PuBLIC GEOSCIENCE
FOR PRIVATE
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Geoscience information that is freely
available to all members of society.

© Governments are not the only source of
public geoscience,

©  but governments are best positioned to
provide certain kinds of public

geoscience.
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“The geoscience knowledge and expertise
provided by Canadian geological surveys
ranks among the best in the world and has
contributed significantly to Canada’s
competitive advantage in attracting exploration

investment.”
PDAC 1997
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Review of literature about government
geoscience in support of mineral exploration

Commissioned by PDAC

Support ongoing advocacy for geoscience in
light of anticipated budget pressures

Distributed to Mines Ministers and senior
industry representatives in September 2010
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Is it Needed and in the Public
Interest?

I
S 2

Is it Government's Role?
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“Of all those expensive and uncertain projects,
however, which bring bankruptcy upon the
greater part of the people who engage in them,
there is none, perhaps, more perfectly ruinous
than the search after new silver and gold mines.
It is perhaps the most disadvantageous
lottery in the world...”

Adam Smith, The Wealth of Nations, 1776
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ensure success

J.M. Duke — QueBec ExpLoRATION 2011

Exploration differs from many other economic
activities in three important ways

© Location: constrained by geology

© Long Timeframe: real cost of exploration
(NPV) may be several times nominal cost

© Low Probability of Success: must spend
several times average discovery cost to
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target deposit types

No need to duplicate common information or spend
time and money on areas of low potential

Identify more targets, more quickly, at lower cost

RISK = Probability of Failure x COST

I::.failure = (1 - Psuccess)
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Allows industry to identify areas of highest potential for
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Less cost +
Less risk =
More exploration
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Shorter cycle
Increased ROI
Wealth

ial Benefits

Economic Growth
Jobs

Tax Revenues
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Claim Staking - Nipigon Area
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Operation Treasure Hunt , Fyon et al (2002)
J.M. DUKE — QuEBEC ExPLORATION 2011
$ $ $ %!
% %" $ 5: $
6 35> !
=$%? 6 %! -
$ % % % $
$ 6 : > % !
; #H S %!
@ :
$ $ 1" $ #S %
% 19
2 $$ % % !

© Murray Duke (jm.duke@sympatico.ca)

10



Every S1 million of government investment to enhance the
geoscience knowledge base will likely stimulate S5 millions of
private sector exploration expenditures*

Reasonable “rule-of-thumb”, but depends on
©  Location (lower in remote areas),
@ Timing in business cycle (higher during

peaks), and

@ local increase not necessarily reflected

in fotal exploration spending
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etal (1988) Time Distribution of Cash Flows

 study: 18 Newfoundland N Gold & Base Metal Deposits
‘metal and gold deposits
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~  mExploration & Development =

c geoscience has the
test impact of five policy
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Time
And it is “reusable”!
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Discovery Risk o« (1 — Pgccess)

©  Pg=py X Py X Py
o p, — probability that a deposit occurs
o py— probability that it will be detected

o pg — probability that it is economic

© Pg = Pg X Py XPs...X Py

o  p;-critical geclogical features from model

Some p;'s evaluated from public geoscience

information
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Mineral
Deposit Model

Corporate Goals
Economic Risk
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Exploration
Technologies

Regional
Geoscience

Political Risk
Economic Risk
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@ Texas Gulf Sulfur Strategy
@ Deposit Model - Volcanic Exhalative
©  Regional Setting — “Eugeosynclinal” volcanics
©  Technology — Proprietary helicopter-borne EM
Abitibi program begins 1957

©  Compilation of government reports identifies
Kidd Township as priority.

©  Field Visit 1958 confirms assessment
©  Airborne survey in 1959 reveals conductor

©  First DDH Nov 1963 — 623 ft massive sulphide
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Critical Characteristics Without With
(from TGS Model) AR48* AR48*

Subaqueous volcanic succession
Bimodal — mafic above felsic
Rhyolitic fragmentals, tuffs
Sericitic alteration

Disseminated sulphides

“Partial” Probability (p,)

GSC (1956) Geophysical Series Map 298G
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Three reasons

1. Most mineral resources in Canada are public
assets

~  Duty of stewardship

2. Responsible development of these resources is
in the public interest

~  Saocial benefits : economic growth, employment,
regional development, share of economic rents

3. Much geoscience information has the
economic characteristics of a public good
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“A public good is something that the free market
tends not to provide on its own, to society's
detriment.”

David Leonhardt, New York Times, 28-3-2010

Technical characteristics of public goods
g B © Non-rival in consumption

© Non-excludable

© Negligible marginal cost of provision
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Total Geological Survey Expenditures

—s—Nominal $

Expenditures - Millions $
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Total Survey Spending as Percent of
Mineral Production

1994 1998 2002 2006 2010

Year
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Minerals-oriented Survey Spending as Percent
of Tax Revenues from Mining
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Geological Data Encourages Investment (%)

Quebec

South Australia
Manitoba

British Columbia
Ontario

Yukon

Northern Territory
Newfoundland
New Brunswick
Western Australia
Finland

Alberta
Saskatchewan
Queensland

New South Wales
Nevada
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Ideally, enough to sustain or increase the
social and economic benefits from mineral
development

@ But how much is that?
@  What are the opportunity costs?
©  Public geoscience is only one factor

Should be based on assessment of
geoscience required to support exploration
over 10 to 20 yrs
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Discovery rates, especially of world-class
deposits, have fallen significantly over the past
15-20 years, despite increased exploration
expenditure, a wide range of new science and
technology, and unparalleled access to virtually

all parts of the globe.
M.A. Etheridge (2004)
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Global Base Metal Exploration & Discoveries*

Expenditures - Millions 2005%
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Global Gold Discovery Costs

Discovery Cost - 2009 $/0z
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Canadian Reserves
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Year
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Various Reasons Suggested

© Low real metal prices have raised
economic threshold

©  Sub-optimal risk management practices
Insufficient greenfields exploration
Junior-senior balance

Exploration maturity of prospective

regions
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Qutputs

@ Discoveries
Inputs

© Capital ($)

® Search Space
© (Geoscience

©  Technology
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It's not simply about spending more

Discoveries

Exploration Expenditures

%

$%  $$  #

%;

$ # %

© Murray Duke (jm.duke@sympatico.ca)

29



Expanding the search space to depth

© Considerable progress at the broad scale
(LITHOPROBE)

© And at the camp scale (e.g., Flin Flon)

© Need to develop 3D understanding at
intermediate regional scale

based on “strong models” (cf. Williams, 2008)

© From inductive to deductive reasoning
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Mapping key attributes of ore-forming systems
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