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Context

Earth Science (Geo) data and knowledge have been
part of the Government of Canada mandate since 1842.
The Geological Survey of Canada (GSC) provides
Canada with a comprehensive geoscience knowledge
base contributingto economic development, public
safety and environmental protection.

We are currently in a period of transition—transition to
a new government, to new technologies availableto
support geoscience work, and to new minerals needed
to support a green economy. This comes with a number
of challenges, but also opportunities.
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Three concurrent paths forward

e Canadian Minerals and Metals Plan (CMMP)

— Developed by federal and provincial/territorial governments in
consultation with stakeholders from all aspects of mining

e CMMP - Pan-Canadian Geoscience Strategy

— Being developed by federal and provincial/territorial geological
surveys in consultation with stakeholders in geoscience

e Next Generation Geoscience

— Modernizing geoscience within the GSC and the federal
government as a whole
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Three concurrent paths forward

e Canadian Minerals and Metals Plan

— Developed by federal and provincial/territorial governments in
consultation with stakeholders from all aspects of mining
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Canadian Minerals and Metals Plan (CMMP)

* Developedby federal and provincial/territorial governments in consultation with
stakeholders from all aspects of mining, to promote a mineralsindustry in which
Canadais a global leader economically, socially, and environmentally.

» Signed by federal government and most provincial/territorial governments.

THE VISION*

CANADA IS THE LEADING MINING NATION

Canada is home to a competitive, sustainable and responsible minerals industry that

THE
CANADIAN
MINERALS
AND METALS

< PLAN
\' ’ /4
\‘-?;~,.? J__,.',__-{S" “::
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benefits all Canadians. The country is a global leader in mining-related science,
technology, social and environmental practices with a clear and predictable
requlatory environment, innovative clean technology solutions, and best management
practices. It boasts a skilled and diverse workforce, an attractive investment climate,

partnerships with Indigenous Peoples, and strong relations with communities.
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Canadian Minerals
and Metals Plan

(CMMP)

Based on extensive consultation

with stakeholders, the
six strategic directions,
heavily on|geoscience|.

plan has
and relies
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ECONOMIC
DEVELOPMENT AND
COMPETITIVENESS

Canada’s business and innavation
enviranment for the minerals
sectoris the world's most
compefitive and most attractive
fer investment

SCIENCE,
TECHNOLOGY AND
INNOVATION

Amodern and innovative industry
supparted by world-leading science
and technalogy—across all phases of

the mineral development cycle

ADVANCING THE
PARTICIPATION THE
OF INDIGENOQUS ENVIROMMENT
PEQPLES

Increased econornic opportunities for The protection of Canada’s
Indigenous Peoples and supparting natural environment underpins a
the process of reconciliation responsible, competitive industry.

Canada Is aleader in building public
trust, developing tomorrow's
low-foctprint mines and managing

The 6 pillars

the legacy of past activities
GLOBAL
COMMUNITIES LEADERSHIP
Communities welcome sustainable A sharpened competitive
mineral development activities for edge and increased glabal
the benefits they deliver leadership for Canada
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Canadian Minerals and Metals Plan

. o Ao 0 SCIENCE, TECHNOLOGY anp INNOVATION
* Leveraging existing geoscience, and o

further developing governmental et
capacity/collaboration/modernization for semrtnesins ok EERD v,
geoscience, is a key recommendation of Y o 2022

technologies is underway
a "supercluster"-type

model for tackling large

the plan. el

NEXT GENERATION GEOSCIENCE v’ State-of -the-art public geoscience

The federal, provincial and territorial governments —— = = =
and industry should support the development and World class, innovative ECONOMIC DEVELOPMENT
deployment of next generation, world-leading public geoscience AND COMPETITIVENESS

1

geoscience technology
Tanghble infrastructure @EXIFIFE]
investments to suppart _

mineral development In
GEOSCIENCE nis i

and programming.

X L1 P2 Y A new, pan-Canadian,
collaborative public
geoscience strategy

ar mineral explormti

Public geoscience that The federal, provincial and territorial governments
supports economic, social and industry should explore options for increased Galns in the stability, predictability and (=3 @18 P11]
funding for geoscience and examine ways fo increase effectiveness of requlatory regimes for
. 3 . N . N the minerals industry and Canadians
international collaboration on geoscience innovation.

and environmental goals
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Three concurrent paths forward

 Pan-Canadian Geoscience Strategy

— Being developed by federal and provincial/territorial geological
surveys in consultation with stakeholders in geoscience
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Pan-Canadian Geoscience Strategy

. . . . i A pan-Canadian Minin
* The federal and provincial/territorial Ministers Value from Waste resaorch
of Energy and Mines are the principal ministers fgggg”;ﬁ;?;fgjf:fjﬁ
responsible for government geoscience through mine vestes and improve
. environmenta errormance
their surveys and the Intergovernmental i
Geoscience Accord. They are united in calling
. @Yoy ¥ A new, pan-Canadian,
for action. BY 2022 ’

collaborative public
* As one of several pan-Canadian actions under B mimeral explorahon
the CMMP, the Pan-Canadian Geoscience

Strategy (PGS) will support the development AVEYIED - pon-Canadion
and deployment of next generation, world- data strategy that

. . reflects transformative
leading geoscience.

technologies is underway
© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Pan-Canadian Geoscience Strategy

Why the need for a Pan-Canadian Geoscience Strategy X<
now?
* Fragmented geoscience ecosystem. a

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Academia is calling for a rallying research plan and an earth
science structuring program (e.g. Lithoprobe in 1980s-90s,
Earthscope in the US).

Many stakeholders called for major new geoscience
investments through the CMMP consultation proces

Northern communities want to be involved in the scienc
informs northern development.

Canadian Federation of Earth Sciences (CFES) is keen to
advance a national geoscience research plan, but lacks ways
and means.

The federal Chief Science Advisor (Dr. Nemer) is eager to break

. . N B |
i 1 1 1 Q .o A r:/-'
way (‘ecosystem approach’). . 2

down silos and bring Canadian science together in a unified




Pan-Canadian Geoscience Strategy

Possible scope of the strategy (under development by the National Geological

Surveys Committee)
* Key topics: minerals geoscience +/- water geoscience, energy geoscience, public safety and climate

change geoscience
» Cross-topic themes for collaboration: data integration/interoperability, digitalization, foundational

Note: Development of the strategy will include
leveraging existing engagement under CMMP,
and conducting further geoscience-specific
engagement at an early stage in strategy
development, so that stakeholders have an
opportunity for meaningful contributions.

\\IGSC preliminary meeting on‘developme
Pan-Tanadian Geoscience St@Egy | €
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Three concurrent paths forward

e Next Generation Geoscience

— Modernizing geoscience within the GSC and the federal
government as a whole

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Evolution of public geoscience

43
5
Phases = 3 Ploneer Boom Contemporary
=Z =
~ — — 7 ~
POIicy Founding Expandin ndus.t.rial Economic WWII oil .criSiS National Sustain-
Relevance Canada Canada exs:‘r;:ion Depressionf Cold war RZ§;:e2al Unity ability
: Geolabs e e Al,
Enab“ng ROCk Dr||||ng Geo- Bl s i i A
i Planes Ocean ; Digital Twin
Technology hammer surveying Railroad nstruments Drilling computing Earth
. ) E
Science First Recon- Regional Ore Geophysics | Plate sa_:EZm Predictive
Method geomap naissance] geology studies Petrology | tectonics sZience geoscience
Railroad .
GSC Gse " North, New Deal War Frontier NATMAP/ Horizontal
Program startup and West and inspired o operatlons GEM/TGI/ science
Focus [ exoloratio War effort [ programs J €7t | vipag UNCLOS |
Generation Genl/ GenZ/ Gen3/ Gen4/ Gen5/ GenG/ Gen7/ Gen8/
i 1842 1867 1892 1917 1942 1967 1992 2017 2042 Year
1771- Industrial Revolution o 1971 — Information and telecom
® - » 1879 —Age of Steel and Electricity
Revolution 1.0 P > Revolution3.0
2011 Al and Robotics

Revolution 2.0 1908 — Age of Qil, Auto, and Aeronautics

1829 — Age of steam and Railway e=— - > Revolution 4. 0
13 ® > Revolution 2.5
Revolution 1.5




Public geoscience functions

As Canada’s longest-standing scientific organization, the GSC o (ERIEE R
. 0 . . . Surveys and
brings foundational knowledge to its partnerships with — synthetic 3D Views
experts in other disciplines to tackle some of Canada’s 21st \ e e
century challenges, such as: ‘ \ and howarrangedare
. . \ the various rocks,
* Searchingfor deeply hidden resources minerals, landscapes,

sroundwater, hazards?

* Betterunderstandingclimate change and its impacts

* Studyingthe effects of naturalresources development on
groundwater, airand soil

* Lookingto the pastand future usinga variety of tools such

. . C. Predictive :
seismic survey, drones, 4D modelling, Al, etc. . B. Geoscience
. . - . geoscience and research for
* Providingsupport for evidence-based decision making, systems models and
including for provinces, territories and communitiesand Rl s integration
communicatesits science and its benefits to Canadians Where to explore? Past ¢ "
idi : : : Where can disaster ast to present:
* Buildingpartnerships with Indigenous people, by strike? How do we How, when and why
integratingtraditional knowledge, transferring science and avoid or adapt? ) &), didithappen?

capacity building
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Next generation geoscience —the vision

We are in a world of breakneck Functions Products
technological innovation: robotics,

Present to Future: Predictive models
and systems : Statistics, Heuristics, Machine

>

artificial intelligence, communications, D leasning T a:h
. Earthquake Early Warnings Syste A
blg datal etc. Earthquake risk models geosmgnce
e} i Tsunami risk models an
Predictive geoscience and syStems Space Weather Forecasting systems
Remote Predictive mapping
Mineral and Energy 4D models

Vision: Predictive Geoscience

* Develop cutting-edge digital tools
to increase our capacity for

Resource potential assessment
Knowledge and machine based predictive mod%
Past to Present Processes Studies : spatio-temporal

pattern recognition, mathematical representation, etc B

p.re('ilc‘tlon and integration across . o i GeophysicaLmodef?SiOgteoc:eTicaI S Gd."'d
moadels an
d ISCI p I Ines. and integraﬁon Ore system models Geocﬁémiac;?ri)c;gglse ’ integration

Petroleum systems Groundwater models
"

* Resulting information will support
public and private sector
evidence-based decision making

Integrated models and theories

Present State: Big Data Oriented Empirical Observations
Geoscience mapping, Sensor monitoring, Earth Observation

of functions and information products

Complexity and benefits

(e.g., mining, infrastructure, Goostines Aquifer mapping A
9 9 Borehole dat: S Weather Monitori i
hazard reduction, environmental o o cetemnegs . Srvers oo
. . Synthefic Views Earthquake monitoring  Geochemical reconnaissance Synthetic 3D
Su Sta INa b | | |ty) . Rock collections Geophysical surveys Seabed mapgll)nﬁ\aps sndmiodels Views

Glacier mass balance

Geological maps and reports

} Permafrost maps >

I Direct and Technology derived data and knowledge
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Next generation geoscience — how to get there?

Enabling the associated with Digital Geoscience * Supportscience-policyintegration, Indigenous reconciliation, and economic development
wrarlele lesdln mineral discovery * Enable Canada’s natural resource related geoeconomic sectorto growand prosper.
. g . ! * Implementgeoscience innovations in government to modernise organizations and knowledge base such
public increase the
; as the GSC.

geoscience to effectiveness of * Use initiatives for strengthened collaboration to become more horizontal inapproach.
support exploration efforts,

i encourage private . . . . . : '
eco_nom'c' . gep Mineral Potential New geoscience knowledge and tools that e nable industry to adoptinnovative exploration approaches to
social, and ?ecmrmves’[ment' Assessment enhance efficiendes of discovery.
environmental inform land-use
sustainability. || planning, helps Arctic and

buildingathriving Northern Innovative geoscience knowledge to inform land-use and infrastructure decision making in Arcticand
Knowledge Northern Canada for Northerners and with Northerners (incorporating Traditional Knowledge).

Nextgeneration
geoscience isneeded
to inform publicpolicy,
reduce the risks

northernand remote
economy and promote
a globally competitive
mineral industry.

Digital geoscience corresponds to the digitalrevolution. It will drive the new GeoEconomybydeveloping a
new generation of Earth system-based knowledge and geospatial applications. This will:
* Generate newfoundational Earth science knowledge, predictive models and open data usingemerging

digital technologies.

Development

Pan-Canadian
Geoscience

A comprehensive pan-Canadian framework that delivers integrated geoscience, from Canada’s federal-
provincial/territorialgove rnments, academiaa ndindustry, incorporating Traditional Knowledge with

Strategy Indigenous Peoples, to Canadians.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — how to get there?

New Vision for Science (Budget 2018):

* Strengthenscience; strengthen evidence-based decision making; and
strengthen the culture of curiosity in Canada
Informed by Minister of Science Kristy Duncan, recommendations from Canada’s

Fundamental Science Review (C. David Naylor & panel), interactions between Minister and
researchers and students working in facilities across the country

Highlights:

» Approximately S4B in new funding for basic science over the next five years
to support academic research
« S$2.8Binvestmentin new federal government science infrastructureto

create a new approach to science thatis horizontal, interdepartmental,
partnered, excellent

* Investment in new, shared infrastructure and information technology
management capacity

* Open Government

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next
generation
geoscience—
collaboration ===
will be critical

Linkage
defined
via IGA*

GEOLOGICAL
SURVEY OF
CANADA

ROLE
National thematic
science and technical

expertise

PROVINCIAL-
TERRTORIAL

GEOLOGICAL
SURVEY

DELIVER PUBLIC
GEOSCIENCE
IN CANADA

COMMUNTTIES

and
INDUSTRY INDIGENEOUS
ROLE === AND INDUSTRY PEOPLES
Guidance, site-specific ASSOCIATION
data and information

*The Intergovernmental Geoscience ROLE
Accord (IGA) defines the complementary Provide insights on the
roles of Canada’s geological surweys, as . RO,LE ACADEMIA needs of Northerners
well as mechanisms for cooperation and SEIEnEE exp'er"rlse

and student training

collaboration

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — mineral potential assessment
Targeted Geoscience Initiative (TGI)

e Collaborative Approach: With decreasing availability of near-surface mineral deposits, TGl was
developed as a collaborative (industry through Industry Advisory Group) federal geoscience program
that provides industry with new geoscience knowledge and innovative techniques to enhance
effective targeting of mineral deposits at depth.

Research focused on Canada’s

* Ore System Research: TGl is a thematic program that ..
key economic minerals

integrates geoscience data and knowledge about Canada’s
major mineral systems from locations across the country.

GOLD

NICKEL-COPPER-PGE

* Results: Understanding of geological processes that lead to
mineral deposition and modelling 3D geological structure at

depth to identify potential ore deposits, supporting the
mineral industry.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — mineral potential assessment
Targeted Geoscience Initiative (TGI)

LAl i
Com
GEOLO(;I(-(U_SCR‘_E = -
OPENFILE
argeted Geosc/ !
t

TGI will deliver...

v" TGl synthesis volume o,

v Grant program report
v" TGl booklet

v’ International, peer-
reviewed geoscience

v’ > 200 HQP supported

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017 n Q'la@
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Next generation geoscience — mineral potential assessment
Progress on mineral potential modelling

Mineral Intelligence Engine

Collaborative
(e.g., platform

Open _Source
machine

learning
workflow

independent;
one flat-table for
sharing)

v/

v/

Flexible

(e.g., users
select evidence
layer(s); filter to

areas with
more/different
data); sensitivity
analysis on-the-
fly

Dynamic
(e.g., scripted;

update with new
data; static
source data)

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — mineral potential assessment

Mineral intelligence dproject: Leading the way using
data-dr

iven innovation
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Next generation geoscience — mineral potential assessment

Establishing a national framework?

Courtesy of Geoscience Australia

1:1M Surface Geology

@

Onshore Seismic Lines

Nd Two-stage v
Debleted Mantle Model

National Geochemical Survey

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — Arctic and northern knowledge development

Geo-Mapping for Energy and Minerals program (GEM)

.Delivers_ manxelﬁtlzis By 2020, GEM Wi" deliver...
high-quality Northerners ] :
geoscience v" Foundational regional knowledge that can be used by
et SR industry, northerners and their institutions (more than
(;f’“" for Industry 400 maps published and ~2000 publications).
*_“"s. ‘ ?/ ‘ ‘ ' v" A coherent geological framework of the North, available to
. ,J P R the public via a variety of media including an interactive
(’( o | Canada 3D online portal.
NRCan finds the haystacks... v Several synthesis volumes and many HQP supported.

‘ ”—_~
/, l I I I ' I I INVESTMENT EXPLORATION  DISCOVERY DEVELOPMENT

...and industry searches for the needles.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — Arctic and northern knowledge development
Barriers to northern development

Lack of infrastructure, and climate risks to

Vast and remote location raises costs,
requiring greater certainty in
resource potential estimates.

existing & planned infrastructure, limits access
to resources.

Uncertainty regarding cumulative
effects of development hinders

social license and environmental

questions. § | impact assessment.

Northern and Indigenous communities
want to help define the research

In the North, “foundational” isn’t enough.

Unlocking Northern development requires new knowledge and new tools to answer
evolving questions. We need to do things differently and we need to do different things.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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Next generation geoscience — Arctic and northern knowledge development
Unlocking northern development

New knowledge and tools, focused in areas of high potential for development...

1.

Refine geological knowledge regarding the immense
untapped resource potential in the Arctic & North.

Enhance understanding of rapidly changing
landscapes and coasts, to support economic
diversification via critical infrastructure.

Develop and provide new public geoscience to inform
environmental assessments.

Leverage innovative data-driven predictive methods
to forecast cumulative impacts in a changing climate.

Co-develop research priorities and products with
Northerners and Indigenous peoples.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Aligned with:
* Northern MTPs
 CMMP
e ANPF The right
KNOWLEDGE can
UNLOCK the
economic and land-
use POTENTIAL of
the NORTH

/111
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Conclusion

Public geosciencein the federal government has evolved over its long
history and continues to be relevant.

Geoscience strongly contributes to government priorities with impactful
results for the economy, the environment and public safety. A VAN

The Geological Survey of Canada’s path forward will be influenced by the Vi\‘. RN ﬁ
Canadian Minerals and Metals Plan, Pan-Canadian Geoscience Strategy, \l

and next generation geoscience.
Next generation geoscience can underpin work under the CMMP and PGS, St

as it supports the fast-growing Canadian demands for digital data, Earth o exloraaon
process research, and predictive, actionable, decision-support systems, and
in doing so spurs a new generation of geoscience and technology economic

assets for Canada.

CANADIAN
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Our questions for you

« How do you see the role of universities in the Pan-Canadian
Geoscience Strategy and next generation geoscience vision?

 Would universities team up to help develop a national geoscience
plan, or would they contribute individually?

 What role (if any) do you see organizations such as the Council of
Canadian Academies, Geological Association of Canada, or
Canadian Federation of Earth Sciences playing in scoping the plan?

* Where are the obstacles to achieving a whole-of-Canada way
forward for geoscience?

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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ANNEX
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Next generation geoscience —

An ore systems approach decouples
results from geography and moves us

IEIN?VA;WE from a retrospective to predictive
xploration ;
T — environment
Technologies
NEW TARGETING For mineral potential modelling, it also
AT allows us to transform from a qualitative
expert-based approach to a (semi-)
Regional quantitative data modelling approach

ORE SYSTEM

Geoscience

Advances in data/geo analysis (e.g. Al)
TGI-3 (2005-2010) || TGI-4/5 (20010-2020) | GEM (2008-2020) are rapidly transformlng our ability to
CHARACTERISTICS THEMATIC GEOGRAPHIC targetthe key datathat informs the

. - » models.
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