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Jverieal: Hand-held photograph of the Space Shuttie
Challenger's payload bay, taken in orbit by the crew of
ftission 41-G; hardware elements of the SIR-B experiment
are in the foreground.

Two crew members, Kathryn Sullivan (A SIR-B coinves-
tigator) and David Leestma are shown at the end of the bay as
they performed an experiment ¢ ing extra-vehicular activity
{EVA). During that EVA, the astronauts made certain there was
nc physical impediment to proper deployment and latching of
the SIR-B antenna. The SIR-8 components that appear in this
photograph are identified in Figuro 5.
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Foreword

On October 5, 1984, the second Shuttle Imaging Radar, SIR-B, was
launched into orbit aboard the Space Shuttle Challenger. SIR-B is the third
step in an evolving NASA program to use spaceborne imaging radar tech-
niques for Earth and planetary exploration. Previous spaceborne imaging
radar missions by SIR-A (1981) and Seasat SAR (1978) were equipped with
fixed imaging geometries. The principal difference between SIR-B and these
two radars was the ability of SIR-B to image selected Earth targets at a
number of different incidence angles and to acquire the data in a digial
format. Mechanical tilting of the SIR-B antenna provided the means to obtain
such multiple-incidence-angle coverage on successive days of the mission.

Approximately 7 hours of digitally recorded data were acquired by SIR-B
over about 6.5 million km? of the Earth’s surface. Multiple-incidence-angle
coverage of tropical terrains. mountainous regions, and vegetated lowlands
were obtained for the first time. This represents a pioneering use of space-
borne radar systems for Earth observations. It is enabling investigators to
study the relations between radar backscatter and incidence angle quantita-
tively through a range of different terrain types and surface covers. SIR-B
stereoscopic radar measurements have provided an experimental basis for all-

weather topographic mapping from space that is commensurate in accuracy
with existing photogrammetric techniques.

Investigations of the SIR-B data include studies in the areas of geology
and cartography, hydrology, vegetation, and oceanography. Applications of
the data to such studies are illustrated in this atlas of 40 selected SIR-B
images. The images are accompanied by diverse types of interpretive informa-
tion that include multiple SIR-B coverage, computer-generated perspective
views, sketch maps and diagrams, or corresponding coverage obtained by
remote sensors using diffcrent wavelengths at different times,

Shelby G. Tilford

Director

Earth Science and Applications Division

Office of Space Science and Applications, NASA
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Abstract

In October 1984, SIR-B obtained digital image data of about 6.5 million km? of the
Earth’s surface. The coverage is mostly of selected experimental test sites located between
latitudes 60 deg north and 60 deg south. Programmed adjustments made to the look angle
of the steerable radar antenna and to the flight attitude of the shuttle during the mission
permitted collection of multiple-incidence-angle coverage or extended mapping coverage
as required for the experiments. The SIR-B images included here are representative of the
coverage obtained for scientific studies in geology. cartography, hydrology. vegetation
cover, and oceanography. The relations between radar backscatter and incidence angle for
discriminating various types of surfaces, and the use of multiple-incidence-angle SIR-B
images for stereo measurement and viewing, are illustrated with examples. Interpretation
of the images is facilitated by corresponding images or photographs obtained by different
sensors, or by sketch maps or diagrams.
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l. Introduction

The Shuttle lmaging Radar B (SIR-B) was launched into orbit aboard the
Space Shuttle Challenger on October 5, 1984 SIR-B acquired digital radar
image coverage of varied terrains and ocean surfaces through—for the first
time-a range of different incidence angles. Approximately 7 h of digital data
covering about 6.5 million km? of the Earth’s surface were obtained between
latitudes 60 deg north and 60 deg south. The coverage is shown in Figure 1.

SIR-B is the third experiment in NASA’s evolving series of spaceborne
imaging radar studies. The experiments are part of a continuing program to
develop the scientific capability and technology necessary for a spaceborne
multifrequency multipolarization radar with variable imaging geometry, a
radar that will fly an extended 10-year mission on the polar platform compo-
nent of a space station called the Earth Observing System (EOS).

The program began in June 1978 with the launch of Seasat. This free-
flying Earth-orbiting satellite included a synthetic-ap.rture radar (SAR)
system. The SAR was designed specifically to image the ocean from a nearly
polar orbit (Beal et al., 1981. Fu and Holt, 1982; Vesecky and Stewart,
1982). It operated at L-band (23.5-cm wavelength) with horizontal parallel
polarization and a fixed look angle of 20 deg. This lock angle was chosen to
provide the highest sensitivity to subtle changes of slope on the ocean’s
surface. The swath width was 100 km and the spatial resolution was 25 m.
Significant coverage of land surfaces was obtained as well (Elachi, 1980; Ford
et al.. 1980).

Seasat failed unexpectedly in October 1978 after a short lifetime of about
3-1/3 months. Nevertheless, Seasat provided the first synoptic radar images of
the Earth s surface. It was a technological success, and the radar images
provided a new means of studying and observing the Earth’s surface.

Space-shuttle orbiters provided - ew platform for acdvanced imaging radar
systems. These radars could be buili more economically than sa.chites and
flown on short proof-of-concept missions, then returned to Earth for upg.ad-
ing to more technologically advanced systems.

In 1981, SIR-A was launched aboard the second shuttle flight (Cimino and
Elachi, 1982; Elachi et al., 1982; Ford et al., 1983). Much of SIR-A was buiit
from Seasat SAR spare parts; for this reason, SIR-A also operated at L-band
with horizontal paralle]l polarization, but the look angie was fixed at 47 deg.
SIK-A obtained data with a swath width of 50 km and a spatial resolution of
40 m. The data were recorded optically on board the shuttle.

The main objective of the SIR-A experiment was to further our under-
standing of radar signatures of land features. A look angle of 47 deg was
selected because this angle provides increased sensitivity to surface roughness
and decreased sensitivity to topography. A notable result of the experiment
was the imaging of buried river channels in the hyperarid regions of southwest
Egypt (McCauley et al., 1982; Elachi et al., 1984). The channels are buried by
1 to 3 m of sand and are not visible on optical images or from the ground.
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Figure 1. Areas of SIR-B digital data coverage
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A comparison of images acquired over the same area by Seasat SAR and
by SIR-A shows that backscatter intensity is a function of local incidence
angle. In general, backscatter is controlled by topography at lower incidence
angles and by small-scale suiface roughness at larger incidence angles (Fig-
ure 2). The rate at which radar backscatter decreases with increasing incid-
ence angle is governed primarily by the roughness characteristics of the
surface. Surfaces that are smooth relative to the wavelength of the radar
produce a steep backscatter curve, while surfaces that are relatively rougn
produce a flatter curve. At incidence angles greater than 30 deg, a rough
surface produces a stronger radar return than a smooth surface. This indicates
that the backscatter characteristics of different natural surfaces might be used
to disciiminate different types of terrain (Figure 3).

Spaceborne imaging radars provide perspectives of the Earth's surface that
are unique in geoscientific studies (Elachi et al., 1982; Carver et al., 1985). In
addition to the radar’s ability to penetrae dry surface cover (Blom et al.,
1983) and tenuous vegetation layers (Engheta and Elachi, 1982), Seasat SAR
and SIR-A data have been particularly useful in structural and morphological
mapping because of the strong sensitivity of the radar backscatter to changes
in surface slope or roughness (for examples, see Ford, 1980 and 1984 Sabins
et al.. 1980: Elachi et al., 1981 Sabins, 1983 Wadge and Dixon. 1984).
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Il. SIR-B: The System and the Experiment

Quantifying the backscatter-vs-incidence-angle response of various surfaces
was the purpose of the SIR-B experiment (SIR-B Science Plan, 1982; Cimino
and Elachi, 1982). Accordingly. the SIR-B antenna was designed for mech-
anical tilt in one-degree increments over a 13- to 60-deg range of look angles.

To acquire multiple-angle imagery with an orbiting radar, a very specific
orbit altitude and orbit drift are necessary. SIR-B was flown in a nominally
circular orbit at an inclination of 57 deg. On mission day 3, a 225-km altitude
was attained. Because this altitude was slightly above that needed for an
exact one-day repeat cycle, the required westward drift was produced. On
each successive day. the shuttle flew progressively farther from a specific
target, and a larger look angle was required to view the target (Figure 4).
The pattern varied with the latitude and longitude of the target relative to
the orbit node. This 225-km altitude was maintained to provide multiple-
angle imaging capability for the duration of the mission. To obtain images on
either side of the shuttle’s nadir track, the shuttle was flown in different
attitudes.

The orbita: drift was also used for stereoscopic imaging. Furthermore,
by changing the incidence angle only slightly from day to day, the drift-
ing orbit allowed collection of Iaterally contiguous images that could be
mosaicked to cover a large urea for mapping purposes.

60 deg 52 deg 45 deg 37 deg

DAY-TO-DAY DRIFT
-
6

5 4

21deg
3 K—‘DAY NUMBER

e e o e —— ———— ——— —

NUMSER OF
MULTIPLE-ANGLE
SWATHS DEPENDS
ON LATITUDE

Figure 4. Orbit drift and multiple-incidence-angie viewing capebility
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Other features of SIR-B included a folding antenna, increased bandwidth,
and a digital data system (see Figure 5). The folding antenna provided room
in the shuttle payload bay for a deployable satellite—the Earth Radiation
Budget Satellite (ERBS), which was lofted into orbit from the shuttle on the
first day of the mission. The increased bandwidth improved range resolution
by a factor of two. At a 47-deg look angle, resolution improved from 40 m
on SIR-A to 20 m on SIR-B.

The digital data capability allowed transmission of data through a Digital
Data Handling System (DDHS) on board the shuttle to the Tracking and Data
Relay System Satellite (TDRSS) for relay to the ground receiving station at
White Sand: New Mexico; these data were transmitted at a rate ot 46 Mbits/s.
Alternatively, the data were stored on a 30-Mbits/s recorder mounted on the
Challenger flight deck for later transmission through the TDRSS to the
ground receiving station. The data were then sent via DOMSAT to Goddard
Space Flight Center where they were recorded and transmitted to JPL for
processing. This digital capability allowed, for the first time, quantitative
analytical stulies of the illumination effects in radar backscatter. The digital
system also provided a dynamic range and spatial resolution that were
improved over those of SIR-A.

Two additional features enhanced the flexibility of the SIR-B system and
improved the final image product. First, the number of bits per sample was
select:ble between 3 and 6. Inasmuch as the downlinked data rate was
limited to 46 Mbits/s (TDRSS real-time transmission) or 30 Mbits/s (onboard
recording). it was possible to select fewer bits per sample to increase the
swath width of the image or. alternatively, to select more bits per sample for
increased dynamic range with reduced swath width. SIR-B also had an inter-
nal radiometric calibrator to allow calibration of data over selected areas.
The technical parameters of the SIR-B system sre listed and compared with
those of the SIR-A and Seasat SAR systems in Table 1.

SIR-B investigations by a team of 43 investigators ( Table 2) include studies
in the areas of geology, hydrology, vegetation, oceanography, and stereo

mapping, as well as investigations on the characteristics of the radar system
itself (The SIR-B Science lnvestigations Plan, 1984). Among the investiga-
tions are 13 from foreign countries that include Australia, Canada, England.
Germany, The Netherlands, New Zealand, and Sweden. Many of the experi-
ments were carried out overseas by U.S. investigators in collaboration with
foreign researchers. Collaborative data analyses of this nature were conducted
in Argentina, Bangladesh, Botswana, Brazil, Egypt, India, Indonesia, Peru,
Saudi Arabia, and Turkey. Two investigations were performed on foreign
oceans--one off the coasts of southeast Africa and southwest Chile, and the
other in the Southern Ocean. During the mission. members of the SIR-B
Science Team were positioned around the v Id on ships, airplanes, and
farms. and in deserts and jungles to collect ground-truth data in support of
their experiments.

Technical problems that developed during the mission prevented acquisi-
tion of the full image coverage that had been planned. The shuttle’s commu-
nications antenna, which served to transmit digital data to the TDRSS,
lost its drive mechanism; this made it impossible to track the satellite. The
problem was partially remedied by disconnecting the pointing control and
locking the communications antenna in a fixed position. With the antenna
locked, the shuttle was maneuvered into a TDRSS tracking attitude to
allow transmission of the digital data to the ground. This new mode of
operation required alternate transmission of stored data followed by return
of the shuttle to the required attitude for acquisition and onboard digital
recording of a further increment of radar data. Under these circumstances,
the coverage that could be obtained during the mission was significantly
reduced.

Further problems were arcing and power loss in the feed line to the
imaging radar antenna. Because of the dynamic range available in the digital
data system, it was possible in many instances to boost the gain and partially
compensate for this loss of power. In spite of these problems, a large number
of SIR-B targets were imaged successfully, and sufficient data were obtained
to demonstrate the value of the multiple-angle imaging capability.



Tabie 1. Technical parameters of Seasat SAR, SIR-A, and SIR-B

Parameter Seasat SAR SIR-A SIR-B
Mission
Date 6/21/78 11/12/81 10/5/84
Duration 3-1/3mo 2 8 days
Carrier (mission) Seasat ¢ abia(STS-2) Challenger (41-G)
Orbit
Altitude, km 795 259 360, 235, and 225
Inclination, deg 108 38 7
Radar
Frequency, GHz 1.275 1.278 1.282
Wavelength, ¢cm 235 23.5 23.5
System bandwidth, MHz 19 6 12
Transmit pulse length, us 33.4 304 304
Pulse repetition 1463-1640 1464-1824 1248-1824
frequency, Hz
Transmitted peak 1000 1000 1000
power, W
Time bandwidth product 634 182 364
Polarization HH HH HH
Antenna
Dimensions, m 10.74 x 2.16 94 x 2.16 10.74 x 2.16
Look angle, deg 20 3, fixed 47 +3, fixed 15--60, mechanically
steerable
Incidence angle, deg 2313 5013 (15-64) +3
Swathwidth, km 100 50 20-50
Resolution, m 25 x 2§ 40 x 40 25 x (17-58)

(azimuth X range)

Data
Recording

Signal processing
Looks
Digital data rate

Volume, h
Coverage
(million km?)

ground station:
digital

optical and digital
4

110 Mbps

(A/D on ground)
42 (digital)

100

onboard: optical

optical
6

8 (optical)
10

onboard: optical
and digital

TDRS: digital

optical and digital

4

30 and 46 Mbps

(A/D onboard)

7 (digital)

6.5




Table 2. SIR-B Science Team members and their inveetigations

Name and affiliation

Investigation

C. Elachi, SIR-B Team Leader and Principal Investigator

Jet Propulsion Laboratory,
California Institute of Technology
Pasadena, California

T. Allan
Institute of Oceanographic Sciences
Surrey, United Kingdom

W. Alpers
Max-Planck-Institut and Universitiit Hamburg
Federal Republic of Germany

E.P. W, Attema
Delft University of Technology
Delft, Netherlands

R. C. Beal
The Johns Hopkins Applied Physics Laboratory
Laurel, Maryland

G. L. Berlin
U.S. Geological Survey
Flagstaff, Arizona

A. L. Bloom
Cornell University
Ithaca, New York

M. L. Bryan
Jet Propulsion Laboratory
Pasadena, California

N. L. Bryans
Defence Research Centre Salisbury
Adelaide, Australia

F. Carsey
Jet Propulsion Laboratory
Pasadena, California

M. A. Collins
Department of Scientific and Industrial Research
Lower Hutt, New Zealand

“The Interpretation of SIR-B Imagery of Surface Waves and Other Ocean-
ographic Features Using In-Situ, Meteorological Satellite, and Infrared
Satellite Data™

“SAR Imaging Mechanisms of Ocean Surface Waves®®

“ROVE Calibration and Inverse Scattering Experiment"

*The Spatial Lvolution of the Directional Wave Spectrum in the Southern
Ocean: Its Relation to Extreme Waves in the Agulhas Current”

*Application of SIR-B Data for Groundwater Exploration in the Arabjan
Shield and Sand-Drift Monitoring in the An Nafud and Al Jafurah Fringe
Areas, Kingdom of Saudi Arabia”

“'Tectonic, Volcanic, and Climatic Geomorphology Study of the Sierras

Pampeanas Andes, Northwestern Argentina®

“Deforestation, Floodpla.n Dynamics, and Carbon Biogeochemistry in the
Amazon Basin"”

“Investigations Involving Corner-Reflector Arrays, Signal Processing, and
Oceanographic Studies™

“Southern Ocean Sea-lIce Morphology and Kinematics®

“New Zealand SIR-B Science Investigations™
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Table 2 (contd)

Name and affiliation

Investigation

T. H. Dixon
let Propulsion Laboratory
Pasadena, California

T.G. Farr
Jet Propulsion Laboratory
Pasadena, California

J. P. Ford
Jet Propulsion Laboratory
Pasadena, California

N. Fugono
Radio Research Laboratories
Tokyo, Japan

D. Garofalo
Earth Satellite Corporation
Chevy Chase, Maryland

R. M. Goldstein
Jet Propulsion Laboratory
Pasadena, California

A. L. Gray
Canada Centre for Remote Sensing
Ottawa, Canada

J. W, Head HI
Brown University
Providence, Rhode Island

D. N. Held
Jet Propulsion Laboratory
Pasadena, California

R. M. Hoffer
Purdue University
West Lafayette, Indiana

F. R. Honey

Commonwealth Scientific and Industrial Research
Organization

Wem.bley, Australia

“SIR-B Analysis of the Precambrian Shield of Sudan and Egypt: Penetra-
tion Studies and Subsurface Mapping”

“Quantitative Use of Multiincidence-Angle SAR for Geologic Mapping”

“Geologic Mapping of Indonesian Rain Forest With Analysis of Multiple
SIR-B Incidence Angles”

“Remote Sensing of Rice Fields and Sea Pollution by SIR-B"
“Evaluation of SIR-B Data for Identifying Rainfall Event Occurrence and
Intensity™

“‘SIR-B Interferometric Topography*’

“Use of SIR-B Multiincidence-Angle Imagery to Study Iceberg Detectabil-
ity and Offshore Ocean Feature Extraction"

“Geological, Structural, and Geomorphological Analyses From SIR-B”

“Amplitude Calibration Experiment for SIR-B"

“Microwave and Optical Remote Sensing of Forest Vegetation”

“Evaluation of SIR-B Imagery for Geologic and Geomorphic Mapping,
H, Jdrology, and Oceanography in Australia”




Table 2 (contd)

Name and affiliation

Investigation

M. L. Imhoff
Goddard Space Flight Center
Greenbelt, Maryland

W. H. Johnson
University of Illinois
Urbana, llinois

V. H. Kaupp
University of Arkansas
Fayetteville, Arkansas

G. E. Keyte
Royal Aircraft Establishment
Farnborough, United Kingdom

M. Kobrick
Jet Propulsion Laboratory
Pasadena, California

B. N. Koopmans
International Institute for Aerial Survey and Earth Sciences
Enschede, Netherlands

P.D. Lowman, Jr.
Goddard Space Flight Center
Greenbelt, Maryland

R. K. Moore
University of Kansas Center for Research, Inc.
Lawrence, Kansas

J.F. Paris
Jet Propulsion Laboratory
Pasadena, California

J.T. Parr
The Analytic Sciences Corporation
Reading, Massachusetts

H. K. Ramapriyan
Goddard Space Flight Center
Greenbelt, Maryland

“The Use of Digital Spaceborne SAR Data for the Delineation of Surface
Features Indicative of Malaria Vector Breeding Habits"

“Interlobate Comparison of Glacial-Depositional Style as Evidenced by
Small-Relief Glacial Landscape Features in [llinois, Indiana, and Ohio,
Utilizing SIR-B”

“Evaluation of the L-Band Scattering Characteristics of Volcanic Terrain
in Aid of Lithologic Identification, Assessment of SIR-B Calibration, and
Development of Planetary Geomorphic Analogs™

“The Investigation of Selected Oceanographic Applications of Spaceborne

Synthetic-Aperture Radar”

“SIR-B Cartography and Stereo Topographic Mapping”

“‘Monitoring of the Tidal Dynamics of the Dutch Waddensea by SIR-B”

“Structural Investigation of the Canadian Shield by Orbital Radar and
Landsat”

“Structural Investigation of the Grenville Province by Radar and Other
Imaging and Nonimaging Sensors”™

“Studies of Coastal Mesoscale Winds Using SIR-B”
“Informatjon for Space-Radar Designers: Required Dynamic Range vs
Resolution and Antenna Calibration Using the Amazon Rain Forest”

“Development and Evaluation of Techniques for Using Combined Micro-
wave and Optical Image Data for Vegetation Studies”

“Investigation of SIR-B Images for Lithologic Mapping”

“Automatic Terrain %levation Mapping and Registration™

1"



12

Table 2 (comd)

Name and affiliation

Investigation

J. A. Richards
University of New South Wales
Kensington, Australia

G. G. Schaber
U.S. Geological Survey
Flagstaff, Arizona

A. ). Sieber

Deutsche Forschungs— und Versuchsanstalt fiir Luft— und

Raumfahrt
Federal Republic of Germany

D. S. Simonett
University of California
Santa Barbara, California

E. P. Szuszczewicz
Naval Research Laboratory
Washington, D.C.

J. V. Tarsnik
Univers,.,” of Nevada
Reno, Nevada

M. N, Toksoz
Massachusetts Institute of Technology
Cambridge, Massachusetts

F. 1. Ulaby

University of Kansas Center for Research, Inc.

Lawrence, Kansas

#. Ulriksen
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lil. Interpretation of SIR-B Images

The SIR-B images in this atlas are accompanied by interpretive informa-
tion that includes sketch maps, diagrams, corresponding images, photographs,
and text. In many cases, SIR-B investigators, coinvestigators, and other
researchers have verified the interpretation of the images with on-site field
studies undertaken before, during, or after the mission. The geographic
locations of the scenes are shown in Figure 6. The images are grouped under
“Nonrenewable Resources.” “Renewable Resources,” and *“Oceanography.”

A glossary of technical terms and acronyms relative to the content of this
atlas is given in Appendix A. With few exceptions, the SIR-B image of each
scene is placed to the left of a corresponding illustration, and oriented so the
radar illumination direction is from top to bottom. In this fashion, shadows
on the images fall toward the observer and topography does not appear
inverted. Serial numbers or other image-identification labels are provided in
the “Index of Images” {Appendix B).
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A. Nonrenewable Resources

Experiments were designed to assess the capability of multiple-incidence- The SIR-B images in this section were obtained at incidence angles from
angle SAR cata for lithologic mapping and delineating geologic boundaries 26 deg to 64 deg. They cover a variety of geolugic terrains and environments
of various types. The ability of SIR-B to image targets at different incidence and provide an opportunity to compare radar backscatter from differemt

angles on successive days was ideal for a stereo-mapping experiment. Quantify- surfaces.
ing radar signatwies as a function of imaging geonetry is of particular interest

for geologic mapping in tropical rain forests and for understanding radar

penetration relative to surface arictity.
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1. Interior Plateau, Central Kalimantan, Indonesia
B C o

d WNIDINO

2

iy

1 3

R
s

i~
v

INCIDENCE ANGLE: 414 deg




This scene in Central Kalimantan covers the eastern portion of a
remote interior plaieau and adjacent segments of the Mahakam River
valley. The region is densely forested, sparsely inhabited, and largely
unmapped. The mean annual rainfall exceeds 4000 mm. Because of the
perennial cloud cover, it has not been possible to obtain photographs or
optical images for mapping.

The plateau is flanked to the north and east by the Mahakam River
and to the southeast by the Ratah River. The surface of the plateau,
however, is drained to the southwest by the Murung River and its tribu-
taries, which eventually join the waters of the great Barito River in Central
Kalimantan.

The east margin of the plateau extends for 55 km along a steep
escarpment from Mr. Batuatau (J4) at about 1650 m to Mt. Tukankole
(C4) at about 1000 m elevation. The relief from the north margin of the
plateau to the Mahakam River at H5 is approximately 1200 m; relief data
for the plateau in general are poorly known, however. Smaller escarp-
ments at higher levels on the plateau are seen from D2 to D4 and from F2
to F3.

The plateau is underlain by Paleogene clastic sedimentary rocks
deposited in the Upper Mahakam Basin. Despite very thick forest cover,
the dip and strike of the layered rocks beneath the plateau are readily
perceived. The dark band along the escarpment from C4 to J4 is a radar
shadow cast by thick, extremely steep-sided rim rock. Alternating dark-
and light-gray bands in the canyons along the north margin of the plateau
from H1 to H4 represent erosion surfaces at different angles of repose—
the result of differential resistance of the underlying rocks. The dark
bands represent steep slopes formed of the more resistant rocks. The
lighter bands denote more gentle slopes formed by weaker rocks.

The outlines of dip slopes and the attitudes of antidip slopes at the
southeast margin of the plateau (C3 to C4) reveal a pattern of broadly
symmetrical synclines and anticlines. The folds show divergent axes that
radiate from the vicinity of Mount Tukankole. The axis of the syncline
through the plateau plunges to the southwest and extends considerably
beyond the limits of this scene.

The plateau is located between Neogene volcanic terrains in the
Mahakam River valley to the north (K1 to K5), and the Ratah River valley
to the south, several kilometers beyond the margin of this scene. Each of
the volcanic terrains is characterized by numerous small, closely spaced
cones. Alluvial gold, presumably derived from the volcanic rocks, is
produced in the Mahakam River valley at Longpahangai, beyond the
image margin at K4.
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2. Dead Sea Rift Zone, Southern israel

INCIDENCE ANGLE: 343 dey

The Dead Sea Filt Zone forms along linear trough that extends
from the Hed Sea to Turkey. lits linearity and depth (the bottom of the
{ead Sea is 1302 feel below sea level) result from north- and nonth-
sast-trending fransiorm faults. These fauils accommodate the relative
movemens and rotations of the Arabian Plate and the microplates of
Sinal and the t.«stern Mediterrancan. Relations between the rift zong,
the present suture ol the HMed Sea, and the Lale Precembrian suture line
of northeast Sudan are shown on the regional sketch map. Hecent
geodynamic siudies suggest that Precambrian sutures, such as thatl in
northeast Sudan {image 7). were the antecedents of transform faults
that controlied the fragmentation of the Nubian/Arabian Shieid and the
opening of the Red Bea s perhaps significant that inis suture in Sudan
parallels the Dead Sea Rift Zons.

The sketch map drawn from the SIR-8 image shows the transform
faults that appearonthaimagein AL rom A2 o Bl o and rom C3 o HY
Complementey sast-northeast-striking faults ot the 'Riedel-Shear type
transect the folded platfornm sediments and form steep scarps—the
result of differential uptift. Such a scarp is pronounced on the image from

N/ 0}

|20 km

F2 to K3, The eroded dome at G2/H2 clearly shov.  the dip and strike of
beading structures. Hoth the dome and the associated basin 1o the
northwaest {dark on the image from G3 to J3) are slongated parailel o the
fault scarp.

Most of tha area covered by the SIR-B image is underlain by
limestone and sandy limestone of Upper Cretaceous and Palsocene
age. Older rocks are exposed in the eroded dome {G32/H2) and younger
fine-grained Neogene terrigenous debris fills the basinat G310 J3. A
small area of karstis visible in K3. The rock types are obscured by strong
dissection at the steep margins of the rift zone. Terraces are evident ai
the margin of the Dead Sea (for example from A2 through B3/C3). The
southern part of the Dead Sea has been dammed, and large svaporation
pans in the area from C2/D2 to C1 through F1 have been established to
produce potash-rich salls.

{The caption, figure. and skeich map were adapted from informa-
tion provided by courtesy of Dr. Geolf Lawrence, Hun*mg Geology and
Geophysics, L)
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3. Central Andean Cordillera, Northern Peru

INCIDENCE ANGLE: 544 deg

The central Andean Cordillera of northem Peru 18 in the sub-
Andean fold belt to the west of the Amazon platform. Many of the folds
are broken and thrust eastward along their more steeply dipping eastern
limbs. The strongly folded and thrust-faulted Crelacsous sedimentary
rocks that underiie the cordillera are mostly marine shales, sandstones,
and hmestones. The terrain is rugged and the surfaces are heavily
vegetaled. The portion of the cordillera coverad by this radar image is
deeply dissected by the Marafion River and its tributaries. Segmanis of
the Chiriaco River, a major tributary of the Mararion, appear along the top
margin of the image from Al to C1.

The oulcrop pattern and the associated flatirons on the image
denote moderate to steeply dipping layered rocks inthe area from Gl to
1 and from F1 to H2. in this area the mouniains display pronounced
southwesi-facing scarps with dip slopes inclined io the northeast and
east. A similar orientation of scarps and dip slopes is seen in the moun-
fains from A2 to B2 Fault traces are evident between the base of the
mountains and the Mararion River ValleyinthegreatromFiio G2 Less
deformed rocks are present al lower elevations in the area from J1
through K1 to K2, The dip and strike of the rocks and their outcrop

ol |20 km

patterns from 1 and DY o B2 and C2 denote a plunging synciinal
structure. The crenulated patiern in the core of the structure at Cl s
typical of the hummociky type of karst topography that results from deep
chemical weathering in hurmid tropical areas. The strong discordance
between the northwaest flank of the fold and the adjacent rocks probably
represents the trace of a thrust fault,

The Mararion River is a major tributary of the Amazon drainage
several hundred kilometers to the east It forms an important link
between the norineast petroleum-producing province of Loreto and the
remainder of Peru. An oil pipeline and a highway that foliow this route are
seen ontheimage from D110 E2. Inthe upperpartol D1, the pinetine and
highway take a shortcut over a low mountain pass to rejoin the Maranion
niear the town of Chirlaco, jusi off the image. Theroute is also of historical
interest. itis fromthis locality that the Spanish explorer and conquistador
Francisco de Orellana embarked on the first successhul river trip to
discover the Amazon in 15841,

{This caption was adapted from technical information provided by
Professor Anthur L. Bloom of Comell University )
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.———-'r-— synclinal axis, showing plunge —_— strike and dip of bedding
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‘L.I_.I.)")y escarpment ~——""~—_—> stream; arrow denotes flow
direction

25



+, Precambrian Fold Mountains, Brazil and Colombia

INCIDENCT ANGLE: 35.5deg

The Amazon Shield in South America is a complex of granite,
gne s, migmatite, and . ther metamorphic rocks that have undergone
several cycles of intense tectonic deiormation in early Precambnian
{Archean) time. in Brazil, these rocks are referred to the Guiana Complex
{Schobberhaus et al., 19..4). In various localities, the Guiana Complexis
overiain by sequences of younger Precambrian (Proterozoic) metla-
sedimentary rocks that are folded and locally altered by low-grade meta-
morphism.

This SIR-B image covers a portion of the Amazon Shield in north-
west Brazil and southeast Colombia. it displays a biock of low fold
mountains that cc morises the Serra Caparro (Brazil) from C1 through E2
to D2 and a portion of the Serrania de Naquen (Colombia} from E3 and
F2 to .13, The mountains are aligned north-northwest over a distance of
abou* 50 km. They form the drainage divide between north-flowing *ribu-
tarie= »f the Rio Guainia {Colombia) and south-flowing tributaries of the

Rio C siari (Brazil). T.1e north margin of the Serra Tunui, which is a similar
elongated block of low fold mountains, is shown at A*.

N\\ ol

dood 40

ALYND

| 20 km

The rocks in the Serra Caparro are sericite- and muscovite-bearing
quarnizites that have been referred to the Tunui Group of Proterczoic age
{Pinheiro et al., and references cited therein, 1976). In the Serramia de
Naquen, the rocks consist of orthoquartzites that are referred to the
upper part of the Roraima Formation. These rocks form Proterozoic
erosional remnants believed to lie on a large downfauited block of the
Archean basement, which extends northward beyond this scene
(Huguett et al., and references cited therein, 1879).

The mountains rise 1o about 400 m elevation, and probably 300 m
above { e level of the surrounding terrain; iittie detail is known about the
relier, however. The area is remote, inaccessible, and covered with a
gense heterogeneous forest. At the 35.5-deg incidence angle used in

this scene, the geometric compression and tonal saturation of mountain
slopes that face toward the radar ilumination inclicate that the sicpes cr2
steep - perhaps 30 deg or more. As a whole, the outcrop patterns and the
attitudes of the bedding planes define a series of small anticlines :ind
synclines. The southern part of the Serra Caparro (upper rightof Ci}is

TYNIDIHO
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Rio‘Guainia

Serrania de Naquén
-

T dip and strike

+ anticlinal - «is, with piunge
+ synclinal axis

displacred relative to the northern part (lower right of C1 and following to
the north) by the northeast-trending Caparro fault (C1 to C3). This is a
right-lateral strike-slip fault whose linear extension beyond ti @ mountain
range is scarcely perceptible because it has low reliet and is oriented
nearly parallel 10 the direction of illumina:..on.

The forest cover provides a relative sy uniform radar backscatter
that appears as a monotonous medium gra  throughout most of the level

\N oL 1 | A

T L) H

P major fault; arrows denote
—_— relative movements

stream; arrow denotes
direction of flow

areas on the image. Bngmerunagetonesouumepomonsowmellood-
plains _f some streams, notably on the upper reaches of the Rio
Memachi (F1/G1 to G2). This probably signifies a change to more open
forest above standing water on the floodplain.

(This cP~*in wasadaptedfmmmformanonprowdedbyur Fer-
nando Pelic., we Miranda, of the Petrobras F1search Center, Rio de
Janeiro, Brazil.)
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5. Amadeus Basin, Northern ierritory, Australia
A ‘ D

INCIDE NCE ANGLE: 36.0 deg

The ar western margin of the Sir oson Desert in central Austialia
is characlerized by sed dunes thal rend nunth-nortnwest and redis-
tributed eolian sands that abut stonev plains plateaus and isolated
sandsione ranges. The area is underlain by folded ano laulted meta-
morphic and igneaus rocks of the Ausuahian Pre cambrian Shield. Upper
Projerozoic, Palepzoic, and Mesozoic marnine ransgressions deposited
sechmentary lavers over much of the basin

Hainlall s extromely erratic - the mean annual average 18 16 cm,
Heavy rain and Hooding occurred immaediately nrior to the SIR-B over-
pass, saturaang the swrlace sands and alvium, and significantly
reducing the ootential for radar signal penetration. The lora of the test
ares s wpice Sbthat unger and conditions: a vanety of drought-resistant
species that | ancient dunes and sparsely cover rock oulerops.

The SIE-B magery of this basi is of spenial value in mapping
bedding tracts and dip directions, which, in turmn, allows mapping of
severalregio sl geclogic leatures thy are (a)). Dip directions displaved in
the image are generally foward the upper nght of the image, that is,
inward the radar antenna. The extensive dip slopes have bright signa-
tures. and the scarps, which are in the radar shadow have dark
sigualures,

| 20km

Dip directions —interpreted from the radar imagery and confirmed
n the held - define a plunging syncline in the upper right and an anticline
in the lower center of the image. In the Amadeus SIR-B imogery, most
lineaments are expressed as scarps or smaller linear vaileys.

The clear expression of topographic characteristics and textural
variations due 1o differing surface roughness conditions on the SIF-B
imagery allows recognition of four broad categories of terrain (figure (b))
{1} clastic, whichis formed on layered rocks: this terrain 15 recognized by
the lopographic expression of resistant strike ridges; (2) carbonate,
which has a more subdued oulcrop morphology than the clastic rocks
and a pitted appearance; (3) eolian, where both dunes and radistributed
eolian sands can be fecognized by sublle textural differences that'arise
from variations in surtace roughpess; and (4} alluvial, which is composec
of outwash fans cerived from clastic rocks: this *errain can be clearh
distinguished by s high backscatter (bright return) derived from charac.
tenstically rough surfaces.

A comparison of the maps derived from S1R-B imagery can be
made with the published geological map in figure (c) (Ranford e al |
19683,
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6. Pasir Mournitains and Coastal Lowlands, East Kalimantan, Indonesia
A

INCIDENCE ANGLE: 41.8 deg

The Pasir Mountains and adjoiniy coastal lowlands in East Kali.
mantan are located between the Kutai Basin to the northeast and the
Barito Basin to the southwest The maximum elevation in this scene is
shightly over 1200 m at Mt Lumut {H3}; the mountains are und

erlain by
shale, claystone, sandstone, and intescalated limestone of Oligocene 1o
Lower-tiocene age. The rocks are moderately to steeply dipping, with

fold axes that generally trend northeast-southwest The outcrop pattern
and trend of the layered » ' zare clearly visible on the radar image from
C1toF3 Extensive . nents across the mountains (for example. from
{23 to G3) are probabiy fault controlled. Smali inselberys at H1/411 and at

30

J20 km

the lower margin of G3 suggest discordant relations with the rocks in
adjacent areas.

Qutcrop patterns in the area from J1/K1 to J2/K2 show a tightly
folded, doubly piunging syncline The northwest margin of this structure
is offset by normal faulting. While the dip and strike of the rocks have
been mapped locally in the area, the structure itself had not been
previously mapped. The pitted texture that appears around the core of

the structure is characteristic of deeply weathered limestone terrain in
humid tropical areas.
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Larndsat MSE Band 7

The region is beavily forested, bul the coastal lowlands are being
progressively cleared for cultivation, as evidenced by reqular geomeine
patterns of deforestation; oil padms provide an important cash crop in
these regions. The lands are being cleared aiso for the resettiement of
peopie rom overpopulated areas eisewhere in Indonesia, Newly openaed
land appears in relatively dark fones as sean in the vicinty of Semaniai
{82y and Long Kkis {00 Longerestablished secondary vegetation
appears in bnghter tones in the vicinity of Long Kal (DS The Adang (84
to B4). Semanta (A3 10 B33, and Kuaro (A1 1o AZ) Fvers are Hlanked by
aatyarine vegelation that vields medivm-gray image tones. Mangroves
in the coastal areas from A3 10 A5 provide bright image tones.

Corasponding vegetated areas on the Landsat MSSimage, which
was oblamad 14 days atler the radarimage appearininyersetones The

mountaing an the Landsat image are largely obscured by cumulus
clouds and their shatiows.

An oil pioeline follows the sinuous route of a hichway that connects
communities on the coastal lowlands (A1 1o C8) Oilis pumped through
this pipeline from producing fields in Tarmung, 85 kmto the southwes! to
a major relinery al Balikpapan, 50 km io the northeast

Access to the interior is limited to a few trails and drainage
channels, the largest of which is the Telekai River (A1 to H3) A patternof
curvilinear drainages extends from J3 1o 04 and K3 o K4,

{This caption was prepared from information provided by Prof
J. Rais of the National Agency for Surveys and Mapping, Cibinong-
Bogor. Indonesia, and Dr. R. Sukamto of the Geological Research and
Development Centre, Bandung, Indonesia. The Landsat MSS image

was provided by Dr. Wirant~ Arismunandar of the Indonesian National
inshitite for Aeronautics and Space.)
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(ii) Linear and Intrusive Structures

PRRCEDING PAGE BLARK NOT FLi:mp



7. Late Precambrian Suture Line, Northeast Sudan
e : 2] E

INCIDENCE ANGLE: 852 1 dey

The pronounced arcuate feature from A1 1o J1 on the radar image
% part of an extensive complex of linear ridges in northeast Sudan. The
ardges extend southward from this scene for about 150 km along the
db-deg-sast paraliel. The ridges are believed 1o trace a major suture line,
called the "3%-deg-east sulure, where ar island are assemblage of
volcanic-and sedimentary rocks was desireyed dunng a Late Pre-
cambrian plate colision, Relations between this suture Ine. the prasent
suture of the Ped Sea, and the Dead Sea Rift Zone are shown on the
regional skelch map that accompanies Image 2. Hecent geodynamic

(20 km

studies suggest that the 35-deg-east suture was an antecedent of faults
associated with the fragmentation of the Nubian/Arabian Shield and the
opening of the Red Sea.

Utrabasic rock masses are seattered throughout the volcanic.
sedimentary sequence of the sulure. Tha prominent ndge from E3 10 J1
is formed from ultrabasic rock that is thought 16 be pant of an ophiclite
suite. Pilow basalls have bean mapped at F4. The ridge exposures
appear bnght on the radar image because of their roughness relative to
the radar wavelength. On the corresponding Landsat TM image, bow-




Landsat TM Band 4

ever the exposures appear very dark because of strong ab soiption by

irorerich material at the near-infrared wavelength (076 w0 0.90 um)
Alluvial fans associated with (he ophiplite and the pillow basalt are claarly

percentiblo on the Landsal image. though they are not seen on the radar
image.

Paleozoic granite shows a subdusd morphology on the radar
uriage in the area from U1 to K3, and ir. the subtle circular feature at
£ 1/E2 which has an approximate diameter of 10 k. Silica-richigranitic
rocks show brighter image tones on the corresponding Landsat image.

00d 30

Sl 374 WNIDHO
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Sand in the wadis and on the lowland (forexample B2 o Cland G4 ©
41} 18 outlined by dark tones on the radar image, and by cormsponding
bright tones on the near-infrared image. In this scene, the radar image
expresses small-scaie textural gifferences in the rocks, while the near-iR
image provides more compositional information.

{The Landsat T Mimage and the technical analyses upon which this

caption is based were provided by Dr. GeoHt Lawrence, Hunting Geology
and Geophysics Lid)




8. Upper Rajang Region, Central Sarawak, Malaysia
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The Upper Rajang is a remote region of jungle-covered mountains
separating isolated river basins. Structurally it is dominated by strongly
folded, steeply dipping rocks that form an alternation of pronounced
linear ridges and valleys (Kirk, 1957). Most of the vegetation is a hill-
forest type dominated by species of dipterocarps that grow to a height of
50 m. Access to the area is difficult. Mapping has been confined mostly
o the major river channels, which provide the main routes of communi-
cation; owing to the many rapids, only longboats can be used.

. The SIR-B image covers portions of three distinct structural units in
central Sarawak: the Rajang Block, the Kemena-Baram fold belt, and
volcanic mesas.

In the Rajang Block from A1 to Et through G5 to A5, massive
Eocene sandstone and thick graywacke alternate with weak shale and
siltstone to form pronounced linear strike ridges and intervening valleys.
This resuits in a trellis drainage pattern. Dips range from 65 to 90 deg.
Relief from the valley floors to the ridge tops ranges from 300 to 500 m.
Linear transverse valley segments of the Balui River from A2 to B2 and
tributaries from C3 to D2 are probaby controlled by joints or oblique

regional faults. The ridges and valleys show a marked change of orienta-
tion from northeast to almost due east in the area from E3 to F5.

Less-deformed Oligocene to Miocene carbonate and clastic rocks

in the Kemena-Baram fold belt extend from G1 and H1 through J2 to J5
and G5. Bedding traces and outcrop patterns on the radar image show
the outlines of several open fold structures in the area. The divergence of
the fold axes from the area at G4/H4 and the proximity of the sharp
change in strike of the adjacent linear ridges in the Rajang Block indicate
extensive large-scale deformation in this locality.

Flat-lying to gently dipping Quaternary volcanic rocks form mesas,
which lie above the level of the linear ridges in the Rajang Block. The
mesas have strongly dissected margins with precipitous cliffs and deep
marginal embayments. Examples are at A3 to A4, where the steep
slopes that face toward the radar illumination appear as very bright thin
lines and those that face away from it are very dark, and at B1/C1. The
elevation of these mesas is about 800 m.

Alluvial deposits in relatively level valley lowlands are swampy.
They appear in monotonous gray tones from J1 and K1 to K2, and in a
narrow zone from F1 to G5.

(This caption was prepared from material provided by Mr. C. H.

Kho and Mr. S. P. Chen of the Geological Survey of Malaysia, Sarawak,
Malaysia.)
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(iii) Volcanic and Impact Terrain
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9. Kilauea Volcano, Hawaii, U.S.A.

UPPER IMAGE, INCIDENCE ANGLE: 28.1 deg
LOWER IMAGE, INCIDENCE ANGLE: 48 deg

irnages wers acquired by SIB-B over southeastern Hawail at inci-
dence angles of 28 deg and 48 deg The summit and Southwest Rift
Zone of Kilauea Volcano were primary targets. Coverage extends from
South Point (A2} through the Kau Desert (E2 to H2 ihrough H3) and
Kilauea Crater L2

The Kau Desert spreads southwest from the summit crater of
Kilauea Volcano for almost 30 km. s semiand climatle is produced by
the raim-shadow efect of Kilauea as i blocks the prevailing northeasterly
frade winds In addition, acidification of rainfall by volcanic fumes has led
40
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to a very low vegetation density in the area. Rainfall and vegetation
density increase sharply to the north and east of Kilavea Crater,
Because this pristine, unvegetated volcanic terrain containg sev-
eral historic java flows from Kilauea and Mauna Loa volcanoes, it is an
ideal site for a test of the radar data's ability to discriminate and dentify
lava flows of different type and age.
Surface malerials in the Kau Desen consist predominantly of airtall
depnsits and relatively young basaltic lava flows. The two main types of
lavalow are easily distinguished: "aa’” flows. which are extremely rough,
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show up as bright areas; the L-shaped flow from G2 10 H2 is an example,
Smoother "pahoehoe’ lava flows make up rauch of the darker surface of
the Kau Desert.

individual pahoehoe flows are not as easy lo distingu'sh as aa
flows. Through detailed analysis of the dual-incidence angle data, how-
ever, it has been possible to map different age ranges of pahoehoe and
aa fows in the Kau Desert. This is a result of the smoothing sifect of
weathering processes, which tend to decrease the radar brightness of a
surface with increasing age.

The summit of Kilauea s characterized by a collapsed caldera
within which lies a smaller pit crater named Halemaumau {left side of U2}
A iine of smaller pit craters called the Chain of Craters extends southeast
fram Kilauea tlefl of center, J2 and J3} along the boundary between the
desert and vegetated areas. Another large pit crater, Kilauea iki, is the
dark spot at the east! rim of Kilauea Crater (lower right, J2). Most of the
eruptions within Kilauea Crater produced smooth pahoehoe flows, caus-
ing the interior of the caldera 1o appear dark in the radar images. An
exception 1o this 1s the bnght tone of the deposits from an explosive
eruption in 1924 that surround the north and east sides of Halemaumau.

These deposits consist of sandy ash and numerous boulders up to 2 min
size.

The image acquired at the 28-deg incidence angle was used {0
geneiale the false color image, which emphasizes orightness differ-
ences betweaen ash-covered surfaces, different types of lava flows, and
vegetation. The image was constructed by separating the black-and-
white image into three components based on brightness, after which
each component was filtered to emphasize different size ranges of
features. Finally, the three compunents were recombined as colors: red
was used for the darkest comporsiat, green for the next darkest, and blue
for hrightest. Thus, red represents the lowest radar backscatter, and
green and turquoise the intermediate backscatter; the highest back-
scatter is shown in yellow. Geologically, red indicates areas of smooth
ash cover, dark green areas of smooth pahoehoe lava, light green
areas of rough aa lava, and turquoise blue and vellow represent heavy
vegetation.

{This caption was prepared from a texi provided by Dr. Tom Farr of
the Jet Propulsion Laboratory and Dr. Verne Kaupp of the University of
Arkansas.)
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10. Mount Shasta, California, US.A.

INCIDENCE ANGLE: 29.7 deg
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The possibility of using overlapping radar images for fopographic
mapping has intngued researchers for many years, with the first theo-
retical contnbution appearing as early as 1948 (Rinner). A considerable
body of Hterslure has since developed on the subject, althouoh most
work has been lirmiled by the unavallability of radar image data

The ability of SIR-B to image targets al differant incdence angles
on successive days of a one-week mission makes 5178 ideal for aradar
stereo-mapping experiment. Therefore, an effort was mounied to collect
se.s of images of geclogic sites thal were previously weill-mapped so thal
a syalematic sterep experinent could be perdormad. The Obiective was
1o determioe the oplinum incidence-angle combmabon 1or bolh visual
imternretation of a geclogic site and for lopographic mapning A multoie
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data set was collected over Mount Shasta, California, at incidence
angles of 29.7, 538, and 638 deg

Mount Shasta is a voicano of the Cascade chain, Recent resulls
indicate that 350,000 vears ago it may have undergone an explosion
simiar to that of Mount Saint Helens but of vastly greater magnitude the
resulting debris created ¢ Shasta valley to the north {Crandei et al.
19841

A digital elevation model 3) was generated from the images
obtained at incidence angles of 29.7 and 53 8 deg Wilh thiz data sel the
X, Y. and Z coordinates as well as the radar brightness of each pont
the scene are known This information can be used 1o generale per-
spective views of Mount Shasta from = selectable vanlage pont. Twenty




views of the mounian (hgure (b)) were produced: all these views were
yenerated rom the data collected during the SIR-B mission The color
was detived fom a colordensity slice of the image obiained al the
29 7-dec incidence angle This technique is particularly valuabie for
SHUCITE mapong of reminte mouMamous terrain

{This caption was agapted from work by Dr. Franz Leber of the
Vexce: Corporation. Boulder, Colorado. and Dr. Mike Kobrick of the Jet
Fropulsion Laboratory: ihey generated the digital elevation modet and
the 20-view color image Js wells




11. Charlevoix Crater, Province of Quebec, Canada

INCIDENCE ANGLE: 488 dey

Approximately 100 terrestrial impact structures with a diameter
larger than 1 km have been recognized. Because the terrestual geoiogic
environment 15 dynamic, much of the characteristic craler lopography
has been removed. Hecognition of these craters has been from the
presence ol circular anomalies detected intially on highlevel aenal
photographs and, more recenily, on synoplhic irmages obtaned by Land-
sat. The processes of erosion, which hamper recognition, also expose
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the substructure at various levels, this exposure allows reconstruction of
petrologic and structural relations within the crater. Such studies are
complementary to studies of planetary craters where the intial morphol-
ogy is weil preserved, but the subsurface structure 15 inaccessible.
SIR-B data are being used 1o dstermine the radar backscatter
charactaristios of well-exposed impact craters, this will allow the detec-
tion and mapping of poorly exposed impact craters. Since the majority of
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known terrestrial craters are on the North American craton, primary
crater targets for the SIR-B mission are in Canada. One such crater
imaged by SIR-B is Charlevoix. The sketch map locates the hills that
mark the crater rim. Because of its low topography, the crater’s center is

used extensively for agriculture.
The Charlevoix impact crater is in a locally active seismic area

parallel to the St. Lawrence River. The seismic activity probably relates

| 20 km
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to failure along normal faults in the Grenville basement; these faults
antedate the impact event. Although the faults are not directly related to
the impact, their seismic activity may have increased as a result of an
increase in crustal weakness that accompanied the impact.

(This caption is an adaptation of technical information provided by

Dr. James Head ((l of Brown University.)
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12. Altiplano, Bolivia




A set of overlapping Hasselblad photographs taken with a 250-mm
lens by the crew on Flight 41-G over the Altiplano region of Bolivia
provides a synoptic setting for this SIR-B image. The cold, dry plateau
was characteristically nearly barren of vegetation and snow cover during
the SIR-B flight, which provided ideal conditions for photographic and
radar imaging of this remote area.

The Altivlano varies in elevation from about 3.7 km above sea level
on most basin fioors to volcanic peaks more than 6.5 km above sea level.
For the past 25 miilion years, this region has undergone intense voicanic
activity that is related to the subduction of the Nazca plate along the
Peru-Chile trench (Jordan et al., 1983). Much of the surface is covered
with dacitic-to-rhyolitic ignimbrites (pyroclastic fliow deposits) and ande-
sitic stratovolcances, some historically active (Baker and Francis, 1978).

The ignimbrite sheets of the Altiplano are notably bright on the
SIR-B radar images, the result of very strong backscatter of the radar
beam. This distinctively strong backscatter is probably attributable to the

rough surface of the ignimbrites at two different scales of centimeters
and hundreds of meters. The smaller-scale contribution to the back-
scatter is due to surface roughness that is a fraction of the radar wave-
length (greater than about 4 cm for the 23.5-cm L-band radar). At the
larger scale, straight paraliel quebradas (gullies) appear to dissect the
ignimbrite sheets.

These quebradas have a regional southeast trend (nearly perpen-
dicular to the radar beam); their steep walls provide surface facets facing
toward and away from the radar beam, and for this reason they appear
on SIR-B images as pairs of parallel very bright and dark lines. The
Qquebradas are 30 to 200 m apart and range in depth from a few meters to
over 30 m.

(This caption was adapted from information provided by Mr. Eric J.
Fielding, Mr. William J. Knox, Jr., and Dr. Arthur L. Bloom of Comell
University, Ithaca, New York.)
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(iv) Alluvial Fans and Dissected Plateau



13. Tuwaiq Escarpment, Central Saudi Arabia
B C

INCIDENCE ANGLE: 34.4 deg

Differing bardness and compaction of the Jurassic limestones and
interbedded shales that underlie the Tuwaig escarpment result in dis-
anctive surface lextures thatare characterized by sporadic traces of the
bedding and varability in the extent of Huvial dissection. The bedrock in
much of this area is mantled by silt and desert varnish. The contrasting
{extures are readily discraminated into radar mapping units, which are
displayed as lilnclogies on the accompanying skeich map.

Flat-lying oulcrops of alternating shale and limesione in the area
west of Al Harng (J3/K3 1o J4/K4) exhibit distinctive convoluted scams.
The adiacent massive Emestone that appears in 2 band from Ga through
H1 to K2 forms prominent high scarps and fat plateau fops.

Overlving beds of soft lir estone display a distinci and intensive
drainage network. These beds lorm a characteristically low scarp with a

ﬁ/,. 0|

basal silty hollow that sppears dark on the radar ynage (for example,
upper nght quarter of G4). Compact hormogenecus limestone torms
moderate scarps and Hat plateau lops, which show mostly dark image
tones. Slightly brighter linear tones on the plateau tops are wash ines of
coase gravel and bouiders entrained by flash Hoods. The limestones
form important aquifers where they dip eastward beneath younger sedi-
ments, Local wadi sands, which appear dark on the image, bear sufii-
cient water o supply the oasis 2t Al Harig (H2).

The inear feature that extends from B2 to U3 is possibly tectonic in
ongin.

This caption is based on a technical analysis by Dr. Geolf Law-
rence, Hunting Geology and Geophysics, Lid. who also provided the
sketch map )
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limestone, compact, homogeneous topographic lineament
limestone, soft with shale interbeds ~—T——D> stream; arrow denotes flow

direction

massive limestone

limestone/shale
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14. Spring Mountains and Pahrump Valley, Nevada, U.S.A.

INCIDENCE ANGLE® 203 deg

This scene in southern Nevada includes the western portion of the
Spnng Mountans and the eastern half of the Pahrump Valley. In the
mountains, Paleczoic sedimentary rocks over 7000m thick are
exposed: Precambrian metamorphic rocks are in the northern part of the
scena. The rocks include imestone, dolomite, guarizite marble, shale,
sarndsione, and some gypsum. Maor features displayed on the image
are shown on the accompanying sketch map.

The complex geologic structure of the Spring Mountaine is domi
nated by large thrus® fanlts and associated folds. Normal faulis with a
northwest strike are also present. The curvilinear feature from J1 10 82
on the ymage is the Keystone Thrust, This feature is readily detected on
the image because ds trend is nearly notma! 1o the direction of radar
dlumination. The linear feature in E1 is the Lee Canyon Thrust. Tt's
feature is largely obscured on the image because the trend is nearly
parallel to the radar illumination.

“he mountairs are Aanked on all sides by an apron of alluvial
matenals. The apron conuiste of large atiuvial fans formed from the
progressive coalescing of numerous small fzus. Two large alluvial fans

N\ o1

1 20 km

lie in the areas from A1/A2 1o D2 (Pahrump Fan) and rom E2/E3 10 J3
{Manse Fan). Surface materials on these fans are poorly sorted alluvial
gravels, san+, st clay, and caliche. On the upper portion of the fans the
rocks are very coarse, angular, poorly sorted, and dip at angles from 12
to 18 deg. The rougher surlaces vield greater radar backscatter and
consequently appear brigaler onthe image.

There are no perennial streams in the Spring Mountains. Rainwater
percolates through the very permeable alluvial fans 1o the groundwaler
system with litlle o no surface runoff. The surfaces of the fans are cul by
numerous washes (channels) of varying size that appear bright on the
imace. Normally the washes are dry, and very litlle vegetation is present
in them: Periodically the washes are cut by flash flooding. Large cobbies
and boulders deposited in the washes at such times yield bright returns
on the radar image.

{The caption was prepared from information provided by Mr.
Marcus Borengasser. Mackay School of Mines, University of Nevada )
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(v) Eolian Features
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15. Wind-Eroded Sandstones, Borkow Province, Northern Chad

A B C D | E

INCIDENCE ANGLE: 52 3 deg

Paleozoic serdimantary rocks at the nim of the Koufra Basin in Libya
have been penepained and sculptured by the wind for thousands of
years in this scene souds of the Libyan Desert and east of the Tibest
Mountans, the bedrock of Devonian sandsiones shows varying
resistance to erosion. Different rmage textures indicate the presence of
four sandstone units whose boundaries are marked by bedding scamps.
Unit 1 (see skelch map) 15 the most resistant though it is deeply
dissected s characterized by moderate renef (for example from A2 to
Adl and by a pronounced scarp from B2 to C1 and from D1 through
D2/E2 0 E1. Units 2 and 3 show low to very low relief, and imited areas
o outcrop. Unit & shows a limiled oulcrop at J3/J4. The strke of the
sandstone unils 1s across the image in the range direction: from the fop
inear range) to the bottom {far range). the dip s gentle toward the north.
Thiz structure results from the relative tectonic stabiluy of the underlying
Precambrian craton A subtle linear feature that extends across the strike

56
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from A4/B4 to D2/E2 probably represents a fault frace. Ancient drainace
channels in the area suggest the existence of a former welter climate in
this arid region. A patchy veneer of thin sand appears indark lones on the
mage.

The extensive dark linear streaks that are nearly normal 1o the
strike of the bedrock units are gullies formed in response to a lengthy
period of wind erosion. Strong persistent winds biow 1o the southwest
and south-southwest from the giant sand seas in the Libyan Desert
Sand deposited on the floors of the gullies is nonrefiective at the rela-
tively high radar incidence angle of this scene. Brighter tones on the
image indicate stronger radar backscatier from the rougher surfaces of
the outcropping bedrock,

{The zaption and sketch map were prepared from technical infor-
mation provided by Dr. Geolt Lawrence, Hunting Geology and Geo-
physics Lid )
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flat terrain with thin veneer of dry sand, parallel to
dominant wind direction
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16. Gebel Mufta, Western Desert, Southwest Egypt

A 8 C

INCIDENCE ANGLE: 28.4deg

The wesiern desert area of southwest BEgypl s underiain hy
Mesoroic sandstones and shales Low irreguiar scarps mark the outcrop
of more resistant rooks, Guaternary sand and gravel deposits cover wide
areas and long linear dunes extend in a north-south airection for great
chslances

The area weas imaged by SiR-B with two different directions of
diumination, each ata different incidence angle. The image shown above
was oblained o a southeast ook direction at an incidence angle of
about 28 deg The azimuth angle between the southeast look duection
and the long axs of the dunes is about 52 deg. The scarp of Gebel Mufla
appeats bright i he area from G1 to M3 A large rock pediment area in
front of the scarp that may be parlly covered by radar-transparent sand
appears in moderalely brighs tones on the image from H3 10 J3 Thicker
sand sheets in the interdunal areas appear in darker tones tlor example,
i the area between J3 and K23 Brighter tones are observedin mierdunal
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areas that expose moderately rough sandsione and shale surfaces lor
exampie, in the area from B3 10 C2).

The portion of the image between the paraliel ines rom E3 10 F1
and lrom M3 to J1 was also imaged by SIFLB from a3 northeast ook
direction at an incidence angle of about 43 deg. The azimuth angle
between the northeast look direction and the long axis of the dunes is
about 57 deg. In addition to portions of the dune feld. the area of
common coverage includes Gebel Mufta and Twin Hills {EZ o E3). The
corresponding segments of the wo image swaths are shown for come
parison on the facing page.

Giebel Mufta and the Twin Hills area appear about equally brightin
Loth images. The rock pediment in front of Gebel Mufta is less clear on
the lefl image, probably due to a low signal-to-noise ratio in the farrange
position on the image . Inboth images, the same-side siopes of the dune
surfaces face foward the radar llumination. The azimuth angle betweer
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8 = 42 B deq

the radar Hurmination and the long axis of the dunes s comparable i
each case. However, a! the 28-deq incidence ange . the dunes are
clearly perceived wih numerous broht reliections from appropriately
anented dutie siopes (nat wnages ol the 43-deg nadence angle the
dunes gopear o dark streaks that are outhned oniv by ther bnghter
surrcundings {left imager This diustrates the observalion that dune
surtaces viehi raos backscader only when the racar incidence angle i3
tess than the engle of repose of the dune slopes (about 34 deg).

§= 284 deg

Al the 28-degncidence angle (nght image), some of the dune
faces are orented nearly normal 1o the radar Blumination. This produces
specular reflection, that vield bright tones on the wmage Al the 43-deg
ncidence cngle flelt image;. the dune taces are more highly inclined to
the radar flumination o this case, very itlle radar energy is returned and
the dunies ate nuthned by dark image tones. Detuled relations between
Himanation geomelry and the perception of sara dunos e radar images
have peen documented by Blom and Elach (1981 1986y




17. Hexi Corridor, Gansu Province, China

INCIDENCE ANGLE: 25.8 deg

The Hexi Corridor in central China is a series of valleys that
separate the Qilian Mountain Range to the southwest from the Tengger
Desert to the northeast. Oases along the Hexi Corridor {ormed important
stope on the ancient Silk-Foad trading route between China and the
West. The village of Huang Yangzhen lies on the road between Wu Wei
35 km to the narthwast, and Lanzhou. 190 km to the southeast. The
corridor is clearly demarcated on the image by linear patterns of settle-
ment and cultivation inthe area from C1 1o Fi through C4 to F4. A circular
pattern of cultivation about 2 kni in diameter is present in the lower left
portion of D3. The present routes through the corridor that appear cn the
image include a single-track railroad from D1 1o D4 and a roadway from
E4 1o F1 Channels of intermittent streams from the Qilian Mountaing
traverse the corridor area,

The Qilian Mourtain Range is composed predominantly of Paleo-
zoic schists and gneisses. The mounteins extend from the foothills at
about 2000 m elevation (F1 to F4 through H1 to H4) to high peaks al
about 4000 m (K1 to K4). The image texture shows that the mountains
are rugged and deeply dissecied. The smouoth linear to curvilinear out-
lines and form of the valleys that extend from G3 to K1 and from F2 to H1
provide clear evidence of former glaciation in the mountains. Linear
patiemns of cultivation are evident on the floor of the larger valiey between
(G2/6:3 and J3.

60
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The accompanying sketch map shows the outlines of a linear
escarpment and pronounced linear features in the foothilis that are
probably fault contrelied. The finely textured area in the foothills from G2
to H3 through G4 to H4 probably represents a dissected loess surtace.
An abrupt change in the texture of the mountains from J1 and K1 io K3
denotes the limits of the loess.

The ymage area from A1 o B1 through A4 1o B4 shows a portion of
the Tengger Desert. The surface of the desert in this region is covered by
large numbers of small crescentic dunes about 2to 3mhighand 5m
wide at an average elevation of 1700 m. The lower portions ¢! ine dunes
are about 10 1o 15 percent vegetated. At the incidence angle of about
26 deg used in this scene, only the sectors of the small crescentic dunes
that are normal or nearly normal to the radar illumination show bright
image tones. The remaining surfaces appear relatively dark and poorly
defined despite the thin vegetation cover. Consequently, the crescentic
form of the dunes is not perceived on the radar image. Linear interdunal
corndors up to 1 km in width appear dark in tne area from Al o A2
through B1 to B2 Such areas probably have smooth and relatively
unvegetated sand-free surfaces.

{The caption and sketch map were prepared from information
provided by Dr. Alta Walker of the U.S. Geological Survey )
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B. Renewable Resources

The increased capabilities of SIR-B have allowed better and more useful
measurements of the Earth’s renewable resources. Multiple-inei *:nce-angle
observation has extended the utility of spaceborne radar data by allowing, for
the first time. incidence-angle-related parameters to be chaiacterized and their
impact on image interpretation and classification assessed. The SIR-B images
in this section were obtained at incidence angles from 21 deg to 59 deg.

The first efforts to utilize this information are well depicted in the color
composite images (scenes !4 and 26) where the component of radar back-
scatter for each incidence angle is assigned a color. This technique allows a
simple and direct method of qualitatively assessing radar backscatter as a
function of incidence ang.e. and may well be extended quantitatively when
calibrated imagery is collected on the reflight uf SIR.B.
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18. Rio Japura, Amazonas,

A B

INCIDENCE ANGLE: 3bbteg

This portion of the Rio Japura in Brazil is located 500 km easi of the
border between Colombia and Brazil in the north-central region of the
Amazon Basin. It lies 60 km downstream of the settlement of Japura,
The river flows 1o the sast as inferred from the onentation of the tear
drop-shaped islands.

A prominentfeaturein the image is the varzea (floodplain) whichis
aporoximately 12 kimwite. This area of seasonal Hooding is demarcated
by areas of bright returns and lakes that extend from F1 1o D3 on the
north and from 01 10 AS/B3 on the south. The brightreturas {for exam:

e ol

120 km

ple, D1} are areas of alluvial forest where standing water refiects the
radar signal into a partially open forest canopy, which scatiers the energy
back w the sensor. The extent of these bright areas can be used 1o
eslimate liood stages of the river. Other wetlands with more sparse
canopy s e observad in the medium- to dark-gray areas between B3 and
c2

Bayond the varzea, the uniform gray tone of tne generally flat
tropical forest dominates. It is locally interrupled by darker areas of
sirntiar texture (forexample, H1 1o H3), which may be cultivated land or

"
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INCIDENCE ANGLE: 50 deg

areas of less-dense natural vegetaton. The angular outines of the
darker areas along the Unei Fliver (K1 1o K31 suggest cultivation
patterns rather than natural vegetation differences.

On the right is a corresponding image acquired by S1R-A in Noven-
ber 1981 The areal exient 0! lakes and wetlands is greater in the SIFREE
image, suggesting a higher water level in October ¢f 1984 This agrees
with the expected annual fiooding cycle of the Amazon, which reaches a
low point in late November. Practcally no change in the cowrse of the

fiver is observed.

0} { 20 km

The lack of any significant topographic relief or geometric features
allows a reasonable comparison of the images, although the look angles
and Humination directions are slightly different Most notable is the efect
of increased resolution and dynamic range of the digital SIR-B system.
This is evidenced by the fine forest structure (F3) in the 51R-B scene.
Artitacts of optical processing that appear on the SIR-A image as light-
tonad banding paraliel to the illuminalion direction have been removed

from the SIR-B image by digital processing.
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19. Sundarbans Mangrove Forest, Bangladesh
| c

INCIDENCE ANGLE: 45.6 deg

This area is about 200 km southeast of Dacca and part of the
Ganges-Brahniaputra River delta. The open waters of the Bay of Bengal
can be seen at K1,

The area within F4 to H1 through K1 10 K4 is dominated by the
uniform medium-gray tones of a Sundarbans mangrove forest reserve
known as the Sarankhola Range. The dominant tree species of the
Sundarbans are gewa (Excoecaria agallocha) and sundri (Herietera
fomes), both evergreen obiigatory halophytes that grow in mixed stands.
Gewa is a soft wood used for paper-pulp production, and sundri is a
valuable hardwood used in construction. The Sundarbans is also one of

e o

120 km

the world's largest Bengal tiger preserves, where the cats account for
200 fatelities sach year.

Characteristic of the tidally influenced river morphology are the
angular inside bends and smooth outside bends at elbows in the rivers,
They are seen on the Baleswar River al B4 and on its tributaries at
F3/G3, G2, and K2. Bright areas visible at G2, K2, and K3 conrespond to
ponded water beneath the 12 5-m-high forest canopy, whichis 70 1o
100% closed. Becad se the islands within the delta are surrounded by
levess, the areal extent of standing water as revealed by the radar
brighiness can be used to map topograpic contours of the islands as they
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are difsrentially flooded through the tidal cycle This phenomenon was
observed at the three angles of incidence at which data were collected,
Tre image shown here was acquired at about 4 an. local time during
heavy weather.

irrigated agriculiural land with village and road networks lie within
Al to A4 through G to F4. The dark regions typified by areas in D3 and
E1/F 1 are flooded liekds of rice, Irrigation takes place in cycles related 1o
the tides and monsoons: tidal sliice gates and rainfall are used o
requlate water levels. Villages such as Bhandaria (A3} and roadways are
maintained on raised sarthen embankments above the nominal mon-

N/ ol

120 km

soon wate: ‘avel. Most of the embankments are planted with shade and
fruit trees and' a profusion of vegetables, which contribute to the bright
radar returns. Jwellings are mostly mud-walled huts with thatched roofs,
although soma concrete buildings with metal roofs are pre sent. Popula-
tion density in this region exceeds 300 persons/km?,

{This caption was adapted from information provided by Dr. Marc
Imhoff of tve NASA-Goddard Space Flight Center.)




2C. Mangrove Swamp, Exmouth Gulf, Western Australia

B8

INCIDENCE ANGLE: 30.4 d=g

Nearly 75 percent of the coastlines between latitudes 25 deg north
and 25 deg south are dominated by the many species known collectively
as mangroves, Mangroves are terrestrial plants that have moved back to
the sea, adapting themselves lo life in saline water and mud; they thrive
where few other terrestrial trees can live, and they create an ecosystem
all their own. In a mangrove swamp, itis difficult to determine where land
ends and water begins. The substrate is an ooze-a viscous hquid
compased largely of organic matter.

Mangroves are found at intervals along the north coast of Australia.
This SIR-B scene covers part of a mangrove swarmp that extends north-
vzard for over 90 km along the east ccast of Exmouth Guif. The man-
qgroves provide very bright radar returns from A3 to H3. At the relatively
low incidence angle used in this scene, these very bright returns are
probably the result of backscatter from the mangrove canopy combined
with multiple reflections from the watery surface of the ooze beneath it
They form a distingtive band up to 2 km wide along the coast, following
the numerous channels that wind inward from the guif. The mangroves
are flanked on the seaward side by narrow mud flats, which appear black
on the image, and on the landward side by swamp, which appears dark
gray. The swamp is about § km wide.

70

i20km

The swamp terminates abruptly against the coastal plain in the
area from A1/A2 through J1 to H2. The plain is covered with linear sand
ridges, which provide bright specular reflections at the 30-deg incidence
angle used inthis scene. Typically, the ridges bifurcate at small angles as
seen in H1/J1. Small islands with surface textures similar io that of the
coastal plain are distributed within the swamp. In addition, the boundary
between the plain and the swamp is marked by broad headlands and
narrow embayments, which suggest the position of a former coastline.

Eolian sands encroaching upon this possible former coastiine may
have provided the sediment necessary for the establishment and sca-
ward propagation of the mangroves. Alternatively, the mangroves may
have first established themselves on offshore banks where sufficient
sediment was alteady available, and thereby promoted growth of the
swamp between themselves and the mainiand. Whether the mangroves
are making new !and or colonizing available niches, they serve to protect
the coast from the winus and waves, and they provide an important
habitat for other plant and animal life.
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21. Rio Cisnes, Cordillera Patagdnica Central, Chile

UPPER IMAGE, INCIDENCE ANGLE: 31.4 deg
LOWER IMAGE, INCIDENCE ANGLE: 433 deg
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Landsat TM Bang 1

This regron was imaged by SIF-B alwo different incidence angles.
Lage la Plata (K1) is st across the border in the Chubut Provinge of
Argentina. Rio Cisnes (C1 through G2/H2) flows to the west.

Of particularinteres: is the very low backscatter hom F1/G1 o HL
Thus area 18 mapped as rough glacial il ang terelore expectec 1o
produce relatively bigh bechscatter. Further examination of Landsal
imagery acquired about ¥ weeks afler the SIR-B mission indicales a
snow cover over the area vasmuch as ine SIH-B fligh? otourred dunng
springtime 10 the southern heimisphere, snow was most ikely as exien-
sive then as at the time of the Landsal image. Snow, then, apparently
reduced the normally high backscatterofibe glaciabdili rogion. This effect
may be conticlled by several faclors, such as the morure content and
granule size of the show radar enorgy may be either specularly reflected
off the smooth surface oF absorbed by the snow. Reduced radar back-
scalter would result in either case.

120 km

Further examinagtion ofithe two SIH-B images indicates that the
larger incidence angle appears 1o have a much lower sackscatter in the
snow-covered tegion than the smaller incidence argie. To compare the
effect of snow cover al the two different incidence angles, the areas
outined on the SIR-B images were specially processed 1€ enhance the
features.

This special processing shows that the image taken at the 31 deg
incidence angle (hyure {al} is of high quality; thare are many recogniz-
abie faatures in the image. possibly because no radar eneroy pengirated
the snow. The special processiig for the image taken at the 43.deg
mnoddance angle shows a very low signal-to-noise ratio (SNR). The snow-
covered region appears uniformily dark with hittle feature differentiation,

which can be altributed {o either the low |l or a low radar backscatter
from the snow.
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22. Michinmahuida Volcano, Chiloé Province, Chile
B8

UPPER IMAGE, INCIDENCE ANGLE: 457 aeq
LOWER IMAGE, INCIDENCE ANGLE: 537 dog
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The active subduction of the Pacific plate below the continent of
Sout» America is evidenced £y mountain building, volcanism, and eath-
quat. <. Michinmahida, the volcano shown at E1/E2 in this stereo pair
of SI{\-B imuges, forms part of a chain of volcanoes along the Andes
Mouantains; it rises 2400 m above the surrounding alluvial valleys, which
are near sea level.

Michinmahdida has been active in historic times, and in 1960 this
part of tne Chilean coast was the site of an earthquake with the largest
nagnitude recorded by modern instruments: 9 on the Kanamori scale;
fauit displacements up to 20 m were observed.

The snow-covered slopes of the volcano appear black because of
an extremely low radar retu.n. The snow probably absorbed most of the
radiated signal.

Mountain glaciers radiate from the circular crater (E 1) at the peak of
Michinmahuida. A notable example appears in the lower left of E1: the

valley sides are characteristically steep and curvilinear, and a bright
convex ridge marks the terminus of the glacier. Valleys to the north and
east have been carved by a large continental ice sheet that covered the
area in Pleistocene time. The linearity of the valieys suggests that their
locations are controlied by faults.

These features can be more readily viewed on the images with a
standard field stereoscope. The images were collected at incidence
angles of 53.7 deg and 45.2 deg with same-side illumination. Although
this stereo convergence zngle of 8.5 deg is relatively small, the steep
slopes of the voicano and the steep sides of the glaciated valleys are
quite clear in the three-dimensional perspective.

(This caption was prepared from information provided by Mr. Eric
Fielding of Cornell University.)
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23. Albemarie Sound, North Carolina, U.S.A.
0

INCIDENCE ANGLE: 210 dey

Albemarie Sound (E1/F1 through G3/H3) on the coast of North
Caroling lies about 80 km south of Norfoik, Virginia. This seene s mostly
in the Tidewater Province, a low nearly ievel plain composed largely of
peninsuir racts divided by broad embaymen: that formed from
enuulied river valleys Elsvations do not exceed 8 m Mucholthe areals
naturally subject to flooding brom storms and tdes, and it s poorly
drained Topelo, gum, cvpress, and Atlantic white cedar are the domi-

e

0l j 20 km

nant tree species in such riverine swamps as those along the Roanoke
River from H2/HL 0 K4 These swamps give bright returns rona the troe
canopy above the standing water. Darker tones within inese swamps are
probably areas of marsh grasses. Hardwood and pine lowlands (E3/FQ)
are found in interstream divides,

Large areas ol swamp have been drained through an exiensive
network of canals and the 'and converted to agrcultural use (K and




i Elizabeth

City Plymouth

Hertford Edenton

Mills

. By, r r
N / o I | ) ]20 km

B3) -crops of mostly corn and soybeans. A portion of the intracoastal A significant darkening is observed along the north shores of
Waterway connecting the Pasquotank River and the James River in Albemarle Sound and other rivers (for example, A1, D1, E1, G1, and G3).
Virginia can be seen at A3/A4. The bright linear return from D3 to F3 is Apparently this is a wind shadowing effect. The rougher, open water
the railway connecting Hertford and Edenton. The railway bridge cruss- produces a brighter return than the protected downwind coastline.

ing Albemarie Sound is clcarly visible at G2 but the automobile crossing (This caption was prepared from information provided by
to the east is not, perhaps due to differing constructions or orientation. Heathar M. Cheshire of the North Carolina State University.)
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24. Ocean Pond, Florida, U.S.A.
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INCIDENCE ANGLE: 28.4 deg

Ocean Pond (F6), Palestine Lake (H3/H4), Swift Creek Pond
(F1/F2), and Lake Butler (J1) are prominent features in this image of a
forested area in northern Florida, 65 km west of Jacksonville. The terrain
is flat with a mean elevation of 45 m. Mostly sandy soils overlay weather-
ing limestone to produce the characteristic circular sinkhole lakes. Inter-
state Highway 10 crosses from A1 to E6 generally in parallel with a
railroad grade and U.S. Highway 90 from A1 to G6. The much finer linear
feature to the south extending from A1 to H6 is a power line right of way.

This color image was produced from the coregistration and com-
bination of three separate SIR-B images, each acquired at a different

( POLRCUT

INCIDENCE ANGLE: 45.3 deg

incidence angle: the 58.2-deg image was assigned red, the 45.3-deg
image green, and the 28.4-deg image blue. From this image, the radar
brightness of an area as a function of incidence angle can be quickly
assessed.

Much of the land in this scene is cultivated with plantations of slash
pine, which appear generally as a uniform muddy green in such areas as
E4/F4. These stands, managed for paper pulp production, are on a 25-
to 30-year rotational cycle of harvest. Other areas, many of which are
part of the Osceola National Forest, contain natural stands of older
longleaf pine, which appear reddish (for example, B6), and native

0l ) ] 10 km

cypress-tupelo in swamps, which provide the bright-blue returns of
C1/C2, E3/F3, and J2. Many of the dark returns (for example, C2 and
D4/D5) are recently clear-cut areas and, in some areas (K2 through K5),
farmland—pastures or newly planted fields. The small spot of pure red in
A1 (produced by the largest incidence angle of 58.2 deg) was discovered
to be an ornamental shrub nursery containing thousands of 25-cm-high
pots of plants.

The use of multiple-angle imagery to distinguish the surface cover
under forest canopy is demonstrated by comparing the returns from the
cypress swamp surrounding Fisher Lake in the lower half of J2. The area

b [ Pl
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INCIDENCE ANGLE: 58.2 deg

is very bright in the 28.4-deg image. This small incidence angle allowed
the radar signal to penetrate the partially open canopy; from there it was
reflected by the standing water beneath the trees and scattered back to
the sensor. At the angle of 58.2 deg, there is no distinction between the
swamp and the surrounding slash pine stands; the incidence angle is too
large to allow the signal to penetrate the canopy and reach the surface.

(This caption was prepared from information provided by Prof.
R. M. Hoffer of Purdue University.)
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25. Shillong Plateau, India, and Sylhet Uplands and Lowlands, Bangladesh

INCIDENCE ANGLE: 25.8 deg

The Shillong Plateau in the Assam region of India is composed of
Tertiary and Quaternary sandstones, siltstones, shales, and conglom-
erates that overlie Precambrian granite and gneiss. A portion of the
plateau is shown in the image from A1 to B1 through A4 to C4. The
plateau rises to an average elevation of about 1400 m, and it is deeply
dissected by ravines that are dominantly fault controlled. Local relief
reaches 800 m.

The mean annual rainfall exceeds 5000 mm, the plateau surface is
largely covered with scrub and grass, and the area as a whole is under-
going regional subsidence owing to tectonic movements of the Indian
subcontinent. These conditions combine to produce serious seasonal
flooding in the Sylhet lowlands to the south.

The Sylhet uplands and lowlands in Bangladesh occupy the re-
mainder of the image. The Surma River forms the major drainage of this
area, and it is fed by sediment-laden runoff from the adjacent Shillong
Plateau. In common with other drainages in the area, it tends to overflow
and flood the adjacent countryside. Small earthen levees along the
banks of the river provide bright radar responses on the image. The
lowlands are characterized by a widespread distribution of lakes, some
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of which are permanent, and many of which are seasonal. During the
monsoon season—at which time this image was obtained—the lakes
are used to grow deep-water rice, jute, and water hyacinth.

A succession of plunging fold structures gives rise to uplands such
as the Cherragong, which rise about 80 m above the surrounding coun-
try. Such areas support a natural cover of mixed deciduous trees and
they are used for large tea plantations. This contrasted land usage
results in distinctively different image texture in the area extending from
E1 to G2.

The town of Sylhet is the largest settlement in the area. It is a major
center for the production of tea, rice, cattle, and some jute. Numerous
villages built on embankments for protection against flooding appear
very bright on the image. A network of roads and other transportation
routes is readily perceived from the bright linear trends in the lowlands.
Many of the routeways are built on embankments and locally flanked by
habitations.

(The caption was adapted from information provided by Dr. Marc
Imhoff of the NASA—Goddard Space Flight Center.)
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25. Cordén la Grasa, Chubut Province, Argentina
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These four images are a portion of a descending multiple-inci-
dence-angle data set acquired by SIR-B near the border between Argen-
tina and Chile, just east of the Andes Mountains. The prominent features
(see map) are the Valle Frio and Cordon la Grasa, a lower elavation
mountain, the peak of which was snow covered at the time of the SIR-B
mission.

The vegetation is transitional from the closed forests of the Andes
to the dry grasslands of central Argentina; this transition zone is a
compilex mosaic of several deciduous and evergreen forest communi-
ties, grasslands, semiarid steppe associations, prairies, and bogs. The
vegetation types in this area of coincident coverage are governed pri-
marily by elevation and rainfall.

The vegetation community at the highest elevation is a deciduous
forest of lenga (Nothofagus pumilio) (Brandani et al., 1984). These trees
have horizontal branches that radiate from the trunk at several distinct
levels. The trees had shed their leaves by the time of the SIR-B mission.
Below the canopy, dead trees and branches accumulated over years
litter the ground.

The lower-elevation forest community west of Cordon la Grasa
extends to the Valle Frio; it is a mixed forest composed primarily of fiire
(Nothofagus antarctica). In general, fire is shorter than lenga, and it has
a more random branch structure; during the mission, it had no leaves. To
the south and east of Corddn la Grasa, the vegetaiion community is also
fire, but with a different structure and mixture of other tree species.

The intensity of the four SIR-B itnages is relatively uniform except in
the region of the high-elevation lenga forest. This forest is readily dis-

tinguished from the adjacent lower-elevation forests in the low- and
medium-incidence-angle images; however, in the highest-incidence-
angle image, the distinction is minimal. This may be due to a strong,
horizontally polarized signal retum from the dead trees and branches on
the ground. At the highest incidence angle, the radar loses its ability to
penetrate the canopy.

The color composite of the images obtained at incide Ace angles of
33.0 deg (blue), 53.7 deg (green), and 59.7 deg (red) shows the
high-elevation lenga forest displayed in biue. This indicates stronger
returns at the lower incidence angle, as expected. The Jire forest to the
south and east is displayed in darker blue-Green, which indicates a
relatively equal backscatter at the low and medium incider.ce angles,
both of which produce backscatter stronger than the backscatter at the
highest incidence angle. The fiire forest on the west slope= of Cordon la
Grasa is displayed mostly in red, indicating stronger retums at the higher
incidence angies. A more subtie structural difference in the two fiire
canopies results in two significantly different backscatter curves.

Although relative brightness could be modified by variations in the
radar transmitted power, the color-composite image indicates a strong
variation in brightness as a function of incidence angle for the high-
elevation lenga forest and the lower-elevation Hhire forests.

(This caption was adapted from information provided by Dr. Aldo
Brandani of the University of Mar del Plata, Mar del Plata, Argentina, and
Dr. Jorge Rabassa of the University of Comahue, Neuquén, Argentina.)
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27. Gravel Terrace and Alluvial Plain, Chubut Province, Argentina

INCIDENCE ANGLE: 31.6 deg

A striking teature of the Palagonan Deser! of southern Argentina is
the apparent uniformity of the vegetation from wost to easgt. From the
Andean Pre-Cordillera eastwai. 0 the Allantic Coast the rainfall is
uniformiy low and the environment is very and. This is conducive to the
growth of low shrubs and grasses In examining the SIR-B images
acquired over southern Argenting, it is difficult to account for the strong
difference in bnghtness between two topographically smooth vegetatad

The gravel terrace at E2 shows the charactenstics of a coarse-
arained surface Bright dots alternate with dark ones and bright linear
traces are onentedin a northwes!-southeast direction. The terace has
been «.ssected by the trbulanes of the Chubut Biver, leaving large
nonthwest-southeast oriented v fluvis! areas that are covered by aliu-
vial gravels of diverse compos

By contrast, the alluvial plain from J1 to K1 through H3 to K3
appear. as a dark, relatively homogenous surlace transected from west
to east by severalbright linear features. The plainis atypical pampa’ ~a
fiat unit lormed by a continuous deep iaver of finer alluvial and eolian
sedimenis.

Maijor differences between the grave: terrace ang the alluvial plain
seen on the SIR-B image probably result from differences in vegetation.
The SIR-B image was acquired in springtime (October), wher empora-
fure and soil moisture encourage active plant growth. A1 this time the
diferences in leal and stem production among diferent species of plants
is greater than at any other neriod of the year,

The vegetation on the grave terrace (fioure (8)) is a steppe com-
munity. i containg 1.5-10 2-m shrubs, 0. 5- 10 1-m shrubs and herbs, and
a 5- 1o 50-cm-high herbaceous layer. In general, the branching structure




of the shrubs is randomly oriented. Vegetation palchiness in the grave!
ferrace might be a leading cause of the coarse-grained patiern regis-
terad in the SIR-B image, where bright dots indicate the presence of tall
shrubs in areas of abundant vegetation. and darker zones correspond to
sites of the lower two-plant strata,

Vegetation in the aliuvial plain consists of a 1.5-m 1all shrub layer
and a stratum of short {about 50 cm) shrubs and herbs. The branch
structure of the shrubs is generally vertical (figure (b)), The darker aspect
and finer grain of the alluvial plain on the 5.8 image is likely the
consequence of reduced plant cover {more denuded soll directly

exposed), the lack of tall shrubs, and the morphological struciure of the
plants - vertical branching, and small leaves and spines - all of which
diminish radar backscatienng, Additional suppor for this interpretation is
the fact that bright lines registered by SIR-B in the alluvial plain corre-
spond to the locations of riparian vegetation (willows and related species
in fullleal, 2 1o 5 m tall); these areas are in contrast to the extreme aridity
of the remaining ecosystem.

{This caption was adapted from information provided by Dr. Aido
Brandani of the University of Mar del Plata, Mar del Plata, Argentina, and
Dr. Jorge Rabassa of the University of Comahue, Neuguén, Argentina.)
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28. Agricultural Development, Sumatra, Indonesia

INCIDENCE ANGLE: 52.2 deg

This SIR-B image siiows forested terrain from the north slopes of
the Barisan Mountains (A1 to Ad), which rise to about 1200 m, to broad
lowlands (from E1 to K1 through E4 to K4) at an average elevation of
about 680 m. The Barisan mountains in the scene consist mostly of
granites of Carboniferous to Jurassic age (Rosidi et al., 1976). The
image shows a conjugate set of linear features formed by joints or faults
in the mountains. The lowlands are underiain by gently dippitig clastic
sedimentary rocks with intercedded tuffs and pumice of Tertiary and
Quaternary age (Simandjuntak et al., 1981). The Hari River (J1 to J4)
and such ‘ributaries as the Bungo (A1 to F4) and Tebo (E1 to F4) Rivers
provide drainage to the southeast

88
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From the foothills through the lowlands (D1 to K1 through D4 to K4)
the image covers pan of the Rimbobujang Transmigration Area Develop-
ment. This is one of numerous areas in the lesser populated parts of
indonasia that have been settled and cleared for agricultural develop-
ment by government sponsored immigrants from more densely popu-
lated regions.

Very bright radar returns at various locations along the river banks
are settlements: an example is in the upper portion of E1 on the Tebo

River. Corrt >+ ~*_at metal is used extensively for roofing material in
the town. ». The corrugations have a wavelength of about
7.5¢cn w amately one-third of the radar wavelength; small
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clusters 1 buiidings roofed with this material form bright radar targets.
The largest settlement is at the junction of the Bungo and the Tebo Rivers
{F4). This is Muarabungo, the district administrative center. Parallel
linear rows of bright radar retums in the lowland from F2 1o J2 and at
H3/J3 represent newer settiem-nts in the agricultural development
area.

Patterns of forest clearing and agricultural development are out-
lined in medium gray tones on the SIR-B image. Rice, palm oil, fruit, and
cloves are the crops. Mipah palms line the banks of the rivers in swa v.py
areas. On the corresponding Landsat MSS imags in the near-infrared
wavelength, the cultivated areas 2re brighter than the uncleared forest.

J 20 km

Recently cleared land at G3/G4, which shows low radar backscatier on
the SIR-B image, is strongly reflective on the near-IR image. Areas of
open wetland adjacent 1o the rivers appear dark on both images.

{This caption was prepared from information provided by Prof. J.
Rais of the National Agency for Surveys and Mapping, Cibinong-Bogor,
Indonesia, and by Dr. R. Sukamto, Geological Research and Develop-
ment Centre, Bandung, Indonesia. The Landsat MSS image was pro-
vided by Dr. Wiranto Arismunandar of the Indonesian National institute
for Aeronautics and Space.)
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29. Macomb, Hllinois, U.S.A.

ILLUMINATION §

INCIDENCE ANGLE: 31.4deg

The imaged area is a largely agricuitural region in Mc Donough
County, west-central lllinois. The city of Macomb (D1 through D2) with a
population of 20,000 is characterized by a medium-gray return with
scattered specular reflectors, which include some of the larger buildings
of Western lllincis University at D2 and the County Courthouse in the
central square of the town. Spring Lake (D4 through E5) is a man-made
recreational area. The East Fork of the La Moine River (A1 through E3}
runs southwest to the illinois River It is manifest chiefly because of the
miottled gray retumns of the vegetated river valley; no open water is
visible,

The agricultural field pattern in the northern portion of the image is
generally laid out in a Yo-mile grid system. Approximately 80% of the

90
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Airborne SAR

ILLUMINATION ¢

|5 km

acreage is evenly divided between corn and soybeans, both of which
were undergoing active harvest at the time of data acquisition. Unhar-
vested corn fields vielded the brighter returns, harvested corn produced
an intermediate return, and the darkest returns were from soybeans in
various stages of harvest. The level of backscattered return is, in gen-
eral, proportional to soil moisture, surface roughness, and vegetation
biomass.

Compared here with the SIR-B image, which was collected on
October 11, 1985, is the same area imaged by the JPL aircraft SAR on
October 10 and by Landsat TM (band 4} on October 29. Both radar
images aie L-band and HH polarized. The SIR-B and TM scenes have
approximately 30-m resoiution; the aircraft image has about 11-m reso-



Landsat TM Band 4

lution in the far range. Although the SIR-B image has lower resolution
and dynamic range than the aircraft data, which were collected at an
altitude of 10 km, the qualitative identification of features in the two
images compares very well. Notice the gradation of resolution and image
tone across the aircraft scene, a result of the change in incidence angle
from 18 to 54 deg. No such gradation exists in the SIR-B image because
of the high altitude of the sensor. Note also the com field {(arrow) at C4

\ '%’Sr
Ors

Spring Lake

0l } 5km

which appears bright in the aircraft image but dark a day later on the
SIR-B image —anparently a result of the harvest. The TM scene shows a
markedly different field pattern, a result of the continuing harvest and
differing albedos of the surtace at infrared wavelengths.

(This cagption was prepared from information provided by Mr.
M. Craig Dobson of the University of Michigan.}
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30. Montreal, Province of Quebec, Canada
A ! R

INCIDENCE ANGLE: 33.4 deg

Built-up areas betwesn the 8t Lawrence River and the Rividra des
Prairies in the cily of Montreal (G 1/H1 to G3/H3) show different lavels of
radar backscatter due mastly to directional effects. City biocks orieried
normal 1o the radar illumination (paralist to the flight path) appear very
bright (G2/H2). Blocks inclined by more than about 10 deg to the radar
illun, ination appear notably darker {ower portion of (3},

in contrast to Montreal the towns of 8t Jean and ibervilie (B3/C3).
on opposite banks of the Richelieu River, show hittle effecton the levals of
backscatter. Because the network of streets and blocks in these towns is
highly inclined relative to the direction of radar illumination, the built-up
areas vield comparatively low backscatter and appesr dark on the
image.

Mount Hoval the feature from which the cily takes its name, i8
visible as a dark efliptical area st west of a wide bend in the 8t
Lawrence River {G2/G3). The St Lawrence Seaway is the narrow black
strip south of the main river channel in the vicinity of Heron island and
Lachine Rapids (F1/F2).

Direct.onal eflects influence the ragar backscalter from cullivated
fields, as well. Two groups of fields with drainage dilches oriented
paralle! 1o the flight path appear bright in the area ouliined on the SIR-B

| 20 km

imaga (C1). The ditches are more clearly displayed on the corresponding
airborne SAR coverage of this area, shown here al a scaie larger than
that of the SiIR-B. The airborne image was acquired by the Canada
Centre for Remote Sensing 18 days after the SIR-B image, using a
sensor with similar wavelength, polarization, dlumination direction, and
fiight path, but with a 3-m spatial resolution, which is higher than that of
the SIH-B imagse.

At the times both images were acquired, some fields in the area
contained rows of standing corn and some contained comn stubble. The
direction of these rows again influenced the level of radar backscatter,
For example, in the are : between the two groups of Hields outlined on the
SIR-B image, there is a small bright triangular area where uncul cormwas
oriented in rows parallel 10 the {light path; this area is indicated by an
arrow on the airborns image. Adjacent to this area. where the com rows
are inclined by 13 deg to the flight path, the backscatter is notably
reduced.

{The airborne SAR image and the technical analysis upon which
this caption is based were provided by Dr. Lawrence Gray, Canada
Centre for Hemote Sensing.}
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31. Nagoya Industrial District, Central Honshu, Japan
C D E

INCIDENCE ANGLE: 21.1deg

This imuge covers porions of a major industrial district in the
vicinity of Nagova, Central Honshu, Japan. The port of Nagoya, to the
south of the city, is located from G3 to H3. Land use is intensive. Many
parts of the coastline are reclaimed land used for factories, petroleum
storage, and other industrial purposes. The mole that protects the port of
Nagoya appears as a thin bright line that extends obliquely from G21o
H1; it was constructed in 1961 in response to the destructive effects of
the 1959 Typhoon Isewan. The mole's three segments have a combined
length of 7.6 km; they are 6.5 m high and taper in width from 10 mat the
base to 0.4 m at the top.

On the corresponding Landsat TM image, which was obtained in
the visible red wavelength (0.63 to 0.869 um) 9 days belore the radar
image, the industrial areas are strongly refiective and appear very bright.
The mole, however, is scarcely perceptible on this imagse.

Reclamation currently in progress along the coastat Kira ({C1 10 D1)
resulls in geometnc patterns of medium to dark-gray tones on the radar

1 20 km

image, but it is mostly imperceptible on the TM image. The aenal photo-
graph gives a detailed view of this area.

intensive rice culltivation is practiced in the deltaic region between
the Kiso and Ibi Rivers (J1 to K2). The bridges across these rivers and
levees that protect vilages against flooding are revealed as bright lines
on the radar image.

The trend of Mikawa Bay along the north coast of the Atsumi
Peninsuia from B1 to B3 marks the trace of a tectonic lineament known
as the Median Line in this part of Japan.

{The caption was prepared from information provided by
Dr. N. Fugono, Fadio Research Laboratories, Ministry of Posts and
Telecommunications, Tokyo, Japan. The Landsat image is by courlesy
of the Earth Observation Center, National Space Davelopment Agency
of Japan; the aerial photograph was provided by the Shyowa Aviation
Co., Japan)
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32. Northern Shikoku and Seto Inland Sea, Japan

INCIDENCE ANGLE: 46.7 deg

Japan is fransecled by two maijor tectonic lineaments. One is the
Media, Line that divides the southwest part of Japan into an inner Zone
to the north and an Outer Zone 1o the south. The Median Line is truncated
eastward by the Hoigawa-Shizucka Line that crosses the middie part of
Honshu Island in a northerly direction. A portion of the Median Line
extends across this image from A1 10 D3, Faulting along the Median Line
iz thought o have slarted during the Cretaceous Period and has
remained active 1o the present On the corresponding Lardsat TM
image, taken in the middie infrared portion of the spectrum {155 1o
1.75 um), the linear structure is clearly contrasted by the differing reflec-
tivity from vegetaled siopes thal appear dark and coastal urban areas
including the town of lyomishima {C2) that appear light,

0l } 20 km

Erosional remnanis of a former lave plateau are situated inthe area
from H2 to K2 and H3 to K3. The sloping surfaces are clearly dis-
tinguished on the radar image, but the vegetation cover is more clearly
outlined on the infrared image. The accompanying aerial photograph (a)
shows in greater detall the nature of the surface and the vegstation cover
between J2 and K2,

That part of the Sanuki Plain that extends from the coastatHito
the hills at G3 shows an abundance of irrigation ponds that appear as
small dark palches on the radar image. These small reservoirs supple-
maent the relatively low annual rainfall (about 1200 mmyj for imigation in
this region of intensive rice cultivation. On the infrared image, the ponds
are in strong contrast 10 the adjscent cultivated fields.
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Certain cultural features in the coastal region from G1 to J1 appear
very bright on the racar image. A most nolabie fealure is the chain of
three piers in the upper portion of J1. The piers will form part of the
Honshu-Shikoku bridge, which is currently under construction and

scheduleq for completion in 1888, There is no apparent difference in
hrightness between the two outside plers that are consiructed of sieel
and the center pier that is made ol concrete. The very bright area to the
southeast of the bridge = a petroleum storage compilex, with many laige
fenks: itis situated on reclaimed land. The bridge and adiacent coastal
region of Shikoku in the vicinity of Sakaide are shown in the aenal

photograph (b).

Between the bridge and the river at the bottom margin of Hland at
the left margin o1 G1 are two coaslal areas thal appear very darkon the
radar image. The corresponding areas are very bright on the TM image.
The outlines and the contrasts in reflectivity suggest recently reclaimed
land surfaces.

{The caption was prepared from information proviced by
r. N Fugono, Radio Hesearch Laboratories, Ministry of Posis and
Telecormmunications, Tokyo, Japan. The Landsat image is by courtesy
of the Eaniy Observation Center, National Space Developrmant Agency
of Japan; the aerial photograph was provided by the Shyowa Avialion
Co. Japan))
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C. Oceanography

The L1R-B mission, with its range of incidence angles and orbital configu-

place during the flight. The surface-wave exzeriments tocused on comparing
rations that enabled daily viewing of selected Earth locations, provided a

accurate in-situ measurements with directivnal wave spectra derived from the
good opportunity to test SAR ocean theories and models with coordinated imagery: this allowed examination of various SAR ocean wave theories and
experiments based primarily on previous studies of Seasat SAR imagery. models.

The imagery in this section was obtained at incidence angles from about
20 Jeg to 26 deg. It provides an overiew of ocean experiments that took
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33. Surface Waves Off Clile, South America

INCIDENCE ANGLE: 25.1 deg

Accurste measurement of directional wave-snergy specita over
the world's oceans would provide valuable scientific knowledge of global
wave climalology ard practical reference data to validate, refine, and
periodicclly update existing ococan-wave forecast models. The two-
dimensional "snapshols” of ocean :urface waves oblained by the
Seasat SAR provided such a measure of directional wave spectra,
However, a nonlinear effect was introduced into the Seasat imagery that
resulted in the inaccurate measurement of waves traveling in the azi-
muth direction {Alpers, 1883). The shutlle’s lower altitude could greatly
reduce this nonlinear effect and t=srefore produce better estimates of
wave energy and height from § irnagery.

To confirm improvement in Jdimates of directional wave spectra
from SIR-B, a series of aircraft flights off the coastof Chile oblained wave

| 10 km

measurements coincident with the SIR-B coverage of this climatologi-
cally known region o high significant wave height (' /,, the average of the
highest one-third of the observed waves). These independent mes-
surements were compared fo the Fleet Numerical Oceanography
Centers Global Snectral Ocean Wave Model (GS0WM]) (Monaldo,
1985).

Figures {(a). (b}, and (¢} are two-dimensional wave spectra gener-
ated from the SAH image and these other wave measurements. They
present wavelengihs of decreasing magnitude i terms of the wave-
lengths’ distances friom the center of the spectra, wave propagation
direction is determined by the angle of the wave frequency peak from
north. The 180-deg ambiguity in direction is resolved by the iocation of
the weather system that generated the waves, which, in this case, was
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several hundred kilometers north-northwest of the measurement area,
making the peak in the southeast quadrant a correct indicator of
propagation direction.

As seen in this image taken on October 11, surface waves were
detected off the coast of Chile traveling in the range direction. As figures
(a) and (b) indicate, the SAR and the airborne Radar Ocean Wave
Spectrometer (ROWS) measurements of the primary wave system were
wavelengths of 250 m and 260 m, and propagation directions of 143 deg
and 146 deg, respectively; the disparity in Hg, however, was significantly
greater: 4.0 m for SAR and 4.8 m for ROWS. Also, each instrument

showed a secondary wave system of shorter wavelength propagating in
nearly the same direction as the primary system. The GSOWM forecast
for 00 GMT nearest the SIR-B data location predicted a single wave
system with a wavelength of 275 m, a propagation direction of 172 deg,
and a Hg of 5.0 m (figure (c)). The GSOWM forecast did not predict a
secondary wave system and showed a much broader distribution of
directional wave energy for the primary system. As these and other
resuits from the Chile experiment indicate, the GSOWM forecast could
have benefitted by incorporation of the SAR (and ROWS) estimates of
directional wave spectra.
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34. Hurricane Josephine, North Atlantic
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Surface waves generated by hurricane Josephine were imaged off
the east coast of North America. As the image enlargements from
several locations along the radar track indicate, the waves underwent
considerable spatial evolution in propagation direction and wavelength.

Josephine developed from a tropical depression on October 7 to a
tropical storm on October 8 and finally a hurricane on October 10 when
65-knot winds occurred (see map). Josephine moved north and east
some 2500 kilometers until it dissipated south of Newfoundland on
October 18. The imagery was obtained on October 12 al 16:31 GMT
during the period of maximum hurricane intensity, when tha wind speed
was 90 knots.

A partial track of Josephine is given on the map, where maximum
wind speeds in knots are indicated at 6-h intervals; the radar track with
times of acquisition are also indicated.

From two-dimensional wave spectra obtained from the imagery,
the dominant wavelength and direction of the wave systems have been
estimated and re shown graphically on the map. The primary wave
system propagated north and northeast away from the storm track and
underwent a rotation in direction of over 90 deg and a change in wave-
length of over 30%: the wavelengths increased from less than 200 m to
greater than 300 m. These waves were generated earlier when the
hurricane was further south, and they evolved into ocean swell. Second-
ary wave systeins with shorter wavelengths were also detected moving

northwest and west in the upper portion of the radar track and east in the
lower portion, separated by a zone where no secondary waves were
seen. The propagation directions of these secondary waves were
aligned roughly in the direction of the cyclonic (counterclockwise) wind
field rotating around the hurricane eye, indicating that the secondary
waves were locally generated.
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35. Surface Waves at Different Aspect Angles, North Atlantic
A B G D E

INCIDENCE ANGLE: 26.3 deg

While the principal mechanisms for the SAR imaging of surface
waves are fairly well known, the importance of nonlinearities in the
imaging mechanisms are not well known (for example, Vesecky and
Stewart, 1982; Hasselmann et al., 1985). Determining the mechanisms
and their properties are particularly important in measuring ocean wave
spectra from SAR imagery based on a transfer function. To test various
imaging theories and the influence of environmental parameters on
these theories, an experiment was conducted in the North Atlantic
Ocean southwest of England to obtain highly accurate wave information
from buoys. The buoy data were obtained at the intersection of two SIR-B

106

] 10 km

orbits. The imagery obtained at this intersection permitted viewing one
area of the ocean surface at two closely spaced intervais and at signifi-
cantly different aspect angles.

These two images of the same area in the North Atlantic were taken
6 h apart on October 11, 1984 (Keyte and Macklin, 1986). Image (a)
contains waves traveling in the range direction, while image (b) shows
the same wave field traveling in the azimuth direction. The heading ofthe
orbital track for image (b) rotated 50 deg clockwise from that for image
(a). One of the research ships appears in both images ((a), J5; (b), E3) as
a bright narrow target because a radar transponder was on board.



INCIDENCE ANGLE: 24.8 deg

From the SAR specira, wavelengths of 192 m and 182 m with propa-
gation directions of 219 deg and 299 deg from nonth were measured for
images (a) and (b, respectively. Consistent with linear imaging theories,
favorable comparisons in wavelength and direction were obtained by the
various deployed buoys. Mowever, aithough not conclusive, a reguction
inn the intensities that were based on model predicions ot the SAR
spectra for the azimuth waves inimage (b} may indicate inade uacies in
the estimates of certain nonlinearities in the imaging mechanisms.

x\,\

L 10km

Also seen inimage (a) are a moving cargo ship and its bow or
Kelvin wake {(E5), two small glicks side by side (A1/A2) produced by a
thin surface film, and two research ships faintly visible as bright point
targets (B1 and B2). The oil film was discharged by one of the nearby
ships o study the dampening of short gravity waves by the film and its
effect on the SAR imaging of the ocean surface. The film also indicates
the presence of horizontal shear since the original slick subsequently
divided into two separate slicks.




36. Internal Waves, New York Bight, US.A.
A B C D

INCIDENCE ANGLE: 20.6 deg

The New York Bight is located northeast of Hudson Canyonionthe
continental shelf at depths of 50 to 100 m. Intemal waves have been
extensively observed along this region, particularly in summaer when they
are trapped in the strong ana shallow thermocline, and are believedtobe
locally generaled by tidal interaction with sharp variations in bathymetry,
in this image, internal waves are seen as alternating bands of rough and
smooth sea surfoce; these bands result from the modulation of short
surface waves by the internal waves themselves,

Within each packet (which is a discrele group of internal waves),
the internal waves decrease monolonically in waveiength from a leading
wave crest of400 to 500 m o arearwave crest of 15010200 m, and they
are generally aligned patallel 1o the bathymetnic contours. These are
characteristic observations of internal waves in coastal waters.,

Note the overall low detectabiiity of the internal waves in the dark
iow-wind area {measured wind speed about 1 m/s), which forms a
curvilinear boundary with the bright higher-wind area (measured wind
speed about 3 m/s), perhaps indicating an interaction of water masses
with slightly differenttemperatures Inthelower lett ot tre image, the dark
streaks are small eddies and/or surface films.

18
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in an expeniment headed by R Gasparovic and J. Apel (SARBEX
interim Feport, 1985}, ship measurements of several oceanographic
parameters important 1o the understanding of the SAR imaging of inter-
nal waves were obtained in this region simultaneously with the shuttie
overpass. Specifically measured were parameters associated with the
wave packet located at Ft {the ship itsell is not detectable). Several
temperature profiles (figure (a)} taken near the time of the overpass

the summer - and indicate a cooling in the uppennost layer. The vertical
excursions ol three isotherms caused by an internal wave field propagat-
ing past the ship are shown in figure (b). The internal waves had a
peak-to-trough amplitude of about 8 m and a period of aboul 8 min,

These and other in-situ measurements including surface strain
rates, currents, and surface roughness will be used 1o heip understand
the hydrodynamic interaction of the short surface waves, the surface
currents induced by internal waves, and the resultant modulated radar
scattering. This knowledge might enable predictions of the energeics of
internal waves from SAR intensity signatures.
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37. Smail-Scale Eddies Off Long island, New York, U.S.A.

A B C D E

INCIDENCE ANGLE: 204 deg

Smail-scale eddies are clearly seer in this image {laken
October 11, 1984) of the continental shelf east of Long Island. The two
fully resolved eddies are cyclonic with diameters of 1010 15 km and are
distinguishable by very thin and dark spiraling streaks (D3 1o E3; E4).
Portions of other eddies are seen extending info the dark fow-wind area.
The mean surface currents along this part of the Middle-Atlantic Bight are
not strong, flowing southward with velocilies of about 10 om/s
{Beardsley and Boicourt, 1981).

During the shuttle mission, several extensive series of hand-heid
photographs were taken of large fieids of small-scale eddies. These
fields occurred repeatedly in the Mediterranean and along the East
Coast ol North America. One such example is given here - a photograph
of the continental shelf off Delaware, taken October 9 at noon local time.
The eddies show on the photograph because of a sun glitter eflect which

01 ] 20 km

occurs when the viewing angle of the camera is equal to the incidence
angle of the sun's rays on the ocean surface. Eddies atthese scales have
been seen on radar imagery from Seasat and SIR-A, particularly in the
Caribbean, and most commonly are adjacent to low-wind areas and
away from significant surface currents. Some eddies seem to have been
formed by strong coastal current shears (Fu and Holt, 1982). The extent
of the repeated observations from the shuftle flight suggest that such
eddy fields are commonplace in many of the world's seas.

Based on their size and numbers, the eddies in these images seem
to fall intu a calegory of phenomena termed submesoscale coherent
vortices {McWilliams, 1985). These eddies are long-lived, often trave! far
from their origins {which are traceable by the chemical properties of the
eddies’ core walers), have horizontally rotating flow fields, and are most
likely generated in the surlace mixed layers.
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38. Shoals Off Martha's Vineyard, Massachusetts, U.S.A.
c D E

A 8

INCIDENCE ANGLE: 19.8 deg

Surtace expressions of the shoals off Martha's Vineyard are clearly
seen inthis image. Tha shoals are shallow sand regions that rise 1o within
a few meters of the surface from a 10- 1o 25-m floor; they are part ol a
arge shoal region that exiends o nearhy Nantucket Island. A compari-
son of this image with the corresponding bathymetry map indicates a
close association of the expressions with the 5- and 15 fathom contour
lines. The patterns are characterized by narrow curvilinesr bands of low
retumn adiacent fo narrow bands of enhanced brightness {(for example,

] 20 km

D1 and E1). Some of the darkest expressions, such as the narmow curvy
band extending off the southeast comer of Chappaquiddick isiand (F1),
may be shoal areas that are exposed or naarly exposed. Note the lack of
surface expressions south of Martha's Vinevard where no shoals are
present and off Cape Cod where shallow waler does ocour.

This area has a low Yidal range of 1 1o 1.3 m with fairly strong and
variable tidal currents (from Tidal Current Tables, 1984) Atthe time of
the overpass, the water al Chappaquiddick was some 40 min away from
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CONTOURS IN FATHOMS

a low tide of 0.1 m; this is nearly the mean tidal level of the area. The tidal
curront directions and speeds shown on the bathymetry map indicate a
generally west-to-southwest tidal flow across the shoal regions. The
cuirent speeds near Martha’s Vineyard, where the surface expressions
are strongest, are generally greater than 0.5 m/s; the speeds near Cape
Cod are lower, and there is no surface expression over the : ~oal region.
The expression of bottom features on SAR imagery is the result of
differentiated backscatter of the radar signals. These variations in back-
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CURRENT SPEED
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scatter are caused by the modulation of short surface waves as the tidal
current flows over uneven topograyiiy. Essentially, there is no pene-
tration of the sea by the radar signal at the SIR-B frequency. A recent
theory (Alpers and Hennings 1984) predicts an enhanced image bright-
ness downstream and r.- ced image brightness upstream of a sub-
surface feature. Qualitatively, this is an accurate description of the
surface expressions seen in this image, given the direction of tidal
current flow.
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39. Pack ice, Weddell Sea, Southern Ocean
A B r D

¥

CENTER INCIDENCE ANGLE: 27 3deg

One of the original goals for the sea-ice experiment was 10 acquire
overapping SIR-B imagery of ice in the Weddell Sea; this imagery could
then be used to extract mformation on ice motion. While such over-
lapping data was not acquired, the fortuitous coupling o launch date angd
maximum ice extent allowed three S1+1-B data takes o be acquired over
seaice in the Weddell Sea, the first such fine-resolution radar datainthe
Southern Ocean. These sets are valuabie for characterizing the natur of
seaice in the Weddell Sea {Carsey et al |, 1088 and canbe used i such
further studies as the comparison of ice connentrations between SAR
and microwave radiomoters.

Sea ice in the Southem Hemisphere is more exiensive than that in
the Northern Hemisphere, butitis seasonal innatuwre. Whereasseaicein
the Arctic Ocean and surrourding seas decreases about 50% i extent
during summer, over 85% of the sea ice in the Antarctic region melts.
From this it foliows that most of the sea ice in the Southern Oceanis
first-vear ice (up to 2 mthick} and half of the sea ice in the Arclic region is

01 ] 20km

mullivear ice {between 310 5 m thick). In the Southermn QOcean, Ocloberis
typically the month of greatest ice coverage, usually extending north of
60 deq south latitude in the Weddell Sea and occasionally in the Ross
Sea (Zwally et al., 1983)

As seen in this image, the seaice has a bright appearance and the
ope. wiler leads are dark, with occasional gray areas both on the ice
and in the leads (F3, 3, and J3). The gray areas probably indicate thin
ice. The ice retumn is homogeneous and few small-scale features on the
ice surface are ser indicaling that either the surface is uniformiy rough
or volurme scatlering is contributing 1o the return, as teen in the retum
from Arclic winter muliivear ice (Onstofi et al., 19791, The ives have both
rounded and sharp edges and are congiderably fragmented, ranging in
size from 0.5 1o 10 km, indicating a significant amount of deformation and
advection of the ice cover

The accompanying figurc is an infrarsd image of the Wedded Sea
from the Advanced Very kigh Besolution Radiometer (AVHRR) on the
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NOAA-6 sateliile taken Oclober 9, 1984, Unforunately, this AVHRR the left (south) through the central ice pack to the marginal ice zone (see
image does not overlap the 51R-B coverage; it covers an area 800 by image 40). This image shows particularly well the size ol the ice floes and
1200 km that exiends from near the edge of the continental ice sheeton the variation in lead formations across the ice pack,




40. Marginal ice Zone, Weddell-Scotia Seas, Southern Ocean
A B C D E

INCIDENCE ANGLE: 24.1 deg

Acquired at the cutermost edge of the marginal ice zone in the
Waeddeil-Seotia Seas this image reveals sea ice as dark wavy bands
within the bright open water. Also, numerous icebergs are resolvable as
small dark features {for example, J1, F2 and Bt} The radar swath also
passed over Zavodovski island (E1/F 1), the northernmost isiand in the
South Sandwich chain. Severa! islands in the chain were first observed
by Capiain Jaiges Took in 1775 and others, like Zavodovski, by the
Hussian explorers Bellingshausen and Lazarev in 1820

An analysis of this imnge (Carsey st al, 1988} indicates that the
wavy sea-ice fealures are co mosed of small floes-1 1o 20m in
diameter - that have aggregated ..« bands. One such band has been
pushed against the northem edge of Zavodovski Island. The dark

F

appearances of the bands may be the result of upper-surface wetting of
the floes. Surface waves, which break up ice at the margins info smaller
floes, are detected propagating through the ice bands (see enlarge-
ment) Upto 13 icebergs with diameters from 0.1 10 1.3 km are scattered
throughout the image. Their appearance is characterized by a dark
upper surface and a bright line at the illuminated side 1 the berg. In
general, the ocean around the bergs has a dark return 1o the south,
where the sea surface is calmer (see enlargement}, and compared o the
surrounding ocean, an anhanced bright retum 1o the north, where the
incident wind waves interact with the waves refiecting off the iceberg.

The ice bands are very similar to bands seen at the Bering Sea ice
margin (Martin et al, 1983: Wadhams, 1983; Muench et al, 1983,




where they have been shown to form during off-ice winds, and have
typical lengths of 10 km and widths of 0.1 1o 1.0 ki they are oriented at
approximate night angies to the wind. A diagram afler Wadham 3 {1883)
itustrates the formation, consolidation. and movement of ice bands,
which are separated by open waler of polynyas, during off-ice winds,
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As suggested by the band forced against the island and the wind
patterns around the ivobergs, there was awind fromthe north at the time
the imagery was acquired; this is confirmed by regional weather charts.
The ice bands were in fact formed three days earlier and were being
driven back towards the ice pack.
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Appendix A
Glossary of Acronyms and Technical Terms



acidic

A/D

al»edo

awvial fan

alluvium

andesitic

anticline

aspect angle
azimuth
azimuth (radar
imaging)

packscatter
(radar)

band

bandwidth

basaltic

124

basaitic lava flow with rough, splintery surfaces

containing over 66% Si0,, as applied to igneous rocks
(cf. basic)

analog to digital (data conversion)

ratio of electromagnetic radiation reflected by a body
to the amoun. of radiation incident upon the body

cone-shaved deposit formed where a stream issues from
mountains onto lowlands

stream deposits of comparatively recent time

composed essentially of andesine and one or more mafic
constituents, as applied to volcanic rocks

folded-rock structure whose limbs dip away f(rom the
fold axis

azimuth viewing angle, expressed as a compass direction

bearing of a line measured clockwise from geographic
north

along-track direction of image acquisition

portion of transmitted microwave energy that is reflected
back to the radar antenna to create a radar image

an interval in the electromagnetic spectrum {(qv) whose
boundaries are marked by a lower and an upper limiting
wavelength or frequency

frequency range used to modulate a transmitted Zarrier
frequency

composed essentially of calcic plagioclase and pyroxene,
as applied to fine- to medium-grain igneous rocks

basement

basic

basin

bedding

caldera

caliche

clastic

correlation
(radar)

craton

dacitic

density slice

depression angle
(radar)

dike

crustal rocks of deep-seated origin, generally igneous and
metamorphic

comparatively low in silica, as ipplied to igneous rocks
(cf. acidic)

low crustal area of tectonic origin where sediments have
accumulated

collective term for planes dividing sedimentary rock layers

large circular depression in volcanic terrain that originates
from collapse or explosion

surficial debris cemented by porous calcium carbonate

composed predominantly of fragments derived from
preexisting rocks, as applied to sedimentary rocks

processes by which the Doppler phase histories recorded
on tape or radar signal film are converted into radar
images, using optical or digital techniques

stable area of Earth’s continental crust; includes shield
and platform

similar to andesitic, but having less caicic plagioclase and
more quartz, as applied to volcanic rocks

classification of continuously variable digital image data
into discrete intervals represented by different colors or
gray levels

angle between the horizontal plane and the line that
links an imaging radar antenna to a feature on the ground;
commonly used to describe the imaging geometry of
airborne imaging radars

tabular body of intrusive igneous rock that crosscuts the
structure of the host rock



dip

dipterocarp

dome

DOMSAT
dynami. - ge
electromagnetic
spectrura

eolian

flatiron

floodplain

gneiss

granite

gravity wave

graywacke

halophyte

ang : at which a bed or other planar feature is inclined to
the horizontal

any of a family of tall trees of tropical Asia or Indonesia
bearing two-winged frui:

any structural deformation characterized by approxi-
mately circular local uplift (e.g., salt dome, rock dome)

Jomestic satellite

sensitivity of a radar ~ystem in dB

an ordered progression of radiations that includes cosmic,
gamma, X, ultraviolet, visible, infrared. microwave, and

radiowave energy

related to wind action, as applied to erosion, transport,
and deposition of sediments

pattern on remotely sensed images and photographs from
which dip unc strike of layeied rocks may be inferred

the portion of a river valley built of sediment deposited
by an existing river, t1e plain is covered with water when
the river overflows its banks

ccarse-grained metamorphic rock with alternating bands
of granular and schistose material

coarse-grained igneous rock composed essentially of
quartz and alkalic feldspar

ocean-surface wave longer than 2 cm whose restoring
force is dominated by gravity

coarse-grained sandstone consisting of angular grains of
quartz and feldspar, with a variety of rock and mineral
fragments embedded in a compact clayey matrix

plant that requires a salty or alkaline soil

ice floe

igneous rock

ignimbrite

illumination
direction (radar)

image

incidence angle

(radar)

inselberg

internal wave

island arc

Kanamori scale

karst

Landsat

L-band

relatively flat piece of »ea ice 20 m or more across

rock solidified from a former molten state

volcanic rock formed by wide distribution and consolida-
tion of ash flows

direction in which pulses of microwave energy are trans-
.aitted from an imaging-radar antenna; normally at right
angles to the line of flight of the sensor

visual reproduction of a scene acquired by SAR, MSS,
TM, or photographic sensor

angle between the incident radar beam at the ground and
the normal to the ground surface at the point of incidence

isolated residual hill rising above the general level of the
erosion surface

subsurface ocean wave that occurs at a density gradient
within the water column

curved chain of islands rising from deep sea fioor, near a
continent

a scale for quantifying the energy in very large magnitude
earthquakes; the scale is recalibrated from and more
accurate than the Richter scale

an irregular hummocky terrain marked by subsurface
drainage and numerous sinkholes interspersed with
abrupt ridges. The subsurface is characterized by caverns
and features formed by the solution and collapse of
limestone

any of a series of five orbital imaging satellites that have
measured and recorded reflectance from the Earth’s

surface at visible and infrared wavelengths

a radar operated within the interval of wavelengths from
19.3 to 76.9 c¢m and frequencies from 0.39 to 1.55 GHz
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lead

loess

look angle (radar)

Mbits/s

metamorphic
rock

metasedimentary

microwave

migma-ite

MSS

muscovite
nadir
NOAA

node {(o-bit)

ophiolite
orthoquartzite
pahoehoe

pedime: .
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fracture through sea ice that is navigable by surface
vessels

blanket deposit of wind-blown silt

amle between the vertical plane and the line that links
a1 imaging-radar antenna to a feature on the ground

megabits per second, used to describe rate »f transmission
of digital data

rock altered from an original condition by elevated
temperature and/or pressure that produces a change of

texture and mineralogy

evidencxs of metamorphism, as applied to sedimentary
rocks

any clectromagnetic wave having a wavelength in the
interval between one millimeter and one meter

rock composed of igneous and metamorphic materials

multispectral scanner; a Landsat imaging system that
scans a scene in four bands simultaneously

mineral in the mica group
point or 1.ack on the ground vertically beneath an orbiter
National Oceanic and Atmospheric Administration

point at which an orbiter crosses Earth’s equatorial plane
on an ascending orbit

an assemblage of basic and ultrabasic igneous rocks
quaitzite of sedimentary origin
basaltic lava flow with smooth, ropy surfaces

broad erosion surface at the base of a mountain front

pillow (basalt)

polarization

polynya
pumice

pyroclastic

radar

range
(radar imaging)

repeat cycle
(of an orbit)

resolution
(spatial)

returns (radar)

rhyolitic

Riedel-Sh:ar

SAR

scarp

structure characterized by discontinuous pillow-shaped
masses, considered to be the product of subaqueous
volcanism

vibration direction of electrical field in electromagnetic
radiation; polarization is paralle]l in SAR systems wkz

transmit and receive directions are the same

area of open water surrounded by sea ice

volcanic rock, light colored, cellular to glassy

formed by the accumulation of fragments scattered by
volcanic explosions

radio detection and ranging; radar is used in remote
sensing for measuring and mapping the Earth and plane.
tary surfaces

across-track direction of image acquisition

time required for orbiter to return to a previously occu-
pied position relative to Earth

the minimum distance between two adjacent features on

the ground, or the minimum size of a feature on the
ground, that can be detected by an imaging system

backscatter (qv)

typically composed of quartz and alkali feldspar in a
glassy groundmass, as applied to volcanic rocks

shear planes formed at an acute angle to the line of
differential movement

synthetic-aperture radar (qv)

cliff or steep slope of some extent that may form a
marked topographic boundary



scene

schist

Seasat

sedimentary rock

seif
seismic

sericite

shadow (radar)

signature (radar)

sinkhole

SIR-A

SIR-B

specular

(reflections)

straiovolcano

strike

area covered by SAR, MSS, TM-or photographic image
metamorphic ro-k showing strong foliation

an Earth-orbiting satellite equipped with five instruments,
including a side-looking synthetic-aperture imaging radar

system, for st.dying ocean dynamics

rock formed from the accumulation of particles of preexist-
ing rock, or frum chemical or biochemical precipitation

large. tapering, sharp-crested longitudinal dune

relating to an earthquake or earth vibration

white mica occurring as aiteration product in various
metamorphic roc’s

an area of no radar backscatter on an image caused by an
obstruction that blocks the illuminating radar beam

characteristics and patterns of objects that permit recog-
nition of the objects on radar images

fannel-shaped depression, usually in a limestone region,
that connects to a subterranean passage formed by solution

Shuttle Imaging Radar experiment flown on Space Shuttle
Columbia in Novemb-=r 1981

Shuttle Imaging Radz. xperiment flown on Space Shuttle
Challenger in October 1984,

mirror-like returns of a radar signal

cone composed of aiternating layers of lava and pyro-
clastic materials, generally large and steep sided

bearing of an inclined bed or structure on a level surface

strike-slip fault

subduction

suture

syncline

synthetic-
aperture radar

tectoni-

thermocline

thrust fault

till

transform fault

trellis (drainage)

tuff

fault in which the movement of the rocks on each side of
the fault plane is predominantly horizontal. The displace-
ment is either left-lateral or right-lateral depending on the
direction of movement of the far block as viewed from
either side of the fault

a large-scale crustal process where one lithospheric plate
descends bzneath another

boundary zone, denoting margin of former crustal plates

folded-rock structure whose limbs dip toward the fold
axis

a side-looking airborne or spaceborne imaging system
that uses the Doppler principle to sharpen the effective
beamwidth of the antenna

relating to major structural and deformational features of
the Earth’s crust

a region of rapid temperature change in a body of ther-
mally stratified water

low-angle dip-slip fault in which the block above the
fault plane moves up and over the lower block

unstratified sediment deposited directly by a glacier
thematic mapper; a Landsat imaging system that scans a
scene in seven bands simultaneously, with higher spatial

and spectral resolution than the Landsat MSS

a plate boundary along which strike-slip motion occurs,
usually offsetting segments of a spreading ridge

surface pattern of parallel main streams with right-angle
tributaries that are fed by secondary tributaries that

parallel the main streams

rock formed of compacted volcanic fragments generally
less than 4 mm in diameter
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ultrabasic containing less than 45% silica, as applied to igneous  wadi dry stream channel, common in arid lands in North Africa
rocks and Asia Minor

volcanic rock igneouw: rock formed by uption at the Earth’s surface wave energy mean wave energy per unit area
spectra
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] Center Sun Angle
Data Center . Incidence (Landsat)
Date, Take; Incidence Center Coordinates | Angle,
Scene Oct. Scene Angle, Corresponding deg Elevation, Azimuth,
No. SIR-B Image 1984 No. deg. Latitude Longitude jj Coverage Date Reference ID (SAR) deg deg
1 -Interior Plateau, Central Kalimantan, Indonesia 11 94.4;026 41.4 0°37'N 114°55'E Sketch map - - - — -
2 Dead Sea Rift Zone, Southern Israel 8 43.2;022 34.3 31°07'N 35°19'E : Sketch map — - - - -
3 Central Andean Cordillera, Northern Peru 7 39.6; 006 54.4 4°54'S 78°20'W Sketch map — — — - -
4 Precambrian Fold Mountains, Brazil and 12 118.3;084 35.5 1°59'N 68°10'W Sketch map — - - - -
Colombia /
5 Amadeus Basin, Northern Territory, Australia 10 84.6;005 36.0 24°15'S 134°30'E ‘ Sketch map - - - - -
6 Pasir Mountains and Coastal Lowlands, East -11 94.4:008 41.8 1°28'S 116°06'E { Landsat MSS Oct. 25,1984 ILS/LAPAN — - -
Kalimantan, Indonesia ! 5023801580-7
7 Late Precambrian Suture Line, Northeast Sudan 11 97.5; 009 52.1 22°07'N 35°08'E Landsat TM Nov. 18, 1984 50262-07373, band 4 — 41 144
8 Upper Rajang Region, Central Sarawak, Malaysia 11 94.4; 001 41.8 2°43'N 113°43'E ||| Sketch map - - - - -
9 Kilauea Volcano, Hawaii, U.S.A. 11 99.2; 006, 28.1 | SIR-B color composite - - * - - -
007 19°10'N 155°22'W |
12 115.2; 001, 48.0 ;
002
10 Mount Shasta, California, U.S.A. 10 87.4;002 29.7 g Digital elevation model; - ’ — = - — —
. 8 55.4;004 53.8 41°50'N 122°25'W |l Computer-generated - - - - -
7 39.4;001, 63.8 || perspective views
002 1
11 Charlevoix Crater, Province of Quebec, Canada 12 116.2; 002, 49.9 47°29'N 70°15'W || Sketch map - - - - -
003 :
12 Altiplano, Bolivia 7 39.6; 016 54 21°00'S 68°00'W || STS 41-G Hasselblad Oct. 5,1984 Roll 35, frame 24 - - -
Il photograph
13 Tuwaiq Escarpment, Central Saudi Arabia 11 105.4;002 344 23°45'N 46°45'E Sketch map — — — - -
14 Spring Mountains and Pahrump Valley, Nevada, 10 87.4;009 30.3 36°07'N 115°51'W Sketch map - - - - -
U.S.A.
15 Wind-Eroded Sandstones, Borkow Province, 12 107.2; 006 52.3 18°29'N 19°05'E Sketch map — - - — -
Northern Chad
16 Gebel Mufta, Western Desert, Southwest Egypt 11 91.2; 006 28.4 24°55'N 26°30'E SIR-B Oct. 12, 1984 DT 113.3;039 42.9 — -
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Center Sun Angle
Data Center Incidence (Landsat)
Date, Take; Incidence Center Coordinates Angle,

Scene Oct. Scene Angle, Corresponding deg Elevation, Azimuth,
No. SIR-B Image 1984 No. deg. Latitude Longitude Coverage Date Reference ID (SAR) deg deg
17 Hexi Corridor, Gansu Province, China 12 120.2; 021 25.8 37°37'N 102°51'E Sketch map - - - - -
18 Rio Japurd, Amazonas, Brazil 12 118.3; 001 35.5 1°40'S 66°10'W SIR-A Nov. 13,1981 DT 24C 47 - -
19 Sundarbans Mangrove Forest, Bangladesh 11 104.2; 002  45.6 22°12'N 89°54'E Sketch map - - - - -
20 Mangrove Swamp, Exmouth Gulf, Western 7 37.6;033, 304 22°22'S 114°26'E Sketch map - - — - -

Australia 034 /
21 Rio Cisnés, Cordillera Patagbnica Central, Chile 11 92.8;008, 31.4 Landsat TM; Dec. 26, 1984 50300-13544-1 - 49 72
009 44°36'S 71°32'W 1nsets from SIR-B images - - - - -
10 76.8;001 43.3 :
22 Michinmahtida Velcano, Chiloé Province, Chile 9 72.4;012, 45.2 42°43'S 72°32'W SIR-B Oct. 10, 1984 DT 88.4;014, 013 53.7 - -
013 i
23 Albemarle Sound, North Carolina, U.S.A. 11 96.21;017 21.6 36°06'N 76°28'W Sketch map - - - - -
24 Ocean Pond, Florida, U.S.A. 9 64.2;014 58.2 SIR-B color composite - - : — - -
10 80.2;003 45.3 30°10'N 82°21'W :
11 96.2;003 28.4
25 Shillong Plateau, India, and Sylhet Uplands and 12 120.2; 011 25.8 24°59'N 91°57'E ;Sketch map - - - . — - -
Lowlands, Bangladesh : o
26 Corddn la Grasa, Chubut Province, Argentina 11 104.4; 006 59.4 SIR—B color composite; - - — — —
10 88.4;008 53.7 43°18'S 71°36'W Vegetation map — - - - -
9 72.4;001 44.7
8 56.4;010, 33.0
009
27 Gravel Terrace and Alluvial Plain, Chubut 11 92.8; 003 31.6 43°18'S 69°22'W ;Ground photographs - - - - -
Province, Argentina ;
28 Agricultural Development, Sumatra, Indonesia 12 118.6;014 52.2 1°28'S 102°04'E TLansat MSS Feb. 4, 1985 5039702540-7 - - -
29 Macomb, Illinois, U.S.A. 11 97.2;003 314 40°30’'N 90°41'N Airborne SAR; Oct. 10, 1984 JPL 841010 ~44 - -
Landsat TM; Oct. 29, 1984 50242-161144 - 31 53
Sketch map - - - - -
30 Montreal, Province of Quebec, Canada 7 37.2;003 33.4 45°25'N 73°29'W Airborne SAR image Oct. 25,1985 Canada Center for - - -
Remote Sensing
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Center Sun Angle
Data Center Incidence (Landsat)
Date, Take; Incidence Center Coordinates Angle,

Scene Oct. Scene Angle, Corresponding deg Elevation, Azimuth,
No. SIR-B Image 1984 No. deg. Latitude Longitude Coverage Date Reference ID (SAR) deg deg
31 Nagoya Industrial District, Central Honshu, 10 76.6; 005 21.1 34°53'N 136°57'E Landsat TM band 3; Oct. 1, 1984 50214-00584-3 - 43 142

Japan Aerial photograph
32 Northern Shikoku and Seto Inland Sea, Japan 7 39.2; 007 46.7 34°08'N 133°44'E Landsat TM band 5; May 8, 1984 50068-01081-5 - 59 117
Landsat TM band 5; May 8, 1984 50068-01084-5 — 59 114
Aerial photographs
33 Surface Waves Off Chile, South America 11 91.5;002 25.1 55°30'S 82°30'W Diagrams — - — —/ -
34 Hurricane Josephine, North Atlantic 12 117.4; 001 24.6 35°25'N 72°05'W Sketch map - - - - -
-008 to to
32°14'N 68°57T'W
35 Surface Waves at Different Aspect Angles, 11 94.2;006 26.3 46°32'N 18°26'W SIR-B Oct. 11, 1984 DT 98.3; 001 24.8 - -
North Atlantic
36 Internal Waves, New York Bight, U.S.A. 11 96.21; 021 20.6 39°59'N 72°15'W Diagrams — - - - -
37 Small-Scale Eddies Off Long Island, New York, 11 96.21;024 20.4 40°47'N 71°16'W STS 41-G Hasselblad Oct. 6, 1984 Roll 41, frame 45 - - -
U.S.A. photograph
38 Shoals Off Martha’s Vineyard, Massachusetts, 11 96.21;019 19.8 41°25'N 70°27W Diagram from bathymetric — - - - -
U.S.A. charts 0808 N and 0708N,
Dept. of Commerce
39 Pack Ice, Weddell Sea, Southern Ocean 9 70.4; 005 25.3 58°01'S 14°44'E NOAA-6, AVHRR Oct. 9, 1984 Rev. 27482 - - -
GMT283:22:46:15
40 Marginal Ice Zone, Weddell-Scotia Seas, 11 104.5; 005 24.1 56°00'S 27°35'W SIR-B enlargement; — — — — -

Southern Ocean
‘

Diagram
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