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INTRODUCTION

The Span ish Moun tain min eral prop erty, lo cated in the
Cariboo re gion of cen tral Brit ish Co lum bia is ap prox i -
mately 6 km east of the com mu nity of Likely in NTS map
area 093A/11W (Fig ure 1). The de posit is hosted within a
metasedimentary pack age of the Quesnel Terrane that oc -
cu pies the hangingwall to the Eu reka thrust, a struc ture that
sep a rates the Quesnel Terrane of the Intermontane Belt
from the Kootenay Terrane of the Omineca Belt. The main
geotectonic frame work of the area in cludes the Cache
Creek, Quesnel, Slide Moun tain and Kootenay ter ranes
(Fig ure 2). Skygold Ven tures Ltd. cur rently owns 100% in -
ter est in the Span ish Moun tain prop erty and has been par -
tic i pat ing in the ex plo ra tion of the property since 2003.

Sed i ment-hosted vein-type de pos its along the Carlin
trend in Ne vada con tain >200 mil lion oz of Au (pro duc -
tion+re serves+re sources) and these de pos its ac count for a
large por tion of pro duc tion in the United States (Sillitoe,
2008). A sim i lar style of Au de pos its have also been dis cov -
ered in China, Rus sia, Mex ico, South east Asia and South
Amer ica (Lefebure et al., 1999) and it has been sug gested
that accreted ter ranes such as Quesnel and Stikine, with
base ment car bon ate rock types and as so ci ated in tru sive
events could host this type of sed i ment-re lated Au min er al -
iza tion (Poulson, 1996). The Span ish Moun tain prop erty is
de scribed as an orogenic- or sed i ment-hosted Au de posit
(Singh, 2008) based on the cal car e ous argillite hostrocks
with mi cro scopic Au, al ter ation style and tec tonic set ting.
Span ish Moun tain does not pos sess the same geo chem i cal
sig na ture as sed i ment-hosted Au de pos its de scribed by
Schroeter and Poulson (1996). To date, the only pathfinder
element identified is Au.

FIELDWORK

Field work was un der taken in June 2008, and con sisted
of a broad sam pling of bed rock lithological units iden ti fied
on the prop erty by Skygold Ven tures Ltd. (Singh, 2008).
Skygold de tected a neg a tive cor re la tion be tween Mg and

Mn within Au-bear ing rock types from an ex am i na tion of
their lithogeochemical data (Singh, 2008). In ter est lies in
in fer ring how the geo chem is try of Au-bear ing zones and
bar ren rock dif fer from each other and from those of pre vi -
ous sed i ment-hosted Au de pos its. With this in mind, 35 sur -
face out crop sam ples were ob tained, tar get ing Mg-Fe car -
bon ate-en riched sam ples of ten con tain ing sub stan tial
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Fig ure 1. Lo ca tion of the Span ish Moun tain study area, cen tral BC.

Fig ure 2. Ge ol ogy of NTS map area 093A show ing the re la tion ship 
of host Quesnel Terrane to that of the Kootenay Terrane.
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seri cite. The ma jor ity of sam ples col lected were of the more 
com pe tent wacke and siltstone units due to the em pha sis on
col lect ing unweathered sam ples to ob tain suit able ma te rial
for la ser ab la tion in duc tively cou pled–plasma mass spec -
trom e try (ICP-MS) anal y sis. How ever, hostrocks for the
ma jor ity of Au min er al iza tion are phyllite and argillite,
which are typ i cally deeply weath ered and ox i dized.
Skygold Ven tures Ltd. gen er ously do nated 18 ad di tional
sam ples of di a mond-drill core to sup ple ment the sur face
out crop sam ples. These sam ples pro vided ex am ples of rel -
a tively unoxidized bar ren and ore-grade spec i mens. Fig -
ure 3 shows the location of samples taken for geochemical
analysis and for preparation of thick and thin sections.

SAMPLE ANALYSIS

All rock sam ples were pre pared for geo chem i cal anal -
y sis at the BC Geo log i cal Sur vey (BCGS) Lab o ra tory in
Vic to ria, BC. Rock sam ples were first crushed to <2 mm us -
ing a jaw crusher fit ted with hard ened chro mium-steel
plates, then split into 100–200 g subsamples us ing a Jones
split ter. Subsamples were taken from the <2 mm ma te rial
for mill ing. A tung sten-car bide (W-C) ring and puck mill

was used to mill one subsample of the jaw-crushed ma te rial
for ma jor ox ide anal y sis, while a sec ond subsample for mi -
nor- and trace-el e ment anal y sis was pre pared us ing a
chrome-steel (Cr-Fe) ring and puck mill. A quartz sand was
milled be tween each sam ple to min i mize intersample con -
tam i na tion. Time and care were taken to choose fresh rock
sur faces, but due to the ex treme sur face ox i di za tion and ex -
ten sive het er o ge ne ity of vein ing within sam ples, milled
por tions may con tain mi nor built-in bias of cer tain el e -
ments (e.g., SiO2). Du pli cate sam ples were in serted to
mon i tor an a lyt i cal precision, and known rock standards
were added to measure accuracy.

A por tion of each milled sam ple was an a lyzed for ma -
jor ox ides at Global Dis cov ery Lab o ra to ries Ltd. (Van cou -
ver, BC) on a fused disk with a Siemens Model SRS 3000 x-
ray flu o res cence spec trom e ter. Haf nium, ni o bium and zir -
co nium (high field-strength el e ments) were also an a lyzed
by x-ray flu o res cence us ing a lith ium metaborate-
tetraborate pressed pel let and a Siemens SRS 3000 x-ray
flu o res cence spec trom e ter. Loss on ig ni tion (LOI) was also
de ter mined at 1100°C by Global Dis cov ery Lab o ra to ries.
Other subsamples of the Cr-Fe milled ma te rial were an a -
lyzed for 42 trace el e ments at Acme An a lyt i cal Lab o ra to -

ries (Van cou ver, BC) by hy dro flu oric-
perchloric-ni tric-hy dro chlo ric acid di ges -
tion fol lowed by a com bi na tion of in duc -
tively cou pled plasma–emis sion and mass
spec trom e try (ICP-ES and ICP-MS) as well
as for 37 ma jor and trace el e ments by a less
rig or ous aqua regia (HCl, HNO3, H2O) di -
ges tion fol lowed by ICP-MS. The sam ples
were also an a lyzed by Acme An a lyt i cal Lab -
o ra to ries for car bon ate C by hy dro chlo ric
acid di ges tion and Leco com bus tion. A fur -
ther set of subsamples was an a lyzed for 33
el e ments in clud ing Au and a se lec tion of
rare-earth el e ments by in stru men tal neu tron
ac ti va tion anal y sis (INAA). Se lected sam -
ples were an a lyzed for rare-earth el e ments at
Me mo rial Uni ver sity (St. John’s, NL) by so -
dium per ox ide sinter and ICP-MS. The ad -
van tage of us ing dif fer ent non de struc tive
and ex trac tion (to tal and par tial) meth ods for
an a lyz ing el e men tal con cen tra tions is that
the data pro duced should aid in de ter min ing
the most re li able an a lyt i cal method for a
given el e ment or Group of el e ments in fur -
ther re search. Ta ble 1 sum ma rizes de tec tion
lim its for el e ments an a lyzed by the different
me thods .  Twen ty- s ix  se l ec t ed  rock
specimens were sect ioned  at  the BC
Geological Survey and cut samples sent to
Vancouver Petrographics (Langley, BC) for
thin and thick section preparation.

GEOLOGY

Regional Geology

Gold min er al iza tion at Span ish Moun -
tain is hosted in metasedimentary rocks of
the Late Tri as sic to Early Ju ras sic Nicola
Group (Bloodgood, 1988) or its north ern
equiv a lent the Takla Group (Rees, 1987). In
the east ern part of the prop erty, these sed i -
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Fig ure 3. The Span ish Moun tain prop erty, with sam ple lo ca tions for petrographic
and geo chem i cal anal y sis high lighted. Wacke sur face trace pro vided by Skygold
Ven tures Ltd.



men tary rocks over lie the Mid dle Tri as sic black phyllite,
which forms the base ment Mem ber of the Quesnel Terrane.
The Mid dle–Late Tri as sic age con straint for the hostrocks
in the study area co mes from cono donts found in the vi cin -
ity of Quesnel Lake (Struik, 1983; Struik and Or chard,
1985). The Crooked am phi bo lite of the Late Pa leo zoic
Slide Moun tain Terrane (Schiarizza, 1989) sep a rates the
Quesnel Terrane to the west from the Kootenay Terrane in
the east. Ad ja cent to the Span ish Moun tain prop erty, the
Kootenay Terrane is com posed of Pa leo zoic meta -
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Element XRF AR� ICP-MS HF ICP-MS INAA REE Other

Units ppm ppm ppm ppm ppm %

Ag 0.002 0.1 5

Al 200 100

As 0.1 1 0.5

Au 0.0002 0.1 0.002

B 20

Ba 0.5 1 50

Bi 0.02 0.1

Be 1

Br 0.5

Ca 200 100 10000

Cd 0.01 0.1

Ce 1 3 0.14

Co 0.1 0.2 1

Cr 0.5 1 5

Cs 1

Cu 0.01 0.1

Dy 0.3

Ho 0.06

Er 0.24

Eu 0.2 0.18  

Fe 200 100 100

Ga 0.1 0.35  

Hf 0.1 1 0.39

Hg 0.005 1

Ho 0.06

Ir 0.005

K 200 100

La 0.5 0.1 0.5 0.18

Li 0.1

Lu 0.05 0.09

LOI 0.01

Mg 200 100

Mn 1 1

Mo 0.1 1

Na 20 10 100

Nb 3 0.1

Nd 5 1.1

Ni 0.1 0.1 20

P 10 10

Pb 0.01 0.1

Pr 0.11

Rb 0.1 15

S 400 1000

Sb 0.02 0.1 0.1

Sc 0.1 1 0.1

Se 0.1 3

Sm 0.1 0.8

Sn 0.1 200

Sr 0.5 1 500

Ta 0.1 0.5 0.42

Tb 0.2 0.08

Te 0.02

Th 0.1 0.1 0.2 0.08

Ti 10 1000

Tl 0.02

Tm 0.05

U 0.1 0.1 0.5

V 2 1

W 0.1 0.1 1

Y 3 0.1

Yb 0.2 0.41  

Zn 0.1 1 50

Zr 3 0.1

CO2 0.02

Fig ure 4. Al tered wacke dis play ing ox i dized Mg-Fe-rich car bon ate
(right of im age) and per va sive seri cite al ter ation that re sem bles sil -
ica flood ing (08KAP-02-04, UTM Zone 11, 604143 N, 5827859E,
NAD 83).

Fig ure 5. Typ i cal argillite with gra phitic frac ture sur face show ing
rusty weath ered py rite, Fe-Mg car bon ate and a dis placed and dis -
torted quartz vein (08KAP 04-07, UTM Zone 11, 604310N,
5828487E, NAD 83).

Ta ble 1. In stru men tal de tec tion lim its for el e ments de ter mined by
pressed pel let x-ray flu o res cence (XRF), aqua regia di ges tion–
ICP-MS (AR–ICP-MS), hy dro flu oric-perchloric-hy dro chlo ric-ni tric
acid di ges tion and com bi na tion of ICP-MS and ICP-ES (HF ICP-
MS) and in stru men tal neu tron ac ti va tion anal y sis (INAA). Rare-
earth el e ment (REE) and car bon ate car bon by LECO com bus tion.
De tec tion limit for a ma jor ox ide (e.g., SiO2, Al2O3) by fused-disc
XRF is 0.01%.



sedimentary rocks of the Snow shoe Group and the Quesnel
Lake orthogneiss. South west of Span ish Moun tain, the se -
quence grades stratigraphically up wards into a se quence of
vol ca nic wacke and as so ci ated volcanic rocks of the Nicola
Group (Bloodgood, 1988).

Property Geology, Alteration and
Mineralization

The host sed i men tary rocks for Au min er al iza tion and
al ter ation are cal car e ous argillite, siltstone and wacke.
North ern parts of the prop erty are dom i nated by fis sile
black, thin-bed ded argillite and siltstone with gra phitic
frac ture sur faces. Quartz veins are pres ent through out
argillite se quences with vari able char ac ter is tics: con tain ing 
py rite, car bon ate and rare ga lena; bar ren, highly de formed,
or rel a tively undeformed and fol low wavy bed ding sur -
faces. The vari a tion in quartz vein ge om e try and style dem -
on strate that fluid flow has been im por tant through out the
deformational his tory. Sur face out crops of the main zone
(Singh, 2008) are chiefly com posed of wacke, siltstone and
argillite se quences. The wacke is grey to buff white in col -
our with vari able amounts of dis sem i nated and well-
formed cu bic py rite that is gen er ally less than 5% of the
rock. The siltstone is grey to black col our, oc cur ring as thin
beds and rounded boudins within phyllitic mem bers. In the
main zone, there is also wide vari a tion in the char ac ter of
the quartz veins hosted in the more com pe tent wacke. It is
of note that quartz veins within this unit have his tor i cally
pro duced the high est Au as say val ues on the prop erty
(Singh, 2008). The siltstone and wacke have been in truded

by mi nor mafic dikes, which are al tered to a dark green col -
our and con tain Cr-rich mica. Sim i lar Cr-mica al ter ation
oc curs as subangular to an gu lar frag ments within the
wacke sequence. Figures 4 and 5 show examples of the
wacke and graphitic argillite.

Al ter ation on the prop erty con sists of ex ten sive iron
car bon ate, do lo mite and seri cite re place ment and oblit er a -
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Fig ure 6. Thin sec tion of siltstone dis play ing quartz veinlet in ter ac -
tion with rhombic car bon ate. In ter ac tions in clude ter mi na tion, de -
flec tion and in clu sion of quartz with or with out car bon ate
remobilization (drillcore sam ple, UTM Zone 11, 604544 N,
5828363E, NAD 83).

Table 2. Summary of selected statistics for major and trace elements in Spanish Mountain rock samples.
Abbreviations: ARMS, aqua regia digestion and ICP-MS; HFMS, hydrofluoric-perchloric-hydrochloric-nitric
acid digestion and ICP-MS/ICP-ES; INAA, instrumental neutron activation analysis; CO2 by HCl, digestion
and LECO combustion; LOI, loss on ignition; XRF, x-ray fluorescence.



tion of the ma jor ity of pri mary tex tures of all sed i men tary
units. Meta mor phism has re sulted in mul ti ple stages of Fe-
car bon ate and/or high-Mg do lo mite recrystallization that
give the rocks a knot ted ap pear ance. Ox i da tion of Fe-bear -
ing car bon ate and py rite has given the rocks a char ac ter is tic 
brown spot ted ap pear ance in many sur face ex po sures.
Mus co vite al ter ation is also ex ten sive through out the prop -
erty, oc cur ring as fine-grained seri cite, usu ally com pris ing
be tween 20 and 40% of the ma trix, but as high as 60% in
some sam ples. Py rite is ob served as fine-grained dis sem i -
na tions through out the wallrock, con cen trated in veins and
as euhedral cubes up to 2 cm. As many as three stages of py -
rite growth have been iden ti fied by the Uni ver sity of Tas -
ma nia (Singh, 2008), but are nearly impossible to
differentiate in hand sample.

PETROLOGY

Our petrographic anal y sis was de signed to rec og nize
pos si ble min er al iza tion vec tors as so ci ated with car bon ate
min er al ogy and to se lect sam ples for la ser ab la tion ICP-MS 
at the Uni ver sity of Vic to ria. Min eral iden ti fi ca tion by mi -
cro scopic ex am i na tion of thin sec tions has been com ple -
mented by x-ray dif frac tion of 12 sam ples at Global Dis -
cov ery Lab o ra to ries, Van cou ver. The ini tial ex am i na tion of 
the thin sec tions in di cates that car bon ate spe cies oc cur in
mul ti ple gen er a tions; as ir reg u lar porphyroblasts with lo -
cally remobilized grain edges, well-formed zoned and un -
zoned pris matic rhombs, and patchy in ter lock ing sec tions
in in tensely al tered rock types. Fig ure 6 shows a thin sec -
tion of an al tered siltstone. Study ing the dif fer ent styles of
car bon ate re place ment and ob ser va tions of car bon ate
microchemistry will pro vide us with insight into the
evolution of hydrothermal fluids responsible for wallrock
alteration.

LITHOGEOCHEMISTRY—PRELIMINARY
RESULTS

Re sults from whole-rock and trace-el e ment geo chem -
is try have been ob tained and an anal y sis of the data is in
prog ress. Pre lim i nary re sults are listed in Ta ble 2, to gether
with rock types as signed in the field. Ini tial ex am i na tion
con firms pre vi ous stud ies of the min er al iza tion: that Au-
bear ing sam ples have low val ues of As, Hg, Sb, Ba, Ag, Ba
and Tl, el e ments iden ti fied by Schroeter and Poulson
(1996) to be char ac ter is tic geo chem i cal sig na tures of sed i -
ment-hosted Au de pos its. This leads to the hy poth e sis that
the chem is try of min er al iza tion at Span ish Moun tain dif -
fers from that of the better-stud ied Carlin-trend de pos its.
By ob tain ing and an a lyz ing de tailed geo chem is try of the
hostrocks, the in trigu ing po ten tial ex ists in de vel op ing a
new model ex plain ing some of the unique char ac ter is tics of 
this sed i ment-hosted Au sys tem. Re fine ment of hostrock
types based on geo graphic and strati graphic dis tri bu tion
will be part of on go ing un der grad u ate the sis work to better
char ac ter ize al ter ation pat terns of this de posit. Ta ble 2 lists
mean, 95th per cen tile and max i mum val ues for se lected ma -
jor ox ides, mi nor and trace el e ments, LOI and car bon ate C
for sam ples clas si fied as wacke, siltstone and argillite. This
tri par tite clas si fi ca tion scheme may be re vised af ter more
de tailed petrographic anal y sis. The sta tis tics in Ta ble 2 re -
veal that wacke sam ples have higher SiO2, MgO, Ni, car -
bon ate C, Zn and As, whereas siltstone sam ples have higher 

Fe2O3, CaO, Cu and Au. Argillite samples have higher Pb,
Nb, Ba, La, Ag, S and Hg.

CONCLUSIONS

Pre lim i nary petrographic and geo chem i cal anal y sis of
sur face out crop and di a mond-drill core sam ples from the
Span ish Moun tain prop erty has revealed

· mul ti ple gen er a tions of car bon ate al ter ation min er als,
in clud ing ir reg u lar porphyroblasts with lo cally
remobilized grain edges, well-formed zoned and un -
zoned pris matic cal cite rhombs, and patchy in ter lock -
ing car bon ate min er als in intensely altered rocks;

· prin ci pal rock types host ing Au min er al iza tion at the
Span ish Moun tain de posit that dis play dis tinc tive ma -
jor ox ide, mi nor- and trace-el e ment chemistries; and

· a geo chem i cal sig na ture dis played by Span ish Moun -
tain rock types that dif fers from pre vi ously dis cov ered
sed i ment-hosted Au deposits.

Fur ther re search into why el e ments such as As, Hg and
Sb are in such low con cen tra tions in the Span ish Moun tain
de posit leads to the ex cit ing po ten tial of a new de posit
model for Au de pos its in BC.

Among tech niques that will be used to com plete a
study of al ter ation and lithogeochemistry are x-ray dif frac -
tion, rare-earth el e ment anal y sis by so dium per ox ide
sinter–ICP-MS and la ser ab la tion–ICP-MS anal y sis. Re -
sults and an anal y sis of the data will be re ported in the se -
nior au thor’s Uni ver sity of Vic to ria Hon ours BSc the sis. It
is an tic i pated that a de tailed anal y sis of hostrock geo chem -
is try and min er al ogy will pro vide a better un der stand ing of
Au min er al iza tion processes in the Spanish Mountain
deposit.
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