22008

BRITISH
COLUMBIA

Canada® Pacific Gateway

Ministry of Energy
Mines and Petroleum
Resources

GEOCHEMICAL SURVEYS - PITFALLS AND PUZZLES

Ray Lett

Geofile



Slide 1

A bririsu

COLUMBIA

The Best Place on Earth

-‘"“7 7= =g
‘chemical SUTVEYS e

raRidalisSisa

oA

. RayZbet ’
Geological Survey
BC Ministry:ofiEnergy, Mines &
RetroleumiResources

This talk will illustrate some geochemical survey pitfalls, a few puzzles (at least to the
author) and a brief review of the current GSB Geochemical program.
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Geochemical Survey Pitfalls
» Sampling
» Sample preparation
» Sample analysis

There are always the pitfalls of poor sampling technique, absence of any field data
describing the sample collected, contamination during sampling and sample preparation
and an unsuitable analytical method chosen for a survey that will make interpreting

geochemical survey data difficult. There are also the obvious pitfalls during fieldwork
that should be avoided.
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A pitfall of moss mat sampling

» Moss mat sediment can improve
gold anomaly contrast.

» Moss mats are an alternative
where fine-grained sediment is
limited in fast flowing streams.

> Moss should be collected from
above & close to the water level.

A regional survey with a sampling density between 1 /10 km? to 1 /15 km? will outline
bedrock geology that has an elevated trace element geochemical background. This
sample density is generally too low to detect all of the exposed mineral occurrences that
would be revealed by the stream geochemistry as an obvious anomaly. However, there
have been recent BC examples where the routine RGS has been successful as the
primary exploration tool. A routine geochemical survey can be improves by adjusting
sample density so that the sampling will better detect mineralization or by using a
different sample types. Lake sediments are an obvious example to deal with areas
where there are few streams, but many lakes. Moss mat sediment was introduced in the
early 1990’s to solve the problem of sampling fast flowing mountain streams on
Vancouver Island where fine grained sediment was depleted from the stream bed load.
Moss mat sediment can improve gold anomaly contrast because the moss captures
fine-grained sediment and heavy mineral from the suspended sediment at periods of
high water flow (e.g. Spring runoff). It is important that live moss mats are collected from
boulders and logs close to the stream water level.
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Using Moss Mat Samples — An Alternative
sediment in fast-flowing mountain streams

= wll. o, "

-

g -

This slide shows moss sediment sampling in the Lillooet area — Thanks to Garret
Larcroux of the Ts’kw’aylaxw First Nation for assistance with sampling.
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Geofile 2008-08. Survey Sites
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This side shows the locations of the geochemical orientation surveys on Vancouver
Island, including the Red Dog property documented in BC Geological Survey Geofile
2008-08. Drainage from the Red Dog Cu-Mo-Au-Ag sub-economic porphyry deposit at
the north end of Vancouver Island illustrates the difference between the behavior of Au
in stream versus moss sediments. The creek has a 150 m vertical drop over the 3.7 km

reach of the channel where moss and sediment samples were taken.
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Au (ppb) in conventional and moss sediment — Red Dog
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The profile of shows that Au values are below 100 ppb in stream sediment from the
channel for 4.5 km, but significantly increase to almost 600 ppb in the moss sediment
with a peak at about 3 km downstream from the an area where this most likely Cu-Au

sulphide mineralization.
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Slide 7 illustrates another example to compare the distribution of Au in conventional
stream sediment to Au in moss sediment and Au in heavy mineral concentrates along a
bar in Sombrio River west of Victoria on Vancouver Island, British Columbia. Stream
flow is south to the sea from rocks forming the Pacific Rim Leach River complex. The
map identifies the site and shows the Au value detected in sediment collected during a
previous BC Geological Survey regional survey.
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Slide 8 shows the Sombrio Creek gravel bar where samples were collected. There are
three sites where a heavy mineral bulk sediment and conventional stream sediment
where collected from the upstream end, midpoint and tail of the bar at about 10 to 15 m
intervals marked by A, B and C on the slide. Bulk samples were from shallow (10-15 cm
depth) pits in the bar. The moss sediment was collected close to the creek bank (but
about 5-10 cm about the present water level) on the right of the slide (hidden by the
trees). Credit to Zoe Sandwith for this photograph showing the bar upstream from the
BC Highway 14 road bridge.
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Slide 9 shows that the highest Au value from the Sombrio Creek bar is in the - 80 mesh
fraction of the stream sediment and not in the - 80 mesh fraction of the moss sediment
as might be expected from the Red Dog example. This difference may reflect that the
moss collected from close to the creek bank was infrequently submerged in the creek
water floe and therefore had less chance to capture Au from the suspended sediment.
The Au grains show a progressive increase in number from the upstream end of the bar
to the bar tail. The study illustrates that a single sediment sample from a large gravel
bar may not be sufficient to detect anomalous Au because the erratic distribution of Au
in the sediment. Also, moss sediment must be carefully collected to make sure it has
sufficient contact with the water.
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This slide shows Au and other mineral grains in the heavy mineral concentrate made
from the bar point B bulk sediment sample (- 2mm fraction). Most of the grains are
rounded and have a range of sizes.
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oo A sample preparation pitfall S
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Slide 11 shows a hazard of the poor preparation of till samples collected from a regional
survey in the Babine Lake area, central BC. An instrumental neutron activation (INAA)
analysis of the — 63 micron till samples from Babine Lake till survey produced some
spectacular Au results (over 10 ppm) that, if published, had the potential of stimulating a
staking rush to the area. The INAA Au levels were confirmed by an aqua regia-ICP
(inductively coupled plasma emission spectroscopy) analysis (1 ppm detection limit) of a
split of the prepared till sample so the quality of the analysis appeared acceptable. Also,
only Au appeared to reach such high levels compared to other elements. Contamination
of the sieve with Au bearing rock during preparation at a commercial laboratory was
most likely the reason for the high values because two independent methods reported a
similar Au content. Also, the Au values decreased sharply from a peak along an
exponential decay curve through the sequence of samples sieved for analysis. Having
suspected contamination a second sample of the archived raw bulk till was prepared by
the BC Geological Survey, analysed by INAA and found to contain less than 20 ppb in
the — 63 micron fraction. The risk of a sample preparation problem can be reduced by
keeping a “witness” split of the sample separate from that sent for analysis and carefully
examining quality control and the reported data for inconsistencies.
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Slide 12 shows the distribution of Au values in the till if they had been released to the
public. The “Gold in till - Re-Analysis” in the legend shows the range of values after
preparation of a second samples from the bulk till and analysis for Au by INAA. All of the
high Au values shown on the map would have disappeared because the maximum
value shown in the legend is now 13 ppb.
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A pitfall of sample analysis

Neutron Sample ICP Mass
activation Spectrometry

Irradiate in nuclear Leach in aqua regia &
reactor & count isotopes analyze by spectrometer

33 elements — near total 50+ elements - partial

Using an unsuitable analytical method can lead to problems in a geochemical survey.
Slide 13 illustrates a difference between instrumental neutron activation analysis (INAA)
and aqua regia digestion followed by inductively coupled plasma mass spectroscopy
(aqua regia-ICPMS). INAA is non-destructive and reports near-total element
abundances in all minerals forming the sample whereas aqua regia will only measure a
varying fraction of the total amount of an element in a sample depending on a mineral
solubility in the nitric-hydrochloric acid leach. For many elements (e.g. W, Cr, Zr)
commonly found in refractory minerals (e.g. chromite) aqua regia-ICPMS is a partial
analysis. For other elements present in sulphide the method is near-total. Hence, an
appreciation of sample mineralogy and the aim of the survey are important when
selecting the analytical method.
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Barium and lead in soil over sedex
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Slide 14 compares the results of an INAA and aqua regia-ICP analysis of soil samples
collected over a lead-zinc sulphide lens containing barite. The difference between the
aqua regia-ICP (partial) Ba and the INAA Ba (near total) indicates that barite is
abundant in the soil. The low Ba values in the soil by aqua regia-ICP may also reflect a
suppression effect from the high sulphate liberated by the sulphide dissolution that
would enhance BaSO, precipitation from the digestion solution.



Slide 15

A pitfall of RGS sample analysis

Atomic ICP Mass
absorption Sample Spectroscopy

Aqua regia digestion - Aqua regia digestion -
Spectrometer -analysis Spectrometer -analysis

single element -robust Multi — element - versatile

Slide 15 illustrates two common methods used for trace element analysis of sediment
samples collected during regional geochemical surveys (RGS) typical of those carried
out by the BC Geological Survey, Geological Survey of Canada and Geoscience BC. An
earlier analytical method used to detect element in RGS samples was an aqua regia
digestion of the sediment followed by atomic absorption spectrophotometry. (AAS). This
method is robust , but can only determine on element at a time. A more recent method
is an aqua regia digestion followed by inductively coupled plasma mass spectroscopy
(ICP-MS). This is multi-element and therefore more efficient and can measure elements
to a lower detection limit. Both methods will only measure part of the total amount of an
element in a sample depending on a mineral solubility in the nitric-hydrochloric acid
leach. Results of the two methods should be very similar, but there will be differences in
the amount of metal liberated depending on the conditions of the digestion.
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While a difference in the results produced by the two methods (i.e. Aqua regia-AAS
versus aqua regia-ICPMS) may have little effect on exploration geochemistry where the
object is to identify anomalous values, it can be more obvious when regional survey
data is contoured. This shows the contoured RGS copper in BC — note the edge effect
along a map sheet boundary.
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Copper in stream sediment samples
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Slide 17 shows the distribution of copper in the archived stream sediment samples from
the McLeod Lake map sheet that were analysed by an aqua regia digestion — ICPMS.
The samples were originally analysed for Cu in 1985 by aqua regia digestion — AAS.
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Slide 18 summarises the results of a statistical t test applied to mean values for

elements determined first by aqua regia —atomic absorption and later by aqua regia-
ICPMS. All values except for Fe log transformed before the t test was applied and also

tested to determine if the distributions had equal or unequal variance. Red to blue

indicates difference (red higher than blue) and green indicates no difference at the 0.05
probability level. Note that although some of the means are apparently identical the t

test shows that statistically the means are different. The same differences could

influence merged survey data if the RGS samples from one map sheet were analysed
by aqua regia-ICPMS and samples from an adjacent sheet analysed by aqua regia-

AAS.
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Some Puzzles of Interpreting
Soil Geochemical Data
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Moving on to some questions asked by geochemists trying to interpret soil geochemical
data. Selecting the optimum soil horizon for sampling to give maximum anomaly
contrast for ore indicator and pathfinder elements is often a puzzle and can be
illustrated by an orientation survey carried out over the Shiko Lake Cu-Au porphyry
property. This orientation is among several studies undertaken in 2007 by the BC
Geological Survey to try and better understand the soil and till geochemical expression
of drift covered porphyry Cu-Au mineralization using conventional (e.g. Aqua regia-
ICPMS) and a less conventional, partial extraction method (e.g. Mobile metal ion (MMI
from X-ray labs, Toronto ), (Enzyme leach, Bioleach, SGH from Actlabs, Ancaster,

Ontario).
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Slide 20 summarises the geology of the Shiko Lake property near Quesnel Lake, BC. A
complex syenite-monzonite-diorite intrusive into Nicola basalt and volcaniclastic rocks is
been mineralized with Cu and Fe sulphides and with Au. There are also alternation
envelopes around the intrusive. The Mount Polley Cu-Au mine is about 8 km to the
north of the property. Previous exploration by several mining companies most recently
has involved overburden drilling and IP surveys. Results of detailed GSB soil sampling
along a north to south traverse will be shown in the next slides.



Slide 21

F-H Hor.izon

. “Lower B” Horizon

-,

t

; e J
Till — parent ma#@Tial

C Horizon

Side 21 is of a till exposure (ice transported minerals and rock fragment forming a
compact, unsorted glacial deposit) and of more a detailed profile with the A, B and C soill
horizons identified. Material was taken from the F-H, “upper” B, and “lower” B and C
horizon each down soil profiles to establish the geochemical changes and element
variations with depth and to try and replicate routine sampling carried out by exploration
companies.
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ICP Mass ICP Mass
Spectroscopy S2mple Spectroscopy
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Sample analysed for a range of elements by aqua regia digestion followed by
inductively coupled plasma mass spectroscopy and by INAA. Several partial
extraction techniques such as MMI, Bioleach and Enzyme Leach were also
used to try and improve anomaly contrast. B soil samples were also
analysed for loss on ignition, for pH and for soil gas hydrocarbons (SGH).
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Quesnel Lake

Slide 23 is a view north towards Quesnel lake close to the North Cu-Au mineralized to
give a better appreciation of the terrain and ice-flow features (ice flow is from the south
east to North West). The view shows the detailed soil profile locations.
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Slide 24 shows the variation of Cu by aqua regia-ICPMS in samples from different soll
horizons along the profile crossing part of the North mineralized zone. The C Survey
values have been merged with those for a previous overburden drilling program to
better define the variation of metal along the traverse. Copper anomaly contrast is
greatest in the C soil horizon compared to the B and F- H horizons and this may partly
reflect analysis of the — 63 micron fraction compared to the — 0.177 mm fraction used for
the B horizon samples. The asymmetric profile shape suggests a glacial transport of
material from south to north. There is a contact between basalt and volcaniclastic rock
under about 4 m of till between P67 and P68 close to where diamond drilling intersected
about 5% disseminated pyrite plus anomalous Cu and Au values.



Slide 25

2000 N
/\
/> ami Bislagdl
. | WA
o /A >
£ / \\

Slide 25 shows mobile metal ion (MMI), Bioleach & Enzyme Leach Cu in the lower B
soil horizon across the NW zone. The peak is centered over Profile 67. Analyses are
from lower B soil horizon samples. The profile is similar to that for aqua regia-ICPMS
copper, but contrast is improved using the partial extractions.
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Slide 26 shows the variation of Cu by MMI & Bioleach in the upper B horizon compared
to the lower B. Note there is a similarity between results for each method and the
difference between the response at the two depths. Contrast is clearly improved by
using samples from the lower B soil horizon.
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Slide 27 shows the variation of Au by aqua regia-ICPMS in different soil horizons and
the number of Au grains isolated from the heavy mineral fraction of the C soil horizon.
The variation of Au along the traverse is more erratic than that of Cu and the Au
anomaly peak with the greatest number of pristine Au grains (local source) is displaced
north from the Profile 67 Cu peak.
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Slide 28 shows the distribution of Au by Mobile Metal ion (MMI), Bioleach and Enzyme
Leach. Clearly MMI enhances Au anomaly contrast compared to other leaches with a
sharp peak over profile P66.
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Slide 29 shows the variation of Au by MMI in “upper” B and “lower” B soil samples. The
MMI gold peaks in the two horizon are at the same point along the traverse, but contrast
is improved by analysis of the “lower” B. Samples. At test applied to MMI determined
compared to the “lower” B horizon shows that there is no statistical
difference between the means of the two populations. This slide illustrates that care
with soil sampling is needed to avoid variations in anomaly contrast from horizon to

Au in the “upper” B

horizon.
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Slide 30 shows pH in the “upper” B horizon along the same traverse as Cu and Au.

There is a sharp decrease in soil pH at P68.
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Slide 31 shows loss on ignition at 500°C (LOI) along the traverse. There is a low LOI
value at P68 that appears similar to the variation in pH and Cu and Au determined by
MMI and Bioleach. Organic matter or clay mineral content could influence soil pH and
the geochemistry of the metals.
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Slide 32 attempts to summarise the variation of Cu and Au in the soil with a simple
model. The model shows the relationship between the bedrock source of the metal, the
vertical projection of the mineralization to surface to the surface and displaced (due to
ice transported material containing mineralized bedrock) till-soil geochemical patterns in
the different horizons. The model speculates that soil pH has influenced geochemical
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GSB Geochemistry

> Field — Improve geochemical methods.
> Training — Support student research.

> Laboratory — GSB Analytical Services.
» Assayers Program — Certification.

» Partnerships — GSC, GSBC, Industry.
» Database upgrades (e.g. RGS)

> Client services

Slide 33 Summarizes the BC Geological Survey Geochemical program including:

e Field research to improve geochemical exploration techniques used by industry.

e Training of students in field sampling and advising on student project research.

¢ Providing geochemical analytical services (sample preparation & QC) in support of
GSB bedrock mapping, mineral deposit and till survey projects.

e Delivering the BC Certified Assayers Program i.e. examination & certification of
assayers in BC as required by the MEMPR Act.

e Partnerships include sample analysis funded by the GSC and support to
Geoscience BC and GSC regional geochemical surveys by supplying standard
reference materials.

e Database upgrades include updates to the BC regional geochemical survey
database with Geoscience BC data.

e Client services — trying to answer your many questions.
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New Geochemical
Information

> BCGS Geofile 2008-8 Vancouver
Island Geochemical Orientation
Survey Results — Sept. 2008.

> BCGS Geofile - Geochemical
pathfinders for Cu-Au porphyry
deposits — 2010.

And, finally, the release of new geochemical information.
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Wingdam conglomerate

First described by Struik (1988)

McMullin et al., (1990) first detailed its
significance

Similar quartz-rich clastics described from the
base of the Black Phyllite along the length of
Its exposure

Erosional nature of basal Triassic Black Phyllite
contact noted by Struik, Campbell and others

These and other arguments have been used to
support pre-Jurassic deformation
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Detrital Zircon Geochronology for the Wingdam Conglomerate
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Wingdam detrital zircon geochronology (continued)

Relative
probability
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Geochronology of gneiss clast in Wingdam
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Detrital zircon spectra of Mount Roberts
Formation, southern Quesnel Terrane
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Conclusions

Detrital zircon geochronology of the Wingdam conglomerate is
compatible with it being sourced from Kootenay and Harper
Ranch rocks

Clast composition also suggests the Slide Mountain as a source

Also:

The Crooked amphibolite is an erosional remnant of the Slide
Mountain Terrane below the Triassic black phyllite

The black phyllite sits unconformably on Kootenay and Crooked
amphibolite rocks

Wingdam conglomerate is a product of this unconformity

Obduction of the Slide Mountain Terrane onto Kootenay rocks in
Late Permian to Early Triassic times (Sonoman Orogeny) was the
ultimate cause of these relationships

Kootenay rocks most likely underlie much of the Quesnel Terrane
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+ MINEovative Application Examples

1. Data Integration & Efficiencies
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Geological Survey Branch

+ Established in 1895

+ Responsible for producing and housing
geoscience information about mineral resources
and mineral potential.

+ Systematic inventory, assessment and archiving of
the complex geology of BC.

% MapFlace.ca

V.




Some GSB Database Milestones

1895 Establishment of Bureau of Mines
1947 Assessment Reports filing MTA Regs
1982-84 Open House (Roundup), new MINFILE

1985-95 Mineral Development Agreements
1989 90 Staff, MDO Van., Surficial etc, National Accords

1995 Ward’s Paperless Office / MapPlace

2000 Geofiles, Web development, GIS
MapPlace: BCYCM Award, Public Service Award 2001

2005 MTO, GeoscienceBC
2007 25K Assessment Reports scanned




Key Activities Clients

Mining Industry
Governments

Mapping and Deposit
Models Resource Assessment
Aboriginal Relations
Gold Commissioner
Land-use Branch

Confidential Expertise

* Industry Clients

» General Public Permitting

First Nations Advise Government

Communities ! : + Land-use planning
! : + First Nations consultation
Public *
Universities ;
Investors e Data Custodian

Consultants B | » MapPlace, BCGeoMap, ARIS,
Students i =

Business

Insurance Companies
Search and Rescue
Legal

Real Estate

Monitor Industry Activity

* Regional geologist reports

Environmental Groups
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2008 & 2009 FIELD PROGRAMS

* Regional Mapping * Surficial Geology
* Mineral Deposits * Geochemistry

* Coal (including provice-wide monitoring)

2008: Terrace Mapping and . PROVINCE-WIDE
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Collaboration with www.GeoBC.

Geo!

BC’s GEOGRAPHIC GATEWAY

| Quick Links
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Digital Access Efficiencies

Reduce environmental footprint

Save exploration dollars

Less travel and use of resources
e.g. Victoria-Vancouver:
CO2 Equivalent Emissions: 90 kg

Historical exploration reports
e.g. $90K drill hole

Mineral Titles Online staking since 2005

Interactive linkages with other databases
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BC Geoscience Databases

MINFILE

Digital Geology Map
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ARIS MapBuilder

ARIS Map Builder Help

Step 1: The Data Entry Form

« Enter the name of your property.

« Enter all Tenure ID Numbers for your property. Separate the ID
numbers by commas.

» Press the button.

Property Name:

by Froperty

Tenure ID Mumbers:

511709,507814,501290,515549,51 5550




ARIS MapBuilder

TulLocation Map | fClaim Map | € Tenure Report | &Print | &Google Earth TM

By || oo X E 0] P

Step 2: The Location Map

« The map opens and displays your property's location.
« Clicking &1Claim Map will zoom in to your property.
« Clicking &Print will print your Location Map. PDF Sample
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ARIS MapBuilder
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Step 3: The Claim Map

« The map zooms in to show your property.
+ Clicking ¥xLocation Map will zoom out to the Location Map.
« Clicking &Print will print your Claim Map. PDF Sample
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ARIS MapBuilder
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Step 4: The Tenure Report

« Clicking @ Tenure Report will open a new window with a report of all
tenures in your property.
« The Tenure Report provides links to MTO.

Mineral Titles Online Report

Click on Tonure Number for more information

Download to Excel
Tenure Number Claim Name Good Until
20070112 204 528
20060930 255738
20060930 324014
20040930 187 587
20060930 715265

LIBT Metadata

Mineral Title Online
BC Geological Survay
British Columbia Ministry of Energy, Mines and Petrolewn Resources
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ARIS MapBuilder
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Step 5: View your claims in Google Earth
» Clicking & Google Earth will download a Google Earth KML file.
» You must have Google Earth installed on your computer to view KML files.
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Links to
multiple
claims.

Access to
all aspects
of the MTO
website
Information

Mineral Titles Online Report

Click en Tenure Numbers for more information.

Click column headings to sort resulis.

Download to Excel

232763 Mineral GOLD MTHN MO, 9 FR 20140228 25
Mineral [MAC #1 20140228 500
233261 Mineral LINDE #2 20140228 25
233262 Mineral |LINDE #1 20140228 25
233204 Mineral KENA FR. 20140228 25
235349 Mineral |K,E MA#18 20140228
35350 Mineral KENA #19 20140228 S umm ary
235351 Mineral |KENA#20 20140228
235352 Mineral KENA #21 2014022 f
235353 Mineral |KENA #22 20148 R e p ort ror
235354 Mineral KEMA #23 207
235356 Mineral |KENA #25 1 t h e
374208 Mineral CAT 34 207
512465 Mineral |BLUEBIRD 20080° S el eCted
512466 Mineral BLUEBIRD I 20080512 .
512589 Mineral |cAT e C | alms
517762 Mineral SILVER QUEEN 20071220
537232 Mineral |CAT 1 20100714
50200 Mineral CATHERINE 20080125 63.02
Mineral |CAT 1 20080125 21.009
550210 Mineral FRANK&DON 20080125 252.194
550275 Mineral [FaD FR. 20080125 21016
567053 Mineral COPPER CAT 26 20080929 524.808
567054 Mineral |COPPER CAT 27 20080929 525.491
567056 Mineral COPPER CAT 28 20080929 520.067
567827 Mineral | KENEL 20081011 184.825

Total Area: 3917.812 ha




Mineral Titles Detail Report

Tenure Number ID | 512465 View Tenure
inaral (1]
Claim ()

Mineral Cell Title Submission (MCX)

Tenure Type
Tenure Sub Type
Title Type

Mining Division
Good To Date
Issue Cate

2007/ may/12
2005/ may/12
Termination Type
Termination Comments
Termination Date

Tag Number

Claim Mame

2ld Tenure Code

Area In Hectares

BLUEBIRD

501.043

Map Numbers:
082F

Owners:
201067 Peter Lawrence Wells 100.0%

Tenure

Events: Submitter
ELLSWORTH
106726 EDWARD
DICKSOM
ELLSWORTH
106726 EDWARD
DICKSOM
Peter
201067 Lawrence
Wells
ROBERT
116400 DOUGLAS
MACHRAY

BSLI Transfer of Ownership (Bill of Sale Ini

BSLC Transfer of Ownership (Bill of Sale Ci

SOW Exploration and Development Work: [/

ADOUt | Layers | Legend

SMUAEERQQAI€EN G DR

Find Location

- ok . . .
‘I?wm Mineral Titles Online Viewer -

Refrash

CEXT Claim Registration (Acquisition) (4030

!




Investigate Mineral Tenures with the
Exploration Assistant

autodesk’

£ MTO Mineral Titles Layers
=7 MTO By Marme

=7 MTO By Owrer
= MTO By Anniverzany Date

= MT0 By Acquizition Date

) MTO By Anniversary Date : Tenure ID: 595840-Expires: 09-12-11

1 :04,000 |25.1 %184 (Km)

Tenure due in next 30 days

Exploration Assistant

Mineral Title Selection
visible ar 1:3.000,000 scale

MTO Tenure Number
H ZoomTo ]

Tenure Name
|h0ward |[ Submit ]

&

0% Tenure Owner ID

é\e@é 111969 || Submit |

Tenure Anniversary Date
Tenure due in next

Recent Activity
Tenure acquired in last

ureDetail do?tenureMumberIDParam=525831

# Internet



Mineral Titles Archive - January 2007
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Publications Search Tool

Mm@ de e autod Publications Search

£ Index Map Layers =
[ == Surficial M appire
[ == Bulleting, Regior | Author > |h0‘_y’
O == Bulleting, Pravir | Title . |rassland
El (\pen Files, Feg
| 1985-1989 ' Keyword v|
| 1990-1994
7 1395139 | Abstract e |
|| 20002002 T Year v
2003-2004
Scale | 1:10.000
O = Open Files, Prov v | Completely Encloses
[ == Papers. Region: — —
O] = Papers, Provirci [ Add Criterion ] [ Delete Criterion
[ == Geoscience Ma
[0 == Geoscience Ma -
] = RGS Suvey Ind [ Show Footprints ]
[] = MINFILE No. Oc | ShowResults |

[ == G5B Bedrock by
[ == G5B Bedrock by
[0 == GSE Bedrock by
[J <= GSCMapzby T
## File Download Layer
[ == 2005 Digital Gec
[ == Crown Grant Ba
[ == Coal Titles PDF
[ == Placer Titles FD
[(1## RGS Focused Surve
=7 Focuzed Survey
[[] == Focused Stream
[ == Till Survey
[ == Lake Sediment”
£#3 BC Administrative An

" Click "Show Footprints" to display vour
- search results on the map, or click "Show
Results" to display a table of results.

You can refine vour search with additional
criteria by clicking the "Add Criterion”

»* button. The "Delete Criterion" button wil
remove the last criterion added.

The "Map Extents" option will return all

O == Cities publications completely enclosed by the
nlE e ' _rlJ current map view.
| | 1 11,476,680 1,204 % 1,703 (K Il ol o



Publications Search Tool

Mm@ de e autod Publications Search

## Index Map Layers =
O == Surficial Mappir b
[J <= Bulletinz, Regior & | Author W |h0‘_5-’
O == Bulletin, Provies | Title 3 |rassland
El (\pen Files, Feg
[ | 19851989 ' Keyword v|
19901994
1995-1999 | Abstract v |
2000-2002 Year 3
2003-2004
Scale * | 1:10,000

[ == Open Files, Pras
[ == Papers. Region:
[0 =~ Papers. Provinci
[ == Geoscience Ma

v | Completely Encloses

[ Add Criterion ” Delete Criterion ]

27 Geoscience Ma . S = .

S — RGE Survey i BC Geological Survey Publications
O == MIMFILE Mo. 0c [ i
O] = G3B Bedock by [ IssuelD | Author | YearlSealel] NIS |
[ = GSE Bedrock by 1 Eio? T. Hoy and K PE. Dunne Late Jusassic Rossland Group 1097 OE2F/4
|:| =7 G5B Bedrock by _,'; Fxp1osend Andrew KPE Hoy, T. The Shaft Showing, Elise Formation, Rossland Group 198D 082F
O == GSC Mapz by Tr :_\ ExPlozo.g] Andrew KEPE Hov, I. Geology and Exploration of the Fossland Group m the Swift Creek Area 1) 082F

£ File Download Layer p19gz.0r.01 Hoy, T, Andrew, KPE.  Prebmmary Geology and Geochemistry of the Eise Formation, Rossland Group, Between Nelson 1988 40000 082F4
[ == 2005 Digital Gec || and Ymar, Southeastern Botish Columbia
[0 == Crown Grant Ra piogegl-o4 Hov, T, Andrew, KPE.  The Rossland Group, Nelson Map Area, Southeastem Botish Columina 1989 0B2F4
[0 == Coal Titlezs PDF Pioonnl-0f Hoy, T, Andrew, KPE Geology of the Rossland Group, Mount Kelly-Helloaning Creelk Area Southeastern E.C 1900 OB2F/4
L] = Placer Titles D ploopni-ny Andew KPE Hoy, T, Stratigraphy and Tectomic Setting of the Archabald and Elise Formations, Fossland Group 1590 082F/4

O £# RGS Focuzed Surve T Drobe IR I
=7 Focused Survey Ploop.ol.0l Andrew, K PE Hov, T. Geology of the Rossland Group i the Ene Lake Area, with Emphasis on Stratigraphy and Structure 1991 082F 4
[ == Focused Steam of the Hall Formation, Southeastem Batish Cohembia
D = Tl SI.,IWE_',' P1991-01-02 Hi:-:\' T., Andrew, KEPE l:--.*u]n:lg:; of the Rossland Area, Southeastem Brtish Columbaa 1991 OB2F4
[ == Lake Sedment F1992.0]-0] Dunne K. PE Hoy, T.  Petrology of Pre to Syntectonic Earby and Middle Jurassic Intrusions in the Rossland Group 1002 0RIF/4

£ BC Adminiztrative An Southeaztem British Columbia
[ == Cities pio9201-23 Hoy, T, Dunne KPE, Tectomc an Stratigraphic controls of Gold-Copper Mineralization m the Rossland Camp, 1992 082F/4

T - . ;‘ﬂ Wehrle, D. Southeastern Bratish Columbia

I P2004.01.18 Jackaman, W. and Hoy, T. Gold Exploration, Rossland Nelson Area, Southeasterm BC 204 082F/03,04.05 06
: : : : e I vl




c%‘i{};fé?A Property Flle 43K Documents

The Reference Library Supporting MINFILE B ine

» Documents to be scanned
and posted as PDF files E
» Indexed and
Catalogued | _
» Search Utility | Donations:
’ |nternet ACCGSS _ R Chevron, Placer Dome, Rimfire...
» Linked to MINFILE _
Bibliography and iz dl Mine Plans
MapPlace il 7/
comprises:

» Published and unpublished
documents
Maps and photos
Press clippings and
investor newsletters
Corporate library donations LR IE R

Other ... E
Reference Scale a

fo asslist with reproduction / printing
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Property File Project

Property File Document Search

/ [PROPERTY FILE

Collection:

Falconbridge File

Map Sheet:

All

MINFILE No.: Falconbridge File

Document No.: Library File
To:
Project:

Title: |

Keywords: | |

Author:

Document Type:

Drill Logs

Holder - Envelope
Holder - File
Holder - other
Letter

Map - claim

Map - geochemical
Map - geological
Map - geophysical
Map - mine

Map - section
Map - sketch

Map - topographic

Property File Document

MINFILE No Title

082FNWO53, Memo
082FNWO054, Standard - Silversy o= - any
DE82FNWOED, - Alpha And Emily |1 - Fiolg
082FNWI180, Productive Zones Notes - General
DE2FNW196

Other

Photo

Report

Securities Document

DB2FNWODGD, Mammoth - Hecla

DEZFNWDG2 Level W - M-30 -
- 2 = i Telew/Fax
The=sis: B.5c.
Thesiz: M.5c.

Thesis: Ph.D.
82F 0 ; !
EB:F:EEEE: Mammoth - Hecla 8§ Thin secticns

|
bea rich J

Property File Home Page

| Records: 5

Collection |_Document |

- Slocan Star - Richmond-Eureka

al Projection OFf The Main Lode - Mine Plans File 17 ,916KB
1959

& Contours - Footwall Strands - 7 Mine Plans File 34,176KB
th Lode - Structure Contours On Mine Plans File 27,552KB

os2FNwigz  ein Strands - M-Qunknown




MINFILE links to Property File

Bibliography EMPE AR 1922-202; 1923-227: 1925-245 44¢ 5 7-275:
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1943-72; 1944-47 .72 1945-43,106; 1946-35,166; 1947-172; 1945-146;

1949-151; 1950-148; 1951-43,174; 1952-44,178; 1953- ~.E,_—-.:
1954-51,141; 1955-A49,63; 1956-A51,956; 1957-447,54; 1955- -‘L:
1959-445,6%; 1961-A50,77; 1962-A50,82; 1963-78; 1964-A55,
1965-153; 1966-220; 1967-251
EMPR BULL =29, pp. 86-20, Fig. 10
EMPR. BC METAL *MMD1250

EMPR EXPL 1976-E42; 1980-88
EMPR INDEX 3-204; 4-123

EMPR LMP Fiche No. 80971-60977
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M Y 4 ? autodesk’
[ == ASTER Download -] : :
[ == Enhanced Landzat
<7 HYPERIOM Analysi

=7 AVIRIS Analpziz are

Exploration Assistant

4®\} Image Analysis Toolbox

To select an image click on it with the amrow

== ASTER Analysis are cursor so it is highlighted

£ Landzat Analyzis an Bringto Top

File Downlaad Laye Oniginal Crder
BC Administrative &
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| )
[ Analyze Image ]
[ )
[ )

Focus Image

Toggle Image Group Lavers (on/off)
| ASTER || LANDSAT || AVIRIS |

| HYPERION |

[ Enhanced Landsat Download ]

ASTER Download |
Grid Layers Double click in red image outline
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Landsat Image: L10
Collection Date & Tune: 2001-10-05 18:48:53 GMT

i
Tmage Source: GegGratis

STEPS:

- Belect a maunerator ahd denomdnator band for each itvage
colout. If the mamberator and denominator are the same that
ratioing will not be performed but the designated band will be
used.

- Adjust the "Analyeis Area Pivel Width" walue.

- Click ot the "Digitize Centre of [nterest” button and then select
the desired point on the master image.

& colot scaled image of the selected dimension will be produced
and centered on the digitized location.

Use the toggle button below to tutn the analyeis result itnage off
and o

Tuttr on of off any of the other data layers,

Digitize Center of Interest

|Band 3 - .63-69 El Fed Numerator
Band1-.45-52 Lﬁj Red Denominator

Band 5 ) 5 5'1 -.?5 D Green Numerator
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Band 5-155-1 76 £ Bhue Humerator
Band 7 -2.08-235 [ Blus Denominator

500 |= Analysis Area Pixel Width
1- 1000 pixels
| TOGGLE Overlay |

[ Focus Images ” FrintImage ]

[ Back to Image Analysis Tools ]




Alteration-Mineral Map Image

&) htip:|jwebmap.em.gov_bc. ca/mapplace fminpot few_assst ofm

Bl e odop| o oo & 7 Aumdaskl'ﬂapﬁﬁdii'f

Image Analysis Tools

Al
100

Select the type of analysis desired.

Zoom to at least 1:1 000 000 to see image.

|| One-Band Analysis

[ ] Three-Band Analysis

[ ] Two-Band Ratio

|_IEee

| NDVI Vegetation Analysis
. Tasseled Cap Transformation
| Spectral Angle Mapper

iTmininlitei=lnle
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: Anaglyph Map
__| Virtual Reality

__ Google Earth
|| Download Page
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Back to Exploration Assistant

Relative abundance
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of iron oxides from
the Highland Valley
mine area.
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ASTER Image: AS6 @
Collection Date & Time: 2005-08-06 19:11:35 GMT Image Source:




MapPlace2Go designed for simple use

T MapPlace.ca \MapPlace2Go Project Record Summary

== Operator Baymag Inc.

Sector Industrial Minerals

"'""T-H.-M ain

.r .r-_.--.:. I' ¥ -'. l‘.-_,.- __:'. P :'.-..I Status

) 3:.l2'u.1.|'-.-.~ Lyke i Latitude
Longitude

MINFILE
MM S
=|| eaD

Cperating Mine

50.739
18679 S

D82IMW001
600191

=, xllr&f\cc
| _T .|| Address
BN Calgary, ALTA
T2W 4Y1
Phone 403-271-9400
Fax 403-271-0010

A Web hitp:fwww . bayvmag.com/

800,10655 Southport Road S0

)

Yo AT T 50.768089
e A
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Project Record Summary

Western Canadian Coal Corp

MapPlace & Google Earth

MINFILE Reports
Notices of Work

Environmental Assessments

ﬁn\lapﬁ'luca.ca

MapPlace2Go
Database
Linkages

MMS Notice of Work List - Mine #1640013

Click Notice of Work to See a Defailed Report

Identifier Mine |Mine
Name Alias

1640013200801 Perry  (Western  |Active M 04-

Status Type Date Latitude |Longitude

55.0875100 [-121.2497700

Creek  Coal Corp., Mar-
Wolverine 08
MINE

Spieker

Operator

Sector Coal

Status Cperating Mine

Commuodity Coking Coal

Latitude 55129

Longitucde -121.382

MINFILE 093P 015
093P 025

MMS 1640013

EAD 162

Address 900-580 Hornhy St
Yancouver
VB 3B6

Phone

s04-608-2602 COMpPanNy

Fax 604-629-0075 \\/eDhsite
Web hitp:ifwww westerncoal.com/

2 WESTERN CANADIAN COAL

Western Csnadian Coal Corp. is a publicly trsded Company listed on
the Toronto Stock Exchange (Symbael "WTI) and the Altemative
Invastment Mark=t of the London Stock Exchangs [JAIM'} {Symbal
“WTI). Westem's corporate and administistive offices sre located in
Vancouver, British Columbis.

Type:
Category:

Comments:

Location:

Project Information
Centre (e-PIC)

Wolverine Coal Mine

List of Contacts

The Company was founded in October 1987 for the purpese of
scquiring. exploring and developing coal mining properties for the

-121.2497700

Typical EA Process (Active and Status: Completed [ Certified
Complete)
Mining Pre-application 2001/12/31

Start Date:

Froponent receives provincial approval to construct 3 new coal mine near Tumbler
Ridge. Amendment to Environmental Asseszment Certificate M04-01, and Mine
Permit No. C-223 received June 3 2005

M.W. of Tumbler Ridge

Document Index

intemational metallurgical marksts. The cument focus of the Company
is on bringing into production a high quslity, low cost portfolio of
assets in Northesst BC, Canads which will tske advantsge of the
infrastructure slready established for the Northeast B coslfields,
including rail, port, town and other facilities

Documents

Under Review

Application and Supporting Studies

Abariginal Comments/Submissions
EAQ Generated Documents

Federal Comments/Submissians
Motices - News Releases

Completed / Certified

MNotices - News Relsases

EA Certificate Documentation
Amendment Certificate

Amendment to Certificate Documentation
Post Certificate Documentation



Operating Mines and Selected Major
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BC Mining Economy Map with Mines
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BC Mining Economy Mine Report

ﬁ MapPlace.ca

Mining Company Information

[ download in Excel format ]
Click Headings to Sort Table. Click on Report Number [ink for complete report

Basin (Tulameen) o 45, South
Coal Thermal Coal 42488 -120.7534 Central

Compliance Energy Corp Sedimentary

Epithermal
VS
Cale-alkalic
Porphyry
Porphyry
Jlorthzate Minerals Corporation Ealc:a]ka]ic
Project Record

Eskay Creek Barrick Gold Corporation Au Ag -130.429  Northwest 1048 008

Cu-Mo

Cu, Mo
Au-Cu

Gibraltar Taseko Mines Tid -122287  Cariboo  [083B 008

Huckleberry Mines Ltd -127178  Northwest 093E 037

Huckleberry

Eemess South -126.751 Cariboo  094F 004

MAX

Mount Polley

Myra Falls
[8):4
Chuinzam Coal
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Imperial Metals Corp
NVI Mining Ltd (Breq
Resources Ltd)

Cross Lake Minerals

Chuinsam Coal Corp
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Western Canadian Cq

Thompsom Creek M
Sojitz Moly Resource

Waestern Canadian Cq

PRICEWATERHOUS
INC

Elk Vallew Coal Partn

Summary
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Operator
Sector
Status
Commodity

Latitude
Longitude

MINFILE

MMS
EAQ

Address

Morthgate Minerals Corporation
Metal

Cperating Mine

AU-Cu

57.006
-126.751

094F 094
D94E 021

1300244
22

<

PC Box 3519
Smithers
V0J 2ND

250-881-8400
250-8581-8418

hitp./www.nothgateexploration.cafframe kemess mine.himl

Elk Vallew Coal Partnership

- codl

Metallurzical

Sedimentary ol 40786  -114.828

Southeast D82ENWO03
Catiboo  093A 008

Southwest 092F 330

Canboo 0234 121

Southwest 092F 318
Northeast 093P 013
Northwest 093K 006
Northeast 093P 007
Canboo  093E 060

Southeast

Southeast 032GNEQLT




Database Management

Challenges Solutions

> Format incompatidilinprovements/maintenance
> Application/visuakzftimoveaibie development
> Interpreting geoscielreasiniat@ ive Meeting)

> Ageing & New datéd Focused updates

v Reclamation
(disk space discipline)

» Upgrades - serveks Deabhsiteh @S

» Storage costs

Students
Messaging
Collaboration

£
, TIF WE DON'T FIX
AFFORD TOFIX THE  |s| 100% OF THE BUGS,
HIGH-PRIORITY THE SOFTWARE WILL
BE 200% USELESS.

53209 ©2007Scon Adams, Inc./Dist, by UFS, Inc.




What's Next...

Geomatic Magic

Data

Management '
Services W M S

’ \ Collaboration

GSB SDI Integration
Architecture

Access Services Partnershi PsS
MapPlace
GeoBC
GoogleEarth

Mapping
Services

4=

mm Strategy for

mwmes LiMely updates

053A 164

MINFILE: mineral inventory
Main deposite type: Alkalic
porphyry Cu-Au

View Report

Directions: To here - From

here




Web-enabled (Yao Cui)
Google * @arth AP&Appllcatlon

An enhanced scale-

based density dlsplay

of RGS KML files with

link to detalled it O T
repoR ' ke e
Regionated KML files

for MINFILE.

1.2M Geology Is also
displayed.
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IKML Documents

= %27 British Columbia Geological Survey
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ARIS Assessment Reports

f Al f
- { al o

MapPiace Maps / MapBuiiders / MapPlace2Go / Google Earth
BCGeoMap - Bedrock Geology

prir 9 A
L ~

Property File
COALFILE / Coal Assessment Reports

—_—

Historic Mine Sites / Historic Mines Atlas

-

Mineral Potential (Provincial/Regional
Mineral Deposit Profiles

RGS Regional Geochemisty Survey / Till Data / Focused Surveys

e ——]

Surficial Geology

Tectonic Assemblage (Tectonic Belts & Terranes)

Rock Geochemical Database
Aggregate Pits & Potential

B ———

Terrain & Soils [ Hazards Map

1
B

Geophysical Data (Provincial/Regional)

ExplorTrak Mineral Exploration

Image Analysis Toolbox and images

BC Age Data

Rock Properties Database

Catchment Basins

SUPPORT FOR: MMS Notices of Work / Oil & Gas / First Nations data

FUTURE: Digital Data from Assessment Reports / Diamond Drill Hole Database / eMining

Databases & Applications






BRITISH COLUMBIA

Mining and Mineral

Exploration Update - 2009

David Lefebure and Jay Fredericks
BC Ministry of Energy Mines & Petroleum Resources -

BRITISH
BCGS Open House COLUMBIA

The Best Place on Earth
Nov. 13, 2009




Your Regional Geologlsts

L John
Bruce Bruce : DeGrace §¢ 7
"Madu Northcote‘ (reti’red)wi: o




e Highlights

The Best Place on Earth

e Mines rebounding and starting
again to invest in their future

e Numerous mine development
projects; some stalled

» Reduced exploration activity;
generally smaller and fewer

e Asian Investments



Operating Metal and Coal Mines 2009

Metal Mine
Kemess South
(Cu-Au)

Commodity ,
(Mo)

Coal Mine

Ag- Silver
Au- Gold o —n
N

Huckleberry
Cu- Copper (Cu-Mo-Au-Ag) |

" S Y/ ) Fording River
0- : Y.
Molybdenum : 7

| Gibraltar
' Mount Polley

Zn- Zinc

Myra Falls A Coal Mountain
(Zn-Cu-Au-Ag) Highland Valley Copper
(Cu-Mo-Au-AQg)
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BRITISH
COLUMBIA

The Best Place on Earth

Established Mines

Fording River
Elkview

Greenbhills
Line Creek
Coal Mountain
Quinsam

New Mines
Brule

Trend Wolverine
Wolverine

Proposed
Gething

Horizon
Lodgepole
Hermann
Roman Mtn
Goodrich




N Goodrich Central South

BRITISH
COLUMBIA

First Coal Corp

e Project would
apply AddCar
remote u/g

- mining method
e 41 million tonnes measured

and inferred metallurgical
coal resource, Bickford &
Gething Fms.

e 50,000 tonne bulk sample
proposed for 2010

“Spine Road” access to project,
site “C3” In the distance




A | Raven Project

cotomsia | Compliance Energy, Itochu & LG

metallurgical or
thermal coal markets

42 drill holes (9,899 m)
In 2009

Project description filed |

with Environmental |

Assessment Office




Copper Porphyry
Frojects 2008
Q Copper-Gold

. Copper-Molybdenum

[ wine
Lr: Exploration Project

OVERLAP ASSEMBLAGE
| | sedimentary Basin
I Intrusions, Post-Accretion
TERRANES, by TYPE
[ Volcanic Island Arc

-EI Ocean Floor

[ | Displaced Continental Shelf

- Marth America Continental Shelf

_opper M.




Porphyry Copper

*

BRITISH
COLUMBIA

The Best Place on Earth

New Afton
New Gold

New Afton

$590 million Underground mine, 11 000 t/day

Working to develop underground, mcludlng new 4525 m conveyor
access decline R st TR i e

Production planned for late 2012

44.4 Mt @0.98% Cu, 0.72 g/t Au,
2.27 g/t Ag




Porphyry Copper

e

smsn | Copper Mountain

COLUMBIA : .
hebsPeonfarh | Copper Mountain Mining Corp

e New resource 186 mT @ 0.411%b Cu

e Plan mining revival - $402 million, 35,000 T/day
e Financing partnership with Mitsubishi

e Mill construction started

e Planned start of production by mid 2011




Designing Mines for
Reclamation

Mt. Milligan
Terrane Metals Corp.

e Smaller footprint

e Pit design to reduce
highwall

e Tailings
Impoundment ~ | —
planned for wetlands . Proposed mine




Designing Mines for
Reclamation

Mt. Milligan
Terrane Metals Corp.

Returned to |
wilderness site with
logging potential

e Pits become lakes
e Tailings

' ' Wi il
Im nament Wi
be?é’#,ei Weeﬂands Proposed Reclamatlon




Copper-Gold

BRITISH Projects In

COLUMBIA

ettt | EnvVironmental Assessment

P . . S @& N v

Schaft Ck Reserves — 812 mT '

@ 0.30% Cu, 0.21 g/t Au, Prosperity Reserves — 487 mT
0.020%% Mo @ 0.22% Cu, 0.43 g/t Au



Copper-Gold Porphyry

e

C%%{ngA KSM (Kerr-Sulphurets-Mitchell)
heBsPecabah | Segpridge Gold

e 1.4 Billion tonnes, 0.66 g/t gold 0.17%b copper
e Shifted to geotechnical, engineering, environmental
e Entered Environmental Assessment Process




7 Copper-Gold Porphyry

BRITISH
COLUMBIA

The Best Place on Earth

Exploration

Ajax-Afton
* Preliminary economic assessment

Woodjam

» Goldfields signed agreement to
explore Woodjam North
Kwanika

e Drilling on South Zone increases
potential

Zymo

* Drilling expanded mineralized zone
Big Bulk

» Optioned by Anglo-Ashanti with
drilling




Ruby J

= r
A
b
" N @
Kitsault N
. Davidson

Moblybdenum Projects
2008

Exploration
Froject

OVERLAP ASSEMBLAGE
| | sedimentary Basin

- Intrusions, Post-Accretion
TERRANES, by TYPE

[ Voleanic Island Arc
Ocean Floor

7] Displaced Continental Shelf

- Morth America Continental Shelf




Porphyry Molybdenum

e

ORI Chu

The Best Place on Earth TTM Resources InC_

® Resource — 63,000,000 T @ 0.104% Mo (Meas + Ind.)

e 80 km south of Vanderhoof; entered environmental
assessment process




Porphyry Molybdenum

— _

Co%{}i\I/IC’B}IIA Kitsault

The Best Place on Earth - - -
Avanti Mining Inc

e Resource 158 m tonnes @ 0.10% Mo (Ind.) + 133 m T inf.
e Past mining — 13 m tonnes at 0.11% Mo (1967-1972, 1981-82)
e Work focused on assessment of a new tailings impoundment

Pit developed ... kown site preserved
| (Separately owned)




= 5 Iy

. wil TR Massive Sulphide Projects

X 2008
@ ‘olcanic Massive Sulphide

@ Sedex/ Replacement
@® skam

‘i\@. OZ Exploration
Froject

OVERLAP ASSEMBLAGE
| | sedimentary Basin

I Intrusions, Post-Accretion
TERRANES, by TYPE
[ Vvoleanic Island Arc
Ocean Floor

|| Displaced Continental Shelf

- North America Conftinental Shelf




Volcanogenic Massive Sulphide

e

counma | Kutcho Creek

The Best Place on Earth

Capstone Mining
Capstone Mining (formerly Sherwood Copper)

e Limited fieldwork; engineering
studies




Volcanic “Massive” Sulphide

e

BRITISH

. Harper Creek
OLUMBIA ..
The Best Place on Earth YeIIOWhead Mlnlng InC.

e Entered Environmental Assessment
Process

e Modelling the deposit and collating data &
e 538.4 Mt of 0.32% Cu at a 0.2% cut-off [§&




e

srmse | SedeXx Zinc-Lead Exploration

COLUMBIA
The Best Place on Earth

Ruddock Creek
Selkirk Metals Corp. merged with
Imperial Metals Corp.

: - Hﬁ
r‘

L —— —--{
September 2007)

&) H M ,-'

Discovery . TETET '

4 ';".;5-:]6 !

A ey I

e Submitted project to BEET Sl & . St _-nuum..mmd
Environmental iy ¥ s T

Assessment Process

- —

J"'" Massive sulphide horizon

T Mineralized zone at surface
[Zn +Pb (%) | Interval (m) |




Gold Projects 2008

@  Skarn Deposit
o Vein Deposit

"_‘»Af' ﬁ Mine

O i Exploration

Froject

OVERLAP ASSEMBELAGE
|| Sedimentary Basin
- Intrusions, Post-Accretion
TERRANES, by TYPE
[T volcanic Island Arc
Ocean Floor

[T Displaced Continental Shelf

I North America Continental Shelf




Orogenic Gold Vein

e

BRITISH Yellow Jacket

roemBis | Prize Mining Corporation and Eagle

Plain Resources

e Atlin placer camp
e Volcanic and ultramafic-hosted gold-quartz stockworks
e Plan to mine 32,000 t in 2009




e

BRITISH Snowfield
COLUMBIA

meBesraeonb | SllVEr Standard Resources

e New Snowfield North = East extension of Mitchell zone
e Seven drills and 80 member team
e New intersection of 0.70 g/t gold over 483m




Carbonatite:

BRITISH

Tantalum-Niobium
COLUMBIA :
The Best Place on Earth EXp I Oratl On

Blue River
Commerce Resources Corp.
e Preliminary economic evaluation




2008

2006
2004

2002
2000

In 2008

1998

1996

1994

1992

1990

Expenditure

$367 million

1988

1986

1984

-
O
=
©
-
S
Q.
X
LL]
T
-
O,
=
=
O
af

1982

1980

1978
1976

4 1974

BRITISH
COLUMBIA
The Best Place on Earth



* Recent Commodity Prices

BRITISH .
COLUMBIA ( in US $)

The Best Place on Earth

Met Coal: $125-$150/t
Copper: $2.60-3.00/1b
Gold: $900-1120/0z

Molybdenum: $10-15/Ib

S ys S 2



Elk Valley Coal Corporation

BRITISH
a [\/] A

Fording River, Elkview, Greenhills,







Brule Mine
Western Canadian Coal Corp.

BRITISH
COLUMBIA

&
.“"_" -1.[ .' Y
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eres
e kit At




BRITISH

Trend
Peace River Coal Limited Partnership




New Mines and Mine Developments

» o Ruby Creek
@ Tulsequah Chief

Mine Development

. Kutcho Creek
Schaft Creek @) @Red Chris Coal ]

Galore Creek ‘S¥®) o Gething Metal @)
Willow Creek

Kerr-Sulphurets O Klappan Goodrich Aggregate/
. =24 Hermann

Mount Milligan ’

Bear RiverlA Morrison @ . -

Mount

Five Cabin Industrial

Swamp Point @) WolSerind Roman Mtn Minerals

Davidson

v \¢)- Trend
- -~ o
A ':‘X % QR (shutdown)

0 \‘\l% Cariboo Gold Quartz
\

-+
\ "‘?’i’,’ Mount Potley

®

Gibraltar
Prosperity @

AX
New Afton.
< A ills BarLexington-Grenoble Lodgepole
Z Curn .{hutdo M

Sechelt

Since 2005 January 2009




e

BRITISH Copper Mines

COLUMBIA
The Best Place on Earth

Copper-Moly Mines

Highland Valley - Teck & Highmont
Gibraltar — Taseko Mines
Huckleberry — Imperial Metals (50%)

Copper-Gold Mines

Kemess — Northgate
Mount Polley - Imperial Metals




‘ Volcanogenic Massive Sulphide

s | Myra Falls Mine

COLUMBIA
heBsPaconBath | Bregkwater Resources Ltd

e Discovered new high grade South Flank zone (averted shutdown)
e 5,835000T@ 5.4%0 Zinc, 1.0% Copper, 1.3 g/t Gold, 45 g/t Silver




= 2008 Value of Mineral

BRITISH Production: $6.7 Billion

The Best Place on Earth

Silver
1%

Zinc
1%

Ind. Min
Gold 10%

)
Others 4%

9%

Coal
45%

Aggregates
5%

Copper
25%



BRITISH
COLUMBIA

The Best Place on Earth
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..- Rayakett
Geological Survey .
BC Ministry of Energy, Mines &
Petroteum Resources
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A pitfall of moss mat sampling

» Moss mat sediment can improve
gold anomaly contrast.

» Moss mats are an alternative
where fine-grained sediment is
limited in fast flowing streams.

> Moss should be collected from
above & close to the water level.




Using Moss Mat Samples — An Alternative
sediment in fast-flowing mountain streams
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AU (ppb) In conventional and moss sediment — Red Dog
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Gold_ppb

reom A sample preparation pitfall S
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Gold in Till -Initial Analysis
<14 ppb

14 to 35 ppb

35to 138

138 to 662 ppb

662 to 3311 ppb
3311 to 16700 ppb

Gold in Till - Re-analysis
<2 ppb

2 to 4 ppb

4to6 ppb

6 to 8 ppb

8 to 13 ppb ppb

MINFILE Occurrence




A pitfall of sample analysis

Neutron Sample ICP Mass
activation Spectrometry

Irradiate in nuclear Leach in aqua regia &
reactor & count isotopes analyze by spectrometer

33 elements — near total 50+ elements - partial




Barium and lead in soil over sedex
mineralization

1000000
100000
10000 - ‘ Ba-INA

1000 .\ - [ | s Ba' I C P
A \ |
100 ~ _| | =+ Pb-ICP

.\.

S
Q

10
1

I
O & & & ©°
S PP

metres

Barite-Pb-Zn Sulphides




A pitfall of RGS sample analysis

Atomic ICP Mass
absorption Sample Spectroscopy

Aqua regia digestion - Aqua regia digestion -
Spectrometer -analysis Spectrometer -analysis

single element -robust  Multi — element - versatile
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Copper In stream sediment samples
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AAS mean vs ICPMS mean T test (1149 RGS values - NTS 93)J)

Aqua Regia-AAS Aqua Regia-ICPMS AR_AA-Mean AR _ICPMS-Mean

As 4.5 4.7
Cd 0.4 0.46
Co 10 11
Cu 24 24.61
Fe 2.14 2.22
Hg 141 132
Mn 741 747
Mo 2 1.06
Ni 36 39.3
Pb 5 7.5
Sb 0.4 0.33
\% 37 40
Zn 72 74.5
Different

Same




Some Puzzles e.g. Shiko Lake
Soil Geochemistry
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ICP Mass
Spectroscopy

Mobile metal ion (MMI)
Bioleach, Enzyme
Leach-ICPMS analysis

Improves contrast

ICP Mass
Spectroscopy

Agua regia digestion -
Spectrometer -analysis

Multli — element - versatile
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GSB Geochemistry

» Fileld — Improve geochemical methods.
» Training — Support student research.

» Laboratory — GSB Analytical Services.
» Assayers Program — Certification.

» Partnerships — GSC, GSBC, Industry.

» Database upgrades (e.g. RGS)

» Client services




New Geochemical
Information

> BCGS Geofile 2008-8 Vancouver

Island Geochemical Orientation
Survey Results — Sept. 2008.

» BCGS Geofile 2009- 11
Geochemical pathfinders for Cu-Au
porphyry deposits — Dec. 20009.




Key Geological Concepts on the Distribution of Jurassic
Porphyry Au-Cu (Mo) and Epithermal (Au-Ag) Deposits
In the Toodoggone District, North-Central B.C.

Stephen M. Rowins*, Paul Duuring, Bradley McKinley, &

Jenni M. Dickinson
Dept. of Earth & Ocean Sciences, University of British Columbia

Larry J. Diakow
British Columbia Geological Survey

Robert A. Creaser
Dept. of Earth & Atmospheric Sciences, University of Alberta

* Now at the British Columbia Geological Survey (Stephen.Rowins@gov.bc.ca)

Sponsors :

Morthgate
Minerals
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Toodoggone NSERC-CRD Project 2004-2007

Two papers just out this summer

B Duuring et al. (2009) Magmatic and structural controls on
porphyry-style Cu-Au-Mo mineralization at Kemess
South, Toodoggone district of British Columbia, Canada.
Mineralium Deposita, v. 44, p. 435-462.

Duuring et al. (2009) Examining potential genetic links
between Jurassic porphyry Cu-AutMo and epithermal
AuxAg mineralization in the Toodoggone district of
North-Central British Columbia, Canada. Mineralium
Deposita, v. 44, p. 463-496.

Dickinson et al. on the Pine Porphyry Au-Cu and
McKinley et al. on Kemess North submitted shortly.
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Toodoggone
geology

100 km long by 30 km
wide, NNW-trending belt
of volcano-sedimentary
rocks that hosts porphyry
and epithermal deposits

Project aims :
e Construct detailed
deposit models for
porphyry and
epithermal systems
and investigate
possible linkages

e Use the factual
deposit models to
develop a predictive
Au-Cu exploration
model for the entire
district




Summary of Geochronological Data (Duuring et al. 2009)

240 230 220

210

170 160

'i'akla Group‘ rocks

1
.

Plutons

Toodoggone volcanic rocks

_|—|._
Porphyry-style ot
mineralization

High-sulfidation
epithermal mineralization

Low-sulfidation
epithermal mineralization

o U-Pb SHRIMP zircon

A
=
2
V

<4 Ar-Ar adularia
<4 Ar-Ar sericite

VAN
F'
O

Ar-Ar unspecified

K-Ar alunite
K-Ar adularia
Re/Os molybdenite

Reference source

[+]

o

— x5 — — T @ - o a o

Clark and Williams-
Jones (1989)

Clark and Williams-
Jones (1991)

Diakow et al. (1991)
Diakow (2001)

Diakow (2006a)
Diakow (2006b)
Diakow et al. (20086)
Dickinson (2008)
Duuring et al. (in prep.)
McKinley (20086)
Mortensen et al. (1995)
Schroeter (1982)

24 230 220

210

Close temporal overlap
between porphyry intrusion
ages (ca. 205-191 Ma) and
porphyry-style
mineralization (ca. 203-194
Ma).

HS ages (ca. 201-182 Ma)
overlap proximal porphyry
Intrusions and the youngest
porphyry-style
mineralization in the district
at Pine (194 Ma).

LS ages (ca. 192-162 Ma)
only overlap poorest quality
HS ages and none of the
porphyry intrusion ages.
(several dykes at Griz-
Sickle & Brenda do
overlap).




The Kemess South Mine - structure
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I ca. 199 Ma: Emplacement of the Maple Leaf
pluton and Cu-Au-Mo mineralization
Takla Group basalt

Au-Cu-Mo ]

bearing veins_— >,
."_a-' 1.:, /
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k| 4 e | Gabbro dike
0 . 15km

Maple Leaf pluton with
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i ¢a 194 Ma: Erosion, uplift, and deposition of
Toodoggone Formation rocks
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i ca 199-194 Ma: North Block fault

Morth Block fault

truncaticn of the pluton

V' post-194 Ma: Reactivation of North Biock fault

North Block fault

Vi present day lithological relaticnships

Tectono-magmatic

Evolution of
Kemess South

I: Emplacement of MLG
I1: NBF

lii: Erosion, uplift,
deposition of TD Fm.
Rocks

Iv: Reactivation of NBF

v: Horst-and-graben faults
vi: Present-day




Kemess
South Fluid
Inclusion
Petrography

| & 1i: Early Stage
(Stage 1) Qtz-Py-
Bt vein

i & iv: Early
Stage (Stage 2)
Qtz-Py-Cpy-Mo-
Mag-Bis vein

v & vi: Main-
stage (Stage 3)
Py-Qtz-Cpy-Ser-
Cal-Mo vein




Kemess South Microthermometry: Early-stage
veins (Stage 1)

L

T

Stage 1

1 Dwt %o
| MNaCl

T..= 252 to 346°C

P.=061t0 1.8 kb
I |
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0

Temperature (C)

P-T diagram of the H20O-NaCl
system with halite liquidii and
Isochores for fluid inclusions
from Kemess South.

Pressures of 0.6 to 1.8 kb
correspond to depths of vein
formation from 2.0 km to 5.9
km assuming lithostatic
conditions and 1 kb = 3.3 km.

(Bodnar and Vityk, 1994)




Kemess South: Early-stage veins (Stage 2)

| Stage 2 P-T diagram of the H20O-NaCl
iy o system with halite liquidii and
(e oD on b isochores for fluid inclusions
[pa Py || || from Kemess South.

T..= 332 to 480°C
Poe= 1.2 10 2.6 kb Pressures of 1.2 to 2.6 kb
correspond to depths of vein
formation from 4.0 km to 8.6
km assuming lithostatic
conditions and 1 kb = 3.3 km.
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The deeper estimates may be
unreliable, although Butte has
roots to 9 km.
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Kemess South: Main-stage veins (Stage 3)
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P =10t 3.0kb

I
400 600 800
0

Temperature ("C)

P-T diagram of the H20O-NacCl
system with halite liquidii and
Isochores for fluid inclusions
from Kemess South.

Pressures of 1.0 to 3.0 kb
correspond to depths of vein
formation from 3.3 km to 9.9
kKm assuming lithostatic
conditions and 1 kb = 3.3 km.

The deeper estimates are
unreliable.

Greater pressure variation
may be expected in Main-
stage veins (longer event and
more widely distributed).




The Kemess North Deposit

?._.\-i
~ Toodoggone
. Formation
h S T "«,Q .

- e E e =l

L 'i'a‘kIaIGroup basalt

Legend L Faut
|| Andesite (Toodoggone Group) s Felsic dyke
r| Kemess North Diorite é Drill hole (red=Au, green=Cu)

—_ Gypsum-anhydrite
- Basalt (Takla Group) — alteration transition

e Proven & probable reserve of 424 Mt
containing 0.30 g/t Au and 0.16% Cu
(Gray, 2005).

e Hosted in ca. 202 Ma diorite and
overlying Takla Gr. basalt.

eToodoggone Fm. Volcaniclastic rocks are

ca. 199 Ma and crop out as prominent N-
trending ridges
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SYMBOLS
geological contact -----—
unconformity
nomal fault

LITHOLOGIES
EARLY JURASS|
HAZELTON GROI
LOWER TOODOGGONE FORMATION

SR [] andesite

_| EARLY JURASSIC
.| BLACK LAKE INTRUSIVE SUTE

[ Duncan diorite

. I:l Sovereign diorite

~ MIDDLE TRIASSIC
AKLA GROUP

2
"/l sub-alkaline basalt

nomal fault

wrench fault
(defned,approximte,inferred)
2

Au (ppm)

Elevation

A.

Two discrete near-surface
ore bodies in Takla Gr. basalt
separated by unmineralized
TD Fm.

150 m below the 1640 m
RL, Au values are
continuous across Takla Gr.
Block model demonstrating
the disruption of a laterally
continuous orebody by
horst-and-graben normal
faulting. Unmineralized TD
Fm rocks down-dropped in
the graben thereby lying
adjacent to mineralized
Takla Gr.




Takla Group basal

Sovereign diorite
é mineralization

KN diorite

A. Sovereign diorite intrudes the Takla
Group basalt at 202.7 + 1.9 Ma (Diakow 2001)

Kemess North diorite intrudes
at ca. 202 Ma (Diakow 2006b).

Au-Cu-Mo mineralization associated with the

Kemess North diorite occurs
at 201.8 + 1.2 Ma (Re-Os on molybdenite)

0 km
i u 11c611f0 mity
3

B. Erosion and uplift occurs at an
estimate rate of 1.7 km/My

This results in the exposure of the Sovereign
diorite

‘II Toodoggone volcaniclastic rock|

C. Toodoggone Formation rocks (Duncan Member)
are deposited at 199.1+0.3 Ma (Diakow 2001)

The Duncan diorite pluton intrudes the
Toodoggone Formation volcaniclastic rocks
and Takla Group basalt at 197.3 + 1.1/0.9 Ma

(Diakow 2001)

D. North-south directed extension results in
a steeply dipping, E-W striking normal

fault that truncates the diorite and

Takla Group basalt, and Toodoggone
Formation rocks.

E. North-south directed shortening results
in the formation of shallow, S-dipping
reverse faults that truncate the Kemess

North diorite. Younger Toodoggone
Formation rocks are displaced beneath

the Kemess North diorite

0 kmi il ; \ j
3 l\\
F. NW directed extension results in

horst-and-graben style block shuffling
of the stratigraphy

L Reverse Fault

G. Finally, uplift and erosion results
in the present-day MOdeI
exposure at Kemess North.



0 km-

Takla Group basalt

Sovereign diorite
*” mineralization

KN diorite
V'

A. Sovereign diorite intrudes the Takla
Group basalt at 202.7 + 1.9 Ma (Diakow 2001)

Kemess North diorite intrudes
at ca. 202 Ma (Diakow 2006b).

Au-Cu-Mo mineralization associated with the
Kemess North diorite occurs
at 201.8 £ 1.2 Ma (Re-Os on molybdenite)

A

unconform ity

B. Erosion and uplift occurs at an
estimate rate of 1.7 km/Ma

This results in the exposure of the Sovereign
diorite

Toodoggone volcaniclastic rocd
0 km

C. Toodoggone Formation (Duncan Member) rocks
are deposited at 199.1+ 0.3 Ma (Diakow 2001) via

a fissure-style eruption, with the volcanic vent
truncating the Kemess North pluton

Toodoggone Formation rocks contain clasts of
Takla Group basalt and Sovereign diorite

E. Period of extension producing a large deep
seated normal fault

North side of the EW-trending normal fault
is down

R |

F. NW directed extension results in
horst-and-graben style block shuffling
of the stratigraphy

0 km
lE

G. Finally, uplift and erosion results
in the present-day
exposure at Kemess North.

“Fissure-style Eruption”

D. Duncan diorite intrudes the Toodoggone
Formation volcaniclastic rocks and Takla
Group basalt at 197.3 £ 1.1/0.9 Ma

(Diakow 2001)
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Salinity (equiv. wt.% NaCl)
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Inclusions from

LS epithermal
veins

Excluding Baker, all
inclusions are primary
2-phase, liquid-rich,
agueous inclusions.
Baker is anomalous
with primary
inclusions including
high-temperature,
brine-rich and
vapour-rich varieties.




The Baker “B” vein - Fluid Inclusions
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Conclusions 1: Porphyry-Epithermal Linkages

1 Porphyry-style ore fluids are directly involved in the
formation of LS (IS) Au (Ag) epithermal veins at the
Baker mine. Baker is deep, consistent with its
formation in the favourable Takla Gr. basalt, which
hosts KS and KN.

1 A genetic link between porphyry systems and LS
Ag (Au) deposits at Shasta, Lawyers, and Griz-
Sickle iIs not established.

1 Two varieties of LS (IS) epithermal deposits in the
Toodoggone. (1) “Basin & Range” types localized
along the NNW-trending basin-bounding faults with
no direct link to Cu-Au porphyries; and (2)
Peripheral halo around porphyry systems.




Conclusions 2: Porphyry Formation Models

1 Porphyry systems are “simple” (thus relatively
small) and relatively deep (3-5 km). Slow-boliling
“pressure cooker” release.

1 Limited hypogene “upgrading” of Cu-Au ores =
ow grades.

1 KS & KN are porphyry “cousins”. Same far-field
stress fields affected both deposits after
formation. Similar structural controls (horst-and-
graben).

1 Similar vein-types and alteration styles (common
magmatic systems). Local variations due to
host-rock compositions.




Conclusions 3: Exploration Targeting

Normal faulting has structurally offset orebodies. They are
not the result of deposits having multiple porphyry
“centres”. Step across inferred faults and drill deep.

“Point source” porphyry model with concentric zonation of
alteration-mineralization is not likely very effective in the
faulted & lithologically diverse Toodoggone.

Host-rock important control over whether biotite (chl) or
Kspar (ser) iIs dominant potassic alteration mineral. Not
caused by different magma types (diorite vs. monzonite)

1 No “favourable” intrusions recognized.

8 Porphyries are relatively deep systems and unlikley to
produce large LS epithermal systems (Baker?).

Uplift and erosion is greatest in the south and any
epithermal systems likely removed. Better epithermal
preservation potential in the north, especially in “wndows”
of exposed Takla Group (Baker).

The discovery of porphyry-style mineralization in 194 Ma
felsic dykes at Pine confirms temporal overlap with LS
epithermal mineralization in the Toodoggone.




Stratigraphic and plutonic
framework for copper, gold and
molybdenum, Thuya Creek —
Woodjam Creek,

south-central BC

Paul Schiarizza




Location

Horsefly [l

Clinton

Quesnel

Quesnel &4

Thuya Creek-
Woodjam Creek
map area

Focus on Quesnel terrane

Mapping over 6 field seasons: Bonaparte
Project; 2000 — 2001 Takomkane
Project; 2005-2008

Preliminary products include 6 1:50 000-
scale Open File bedrock geology maps

Final report, maps, databases in
preparation
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Cen.

) Neogene basalt

B
volcanics

' Quaternary
basalt
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Mesozoic

Early Cretaceous
granitic plutons

Paleozoic

Quesnel
Terrane

Snowshoe
Group

Mountain Kootenay
Terrane Terrane

General
Geology

Focus on
Quesnel Terrane-
Nicola Group plus
several plutonic
suites



Schematic structure

Structure

Complex, but generally
synclinal — part of west
verging fold system that
roots in pericratonic rocks to
the east

Steep east limb cut by
Eocene dextral strike-slip
faults

Most mappable faults
probably Eocene

Low to sub-greenschist
metamorphic grade;
penetrative deformation only
along east edge of Nicola
belt (black phyllite unit)




Polylithic breccia unit

Basalt — breccia unit

Lemieux Creek unit
(Black phyllite unit)

2]
Harper Ranch Gp. - Slide Mtn. Terrane

Nicola Group

Middle and Upper Triassic
Four main subdivisions

Unconformably overlain by
Lower Jurassic sandstone
and conglomerate




Nicola Group:
Lemieux Creek unit

Slide Mtn. Terrane

Basal unit along eastern margin of
group
Deposited on Slide Mountain terrane

Mainly black phyllite, slate, siltstone,
guartzite, limestone

Quartz-rich units probably derived
from pericratonic rocks to east

Middle and Late Triassic conodonts




Volcanic breccia/basalt subunits

Nicola Group:
Volcaniclastic unit

1 - 4 o : ﬂnw Ay
1 Y
Siltstone-

limestone
subunit

Widespread, heterogeneous unit, dominated
by volcanic sandstone, conglomerate and
breccia

Also includes pyroxene-feldspar-phyric basalt,
volcanic breccia, limestone, siltstone, chert

Scattered Late Triassic (mainly Carnian)
macrofossils and conodonts

Interfingers? with upper part of Lemieux
Creek unit




Nicola Group:
Basalt — Breccia unit

Pyroxene-phyric basalt,
pillowed basalt and basalt
breccia

Locally includes feldspar-
pyroxene sandstone, and R :
|ImeSt0ne = harper Ral ‘ Ll ? Q/Q:ide Mtn. TerraneZ,

LA




Nicola Group:
olylithic breccia unit

Uppermost unit, exposed mainly on west
side of Takomkane Batholith

Mainly polylithic breccia, conglomerate
and feldspathic sandstone; breccias
contain feldspathic plutonic and volcanic
fragments

Locally includes pyroxene-phyric basalt
Commonly red

Late Triassic age constrained by
underlying successions and cross-cutting
Late Triassic plutons




Subdivisions of the Nicola Group
have regional significance — eqg.
can be traced northward through
the entire 93A map sheet

o (Source: BCGS 2009 Quest
bty compilation map)
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Main plutonic suites mainly granite - granodiorite

Bonaparte - Takomkane L4 4 = <+

roject area Hendrix  Craxy i
Pl stock Eox Raft Batholith ok

E K dike
+ U-Pb zircon date, R. Friedman

@ Ar-Ar homblende date, T. Ullrich
|—145 Ma———

— Takomkane
and Thuya

Spout Lake batholiths ,
pluton diorite

Peach Lake monzodiorite

stocks Early Jurassic E

Woodjam granodiorite @
stocks @@ i] —
(e — —

= ¥
R o clinopyroxenite, diorite
e e Triassic hornb_lendlte.‘ gabbro
i -Jurassic wehrlite, dunite,
monzonite, :
quartz mafic gabbro,

gonts, monzodiorite intrusion breccia;
feldspar porphyry intrusion breccia;

quartz
monzonite

Canim Lake _—

°

Plutonic suites

Quesnel Terrane: 5 suites,
Late Triassic to Early
Jurassic

+Early Cretaceous
granodiorite and granite




i R T g Early Jurassic
Quesnel L AR I, A ¥¢ granodiorite
Terrane ’ o A
plutonic rocks
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Late Triassic monzodiorite Early Jurassic
pyroxenite and diorite




Little Fort

Mineral Occurrences

Most associated with
plutonic rocks

All plutonic suites
mineralized (but to varying
degrees)




Mineral occurrences
associated with Late Triassic
monzodiorite suite

O Alkalic Cu-Au
porphyry

< Cu-Auskarn

Disseminated, fracture-
controlled Cu (Au)

Late Triassic
monzodiorite, diorite,
monzonite




* Porphyry Cu-Mo (-Au)

D Disseminated Cu-Mo

(O Disseminated Cu

Early Jurassic granodiorite,
granite, quartz monzonite

Mineral
occurrences
associated with
Early Jurassic
granodiorite of
Takomkane and
Thuya batholiths




Mineral occurrences
associated with Early
Jurassic ultramafic-mafic,
diorite and quartz
monzonite suites

O Vein (Au, Ag; Cu, Pb, Zn)

] Cu (Pb, Ag, Au) disseminations,
stockworks

€ Cu-Au skarn

* Platinum

Quartz monzonite,
monzonite, syenite

Diorite, gabbro,
monzodiorite

Pyroxenite, hornblendite,
wehrlite, dunite, intrusion
breccia




%} Porphyry Mo

’ W-Mo skarn

o Vein, dissemination
Cu, Pb, Zn, Au, Ag

Early Cretaceous
granite, granodiorite

' Crazy Fox RO\
~(Anticlimax) & 3

S B i B ASE 5
e a5 =
.

WIREE
occurrences
associated with
Early Cretaceous
granitic rocks




Summary of mineralization associated with
different plutonic suites

granite - granodiorite

@

= Dissemination, stockwork;
(may be part of porphyry system)

Takomkane
and Thuya
batholiths
diorite

granodiorite monzodiorite

Cu, Au
! Cu, Au
< b Cu  CuAu
/ [ .

L . Pt diorite (uae

Cu, Au Cu gabbro monzonite

monzodiorite, quartz clinopyroxenite,

monzonite, monzodiorite  hornblendite,

diorite wehrlite, dunite,
mafic gabbro,
intrusion breccia;




Magmatic patterns in
southern Quesnel Terrane

Plutonic suites and spatial patterns
of Takomkane-Thuya area continue
to south

Important mineral camps associated
with Late Triassic monzodiorite suite

Newly discovered Woodjam SE zone
suggests that Early Jurassic suite
also has significant potential

Western Belt Main Belt

o diorite
granodiiorite  mE——— mMonzonite

i e e SYenite
g:tl;gﬁ;‘Creek monzodiorite mmmm— pyroxenite

Nicola Nicola
= G Gp.
Calc-alkaline P >
volcanic rocks




Cretaceous plutons: part of
Bayonne magmatic belt

~ (1¢[ Thuya-Woodjam| |

A map area

Mid-Cretaceous Bayonne magmatic
belt intersects Quensel Triassic-
Jurassic magmatic belts in Thuya-
Woodjam map area — adds potential
for Mo-W porphyry and skarn
occurrences

St
=N e Y 4
- o - :
i e z
“‘: R : R! | P s
L - = =2 LA O
5 Tt R E R et .
B s e i
4 = ; ) = .
v X S O s+ F T o o
SR < i o 2
o ” g
\ Q
’




	BCGS_OF2009-12_Lett_Applied_Geochemistry
	BCGS_OF2009-12_Ferri_Wingdam_Conglomerate_Nov09
	BCGS_OF2009-12_Jones_Database_Innovations_Nov09
	BCGS_OF2009-12_Lefebure_Fredericks_Overview_Nov09
	BCGS_OF2009-12_Lett_Applied_Geochemistry_Nov09
	BCGS_OF2009-12_Rowins_Toodoggone_Nov09
	BCGS_OF2009-12_Schiarizza_WoodjamCreekArea_Nov09

