre sented here (Ta ble 1), based on me -
tal lic and in dus trial min eral in ven tory and pro duc tion fig -
ures from de pos its within, north and south of the BIZ
(MINFILE, 1995; see Fig 6 for ar eas cov ered). Min eral ex -
plo ra tion ex pen di tures re corded in ARIS since 1947 were
com pared for these same re gions. 

Results of Inventory and Exploration
Expenditure Analysis

On a per square kilo metre ba sis, min eral pro duc tion
val ues within the BIZ are $10 220, whereas those to the
south and north of it are $46 600 and $11 100, respectively
(1986 Ca na dian dol lars; Fig 5). Al most 400% more pro -
duc tion has been re corded within the pop u lated, rel a tively
well-ex plored and well-ex posed south ern part of the prov -
ince, as com pared with rocks of the BIZ that lie along strike. 
Past pro duc tion within the BIZ is com pa ra ble with that in
cor re la tive rocks to the north; how ever, metal in ven to ries in 
the north are nearly 300% of those within the BIZ ($94 400
ver sus $34 640/km2), partly re flect ing the dif fi culty of de -
vel op ing de pos its within the re mote north, but also un der -
scor ing the rel a tive lack of ex plo ra tion within the BIZ. For
ex am ple, min eral ex plo ra tion ex pen di tures to the north
along strike from the BIZ are nearly tri ple those within the
BIZ. Ex plo ra tion ex pen di tures to the south are more than
dou ble those of the BIZ. The ac tual dis par ity is prob a bly
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Fig ure 4. An nual change in Con sumer Price In dex as a mon i tor of
in fla tion for the years 1946 to 2005. The av er age an nual change in
Con sumer Price In dex over this pe riod is +4.24% (dashed red line). 
A com monly cited av er age rate of +2.2% is ap pli ca ble to the last
de cade only (shown by the dot ted yel low line). Source of data: Sta -
tis tics Can ada (2006). 
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Fig ure 5. Num ber of min eral oc cur rences doc u mented in MINFILE, 
shown as con toured den sity per 0.02 square de gree grid cell. Also
shown for ref er ence is the Cariboo re gion, as de fined in Kilby
(2004), and the BIZ.

BCGS 2007



much greater be cause more of the ex plo ra tion in the south
pre dates the 1947 be gin nings of ex pen di ture cap ture by
ARIS than is the case for the BIZ. In ad di tion, per haps as
much as 60% of ex plo ra tion work (cf. Wilcox, 1998), par -
tic u larly re gional work, is not filed for as sess ment and is
there fore lost in this anal y sis.

An in di ca tion of how much ex plo ra tion work in south -
ern Brit ish Co lum bia pre dates ARIS can be es ti mated by
com par ing the ra tio (Pro duc tion + In ven to ries) / (ARIS ex -
pen di tures) be tween re gions. This ra tio is es sen tially a
mea sure of the ef fi cacy of ex plo ra tion. It is herein re ferred
to as the Ex plo ra tion Ef fi cacy In dex (EEI). Higher num bers 
in di cate more in ven tory+pro duc tion aris ing from each ex -
plo ra tion dol lar. South of the BIZ, the EEI is 31, ver sus 17
for the BIZ and 15 for ar eas to the north of the BIZ (Fig 6).
Better in fra struc ture in the south can ac count for re duced
ex plo ra tion ex pen di tures to day. How ever, a lack of in fra -
struc ture 60 or more years ago (pre-1947) posed chal lenges
in the south, as it now does in the cen tral and north ern parts
of the prov ince. It may be that min eral de pos its were eas ier
to find, and there fore in vest ment in the first-pass min eral
ex plo ra tion was more fruit ful, but most of the dif fer ence in
EEI is herein at trib uted mainly to lack of cap ture of ex plo -
ra tion ex pen di ture data. If this is true, then an EEI of 17 to
20 for the south may be rea son able, and more ac cu rate min -
i mum ex plo ra tion ex pen di tures/km2 would be at least 50%
greater than those listed for ‘South of the BIZ’ (Ta ble 1).
Nev er the less, the con ser va tive ap proach used herein con -
sid ers only ex pen di tures re corded in ARIS.

Ex plo ra tion and in ven tory def i cits within the BIZ can
be crudely cal cu lated by av er ag ing the val ues from north
and south of the BIZ and sub tract ing the val ues for the BIZ.
Be cause this anal y sis in cludes pre-1947 data on min eral
pro duc tion, but not ex plo ra tion ex pen di tures, it gives only
an in di ca tion of the min i mum ex plo ra tion ex pen di tures re -
quired to find a den sity of de pos its equiv a lent to the av er -
age out side the BIZ. For ex am ple, more than $3800 of ex -
plo ra tion per km2 will be re quired to bring the level of
ex plo ra tion up to the re corded av er age level of ex plo ra tion
along strike out side the BIZ. This trans lates into a min i -
mum of nearly $600 mil lion in ex plo ra tion in vest ment re -
quired in the BIZ to equal the av er age level of ex plo ra tion
in equiv a lent rocks to the north and south, as re corded by
ARIS. Con sid er ing that maybe 40% of pro vin cial min eral
ex plo ra tion ex pen di tures are re corded in ARIS (likely less
in the pe riod be tween 1947 and 1997), a more ac cu rate es ti -
mate of the cur rent ex plo ra tion ex pen di ture def i cit in the
BIZ is prob a bly about $1.5 bil lion. 

NEXT STEPS

Per haps the great est im ped i ment to at tract ing sig nif i -
cant min eral ex plo ra tion in vest ment in the BIZ is the geo -
log i cal un cer tainty posed by the ex tent and thick ness of
cover suc ces sions. Work pre sented else where in this vol -
ume (An drews and Rus sell, 2007; Mihalynuk, 2007;
Mihalynuk et al., 2007) sug gests that the per ceived thick
blan ket of cover may be ex ag ger ated. For ex am ple, a first
gen er a tion 3-D model of the prin ci pal cover suc ces sion in -
di cates that most of it is less than 25 m thick (Mihalynuk,
2007). Fu ture work aimed at re fin ing the 3-D ge om e try of
the cover suc ces sion, and its af fect on geo chem i cal and
geo phys i cal sig nals, will be in stru men tal in tar get ing the
next $1.5 bil lion in vested in min eral ex plo ra tion. Con sid er -
ing that an es ti mated three-quar ters of the prov ince's min -
eral wealth is yet to be dis cov ered (Kilby, 2004), the min -
eral ex plo ra tion pros pects for the BIZ are bright in deed.
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