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INTRODUCTION

The Spanish Mountain mineral property, located inthe
Cariboo region of central British Columbia is approxi-
mately 6 km east of the community of Likely in NTS map
area 093A/11W (Figure 1). The deposit is hosted within a
metasedimentary package of the Quesnel Terrane that oc-
cupiesthe hangingwall to the Eurekathrust, astructurethat
separates the Quesnel Terrane of the Intermontane Belt
from the Kootenay Terrane of the OminecaBelt. The main
geotectonic framework of the area includes the Cache
Creek, Quesnel, Slide Mountain and Kootenay terranes
(Figure2). Skygold VenturesLtd. currently owns 100% in-
terest in the Spanish Mountain property and has been par-
ticipating in the exploration of the property since 2003.

Sediment-hosted vein-type deposits along the Carlin
trend in Nevada contain >200 million oz of Au (produc-
tion+reservest+resources) and these deposits account for a
large portion of production in the United States (Sillitoe,
2008). A similar style of Au depositshaveal so been discov-
ered in China, Russia, Mexico, Southeast Asia and South
America (Lefebure et al., 1999) and it has been suggested
that accreted terranes such as Quesnel and Stikine, with
basement carbonate rock types and associated intrusive
events could host thistype of sediment-related Aumineral-
ization (Poulson, 1996). The Spanish Mountain property is
described as an orogenic- or sediment-hosted Au deposit
(Singh, 2008) based on the calcareous argillite hostrocks
with microscopic Au, alteration style and tectonic setting.
Spanish Mountain does not possess the same geochemical
signature as sediment-hosted Au deposits described by
Schroeter and Poulson (1996). To date, the only pathfinder
element identified is Au.

FIELDWORK

Fieldwork was undertaken in June 2008, and consisted
of abroad sampling of bedrock lithological unitsidentified
on the property by Skygold Ventures Ltd. (Singh, 2008).
Skygold detected a negative correlation between Mg and

1school of Earth and Ocean Sciences, University of Victoria,
Victoria, BC

This publication is also available, free of charge, as colour
digital filesin Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http: /mmw.empr.gov.bc.ca/Mining/Geosci ence/PublicationsCata
logue/Fiel dwor k/Pages/default.aspx.

Geological Fieldwork 2008, Paper 2009-1

Y '.0_..? ¢ Spanish
K |(I ! Mountain
\ Fg,\;-G oy
Do
N X '_ :
R J i
:F'93'G- A
Sreg | J
. -E"': 3

Figure 1. Location of the Spanish Mountain study area, central BC.

Mn within Au-bearing rock types from an examination of
their lithogeochemical data (Singh, 2008). Interest liesin
inferring how the geochemistry of Au-bearing zones and
barren rock differ from each other and from those of previ-
ous sediment-hosted Au deposits. With thisinmind, 35 sur-
face outcrop samples were obtained, targeting Mg-Fe car-
bonate-enriched samples often containing substantial
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Figure 2. Geology of NTS map area 093A showing the relationship
of host Quesnel Terrane to that of the Kootenay Terrane.
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sericite. Themajority of samplescollected wereof themore
competent wacke and siltstone units dueto the emphasison
collecting unweathered samplesto obtain suitable material
for laser ablation inductively coupled—plasma mass spec-
trometry (ICP-MS) analysis. However, hostrocks for the
majority of Au mineralization are phyllite and argillite,
which are typically deeply weathered and oxidized.
Skygold Ventures Ltd. generously donated 18 additional
samples of diamond-drill core to supplement the surface
outcrop samples. These samples provided examples of rel-
atively unoxidized barren and ore-grade specimens. Fig-
ure 3 shows the location of samplestaken for geochemical
analysis and for preparation of thick and thin sections.

SAMPLE ANALYSIS

All rock sampleswere prepared for geochemical anal-
ysis at the BC Geological Survey (BCGS) Laboratory in
Victoria, BC. Rock sampleswerefirst crushedto <2 mmus-
ing a jaw crusher fitted with hardened chromium-steel
plates, then split into 100-200 g subsamples using a Jones
splitter. Subsamples were taken from the <2 mm material
for milling. A tungsten-carbide (W-C) ring and puck mill

was used to mill one subsampl e of thejaw-crushed material
for major oxide analysis, while asecond subsamplefor mi-
nor- and trace-element analysis was prepared using a
chrome-steel (Cr-Fe) ring and puck mill. A quartz sand was
milled between each sample to minimize intersample con-
tamination. Time and care were taken to choose fresh rock
surfaces, but dueto the extreme surface oxidization and ex-
tensive heterogeneity of veining within samples, milled
portions may contain minor built-in bias of certain ele-
ments (e.g., SiO,). Duplicate samples were inserted to
monitor analytical precision, and known rock standards
were added to measure accuracy.

A portion of each milled sample was analyzed for ma-
jor oxides at Global Discovery LaboratoriesL td. (Vancou-
ver, BC) on afused disk withaSiemensModel SRS3000 x-
ray fluorescence spectrometer. Hafnium, niobium and zir-
conium (high field-strength elements) were also analyzed
by x-ray fluorescence using a lithium metaborate-
tetraborate pressed pellet and a Siemens SRS 3000 x-ray
fluorescence spectrometer. Lossonignition (LOI) wasalso
determined at 1100°C by Global Discovery Laboratories.
Other subsamples of the Cr-Fe milled material were ana-
lyzed for 42 trace elements at Acme Analytical Laborato-
ries (Vancouver, BC) by hydrofluoric-
perchloric-nitric-hydrochloric acid diges-
tion followed by a combination of induc-
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tively coupled plasma—emission and mass
spectrometry (ICP-ES and ICP-MS) as well
as for 37 major and trace elements by aless
rigorous agqua regia (HCl, HNO;, H,0) di-
gestion followed by ICP-MS. The samples
werealso analyzed by AcmeAnalytical Lab-
oratories for carbonate C by hydrochloric
acid digestion and Leco combustion. A fur-
ther set of subsamples was analyzed for 33
elements including Au and a selection of
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rare-earth elements by instrumental neutron
activation analysis (INAA). Selected sam-
pleswereanalyzed for rare-earth elementsat
Memoria University (St. John's, NL) by so-
dium peroxide sinter and ICP-MS. The ad-
vantage of using different nondestructive
and extraction (total and partial) methodsfor
analyzing elemental concentrations is that
the data produced should aid in determining
the most reliable analytical method for a
given element or Group of elementsin fur-
ther research. Table 1 summarizes detection
limitsfor elements analyzed by the different
methods. Twenty-six selected rock
specimens were sectioned at the BC
Geological Survey and cut samples sent to
Vancouver Petrographics (Langley, BC) for
thin and thick section preparation.

GEOLOGY

Regional Geology

Gold mineralization at Spanish Moun-
tain is hosted in metasedimentary rocks of
the Late Triassic to Early Jurassic Nicola

Figure 3. The Spanish Mountain property, with sample locations for petrographic
and geochemical analysis highlighted. Wacke surface trace provided by Skygold

Ventures Ltd.
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Group (Bloodgood, 1988) or its northern
equivalent the Takla Group (Rees, 1987). In
the eastern part of the property, these sedi-
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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 3 014
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 1 039
Hg 0.005 1

Ho 0.06
Ir 0.005

K 200 100

La 0.5 0.1 05 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 11
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 01 038
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

Vv 2 1

w 0.1 0.1 1

Y 3 0.1

Yb 0.2 041
Zn 0.1 1 50

Zr 3 0.1

CO, 0.02
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Table 1. Instrumental detection limits for elements determined by
pressed pellet x-ray fluorescence (XRF), aqua regia digestion—
ICP-MS (AR-ICP-MS), hydrofluoric-perchloric-hydrochloric-nitric
acid digestion and combination of ICP-MS and ICP-ES (HF ICP-
MS) and instrumental neutron activation analysis (INAA). Rare-
earth element (REE) and carbonate carbon by LECO combustion.
Detection limit for a major oxide (e.g., SiO,, Al,O3) by fused-disc
XRF is 0.01%.

Figure 4. Altered wacke displaying oxidized Mg-Fe-rich carbonate
(right of image) and pervasive sericite alteration that resembles sil-
ica flooding (08KAP-02-04, UTM Zone 11, 604143 N, 5827859E,
NAD 83).

Figure 5. Typical argillite with graphitic fracture surface showing
rusty weathered pyrite, Fe-Mg carbonate and a displaced and dis-
torted quartz vein (08KAP 04-07, UTM Zone 11, 604310N,
5828487E, NAD 83).

mentary rocks overlie the Middle Triassic black phyllite,
which formsthe basement Member of the Quesnel Terrane.
The Middle-L ate Triassic age constraint for the hostrocks
in the study area comes from conodonts found in the vicin-
ity of Quesnel Lake (Struik, 1983; Struik and Orchard,
1985). The Crooked amphibolite of the Late Paleozoic
Slide Mountain Terrane (Schiarizza, 1989) separates the
Quesnel Terrane to the west from the Kootenay Terranein
the east. Adjacent to the Spanish Mountain property, the
Kootenay Terrane is composed of Paleozoic meta-
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sedimentary rocks of the Snowshoe Group and the Quesnel
L ake orthogneiss. Southwest of Spanish Mountain, the se-
guence grades stratigraphically upwardsinto asequence of
vol canic wacke and associated vol canic rocks of theNicola
Group (Bloodgood, 1988).

Property Geology, Alteration and
Mineralization

The host sedimentary rocksfor Au mineralization and
alteration are calcareous argillite, siltstone and wacke.
Northern parts of the property are dominated by fissile
black, thin-bedded argillite and siltstone with graphitic
fracture surfaces. Quartz veins are present throughout
argillitesequenceswith variable characteristics. containing
pyrite, carbonate and rare galena; barren, highly deformed,
or relatively undeformed and follow wavy bedding sur-
faces. Thevariationin quartz vein geometry and style dem-
onstrate that fluid flow has been important throughout the
deformational history. Surface outcrops of the main zone
(Singh, 2008) are chiefly composed of wacke, siltstoneand
argillite sequences. The wackeisgrey to buff whitein col-
our with variable amounts of disseminated and well-
formed cubic pyrite that is generally less than 5% of the
rock. Thesiltstoneisgrey to black colour, occurring asthin
beds and rounded boudins within phyllitic members. Inthe
main zone, there is al'so wide variation in the character of
the quartz veins hosted in the more competent wacke. It is
of note that quartz veins within this unit have historically
produced the highest Au assay values on the property
(Singh, 2008). The siltstone and wacke have been intruded

Figure 6. Thin section of siltstone displaying quartz veinlet interac-
tion with rhombic carbonate. Interactions include termination, de-
flection and inclusion of quartz with or without carbonate
remobilization (drillcore sample, UTM Zone 11, 604544 N,
5828363E, NAD 83).

by minor mafic dikes, which are altered to adark green col-
our and contain Cr-rich mica. Similar Cr-mica alteration
occurs as subangular to angular fragments within the
wacke sequence. Figures 4 and 5 show examples of the
wacke and graphitic argillite.

Alteration on the property consists of extensive iron
carbonate, dolomite and sericite replacement and oblitera-

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; CO, by HCI, digestion
and LECO combustion; LOI, loss on ignition; XRF, x-ray fluorescence.

Analytical Rack Tops
Method Units Wacke Siltstone Argillite Wacke Siltstone Argillite Wacke Siltstone Argillite
Mean Mean Mean 95th %ile 95th %ile 95th %ile Max Max Max
$i0, XRF % 5812 5393 6410 83.47 74.85 78.18 86.70 80.72 78.95
Al O, XRF % 1245 1436 1059 17.24 17.83 16.59 17.72 20.39 17.93
Fe, 0, XRF % 5.03 6.21 478 8.07 9.30 852 8.19 11.43 8.84
MnO XRF % 013 0.14 0.19 0.22 0.21 0.58 0.25 0.24 0.77
MgO XRF % 356 333 254 11.79 6.09 578 1217 6.11 7.14
Ca0 XRF % 466 483 3562 6.85 8.06 754 6.88 8.76 7.82
Na,0 XRF % 218 262 1.07 4.08 518 2.08 473 6.61 211
Lol % 1034 1048 9.12 21.55 16.05 16.97 2243 17.46 17.24
Cu HFMS ppm 440 95.4 492 90.8 207.8 91.3 157.4 285.0 107.9
Pb HFMS ppm 67 9.5 251 125 28.1 91.9 215 358 153.7
Ni HFMS ppm 6400 3680 37.40 391.20 91.40 63.10 42540 17560 6570
CcOo, LECO % 7.67 7.88 5.47 16.55 12.89 11.77 16.70 14.28 13.22
Y XRF ppm 20 18 19 31 33 120 34 33
Zr XRF ppm 139 96 122 200 208 512 203 265
Nb XRF ppm 8 7 14 10 38 19 18 55
Au INAA ppb 1186 3294 339 4209 1230.0 1775 18200 560300 3390
As INAA  ppm 557 62.9 40.6 193.5 155.0 80.8 315.0 2740 83.4
Ba INAA  ppm 695 970 1029 1368 2000 2145 1470 2630 2410
La INAA  ppm 123 16.2 179 26.0 329 25.4 48.4 411
Lu INAA ppm 033 0.41 0.42 0.64 0.70 0.59 0.71 073
Ag ARMS ppb 2824 3932 7316 13338 782.0 34500 16780 16730 66230
S ARMS % 034 0.65 0.74 1.85 3.75 287 4.42 6.09
Hg ARMS ppb 4 3 18 8 77 26 8 137

166

British Columbia Geological Survey



tion of the mgjority of primary textures of all sedimentary
units. Metamorphism has resulted in multiple stages of Fe-
carbonate and/or high-Mg dolomite recrystallization that
givethe rocksaknotted appearance. Oxidation of Fe-bear-
ing carbonateand pyritehasgiventherocksacharacteristic
brown spotted appearance in many surface exposures.
Muscovite alteration isal so extensive throughout the prop-
erty, occurring as fine-grained sericite, usually comprising
between 20 and 40% of the matrix, but as high as 60% in
some samples. Pyrite is observed as fine-grained dissemi-
nations throughout the wallrock, concentrated in veinsand
aseuhedral cubesupto 2 cm. Asmany asthree stagesof py-
rite growth have been identified by the University of Tas-
mania (Singh, 2008), but are nearly impossible to
differentiate in hand sample.

PETROLOGY

Our petrographic analysis was designed to recognize
possible mineralization vectors associated with carbonate
mineral ogy and to select samplesfor laser ablation ICP-MS
at the University of Victoria. Mineral identification by mi-
croscopic examination of thin sections has been comple-
mented by x-ray diffraction of 12 samples at Global Dis-
covery Laboratories, Vancouver. Theinitial examination of
the thin sections indicates that carbonate species occur in
multiple generations; as irregular porphyroblasts with lo-
cally remobilized grain edges, well-formed zoned and un-
zoned prismatic rhombs, and patchy interlocking sections
in intensely altered rock types. Figure 6 shows a thin sec-
tion of an altered siltstone. Studying the different styles of
carbonate replacement and observations of carbonate
microchemistry will provide us with insight into the
evolution of hydrothermal fluids responsible for wallrock
alteration.

LITHOGEOCHEMISTRY—PRELIMINARY
RESULTS

Results from whole-rock and trace-element geochem-
istry have been obtained and an analysis of the dataisin
progress. Preliminary results arelisted in Table 2, together
with rock types assigned in the field. Initial examination
confirms previous studies of the mineralization: that Au-
bearing sampleshavelow valuesof As, Hg, Sh, Ba, Ag, Ba
and TI, elements identified by Schroeter and Poulson
(1996) to be characteristic geochemical signatures of sedi-
ment-hosted Au deposits. Thisleadsto the hypothesis that
the chemistry of mineralization at Spanish Mountain dif-
fers from that of the better-studied Carlin-trend deposits.
By obtaining and analyzing detailed geochemistry of the
hostrocks, the intriguing potential exists in developing a
new model explaining some of the unique characteristicsof
this sediment-hosted Au system. Refinement of hostrock
types based on geographic and stratigraphic distribution
will be part of ongoing undergraduate thesiswork to better
characterize ateration patterns of this deposit. Table 2 lists
mean, 95" percentile and maximum val uesfor selected ma-
jor oxides, minor and trace elements, LOI and carbonate C
for samplesclassified aswacke, siltstoneand argillite. This
tripartite classification scheme may be revised after more
detailed petrographic analysis. The statisticsin Table 2 re-
veal that wacke samples have higher SiO,, MgO, Ni, car-
bonateC, Znand As, whereassiltstone sampleshave higher
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Fe,Os, CaO, Cu and Au. Argillite samples have higher Pb,
Nb, Ba, La, Ag, Sand Hg.

CONCLUSIONS

Preliminary petrographic and geochemical analysis of
surface outcrop and diamond-drill core samples from the
Spanish Mountain property has revea ed

e multiple generations of carbonate alteration minerals,
including irregular porphyroblasts with locally
remobilized grain edges, well-formed zoned and un-
zoned prismatic calcite rhombs, and patchy interlock-
ing carbonate minerals in intensely altered rocks,

e principal rock types hosting Au mineralization at the
Spanish Mountain deposit that display distinctive ma-
jor oxide, minor- and trace-element chemistries; and

e ageochemical signature displayed by Spanish Moun-
tain rock typesthat differsfrom previously discovered
sediment-hosted Au deposits.

Further research intowhy elementssuch asAs, Hgand
Sh arein such low concentrationsin the Spanish Mountain
deposit leads to the exciting potential of a new deposit
model for Au depositsin BC.

Among techniques that will be used to complete a
study of alteration and lithogeochemistry are x-ray diffrac-
tion, rare-earth element analysis by sodium peroxide
sinter—ICP-MS and laser ablation-ICP-MS analysis. Re-
sults and an analysis of the datawill be reported in the se-
nior author’s University of VictoriaHonours BSc thesis. It
isanticipated that a detailed analysisof hostrock geochem-
istry and mineralogy will provide abetter understanding of
Au mineralization processes in the Spanish Mountain
deposit.
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