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GRSG Oil & Gas Remote Sensing Workshop 2018, Boulder, CO, 11-12 July 2018


Presenter
Presentation Notes
Justyn Wood is both the co-author and the client.  Red/cyan anaglyph glasses are recommended for viewing 9 slides.  The benefit of viewing remote sensing imagery in stereo (3D…) is one focus of this talk. 



= Ruhuhu Basin, Tanzania
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Presenter
Presentation Notes
Basin located in southern Tanzania and along the east shore of Lake Malawi.


Why was Remote Sensing Used?

1) improve understanding of geology,
2) find some new exploration leads,
3) support seismic planning,

4) build aregional GIS database that

enables integration of other surface &
subsurface data.


Presenter
Presentation Notes
Client- and project-driven


Data

&

' -
— Synthetic Stereo DEMs

1) Landsat 5 & 8\

2) SRTM DEM _|
3) ASTER Color IR
4) ASTER overlapping stereo bands g #

5) ASTER Thermal IR


Presenter
Presentation Notes
Use red/cyan glasses when you see the picture.  Project in 2014 so SRTM DEM has 90m grid that was resampled to 30m.
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= Landsat TM Sep 2005 30 m 742 as RGB
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Presenter
Presentation Notes
Landsat September – what are these dark features?  Zoom-in


= Landsat 8 Enhanced Color (753 as RGB) Purple = Burn Scars
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Presenter
Presentation Notes
Agriculture slash & burn.  Makes spectral mapping difficult…charcoal on the ground.


Burn Areas (black) with CIR image (vegetation shades of red)



Presenter
Presentation Notes
NDVI used to identify burn areas.  The burn areas indicate higher population so field operations more difficult in SW compared to NE.


Rlch In Statlgrphy
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Presenter
Presentation Notes
Best available published maps.  7 maps – note center one missing and NE missing.  Note differences between maps (N pair and SE pair).  Great for remote sensing.  Fundamental objective for remote sensing is to unify the info on these sheets into a coherent map and load into GIS.


Ruhuhu Basin Outline Displayed on the SRTM DEM
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Presenter
Presentation Notes
90-m grid,  basin outlined by topography


= Drainage Patterns in the Ruhuhu Basin, Tanzania
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Presenter
Presentation Notes
Used RiverTools software based out of Colorado.  Note circular and linear anomalies.  Lastly drainage divide.


Landsat8 OLI July 2014 15 m Panchromatic

{ Drape image over DEM
“Synthetic Stereo DEM”



Presenter
Presentation Notes
Most useful Landsat image.  Draped over SRTM DEM to create artificial parallax and synthetic stereo DEM – view 3D with red/cyan anaglyph glasses.  Can vary the vertical exaggeration to highlight topographic features.


Creating a Synthetic Stereo DEM
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= Red/Cyan Anaglyph 15m Landsat8 pan over SRTM DEM 8X VE
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Presenter
Presentation Notes
Put on the red/cyan glasses.  See rugged mountains in NW and S-central areas.  Basin has more subtle topography.  


ER CIR 15 m 2012-2013 imagery
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Presenter
Presentation Notes
Note outlines of each 60 x 60 km scene.  Stereo ASTER images have same footprint.


Overlapping ASTER NIR grayscale images

o ” enable stereoscopic viewing
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Presentation Notes
Orbiting from N to S.


Overlapping images
enable stereoscopic viewing
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SEES 3-D
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Presenter
Presentation Notes
Note footprints – each stereo model 60 km across with 15 m pixels.  Problem – stereo model needs to be rotated counter clockwise to use glasses!  North will be pointed to the left.  Did this with ENVI.  The coastal scene will be rotated on the next slide.
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Presenter
Presentation Notes
Rotated ASTER stereo model in ENVI.  Then map anticlines, synclines, faults, contacts, bedding, dip with 15-m stereo model of ASTER imagery.  Then transfer the interpretation (vector points, lines, and polygons) to ArcGIS – the new interpretation map keeps its coordinates and displays in the correct geospatial location!




Presenter
Presentation Notes
View an excellent, 15m ASTER stereo pair.  See structure along the coast (lower right).  We’ll look at this structure with the Landsat/SRTM DEM synthetic stereo model and the ASTER stereo pair next.


. Synthetic Stereo
DEM

Landsat 15 meter
Pan image draped
On STRM DEM

8X vertical
exaggeration

Viewed in ArcGIS



Presenter
Presentation Notes
8x V.E. – can you see the slopes on the East & West as dipping hogbacks?  Similar to dipping “flat irons” here in Boulder, Colorado.   Zoom-in next.


Synthetic Stereo
DEM

Landsat 15 meter
Pan image draped
On STRM DEM

8X vertical
exaggeration

0 05 1 2 Km
——— Viewed in ArcGIS

=



Presenter
Presentation Notes
Close-up of dipping beds.  Looks like you can easily calculate dip (visually or with 3 point solution using the underlying SRTM DEM).  Problem is the grid size of the DEM.


®)

Hillshade
SRTM DEM

Difficult to
estimate
dips accurately.

Anticline & Syncline Axis
Type, Confidence

t Anticline, Certain
---+-- Anticline. Inferred
—— 3yncline, Certain
---t--- Byncline, Inferred
Bedding & Contacts_Group
Ty pe, Confidence
Bedding, Certain
------- Bedding, Inferred

DEM grid size
controls quality
of dip estimates
from Synthetic
Stereo DEMs

Landcover?
Type of DEM?

Top of canopy
(DSM)
VS.
Bare Earth (%)
DTM


Presenter
Presentation Notes
DEM too coarse for reliable dip calculation.  Other issues with synthetic stereo DEMs – landcover, DSM vs. DTM.


ASTER 15 m
CIR image

Anticline Axis
Yellow line

Viewed in ArcGIS


Presenter
Presentation Notes
Now look at ASTER.  Here’s ASTER CIR of the structure – note river runs E-W and lake in the lower left (SW corner).  Now rotate this image.




Presenter
Presentation Notes
N  is to the left.  See lake in lower right.  River runs thru the middle top to bottom.  Next slide is ASTER stereo model.


ASTER Stereo 4X Vertical Exaggeration Viewed iniENVI


Presenter
Presentation Notes
Fixed 4x V.E. see bedding wrap around?  See hogbacks?  Zoom in next.
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Presenter
Presentation Notes
Zoomed in.  True 15 meter stereo pair.  Note detail of resistant beds, slopes with dipping hogback outcrops.  Time to build the geologic map.




Presenter
Presentation Notes
Digitize published data from maps.  See gaps in N-central and SW.


Estimated Stri
mm. m__." i

| Moderate | 250 |Stereo ASTER DEM
|_low | 45 |StereoASTERDEM |
| _Flat | 0 | ' !

flat K7 mavbe folds with axes trending NE-SW?
|_High | 60 [StereoASTERDEM |



Presenter
Presentation Notes
Fill in the gaps.  Note building attributes while interpreting strike/dip.  Reconnaissance exploration – so only 4 dip attitudes recorded (flat, low, moderate, high). 
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Faults_Group
Type, Confidence
r--s--w Fault - normal, Certain

= Attribute polygons, lines & points as you map!

¢--2--% Fault - normal, Inferred
Fault, Certain

-=-=--=- Fault, Inferred

Shape

Mame

Type Fault

Confidence  Inferred

Source DEM-TM-anaglyph
Comments | Repeat ss ridge of K7

Comments Confidence

Bedding DEM-TM-anaglyph Inferred
Fault DEM-TM-anaglyph Repeat ss ridge of K7 Inferred
Bedding DEM-TM-anaglyph Inferred
Bedding DEM-TM-anaglyph Inferred
Syncline DEM-TM-anaglyph Inferred



Presenter
Presentation Notes
Attribute table built while heads-up mapping.  Can export vector interpretation map to GoogleEarth and pop-up attribute table for each point, line, and polygon.


Bedding & Contacts_Group
Type, Confidence
Contact, Certain
-==== Contact, Inferred
——— Bedding, Certain
----- Bedding, Inferred



Presenter
Presentation Notes
Contacts between different Cretaceous formations interpreted with brown lines.  Bedding lines help find subtle structures and faults.
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Presenter
Presentation Notes
One of the final geologic maps.  This is a good-looking & informative map because standardized attributes were collected while mapping.  The map integrates the published work with interpretation of imagery & DEMs. 
Formations are clearly displayed.  Anticlines and synclines are outlined with their confidence level.  The axes are shown with confidence level also.  Numerous exploration leads are provided.  The anticline that we looked at in stereo is in the southwest.


Faults_Group
Type, Confidence
«--»--» Fault - normal, Certain

Fault, Certain

-=-=--=- Fault, Inferred



Presenter
Presentation Notes
Now look at the linkage between surface and subsurface geology.  Zoom into S-central area.
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Presenter
Presentation Notes
Do you see an indication of a linear dislocation, a break in patterns, that arcs SW-E from the south edge of the basin (purple line) into the basin (north of that black feature in the upper right)?  I mapped a normal fault here based on 3D viewing, CIR image (veg break) & surface geology formations.  See next slide for interpreted normal fault in basin.
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Presenter
Presentation Notes
Surface normal fault inside the basin was interpreted before I was shown the depth-to-basement map.  After project over, the depth-to-basement map was provided and loaded into the GIS so we can compare the subsurface geology to the surface interpretation.


= Interpreted Fault Correlates with Depth to Basement Map
=4
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Presenter
Presentation Notes
Remarkable correlation between a steep drop-off in basement depth and the interpreted surface normal fault. Remote sensors don’t often see subsurface data - this is an excellent example of linkage between subsurface and surface geology!  


ASTER Nighttime Surface Temperature Images (AST_08)

- | Thermal IR Imagery
B acquwed on 15 JuIy 2012

Improve geologic mapping.

Potential for shallow
groundwater detection.

Viewed in ArcGIS
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0 10 20 40 km ‘


Presenter
Presentation Notes
Finally – I have become very impressed with the ASTER TIR temperature & emissivity products from LP DAAC.  Nighttime images on ascending orbit.  See difference between daytime CIR and nighttime thermal IR orbital paths.  Zoom into the area south of the basin.


Published 1:100,000 Geologic Map

Geologist identified
igneous &
metamorphic rocks -
over 600,000,000
years old.



Presenter
Presentation Notes
Geologic map from 1950-60’s.   Important contribution is dates of rocks.  Remote sensing can’t do that.  


Landsat OLI Total IR Bands 5-6-7 as R-G-B

Tough place
to map geology.

Agriculture &
vegetated terrain.



Presenter
Presentation Notes
Yellow arrows point to areas with varying topographic relief and vegetation cover.  Total IR image has vegetation with shades of orange-red.  The blue area is a burn scar.   What does nighttime thermal IR imagery look like – next slide.


ASTER nghttnme Surface Temperature Images (AST_08)

Temperature

Celsius (C)
> =24

-,

15 July 2012



Presenter
Presentation Notes
Is the nighttime thermal IR image showing the actual outcrop pattern of the 600,000,000 million year old, igneous & metamorphic rocks dated by geologists ½ century ago?  The rocks are relatively warm compared to the surrounding terrain.  We can make a sketch map of the warm rocks.

One issue:  Why is water relatively cool at night?  Cold air sinking?


“lnterpretation of ASTER Nighttime TIR Temperature Image (AST_08)

Similar Temperature

Warm at night.
Relatively high thermal inertia.
| Igneous & metamorphic outcrops...



Presenter
Presentation Notes
Sketch map.  Will help focus future geologic work in this area.


In Conclusion — Some Best Practices For Exploration:
« Download & Evaluate as many images as possible.
 NEW Sentinel-2, Sentinel-1, PALSAR-2, WV-3 VNIR-SWIR ($)

» Leverage DEMs and stereo mapping.
» Synthetic Stereo DEMs (Change V. E., Dependent on DEM).
e Overlapping imagery (creates atrue Stereo Model).

o Attribute interpretation polygons, polylines & points while mapping.

» Enables informative & useful map symbology.

« Build a GIS database.

Acknowledgements

Landsat, SRTM, ASTER VNIR Courtesy of USGS.
ASTER TIR (AST_08) Courtesy NASA LP DAAC (EarthData).
Software: Harris ENVI, ESRI ArcGIS Desktop, Hexagon ERDAS Imagine,

RiverTools.



The End o ”

Questions? Comments?

jellis@ellis-geospatial.com
www.ellis-geospatial.com

Keep the stereo glasses — give them to a young person
and direct them to NASA’'s Mars 3D website.

check the ad on the side..\

New College Textbook available Early 2020!
Remote Sensing Principles, Interpretation and Applications, 4" Ed.
Floyd Sabins & James Ellis

17 Chapters (6 new) — Geology, DEMs, GIS, drones, renewables, environment, climate, etc.

483 B&W Figures (54% new), 81 color images (86% new).

Remote Sensing Digital Database — 6 GB, 27 examples organized by textbook chapters.
Download multispectral, thermal IR, radar, hyperspectral, drone data.

Image Processing Lab Manual (12 step-by-step exercises) using textbook examples.
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