vern.singhroy@ccrs.nrcan.ge.ca



Outline

* Current SAR Systems

* Review of Current Geological Applications

Hydrocarbons: Exploration and Distribution
Mineral Exploration/ Mapping
Geological Hazard Monitoring

« Future trends and Research Gaps:



SAR System Summary

Design Imaging Spatial Polarization Look Status
Life frequency resolution direction
RADARSAT-2 | 7 years C-Band, 3to 100 Single (HH, VV, VH, HV) Left- and Launch
. g 5.405 GHz meters right-looking 2007
=z Dual (HH/ HV, VV/VH)
Polarimetric
RADARSAT-1 | 5years C-Band, 10to 100 m  Single HH Right-looking  In operation
R 5.3 GHz (Since 95)
Envisat ASAR | 5years  C-Band, 30 to 1000 Single (HH, VV) Right-looking  In operation
5.331 GHz meters _ (Since 02)
ﬁ Alternating (VV/HH,
L VV/VH, HH/HV)
TerraSAR-X 5 years X-Band, 1to 15 Single (HH, VV) Left- and Launch
9.650 GHz meters right-looking 2007
'= Dual (VV/HH, VV/VH,
s - HH/HV)
ALOS 5 years L-Band, 10 to 100 Single (HH, VV) Right-looking Launch
PALSAR 1.27 GHz meters 2006

Dual (HH/ HV, VV/VH)

Polarimetric (exp.)



Natural Resources Ressources naturelles
Canada Canada

Geomatics Canada Géomatique Canada

RADARSAT-2 Viewing Geometry

= = : = ' = - bsatellite Track
— All beam modes = I - : - S“ Satalie  lrac
available in both \ e : il ™ Extended Beams
: - = —— (Low Incidence)
right- and left-looking / < = '
modes.

Fine-Resolution
Beams (50 km Swath)
Wide-Swath
Beams
Standard
Beams

Ultra-fine
Wide Beams

Ultra-fine
Narrow Beams

8760-3CR8-CW

RADARSAT-2 will offer all the modes currently available with RADARSAT-1

Selective Polarization (HH, VV, HV, VH) on all acquisition modes
Two full polarimetric modes (Standard QP and Fine QP)

Right or Left-looking modes available at all time

Triple Fine mode: 50 km swath, 11 x 9 m nominal resol.

Ultra Fine Wide mode: 20 km swath, 3 x 3 m resol.

Ultra Fine Narrow mode: 10 km swath, 3 x 3 m resol.

Canada’Ceéntre for Reémote sensing /7 centre'canadien de teledétection
Geological Applications Laboratory / Laboratoire des Applications a la Géologie Canada




RADARSAT-C Concept Overview

Constellation of six satellites 16 min apart

dian Space Agenc
ey canadien

* Three to six satellites

e Minimum daily coverage of Canada at 50m
« Minimum daily global access

* Data analyzed in near real time

.

Following satellites will
identification

L

tasked for specific

* 2 to 4-day Coherent Change Detection using
SAR mterferometry

e Dual polarization data capability
(constellation, but not necessarily each
satellite)

 Gradual implementation with yearly launch
» Gradual replacement of aging satellites

« Fully reconfigurable

© Canadian Space Agency 2006




Timeline

ENVISAT >

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 »

© Canadian Space Agency 2006

' *' Canadian Space Agence spatiale
! Agency chnadienne




Mission Requirements (3)

« Spatial Resolution
— Medium Resolution Mode (50m, 4 looks)
— Low Resolution Mode (100 m, 8 looks)
— High-Resolution Mode (5 m, 1 look)
— Very High-Resolution Mode (< 3 m)
— Dedicated Modes

 Swath

— 350 km in medium resolution
— 500 km low-resolution

— 20-30 km in high-resolution
— TBD km for CCD.



Hydrocarbon Exploration
Halfway River: Alberta
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Ship detection and Oil Pollution
Tracking




Natural Resources Ressources naturelles
Canada Canada

Geomatics Canada  Géomatique Canada RADARSAT-1
Detection of Oil Seeps in the Gulf of Mexico
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© Canadian Space Agency, 1996

Image provided by RADARSAT International
WCanadaCcentre tor Remote 'sensing/ centre canadiende teledetection ™
Geological Applications Laboratory / Laboratoire des Applications a la Géologie




Sudbury Basin

World’s oldest, largest, and best-exposed meteorite impact
site

— 1.8 billion years old

— 200-300 km original diameter

World class mineral deposits

— over 100 years of production worth more than $140 billion
(contained metal in 2006 dollars)

— Current production worth close to $2.5 billion per year
— Significant new discoveries continue to be made

Large mining cluster

The Basin is a CCRS supersite to develop a number of
Geological Remote Sensing techniques.- evaluation of
RADARSAT-1&2, and Hyperspectral (CSA) Envisat (ESA)
and ALOS (JAXA) Terra SAR (DLR) missions.

CCRS is providing high-res fused images to assist the GSC
that are conducting high res mapping in the Basin (1:10-
50K)



Sudbury Structure Studies

GSC
Compilations

Included
structural analysis
of the 2D seismic,
mag. and gravity
data leading to
currently
accepted model
of the deep basin
geometry.

S
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TYPICAL CROSS SECTION THROUGH
NORTH RANGE ORE BODY

1 4 1Km —.‘i SIC Contact
| Line

Footwall |

Main Mass (SIC)

__——|Contact related sulfides,
|associated with the base of the
Sublayer. Ni-rich, Cu and PGE -
depleated. (Cf. Main Levack).

Deep footwall
cC o ppeper-r
mineralization,
associated with
Sudbury breccia
veins. Cu - PGE
enriched. (Cf.

‘_&-‘_

—— Sulfides at the base of the
Mega Breccia - Partial Melt
|zone, associated with the wall

Strathcona Cuzene). {of thetransient crater. Cu - Ni -
\ | PGE sulfides. (Cf. McCreedy
N 'East, Victor Deep).
N \ ,: ~
~ Sudbury Brecci: Limit of Footwall potential |
b e —_A‘ = \

—



Integration of SAR and Magnetic Data

Wanapitei
Lake

Mining) Properties
byKD Cardetal.

© Canadian Space Agency, 1996.  Geology from Geological Map of Lake Superior-Sudbury, Ontari ompil

RADARSAT Standard Mode and low resolution magnetic data

e R e 3 % B8  C-SAR + Mag (VG)
; : y Mag originally

gridded at 200 m

Airborne SAR
C-HH, Wide mode
Resolution 19 m
Pixel spacing: 15 m

. 1
0 km 5

C-SAR + Mag (VG)
Mag originally
gridded at 25 m

Magnetics
[ High

el ow



Sudbury High Resolution Image Integration

RADARSAT-1 Fine Mode
integrated with magnetic vertical
gradient and shaded relief

RADARSAT-1 data

Fine Mode mosaic - Beam 2/3 : 11-Nov-03 / 05-Dec-03
descending orbit, 6.25 m orig. pixel spacing
Magnetic data

20 m orig. pixel spacing Look | =
(courtesy Falconbridge) 2
Ontario Provincial DEM v. 1.1.0 ©
20 m orig. pixel spacing
(courtesy Provincial Geomatics Service Centre)
SAR and geochemistry IHS
Integration
Nickel in Soil

HE 0
0 16 ppm

[ km 1

0 4
Updated geologic map
GEOLOGY |:| Metatextite
D Granite . Greyish-green Matrix
D Basal Member Breccia . Melt Body
[] olivine Diabase [ quartz Gabbro
|:| Footwall Breccia . Norite
. Granophyre D Siltsone / Limestone
. Gabbro . Wacke
D Gneiss |:| Pillow Basalt

|:| Black Member Breccia . Diabase
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Sudbury Basin - North

SAR CV-580 data
multi-polarization airborne SAR imagery
C-band

4 m pixel spacing
acquired 31-October-2003
filtered and enhanced for
visual interpretation

color composite

N HH-VV-HV
X HH ——
P
A vv
Q\'\Q‘&“‘
HV
HH-VV-HV HH vv HV

e He W

Polarimetric composite provide additional structural
details ( Singhroy 2005-CCRS)



Crater-fill hydrothermal alteration: Sudbury structure (Ames06)

Onwatin shales
and GAM
turbidites

Crater floor

carbonate sinters
Vermilion Formation

Semiconformable
Alteration zones

Fe-Mg
carbonate

On apin g Calcite
Formation
(1.4 km) Transition
hydrothermal 2 R
system
any  [Albitization
' +Na-CuZn,$S -
~ : - ASilicification
Sudbury 5 Sudbury
Igneous CO, : Igneous
Complex
p Coﬂt - Complex
heat source heat source
Meyy




SAR Fusion Map, Manitoba

Data:
RADARSAT 1 — Fine Mode Beam 1 Desc.
Acquisition Date — 09 Sep 2000 Th

GSC Airborne Radiometric Data (K-Th-U) 1:100 000 Scale
Kilometres 1 0 1 %___? %___§ 6 7

Shaded Relief from CDED 250 000 DEM
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MAP 1603A

LEGEND

NONGLACIAL ENVIRONMENT

ALLUVIAL DEPOSITS: grawvel sand, and sile
1-10 m thick; occura as terrace and
plaing that were formarly skream
floodplainsg and deltas

FPROGLACIAL AND NONGLACIAL
EMVIROMMENTS

GLACTOLACUSTRINE EASIN DEFOSITS: clay,
8ilt,2-15 m thick; commonly grey and
verved where thisck but massgive and
brownish near surface and where thin:
forma a nearly unbroken blanket in low
relief areasz or occupied basins between
bedrock hills

Digcontinuous wveneer, 1-2 m thick;
largely overlying till and including
areas of till and rock

Digcontinuous veneer, 1-2 m thick;
largely aoverlying rock and including
abundant rock cutcrops

GLACIAL AND PROGLACIAL
ENVIRONMENTS

GLACTIOFLUVIAL ICE CONTACT DEPOSITS: sand
and gravel with variable sorting and
stratification; locally contains or is
overlain by gravelly diamicton; 15-50 m
thick; occurg mainly ag major kame
moraine gystems conaisting of broad
kettled ridges formed as intericbate
moraines and as isclated kames and
egkers; gurface of features in many
areaz reworked by lacustrine processes
and locally overlain by beach ridges

Abandoned or underfit channel
{large, amall)

SURFACE GEOLOGY MAP

1:500 000

GEOLOGY by R.W Klasgen and J.A. Netterwille 1971-15973




. Main Access Road

é’[}npaved} 4
econdary route {unpaved] ™%

Logging road - 4WD only
Tractor trail / abandoned
logging road

Barama Roads Project
JERS Radar Image
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Matural Resources Ressources naturelles
Canada Canada

BATHURST ISLAND <%
POLAR BEAR PASS -

Lithology from SAR
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RADARSAT-1 C-HH

Standard beam (S7)
21-March-96

0= 45% - 49°

Res. : 20 m (rg) x 27 m (az)

Pixel spacing : 32 m ) ! look direction -‘_

@ Canadian Space Agency / Agence spatiale canadienne 1996

Courtesy RADARSAT International
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Polarimetric Signatures of Surficial Materials

Hoet Boal

figntlines N
5
=

2 Kilometers

HH-VV-VH color composite
of airborne CV-580 C-band
data acquired in November
1999. Test sites of different -
surficial material are
highlighted in red.
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Permafrost Zones
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Slope Stability and Deformations
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Results: Permafrost activity (red)

Deformation maps on ASC mode: 3

~consecutive pairs

24 days 24 days 24 days
30-Jul-06 / 23-Aug-06 23-Aug-06 / 16-Sep-06 26-Sep-06 / 20-Oct-06

_ P _&%?

Aot T v,




3D view — Permafrost activity (red)

Deformation (mm)
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View from Interpretive Centre
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Multi-interferogram Approach: Frank Slide Alberta :Trans Canada Highway:

INSAR images are used as part of the integrated monitoring program.

Surface deformation maps,
interferometrically generated
from ERS, RADARSAT-1,
and ENVISAT data

&

)
ERS-1 / ERS-2 <%,
21-Aug-95 / 26-Aug-97 ¢

ascending orbit
Perpendicular Baseline: 4.5 m
Acquisitions 736 days apart

RADARSAT-1

24-0ct-03 / 9-Apr-04, ascending orbit

_ Perpendicular Baseline: 76 m, Acquisitions 159 days apart
o

Deformation

ENVISAT
28-Apr-04 / 2-Jun-04

IS4 ascending orbit
Perpendicular Baseline: 351 m
Acquisitions 35 days apart

RADARSAT-1
24-0ct-03 / 17-Nov-03

ascending orbit

Perpendicular Baseline: 332 m Displacement [mm]

Acquisitions 24 days apart B = T
=30 30

Deformation values are only shown where scene
coherence exceeds 0.5 (ERS, ENVISAT) or 0.3 (RSAT)
respectively.



CTM-InSAR Vancouver Island

* Very seismic active region (subduction, strike-slip faults)

« The Leech River Fault is a deep rooted thrust fault possibly
oriainatina near the subdi L S

From Geoscape NRCAN
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INSAR Examples
(Feretti 06)

Tectonics
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Single Building Monitoring



COSPEC Results --- MIYAKEJIMA SO, Flux Daily Average latest data: April 8, 2004

JMA, GSJ and KSVO
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Future SAR Research for
Geological Applications

INSAR

Non linear motion components especially on complex landslides

Phase unwrapping problems related fast motion and accurate DEM

Field Corner reflector insatallation in remote areas: One size does not fit all.

No satellite today dedicated to INSAR . New SAR systems will reduce the current difficulties and
limitations.

Need a multi-interferogram approach —a multi-image strategy can overcome most of the difficulties
encountered in INSAR analysis. (i) atmospheric effects, (ii) baseline indetermination, (iii)
identification of coherent areas

A time series of data is better than a single value: (i) for geohazard monitoring; (ii) more reliable and
higher accuracy data

Geological Mapping
Need for polarimetric signatures of geological materials/rocks from single, dual pol and quad pol images

Need t%eévaluate C X L for geological mapping with availability of RADARSAT, Envisat, Terra SAR and
AL

Need to develop textural classifiers for geological surfaces.



