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Environmental Geoscience Program (EGP) 
Public Presentations from coast to coast

To increase the program visibility, a public science presentation has 
been offered to NRCan and key partners via Tandberg and NRCan live 
web over the last three years. 

All the Power Point presentations (8) presented on May 8th, 2018 are 
included in this report. 

Key words: Induced seismicity, geoscience tools, critical metal 
deposits, geological storage of carbon, fluid in carbonates, shale gas, 
groundwater and oil sands.
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Induced Seismicity Research Project: An Update

Projet de recherche sur la sismicité induite : 
une mise à jour

Honn Kao
May 8th, 2018
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ABSTRACT
The development of unconventional oil and gas in North America has caused a significant increase of seismicity in areas of intense injection operations, 
including hydraulic fracturing, wastewater disposal, and enhanced production and recovery. These induced earthquakes have attracted considerable 
media attention due to their potential seismic hazards. In 2012, NRCan initiated the Induced Seismicity Research (ISR) Activity as part of the Shale Gas 
Research Project, under the Environmental Geoscience Program, to investigate the possible relationship between hydraulic fracturing (HF) of shale gas 
and the changing pattern of local seismicity. In 2015, the activity was expanded to a Project to include studies of all injection‐related seismic events. 
NRCan’s ISR Project has three major tasks. The first is to improve real‐time earthquake‐monitoring capability in major shale gas basins where the station 
coverage of regional seismograph network is sparse. The second is to establish the baseline of regional seismic pattern (i.e., the pre‐development 
reference line) for places where the development potential of unconventional oil and gas is deemed high in the foreseeable future. The third is to 
conduct targeted studies on significant induced events to understand the relationship between their seismogenesis and man‐made operations. In 
collaborations with many partners, new broadband seismograph stations have been installed in BC, AB, NB, SK, QC, NT, and YT. Studies of local seismicity 
before, during, and after HF operations have been completed for the northeast BC and western AB, the Moncton and Sussex areas (southern NB), and 
the Norman Wells area of the central MacKenzie Valley (NT). Regional earthquake baseline is also established for the areas of St. Lawrence Valley and 
Anticosti Island, QC. An increase of local seismicity in BC and AB is spatially and temporarily correlated with the peak period of injection operations 
associated with shale gas development. Tectonic strain rate and injection volume appear to be important factors in controlling the distribution of 
induced events. Although large induced events always occurred near injection wells with large volumes, large injection volume do not necessarily result 
in large induced events. Some of the largest hydraulic fracturing‐induced earthquakes can cause strong shaking at the source areas, suggesting that 
seismic hazards due to induced earthquakes should not be overlooked. Future efforts of NRCan’s ISR include the delineation of seismogenic patterns of 
injection‐induced earthquakes and their implications for regional short‐ and long‐term seismic hazards, detailed investigations of induced earthquake 
source characteristics with a multi‐disciplinary approach, and the development and establishment of quantitative models to enhance and improve 
regulatory performances.
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PROJECT MEMBERS
• Honn Kao, John Cassidy, Ryan Visser, Ramin
Dokht, (GSC‐Pacific)

• Maurice Lamontagne, Don White (GSC‐
Ottawa)

• Denis Lavoie (GSC‐Quebec)
• Sergey Samsonov, Khalid Omari (CCRS)
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Major Collaborators and Partners
• Government organizations:

– BC Oil and Gas Commission, Alberta Energy Regulator, Hydro 
Quebec, New Brunswick Department of Natural Resources, 
Yukon Geological Survey and Northwest Territories OROGO.

• Universities:
– McGill, Western, University of Calgary, University of Ottawa and 

University of Victoria.
• Professional Organizations:

– Geoscience BC, CAPP
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Representative Research Results

• Injection‐Induced Earthquakes (IIE) in Western 
Canada (northeastern BC and western AB)
– Detailed geographic distribution
– Controlling factors
– Seismic Hazard implications
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Seismicity and Injections in Western 
Canada (NE BC and W AB)

10
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IIE Band ~ Higher Tectonic Strain Rate 
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Large Injection Volume is Necessary 
to Generate Relatively Large IIE
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Short-Term Seismic Hazard 
Implications
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CONTACT INFORMATION
• Project leader: Dr. Honn Kao
• Phone number: (250) 363‐6625
• Email address: Honn.Kao@canada.ca

THANK YOU!
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Geoscience Tools for EA of metal mining

Outils géoscientifiques pour l'évaluation 
environnementale des mines de métaux

Jennifer Galloway, GSC‐Calgary
May 8th, 2018
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ABSTRACT
• Organic matter is important in mobility of arsenic. This

finding has implications for future geochemical
processes under 21st c. warming, especially regions with
high contaminant burdens.

• Traditional Knowledge studies used to provide insight 
into climate not discernible from paleoecological records.

16
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• Tim Patterson
• Heather Jamieson
• Mike Palmer

• Hamed Sanei
• Graeme Swindles
• Peter Morse

• Bill Shotyk
• Chris Spence
• Omid Ardakani
• Anthony Chappez

PROJECT MEMBERS
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• Steve Wolfe
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Giant Mine

Con Mine

City of Yellowknife

Claims staked in 1935. Several gold mines operated in the region. Giant Mine was the largest, operating from 1948 to 2004 (8 
million oz Au). During the first decade of mning (~1946-57) thousands of Kg of arsenic trioxide was released per day directly the
atmosphere (estimated total 24,566,040 kg) until emission controls were implemented in the 1950s. 

STUDY AREA

Slave 
Geological 
Province
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Archean greenstone hosted mesothermal gold deposits rich in
As and other elements (Cu, Pb, Zn) mined for over ½ century
in northern Canada

Great
Slave
Lake

1. How do we differentiate geogenic vs. anthropogenic 
metal(loids) in the environment of mineralized and 
contaminated regions where no background data was 
collected?

Climate in northern Canada warming at unprecedented rates

2. How will climate variability impact transport and fate of 
arsenic in northern ecosystems?

OBJECTIVES
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What is background? Collected 211 sediment-water
interface samples along a N-S transect and analyzed
samples for sedimentary grain size, organic matter
constituents, and geochemistry (ICP-MS following aqua
regia digestion) (Galloway et al., 2012, 2015, 2017)

Tibbitt to Contwoyto
Winter Road

Western Interior
Platform

Yellowknife

[As] elevated in Yellowknife sediments

Other regions below CCME guidelines

METHODS
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METHODS
Mining or mineralization?
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Mineralogy (SEM-MLA, µXRF and µXRD)

Arsenic oxide 
µXRF map shows 
particle of As oxide

Red = arsenic
Green =  calcium
Blue = iron

µXRD to identify 
mineral as arsenolite, a 
form of roaster-
generated arsenic 
trioxide

Rings 2D XRD pattern

Contains arsenic
trioxide from roaster
emissions

Yellowknife City

TerraX Northbelt
& Walsh Lake 
properties

METHODS
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“Hotspot” to the NW

30 km radius affected, mostly 
to NW (prevailing wind). 
Constrained by distance 

paired group cluster analysis 
and Kruskal-Wallis test shows 

that 11 km is “zone of 
immediate influence”

CONTROLS ON DISTRIBUTION OF ARSENIC
Distance and Direction from the historic roaster
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OM, especially labile S1, substrate for
microbial growth that mediates precipitation
of As-bearing sulphide minerals

As-bearing framboidal pyrite

SOLID PHASE As-SPECIATION Fig. 3 from Schuh et al. (2017): 
SEM-BSE images of As-hosting solid phases associated with As-rich 

sediment intervals in cores from Long Lake and Martin Lake. 
Corresponding µ-XRF element maps show As (red), Fe (green), Sb 

(blue) intensities 

ORGANIC MATTER
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Direct OM-As complexation (sequential extraction, NanoSIMS, EXFAS)
Physical coating of As-bearing particles (organic petrology)
OM - DOM linkages (look at the dissolved fraction)

Advanced analytical tools with the capability to 
visualize and characterize organic matter at the 
submicrometer scale, such as Nano Secondary 
Ion Mass Spectrometry (NanoSIMS) and 
Scanning Transmission X-ray Microscopy 
(STXM) coupled to Near Edge X-ray Absorption 
Fine Structure Spectroscopy (NEXAFS), may be 
combined to locate and characterize mineral-
associated organic matter

Remusat et al., 2012. Environ Sci Technol 46, 3943-3949

ORGANIC MATTER  NEXT STEPS
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Concentrations of dissolved arsenic in surface water of lakes 
within a 30 km radius of Yellowknife.  Highest concentrations 
NW of Giant Mine, consistent with spatial distribution of 
sediment As

SURFACE WATERS
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Geochemical Baselines and Legacy Contaminant Stability in a Changing Northern 
Climate, Tundra Mine, NWT

Clare Miller, Michael Parsons, Heather Jamieson, Jennifer Galloway & Tim Patterson

TUNDRA MINE

Tailings Core

Sediment Grab Sample

Sediment Core/Surface Water

Hambone 
Lake

Powder Mag Lake

Control Lake

Matthews Lake

Bulldog Lake

Tundra 
Mine

Canada’s second largest undeveloped gold resource (6.5M oz
Courageous Lake 53 km greenstone belt) Free milling gold mining
1964-1968 (Bulldog and Tundra mines) and 1983-1987 (Salmita Mine)
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Geochemical Baselines and Legacy Contaminant Stability in a Changing Northern 
Climate, Tundra Mine, NWT

Clare Miller, Michael Parsons, Heather Jamieson, Jennifer Galloway & Tim Patterson

PROXIMAL TO MINE DISTAL TO MINE

Iron monosulphide + FeOxide

As-SulphideFramboidal Pyrite

Arsenopyrite Fe Oxide Fe Oxide

Detrital Fe OxideFramboidal Pyrite

In lakes closer to Tundra Mine arsenic is hosted by sulphide minerals, which may become more stable with
increased the influx of organic matter.
Arsenic is hosted by iron (oxy)hydroxides minerals in lakes farther from the former mine site, which may be more
susceptible to releasing arsenic to surface waters under continued climate warming.

As 0.13 wt%

As 0.24 wt%

As 0.40 wt%As 46.01 wt%

As 70.03 wt% As 0.24 wt%

As 0.40 wt%

As 0.40 wt%

Clare Miller, M.Sc.
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 Seasonality ~2 weeks delayed freeze up
 Early winter season rain, delayed ground freeze 

up has impact on spring freshet volumes 
 Longer duration of ice freeze up implications for 

fish habitat and ice quality
 Spatial impact of Giant Mine emissions (~24 km) 

with specific information about certain lakes (Long 
Lake, Martin Lake)

 Impact of climate change and past land-use on 
culture

 HQP: How to formulate research questions WITH 
communities (partnership)

 Listening & Different ways of knowing

TRADITIONAL KNOWLEDGE
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• 3 TK reports (2 in press peer-reviewed journal)
• 23 peer reviewed journal articles published or 

in press
• 3 GSC or GWNT Open Files
• Leverage 2 NSERC Engage Grants, 1 POLAR 

Knowledge Canada Grant, CAN-NOR funding, 
SINED funding, CIMP funding, substantial 
industry support 

• 5 graduate students (3 PhD Carleton and U 
Leeds, 2 MSc Carleton and Queens U)

• 20+ conference proceedings

30

OUTPUTS
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Jennifer Galloway
Geological Survey of Canada
3303-33rd St. NW Calgary, AB, T2L 2A7
587-892-2892
Jennifer.Galloway@canada.ca

QUESTIONS
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AsV has strong affinity for Fe/Mn
(oxy)hydroxides that can be 
removed from solution and can 
effectively sequester As…if conditions 
remain oxic

Organic matter  Fe/Mn (oxy)hydroxides
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Concentration of As (waters, dissolved) influenced 
by distance from Giant Mine roaster (r2=0.58, p<0.01, 
n=98)

The same statistical relationships are seen in total and dissolved As
concentrations in surface waters

As sediment

D
is

so
lv

ed
 A

s 
su

rfa
ce

 w
at

er

Log-log 
Linear regression
r2=0.544, p<0.001

Arsenic present in sediments in a 
reactive and mobile form

SURFACE WATERS
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Figure: After Van den Burghe et al., 2018

Soluble As2O3 in lake sediments a
persistent source of As to porewater. A
portion of dissolved As in reducing
porewaters precipitates as authigenic
sulphides.

In Lower Martin Lake, porewater As
diffusion accounts for 98% of the As in
lake waters during winter anoxic
conditions.

Up to 73% of 
total As 

In shallow 
sediments

Up to 85% of 
total As at 

depth

Negligible 
source of As

LAKE SEDIMENT SOURCE OF As
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Geoenvironmental Characteristics of 
Canadian Critical Metal Deposits

Caractéristiques géoenvironnementales de 
gisements métalliques critiques au Canada

Michael Parsons (GSC‐Atlantic, Dartmouth, NS)
8 mai 2018 – May 8, 2018
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Abstract
In recent years, there has been a rapid increase in the global demand for many elements used in green energy 
and high‐tech applications, including antimony (Sb), cobalt (Co), indium (In), lithium (Li), niobium (Nb) and the 
rare earth elements (REE). Canada has abundant resources of these critical elements, however, we know very 
little about the potential environmental impacts of mining these resources. The primary objective of this study 
is to characterize processes controlling the mobility of trace elements and radionuclides in mine wastes and 
waters at the abandoned St. Lawrence Columbium (SLC) Mine in Oka, Quebec. This mine operated from 1961 
to 1976 and at the time was one of the largest Nb producers in the world.

In FY 17‐18, GSC scientists continued sampling mine wastes, groundwater and surface waters at the SLC Mine 
and initiated collaborative projects with the University of Ottawa (slag leaching) and Queen’s University (waste 
rock weathering). Results to‐date show that most REEs, uranium (U) and thorium (Th) occur in relatively 
insoluble minerals, but that the slag is reactive and a potential radiological hazard. Radionuclide levels in mine 
waters are very low, but elevated levels of fluoride are present in seepage from the tailings. GSC data on slag, 
groundwater, and pit lake chemistry were shared with the Quebec Ministry of Energy and Natural Resources to 
help inform ongoing environmental management decisions for the SLC Mine. Results were also shared in a 
plain language fact sheet, and in both national and international conference presentations.

36



© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2018

Project Team 37
Michael Parsons (GSC‐A)
Surface waters, mine wastes

Alexandre 
Desbarats
(GSC‐N)

Groundwaters,
mine wastes

Jeanne
Percival
(GSC‐C)
Mineralogy

Katherine Venance (GSC‐C)
Mineralogy

Heather Jamieson & Sean Des Roches (Queen’s Univ.)
Geochemistry and mineralogy of mine wastes

Tom Al & Hannah Balkwill Tweedie (Univ. of Ottawa)
Geochemistry and mineralogy of smelter slag
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St. Lawrence Columbium (Niobium) Mine
 Located in Oka, Quebec, ~30 km NW of Montreal

 Ore hosted in carbonatite and alkaline rocks that are 
enriched in LREEs, Nb, Ta, U, Th & F.

 Pyrochlore [(Na,Ca)2Nb2O6(OH,F)] was main ore mineral

 Mine operated from 1961 to 1976 using open pit and 
underground mining, an on‐site mill (up to 2500‐tons‐
per‐day), and a ferroniobium smelter

 High radon levels have been measured in local 
residences overlying carbonatite bedrock

 Several companies have recently proposed re‐mining 
the SLC Mine for Nb and REEs, resulting in community 
opposition. The Province of Quebec and Municipality of 
Oka are now investigating options for site reclamation.

from Vallieres (1989)

Open pit mining in Pit #2 (c. 1962)
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Pit #1

Pit #2

Tailings

Waste
rock

Drainage

Slag

Waste
rock

SLC Mine 
June 2017

Waste
rock

Waste
rock
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Methods
• Geochemical and mineralogical analyses of waste rock, 

tailings, and secondary phases to characterize mineral 
hosts for key elements of concern (U, Th, F, Nb & REEs)

► Lead: Dr. Jeanne Percival (GSC‐Ottawa)

• Seasonal sampling of groundwater in tailings and mine 
waste seepage to investigate reactions controlling trace 
element release and transport

► Lead: Dr. Alexandre Desbarats (GSC‐Ottawa)

• Water column profiling and sampling at various depths 
in pit lakes to evaluate geochemical and limnological 
controls on trace element (U, Th, REEs) and 
radionuclide (226‐Ra, 210‐Pb) mobility

► Lead: Dr. Michael Parsons (GSC‐Atlantic)

• Aqueous speciation modeling of mine waters using 
PHREEQC and The Geochemist’s Workbench software

Sampling groundwater piezometers in tailings

Seasonal pit lake sampling
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Mineralogical Signature of Oka Mine Wastes 
Goal: Characterize mineralogy and weathering reactions that lead to 

mobilization of Th, U and REEs from waste rock, tailings and slag materials

FY 2017‐2018 Achievements
 Collected 70 waste rock, 11 tailings and 6 slag samples 

for petrological and mineralogical characterization

 Acquired >150 in situ infrared spectra using portable 
Terraspec HALO instrument

 Whole rock XRD analyses of 59 samples completed

 In progress: petrographic study of polished thin 
sections; SEM and electron microprobe analyses of 
trace minerals and elemental chemistry
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Sӧvite (calcite-carbonatite)
Sample PNA16-25

Medium- to coarse-
grained massive sӧvite is 
olive-grey in colour. It is 
comprised largely of 
calcite with visible 
monticellite, apatite, 
biotite and magnetite

XRD
Cal (85%)
Mtc (7%)
FlAp (6%)

Bt/Phl (2%)
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Core Rim

Apatite

PNA16-025

Ca
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PNA16-025

Pyrochlore REE-Carbonate
(synchysite-Ce?)

Ce
La
F

Nd
Ca
Sr
Fe

Nb
Ca
Ce
Ta
Ti
Zr
U
Fe
Na



© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2018

Weathering Crusts & Pit Wall Precipitates

PSA17-P1PNA16-20

Calcite + Ca, AlGypsum + Fe-oxide + Apatite+ Mica
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Geochemistry of tailings seepage & slag leachate

FY 2017‐2018 Achievements

 Sampled tailings pore water chemistry in 
piezometers and continued multi‐parameter data 
logging in existing monitoring well 

 Sampled discharge from the tailings impoundment

 In collaboration with Tom Al (U of Ottawa) of the 
TERRE‐NET consortium and MASc student Hannah 
Balkwill Tweedie, set up and sampled field leach 
cells to study weathering of the ferro‐niobium slag

Goal: Characterize reactions that control the mobility of trace elements (F, Nb, REE, U, Th) in 
tailings seepage and slag leachate from infiltrating precipitation to discharge points
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Tailings pore water chemistry
Calcium &Magnesium Sodium & Potassium
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Tailings pore water chemistry
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Slag Leachate Chemistry
pH Uranium Fluoride
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Limnology and Geochemistry of Mine Pit Lakes

Achievements (2017‐2018)

 Conducted water column profiling and sampling at 
various depths in May 2017 and October 2017

 Collected samples for stable isotope (2H/H, 18O/16O) 
analyses to investigate sources and cycling of water

 Carried out continuous monitoring of temperature, 
depth, and conductivity at 5 m and 20 m depth in Pit #2

Goal: investigate the key controls on metal (e.g. U, Th, REEs) and 
radionuclide (e.g. 226‐Ra, 210‐Pb) concentrations in the pit lake water
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July 2016 October 2016

February 2017 May 2017
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Solinst
Levelogger

Levelogger at
5 m (left) &

20 m (middle)
– October 2017

In-situ Monitoring of Temperature, Depth & Conductivity With Data Loggers

Barologger
mount

Float just
below water
surface in 
Pit #2
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Water Column Profiles in Pit Lake #1

Seasonal Hydrolab profiles of Pit #1 showing a distinct chemocline at 30 m.  At greater 
depths, oxygen is consumed and water smells strongly of hydrogen sulphide.
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Dissolved Metal and Fluoride Concentrations in Pit Lake #1

Dissolved Mn, U, REE, F and radionuclide (226‐Ra, 228‐Ra, 210‐Pb) concentrations 
are low in oxic mixolimnion waters, but increase below chemocline. 

Drinking
water limit
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Outputs
Presentations (FY 17‐18)

Parsons, M.B., Percival, J.B., Venance, K.E., 
Desbarats, A.J. (2017) Geoenvironmental 
characteristics of carbonatite‐hosted niobium and 
rare earth element deposits: A case study from Oka, 
Quebec, Canada. Abstract for the International 
Conference on the Biogeochemistry of Trace 
Elements in Zurich, Switzerland (July 2017)

Percival, J.B., Venance, K.E., Desbarats, A.J., 
Parsons, M.B., Bilot, I., Abraham, A.C., Laudadio, 
A.B.  (2017) Mineralogical Signature of the St. 
Lawrence Columbium Mine at Oka, Québec. GAC‐
MAC abstract, Kingston, ON (May 2017)

Parsons, M.B. (2017) Where Cell Phones are Born: 
The Importance of Mining in a Gadget‐Filled World. 
Poster presented at the September 2017 Bedford 
Institute of Oceanography Open House.Two‐page fact sheet (available online from

GEOSCAN in both English and French)

Poster presentation at BIO Open 
House, Dartmouth, NS
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Work plan (FY 2018-2019)
 Final sampling of tailings pore‐waters, tailings seepage, and 

shallow groundwater in MERN observation wells

 Periodic (every 6 weeks) sampling of leachate from slag barrels

 Final sampling of water column in two flooded open pits

 Recovery of data loggers and removal of all field monitoring 
equipment from mine site 

 Obtain core samples of tailings at various depths and finalize 
chemical and mineralogical analyses

 Present results at conferences in Vancouver (RFG 2018), 
Ottawa (ISES‐ISEE) and Quebec City (Quebec Mines)

 Compile project data in GSC Open File Reports and work on 
drafts of journal papers
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CONTACT INFORMATION
Dr. Michael Parsons (GSC‐Atlantic)

902‐426‐7363
michael.parsons@canada.ca

THANK YOU!
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Measuring, monitoring and verifying 
of geological carbon storage

Mesure, suivi et vérification de la 
séquestration géologique du carbone

Don White 
May 8th, 2018
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ABSTRACT
 Carbon capture and storage (CCS) has been identified as a priority issue within the context of the North American 

Climate Change and Energy Collaboration and Mission Innovation. An important aspect of CCS is the need to 
improve public confidence in long‐term geological storage of CO2. A key to developing confidence for the longer 
term is a demonstration of safe and expected storage behaviour in the short term. Two primary concerns of the 
public and government regulatory bodies are the potential for induced seismicity and for CO2 leakage. To alleviate 
these concerns, storage monitoring is critical in demonstrating that the subsurface CO2 plume is behaving as 
expected, and that induced microseismic or seismic activity is being closely monitored.  The Aquistore CO2 Storage 
Project is a multi‐year research and monitoring project to demonstrate that storing CO2 deep underground is a 
safe and workable solution to help reduce greenhouse gas emissions to the atmosphere. The Geological Survey of 
Canada’s studies within the project are focused on the development of improved monitoring methodologies and a 
better understanding of the relationship between CO2 injection and induced seismicity.

 A total of ~160 ktonnes of CO2 were injected at the Aquistore site from April‐2015 to May‐2018. Injection is 
occurring within a saline formation at a depth of 3150‐3350 m. In the first 4 months of 2016, CO2 was injected at 
an average rate of ~400 tonnes/day. Passive seismic monitoring at the site which began in 2012 has not identified 
any seismicity associated with the injection process. The first time‐lapse 3D seismic surveys were conducted in 
February and November of 2016 when the cumulative injected quantity of CO2 was 36 ktonnes and 105 ktonnes, 
respectively. The latest 3D survey occurred in March‐2018 with 135 ktonnes injected. The resultant time‐lapse 
seismic images show how the CO2 plume is partitioned vertically within the reservoir and how it is spreading 
laterally. The seismic observations indicate that the initial geological model used for CO2 flow simulations will have 
to be modified.

60
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Geological Storage 

• Depleted oil and 
gas reservoirs

• Coal beds

• Saline aquifers

• Gas hydrates*

Coal Beds

Oil/Gas 
Reservoirs

Saline 
Aquifers

Sedimentary Basins

* Arctic Canada, East and West Coasts
• Deep Ocean

• Marine sediments

• Ultramafic rocks

Other
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Aquistore CO2 Storage 
Project
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2013

CO2 Capture Plant
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GSC Research Objectives
 Methods for monitoring CO2 containment
 Induced seismicity

Outcomes
 Informs regulations and international 

standards under development
 Effective but efficient CO2 monitoring
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CO2
Capture

CO2Pipeline

Seismic Array 1 km

Aquistore CO2 Storage Project
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3400 m
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500 m

110 ktonnes

200 m

3400 m Depth

Model: 110 kT CO2
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4D Seismic: 36 kT
69

300 m

36 Ktonnes
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4D Seismic: 102 kT

300 m

102 Ktonnes
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Reservoir Topography
36 kT 102 kT

(Roach et al., 2018; White et al., 2018)
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Microseismic Monitoring

(Stork et al., 2018)
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Monitoring Period

(Stork et al., 2018)

CO2 Injection
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Regional Event: Mine Blast

(Stork et al., 2018)
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Summary
• No induced seismicity to date
• Minimum detectable magnitude for 3.2 km depth:

– BB: ML= ‐0.8
– Array: ML= ‐1.6 to ‐0.6

• Magnitude of completeness (STA/LTA):
– BB: MW = 1.3 
– Array: MW = 0.6

(Stork et al., 2018)
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CO2 Injection in Basal SS
• Quest (Oropeza Bacci et al., 2017)

– Minimal seismic response
– 3 locatable basement events, Mw ‐1.8 to ‐0.6
– 9‐14 months after injection start; >750 kT

• Decatur (Bauer et al., 2016)
– ~5000 events M ‐3.0 to 1.2; 94% < M 0.0)
– onset 2 months after injection start; ~56kt

• Aquistore (Stork et al., 2018)
– Is injection aseismic or just early in injection history?
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Next Steps
• Continue passive monitoring for induced 
seismicity

• Process 4D seismic acquired in March‐2018 
(136 kT)

• Update the geological model to match 4D 
seismic results
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CONTACT INFORMATION
• Don White
• 613‐220‐7963
• don.white@canada.ca
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Fluid storage and circulation in carbonates

Stockage et circulation de fluides dans 
les carbonates

STÉPHANIE LARMAGNAT
May 8th, 2018
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ABSTRACT
80

Title: Fluid storage and circulation in carbonates
Project duration: 2 years
Responsible: Denis Lavoie (GSC‐QC) 

Abstract: Conventional methods applied to oil and gas reservoir are revisited to address fluid 
flow and fluid storage capacity in carbonates in a Silurian succession in the Lower St. 
Lawrence area. With this case study, research activities compile key geological attributes 
(porosity, permeability, thermal conductivity) data and reconstruct the timing of diagenetic 
fluids circulation (creating or occluding porosity). The main goal is to understand how a 
conventional reservoir characterization would applied to geothermal development in a low 
temperature context. 
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Introduction 82

Quarry exposure at St Cleophas (Québec)

• Silurian carbonate Formation, with
naturally (macro)porous intervals

• At the outcrop, this interval was 
interpreted as hydrothermal dolomites 
(HTD)

• Potential to be a reservoir analog of 
Albion‐Scipio and Stony Point fields 
(Ordovician, Michigan basin, USA) or the 
Ladyfern gas field (Devonian, British 
Columbia)
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83Location and context

Regional geological map (adapted from
MERN, 2007)

Tectonostratigraphic domains in the studied area
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Integrated approach 84

E‐logs

CT‐SCAN

STRATIGRAPHY, MAPPING
PETROPHYSICS

MICROANALYSES
& GEOCHEMISTRY 

MEB, 
microprobe, 
stable isotopes

FACIES ANALYSIS

Conventional
petrophysics

Understanding regional fluid flow in carbonates
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Stratigraphy and geobodies 85

1000 um

Dataset in the area includes: 
‐ Core logging (5 wells)
‐ Petrography (110 thin sections, conventional, 

fluorescence, cathodoluminescence)
‐ Stable isotopes (40 samples)

Potential reservoir geobodies:
‐ Fractured and hydrothermally altered units
‐ Bioturbated units
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Fractures and fluid circulation 86

Fractured and vug‐bearing intervals within Massé No.1 well

• Distinctive 40 m thick interval of 
hydrothermal dolomite 

• Pores are associated with fractures, 
dissolved bioclasts and vugs. 

• Size ranges from millimetric to 
pluricentimetric

• Highly connected porosity is common
in this interval 
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Fractures and timing (in progress) 87

• 3 generations of fractures (cross‐
cutting)

• Pore and fracture filling cements : low‐
Fe calcite, High‐Fe calcite, Fe dolomite/ 
ankerite

• Stable isotopes O and C will provide
relative timing of fluids

1000 µm1000 µm
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Large-scale porosity using CT-scan (in progress) 88

4.5 meters thick interval (Massé No.1 well)In‐house core flooding set‐up
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Microporosity and bioturbated facies 89

• Core‐flooding experiments, under CT‐scan,  
document the filing of connected pore spaces 

• In bioturbated facies, pore filing is effective 
even where macropores are not 
macroscopically connected

• Microporosity plays an role in connecting the 
macropores and allowing the water to flow 
through. 

Photograph  3D CT image  3D MinIP
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Preliminary tests on reference core material 90
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ABSTRACT
Collected information during 2017‐2018 provided interesting and unexpected results. For instance: 
• 1) borehole logging in wells drilled with two different techniques provided different results. Thus, 

two additional wells will be drilled next year to provide more info. This represents a great 
opportunity to reconcile data, as hammer‐drilled wells are much less expensive than diamond‐
drilled wells, but validity of data from the former wells needs to be ascertained; 

• 2) results from barometric and water‐level monitoring provided new information for the 
interpretation of the confinement conditions (unconfined, semi‐confined or confined) of each well; 

• 3) Regular groundwater monitoring revealed that, contrary to what the traditional indicators such as 
gas dryness ratio and δ13CCH4 seemed to indicate, only one well would in fact contain thermogenic
gas, while the other thermogenic‐like samples would rather correspond to microbial methane 
affected by oxidation, based on calculations using documented isotopic fractionation factors. 

• 4) The study of the re‐processed seismic lines led to the re‐interpretation of the deformation of 
evaporite deposits of the Windsor Group and its impact on sedimentary packages. 
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Introduction
The study area comprises two sub-regions

 McCully gas field: in production since 2001
 Elgin area (prospect): condensates (ethane, propane and butane)

~ 50 gas wells

Objective :  To investigate potential 
upward migration pathways, which could 
be enhanced by hydraulic fracturing, to 
assess aquifer vulnerability.
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Potential links between deep geological units targeted by the industry and surficial 
aquifers are not well documented.
A natural connection is presumed possible only if permeable discontinuities are 
present (e.g., fault zones) providing a preferential migration pathway.

Few data available Intermediate zone

Shallow aquifers

Units targeted by 
the industry

Use of indirect data

Introduction

geophysical, geomechanical, hydrogeological and geochemical
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o Drilling of a 130 m observation well
• Core and GW sampling
• Installation of water level logger
To come: Hydraulic (« slug ») tests & borehole geophysics

o GW monitoring in observation and residential wells

o Fracture characterization (outcrops)

o Rock sampling from outcrops and deep wells

Fieldwork and analyses 2017‐2018

GW: major and minor ions, metals, and various isotopes for new wells
monitoring for alkane concentrations and methane isotopes

Rock:  plug tests for permeability and porosity, grain density &  XRF,  
Rock‐Eval and organic geochemistry
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Geological context
99

The study area is located in the Maritimes Carboniferous Basin

Moncton sub‐basin

Frederic Brook shale
Hiram Brook tight
sandstone

Gas wells > 2000 m
Hinds and Parks, 2017

Windsor Gr.

Mabou Gr.
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Geological interpretation based on seismic data
New geological interpretation related to the deformation of the evaporite deposits

Key findings:

• Salt expulsion appears to have occurred early
(thus not related to a density inversion)

• There is lateral variation of the salt wall
geometry

• Mabou Group = minibasin formed due to the 
sedimentary load variation

• The current geometry of the evaporite
deposits is weakly related to regional strain.

Brake and Pinet, 2018
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Seismic inversion
Prestack seismic data processing

Seismic section extracted from the 3‐D data between wells P‐66 & F‐58
Seismic data (amplitude) Inverted data (brittleness)

signal‐to‐noise ratio
coherence of reflections

Geomechanical properties were then calculated from inverted 
P‐ and S‐wave impedance as well as density.

Lateral geomechanical changes  attributed to geological structures (not stratigraphy)

Duchesne and Bellefleur, 2018)

+
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Borehole geophysical logging
P- and S-wave 

velocities, density

Ʋ and E 

Mabou
Group

Shallow
observation wells

Deep
gas
wells

PO‐07

Crow, 2018

Density vs porosity
from core plugs
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Microbial
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Monitoring: allowed the 
correct intepretation of 
methane origin

Based on conventional
analyses, several
samples appeared to 
have a thermogenic or 
mixed origin.

GW geochemistry

Bordeleau, 2018
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Work to come for 2018-2019
o Regular monitoring will continue

o 3 additional wells will be drilled this summer (with a diamond rig):

• 2 for comparison between nearby hammered-drilled and diamond-drilled wells

• 1 close to the only well where thermogenic gas is likely present

o Organic geochemical analysis will be performed on seeps and bitumen in rocks for 
biomarkers 

o GW from 3 mining wells will be sampled

o The fracture network will be investigated to better understand the role played 
by natural fractures and fault zones in possible fluid migration pathways 
through the intermediate zone.
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GSC Open File
• Crow, H., Cartwright, T., and Ladevèze, P. 2017. Downhole geophysical data collected in 10 boreholes near Sussex, New Brunswick; 

Geological Survey of Canada, Open File 8310, 1 .zip file. https://doi.org/10.4095/306173.

Papers
• Duchesne, M.J. and Bellefleur, G. Rank reduction filtering and f‐k trace regularization for AVO data preconditioning and enhanced 

seismic imaging. Submitted to Journal of Applied Geophysics (Aug. 22nd 2017).
• Brake V. et al. 2018. New Insight on the geometry and evolution of the Moncton sub‐basin from the 3D reflection seismic data in 

the McCully area, New Brunswick, Canada (in preparation)
• Barton, D., Al., T., Rivard, C. 2018. Chemical and Isotopic Characterization of Formation Fluids from an Unconventional Gas Field in 

New Brunswick, Canada (in preparation)

Conference proceedings
• Rivard, C., Bordeleau, G., Lavoie, D., Huchet, F., Lefebvre, R., Duchesne, M.J., Pinet, N., Brake, V., Crow, H., Séjourné, S., Malet, X. 

2018. Investigation on the origin of shallow hydrocarbons found in the Carboniferous Basin of southern New Brunswick, 
GeoEdmonton 2018: the 71st Canadian Geotechnical Conference and the 13th Joint CGS/IAH‐CNC Groundwater Conference, 
September 23‐26, 2018.

Internal reports
• Séjourné, S. 2018. Comparaison des réseaux de fractures reconnus en surface et sous‐surface dans la région de Sussex au Nouveau‐

Brunswick, internal report.

Publications 2017-2018
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Published conference abstracts
• Barton, D., Al, T., Rivard, C., Bordeleau, G. 2017. Geochemistry of fluids from an unconventional gas field in New Brunswick,

Canada: Identification of unique tracers for migration to shallow groundwater, Characterizing Regional Groundwater Flow System 
Symposium, IAH workshop, June 26‐28 2017, Calgary.

• Rivard, C., Bordeleau, G., Lavoie, D.1, Huchet, F., Lefebvre, R., Duchesne, M.J., Pinet, N., Brake, V., Crow, H., Séjourné, S., Malet, X.  
2017. A study of aquifer vulnerability to unconventional hydrocarbon development in southern New Brunswick, conference 
proceedings, GeoOttawa 2017, 70th Canadian Geotechnical Conference and the 12th Joint CGS/IAH‐CNC Groundwater Conference, 
October 1‐4 2017, Ottawa, Canada.

• Rivard, C., Bordeleau, G., Lavoie, D., Huchet, F., Lefebvre, R., Pinet, N., Duchesne, M.J., Brake, V., Crow, H., Séjourné, S., Barton, D. 
Al., T. 2017. A study of aquifer vulnerability to shale gas activities in southern New Brunswick, New Brunswick EMP, November 7th
2017, Fredericton, NB.

• Duchesne, M. J., Bellefleur, G., Pinet, N. and Brake, V. I. 2017. Rank Reduction Processing of 3‐D Prestack Seismic Data for the 
Geomechanical Inversion of an Unconventional Reservoir and its Caprock, Moncton Basin, Canada. AAPG/SEG International 
Conference and Exhibition, London, England, October 15‐18.

• Rivard, C., Bordeleau, G., Lavoie, D., Ladevèze, P., Huchet, F., Lefebvre, R., Séjourné, S., Duchesne, M., Pinet, N., Brake, V., Crow, H., 
Malet, X. 2018. Investigation of potential upward fluid migration pathways in two study areas hosting unconventional hydrocarbon 
reservoirs in Eastern Canada, EGU 2018, April 8‐13, 2018.

Publications 2017-2018
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SOURCES: Waterborne contamination in 
the Oil Sands region

Contamination par transport aqueux dans 
la région des sables bitumineux

PAUL GAMMON
May 8th, 2018



© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2018

ABSTRACT
The aim of the Sources Project is to quantify the environmental risks associated with the large extractive Athabasca oil sands 
industry, including the development of methods to apportion emissions to their original source. To accomplish either of these
tasks for waterborne emissions requires knowing two principle characteristics: the flux (amount) of the emissions and the 
reactions those emissions undergo within the receiving environment. A Reactive Transport Model (RTM) defines both of these 
through coupled hydrologic and geochemical models. An RTM is under development for a wetland test site that is down hydraulic
gradient from a large, long‐lived oil sands tailings pond (TP). Waterborne emissions enter the test site from the western edge and 
then flow southward along a preferred conglomeratic subsurface conduit. From the conduit emissions spread both laterally and 
rise to the surface then spread laterally into wetland surface environments. The identification and apportionment of these 
emissions indicates that multiple metals and isotopic signatures identify the extent of the emissions. However, chloride is the 
traditional ion used to identify emissions in oil sands monitoring, but it fails to distinguish emissions sources in the test area due 
to the plethora of potential saline inputs. The geochemical model indicates metal constituents undergo sorption and attenuation 
along the flow path, with organometallic complexes playing an important but previously unrecognized role. Fluxes will be 
calculated once the hydraulic model has completed numerical verification. The organic constituents within emissions, primarily 
napthanic acids (NAs), are commonly regarded as posing the greatest environmental risk from waterborne emissions. However, 
defining their geochemical behaviour in environmental systems remains problematic. To address this issue an experiment was 
performed to see if biodegradation was attenuating NAs. Biotraps were installed with an isotopically labelled adamantine‐
structured NA. Extracted phospholipids from the microbes that populated the biotraps demonstrated strong evidence for 
methanotrophic metabolic pathways, with no evidence the microbiome were biodegrading the NA. This suggests that these 
adamantine‐structured Nas would persist within the Athabasca environment. 
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111

• Wetland complex within a topographic bowl – oxbow 
• Comprehensive Drive Point network – mainly across wetland 
• Down-gradient from large Tailings Pond

Company
Wells

Seep

TP ditch  Objective: To 
quantify and 
apportion the 
distribution of metals 
in environments at 
risk of receiving 
OSPW.

Reactive Transport Model – Context
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Reactive Transport Model – Metals Distribution
 TP has high B 

concentrations –
Background has low B 
concentrations

 Conglomeratic channel is 
preferred groundwater 
flow path

 GW versus SW contours 
indicate upwelling into 
surface environments

Seep 
[B] = 507

TP Drainage 
[B] = 1462

Background 
[B] ~ 10

Muskeg River 
[B] ~ 75

Inverted 
concentration 
profile
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Reactive Transport Model – Metals Distribution
 TP has high Li 

concentrations –
Background has low Li 
concentrations

 Basal contours indicate 
reactive attenuation along 
flow path relative to B

 Surface contours indicate 
less reactive attenuation 
than for basal waters

Lithium Contours

Seep 
[Li] = 35

TP Drainage 
[Li] = 167

Background 
[Li] ~ 6

Muskeg River 
[Li] ~ 14
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Source Apportionment
 Data can 

distinguish 
different water 
sources

 Gradient of TP 
impact is potential 
flux indicator

 Water mixing 
gradient indicates 
retention & dilution 
of regional signal
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Reactive Transport Model – Anion Distribution
 TP has high Cl 

concentrations –
Background has low Cl 
concentrations

 Contours do not reflect 
those for Li and B

 Old Road barrier prevents 
run-off entering the site 
from the west

 Road run-off + its salt load 
enters from the north Chloride Contours

Seep 
[Cl] = 100

TP Drainage 
[Cl] = 160

Background 
[Cl] ~ 1

Muskeg River 
[Cl] ~ 10

Road salt
flow path
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 Background 
suggests saline 
inputs are 
ubiquitous

 Chloride is a 
complex tracer –
not suitable for 
most situations

 Multiple mixing 
model required

Reactive Transport Model – Saline inputs

5

50

500

5000

0 0.5 1 1.5 2 2.5 3 3.5 4

[B
]p

pb

Na/Cl

Drive points

Road salt-impacted wells

Road salt-free wells

Seep-impacted 
drive points

Road salt

TPBasal waters

Background
Na/Cl = 9.4
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Road salt – TP mixing
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Reactive Transport Model – Hydrology
McMurray Fm surface Top aquifer sand surface

Oxbow 
embayment 
filled

 Hydrological model complete (Modflow), undergoing numerical testing
 Significant uncertainty in conglomerate channel flow path configuration
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SOURCES – Reactive Transport
 Reactive Transport Model substantially complete
 First models indicate 

 Potential emissions pathway defined (but incomplete)
 End-members defined
 Groundwater intrusion into surface waters demonstrated
 Apportionment generated via multiple new methods
 Multiple sources of salt makes traditional Cl-based monitoring method in the 

AOSR difficult and likely unreliable
 Organometallics important mechanism for element mobility (Roussel et al: The 

Sorption Sieve: Organometallic complexes in the Alberta Oil Sands) 

 Regional watershed-scale chemistry indicates significant scope for 
chemical budget
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Evaluating natural attenuation of naphthenic 
acids in the shallow subsurface
 Biodegradation of naphthenic acids (NAs) under both aerobic and 

anaerobic conditions has been demonstrated in controlled laboratory 
experiments

 However, the direct verification of in situ microbial breakdown of NAs in 
contaminated groundwater remains a challenge.
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To evaluate in situ microbial breakdown of NAs in groundwater using 
13C-labelled surrogates in “biotraps”

Objective

1-Adamantane carboxylic acid; 
C11H16O2, MW = 180

Detected in oil sands process-
affected water; predicted toxicity

13C (99%)
Non-labelled

OHO

13C-labelled

Controls

Monitoring well

OHO
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Stable carbon isotope (δ13C) analysis of 
phospholipid fatty acids (PLFAs) in biotraps

i-15:0

16:1∆9 

a-15:0

cy17:0

16:0

phosphate group
lipids

PLFAs: Biomarkers for the 
active microbial community

13C
OHO

δ13C analysis of PLFAs: 13C-
enrichment provides direct 

evidence for in situ 
biodegradation
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Oct 2016 (2nd site): Placement of biotraps into 
two shallow wells at RTM site

DP-24DP-04

AEOs = 8.1 mg/L

AEOs = 8.2 mg/L
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13C-enrichment in PLFAs?
Ahad et al., submitted, Science of the Total Environment

• No evidence for biodegradation of diamondoid NAs in groundwater 
• Highly 13C-depleted δ13C-PLFAs point to microbial uptake of biogenic methane
• Certain NAs may persist in the environment after seepage from tailings ponds
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Abstract
A follow‐up to the successful CORES Project (2009‐2014), SOURCES (SOurce apportionment Using 
isotope Ratio Characterization of oil sands Environmental Samples; 2014‐2019) is focused on the 
development and application of geochemical and isotopic methodologies to distinguish between 
natural and anthropogenic contaminants and to better understand processes controlling their 
distribution in Northern Alberta’s Athabasca oil sands region. The project is divided into research 
activities centred on airborne and waterborne contaminants. The airborne activity is examining: (A) 
the impact of contaminants on the forest nitrogen cycle through the study of air (NH3/NH4 and NO3), 
soils, micro‐organisms, and tree stems, rootlets and leaves; and (B) the characteristics of organic 
contaminants (polycyclic aromatic hydrocarbons – PAHs) in lake sediments and snow. The 
waterborne activity is focused on the surface water‐groundwater interactions in areas potentially 
impacted by emissions from the large tailings ponds. The main contaminants of concern for the 
waterborne component are metals and naphthenic acids – a complex mixture of carboxylic acids 
found naturally in bitumen that become concentrated in oil sands process‐affected water. As of 
spring 2018, all fieldwork required to support this research (both activities) is completed. Analyses 
on air N species, soil microbiome, nitrogen and nutrients in various compartments of trees and soils, 
on PAHs in lake sediments and snow, and on metals and naphthenic acids in groundwater and 
surface water samples are ongoing.
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128Outline - Airborne Contaminants
Organic Contamination

Polycyclic aromatic hydrocarbons (PAHs)
- Lake sediments
- Snow

Highlight: PAHs and 14C contents in snow cover of iced
lakes of the Oil-Sands Region

Inorganic Contamination
Impact of anthropogenic emissions on forest N cycle

– Nutrients through trees & soil studies (Ca, Mg, B...)
– Soil microbiome (RNA, DNA)
– C, N, O, isotopes of N species in Air, Leaves, Tree Rings,

Soils, Fungi, Rootlets
Highlight: O isotopes (17O) in Atmospheric Nitrates of central

and southern Alberta

NO3NH4

N

N Cycle
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PAHs in fugitive dust in the Athabasca oil sands region 
(AOSR)

BACKGROUND
Fugitive dust from surface mining is a vector for transport of airborne
contaminants in the AOSR
Two types of mining-related dust – unprocessed oil sand and petroleum coke
(petcoke) – contain high levels of bitumen-derived organic contaminants such
as polycyclic aromatic hydrocarbons (PAHs)

OBJECTIVE
Quantify the amount of anthropogenic dust and PAHs deposited to lakes

APPROACH
Determine the concentrations of PAHs (parent & alkylated) and radiocarbon
(14C) contents of solvent-extractable organics in snow particulates deposited
on the ice-covered surfaces of 14 lakes in an Oil-Sands Region
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Feb 2017- Snow sampling from surface of AOSR lakes
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Petrogenic organic C & PAHs in snow particulates
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IMPLICATIONS
Fugitive dust in snow contains significant petrogenic OC and high levels of PAHs
(dominated by alkylated PAHs), particularly in areas <25 km from OS operations

Spring snowmelt is a direct pathway for mining-related contaminants to lakes

Lakes ‐ Increasing Distance from OperationsDistance fromMining Operations (km) 
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Why? Atmospheric Nitrates may…
 Cause acidification of aquatic and terrestrial 

ecosystems
 Have a negative impact on human health
• Influence climate dynamics  

What (objectives)
• First 17O characterization of nitric acid (HNO3)
• Determination of processes controlling distribution 

of anthropogenic p-NO3 and HNO3 sampled at 
various distances from sources

Nitrogen Cycle
Simultaneously collected p-NO3 and HNO3
from anthropogenic Air plumes - Alberta

Sampling Sites

1-

2/3

5/6

4

 Sources - Sites  
1- Coal-Fired Power Plants 

(CFPP) - Genesse
2- Oil upgrader/refinery - 

Fort Saskatchewan
3- Industries - 

Fort Saskatchewan
4- Urban Activities (Traffic) - 

Terrace Heights
5- Gas Compressors - 

Vauxhall
6- Beef/pork Feedlots - 

Vauxhall

1
2,3

4

5,6

Study area

Rising N 
emissions in 
Alberta over 
the last 20 

years
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134

O Isotopes -
HNO3 & p-NO3 pairs

Higher nitrate 17O values at
distance from sources
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Warm Periods - low p-NO3 & high HNO3 ∆17O - Plume processes

NO Δ17O, 18O HNO3 Δ17O, 18O
p‐NO3 Δ17O, 18O

N + O2 NO + O

NO2 + hv (sunlight)NO + O
NO2 + O3 NO3 + O2

NO + RO2 NO2+RO

Enrichment in Moving Plumes (t, d) 

Lighter NOx & Nitrates
Early NOx reactions

HNO3 & p-NO3 relatively light

Heavier NOx & Nitrates
HNO3 renewed with high values
p-NO3 includes low & high Δ17O

HNO3 p‐NO3

Stronger difference
in depositional
Rates during
warm periods

Early nitrates produced before
NOx-O3 reached isotopic equilibrium

and/or
NOx interacted with 17O-poor

peroxy radicals (RO2)

Fresh Plume (proximal) Late Plume (moderately distal)
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So What?

The inferred mechanisms improve our understanding of N
dynamics in plumes

The new data and interpretation will support Climate Modelling
and

Help the development of effective N reduction strategies for 
improving air quality

Implications of the research results
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CONTACT INFORMATION

• Martine M. Savard & Jason Ahad
• 418 654‐2634         /    418 654‐3721
• martinem.savard@Canada.ca

THANK YOU!
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Program contacts of May 8th, 2018
For more information about the program or the projects, please contact:

Program director: Andree.Bolduc@Canada.ca
Program manager: Gilles.Cotteret@Canada.ca
Geoscience Planning Officer: Nathalie.Jacob@Canada.ca

Shale Gas –Induced Seismicity project leader: Honn.Kao@Canada.ca
Critical Metals and Metal Mining project leader: Michael.Parsons@Canada.ca
Carbone Capture and Storage project leader: Donald.White@Canada.ca
Fluid Storage and Circulation in Carbonates project leader: Denis.Lavoie@Canada.ca
Shale Gas – Groundwater project leader: Christine.Rivard@Canada.ca
SOURCES project leader: MartineM.Savard@Canada.ca



© Sa Majesté la Reine du chef du Canada, représentée par le ministre des Ressources naturelles, 2018

ENVIRONMENTAL GEOSCIENCE PROGRAM LOGIC MODEL (2014‐2019)
Responsible natural resource development

Greater capacity for project 
proponents to carry out and 
for public sector to review 
environmental assessments            

Public and private sectors 
develop environmental 

characterization 
methodologies

Decision makers (policy makers, project proponents) have better 
understanding of impact of natural resource development projects

to enhance environmental performance

More effective/efficient
environmental regulation and oversight

Geoscience knowledge
(scientific publications, databases…)

OUTPUTS

OUTCOMES

Long term

Short term

Alignment with
NRCan PAA 2014‐2015

Strategic Outcome 2:
Natural Resource Sectors and 
Consumers are Environmentally 
Responsible

Program 2.3: 
Responsible Natural Resource 
Management

Sub‐Program 2.3.3:
Environmental Studies and 
Assessments

Shale Gas: 
Induced 
Seismicity

2018‐2019
ACTIVITIES

Oil Sands
Carbon 

Capture & 
Storage

Metals Mining
Shale Gas: 

Groundwater 
Vulnerability 

Mercury
Carbonates: 
Fluid storage 
& circulation

Dredge 
disposal‐at‐

sea
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AAP de RNCan 2014‐
2015

Résultat stratégique 2 :
Les secteurs des 
ressources naturelles et 
les consommateurs sont 
respectueux de
l’environnement

Programme 2.3 : 
Gestion responsable des 
ressources naturelles

Sous‐programme 2.3.3:
Études et évaluations 
environnementales

PROGRAMME DE GÉOSCIENCES ENVIRONNEMENTALES (2014‐2019)
Développement responsable des ressources naturelles

Meilleure capacité pour les 
promoteurs à réaliser les

évaluations environnementales et 
pour le secteur public à les examiner

Les secteurs public et privé 
développent des méthodologies de 
caractérisation de l’environnement

Les décideurs (législateurs, promoteurs) ont une 
meilleure compréhension de l’impact de projets de 

développement de ressources naturelles afin 
d’améliorer la performance environnementale

Réglementation et encadrement 
environnementaux plus efficaces/efficients

Connaissances en géoscience
(publications scientifiques, bases de données…)

PRODUITS

RÉSULTATS

Long terme

Court terme

ACTIVITÉS
2018‐2019

Sables 
bitumineux

Gaz de 
schiste: 
sismicité 
induite

Capture et 
séquestration 
du carbone

Exploration 
minérale

Gaz de 
schiste: 

vulnérabilité 
des aquifères

Carbonates : 
circulation et 
stockage de 

fluides 

Mercure
Dépôts de 
dragage en 

mer


