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Introduction

Knowl edge of phys i cal rock prop er ties is nec -
es sary for in ter pre ta tion of geo phys i cal data
and maps, and is also es sen tial for con strain ing
geo phys i cal in ver sion cal cu la tions to yield im -
proved three-di men sional (3-D) mod els of the
Earth’s subsurface. With re cent re lease by
Geoscience BC of a se ries of geo phys i cal
datasets over min eral de pos its in west-cen tral
Brit ish Co lum bia (Geotech Lim ited, 2008,
2009; Aeroquest Lim ited, 2009; Phillips et al.,
2009), there is in creased in ter est in im prov ing
our un der stand ing of the links between ge ol -
ogy and geophysics.

A post doc toral pro ject was ini ti ated by the
Min eral De posit Re search Unit at the Uni ver -
sity of Brit ish Co lum bia that fo cuses on un der -
stand ing the re la tion ships be tween ge ol ogy
and phys i cal prop er ties in por phyry de posit
set tings. Study sites for this pro ject in clude the
Mount Milligan cop per-gold de posit, the
Endako mo lyb de num mine and the Huck le -
berry cop per-mo lyb de num mine. These por -
phyry de pos its were sur veyed as part of the
Geoscience BC QUEST and QUEST-West air -
borne elec tro mag netic (EM) and mag netic geo -
phys i cal sur veys (Fig ure 1). Mag netic sus cep -
ti bil ity is the first phys i cal prop erty dataset to
be com piled. This re port pro vides a pre lim i nary sum mary
of the char ac ter is tic sus cep ti bil ity ranges for suites of rocks
from the three de pos its. Data col lected from the three de -
pos its re veal three dis tinct sus cep ti bil ity dis tri bu tions. In

each case, how ever, the pres ence or ab sence of mag ne tite
may help to dis tin guish pro spec tive ver sus bar ren zones, or
else enhance geological mapping in these areas of ex ten -
sive cover and limited outcrop.

Physical Property Measurements

Rep re sen ta tive rock sam ples for each ma jor geo log i cal unit 
and al ter ation type were col lected from each of the three
por phyry de pos its. Mag netic sus cep ti bil ity mea sure ments
were taken along se lected drillholes, and from the col lected
sam ples, us ing a KT-9 Kappameter hand-held sus cep ti bil -
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Fig ure 1. Ar eas cov ered by the Geoscience BC QUEST and QUEST-West air -
borne elec tro mag netic (EM) and mag netic geo phys i cal sur veys of cen tral Brit ish
Co lum bia. Smaller scale sur veys were com pleted over sev eral de pos its within
the larger sur vey ar eas, in clud ing the three de pos its in ves ti gated dur ing this
study: the Endako, Huck le berry and Mount Milligan de pos its (MINFILE, 2010).
Base map from Ca na dian Coun cil on Geomatics (2004) and Nat u ral Re sources
Can ada (2007).

http://www.geosciencebc.com/s/DataReleases.asp


ity probe. The suite of sam ples was sent to the phys i cal
prop erty lab o ra tory of Geo log i cal Sur vey of Can ada–Pa -
cific in Sid ney, BC for fur ther prop erty mea sure ments. Al -
though these data were not avail able at the time this pa per
was writ ten, there is a large enough mag netic sus cep ti bil ity
dataset to gain some pre lim i nary in sight into how this phys -
i cal prop erty re lates to geo log i cal and min er al iza tion pro -
cesses at each study site, and how the susceptibility dis tri -
bu tion may influence magnetic signatures.

Mount Milligan Susceptibility Trends:
Alteration-Related Magnetite Formation

Geology of the Mount Milligan Copper-Gold
Deposit

The Mount Milligan de posit oc curs within the Quesnel
Terrane of cen tral BC. The ge ol ogy un der ly ing the de posit
is dom i nated by augite-phyric ba saltic rocks of the Takla
Group (Fig ure 2), a vol ca nic pack age that ex tends over a
sig nif i cant por tion of the Quesnel Terrane. Min er al iza tion
is spa tially as so ci ated with two sil ica-sat u rated alkalic
monzonite stocks. The stocks are part of a suite of Early Ju -
ras sic in tru sions known to be re lated to a num ber of gold-
rich alkalic por phyry cop per de pos its in north-cen tral BC
(Nel son and Bellefontaine, 1996). Al though the Mount
Milligan de posit is sub di vided into two zones, the Main and 
South ern Star zones, the more well-doc u mented Main zone
is the fo cus of this study. Min er al iza tion oc curs pre dom i -
nantly in ba saltic volcaniclastic rocks in four subzones (the
MBX, WBX, DWBX and 66 zones) sur round ing the Main
zone monzonite stock, with the MBX and 66 zones hav ing

higher gold grades rel a tive to the oth ers (Sketchley et al.,
1995; Jago, 2008). Hy dro ther mal al ter ation, thought to be
re lated to ore-bear ing flu ids, forms near-con cen tric zones
around the monzonite stock (Jago, 2008). Potassic al ter -
ation, man i fested by bi o tite and K-feld spar±mag ne tite, oc -
curs cen trally, pass ing out ward into al bite+actinolite+epi -
dote al ter ation (sodic-calcic zone of Jago, 2008) and then
into a propylitic al ter ation as sem blage of epidote+al -
bite+chlorite+actinolite+cal cite+py rite. The MBX, WBX
and DWBX min er al iza tion is hosted within rocks ex hib it -
ing strong potassic al ter ation. Gold and cop per min er al iza -
tion within the 66 zone is spa tially re lated to a phyllic al ter -
ation as sem blage that con tains chlorite, seri cite and iron-
rich car bon ate. This min eral as sem blage is in ter preted to
have formed from low-temperature magmatic fluids
circulating at higher levels within the Mount Milligan
porphyry system (Jago, 2008).

Magnetic Susceptibility Data from the Mount
Milligan Deposit

In June 2009, the Mount Milligan de posit site was vis ited
and nine drillholes from the 2006–2007 drill ing pro gram of
Terrane Met als Corp. were ex am ined and sam pled (see Fig -
ure 2 for lo ca tion of sam pled drillholes). The drillholes
were cho sen to best sam ple rep re sen ta tive ge ol ogy and al -
ter ation from each of the dif fer ent min er al ized zones, and to 
sam ple least-al tered rocks. Sus cep ti bil ity mea sure ments
were taken on 65 sam ples us ing the KT-9 Kappameter
hand-held probe. Terrane Met als Corp. col lected downhole 
sus cep ti bil ity data for holes drilled in 2006 and 2007, so
there is an ex ten sive da ta base that can be used for anal y sis.

This downhole da ta base will be used to con strain
fu ture mag netic in ver sions for Mount Milligan but
is not dis cussed herein due to an in com plete knowl -
edge of min er al ogy of the rocks at the mea sure ment 
lo ca tions. Petrographic work was com pleted on
most of the 65 sam ples from this study, so there is
more con trol in in ter pre ta tion of these samples and
their associated susceptibility data.

Mag netic sus cep ti bil ity data from Mount Milligan
ba saltic vol ca nic hostrock sam ples are shown in
his to grams in Fig ure 3, and monzonite sam ple data
are plot ted in Fig ure 4. Potassically al tered ba salt
(bi o tite+K-feld spar; Fig ure 3) has a range of sus -
cep ti bil i ties, but more than half of the sam ples have 
sus cep ti bil ity val ues >1 H 10-3 SI units, a sub set of
which have sus cep ti bil i ties of >50 H 10-3 SI units.
Propylitic and al bite-al tered ba salt does not ex hibit
the very high sus cep ti bil i ties seen in the potas -
sically al tered sam ple suite, and most sam ples have
sus cep ti bil i ties of <10 H 10-3 SI units.

Most monzonite sam ples con tain pri mary mag ne -
tite at var i ous stages of de struc tion or al ter ation to
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Fig ure 2. Plan-view ge ol ogy of the Mount Milligan cop per-gold de posit, cen -
tral Brit ish Co lum bia, show ing lo ca tions of the four main min er al ized zones
as so ci ated with the ‘MBX’ monzonite stock. Also shown are the lo ca tions of
the 2006–2007 drillholes of Terrane Met als Corp. and the holes sam pled for
this study. Base-map files and col lar lo ca tions pro vided by Terrane Met als
Corp.



he ma tite (Fig ure 5). Monzonite thus typ i cally has
mod er ate sus cep ti bil i ties on av er age (>1 H 10-3 SI
units; Fig ure 4), re gard less of whether or not it is
potassically al tered. Sec ond ary mag ne tite (Fig -
ure 5), re lated to hy dro ther mal al ter ation, can fur -
ther in crease the sus cep ti bil ity. Monzonite sam -
ples do not at tain the sus cep ti bil ity val ues of
>50 H 10-3 SI units mea sured in andesitic sam ples.
This is in ter preted to be due to the lower ini tial
iron con tent of the monzonite rocks, which would
pre vent mag ne tite for ma tion, but may also be re -
lated to the low per me abil ity of the in tru sive
rocks, which makes them less con du cive to al ter -
ation or crys tal li za tion of sec ond ary mag ne tite.
Albitic al ter ation of monzonite results in slightly
lower susceptibility values (Figure 4).

Discussion

The close spa tial re la tion ship be tween mag ne tite,
bi o tite and cop per min er al iza tion at Mount
Milligan has been doc u mented by sev eral work ers 
(Sketchley et al., 1995; Jago, 2008). This re la tion -
ship is sup ported by the mag netic highs clearly as -
so ci ated with known min er al ized ar eas on the
mag netic map shown in Fig ure 6. The high est sus -
cep ti bil ity mea sure ments col lected for this study
oc cur within potassically al tered ba salt from near
the bot tom of east-dip ping drillholes 07-975 and
07-971, and drillhole 06-959 in the DWBX and
MBX zones (Fig ure 6). Al though mag ne tite veins
in a few se lected ba salt sam ples cross cut
propylitic min eral as sem blages, propylitic sam -
ples al most al ways have low sus cep ti bil i ties. Tar -
get ing high-sus cep ti bil ity rocks (greater than ap -
prox i mately 15 H 10-3 SI units) should there fore
lo cate mainly potassically al tered ba salt, along
with some monzonite (which, due to its role in
por phyry for ma tion, is also pro spec tive). Less
prospective, propylitically altered rocks could
consequently be disregarded.

Ba salt sam ples were col lected dis tally from the
Mount Milligan de posit for a re gional foot print
study of alkalic por phyry de pos its (Bissig et al.,
2010). From the ini tial as sess ment by Bissig et al.
(2010) of sus cep ti bil ity mea sure ments, both high-

susceptibility (>20 H 10-3 SI units) and low-sus cep ti bil ity

(<1 H 10-3 SI units), least-al tered ba saltic vol ca nic rocks oc -

cur within the dis trict. Fu ture petrographic and geo chem i -

cal work on these dis tal vol ca nic sam ples, and on the more

con sis tently high-sus cep ti bil ity rocks from the area of the

Mount Polley cop per-gold de posit, may in di cate vary ing

com po si tions of vol ca nic rocks through out the Takla

Group and within the lat er ally equiv a lent Nicola Group.

This pre lim i nary work sug gests that it would be im por tant

to de ter mine whether or not the vol ca nic rocks be ing ex -
plored for por phyry cop per-gold de pos its in this re gion are
mag ne tite bear ing be fore it is as sumed that mag netic highs
rep re sent potassic al ter ation. Least-al tered (‘back ground’)
sam ples col lected dur ing this study from the im me di ate vi -
cin ity of the Mount Milligan de posit are likely weakly al -
tered to in ner and outer propylitic min eral as sem blages
(Jago, 2008). If it is shown that dis tally these vol ca nic se -
quences con tain mag ne tite in their least-al tered states, this
might mean that, at dis trict scales of ex plo ra tion, lower sus -
cep ti bil ity rocks (in dic a tive of propylitic al ter ation) should
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Fig ure 3. Mag netic sus cep ti bil ity data for ba saltic rock sam ples taken from
drillcore at the Mount Milligan de posit, cen tral Brit ish Co lum bia. Al ter ation
types are shown plot ted to gether in the up per his to gram for com par i son, and
then sep a rately. Ab bre vi a tions: N, num ber of sam ples; std. dev., stan dard de -
vi a tion.



ini tially be tar geted, within which lo cal ized ar eas of high
sus cep ti bil ity (potassic al ter ation) would be of in ter est.

Endako Susceptibility Trends: Alteration-
Related Magnetite Destruction

Geology of the Endako Molybdenum
Deposit

The Endako mo lyb de num de posit is lo cated in
north-cen tral BC at the bound ary be tween the
Cache Creek and Stikine ter ranes. It is hosted by
the Endako quartz monzonite (Fig ure 7), one of
the calcalkaline granitoid phases mak ing up the
ex ten sive Up per Ju ras sic Francois Lake in tru sion
suite. Bound ing gra nitic in tru sive rocks, the
Francois Lake gran ite and the Casey gran ite, are
youn ger than, and in trude, the Endako quartz
monzonite (Bysouth and Wong, 1995). The Casey 
gran ite has been dated at an age sim i lar to that of
late-stage mo lyb de nite min er al iza tion at Endako
(ca. 145 Ma; Villeneuve et al., 2001), and the min -
er al iza tion closely fol lows the con tact be tween
the two gran ites, sug gest ing a link age be tween the 
Casey intrusion and the formation of the deposit.

Mo lyb de nite oc curs with quartz in a se ries of east-
north east ward-strik ing vein sys tems. Prox i mal
al ter ation phases in clude a potassic phase and a
quartz-seri cite phase, char ac ter ized re spec tively
by pink K-feld spar and by quartz-seri cite frac ture
and vein selvages of vary ing widths (Kimura et
al., 1976). Quartz-seri cite al ter ation is doc u -
mented to be most con sis tently re lated to mo lyb -
de num min er al iza tion (Selby et al., 2000). Per va -
sive kaolinite al ter ation over prints all other
al ter ation phases and is con sid ered to be a late,
postmineral alteration stage (Selby et al., 2000).
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Fig ure 5. Re flected-light pho to mi cro graph of potassically al tered
monzonite sam ple from the Mount Milligan de posit, cen tral Brit ish
Co lum bia, show ing i) break down of pri mary mag ne tite (1° mag) to
he ma tite (hem) within monzonite, and ii) subhedral sec ond ary
mag ne tite (2° mag) oc cur ring within the groundmass. Field of view
ap prox i mately 4 mm.

Fig ure 6. Ground mag netic data over the Mount Milligan de posit,
cen tral Brit ish Co lum bia, show ing im por tant geo log i cal con tacts
and min er al ized zones. Data col lected in 1984–1985 by BP Min er -
als. Ab bre vi a tion: nT, nanoteslas.

Fig ure 4. Mag netic sus cep ti bil ity data for monzonite in tru sive rock sam ples
taken from drillcore at the Mount Milligan de posit, cen tral Brit ish Co lum bia.
Ab bre vi a tions: N, num ber of sam ples; std. dev., stan dard de vi a tion.



Magnetic Susceptibility Data
from the Endako Deposit

Four drillholes from within and out side
the Endako open pits (Fig ure 7) were ex -
am ined and 40 rep re sen ta tive sam ples
col lected of the dif fer ent gra nitic units,
and of the typ i cal over print ing al ter ation
as sem blages. Sus cep ti bil ity mea sure -
ments were taken on all sam ples and also
at ap prox i mately 1.2 m (4 ft.) in ter vals
along drillcore from two holes, for later
in cor po ra tion into mag netic-in ver sion-
model cal cu la tions. Ad di tion ally, a suite
of 17 sam ples was collected from the
Endako open pits.

Least-al tered Endako quartz monzonite
was sam pled from the near-sur face por -
tion of drillhole 08-35. Sus cep ti bil ity
val ues, which re flect the pres ence of ac ces sory mag ne tite,
were rel a tively con sis tent along the core, with val ues
around 25 H 10-3 SI units. Some monzonite sam ples char ac -
ter ized as ‘least al tered’ from other drillcore have low sus -
cep ti bil i ties (Fig ure 8). There is a dis tinct bi modal
distribution in the least-al tered sam ple data, with few sam -
ples fall ing into the gap be tween 5 H 10-3 and 25 H 10-3 SI
units. The lower sus cep ti bil ity val ues may be at trib uted to
weak clay al ter ation of the monzonite. Fig ure 9 com pares a
rel a tively fresh Endako quartz monzonite with a clay-al -
tered monzonite, the as so ci ated sus cep ti bil ity val ues drop -
ping sig nif i cantly from 19 H 10-3 to 0.27 H 10-3 SI units.

In or der to com pare the mag netic sus cep ti bil i ties of al tered
quartz monzonite sam ples, they were grouped based on the
pre dom i nant or lat est ap par ent al ter ation phase. All
potassically al tered sam ples are over printed by ei ther later
quartz-seri cite or kaolinite, and were grouped ac cord ingly.
Al tered quartz monzonite, re gard less of al ter ation as sem -
blage, is char ac ter ized by con sis tently low sus cep ti bil i ties
(Fig ure 8), in di cat ing that ac ces sory mag ne tite is de stroyed
in as so ci a tion with one or more of the hydrothermal
alteration events overprinting it.

Postmineral ba salt has gen er ally high sus cep ti bil i ties. The
Casey gran ite does not ap pear to con tain mag ne tite and
there fore has con sis tently low sus cep ti bil i ties (Figure 8).

Discussion

The de struc tion of mag ne tite as so ci ated with the al ter ation
and min er al iza tion of the Endako quartz monzonite
hostrocks re sults in low sus cep ti bil ity val ues. Thus, the use
of mag netic and sus cep ti bil ity data, and re lated mod els,
may high light po ten tially pro spec tive zones within the
monzonite. How ever, late kaolinite al ter ation, which is not
con sis tently spa tially re lated to min er al iza tion, ap pears to

also re sult in mag ne tite de struc tion. This means that not all
low-sus cep ti bil ity monzonite should be assumed to be
mineralized.

Mag netic sur veys have been use ful in out lin ing the con tact
be tween the low sus cep ti bil ity Casey gran ite and the
Endako quartz monzonite (Fig ure 10). Mod el ling sus cep ti -
bil ity in the subsurface via mag netic in ver sion could help to 
fur ther de fine the 3-D ge om e try of this important contact.

Huckleberry Susceptibility Trends:
Overprinting Magnetite Constructive and

Destructive Events

Geology of the Huckleberry Copper-
Molybdenum Deposit

The Huck le berry de posit oc curs within the west-cen tral
Stikine Terrane. The un der ly ing ge ol ogy (Fig ure 11) is
dom i nated by Early to Mid dle Ju ras sic Hazelton Group
vol ca nic rocks and Late Cre ta ceous Bulkley in tru sive rocks 
(Jack son and Illerbrun, 1995). The in tru sion of the Bulkley
granodiorite re sulted in con tact meta mor phism (hornfels
de vel op ment) in the vol ca nic rocks of this area, which
added bi o tite, am phi bole, chlorite, mag ne tite, he ma tite and
py rite to the host an de site (Jack son and Illerbrun, 1995).
Min er al iza tion at Huck le berry oc curs in prox im ity to the
granodiorite stocks. The Main zone is lo cated on the east -
ern flank of the west ern granodiorite stock, and the East
zone oc curs within and adjacent to the eastern stock (Fig -
ure 11).

Cop per and lesser mo lyb de num oc cur in nar row veins and
as frac ture coat ings within andesitic hostrocks and, to a
lesser de gree, within granodiorite in tru sions. The geo log i -
cal set ting of the Huck le berry de posit is sim i lar to that of
Mount Milligan, with vol ca nic rock–hosted min er al iza tion
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Fig ure 7. Plan-view ge ol ogy of the Endako mo lyb de num de posit (mod i fied from Kimura
et al., 1976). The dot ted blue line rep re sents the out line of the Endako open pit.
Drillholes sam pled for this pro ject are in di cated by the red cir cles, and open-pit sam ple
lo ca tions are in di cated by pur ple di a monds.



spa tially re lated to gra nitic in tru sions. The in tru -
sive rocks at Huck le berry, how ever, are calc -
alkalic in na ture, as at Endako, and al ter ation as -
sem blages in clude seri cite and clays, min eral
phases that are less typ i cal in alkalic sys tems
(Stan ley, 1992). Dis tal al ter ation is char ac ter ized
by chlorite+epidote+py rite–bear ing as sem blages. 
Prox i mal al ter ation as sem blages in clude bi o tite,
al bite, am phi bole, chlorite and seri cite. Many of
these min er als also oc cur as al ter ation selvages to
chal co py rite-, py rite- and mo lyb de num-bear ing
veins. Chal co py rite-bear ing veins commonly
have K-feldspar, albite and/or albite-biotite
haloes (Figure 12).

Magnetic Susceptibility Data from the
Huckleberry deposit

Sus cep ti bil ity mea sure ments were taken on
25 sam ples from two drillholes on the Huck le -
berry prop erty, one hole in ter sect ing mod er ately
min er al ized andesitic vol ca nic rocks in an area
cur rently be ing mined im me di ately north of the
Main zone and the other in ter sect ing poorly min -
er al ized, rel a tively un al tered andesitic rocks in
the East zone. Downhole mea sure ments were
taken at in ter vals of ap prox i mately 1.2 m (4 ft.). In 
ad di tion, three sam ples were col lected south of
the de posit, and are thought to rep re sent both
subaerially and subaqueously de pos ited andesitic
vol ca nic rocks from out side the influence of the
intrusions and mineralizing system.

Mag netic sus cep ti bil ity data from Huck le berry
are com piled in a se ries of his to grams in Fig -
ures 13 and 14. Andesitic rocks from out side the
main min er al ized zones have gen er ally low to
mod er ate sus cep ti bil i ties (<50 H 10-3 SI units; Fig -
ure 13). Near the granodiorite in tru sions, sus cep -
ti bil i ties are typ i cally >70 H 10-3 SI units and range 
up to 230 H 10-3 SI units. These high val ues are at -
trib uted to the premineral hornfels de vel op ment
in andesitic hostrocks (dur ing con tact meta mor -
phism as so ci ated with granodiorite in tru sion),
which in tro duced mag ne tite. Within this high-
sus cep ti bil ity zone, sus cep ti bil i ties can lo cally
de crease slightly (to 30–100 H 10-3 SI units) where 
min er al ized veins and frac tures are as so ci ated
with al bite, K-feld spar and bi o tite al ter ation
selvages. Since the sam ple pop u la tion for
propylitically al tered and bi o tite-feld spar–al tered
andesitic sam ples is lim ited (15 sam ples), it is dif -
fi cult to dem on strate the slight shift in sus cep ti bil -
ity that oc curs. How ever, by look ing at the dis tri bu tions of
sus cep ti bil ity data for each of the drillholes, one from a

more strongly mineralized area than the other, a slight shift
in susceptibility is apparent (Figure 15).
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Fig ure 8. Mag netic sus cep ti bil ity data from sam ples of monzonite, gran ite and 
ba salt dikes taken from drillcore at the Endako mo lyb de num de posit, cen tral
Brit ish Co lum bia. Sam ples are shown plot ted to gether in the up per his to gram
for com par i son and then sep a rately.



Nei ther of the two granodiorite stocks was in ter sected in
the two drillholes ex am ined, but nine sam ples were ran -
domly col lected from drillcore stacked at the Huck le berry
core re pos i tory. From the small sam ple suite col lected,
weakly bi o tite-al tered Main zone granodiorite is mod er -
ately sus cep ti ble (~25–40 H 10-3 SI units), with sus cep ti bil -
ity de creas ing to around zero with in creas ing K-feld spar,
seri cite and clay al ter ation (Fig ure 14). The East zone
granodiorite was min er al ized and there fore mined in ad di -
tion to the min er al ized an de site. This granodiorite has
lower sus cep ti bil i ties (~1 H 10-3 SI units) but also ex hib its

vari able de grees of over print ing clay, seri cite and K-feld -
spar al ter ation.

Discussion

Mag ne tite-de struc tive al bite and K-feld spar al ter ation ap -
pears to be quite lo cal ized, per haps be cause of the poor per -
me abil ity of the very com pe tent hornfels rocks. The ap pli -
ca bil ity of mag netic and sus cep ti bil ity data in the
Huck le berry area to tar get min er al ized vein ing and frac ture 
zones could there fore be lim ited. It may not be pos si ble, us -
ing geo phys ics or geo phys i cal in ver sion, to sep a rate the
mod er ate-sus cep ti bil ity al bite- and K-feld spar–al tered
andesite from the high-susceptibility hornfels andesite.

Fig ure 16 shows mag netic data col lected over the Huck le -
berry de posit for the Geoscience BC QUEST-West pro ject.
The min er al ized zones ap pear to lie within mag netic lows,
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Fig ure 9. Com par i son of least-al tered Endako quartz monzonite (i) 
with weakly kaolinite (kaol)–al tered Endako quartz monzonite (ii),
Endako mo lyb de num de posit, cen tral Brit ish Co lum bia. The sus -
cep ti bil ity drops sig nif i cantly be tween sam ples, from 19 x 10-3 SI
units (least-al tered sam ple on left) to 0.27 x 10-3 SI units (kaolinite-
al tered sam ple on right).

Fig ure 10. To tal mag netic in ten sity data over the Endako mo lyb de -
num de posit, cen tral Brit ish Co lum bia, show ing out lines of the
open pit (blue dashed line), open-pit sam ples (pur ple di a monds),
geo log i cal con tacts (black solid lines) and faults (black dashed
lines). Data col lected by Aeroquest Lim ited (2009) as part of the
Geoscience BC QUEST-West ini tia tive.

Fig ure 11. Plan-view ge ol ogy and al ter ation of the Huck le berry
mine area (mod i fied from Jack son and Illerbrun, 1995), cen tral
Brit ish Co lum bia, show ing the two min er al ized zones, Main and
East, and re lated granodiorite in tru sive rocks. Drillholes ex am ined
for this study are in di cated by red dots.

Fig ure 12. Quartz-chal co py rite vein with a bleached, K-feld spar–
bear ing al ter ation sel vage cross cut ting andesitic and granodioritic 
rocks from the Main zone of the Huck le berry cop per-mo lyb de num
de posit, cen tral Brit ish Co lum bia.



which likely rep re sent foot prints of the rel a tively
low sus cep ti bil ity granodiorite, pos si bly com -
bined with prox i mal mag ne tite-de struc tive al ter -
ation. If these lows on the mag netic map are re -
lated to granodiorite, it is pos si ble that the west ern
in tru sive unit extends farther to the west.

The ex tent of the broad mag netic high over the
area may rep re sent the ex tent of hornfels de vel op -
ment. More re gional sam ples are needed to de ter -
mine if hornfels de vel op ment is in deed the cause
of strong sus cep ti bil ity in the Huck le berry mine
area. If the Telkwa vol ca nic rocks are nor mally
mag ne tite poor, then it may be pos si ble to ex plore
for mag ne tite-rich hornfels zones within them us -
ing mag netic data and mod el ling. This might help
to lo cate other un ex posed Bulkley in tru sive rocks
in the area and, with sub se quent fine-scale geo -
phys ics ap plied, it may be pos si ble to de tect vari a -
tions re lated to hy dro ther mal alteration within
these thermal haloes.

Summary of Findings

This study was suc cess ful in gain ing fur ther in -
sight into the mag netic sus cep ti bil ity char ac ter is -
tics of rocks in a range of por phyry set tings in cen -
tral BC. Both al ka line and calcalkaline sys tems
were con sid ered, and in tru sion- and vol ca nic-
hosted por phyry deposits were assessed.

For ma tion of sec ond ary mag ne tite in as so ci a tion
with potassic al ter ation, like that oc cur ring at the
Mount Milligan de posit, is com mon within the
known alkalic por phyry sys tems hosted by the
Quesnel Terrane (Nel son and Bellefontaine,
1996), and lo cal mag netic anom a lies in andesitic
rocks should be con sid ered for ex plo ra tion tar get -
ing. Ini tial re gional vol ca nic rock stud ies by
Bissig et al. (2010), how ever, in di cate that not all
ba saltic vol ca nic rocks within the equiv a lent
Takla and Nicola groups are low sus cep ti bil ity.
Mag netic data may not be as use ful for tar get ing
cop per-gold, por phyry-re lated, mag ne tite-bear ing potassic 
al ter ation if host ing vol ca nic se quences con tain primary
magnetite and already have high susceptibilities.

As dem on strated for Endako, it is im por tant to un der stand
the phys i cal prop er ties of re gional least-al tered hostrocks.
Un der stand ing that the Endako gran ite is a mag netic body
makes it pos si ble to use geo phys ics to map the con tact be -
tween it and other gran ites, and to tar get ar eas of mag ne tite-
de struc tive alteration within it.

More data must be col lected for back ground sus cep ti bil ity
of dis tal Telkwa vol ca nic rocks to de ter mine if their geo -
phys i cal sig na tures dif fer from vol ca nic rocks that ex hibit

hornfels de vel op ment and are po ten tially min er al ized.
Other por phyry de pos its near Huck le berry, oc cur ring in
spa tial as so ci a tion with stocks re lated to the Bulkley in tru -
sive suite, also ex ist within con tact-meta mor phosed vol ca -
nic rocks (Mac In tyre, 1985). Un der stand ing phys i cal prop -
erty vari a tions be tween rocks with and with out hornfels
de vel op ment, and within hornfels zones, may help to
localize mineralization related to Bulkley intrusions.

The data col lected and gen eral trends ob served will be use -
ful in help ing to un der stand mag netic data col lected over
ar eas that are along strike from min er al iza tion, or over geo -
log i cally sim i lar set tings. The data can also be used to help
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Fig ure 13. Mag netic sus cep ti bil ity data for sam ples of andesitic rocks taken
from drillcore at the Huck le berry cop per-mo lyb de num de posit, cen tral Brit ish
Co lum bia. Sam ples are shown plot ted to gether in the up per his to gram for
com par i son, and then sep a rately.



geo log i cally con strain mag netic in ver sions in
these districts.

Future Work

Continued Physical Property Analysis

Den sity, con duc tiv ity and chargeability mea sure -
ments on rep re sen ta tive rocks from each of the
three de pos its are be ing taken at the phys i cal
prop erty lab o ra tory of Geo log i cal Sur vey of Can -
ada–Pa cific in Sid ney, BC. The re sult ing data will
help re late the rocks to other geo phys i cal datasets
collected.

Petrographic anal y sis on Endako and Huck le -
berry rocks will con firm al ter ation as sem blages,
and help iden tify pro cesses caus ing mag ne tite for -
ma tion and de struc tion. X-ray dif frac tion anal y -
ses, us ing the Rietveld method, may be car ried out 
to quan tify abun dances of spe cific min er als, such
as mag ne tite and sulphides, that con trol phys i cal
prop er ties. From this, it will be pos si ble to iden -
tify whether there are di rect re la tion ships be tween 
al ter ation or min er al iza tion and phys i cal prop erty
data, mak ing it fea si ble to use such data as a proxy
for alteration or mineralization.

Geophysical Inversion

Three-di men sional (3-D) elec tro mag netic (EM)
in ver sions on the Mount Milligan geo phys i cal
data col lected dur ing the Geoscience BC QUEST
pro ject are on go ing at the Geo phys i cal In ver sion
Fa cil ity of the Uni ver sity of Brit ish Co lum bia. As
part of fu ture work, EM and mag netic in ver sions
will be per formed over the Endako and Huck le -
berry de pos its us ing data col lected dur ing the
QUEST-West ini tia tive. With an im proved un der -
stand ing of phys i cal prop erty char ac ter is tics of
rocks in cen tral BC por phyry de posit set tings,
geo phys i cal in ver sion mod els in these, or sim i lar, set tings
can be con strained in an in formed way. In ter pre ta tions of
the 3-D inversion results will also consequently be more
informed.

Phys i cal prop erty ranges de ter mined to iden tify hostrocks,
min er al iza tion or pro spec tive al ter ation can po ten tially be
que ried within 3-D phys i cal prop erty mod els pro duced
from in ver sion. This type of que ry ing can be es pe cially
pow er ful when mul ti ple in ver sion mod els are que ried in
com bi na tion. For ex am ple, it may be pos si ble in the
Endako de posit area to sep a rate low-sus cep ti bil ity
nonmineralized kaolinite-al tered ar eas from pro spec tive
low-sus cep ti bil ity rocks by considering conductivity or
chargeability models.

With con tin ued phys i cal prop erty data com pi la tion for the
range of min eral de posit set tings in BC, in creased quan ti ta -
tive data be come avail able for as sess ment along side geo -
log i cal and geo chem i cal data. Use of mul ti ple datasets and
quan ti ta tive cri te ria for min eral ex plo ra tion will help to
nar row down and im prove con fi dence in se lected re gional-
and local-scale exploration targets.  
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