
Using Multispectral Remote Sensing 
To Better Understand Modern Carbonate Environments 

-for Improved Subsurface Reservoir Modeling- 
 
 Jim Ellis, Ph.D. 
 

Ellis GeoSpatial 
www.ellis-geospatial.com 

 



Presentation Outline 

What’s the Problem? 
  
Multispectral Primer 
           
Using Remote Sensing & GIS to Develop  
Accurate Shapes & DEMs of Landforms 
   
Developing Geostatistics for Geologic Models 
        
Distributing Data in User-Friendly Formats 
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Over Half of the World's Oil Comes from 
Carbonate Reservoirs 

53% 

Middle East 

47% Based on Data from 17 Giant Provinces Accounting for 80% of 
World Oil Reserves 
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33% 
Middle East 67% 

One Third of the World's Gas Comes from 
Carbonate Reservoirs 

Based on Data from 16 Giant Provinces Accounting for 80% of 
World Gas Reserves 
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Modern Analogs Help Refine Subsurface 
Interpretations 

© 2011 Chevron U.S.A. Inc.  All rights reserved;  Copyright DigitalGlobe (2007).     Modified after Droste & Van Steenwinkel (2004) 



Modern Analogs Can Provide Key Inputs for Reservoir 
Modeling 
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Grainstone 
Reservoir 

Perspective view of TI 

Exumas, GBB 

Map view of TI 

Sand Body 

Sand Lobe 

Island 

Training Images Based on Modern Analogs 
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GeoEYE, WV-2 
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Band 1 
Blue 

Band 2 
Green 

Band 3 
Red 

Band 4 
NIR 

Band 5 
SWIR 

Band 7 
SWIR 

Each  
grayscale “band” 
records reflected light 
of a specific wavelength 
range – 30m Landsat TM data 
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Landsat Bands 
Multispectral  

+ ASTER, GeoEYE,  
WV-2, SPOT,  

Quickbird, Ikonos, 
RapidEye 



Different  
Wavelengths  
Combined into 3-band  
Images (RGB) 
321, 432, 457, 741, PC135, Thermal Band 6 
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Landsat Color 
Composites 

+ Thermal 



MODERN CARBONATE ENVIRONMENTS  

Ellis GeoSpatial Nov 2012 



USE GIS 
TO ORGANIZE 
IMAGES &  
MAPS 
 
Enables  
  Integration 
  Attributes 
  GeoStatistics 
  Change-Detection, 
  Spatial Analysis 
  GeoPDFs 
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What can be  
done with  
Multispectral 
Images? 
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Navigation 
Chart 
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Landsat 
Color 
Bands 
321 as 
RGB 
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Landsat  
Band 1 
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Deep Water 
& Vegetated 
Land have 
Dark Pixels 



Landsat 
Total 
Infrared 
Bands 
457 as 
RGB 

Ellis GeoSpatial Nov 2012 



Land- 
Water 
Mask 
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Shoreline 
Derived from 
Land-Water 
Mask 
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ASTER 
CIR 
Normal 
Processing 
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Too much  
red…little  
difference 
in soils or 
vegetation 
shown 



ASTER 
CIR 
Geologic 
Contrast 
Stretching 
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Land masked so 
features under 
water are not 
excessively 
brightened 



Space 
Shuttle 
SRTM 
 
Missing 
Islands 

Building a DEM 
of Islands 
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Use 
Existing 
Topographic 
Maps to 
Fill in the 
SRTM Gaps 
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STRM Island Extent 
Too Large 

STRM Island Trimmed 
With Landsat Land-Water Mask 
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ASTER 
CIR 
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Original 
SRTM 
DEM 
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Trimmed 
SRTM 
DEM of 
Islands 

Building a DEM 
of Islands 
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Navigation 
Chart 

Land Cover 
Environmental 

Mapping of 
Islands 
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Quickbird 
2.6 meter 
Color Image 
 
Four 
Multispectral 
Bands 
 
B, G, R, NIR 
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Mask to Separate 
Land from Water 
For Land Cover 
Mapping 
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Shroud Cay – Sand Flats Mapping 

CIR 
Quickbird 

Derive 
20 Different 

Spectral  
Classes 

Spectral Classification 
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Roll-Up 
20 Classes 

Into 8 

Analyst Map – ? Carbonate Geologist Map 
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Distribution 
Of Onshore 

Landcover Types 

9310 polygons in 
the classification 
map… 
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Tidal Channels and Change Detection 

1984 1999 

2003 2005 

Changes in channels and associated sand bodies  
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Using Historic Imagery to Document Channel Stability  
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Developing  
an Offshore 
Bathymetry 

DEM 
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Navigation 
Chart 
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Landsat TM 
Color Image 
8 Feb 2000 
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Landsat TM 
Color Image 
3 June 1984 



Landsat TM 
Color Image 
Bathymetric 
Soundings 

Ellis GeoSpatial Nov 2012 



Landsat TM 
Band 1 
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Landsat TM 
Band 1 

Excessively Dark 
Pixels 
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Landsat TM 
Dark Pixels 
Minimized 
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Landsat TM 
Color-Coded 

DEM 
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The 
Exumas 

Example of 
Correlating  

Band 1 Brightness 
to Water Depth 
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Some Areas had  
Navigation Charts 

Landsat image 
of reflected blue 

light as a  
grayscale image 

 
Islands masked 

black using  
Space Shuttle 
Radar Image 

Navigation 
Chart with 
Soundings 
(1:32,000) 
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Millions of x,y,z points in the offshore DEM 
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Color-Coded 
Offshore DEM 

Ellis GeoSpatial Nov 2012 



Color-Coded 
Offshore 
Contours 
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Bathymetric Contours (0.2 meter interval) 
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Bathymetric Contours (0.2 meter interval) 
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Bathymetric  
Contours  

(Selected Contours 
from 0.2 meter  

interval) 
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Drainage Model 
on Landsat TM 

DEM 
RiverWorks Software 

Ellis GeoSpatial Nov 2012 



Analysis of Sand Lobe Profile 

Variably filled 
accommodation space 
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Sand Body Images, DEM, and Maps 

Total Sand body = 
  Overall distribution of 
  modern carbonate  
  sands 
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Offshore DEM (0 – 20 m water depth) 

DEM shaded and color-coded 
For water depth 
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Sand Body interpretation faded onto 
shaded offshore DEM Sand Body interpretation 
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Shallowest Sands 
    0 – 1.8 m depth 
 
   101 km2  (37%) 
     of the Sand Body 

Sand Body 274 km2 

  0 to 4-6m depth 

Subdividing the Sand Body using Water Depth 
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Using GIS to Separate  
  Flood Tidal Delta Lobes 
  Ebb Tidal Delta Lobes 
  Sand Flats/ 
     Island-Attached Sands 

Flood Delta  
Lobes 

Ebb Delta  
Lobes 

Sand Flats/ 
  Island-Attached 
  Sands 

Sand Body Depositional Settings 
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Sand Body 
Depositional 

Settings 
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Sediments with 
Similar Properties? 

67% of the flood tidal 
delta lobes lie between 
1-4 km from the channel 
openings  
 
Average distance is 2.7 
km (+/- 1.5 km) with a 
range from 0 to 7.3 km  
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Can We Interpret 
Landforms of  

Different 
Age? 

 
Hawksbill Cay  

highlighted 
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GoogleEarth 
Quickbird 

Our Space 
Shuttle DEM 

Our Onshore 
Quickbird Image 
“severe” CIR 
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Pleistocene? 
  Holocene??  



Our Quickbird 
“severe” CIR 

Interpreted 
Pleistocene 

Interpreted  
Holocene  
Ridges 



Hawksbill Cay 
 
Land Area       2.8 km2 
 

Pleistocene    1.07 km2  (38%) 
 
Holocene        1.73 km2   (62%) 
 
Holocene Ridges    17.6 km  total 
                                           length  
 

      ~320 m average 
                                           length 

Pleistocene 
Holocene 
  Ridges 

Pleistocene & Holocene 
Statistics 
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Analysis of Island Topography 

Holocene ridges have elevations from near sea 
level to 12 m (mean elevation of 7.7 +/- 2.5 m ) 

Pleistocene landforms have elevations 
from near sea level to 19 m (mean 
elevation of 9.3 +/- 3 m) 
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3 sites 
4,282 sq. km 
 
1,175 GIS polygons 
partitioned to: 
Sandbars (547) and Bar-crests (628) 

446 sq. km 

3,120 sq. km 

716 sq. km 

Sand Bars 
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Sandbars and Bar Crests 
 

Select Contours of DEM 

Sandbars 

Bar Crests 
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[1] Form Factor (FF) 
 
 
[2] Sinuosity (S) 
 
 
[3] Aspect (As) 
 
 
[4] Roundness (also termed elongation) (R) 

2Pr
4 AFF π

=

L
DMGLS −

=

L
WLAs a−

=

DMG
WDMGR m−

=

Level 1 Shape Metrics, Hand-Measured 

where, A is the area of a sandbar polygon, Pr is the perimeter, L is length, Wa and Wm are 
average and maximum widths, respectively, and DMG is ‘distance made good’.  

Total length (L - green line), distance made 
good (DMG - red line), maximum width 
(Wm – longer purple line) and estimated 
average width (Wa – shorter purple line) 
for an irregular-shaped sandbar. 
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Form Factor Statistics from Sand Bar Attribute Table 
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GeoStatistics 
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GeoStatistics 
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GeoStatistics 



Modern Analogs Can Provide Key Inputs for Reservoir 
Modeling 
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Grainstone 
Reservoir 

Perspective view of TI 

Exumas, GBB 

Map view of TI 

Sand Body 

Sand Lobe 

Island 

Training Images Based on Modern Analogs 
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GeoPDF 

.kmz’s  for  
GoogleEarth 

ArcGIS Explorer 
& Online 

Complex 
GIS 

Information Distribution 
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SEPM 2-DVD Sets with 
Entire GIS Database, 

GeoPDFs, kmz, ArcGIS 
Explorer, Animations, & 

Research Paper 

2-Day Workshops at  
2011 & 2012 
AAPG National Conferences 
 
Examples available via DropBox 
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Jim Ellis 
 

Ellis GeoSpatial 
www.ellis-geospatial.com 

The End 

SUMMARY 
 

Multispectral imagery is highly versatile 
 

Remote Sensing & GIS provide unique, cost-effective, 
and timely information on surface features 
 

Much multispectral data – but where’s the low-cost, 
entry-level software to process it?  (ASPRS RSAD) 

http://www.ellis-geospatial.com/
http://www.ellis-geospatial.com/
http://www.ellis-geospatial.com/
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