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FOREWORD 

This report gives an assessment of the SIR-A system performance during the 

second Shuttle flight, and some preliminary scientific results. The preliminary 

scientific results are reported by the SIR-A team members and their collabora- 

tors. The sensor performance sections were written by the SIR-A implementation 

and operations team members, mainly J. Granger (Cog~izant Engineer), E. Caro, 

H. Harris, B. Huneycutt, and S. Wall. 

The report was edited by the Principal Investigator, Dr. C. Elachi and the 

Science Experiments Coordinator, Dr. J. B. Cimino. 
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The main ob jec t ive  of the SIR-A Experiment w a s  t o  acqui re  radar  d a t a  over a 

va r i e ty  of reg-ans t o  fu r the r  our understanding of the  radar  s igna tures  of var ious 

geologic fea tures .  A complementary ob jec t ive  was t o  a s se s s  t he  capab i l i t y  of t he  

Shut t le  a s  a s c i e n t i f i c  platform fo r  observat ion of t he  Earth 's  resources.  

The SIR-A sensor operated nominally and the  f u l l  d a t a  acqu i s i t i on  capaci ty  

of the o p t i c a l  recorder was used. The d a t a  acquired w i l l  al low us  t o  meet a l l  the  

s t a t e d  object ives .  
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The SIR-A Experiment was succeesful ly  conducted during the  STS-2 f l i g h t  of 

the  Space Shu t t l e  Columbia i n  November 1981. The mCn objec t ive  of the  SIR-A 

Experiment was t o  acquire  radar  da t a  over a v a r i e t y  of regions t o  f u r t h e r  our 

vaderstanding of the radar  s igna tures  of various geologic fea tures .  A comple- 

mentary ob jec t ive  was t o  rssess the  capab i l i t y  of the  Shu t t l e  a s  a s c i e n t i f i c  

platform f c r  observation of t he  Earth 's  resourcer.  

The SIR-A sensor operated nominally and the  f u l l  d a t a  acqu i s i t i on  capaci ty  

of the  o p t i c a l  recorder was used. Ten mi l l ion  square ki lometers  were imaged over 

a l l  cont inents  except Antarctica.  The da ta  acquired w i l l  allow ue t o  meet the  

s t a t e d  object ives .  The ana lys i s  of the  da ta  is ongoing and the  r e s u l t s  t o  da t e  

a r e  reported here  a s  wel l  a s  i n  t,wo papera t h a t  w i l l  be  published sho r t l y  

(Elachi e t  al. ,  1982; McCauley e t  al. ,  1982). Some of the  key r e s u l t s  include: 

(1) imaging of buried drainage channels i n  a hyperarid region of Southern Egypt. 

The channels a r e  buried under sand and a r e  no t  v i s i b l e  on Landsat images o r  from 

the ground; (2 )  demonstration t h a t  many morphologic f ea tu re s  i n  a r i d  regions a r e  

b e t t e r  depicted on radar images than Landsat images; (3) v e r i f i c a t i o n  t h a t  t he  

addi t ion  of radar  da ta  t o  Landsat da t a  enhances the  capab i l i t y  of rock discrimina- 

t i on  i n  the l a t t e r ;  (4 )  acquis i t ion  of radar images over t r o p i c a l  regions t h a t  

have been r a r e l y  imaged by Landeat because of cloud cover; (5) r e p e t i t i v e  obser- 

va t ions  of dynamic ocean phenomena with cet imat ions of the upper l i m i t s  t h e i r  

time constants .  

Resul ts  of the  work cf an in t e rna t iona l  team of about 40 s c i e n t i s t s  w i l l  be 

presented a t  the  Spaceborne Imaging Radar Symposium, which w i l l  be held a t  JPL 

during the week of January 17, 1983. 



SECTION I 

INTRODUCTION AND OVERVIEW 

On November 12, 1981, the Shuttle Columbia flew in space for the second 

time. It carried the first shuttle-borne scientific payload, Office of Science 

and Technology Applications-1 (OSTA-I), selected for remote sensing of land 

resources, ocean conditions, environmentcl quality, and meteorological phenomena. 

A sensor in this payload, the Shuttle Imaging Radar (SIR-A), was a synthetic- 

aperture imaging radar. One SIR-A Experiment objective was to acquire and analyze 

radar images of a variety of regions to further our understanding of the use of 

spaceborne imaging radars for geologic mapping. Another objective was to demon- 

strate uee of the Shuttle as a platform for scientific investigations. 

Launch occurred at 9:10 a.m. Haruston time. The average altitude achieved 

by the Shuttle was 259 km and all data were taken in -ZLV (+ZLV is Z-axis local 

vertical) at a look angle of 47 deg from nadir in a northward direction perpendic- 

ular to the ground track of the Shuttle. The orbit was nearly circular with an 

inclination of about 38 deg. This allowed imaging of areas between latitudes of 

40.8'N and 35.6'5. Table 1-1 describes the SIR-A orbital geometry. Appendix B 

(a sununary of which appears in Appendix A) lists the altitude of the Shuttle and 

the latitudes amd longitudes of the center of the ground swath as functions of 

time in 1-min intervals for each data take. (A "data take" is a  nit of rad~r 

data one radar swath wide, or about 50 krn, whose length depends on the on/off 

times comnanded for that particular imaging period.) 

Table 1-1. Orbital Geometry 

Parameter Value 

Mean Altitude 

A1 t i tude Range 

Orbital Inclinatinn 

Orbital Eccentricity 

Maximum Latitude Imaged 

Minimum Latitude Ima~ed 

259 km (140 nmi) 

255.2 ta 265.8 km 

38 deg 

0.0008 

40.83'~ 

35.59's 



The SIR-A Experiment was a complete auccess. The sensor operated -a expected 

and met all of its design goals. All 11OO r of rignal fflm were wed and fragcry 
2 was acquired over a total surface area of about 10 rillion kn (Figure 1-1) with 

a resolution of slightly better than 40 m. The exact location of the coverage 

MS partially modified from that originally planned because of the ohortened 

mission (froet 4 days to 2-1/2 days). However, the updated coverage included 

examples of all regions of interest, and the data acquired will allow us to 

reet all the scientific objectives of the experiment. 

The Shuttlets capability as a scientific platform and the payloadts opera- 

tional capability were also successfully demonstrated. SIR-A r~quired very 

tight control of the platform attitude and a fair amount of operational in-flight 

control. This was made even more critical by the shortened mission and a 

slightly higher orbit than originally planned. Replanning of the radar configu- 

ration and data collection strategy was required in near-real the. These 

updated com~lands were gene-ated by the SIR-A Operations Team and uplinked to the 

Shuttle by the Johnson Space Center Payload Operations Control Center (POCC) 

Team. 

After landing, the signal film was retrieved by JPL personnel at Edwards Air 

Force Base, flown to JPL,andprocessed at the SIR-A Data Processing Facility. 

Eight hours later, processing of the first data take ~ 3 s  succes~fully completed. 

All the data acquired were processed by the end of March 1982. These data were 

sent to the National Space Science Data Center (NSSDC) (at Goddard Space Flight 

Center) and are available to the general scientific cornmtmity. 

The analysis of the SIR-A data is just beginring. The SIR-A Science Team, 

as well as other investigators, is in the process of analyzing the data, and a 

SIR-A science report will be published in early 1983 following a SIR-A rrorkshop 

to be conducted in January 1983. Preliminary results will be published (Elachi 

et al., 1982; McCauley et al., 1982). Table 1-2 is a list of scicnce investiga- 

tors who are in the process of analyzing the data as of the date of this 

publication. 



Figure 1-1. SIR-A Coverage 



Table 1-2. SIR-A investigators 

Investigator Affiliation 

L. Berlk U.S.G.S. Flcgstaf f , AZ 

R. Blom JPL Pasadena, CA 

C. Breed U.S.G.S. Flagstaff, AZ 

C. Brockmann Purdue University West LaFayette, IN 

W. Brown JPL Pasadena, CA 

L. Bryan JPL Pasadena, CA 
J. Chino JPL Pasadena, CA 

M. Cole Bedford College London, England 

L. Dellwig University of Kansas Lawrence, KS 

T. Dixon JPL Pasadena, CA 

J. Douglas Department of Environment & Planning Hindwrsh, S, Australia 

S. Drury Tire Open University Milton Keynes, England 

C. Elachi JPL Pasadena, CA 

F. El-Baz Smithsonian In3titution 

D. Evans JPL 

T. Farr JPL 

J. Ford JPL 

Washington, D.C. 

Pasadena, CA 

Pasadena, CA 

Pasadena, CA 

P. Francis Lunar and Planetary Itlstitute Houston, TX 

R. Girdler University of Newcastle Upon Tyne Newcastle, England 

M. Grolier U.S.G.S. Flagstaff, AZ 

C. Haynes University of Arizona Tucson, AZ 

D. Henninger Johnson Space Center Houston, TX 

F. Honey CSIRO Western Australia Laboratories Wembley, Australia 

B. Issawi Egyptian Geological Survey Cairo, Egypt 

B. Koopmans Internatidnal Institute for Aerial 
Survey and Earth Sciences (ITC) The Netherlands 

D. Krohn U.S.G.S. Reston, VA 

L. Laidet Grouprmnt pour le Development de 
la '.eledection Aerospat iale Toulouse, France 

K. Lambeck The Australian National University Canberra, Australia 

D. Lichy Corps of Engineers 

A. Lind University of Vermont Burlington, VT 

R. Lyon Stanford University Stanford, CA 



Table 1-2. SIR-A Investigators (conked) 

Investigator Affiliation 
I 

J. McCauleg U.S.G.S. Flagstaff, AZ 

H. MacDonald 

D. Mallick 

P. Martin-Kaye 

H. Masursky 

3. O m b y  

K. Raney 

Ph. Rebillard 

F. Sabins 

S. Saunders 

G. Schabet 

University of Arkansas 

Institute of Ce- ' ogical Sciences 

Hunting Geology and Geophysics, LLd. 

U.S.G.S. 

Goddard Space Flight Center 

Energy, Mines and Resources Canada 

JPL 

Chevron Oil Field Research Company 

JPL 

Z1.S.G.S. 

E. Schanda University of Bern 

J. Taranik University of Nevada 

F. Ulaby University of Kansas 

A. Walker U.S.G.S. 

R. Walker CSR Limited 

Fayetteville, AR 

Nottinghea, England 

Her ts , England 
Flagstaff, AZ 

Greenbelt, PID 

Ontario, Canada 

Pasadena, CA 

La Habrn, CA 

Pasadena, C', 

Flagstaff , AZ 
Bern, Switzerland 

Reno, NV 

Lawrence, KS 

Reston, VA 

Sydney, Australia 

S. Wu National Space Technology Laboratories NSTL Station, MS 

This report is published with the following objectives: 

(1) To give a brief assessment of the sensor performance. 

(2)  To provide a description of some of the ongoing scientific 

investigations. 

(3)  To give a sample of the type of images acquired. 

( 4 )  To provide sufficieqt data coverage and format informati~n to be of use 

to investigators. 

Section I1 describes the system and its performance. Section I11 describes 

the sensor performance. Section IV gives a brief report on some of the ongoing 

scientific investigations. Section V contains a broad sample of SIR-A images as 

illustrations of the available data, and Section VI gives the areas where the 

Shuttle Multispectral Infrared Radiometer (SMIRR) and SIR-A data are available 

for complementary analysis. 



SECTIrn I1 

THE SIR-A SYSTEn 

A. SYSTM DESCRIPTION 

The SIR-A Experiment u t i l i z e d  a synthetic-aperture technique t o  generate a 

long antenna i n  t he  along-track direct ion.  The system consis ted of the  antenna, 

the radar  sensor ,  the  o p t i c a l  recorder,  and t h e  o p t i c a l  processor. The SIR-A 

system is shown mounted on the  OSTA-1 p a l l e t  i n  Figure 2-1. A func t iona l  

diagram is shown i n  Figure 2-2. During t h e  mission, t he  SIR-A Experiment Team 

provided sensor parameters t o  the  Mission Operations Team. The corresponding 

co~nands  were then routed through the  Shut t le ' s  general  purpose computer (GPC) t o  

the SIR-A radar  sensor t o  set up the  radar  configuration. In  a f e u  cases, the  

Shut t le  crew a l s o  s e n t  conmands t o  the  radar  sensor d i r e c t l y  through the  GPC. 

L o r r a t e  telemetry information w a s  routed i n  the  opposi te  d i r ec t ion ,  and down- 

linked t o  t h e  Mission Operations Team f o r  real-time mmitor ing  of t he  sensor per- 

formance. The main c h a r a c t e r i s t i c s  of t he  S I R - i  system a r e  given i n  Table 2-1. 

The radar  sensor consisted of the t ransmi t te r ,  rece iver ,  c a l i b r a t o r ,  and 

cont ro l  computer. These were contained i n  t he  e l ec t ron ic s  module, which w a s  

coupled t o  a cold p l a t e  and mounted on the p a l l e t  deck. The dimensions of the  

e l ec t ron ic s  were 1.5 a by 1 m by 25 cm, with a t o t a l  weight of 136 kg. The 

t ransmi t te r  generated a 1-kW frequency-modulated (chirped) RF pulse. The t rans-  

mi t te r  pulse was centered a t  1278 MHz and had a 6.0-MHz bandwidth. The peak 

power transmitted was lOOOW,and cabling lo s ses  between the  t ransmi t te r  and 

antenna were 0.5 dB. The rece iver  f i l t e r e d ,  range-gated, amplified, and down- 

converted the  re turn  echo t o  a video s ignal .  The rece iver  contained a var iable-  

gain ampl i f ie r  t o  cont ro l  the  instrument 's s e n s i t i v i t y  and compensate f o r  t he  

antenna pa t t e rn  a s  a means t o  maintain a r e l a t i v e l y  constant amplitude i n  the 

s igna l  output t o  the  o p t i c a l  recorder. The c a l i b r a t o r  generated a controlled- 

amplitude s igna l  t ha t  was fed t o  the rece iver  and used t o  measure the  i n t e n s i t y  

of the  echo. The cont ro l  computer cont ro l led  a l l  operat ing modes f o r  the radar .  

It contained the  sequencer t h a t  was made up of a co l l ec t ion  of canned sets of 

parameters. For a given average a l t i t u d e ,  a canned s e t  of radar parameters could 

be accessed with a s ing le  command from the ground. 
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Table 2-1. SIR-A System Charac t e r i s t i c s  

Subsystem Element Cha rac t e r i s t i c  Value 

Orb it Average Al t i tude  

Inc l ina t ion  

259 km 

38 deg 

Antenna and Pointing Antenna Dimensions 

Antenna Gain 

Polar iza t ion  

Look Angle 

At t i tude  Uncertainty (30) 

Radar Sensor 

Optical  Recorder 

Center RF Frequency 

Transmit Pulse Width 

RF Bandwidth 

Radar Transmitter Peak Power 

Pulse Repet i t ion Frequency 

Radar Recetver Gain 

Sens i t i v i ty  Time Control Range 

Range Off s e t  Frequency 

Linear Dynamic Range 

Range Bandwidth 

Azimuth Bandwidth 

Record Window Width 

Ground Processor Processor Bandwidth 

Azimuth Looks 

9.4 x 2.16 m 

33.8 dB 

HH 

47 deg 

22 deg 

1278.3 MHz 

30.4 p s  

6 MHz 

1000 W 

1464 t o  1824 Hz 

80 t o  101 dB 

5 dB 

0.6 MHz 



For a given a l t i t u d e  and look angle,  t he  round-trip delay time delay from 

transmission t o  recept ion va r i e s ;  therefore ,  t?.ming considerat ions were very 

important. Figure 2-3 is a timir,g diagram showing the  various parameters t h a t  

must be changed as a l t i t u d e  changes. The pulse r a t e  frequency (PRF) w a s  s e t  

t o  prevent t he  instrument from t ransmi t t ing  while s igna l s  were being received. 

PRF values used f o r  each da t a  take a r e  l i s t e d  i n  Appendix A. The trans- 

mitted pulse length was 30.4 u s ,  thus s e t t i n g  the  in t e rpu l se  period (IPP) 

a t  ( t  - 30.4) ps, where t is the  inverse of the  PRF o r  the  t i m e  between t ransmit  

events. This time, t ,  was divided i n t o  64 p a r t s  such t h a t  each of t he  64 d iv i -  

s ions  was t /64 p s  long. These a r e  the  s e n s i t i v i t y  time cont ro l  (STC) posi t ions.  

The STC was t r iggered a t  one of the  64 pos i t ions  such t h a t  a V-shaped waveform 

290 u s  i n  length was produced i n  t he  rece iver ,  which coarsely compensated f o r  t he  

antenna gain pa t t e rn  i n  range. When the  STC was on during a da t a  take, t he  gain 

was increased by about 5 dB t o  compensate f o r  the  a t tenuat ion  by t he  STC. STC 

pos i t ion  and receiver  gain were a l s o  cont ro l lab le  from the  ground. Values f o r  

each da t a  take a r e  l i s t e d  i n  Appendix A. Figure 2-4 shows how the  STC, echo 

sample gate  (ESG), and PRF vary a s  a function of a l t i t u d e .  

The da t a  output from the  SIR-A e l ec t ron ic s  was recorded on the  o p t i c a l  

recorder ,  which was a modified spare from the Apollo 17 Lunar Sounder Experiment. 

The recorder dimensions were 60 by 60 by 50 cm; it weighed 68 kg and contained 

1100 m of s igna l  f i lm (8 h) .  The in t ens i ty  of t he  echoes control led the  br ight-  

ness of a spot t rac ing  a l i n e  across  a CRT. An overlapping succession of these 

l i n e s  was recorded on a s t r i p  of s i g n a l  f i lm moving pas t  the  CRT a t  a r a t e  

proportional t o  the  speed of t he  Shutt le .  Thus the t e r r a i n  echo was recorded on 

the s igna l  f i lm with the  cross-track dimension across  t he  width of t he  f i lm  and 

the along-track dimension along the length of the  film. 

The exposed s igna l  f i lm can be regarded a s  a radar hologram. Once back on 

the ground, the f i lm was processed i n  an o p t i c a l  co r r e l a to r  a t  JPL. Using a 

coherent l i g h t  source, a cy l ind r i ca l  l ens  was used t o  br ing  the  cross-track 

d i r ec t ion  i n  focus and i n  l i n e  with the  along-track d i r ec t ion .  A conica l  l e n s  

was used t o  cor rec t  f o r  tilt r e su l t i ng  from the oblique angle of the  side-looking 

radar. In the range d i r ec t ion ,  one look was used, and i n  the  azimuth d i r ec t ion ,  

e ight  looks were used. F ina l ly ,  the  l i g h t  was t rained on the image f i lm  t o  

c r ea t e  a two-dimensional image. 
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Figure 2-5 shows t h e  dimensions of t he  SIR-A image f i lm  and t h e  time 

i n t e r v a l  between the  t i c k  marks. The t i c k  marks a r e  always on the  southward edge 

of t he  fi lm. The reso lu t ion  of t h e  image l o  e l i g h t l y  b e t t e r  than 40 m. The look 

angle v a r i e s  from 50 deg a t  t h e  northward edge of t he  f i lm t o  44 deg a t  t h e  

southward edge ( including Earth-curvature e f f e c t s ) .  The s c a l e  of t he  image ir  

1:500,000. An lmage is i d e n t i f i e d  by data-take number and geographic loca t ion .  

B . RESOLUTION 

The SIR-A synthet ic-aperture  radar  system presen ts  a maplike represen ta t ion  

of the radar  backscat ter  from t h e  Earth 's  surface.  One important performance 

parameter of the  radar  imaging system is its resolving capabi l i ty .  Fine resolu- 

t i on  i n  t he  along-track d i r e c t i o n  is accomplished using a synthet ic-aperture  

technique, whereby t h e  amplitude and phase of successive r e tu rns  a r e  used t o  

syn the t i ca l l y  generate a long antenna (Elachi,  1980). For a given point  t a r g e t  

on the  sur face ,  successive r e tu rns  along t h e  syn the t i c  aper ture  a r e  Doppler 

s h i f t e d  i n  frequency. A s  t he  radar  moves along a l i n e a r  t r a j e c t o r y ,  the  r e tu rns  

y i e ld  a s i g n a l  t h a t  is frequency modulated i n  azimuth; t h e  s i g n a l  is  recorded on 

s igna l  fi lm. This f i lm is  then processed i n  t he  o p t i c a l  co r r e l a to r  t o  produce 

the f i n a l  image. Fine reso lu t ion  i n  the c ross t rack  d i r e c t i o n  is accomplished by 

using a short-pulse technique and t i m e  ga t ing  the  re turns .  A pulse  compression 

ter:,aique, i n  which the  transuiit ted pulse  is l i n e a r l y  swept i n  frequency, was 

used t o  y i e ld  a sig-.a1 t h a t  is l i n e a r l y  modulated and frequency modulated i n  

range. 

The system's reso lu t ion  can be character ized by the  frequency content of the  

raw da t a  recorded on the  s igna l  f i lm and by the  width of tne  point-spread function1 

on the image fi lm. This reso lu t ion  was determined using a corner  r e f l e c t o r  a r ray  

deployed i n  the  Lake Henshaw a rea  of Cal i forn ia ;  t he  a r ray  was iaaged i n  da t a  

take (DT) 24C. The corresponding a r ea s  on t h e  s igna l  and image f i lm  were scanned 

using a microdensitometer, recorded d i g i t a l l y  and analyzed both f o r  frequency 

content ( s igna l  fi lm) and point-spread response (image f i lm).  Figurn 2-6 shows 

the frequency transform both i n  azimuth (a)  and range (b) of t he  s ignal-f i lm 

'The s igna l  f i l r ' s  frequency content determines t he  system re so lu t ion  of a 
properly focused cor re la tor .  The width of t he  point  t a r g e t  response on image 
f i lm r e l a t e s  t o  the  system re so lu t ion  a c t u a l l y  accomplished f o r  t h a t  pa r t i cu l a r  
cor re la t ion .  
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data .  The o r d i n a t e  r e p r e s e n t s  t e n  times t h e  common l o g  (dB) of t h e  f a s t  Four ie r  

transform va lues  of t h e  d a t a  numbers (DNs) taken from t h e  microdensitoaeeter 

( t ransmiss ion mode). In  Figure 2-6 (a) , t h e  amplitude modulation of t h e  azimuth 

antenna p a t t e r n  is evident .  The s p i k e s  seen i n  t h e  d a t a  correspoad t o  frequency 

components near  zero-range frequency; these  s p i k e s  a r e  caused by o p t i c a l  recorder  

f i lm d r i v e  noise .  In  Figure  2-6(b), t h e  e f f e c t  of t h e  modulation t r a n s f e r  func- 

t i o n  can be seen over t h e  6-MHz bandwidth of t h e  echo. Again, t h e  n o i s e  s p i k e  

c l o s e  t o  zero-range frequency corresponds t o  o p t i c a l  r ecorder  d r i v e  no i se .  

The corner  r e f l e c t o r  a r r a y  (Fig. 2-7(a)) can be r e a d i l y  i d e n t i f i e d  on t h e  

output  image f i l m  (Fig. 2-7(b)). The r e f l e c t o r  a r r a y  was deployed t o  resemble 

a c ross ,  with seven r e f l e c t o r s  a l igned  i n  a north-to-south d i r e c t i o n ,  and t h r e e  

t e f l e c t o r s  i n  a n  cast-to-west d i r e c t i o n .  The s i z e s  of t h e  t r i h e d r a l  r e f l e c t o r s  

were 2, 4, 6 ,  and 8 feet. A l l  r e f l e c t o r s ,  except  t h e  s m a l l e s t ,  a r e  c l e a r l y  

v i s i b l e  on t h e  output  image. The s i z e s  of t h e  r e f l e c t o r s '  images correspond t o  

approximately a po in t  respocse  of 40 x 40 m ,  which is t h e  expected r e s o l u t i o n .  

C. AZIMUTH ANTENNA PATTERN AND RETURN ECHO PROFILE 

The FIR-A hardware d i d  no t  include a c a l i b r a t i o n  c a p a b i l i t y ,  and no a t tempt  

was made t o  c a l i b r a t e  t h e  sensor  end t o  end t o  d e r i v e  t h e  a b s o l u t e  b a c k s c a t t e r  

c r o s s  sec t ion .  However, i t  is s t i l l  u s e f u l  t o  consider  how t h a t  t r a n s f e r  t akes  

place  and what u n c e r t a i n t i e s  and v a r i a t i o n s  e x i s t  i n  t h e  d a t a  reduct ion.  An 

understanding of the  t r a n s f e r  mechanism a i d s  i n  q u a l i t a t i v e  i n t e r p r e t a t i o n  of t h e  

d a t a ,  and some l imi ted  q u a n t i t a t i v e  a n a l y s i s  can be done. 

The radar  sensor employed an echo sample g a t e  (ESG) t o  sample and average a 

por t ion  of the  RF echo ampl i t r~de wi th in  the  i n t e r p u l s e  per iod (IPP).  I n  t h e  ESG 

scan mode, the  ga te  was au tomat ica l ly  and continuously stepped a c r o s s  t h e  IPP, 

dwel l ing a t  each of 64 p o s i t i o n s  f o r  about 1 /4  s. For a uniformly-dis t r ibuted 

t a r g e t  such a s  R seooth ocean, t h e  ESG scan roughly t r a c e d  t h e  antenna p a t t e r n  

i n  range. An example of such d a t a  is shown i n  Figure 2-8. Data of t h i s  type 

were acquired dur ing t h e  whole per iod of SIR-A image a c q u i s i t i o n .  It is p o s s i b l e  

t o  use these  d a t a  t o  i n f e r  (uncompressed) radar  b a c k s c a t t e r ,  and thus  avoid t h e  

c a l i b r a t i o n  problems assoc ia ted  with photographic f i l m  and process ing.  
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Deta i l s  of t he  amplitude t r ans fe r  a r e  shown i n  Figure 2-9.* The backscat ter  

coe f f i c i en t  cont ro ls  the s t rength of t he  radar  returned s igna l ,  which is ampli- 

f i ed  and fed t o  the  o p t i c a l  recorder. The i n t e n s i t y  of t he  l i g h t  used by the  

recorder t o  expose the  s igna l  f i lm is r e l a t e d  t o  t he  returned s t rength .  

After  the f l i g h t ,  the  developed s igna l  f i lm  w a s  used t o  modulate the  l a s e r  

l i g h t  i n  the  o p t i c a l  co r r e l a to r ;  the  l a s e r  l i g h t  w a s  o p t i c a l l y  f i l t e r e d  and com- 

pressed t o  c r ea t e  an image. The image w a s  exposed on the image f i lm negative 

(IFON),which,when developed, was used t o  c r ea t e  var ious f i lm products o r  d ig i -  

t i zed  f o r  computer a n ~ l y s i s .  

To descr ibe the t r ans fe r  from backscat ter  coe f f i c i en t  t o  image f i lm dens i ty ,  

it is more convenient t o  divide the  system i n t o  segments, between which l i e  

points  where the  s igna l  is ava i lab le  f o r  measurement. Figure 2-3 shows the  

d iv is ions  used f o r  t h i s  analysis :  (1) t he  rece iver  and associated e l ec t ron ic s  

t ha t  condition the returned s igna l  p r i o r  t o  de l ivery  t o  the  o p t i c a l  recorder;  

(2) the  o p t i c a l  recorder,  s igna l  f i lm  and its development, and the o p t i c a l  

cor re la t ion ;  and (3) the  b a g e  f i lm and its development. The segment p r io r  t o  

the rece iver  has been modeled but not measured. Segment (1) s t a r t s  a t  the  

receiving antenna port.  The d iv is ion  between ( l j  and (2) is the input connector 

t o  the o p t i c a l  recorder,  whose l a b e l  is 755. The d iv is ion  between (2) and (3) 

is the l a s e r  radiant  power i n  the iinage f i lm plane. 

Both the  SIR-A f l i g h t  hardware and the  ground processing system a r e  adjusted 

t o  place the range of radar re turns  i n  ~ i l e  most l i n e a r  port ion of the system's 

dynamic range. For i l l u s t r a t i o n  we w i l l  assume the  system is aligned f o r  the 

range of backscat ter  coe f f i c i en t s  encountered i n  the  segment of data  take 24C 

over Southern Cal i forn ia ,  shown i n  Figure 2-10. Maximum and minimum image f i lm 

dens i t i e s  observed i n  t h i s  segment w i l l  be t raced through the  system as an 

example. Figure 2-11 shows the combination of segments 1 through 3 aligned f o r  

tha t  da t a  take. Note t h a t  t h i s  f igure  is not necessar i ly  representat ive nf SIR-A 

da ta  i n  general ,  and t h a t  l a rbe  deviat ions from these curves may e x i s t  i n  t he  

ac tua l  da t a  reduciion schem.  In addi t ion ,  only a reas  homogeneous over a syn- 

t h e t i c  aperture can be traced through them. The upper l e f t  graph shows the  

receiver  amplitude t r ans fe r  function with STC off and a commandable gain of 

2 ~ o t e  t ha t  3.n the production of SIR-A NSSDC and experimenter da ta  products, a s igna l  
f i lm master pos i t i ve  (SFMP) s t e p  was added t h a t  is  not included i n  t h i s  ana lys is .  
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89.3 dB (86-dB t i t l e ) .  The absc i s sa  of t h i s  graph is l i n e a r l y  r e l a t e d  t o  

backsca t te r  coe f f i c i en t s ,  but  t he  propor t iona l i ty  depends on s h u t t l e  a l t i t u d e ,  

t ransmi t te r  power, STC, and pos i t i on  i n  the  swath. For t yp i ca l  values  of these 

parameters, t he  r e l a t i onsh ip  has  been computer modeled and shown on t h e  lower 

s c a l e  of t he  absc issa ,  Thus, under these assumptions, backsca t te r  c o e f f i c i e n t s  

between -24 and -11 dB w i l l  produce an output between -6 and +6.5 dBm a t  connec- 

t o r  735. The ESG analog d a t a  a r e  ex t rac ted  a t  t h i s  po in t  and relayed t o  s t r i p -  

cha r t  recorders  on the  ground. A l t h ~ c g h  the  telemetry d a t a  cannot be compressed 

i n t o  imagery, it  is poss ib le  t o  i n f e r  uncompressed (large-area) backsca t te r  from 

it. 

Figure 2-11 shows t h e  t r a n s f e r  curves f o r  t he  t h r ee  segments of t he  SIR-A 

system a s  ou t l ined  i n  Figure 2-9. The curves a r e  arranged s o  t h a t  t h e  most 

l i n e a r  port ions of the  th ree  curves a l i g n  with t h e  dynamic range observed i n  t he  

image of Figure 2-10. 

The upper-right graph i n  Figure 2-11 shows the  t r a n s f e r  from 755 t o  power 

t h a t  is incident  on the  image f i lm  i n  t he  o p t i c a l  co r r e l a to r .  The absc issa  of 

t h i s  graph is inarked with both power i n  dB and the  equivalent  exposure of the  

IFON, meesured a s  t he  logarithm of t he  rec iproca l  of t he  exposure i n  r e l a t i v e  

un i t s .  The absolute  r e l a t i onsh ip  between the  two s c a l e s  is  changed when the  cor- 

r e l a t o r  l a s e r  power is adjusted. The adjmtment  shown here w i l l  expose the  image 

f i lm f o r  the  Figure 2-10 imagery t o  provide the  bes t  r e s u l t s  from the  r e l a t i v e l y  

l imi ted  dynamic range of t h i s  fi lm. This graph a l s o  assumes per fec t  development 

of the  s igna l  f i lm  and no l a t e . ~ t  image degradation o r  other  predevelopment 

chemistry va r i a t i ons  i n  t he  s igna l  f i lm  emulsion. Additional va r i a t i ons  i n  

power across  the swath may be produced by v igne t t ing  i n  the co r r e l a to r ,  Under 

these assumptions, our o r i g i n a l  backscat t2r  coe f f i c i en t  range of -24 t o  -11 dB 

has now been t ransfer red  t o  image f i lm  exi9osures from 2.5 t o  1.4 ( r e l a t i v e  u n i t s ) .  

In the  lower-right corner of Figure 2-11 is the  development curve f o r  the 

image fJlm, whic: t r a n s f e r s  the  exposure i n t o  va r i a t i ons  i n  dens i ty  on the  

developed IFON. Except f o r  the  va r i a t i ons  i n  t h i s  f i l m ' d e v e l ~ ~ m e n t  discussed 

below, t h i s  s t e p  i f  , l a t i v e l y  s t ra ightforward.  Tile exposure range of 2.5 

t o  1..4 has aeen mapped i n t o  the  image f i lm dens i ty  range of 0.3 t o  1.8 dens i ty  

u n i t s ,  which is the  observed dens i ty  va r i a t i on  i n  t he  segment of da ta  take 24C. 



In the lower-left  corner of Fieure 2-11 is the system t r a n s f e r  funct ion 

between backscat ter  coe f f i c i en t  ( t he  absc issa  f o r  the  upper-left  graph) and 

image f i lm  dens i ty  ( t he  o rd ina t e  f o r  t he  lower-right graph),  which r e s u l t s  under 

a l l  of the above assumptions. This curve was generated by t r ac ing  poin ts  through 

the  o ther  th ree  graphs. The system dynamic range a s  shown is about 11 dB, i n  

good agreement with prelaunch pred ic t ions .  Note t h a t  the  range is l imi ted  a t  

t h e  lower end by the no ise  (base p lus  fog) of t h e  image f i lm,  and a t  t h e  upper 

end by the  o p t i c a l  recorder ,  s i g n a l  f i lm,  and c o r r e l a t o r  component. Upstream 

of the  o p t i c a l  recorder ,  t h e  available dynamic range goes beyond the  l i m i t s  of 

t h i s  graph. Actual l i m i t s  of the r e c e i ~ e r  a r e  about 30 dB, and i f  t he  da t a  were 

recorded on some o ther  medium, t h i s  range could have been preserved. A s  it is, 

i t  is c l e a r  t h a t  t h e  system is  f a r  from l i n e a r ,  and t h a t  the  n o n l i n e a r i t i e s  a r e  

mostly due t o  t he  da ta  recording system employed. 



SECTION T i 1  

SIR-A HARDWARE PERFORMANCE 

The SIR-A f l i g h t  hardware performed f lawless ly  during the  STS-2 mission, 

gathering near ly  8 hours of d r t a .  A l l  c ~ g i n e e r i n g  spec i f i ca t i ons  of the  ins t ru-  

ment were met o r  exceeded. 

The OSTA-1 p a l l e t  was removed from the  Shu t t l e  i n  December 1981, and the  

SIR-A e l ec t ron i c s  and o p t i c a l  recorder were shipped t o  JPL i n  January, 1982. 

The e l e c t r o n i c s  and o p t i c a l  recorder  a r e  a t  JPL awaiting t h e i r  next f l i g h t  

i n t o  space a s  p a r t  of t he  SIR-B Experiment i n  t he  summer of 1984. The SIR-A 

antenna was shipped t o  Ba l l  Aerospace Systems Division, Boulder, Colorado, 

i n  March 1982 where i t  w i l l  undergo extensive modification f o r  t he  SIR-B 

Experiment . 

B. PERFORMANCE BY SUBSYSTEM 

1. Antenna 

Based on quick-look ana lys i s  of t he  ava i l ab l e  da ta ,  the antenna appears t o  

have performed nominalljr i n  a l l  aspects .  Amplitude responses f o r  the  azimuth 

pa t te rn  of the  antenna were received by JPL por tab le  ground rece ivers ,  spec i f i -  

c a l l y  deployed f o r  t h a t  purpose, during da ta  takes  24B and 24C over northern 

Cal i fornia .  The SIR-A antenna pa t t e rn  i n  azimuth was obtained by recording the  

received s igna l  i n t e n s i t y  on a s t r i p  cha r t  recorder a s  t t -  S'lutt le p a ~ s e d  by t h e  

receiver  site. Figure 7-I(?' shows the  p r e f l i g h t  c a l i b r a t i o n  da t a  of the  antenna 

pa t te rn  i n  azimuth and Figure 3-l(b) shows t h e  recorded azimuth pa t t e rn  f o r  one 

pa r t i cu l a r  pass. 

2. Transmitter 

The t ransmi t te r  performed s a t i s f a c t o r i l y  dl-rir,: the  micsfou wich only one 

unexplai,red phencmenon - a s l i g h t  decrease followed by an increase of power during 

each da ta  take. This  behavior appears t o  be due t o  unequal hea t ing  of tl.e 

three t ransmi t te r  power ampl i f ie rs .  
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3,  Receiver 

The r e c e i v e r  subsystem performed p e r f e c t l y  throughout t h e  miss ion and even 

sus ta ined  a high r e f l e c t e d  inpu t  power of 200 W f o r  2 s dur ing a S h u t t l e  water 

dump. The h i g h  r e f l e c t e d  power was due t o  a cloud of water c r y s t a l s  migrat ing 

i n  f r o n t  of t h e  antenna dur ing t r a n s m i t t e r  opera t ion .  

4. Logic and Control  

The SIR-A sequcncer performed as planned throughout t h e  f l i g h t .  Its f l e x i -  

b i l i t y  was apprec ia ted  when immediste replanning was necessary  f o r  t h e  minimum 

mission,  Some concern was voiced a t  JPL over  t h e  a b i l i t y  of t h e  sequencer ' s  

memory t o  remain i n t a c t  under cosmic-ray bombardment. A t e s t  performed a t  

Kennedy Space Center (KSC) a f t e r  removing t h e  ins t rument  from t h e  OSTA-1 p a l l e t  

ind ica ted  t h a t  t h e  memory was 100% i n t s c t .  Not one b i t  out  of 45,056 b i t s  had 

changed dur ing t h e  f l i g h t ,  

5. Power Converter 

The SIR-A power conver ter  experienced no dur ing t h e  f l i g h t .  An 

unexplained, o p e ~ a ~ e - b u s  f a i l u r e  dur ing t e s t i n g  a t  KSC, p r i o r  t o  i n s t a l l a t i o n  

on t h e  p a l l e t ,  never reappeared dur ing t e s t i n g  on t h e  p a l l e t  o r  dur ing t h e  f l i g h t .  

6. 0pt . tca l  Recorder 

Our g r e a t e s t  r e l i a b i l i t y  concern dur ing t h e  f l i g h t  was t h e  o p t i c a l  recorder ,  

p r imar i ly  because of i t s  age (14 years)  and t h e  severe  launch v i b r a t i o n  environ- 

ment. No v i s i b l e  damage was sus ta ined  hy t h e  o p t i c a l  r ecorder  dur ing t h e  launch. 

The recorder  produced c r i s p ,  c l e a r  d a t a  with no evidence of degradat ion.  Small 

damage t o  t h e  take-up c a s s e t t e  occurred when removing i t s  s a f e t y  harness ,  but  n o t  

enough t o  impair  i t s  use fu lness  i n  f u r t h e r  f i i o h t 3 .  The dynrtrrir. rank2 &.id f r e -  

quency response of t h e  recorder  were a s  expected.  

C. SHUTmE SYSTEMS 

1. Power 

The dc volcage a t  t h e  instrument v a r i e d  from 29.8 v o l t s  a t  t h e  s t a r t  of t h e  

mission t o  28.5 v o l t s  a t  t h e  end. A vol tage  below 26.0 v o l t s  would have ,aused 

t h e  o p t i c a l  recorder  CRT t o  unfocus. 



2. Command 

The conmr~lnd system through the Shuttle's general pSirpose computer (GPC) and 

pallet flex multiplexer demultiplexer (MDM) operated perfectly. 

3. Statue Monitors 

The ranalog and discrete status monitors through the pallet flex MDM and the 

Shuttle's GPC operated nominally. In the future, we will set caution and 

warning limits only for safety-threatening failures. 

4. Radio-Frequency Interference 

No evidence of interference from UHF, S-band, TACAN, or any other RF source 

on the orbiter was found in the SIR-A data. 

5. Attitude Stability 

An attitude deadband of tO.10 deg and a drlft rate of ?C..,2 degls for 

all axes were adequate for the SIR-A instrument. 

6. Cooling 

Active cooling for the SIR-A electronics was adequate. Passive cooiing for 

the optical recorder was inadequate for data takes longer than 25 min. 



SECTION IV 

DATA ANALYSIS 

A b r i e f  sunmiry of t h e  e a r l y  r e s u l t s  is given i n  t h i s  s e c t i o n  as well as i n  

two papers saon t o  be published: Elachi  e t  el. (1982) g i v e s  an overview of t h e  

SIR-A prel iminary sc ience  r e s u l t s ,  and McCauley e l  a l .  (1982) p r e s e n t s  one of the 

most e x c i t i n g  r e s u l t s  r e l a t e d  t o  subsurface  imaging. 

This s e c t i o n  is composed of subsec t ions  w r i t t e n  by t h e  o r i g i n a l  SIR-A Science 

Team members o r  t h e i r  co l l abora to rs .  

A. OVERVIEW (C. Elachi ,  JPL) 

I t  is wel l  e s t a b l i s h e d  t h a t  imaging-radar d a t a  are important e lements  i n  t h e  

morphological and s t r u c t u r a l  mapping of t r o p i c a l  regions .  The SIR-A pre l iminary 

d a t a  a n a l y s i s  c l e a r l y  i n d i c a t e s  t h a t  r adar  d a t a  a r e  a l s o  of unique importance i n  

mapping s t r u c t u r e s  i n  hyperar id  and a r i d  regions ,  and provide a d d i t i o n a l  i n f o r -  

mation ( r e l a t i v e  t o  Landsat) i n  semiar id  and temperate regions.  

Analysis of t h e  d a t a  acquired i n  t h e  hyperar id  region of southern Egypt 

c l e a r l y  shows t h e  SIR-A imaged subsurface  dra inage elements and geologic  s t r u c -  

t u r e s  t h a t  a r e  covered by a l a v e r  of d ry  sand. These r e s u l t s  a r e  repor ted  by 

McCauley e t  a l .  (1982). -ixon (Subsection B) used t h e  SIR-A d a t a  t o  a c q u i r e  

a d d i t i o n a l  information on t h e  t e c t o n i c s  of t h e  Eastern  Desert of Egypt r e l a t i v e  

t o  what is a v a i l a b l e  on t h e  most r ecen t  geologic  maps. Breed, McCauley, 

Szlraber, 'Jalker, and Ber l in  from t h e  U.S.C.S. (Subsection K) give assessments 

of the c a p a b i l i t y  of mapping t h e  morphology of sand dunes,  d e s e r t  r eg ions ,  and 

a r i d  regions  us ing radar  d a t a ,  and p resen t  a comparison with Landset da ta .  I t  is 

c l e a r  t h a t  the  radar  d a t a  provide a d d i t i o n a l  information.  I n  many cases ,  s u r f a c e  

morphology is b e t t e r  depic ted on t h e  SIR-A images, p a r t i c u l a r l y  where sand cover 

tends t o  reduce ~ a r i a t i o n s  i n  t h e  v i s i b l e  and I R  r e f l e c t i o n s .  Masursky (Sub- 

sec*ions  D and E) discusses  t h e  r e s u l t s  of us ing SIR-A d a t a  t o  map vo lcan ic  

f e a t u r e s  and i l l u s t r a t e s  a case where some information could be acquired from 

SIR-A d a t a  about t h e  cool ing and s i l i c a  content  o f  l a v a  f lows,  These phenomena 

a f f e c t  the blockineso of t h e  s u r f a c e ,  which, i n  t u r n ,  s t r o n g l y  a f f e c t s  t h e  l a d a r  

re tu rn .  Rebi l lard  (Subsection I )  p r e s e n t s  t h e  use of t h e  SIR-A d a t a  i n  c o ~ j u n c -  

t i o n  with Seasat  d a t a  t o  map dry l ake  beds i n  northwestern Alger ia ,  and 



i l l u s t r a t e s  va r i a t i ons  i n  t he  sur face  s ignature d w  t o  the radar  i l l tmina t ion  

geometry and temporal va r i a t i ons  on t h e  surface. 

In  t h e i r  ana lys i s  of some of t he  SIR-A d a t a  over t he  U.S., Ford and 

llacDonald (Subsections C and H) c l e a r l y  show t h a t  b e c a w  o i  d i f fe rences  i n  

i l luminat ion g e m t r y ,  t he  SIR-A, Seasat ,  and Landsat d a t a  contain coeplementary 

information about sur face  morphology and s t ruc ture .  This  i l l u s t r a t e s  the  need 

f o r  multisensor observations t o  acquire  A more de t a i l ed  p i c tu re  of sur face  

geology. 

Dellwig and PlacDonald (Subsections F and G) present a comparison of t he  

SIR-A and airborne radar  da t a  acquired over t r o p i c a l  fores ted  areas i n  Panama and 

Guatemala. Krohn and Milton (Subsection J) present t h e i r  r e s u l t s  of using SIR-A 

da ta ,  i n  connection with Seasat and Landsat da ta ,  t o  map sur face  geology i n  

heavily forested a reas ,  based on the  d i s t r i b u t i o n  of sur face  vegetation. 

B. ANALYSIS OF THE IMAGERY OVER THE EGYPTIAN EASTERN DESERT 
(T. Dixon , JPL) 

SIR-A provided the  f i r s t  radar  images obtained over the  Eastern and Western 

Deserts of Egypt. The Eastern Desert of Egypt is a peneplained Precambrian 

Shield, which has,  f o r  the  most p a r t ,  remained t ec ton ica l ly  inac t ive  f o r  the  last 

500 mi l l ion  years. The cont inenta l  r i f t i n g  associated with formation of the 

Red Sea i n  post-Cretaceous time has l e f t  l i t t l e  tec tonic  imprint, but two e f f e c t s  

are n~tewor thy .  Xild u p l i f t  of the basement aad subsequent erosion of a t h i a  

Phanerozoic sediment cover has exposed the  Precambrian rocks. This u p l i f t  is 

presclrably re la ted  t o  subcrustal  hea t iag  and r e l a t ed  thermal expansion of the  

c rus t  associated with the  i n i t i a l  s t ages  of Red Sea r i f t i n g  (e.g., Falvey, 1974). 

In addi t ion ,  s t r i k e - s l i p  f a u l t s  associated with the Red Sea r i f t - t ransform system 

appear t o  be a £  f ec t ing  the sh ie ld .  

This sec t ion  descr ibes  the  s ignature of major rock types exposed i n  the 

Eastern Desert of Egypt as observed i n  the Shut t le  radar  imagery. Faul t -related 

lineaments a r e  a l s o  observed i n  the  imagery, some of which have not been previously 

described. These observations allow some new genera l iza t ions  concerning t ec ton ic  

t rends i n  the  sh ie ld .  

The synthetic-aperture radar image from da ta  take 28 of SIR-A is shown i n  

Figure 4-1. A l i t h o l o g i c  map modified from El Rsmly and Hermina (19?8) is shown 





i n  Figure 4-2 .  Figures 4-3 and 4-4 a r e  s t ruc tu ra l  and l i t ho log ic  in te rp re ta t ions  

of the radar image. 

Five major l i tho log ic  un i t s  can be distinguished in the  radar image; they 

are described b e l w  fram the  youngest t o  the oldest:  

(1) Recant accumulations of re la t ive ly  f l a t  sand and gravel occur i n  

n a r r w  "vadis" and i n  wider areas, especial ly west of the Nile River. 

These areas  a r e  dark on the radar image because the  surfaces a r e  

saooth at  the  radar -length, and very l i t t l e  energy is back- 

sca t tered  t o  the  receiver. The wadis often mark the  locat ion  of 

major f a u l t s  because erosion proceeds rapidly within the  sheared rocks. 

(2) The Cretaceous Nubian Sandstone group l aps  against  the  Precambrian 

Shield on its western edge. This u n i t  has a re la t ive ly  high radar 

albedo, and a d i s t inc t ive  dendr i t ic  drainage. Laver albedo Ter t ia ry  

sedinrents crop out  i n  a n a r r w  zone along the  Red Sea coast. 

(3) A t  l e a s t  ten g ran i t i c  plutons can be observed on the  radar image, with 

diameters ranging from about 5 t o  15 hm. Two groups of plutons have 

previously been distinguished on the bas i s  of petrologic and Arono- 

logic  data: older granodtorites (600 t o  650 Myr) and a younger granite- 

adamellite grcup (570 to  590 Myr). Two plutocs v i s i 3 l e  i n  the radar 

image have been dated by the whole rock Rb-Sr technique. Stern 

(1979) obtained an age GE b71 233 Myr fo r  the Wadi Miah granodiorite. 

Fullagar and Greenbela (1978) report an age of 594 48 Myr fo r  the Gebel 

Kadoboxa granite. 

Granit ic  plutons a re  e a s i l y  dis%tnguisheii on the  radar ixaiige 

because of three charac ter is t ics .  F i r s t ,  they arc  more or  l e s s  c i r cu la r  

i n  shape. Second, many of the plutons vary i n  res is tance  t o  erosion 

re la t ive  t o  the country rock. For example, plutons may be defined by 

wide saady areas o r  wadis tha t  appear dark i n  the radar image. This 

is most apparent i n  the case of the older granodiorites,  e.g., Wadi 

Hiah and Wadi Beizah. The intense weathering and erosion of some of 

the older granodiorites may be related t o  a pervasive fo l i a t ion  t h a t  

characterizes many of these synorogenic plutons. In ccnt ras t ,  the  

Gebel Kadabora and Gebel E l  Sibai younger grani tes  a re  characterized 

by an outer ring of high h i l l s ,  but a strongly weathered, hence, dark 





Figure 4--3. Structural Interpretation of the Radar Image of the Southeastern Deeert 
in Egypt; Insert is the Rose Diagram 



Figure 4-4. Lithologic  Interpretation of the Radar Image of the Southeastern Desert 
i n  Egypt 



core. Neary, Gass, and Cavanagh (1976) noted similar dichotomous 

topography i n  the  younger g ran i t e s  of t he  NE Sudan. The coarse-grained 

nature of the  g ran i t e  plutons, espec ia l ly  i n  the cores,  may cont r ibu te  

t o  t h e i r  rapid erosion,  s ince  water percolat ion along g ra in  boundaries 

might be enhanced. Third, some of t h e  plutons a r e  character ized by dike 

swarms o r  p a r a l l e l  j o i n t  f r ac tu re s  t h a t  a r e  prominent on the  radar  image. 

They a r e  most apparent i n  the  Wadi Miah granodior i te  ( s~u thwes t -  

nor theas t ) ,  and the  Gebel Uana Nagat (southwest-northeast) and the  Gebel 

Kadabora (north-south) younger gran i tes .  F e l s i c  o r  s i l i ceous  dyke 

swarms a r e  of considerable i n t e r e s t  i n  the  Egyptian Shield. Their 

emplacement is probably r e l a t ed  t o  the  l a t e r  s t ages  of g r a n i t i c  magma- 

t i s m .  They a r e  therefore  favorable s i t e s  f o r  t he  concentration of 

uranium-bearing f l u i d s  (e.g., Rogers e t  al. ,  1978). Several such 

occurrences i n  the  Central  Eastern Desert contain s ign i f i can t  l e v e l s  of 

uranium mineral izat ion ( e  .g. , Hussein and El  Kassas, 1980). 

(4) The country rock intruded by the  g r a n i t i c  plutons cons i s t s  of b a s a l t i c  

t o  andes i t i c  volcanic rocks, r e l a t ed  sedimentary mater ia l ,  and associ- 

a ted ul t ramafic  rocks, now metamorphosed t o  greenschis t  f s c i e s .  This 

sequence is thought t o  be ind ica t ive  of a late-Precambrian oceanic 

and is land a r c  environment (Engel, Dixon, and Stern,  1980; 

S t e m ,  1981). In terms of radar  image discr iminat ion,  t he  metavolcanic- 

metasedimentary rocks represent  a s ing le  u n i t ,  and appear a s  a moderate- 

r e l i e f  te r rane  with moderate-to-high radar  albedo. 

( 5 )  The ul t ramafic  rocks can be disr inguished from the metavolcanic- 

metasedimentary u n i t  by t h e i r  high r e l i e f  and high r e l a t i v e  br ightness .  

The s t rong topographic expression ind ica tes  res i s tance  t o  weathering. 

Although the o r i g i n a l  mineralogy of these rocks (mainly o l iv ine  and 

orthopyroxene) is highly suscept ib le  t o  weathering and erosion,  the  

rocks a r e  now composed almost completely of a dense mixture of serpen- 

t i n e  and carbonate (mainly anke r i t e ) ,  which is very r e s i s t a n t  t o  

weathering i n  the deser t  climate.  The Barramiya se rpen t in i t e  is the 

l a rges t  such body and is strongly l inea ted  i n  the  east-west d i r ec t ion .  

These l i nea t ions  probably r e f l e c t  the inf luence of tec tonic  emplacement 

o r  remobilization; however, no obvious f a u l t s  o r  other  lineaments a r e  

apparent i n  the adjacent country rock. 



Figure 4-3 contains  a rose diagram of major lineaments v i s i b l e  i n  the  radar  

image. Linear f ea tu re s  smaller than 5 km and the  previously discussed dyke 

swarms and j o i n t  f r a c t u r e s  were not  p lo t ted .  Most of t h e  remaining f e a t u r e s  are 

probably f a u l t s  because they a r e  a l l  r e l a t i v e l y  long, well-defined lineaments. 

Actual o f f s e t s  are apparent i n  some cases  (e.g., Figure 4-1, l oca t ion  F2). 

Three major lineament d i r ec t i ons  are apparent;  the  o ldes t  t rends  a r e  ea s t -  

southeast  t o  west-northwest. The age assignment is  based on the  observat ion t h a t  

lineaments i n  t h i s  group do not  cu t  any of t he  g r a n i t i c  plutons,  and, i n  tu rn ,  

a r e  o f f s e t  by a younger north-south f a u l t  set. This o lder  lineament s e t  may be  

r e l a t e d  t o  tectonism assoc ia ted  with co l lapse  and emplacement of t h e  metavolcanic- 

metasedimentary complex. 

A second, younger lineament set t rends  northwest-southeast, o r  approximately 

p a r a l l e l  t o  the  Red Sea coast  (e.g., Youssef, 1968). This lineament group 

probably represen ts  f a u l t s  t h a t  have experienced post-Mesozoic movement because 

they d isp lace  outcrops of t h e  Nubian sandstone, o r  a t  l e a s t  s t rongly  con t ro l  i ts  

deposi t ion.  A s imi l a r  f a u l t  may even cont ro l  the  pos i t ion  and t rend of t he  Red 

Sea coast .  The s t ronges t  l i n e a r  fea ture  on the radar  image, with t he  exception 

of the  coas t l i ne ,  i s  the  northwest-trending boundary i n  t he  Nubian sandstone 

near the  southwest boundary of t h e  sh i e ld  (Figures 4-1 and 4-4). Some normal 

movement has  occurred on t h i s  f a u l t  because the southwest s i de  of the  f a u l t  has  

been downthrown, and the  Nubian outcrops there  a r e  covered with a t h i n  veneer 

of recent  a l l u v i a l  mater ia l .  This obvious boundary probably represen ts  an exten- 

s ion  of previously mapped f a u l t s  t o  t he  north and south (e.g., E l  Ramly and 

Hermina, 1978). It is one of t he  longest  well-defined lineaments i n  the  Eastern 

Desert ,  with a s t r i k e  length of a t  l e a s t  250 km. 

A north-south (215 deg) group of lineaments a l s o  probably represen ts  f a u l t s  

t h a t  have been ac t i ve  i n  t he  Phanerozoic, though exac t  age r e l a t i o n s  t o  t he  

previously described northwest-southeast f a u l t  s e t  a r e  not  c l ea r .  A north- 

northeast  t o  south-southwest f a u l t  cu t s  Gebel Kadabora, suggesting t h a t  t h i s  f a u l t  

group a s  a whole has  an absolute  age younger than 594 Myr. Another well- 

developed f a u l t  i n  t h i s  group t rends  north-northwest t o  south-southeast and c u t s  

a small unnamed pluton northwest of the Wadi Miah granodior i te ,  where about 2 km 

of l e f t  l a t e r a l  displacement is observed, This f a u l t  a l s o  d i sp l  :ps an o lder  

lineament immediately north of the  pluton,  a l s o  with about 2 kn; l e f t - l a t e r a l  



displacement. It is noteworthy t h a t  t h i s  l oca l e  is on s t r i k e  with the  Dead 

Sea-Gulf of Aqaba f a u l t ,  an ac t ive  l e f t - l a t e r a l  transform f a u l t  associated 

with a Tertiary-to-Recent opening of the  Red Sea. The ove ra l l  alignment with the  

Aqaba trend, the  ava i l ab l e  age cons t r a in t s ,  and the observed l e f t - l a t e r a l  motion 

f o r  the  north-south f a u l t  set a l l  suggest t h a t  t h i s  group of f a u l t s  is associated 

with the tec tonics  of the Red Sea r i f t .  Al te rna te ly ,  t h i s  f a u l t  s e t  could have 

been ac t ive  in  the Precambrian, and was r e a c t i v a ~ e d  during i n i t i a t i o n  of the Red 

Sea r i f t i n g .  In  t h i s  case,  p reexis t ing  tec tonic  t rends  i n  the  sh i e ld  cont ro l led  

the  o r i en t a t ion  of the  Red Sea r i f t .  

C. AYALYSIS OF SIR-A AND SEASAT SAR IMAGES OF KENTUCKY-VIRGINIA 
(3. Ford, JPL) 

The te r rane  covered by t h i s  study represents  a small port ion of each of 

two widely d i f f e r i n g  geomorphic provinces. The Appalachian Plateau i n  south- 

west Kentucky i s  extensively covered by a dense f o r e s t  of mixed deciduous and 

coniferous t r ee s .  It i s  deeply dissected.  Slopes a r e  s teep t o  very s teep.  

Valley bottoms a re  mostly very narrow and winding. Bedrock cons i s t s  of coal- 

bearing sedimentary sequences t h a t  include much sandstone and shale .  Most rocks 

of t h i s  regional s t ruc tu re  d ip  gent ly toward the Appalachian Basin i n  the  

southeast.  

The adjacent Ridge and Valley te r rane  i n  southwest Virginia  is strongly 

oriented i n  elongate subpara l le l  s t r i p s .  The r idges  have s teep slopes t h a t  a r e  

densely forested.  The intervening major va l l eys  a r e  wide, r e l a t i v e l y  l e v e l ,  

and la rge ly  cu l t iva ted ;  they extend l i n e a r l y  f o r  many tens  of kilometers.  Bed- 

rock cons i s t s  of carbonate and c l a s t i c  shelf-rock sequences t h a t  have been exten- 

s ive ly  folded and fau l ted  i n t o  t h r u s t  s l i c e s  (Rogers, 1949). The bedrock i n  both 

the Plateau and Ridge and Valley a reas  is  covered by a thick mantle of s o i l  and 

vegetation. Outcrops a r e  few and the  landforms a re  control led more by s t ruc tu re  

than the underlying l i tho logy.  Drainage i s  s t r u c t u r a l l y  control led.  A major 

s t r u c t u r a l  fea ture  is  the Pine Mountain overthrust .  This t h rus t  h.is car r ied  a 

thin p l a t e  of Plateau rocks northwest f o r  a d i s tance  of about 6.4 km over Ridge 

and Valley rocks (Harr is  and Mi l ic i ,  1977). The fea ture  i s  prominent on the  

SIR-A and Seasat SAR images (Figures 4-5 and 4-6, respec t ive ly) .  







Lineament mapping and s t r u c t u r a l  i n t e r p r e t a t i o n  a r e  made from the  con t r a s t  

i n  tone, t ex tu re ,  and pa t t e rn  on each of t h e  SIR-A and the  Seasat  SAR images. 

The range of gray l e v e l s  on the  two r s t s  of radar  images is broadly similar. 

The gray l e v e l s  cannot be compared quan t i t a t i ve ly  because t h e  d a t a  a r e  uncalib- 

rated. In both cases ,  however, t he  abrupt 1.inear changes of image tone denote 

corresponding changes i n  radar  backscat ter .  Geomorphic f ea tu re s  r e f l ec t ed  by tho 

abrupt changes include l i n e a r  va l l eys  o r  alignments of va l l ey  segments i n  t h e  

Appalachian Plateau,  and major r idges  i n  t h e  Ridge a rd  Valley area. Bedding is 

perceived l o c a l l y  from tona l  va r i a t i ons  along t h e  scarp  s lope of Pine Mountain. 

The l o c a l  d i r ec t i on  of d i p  is determined from the  pa t t e rn  of f  l a t i r o n s  on t h e  

d ip  slope (Figures 4-5 and 4-6, F2/E2 t o  B4). However, t he  t ona l  va r i a t i ons  

provide no discr iminat ion o r  i d e n t i ~ i c a t i o n  of t he  bedrock l i tho logy .  The tex- 

t u r e s  on the  SIR-A image (Figure 4-5) and the  Seasat SAR image (Figure 4-6) d i f -  

f e r  i n  coxreaponding image areas .  This e f f e c t  enhances o r  suppresses l o c a l  

topographic f ea tu re s  d i f f e r e n t i a l l y  on the  respec t ive  images. It r e s u l t s  i n  p a r t  

from d i f fe rences  i n  backsca t te r  t h a t  a r e  due t o  t he  d i f f e r e n t  radar  look angles  

used on the  SIR-A and the  Seasat SAR systems. h p a r t ,  it r e s u l t s  from d i f f e r -  

ences i n  t h e  d i r ec t i on  of scene i l luminat ion.  These two f a c t o r s  combine t o  pro- 

duce a s i g n i f i c a n t  d i f fe rence  i n  the l o c a l  incidence angle of t he  SIR-A and the 

Seasat SAR imaging beams a t  corresponding l o c a l i t i e s  on the respec t ive  images. 

Topographic lineaments obser-led on the  SIR-A image (Figure 4-5) a r e  mapped 

i n  Figure 4-7. Linear va l l eys  o r  alignments of Valley segments i n  t he  

Appalachian Plateau a r ea  t h a t  a r e  15 km o r  g rea t e r  i n  length correspond mostly 

with mapped f a u l t s  from published sources. The f a u l t s  and d i r e c t i o n a l  t rends  

mapped i n  Figure 4-7 a r e  l i s t e d  i n  Table 4-1, Numerous lineaments i n  the  Plateau 

a r ea  thnc range from 1 t o  12 km a r e  or ien ted  p a r a l l e l  t o  a f a u l t  t rend.  Six l i n -  

e a r  va l leys  o r  aligned va l l ey  segments t h a t  range i n  length from 6 t o  14 km a r e  

labeled i n  Figure 4-7 and tabulated a s  major l ineaments (Table 4-1). Large num- 

bers  of minor l i n e a r  va l ley  segments mapped i n  Figure 4-7 range from 1 ro 4 km 

i n  length. 



E X P L A N A T I O N  
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Faul t, w e d  from S IR-A imqge TaTOLER; Gp: GRAPEVINE; Fr: FRASURE; PM: PINE MOUNTAIN; 
-.-.-.-.-.- Fault, a~proximtely located on imqle .. .- .. . .. ..... Major topagraphic lineament In: INDIAN CREEK; Co: COEBURN; Mc: McCLURE; 

. . . . . . . . . . . . . . . . . Minor topographic lineamsnt RF: RUSSELL FORK; LP: LfTTLE PAW PAW; KM: K E N  MOWTAM;  
---------- Fold axis; approximately located SP: St. PAUL; Ga: GARDEN; Ca: CANEBRAKE; 

T Shike and dip of layered rock 
Ri: RICHARDS; So: SALTVILLE; h: PUlASKl 

Figure 4-7. Lineament Map of Appalachians From SIR-A Iimage 



Table 4-1. e ) l r e s t iona l  Trendo of Appalachian Lineaments 

Length of  Minor Topsgrapkie  
Putt l t Trend Major Topographic L ictealaen t 8 

P V P  

t . ineemnt-e, km N o .  Av. Length. km 

Callabrahe N67"W - 36 1.8 
(NW segment) 

Rutasel PL r k  NQ7.W 
(SE aoyarcnt) 

Caneb cake N i S e W  
(86 rcgazant) 

Russel  Fork N,7HeW T o l e r ,  H 65 
(NW b km) Frcreure, 10 

1 , i t t l e  Paw Paw N L ' H ~ W  McClure, 12 
Keen Mo111t t ct i n  N2P.W Cardan, 6 

Ctwburtl N 7 " E  Ind ian  Craok, 14 5 

P lnct Mountain N5!lQE ( ; rapevine,  o 14 
(SW segment 1 

Pine  Mtwntrrtn N71"E 
(NE rregment 

Rtchl?ttrds N64 "E *Major r i d g e  
S t .  Paul 1 c r e s t s  ( 1 5  km 
S a l t v t l  L C  upward) 
Pu la sk l  ~ b ? r  "E 

The p t r r a l l e l i sm of t h e  mtrjar and mlntrr 1 lneamrnts  w i t h  the rna1rpc.d faul tbi  

s i lygsa ts  t h a t  tire l i n r n m n t s  a r c  s t r u c t t r r a l  i n  a r i y l t t .  'I'tlls 18 suppor t ed  irom t h e  

crbrirrunt i ons  t h a t  tlre Ttrlt3r Creek . Cruprvin'* Crcvk, and Franure  Creek Ilneamt.nt:a 

(Flgttrsw 4-5 and 4-7 ,  .41, D l ,  atrd A;') arc o r i c ~ ~ t e d  approximate ly  p a r o l l d l  t o  

structural con tou r s  drawn t r ~ r  tt*r airhnuriacr  c~t t io  Sttale ( F u l t u n ,  1979). 'Thetar?. 

t h r e e  Itnwbmrnta a l s o  t r e n d  n e a r l v  pa ra l l t a l  t o  c o r r e a p r ~ n d t n g  l l n e u r  w r g m n t r  of  a 

s t r o n g  magnatlc g r a d i e n t  i n  t h e  haaement # h o w  on the  aeromngnc:tc map uf 

Kentucky ( J o l \ n n u ~ ~ ,  1980). The in ta rb tsc l lonn of mwfor and mlnar l ineament#  

aciJact*nt t o  t h e  Keen Moimtailr Fdul t  (Pigi tre# 4-5 and 4-7, F2 and G 1 )  have been 

r epor t ed  t o  ctrinl-Lde wlth zones o f  *hut t e r l n g  and ox,*apticbnal l y  =uk rrtijf rut-k 111 



subsurface coa l  mines i n  t h e  a r ea  (Elder, Jeran, and Keck, 1974). F i e ld  work by 

J. Muskat (1981) has  shown t h a t  t he  Indian Creek Lineament (Figures 4-5 and 4-7, 

C5) is tile site of fau l ted  rocks. However, the  ex t en t  and aagnitude of t he  

f a u l t i a g  remains :inknown a t  the  time of t h i s  wri t ing.  

The abrupt changr. of image tone and t ex tu re  t h a t  extends from K 1  t o  F4 

i n  Figure 4-5 marks t he  f a u l t  zone t h a t  bounds t he  Ridge and Valley area.  Hajor 

lineaments i n  t h e  ar-a a r e  fotnred by the  s t ~ b p a r a l l e l  r e p e t i t i o n  of the r idges.  

The pa t t e rn  denotes t he  reg iona l  s t r i k e  and suggests  r e p e t i t i o n  of t he  under- 

ly ing  rock &.equences by fo ld ing  and fau l t ing .  For c l a r i t y ,  t h e  major l i n e a r  

r idges  a r e  omitted from the  map i n  Figure 4-7. The axes of plunging fo ld s  a r e  

in fe r red  from l i n e s  t h a t  j o in  t h e  cen t e r s  of t he  curvature  p a t t e r n s  on the images. 

There is no evidence of bedding along the  r idges  i n  Figure 4-5, and the  d i s t i nc -  

t i on  between scarp  s lopes  t h a t  a r e  s teep  r e l a t i v e  t o  d i p  s lopes  t h a t  a r e  more 

gen t l e  is obscured by the  b r igh t  radar  r e tu rns  fro= the  foreslopes.  The above 

f a c t o r s  prevent recognition of t he  d i p  d i r ec t i ons  from the  image. Numerous s h o r t  

lineaments up t o  about 5  km i n  length a r e  formed by narrow va l l eys  t h a t  t ransec t  

t he  major r idges.  I f  these l ineaments have a sc ruc tu ra l  s ign i f icance ,  it is not  

apparent from t h i s  study. 

A map of l i n e a r  f ea tu re s  (not shown here) w a s  drawn from the  Seasat SAR 

images (Figure 4-6) f o r  comparison purposes. The map shows t h a t  most of t h e  

major topographic lineaments t ha t  a r e  mapped i n  Figure 4-7 from the  SIR-A image 

(Figure 4-5) were a l s o  perceived and mapped from the  Seasat SAR images. However, 

most lineaments t ha t  a r e  l e s s  than 15 km i n  length i n  the Appalachian Plateau 

cannot be located on the Seasat SAR image because of layover. The minor l inea-  

w- ts i n  the Ridge and Valley a r ea  t ha t  t r ansec t  tho d i r ec t i on  of regional  

s t r i k e  a r e  ro ta ted  on t h i  Seasat SAR image (Figure 4-6) r e l a t i v e  t o  t h e i r  cor- 

responding pos i t lon  on the  SIR-A image (Figure 4-5) because of image d i s t o r t i o n ,  

which is extreme i n  the Seasat case. 

Drainage mapping from the  SIR-A image (Figure 4-5) provides ;in incomplete 

d i s t r i b u t i o n  of the stream channels i n  the  area.  Segments of the low-order 

channels a r e  not  percept ib le  on t he  image i f  they a r e  narrower than the  image 

reso lu t ion  (40 m), o r  i f  they a r e  or iented near ly  p a r a l l e l  t o  the d i r e c t i o n  of 

scene i l lumina t ion ,  In both instances,  there  is in su f f i c i en t  tona l  con t r a s t  

on the  image f c r  channel perct ~ t i o n .  This prevents the i d e n t i f i c a t i o n  of many 



headwaters t h a t  rise in both t h e  Plateau and the  Ridge and Valley areas. 

Drainage d iv ides  cannot be loca ted  and consequently t he  d i r e c t i o n s  of r e g i ~ n a l  

drainage cannot be determined from the  image. Drainage mapping from the Seasat 

SAR image (Figure 4-6) by contrast is v i r t u a l l y  impossible. Layover and 

r o t a t i o n  of t h e  s lopes  d i s t o r t s  o r  o b l i t e r a t e s  channels of the l o r - a rde r  streams. 

Only port ions of the  trunk streams i n  the  Ridge and Valley area are more r ead i ly  

percept ible .  This is probably due t o  t h e  higher r e so lu t ion  (25 m) of t h e  Seasat 

SAR. 

N m r o u s  Landsat Mul t i spec t ra l  Scanner (MSS) and Return Beam Vidicon (RBV) 

images of a r ea s  t h s t  correspond t o  SIR-A and Seasat SAR coverage were examined 

f o r  comparison. The b e s t  imagcs f o r  l ineanent  and drainage mapping are those 

where the  topography is enhanced by lov-angle s o l z r  shadowing. This  occurs on 

cloud-free images acquired between November and February when t h e  l o c a l  sun ele- 

va t ion  angle ranges between 22 and 28 deg a t  t he  time of image acquis i t ion .  

Examples of the  bes t  MSS and RBV images a r e  given i n  Figure 4-8. Lineanritnt map- 

ping from these images general ly  shows an equlvalent o r  b e t t e r  perception of the  

major and minor topographic f ea tu re s  mapped from the  SIR-A image (Figure 4-5). A 

notable  exception occurs where miner f ea tu re s  s t r i k e  i n  a s ec to r  t h a t  is within 

about 25 deg of t he  sun i l lumina t ion  (about F30°U). In  t h i s  narrow sec to r ,  t h e  

minor l i n e a r  f e a t u r s s  a r e  suppressed because of i n s u f f i c i e n t  image cont ras t .  

In t h i s  ins tance ,  t he  narrow sec to r  coincides with t he  s t r ikc.  of the  major pro- 

port ion of lineameqts mzpped from the  SIR-A image i n  the  Appalachian Plateau 

a rea  (Figures 4-5, 4-7, and Table 4-1). The s e l e c t i v e  suppression of l i n e a r  

topography t h a t  s t r i k e s  i n  t h i s  s ec to r  is more severe on the  MSS image (80-m 

resolut ion)  than on the  RBV image (30-m reso lu t ion) .  During March through 

October, h e n  the sun i l luminat ion d i r ec t i on  is f u r t h e r  t o  t he  e a s t  a t  image 

acquis i t ion  time, the  sun e leva t ion  angle is highex and topographic enhancement 

by shadowing is l e s s  e f f e c t i v e .  

This ana lys i s  of SIR-A and Seasat SAR images of ilniformly fores ted ,  s t eep ly  

s loping sur faces  shows t h a t  t he  r e l a t i onsh ip  between the  radar  look angle  ( a t  t he  

antenna) and the  angle of sur face  s lope  i n  t he  d i r e c t i o n  of radar  i l luminat ion 

is of prime importance t o  the  perception of l i n e a r  topographic fea tures .  Maximum 

tc~pographic enhancement occurs a t  low incidence angles ,  where the radar  is most 

, ens i t ive  t o  slope e f f e c t s .  The radar look angie must always exceed the  sur face  





slope angle by a d i s c r e t e  amount t o  avoid layover o r  excessive r e l i e f  

displsceaent .  A? imaging radar  with a var iab le  look angle is required t o  o b t a i ~  

a unifcimly law range of incidence angle through the var iab le  range of s lope 

angie t h a t  occurs i n  te r ranes  such as the  Appalachian Plateau ezd the Ridge and 

Valley areas .  The coaparisons cf t h e  geological  mapping capab i l i t y  made here 

from the  SIR-.\ anj the  Seasat S:d images (Figures 4-5 and 6-61, and t h e  Landsat 

RBV and HSS images (Figure 4-a), fu r the r  emphasize t h a t  fea ture  perception 

depends scronglv in each case on the  geometry and d i r e c t i o n  cf scene i l luminat ion.  

D. VOLCANIC FIELD EAST 3F RATOW, NEW MEXICO 
(H. Masursky, U.S.G.S.) 

The radar  image i n  Figure 4-9 shows t h e  volcanic  f i e l d  east of Raton, 

New Hexico (C3). The b r i g h t e s t  f ea tu re  i n  the  area is S i e r r a  Grade (G3/H3), a 

l a rge  ex t rus ive  mass of d a c i t i c  volcanic  rocks, which have a higher  s i l i c a  and 

a lumha  content than couwxcm b a s h l t i c  lava  flows. Tile coarse fragments ( severa l  

centimeters) t h a t  form the t a l u s  are of the  proper s i z e  :o produce a b r igh t  radar 

return.  Southwest of t h i s  f ea tu re  is Eagle T a i l  Mountain (CS), a volcanic  center  

surrounded by lava  flows of b a s a l t i c  composition. The outer  edges of the lava 

flows c h i l l e d  during erupt ion and broke up under the  pressurg of subsequent 

flows (autobrecciat ion)  t o  prxluce the  b r igh t  ou t l i ne  of each lava  f l  w o r  erup- 

t i v e  center.  Smaller masses of d a c i t e  (some of which a r e  vents ,  some in t rus ive  

bodies, D4 and lJ5) a l s o  give b r igh t  radar r e tu rns  due t o  t he  coarse fragment 

s i ze .  Thc b a s a l t i c  flows have a low re tu rn  except f o r  the outzr  r i m s .  Basa l t i c  

Gikelike bodies, vent a reas ,  and pyroc las t ic  cones have br ight  radar  r e tu rns  a l s o  

because of s imi l a r  autofragmentation and mass was t i tg  t h a t  produce the  proper 

block s i ze .  Thus, two f ac to r s  i n  the  ignzous rocks a f f e c t  the radar  br ightness:  

(1) increasing s i l i c a  content produces l a rge r ,  b r igh te r  fragments, and ( 2 )  physi- 

c a l  parameters l i k e  cooling and autofragmentation produce l a r g e r ,  b r igh te r  blocks. 

Some of the Mesozoic sedimentary rocks a t  the w e s t  end of the a rea  and Recent 

stream-channel deposi ts  near the e a s t  end a l s o  gi-re br ight  returaa.  Fidure 4-1C/ 

is a geologic map of t he  Raton area.  
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Figure 4-10. Geologic Map of Volcanic F i e l d  West of Raton, New Mexico 



E. GEOLOGIC FEATURES NEAR BATTY.+& MOUNTAIN, NEVADA 
(H. Masursky, U.S.G.S.) 

The radar  image (Figure 4-11) from d a t a  take 24A beau t i fu l l y  d i sp lays  t he  

b a s a l t i c  rocks east of B a t t l e  Mountain (H4), Nevada, i n  t he  Sheep Creek Range 

(J2 t o  K2 through 53 t o  K3). This i s  the  t h i ckes t  s ec t i on  (about 300 m) of 

b a s a l t i c  l ava  flows (Malpais Basal t )  i n  t h e  north-south trough t h a t  extends f o r  

about 200 km t o  the  south. These flows and feeder d ikes  e x h i b i t  one of t he  

l a r g e s t  magnetic anomalieb i n  North America and have a radiometr ic  age of 

14 mi l l ion  years  (Miocene). The b a s a l t i c  trough is t ransec ted  by the  Humboldt 

River (G2/H2 t o  54) ; its va l l ey  i s  f i l l e d  with Pleis tocene and Recent sediments. 

Stream meander pa t t e rns  i n  the  va l l ey  show n i ce ly  on t h e  image. South of t h e  

r i v e r ,  outcrops of the  Slaven Chert (54155) of Devonian age, p a r t  of t he  upper 

p l a t e  of the  Roberts t h r u s t ,  a r e  shown. Barite depos i t s  occur i n  qua r r i e s  i n  

the  cher t  south of Argenta Point (K4). T i l t ed  b a s a l t i c  flows a r e  exposed i n  t h e  

c l i f f s  along the  Argenta R i m  (K4) where they uncomformably o v e r l i e  t he  

Paleozoic cher t s .  The range f r o n t  f a u l t s  of Pliocene t o  Recent age cu t  these  

rocks and a r e  defined by t h e  c l i f f  faces .  The s i l i c e o u s  s i n t e r  deposited by 

the  Beowawe geysers l ies near the  south edge of t he  image. These rocks near  t h e  

geysers have been d r i l l e d  as a poss ib le  source of geothermal energy. The t h i c k  

b a s a l t i c  flows have been s tudied a s  a poss ib le  repos i tory  f o r  nuclear  wastes. 

The high hea t  flow and the  mobile hot  ground water i n  t h i s  region make t h i s  use 

unl ikely.  

To the  e a s t  and west of B a t t l e  Mountain, t h e  l i n e a r  mountain ranges and 

sediment f i l l e d  va l leys  of t he  Basin-Range system a r e  displayed. There has  been 

movement a t  places  along these young bounding f a u l t s  i n  t he  l a s t  s eve ra l  years.  

F. X- AND L-BAND IMAGERY ALONG THE MOTAGUA FAULT, EASTERN GUATEMALA: 
A COMPARISON (L. Dellwig, U. of Kansas) 

A s  a r e s u l t  of the Guatemalan earthquake of February 4, 1976, i n t e r e s t  i n  

the use of radar imagery t o  study the  e f f e c t s  of f a u l t i n g  and t o  i d e n t i f y  f a u l t i n g  

not recorded by other  remote sensing devices  led  t o  t h e  acqu i s i t i on  of a i rborne 

X-band radar  imagery along the  Motagua Faul t  southwestward from the  Gulf of 

Honduras. 





Figure 4-12(a) shows the  X-band image and Figure 4-12(b) shows the  SIR-A 

(L-band) image nor th  of Rio Motagua a long  t h e  Gulf of Honduras. The higher  look 

angle of the  X-band airborne imager r e s u l t s  i n  enhancement of t he  drainage net- 

work i n  an a rea  of low r e l i e f  by providing a s t rong  r e tu rn  from the  near-range 

s i d e  and a shadow on the  f a r  range s ide  of the high vegetat ion adjacent  t o  the 

drainage channels (Figure 4-13) (Dellwig, Bare, and Gelmett, 1978). Along only a 

s ingle  stream channel (other  than the  Rio Motagua) is it  possible  t o  map the  drain- 

age on the SIR-A image. In  t h i s  instance,  i d e n t i f i c a t i o n  apparently r e s u l t s  from 

p a r t i a l  penetrat ion of the vegetat ion and specular  r e f l e c t i o n  from the  channel 

i t s e l f ,  but  t h i s  channel is  more prec ise ly  defined on the  airborne radar  image 

by a high return-shadow signature.  

However, north of the r i v e r  a t  the eas t e rn  end of the  Montanas d e l  Hico 

(X-band, Figure 4-14(a) and SIR-A L-band, Figure 4-14(b)) where e leva t ions  reach 

up t o  1000 m, t he  advantage of t he  50-deg incidence angle is obvious. This a r ea ,  

viewed i n  the  f a r  range (up t o  76-deg incidence angle) of t he  X-band image, is 

subject  t o  a high percentage of shadowing and a consequent da t a  loss .  Although 

the incidence angle of the  SIR-A image approaches grazing on some slopes,  there  

is almost no da t a  l o s s  i n  the  far-range port ion of the  L-band image. 

In the near-range port ion of the X-band image, the incidence angle of 

approximately 45 deg approximates t h a t  of t he  SIR-A image (approximately 50 deg) 

and the percentage of shadow is s i g n i f i c a n t l y  reduced. Although there  is only a 

small d i f fe rence  i n  incidence angle,  the SIR-A image s u f f e r s  s ign i f i can t ly  l e s s  

da t a  l o s s  without a not iceable  increase i n  foreshortening. 

Recognizing the  p o s s i b i l i t y  of vegetat ive changes between the  ove r f l i gh t s ,  

a 180-deg d i f fe rence  i n  look d i r ec t ion ,  and the  cont ras t ing  system parameters, 

comparison of these two images well  documents t he  need f o r  va r i ab l e  incidence 

angles f o r  maximum data  ex t rac t ion .  Continuing ana lys is  and comparison of tihese 

images w i l l  r e s u l t ,  hopefully,  i n  the development of an understanding of the 

s t rongly cont ras t ing  tone-texture vegetat ion s igna tures  throughout the  images. 

G, COMPARISON OF SIR-A IMAGERY AND AIRCRAFT WAR IMAGERY, PANAMA 
(H. MacDonald, U. of Arkansas) 

The SIR-A imagery i l l u s t r a t e d  i n  Figure 4-15(a) is from the Darien Province 

i n  eas t -cent ra l  Panama. The d i m a t e  is  t rop ica l ,  the vegetat ion canopy continuous, 
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Figurt l  4 - 1 4 .  Darien P r o v i n c e ,  Panr,mn: ( c i )  SIR-A ;rnage (Data lake 2 4 C )  ; 
( b )  R-Band A i r c r a f c  Radar Image 



and t h e  t e r r a i n  marked by e x t r e m s  of  i n a c c e ~ s i b i l i t y .  Roads do n o t  e x i s t  i n  

most of t h e  region; eyen t h e  Pan American Highway h a s  no t  been cons t ruc ted  through 

t h i s  p a r t  of  Panama. Obtaining Landsat imagery or photography f o r  geo log ic  

mapping i n  Darien Province %as  met wi th  minimal s u c c e s s  because o f  t h e  almost  

perpetual  cloud cover. Th i s  p a r t  of Cen t ra l  America s e r v e s  adequate ly  as 

an a r e a  t y p i c a l  of t h e  t r o p i c a l ,  cloudy environments wi th  dense v e g e t a l  cover 

c h a r a c t e r i s t i c  of many c o u n t r i e s  i n  e q u a t o r i a l  l a t  i t a d e s  where adequate geo log ic  

mapping is  lacking.  

The Rio Tur ia  f lows around an i s o l a t e d  a n t i c l i n e  ( c e n t e r  of Figure 4-15(a)), 

which m.,, h e  g e n e t i c a l l y  r e l a t e d  t o  a f o l d  b e l t  of nor th- t rending e n  echelon 

a n t i c l i n e s  (lower r i g h t ,  Figure 4-15(a)). Although t h e r e  have k e n  no s i g n i f i c a n t  

o i l  o r  gas  d i s c o v e r i e s  i n  t h i s  p a r t  of  Panama t o  d a t e ,  these  a n t i c l i n a l  f e a t u r e s  

repre: t t  c l a s s i c a l  examples of t h e  landform express ion  of geologic  s t r u c t u r e s  

commonly assoc ia ted  with hydrocarbon accumulation. 

Figure 4-15(h) is t h e  product of a high-reso1:~tion K-band r a d a r  system. 

This imagery, obta ined from an a i r c r a f t .  provides  a .:lant-range d i s p l a y  t h a t  pro- 

g r e s s i v e l y  incorpora tes  compression of s c a l e  i n  t h e  nee&- -ange; t h u s  t h e  d i f f e r -  

i n  : geometries of F l g t ~ r e s  4-15(a) arrd 4-15(b). In t h e  middle p a r t  of t h e  K-band 

imagery ( a n t i c l i n e  a t  L ~p c e n t e r  of Figure 4-15(b)), t h e  look ang les  range from 

63 t o  63 deg. Ir, c o n t r a s t ,  the same t e r r a i n  was imaged with the  S h u t t l e  r a d a r  a t  

a look angle  of approximately 47 deg (Figure  4-15(a)) .  The more shallow "il lumi- 

nation" angle  provided by t h e  a i r c r a f t  r ada r  a l lows  enhancement of  t h e  s u b t l e  

t e r r a i n  f e a t u r e s  by rad2.- shadowing. Th i s  a s p e c t  is e s p e c i a l l y  e v i d e n t  on t h e  

li-hand imagery (Figure  4-15ih). Lrft c e n t e r ) ,  where sever:.l s t e e p l y  d ipp ing ,  

thinly-bedded rock u n i t s  are expressed a s  d i s t i n c t i v e  hogback landforms. These 

same f e a t u r e s  a r e  not  wel l  expressed on t h e  S h u t t l e  SIR-A imagery (Figure  4-15(a)). 

Ttrc use of radar  imugt.ry t o  i d e n t i f y  p l a n t  commt~nttics o f t e n  r e q u i r e s  i d e n t i -  

f i c a t i o n  keys comparable t o  ttrose used f o r  plrotn i n t e r p r e t a t i o n  of the  same fea- 

t u r e s ,  namely tone and textuve.  Rc l u t i v e l y  short-wavelength radar  systems 

(K-band, f o r  example) a r e  genera l1  j more s e n s i t i v e  t o  t h e  uppermost s u r f a c e  

roughness of s vc.getatlon canopy. In c o n t r a s t ,  longer-wavelength systems,  such 

a s  the  SIR-A L-band r a d a r ,  a r e  more inf1uen:ed by a combination s f  i n i t i a l  s u r f a c e  

and t h e  rlnderlying vege ta t ion  volume. What appears  t o  be a decreace  i n  t h e  per-  

cept ion crf ton;\l il11d t r x t u r a l  c o n t r a s t s  a t  longer  wavelengths t a  event when 



comparing Figures 4-l6(a) and 4-lo(b). Boundaries between mangrove swamps 

(upper l e f t ,  j u s t  north of t he  r i v e r s ) ,  swamps with grasses  and low trees ( l e f t  

c en t e r ) ,  and jungle vegetat ion are b e t t e r  def ined on the  K-band imagery than on 

the  Shu t t l e  SIR-A imagery. 

The higher  r e sc lu t i on  of the  K-band radar  (15 m), a s  contrasted with t h e  

SIR-A radar  (40 m), does not  appear t o  s i g n j f i c a n t l y  impact geologic i n t e rp re t a -  

t ion.  However, smaller  streams with narrow channels t h a t  a r e  de tec tab le  on the  

K-band imagery a r e  not obvious on the  Shu t t l e  radar .  See, f o r  example, che small 

streams ec t e r ing  the Rio Turia ,  e spec i a l l y  i n  the  upper l e f t  of Figures 4-16(a) 

and 4-16(b). 

H. THE V I R G I N I A  DALE RING-DIKE COMPLEX: A COMPARISON OF LILWSAT, 
SEASAT, AND SIR-A IMAGERY (H. MacDonald, U. of Arkansas) 

The purpose of t h i s  study is t o  compare SIR-A imagery with Landsat and 

Seasat imagery f o r  the  i n t e r p r e t a t i o n  of geologic f ea tu re s  within t he  Vi rg in ia  

Dale ring-dike complex along the  Colorado-Wyoming Front Range. The complex is 

centered a s t r i d e  the  extreme south end of the  Laramie Range, a t  its junct ion with 

the  Colorado Front Range, on the  Colorado-Wyoming border. The ring-dike complex 

in t rudes  folded metamorphic rocks and is deeply eroded. 

On both t h e  Landsat image (Figure 4-17(a)) and the  Seasat image (Fig- 

ure 4-17(b)), a lineament approximately 30 km i n  length is de tec ted  between poin ts  

E and F. This same lineament does not  appear on the SIR-A imagery (Figure 4-17(c)). 

I t s  nondetec tab i l i ty  on the  SIR-A imagery is d i r e c t l y  r e l a t ed  t o  t he  Shu t t l e  

radar 's  look d i rec t ion .  The lineament is or ien ted  a t  approximately N13OE. The 

SIR-A radar look d i r e c t i o n  is NIOOE, or near ly  p a r a l l e l  t o  the  l i n e a r  fea ture .  

The Landsat look d i r ec t i on  ( s o l a r  azimuth) i s  N31°W, and the  Seasat radar  look 

d i r ec t i on  is N ~ ~ O E .  Both Landsat and Seasat images provide enhancement of land- 

forms a s  the  angle hetween i l luminat ion (look d i r ec t i on )  and landform increases  

from para l le l i sm co or thogonal i ty .  

An add i t i ona l  r .<ample of look-direction b i a s  can be seen within the ring- 

dike com~lex  on Figure 4-17(c). The arrows on the  SIR-A image show the  t rend 

(N~OOW) of f r ac tu re  pa t t e rns  i n  t h i s  igneous complex. Howcver, t h i s  same 

f r ac tu re  pa t t e rn  is completely suppressed on the  Landsat image where the s o l a r  

azimuth (look d i r ec t i on )  is  near ly  p a r a l l e l  t~ the  f r ac tu re  pa t t e rn .  Similar  t o  











the SIR-A image, t h e  Seasat  image provides  t h e s e  f r a c t u r e  p a t t e r n s  because t h e  

ang le  betneen look d i r e c t i o n  and f e a t u r e  is approximately 60 deg. 

Topographically expressed l ineaments  were mapped from t h e  e n t i r e  area on 

a l l  t h r e e  images. A t o t a l  of 435 l ineaments  were i n t e r p r e t e d  from t h e  Landsat 

imagery, whi le  t h e  Seasa t  and SIR-A imagery produced t o t a l s  of 226 and 217 l i n e a -  

arents, r e spec t ive ly .  The d i f f e r e n c e s  i n  t h e  ?umbc;r of  l ineaments  is r e l a t e d  

t o  d i f f e r e n c e s  i n  both  look d i r e c t i o n s  and depress ion  angles .  Landsat had a 

r e l a t i v e l y  low s o l a r  e l e v a t i o n  of 20 deg (equ iva len t  t o  t h e  r a d a r  depress ion  

a n g l e ) ,  which enabled s u b t l e  topographic  r e l i e f  t o  be enhanced by shadowing. 

Seasa t  and SIR-.\ both  had r e l a t i v e l y  smaller look a n g l e s  (23 and 40 deg, 

r e s p e c t i v e l y ) ,  which decreased shadowing and, t h e r e f o r e ,  suppressed t h e  enhance- 

ment of s u b t l e  r e l i e f .  

Observat ions  from t h i s  s tudy  i n d i c a t e  t h a t  i n  s i t u a t i o n s  where t h e  SIR-A 

and Landsat look d i r e c t i o n s  apprcach o r thogona l i ty ,  they se rve  t o  complement 

each o ther .  

I. SEASAT/SIR-A DIGITAL REGISTRATION OVER NORTHEASTERN ALGERIA 
(Ph . Xebi l l a rd  , NRC-JPL Research Associa te)  

Few p l a c e s  o u t s i d e  t h e  U.S. were covered by both  Seasat  and SIR-A, among 

them t h e  Chott  Merouane and t h e  Chott  Melrhi r  (Northeastern  Alger ia )  a r e  

i n t e r s e c t e d  by Seasa t  Rev. 791 and SIR-A d a t a  t a k e  32-33 (Figure 4-18). 

The Chott  Merouane and t h e  Chott  Melrhi r  a r e  l o c a t e d  on t h e  n o r t h e a s t e r n  

boundary of t h e  Alger ian Sahara,  100 km sou th  of t h e  town of Biskra.  Center 

coord ina tes  of t h e  a r e a  a r e  6O30'E and 34O10'X ( F i g ~ r e  4-19). The c h o t t s  ( o r  

p layas)  are i n t e r i o r  d e s e r t  b a s i n s  4C m below s e a  l e v e l .  These s a l t  p layas  may 

be covered w ~ t h  a s h e e t  of water i n  t h e  winter .  

Th i s  a r e a  is of i n t e r e s t  becauae o f :  (1) t h e  absence of r e l i e f ,  (2) t h e  

wel l -del ineated i n t e r f a c e  between t h e  c h o t t s  snd sand,  and (3) t h e  d i f f e r e n t  back- 

s c s t t e r l n g s  from the  c h o t t  f l o o r s  due t o  t h e  f a c t  t h a t  Seasat  and SIR-A d a t a  were 

no t  taken at  t h e  same t i n e  of t h e  year .  

Since SIR-A was operated i n  x. o p t i c d l  mode, t h e  SIR-A swath cover ing rhe  

a r e a  w a s  scanned wi th  a Perkin  Elwr microdensitometer PDS ( p i x e l  s i z e :  50 pm), 

d i g i t i z e d  (recorded on 256 gray l e v e l s ) ,  and r e g i s r e r r d  t o  t h e  Seasat  d a t a  
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(4800 l i n e s  and 2400 samples) using JPL's VICAR image processing prograf . The 

r e g i s t r a t i o n  process consis ted of f ind ing  common t i e  po in t s  f o r  r o t a t i n g  and s i z -  

ing one image (SIR-A) t o  another one (Seasat) .  About 120 t i e  po in t s  were used a t  

f u l l  resolut ion.  The angle between t h e  two paths  was 93 deg, bu t ,  i n  t he  proc- 

e s s ,  the  necessary ro t a t i on  was only 3 deg (due t o  t he  way the  images were 

scanned); s o  from two radar  p i c tu re s  we produced a s i n g l e  radar  p i c tu re  t h a t  

was taken by two sensors  whose look d i r ec t i ons  were almost perpendicular t o  each 

other .  

The f i n a l  product (Figure 4-20) is two images a t  the  same s c a l e  emphasizing 

the  r o l e  of each imaging radar  system. Over t h i s  p i c tu re ,  we chose th ree  sub- 

a reas  displayed a t  f u l l  resol l t t ion a s  shown by Figures 4-21(a), ( b ) ,  and ( c ) .  

Figure 4-20 d isp lays  the  Chott Merouane-Chott Melrhir a r e s  a s  seen by 

Seasat ( top)  and SIR-A (bottom). From the l e f t  t o  the  r i g h t  a r e  t he  Chotts 

Merouane ( ~ 2 1 ~ 2  through ~ 5 1 ~ 5 )  and Melrhir (Dl t o  H 1  through D4 t o  H4). These 

s a l t y  depressions a r e  surrounded by Quaternary depos i t s  (Al t o  B 1  through A5 t o  

B5, and D2 t o  F2 through D4 t o  F4), o r  by dunes (F5 through K5). Running nor th  

t o  south from the Aures Mountains, s eve ra l  channels br ing alluvium i n  the Chott 

Melrhir;  some of them a r e  seen i n  t h e  upper r i g h t  corner  of the  f i gu re  ( J 1  t o  

K1) . Even though the  climate is very a r i d ,  some p laces  a r e  inhabi ted;  t h e  Bordj 

Oum e l  Thiou- (Al),  t he  Bordjs Ourir  and Mraier ( A 3 / ~ 3 ) ,  and the  Bordj Khel i l  

(A5) a re  examples. These v i l l a g e s  a r e  connected by mall roads (A1 t o  A2) or  

r a i l roads  (A1 t o  B 1  and A2 t o  B2). 

There a r e  few changes i n  the shape of t he  ob j ec t s  on the two images, which 

were taken three  years  apar t .  A small chot t  a t  E5/FS, however, seems t o  have 

l a rge r  boundaries on the SIR-A da t a ,  suggesting a l i t t l e  expansion over the  years.  

The reason f o r ,  o r  t he  process o f ,  t h i s  expansion is  not  known. 

The sandy a r ea s  (FS through JS, and A 1  through A 5 )  look the  same on both 

images: they have a coarse tex ture .  A t  the  l e f t ,  the  a r ea  presen ts  some l inea-  

t ions  with l i t t l e  vegetat ion.  

There i s  no major change i n  de l inea t ing  the Chntt Merouane (B3 t o  C3) accord- 

ing t o  Seasat o r  SIR-A da t a ,  but the  f l o o r  of t he  Chott Yel rh i r  (GI t o  J 1  through 

G3 t o  53) appears a s  a dark s u r f a ~ e  on Seasat da ta  and a s  a b r igh t  sur face  on the  

SIR-A p ic ture .  A l i k e l y  explanat ioa is flooding i n  t ha t  region. Also, the  change 











i n  surface appearance could be due t o  the  s c a t t e r i n g  mechanisms, which give 

d i f f e r e n t  r e tu rns  a t  a 50-deg incidence angle (SIR-A) and a 20-deg incidence 

angle (Seasat) . 
Railroads and roads north of t he  town Hraier a r e  very prominent on the  

Seasat radar  p ic ture  ( A l  t o  B 1  and A2 t o  B2) because they are almost perpendicular 

t o  the  i l luminat ion d i rec t ion .  Those b r igh t  l i n e s  do not  appear on the SIR-A 

da ta  because they a re  p a r a l l e l  t o  t he  SIR-A illuminatiorz d i rec t ion ;  two o ther  

l i n e s  (F2 t o  G2), however, a r e  detected i n  t he  SIR-A d a t a  and not  i n  the  Seasat 

radar picture.  No explanation is present ly  ava i lab le  f o r  those two l i n e s  detected 

by SIR-A. 

Each of the  subareas of Figure 4-21 ( a  through c) is displayed a t  f u l l  

resolut ion and emphasizes the d i f fe rences  between the  two radar  systems. For 

instance,  th ree  parameters w T e  uot  t he  same. They a r e  (1: the  reso lu t ion ,  

(2) she il lumination d i rec t ion ,  and (3) the  look angle (or  depressioc angle).  

To display the p ic tures  a t  the  same sca l e  ( f u l l  reso lu t ion) ,  t he  SIR-A da ta  were 

expanded t o  twice t h a t  used f o r  the Seasat image; th;s a l s o  amplified the  speckle 

noise t ha t  is evident i n  a comparison of the two. The inf luence of i l luminat ion 

d i r ec t ion  is c l e a r l y  seen i n  Figure 4-21(b) a t  the  town of Mraier. The d i f -  

ference between the two iccidence angles (Seasat 20 dcg and SIR-A 50 deg) s ay  

explain the main d i f fe rence  i n  the  aspect of the Melrhir f l o o r  i n  t he  two pic- 

tvres .  The other  p o s s i b i l i t y  would be changes i n  the  sur face  condit ions,  such 

a s  flooding. 

A color  image of the reg is te red  da t a  was made by displaying Seasat da ta ,  

SIR-A data ,  and the  r a t i o  (Seasat/SIR-A) i n  red, green, and blue,  respect ively 

(Figure 4-22). F i l t e r i n g ,  t o  remove very-low s p a t i a l  frequencies,  was applied t o  

reduce large-scale shading gradients .  Brown-red a reas  correspond t o  sand out- 

crops, blue and ye l l cv  co lors  mark the  f loo r  of the cho t t s ,  and v i l l a g e s  a r e  

displayed i n  yellow. 

3 .  PRELIMINARY EVALUATION OF SIR-A IMAGES OF EASTERN NORTH CAROLINA 
(M. D. Krohn andN. M. Milton, U.S.G.S.) 

A 50-km swath of tb., ?Ledmont and Coastal P la in  of North Carolina is covered 

by deta  take 24A of the SIR-A mission. The i,:lage a rea  extends from north of 

kinston-Salem on the west, through C..trnam, t o  Oc'xracoke, a town :I,L the  b a r r i e r  





i s l ands  along the eas t e rn  coas t l i ne  (Figure 4-23, Cb t o  H4 and G5 t o  ES). The 

SIR-A images a r e  being analyzed as p a r t  of an experiment to  test the use of radar  

a s  an a id  t o  geologic mapping i n  heavi ly vegetated areas of low r e l i e f .  Our 

hypothesis is t h a t  c e r t a i n  f o r e s t  types, which are recognized by t h e  presence o r  

absence of a s i n g l e  species ,  have a d i s t i n c t i v e  relationshj-p t o  t h e  geology and 

can be observed on digi ta l ly-processed imagery. P r i o r  work with Landsat, Seasat ,  

L-band, and X-band SLAR da ta  w a s  centered i n  eastern Virginia ,  approximately 

500 km t o  the north.  In  t h i s  a rea ,  two geologic f ea tu re s  have been recognized 

based on the  d i s t r i b u t i o n  of a chestnut oak f o r e s t  (Quercus prinus):  t h e  

Chopewamsic formation, a metavolcanic rock t h a t  is a hos t  rock f o r  gold depos i t s  

near Mineral, Virginia ,  and a northuest-southwest l i n e a r  zone of upland grave l  

depos i t s  t h a t  may be r e l a t ed  t o  a zone of se i smic i ty  along the  James River 

(Krohn et al. , 1981) . 
The SIR-A image (Figure 4-23) covers two major physiog;aphic provinces of 

the ea s t e rn  United States .  The Piedmont P rovhce  is composed of metamorphic 

rocks, primarily a r g i l l i t e ,  s l a t e ,  and lsetavolcanic rocks in te rspersed  with 

bodies of gran i te .  In t h i s  port ion of Nort\ Carolina, the Piedmont can be sub- 

divided i n t o  four  b e l t s ;  f roe  west t o  e a s t  these a r e  the  Inner Piedmont, t h s  

Carol.ina S l a t e ,  the  Raleigh, and the  Eastern S la te .  In addi t ion,  two 

Mesozoic sedimentary basins  a r e  located i n  t h i s  sec t ion  of the  Piedmont: the 

Durham basin, approximately 20 km wide, and the  Dan River basin,  abproximately 

8 km wide. A th ick  l aye r  of s a p r o l i t e  blankets  mast of the  Piedmont rocks i n  

t h i s  sect ion.  The Coastal Plain Province is composed of f la t - lay ing  setimentary 

rocks t h a t  extend approximately 200 km inland from the coast .  The Prc.-fnce can 

be subdivided i n t o  a western sec t ion ,  composed primari ly  of the  Miocene Yorktom 

Formation, and an eas te rn  sec t ion  composed of ;*ounger Quaternary sedimentary 

rocks. 

In general,  the Piedmont shows less cont ras t  than the  Coastal P la in  a reas  i n  

the SIR-A image. This may be due p a r t l y  t o  the look d i r ec t ion  of the SIR-A radar ,  

which was approximately p a r a l l e l  t o  the  northeast  d i r ec t ion  of the metamorphic 

fo l i a t i on .  tiowever, ne i the r  the  Mesozoic basins  nor any of the four  metamorphic 

b e l t s  i n  the  Piedmont can be discerned with any degree of confidence. Certain 

streams, such a s  Troublesome Creek southeast of Reidsvi l le ,  North Carolina, 

appear br ight  on the radar image. perhaps due t o  b a c k s c a t t e r i c ~  from vegetat ion 





along t h e  stream bottom. However, t h e  effect is n o t  d i sp layed  c o n s i s t e n t l y  

enough t o  be u s e f u l  i n  s t r u c t u r a l  i n t e r p r e t a t i o n .  Tc t n a l y z e  such a r e a s  more 

e f f e c t i v e l y ,  d i g i t a l  r a d a r  d a t a  are needed t o  enhance s u b t l e  backscat  ter d i  f  - 
fe-ences t h a t  may be p resen t .  

Geologjc and physiographic f e a t u r e s  i n  t h e  Coasta l  P l a i n  are b e t t e r  d i s -  

played than those  i n  t h e  Piedmont because of t h e  wider range of g ray  l e v e l s  

p resen t  i n  tt.e r a d a r  image. The d i s t i n c t i o n  between t h e  Miocene rocks  on t h e  

west and t h e  cua te rnary  rocks on t h e  e a s t  is g e n e r a l l y  v i s i b l e  o:~  t h e  SIR-A 

image; however, t h e  boundary between t h e  two a r e a s  corresponds t o  tiace s o i l  map 

<Tam, Byrd, and Horton, 1974) more than t o  t b e  geologic  map (Ztuckey, 1958). 

The s o i l  map s e p a r a t e s  t h e  s o u t h t r n  Coas ta l  P l a i n  on t h e  w e s t ,  cLara;terized by 

loamy an0 c layey  s o i l s  o f  upland s u r f a c e s ,  from t h e  A t l a n t i c  C o a s t a l  FLatuocds on 

t h e  east, c h a r a c t e r i z e d  by similar ; o i l s  of w e t  lowlands, crgan'c s o i l s  o f  sha l -  

low l a k e  beds, and t h e  r i v e r  swamps. 

Stream dra inage  p a t t e r n s  appear h igh l igh ted  i n  t h e  v e s t e r n  o o r t i o n  of t h e  

Coasta l  P l a i n  on t h e  SIR-A image. The broad vege ta ted  v a l l e y s  of the  Tar River 

system appear b r i g h t  i n  c o n t r a s t  t o  t h e  dark surrowlding farmed upland a r e a s .  

Such a p r e s e n t a t i o n  emphasizes t h e  whole dra inage v a l l e y  and provides  a d i f -  

f e r e n t  i n t e r p r e t a t i o n  of l ineaments  from Landsat, which t ends  t o  emphasize t h e  

r i v e r  channel i t s e l f  (Trask. Rowan, and Krohn, 1977). 

The Quaternary por t ion  of t h e  Coasta l  P la in  t o  t h e  east is 3 marshy Low- 

l and .  Like Seasa t ,  t h e  SIR-A image shows a wide b r i s h t n e s s  range i n  lowlands, 

which a r e  n o t  d i s t i n g u i s h a b l e  on Landss: images. Experience wi th  Seasat  has  

shown t h a t  manv of these  f e a t u r e s  a r e  r e l e t e d  t o  a *regetation canopy over  a 

s tand ing  water s u r f a c e  (Engheta and E lach i ,  1981; Waite et a l . ,  1981). The 

marshy a r e a  s o u t h e a s t  of 'Lake Mattarnuskeet ( F  i g u r ~  4-23) i l l u s t r a t e s  t h i s  ef f e e t .  

Preliminary f i e l d  i n v e s t i g a t i o n s  suggest  t h a t  a deciduous f o r e s t  c h a r a c t e r i z e d  

by sweetgum (Liquidamhar s t y r a c i f h a )  -- and red marl? (Acer rubruni) ( t h e  b r i g h t  

c i r c u l a r  f ~ a r . u r e  a t  the  loser l e f t  of F1) may h e  d i s c e r n i b l e  from t h e  more 

prevalent  l o b l o l l y  p ine  (pi,:us t a e d ~ )  f o r ~ s t  ( t h e  da rker  f e a t u r e s  i n  FL), In 

genera l ,  v a r i a t i o n s  i n  t h e  b r i g h t  a r e a s  are seen more e a s i l y  oc t h e  nega t ive  

image than on t h e  p o s i t i v e  image. 



I n  the  v i c i n i t y  cf  Pamlico Sound, marshes are read i ly  dis t inguished from 

other  p a r t s  of the shorel ine.  The marshes depicted oo SIR-A show exce l l ea t  

agreement vith marshes mapped on t he  N.O.A.A. (1980) ~ l a v i g a t i o a  c h a r t s  aad the  

U.S.G.S. (1978) topographic maps. The marshy a rea  near  Wysocking 3ay ( the  gray 

area i n  the top center  of F2, F i g ~ r e  4-23) is a good example of this vegetat ion 

type. The primary marsh p lan t  i n  t h i s  a r ea  is Juncus roemer ia~us ,  a sho r t  g rass  

v i t h  stems 1.0 t o  1 . 3  m tali. Zizania aquatics, a marsh p lan t  t h a t  grows t o  

2.0 t o  2.5 m t a l l  and has broad f l a t  leaves t h a t  resemble those of a corn p lan t ,  

w a s  a l s o  observed; i t  may be responsible f o r  some of the  gray-scale va r i a t i on  

observed i n  the marshy areas  on the SIR-A images. On Seasat images, corn f i e l d s  

general ly  appear br ight .  Because of the  wide va r i e ty  of p lan t  morphologies, 

marshy areas  may be su i t ab l e  places t o  examine the  complex s c a t t e r i n g  of L-band 

radar from a vegetat ion canopy. 

Because both a b a r r i e r  beach and a lowland marsh a r e  present ,  the  ea s t e rn  

coas t l i ne  of NorLh Carolina is a good subjec t  i n  the  study af SIR-A radar  

response t o  shore l ine  fea tures .  The image (Figure 4-23) covers a sec t ion  of the 

Outer-Banks of North Carolina tha t  include port ions of Hatteras Is land (52 

through K2), Ocracoke Is land (53 through H5) and Portsmouth Is land (G5). The 

ocean-facing foreshore of the beach appears dark on the image, whereas the vege- 

t a t e?  dune areas  on the sound s ide  of the b a r r i e r  i s l and  appear br ight .  Several 

d i f f e r en t  gray l e v e l s  can be observed i a  the vegetated dune areas .  One of the 

b r igh te s t  a reas  is on the small peninsula where the town of Ocracoke is located 

( G 5 ) .  The town -.rea has a f a i r l y  dense canopy crf l i v e  oak (Quercus v i rg in iana) .  

The dark a reas  observed on the image between Ocracoke and Hatteras  Is lands a r e  

mud f l a t s  without vegetat ion ( J  conter  of 3). Similar gray l e v e l s  south of the  

town of Ocracoke suggest a s imi l a r  morpi,ology. The curving northern pa r t  o i  

Portsmouth Island is a l s o  well  depicted on the image (G5). The SIR-A image 

agrees with the N.O.A.A. (1978) navigat ional  cha r t s ,  which show a beach a rea  ori 

the e a s t ,  an i n t e r i o r  lagoon, and a v e g e ~ a t e d  dune area  on the  west. 

Some cffshore f ea tu rc s  of i n t e r e s t  a r e  e l s a  v i s i b l e  on the SIR-A image. 

Tko shoal  areas ,  Howard Reef (H4) and Clam Shoal ( J2) ,  a r e  v i s i b l e  LS t h in  white 

l i n e s  west of the b a r r i e r  is lands.  A t  ground l eve l ,  these shoals  appear a s  a l i n e  

of breakers on the water surface.  Similar pa t te rns  appear a t  Diamond Shoal off  

the t i p  of Cape Hatteras  and a t  Ocracoke I n l e t  between Portsmouth and Ocracoke 

Is lands.  The presence of such offshore fea tures  on the SIR-A inage suggest t h a t  



radar  systems with incidenct  angles l a rge r  than those designed f o r  Seasat ' s  

geological  appl ica t ions  mav have some po ten t i a l  coas t a l  mapping appl ica t ions  

as w e l l .  

The images received during Rev. 378 of Ju ly  23, 1978,as Seasat passed over 

a port ion of the Outer Banks enable comparison of the two t-band systems a t  d i f -  

ferezit times of the  year. The Seasat image (Figure 4-24) looks remarkably d i f -  

f e r en t  from the SIR-A image (Figure 4-23) along the  caas t i ine .  The vegetated 

dune areas  on the b a r r i e r  i s l ands  appear dark; the small peninsula with the t o m  

of Ocracoke ( G 5 )  is  barely d is t inguishable  cn the Seasat image. The gray l e v e l  

from the perinsula  matches the  gray l e v e l  from the water surface.  However, t he  

vegetated dune areas  on the main p a r t  of Hat teras  Is land st i l l  appear b r igh t  on 

the Seasat image. Gray l e v e l s  on *'le Coastal P l a in  port ion of the Seasat h a g c  

general ly  appear darker than t ? ~ e y  do on the SIR-A image. Par t  of t h i s  darkening 

rnay be due t o  photographic d i f fe rences  between the  two p r in t s ;  however, the  

marsh vegetation areas  i n  the Seasat image aprear  too dark t o  be accoanted f o r  

s i q l y  by d i f fe rences  i n  exposure of the p r in t s .  The reason f o r  the d i f fe rence  

between the Seasat and the SIR-A images has not  been determined a t  t h i s  time. 

A p a r t i a l  explanation may be the d i f f e r en t  incidence angles of the two radar  

systems. However, environmental conditions may exe r t  a  s t rong  influence on the  

L-band re turns ,  espec ia l ly  i n  shorel ine and lowland a reas  where the presence 

c~f standing water can s ibrr i f icant ly increase the  s t r eng th  of a  re turn  s igna l .  

Successive radar coverage would help d is t inguish  between l o c a l  environmental 

f ac to r s  and f ac to r s  inherent i n  the vegetated t e r r a i n .  

Because of i:s f l a tnes s ,  the hi$., contra.:t between i ts land and water, and 

the presence of numerous man-made l i n e a r  fea tures ,  the North Carolina coas t l i ne  

is a good subj3ct  f o r  the meqsurement of the geometric prec is ion  and reso lu t ion  

of the SIR-A radar.  Two types of l i n e a r  fea tures  were measured i n  a  preliminary 

f i e l d  reconnaissance of the area.  The br ight  l i n e  across  Lake Mattamuskeet 

(D2, Figure 4-23) is a causeway f o r  the two-lane North Carolina Route 94. The 

causeway is 33 m wide and has a  var ie ty  of lowland vegetat ion approximately 

4 m high along the banks. The causeway corresponds w e l l  to the predicted 40-m 

r e s ~ l u t i o n  of t h e  SIR-A system. The Seasat image (Figure 4-24). with a  nominal 

25-m reso lu t ion ,  shows the causeway a s  a  dark l i n e  r a the r  than a  br ight  l i n e .  





Numerous s t r a i g h t  l i n e s  v i s i b l e  i n  the  f i e l d  pa t t e rns  of t he  SIR-A image 

a r e  drainage canals.  The drainage canal  a t  A-1 (Figure 4-23), f a i n t l y  v i s i S l e  i n  

the o r i g i n a l  SIR-A transparencies ,  was measured i n  the  f i e l d .  The cana l  i t s e l f  

is 3 m wide, dug approximately 1.5 m below the  ground sur face  with s t eep  s loping 

bands on e i t h e r  s l d e ,  and has  vegetat ion approximately 2 m t a l l  a lang the banks. 

Canals t ha t  a r e  both p a r a l l e l  and perpendicular t o  t he  radar  beam appear b r igh t  

on the image. The canals  show t h a t  f o r  c e r t a i n  s i t u a t i o n s ,  t he  SIR-A radar  can 

de t ec t  f ea tu re s  t h a t  a r e  much smaller i n  dimension than the  s t a t e d  r e so lu t ion  

s i ze .  

The geometric prec is ion  of the  SIR-A image was measured frol? a paper p r i n t  

using a Mann Mauocomparator. Sixty-five points  were located on the  image and 

p lo t t ed  with UTM coordinates  on U.S.G.S. (1978) topographic maps. Of t h e  

65 points  p lo t ted ,  only 19 po in t s  were measured on the  cunparator;  t he  r e s t  were 

not used because of the  l imi ted  aper ture  of the  comparator o r  because of m i s -  

loca t ion  of the  con t ro l  po in ts .  The prec is ian  o i  measuring poin ts  on the com- 

para tor  was estimated a t  25 t o  30 pm; loca t ion  of po in ts  on the  map was estimated 

t o  be within 15 m. The r e s u l t s  of a sixth-degree a f f i n e  transformation showed 

t h a t  the  image had z s c a l e  of almost exac t ly  1:500,000 along the  d i r e c t i o n  of 

f l i g h t ,  but had a s c a l e  of approximately 1:463,000 across  t h e  f l i g h t  d i r ec t i on .  

The second number is a l i n e a r  epproximation of a nonl inear  range cor rec t ion .  

A nonorthogonality a i ~ g l e  of approximately 1 deg was computed f o r  the image, which 

was skewed toward the e a s t  - the forwsrd d i r ec t i on  of the  spacecraf t .  Because of 

the poss ib le  d i s t o r t i o n  of the  paper p r i n t  image, the r e s u l t s  given here a r e  only 

preliminary a?d w i l l  be measured again using the  o r i g i n a l  pos i t i ve  transparency. 

In summary, a preliminary evaluat ion of t he  SIR-A radar  was conducted f o r  

the  Piedmont and Coastal  P l a in  of ea s t e rn  North Carolina. In general ,  more 

geologic f ea tu re s  a r e  observed i n  the Coastal  P l a in  than i n  the  Piedmont, 

pr imari ly  because of the wider range of gray l e v e l s  present  i n  t h a t  por t ion  of 

the image. The western Miocene port ion of the Coastal  P la in  can be d i f f e r e n t i a t e d  

from the younger Quaternany a rea  t o  the e a s t ,  but the boundary between the  two 

areas  is b e t t e r  re r resen ted  on the  s o i l  map than on the  geologic map. Coast l ine 

f ea tu re s  s tand out  p a r t i c u l a r l y  w e l l  i n  the SIR-Vmage and appear s i g n i f i c a n t l y  

d i f f e r e n t  from those on a Seasat image. The in t e r ac t i on  of the L-band radar  



s igna l  with a vegetat ion canopy over s tanding water may be a p a r t i a l  explanation 

f o r  the  increased dynamic range observed along the coas t l i ne  a reas .  

P r io r  s t ud i e s  with Seasat i n  the  Virginia  Piedmont have shown t h a t  f ea tu re s  

observed i n  the digitally-enhanced Seasat images could no t  be seen i n  e a r l i e r  

op t ica l ly -cor re la ted  vers ions.  Thus t he  l imi ted  app l i ca t i ons  of SIR-A t o  t h e  

Piedmont geology may be a l i m i t a t i o n  of t he  type of da ta  ava i lab le .  In general ,  

however, t he  SIR-A radar  seems t o  show many of the same types of f ea tu re s  t h a t  

were apparent i n  Seasat images of the  f l a t - l y ing  Coastal  P la in .  This is an 

important consider.-t ion because t he  l a r g e r  incidence angles ,  which a r e  more use- 

f u l  i n  a r ea s  of high r e l i e f ,  may no t  preclude appl ica t ions  of radar  images i n  t he  

Coastal P la in .  

K. DUNES ON SIR-A IMAGES (C. S. Breed, J. F. McCauley, G. G. Schaber, 
A. S. Walker and G. L. Ber l in ,  U.S.G.S.) 

Observations of dunes i n  North American d e s e r t s  imaged by Seasat  and a i r -  

borne radar  (Blom and Elachi,  1931) shcw t h a t  these f ea tu re s  give a dark 

response t yp i ca l  of smooth sur faces  un less  the  dunes have s t eep  s lopes  or ien ted  

normal t o  t he  inc ident  radar beam. Dunes with s l i p f i - e s  (avalanche s lopes  t h a t  

s tand a t  an angle  of about 32 deg) t ha t  a r e  s o  or ien ted  give a very b r igh t  

specular  response. These authors  a l s o  demonstrate t h a t  t he  i l lumina t ion  direc-  

t i on  of the  radar  beam is c r i t i c a l  t o  imagf.ng the  pa t t e rn  of dune s lope  d i s t r i -  

bution, which def ines  dune morphologic type; such morphologic i d e n t i f i c a t i o n  

is e s s e n t i a l  i f  dunes a r e  t o  be used t o  i n t e r p r e t  causat ive wind regimes. 

These conclusions from e a r l i e r  experiments a r e  confirmed and strengthened 

by the r e s u l t s  of SIR-A imaging of la rge  dunes i n  Afr ica  and Asia. The SIR-A 

imaging experiment succeeded i n  recording dunes i n  p a r t s  of s eve ra l  major Old 

World d e s e r t s ,  including the Taklimakan, Badan Saran, Uian Bah and Mu U s ,  i n  t he  

Peopls 's  Republic of China, t he  Kara Kum Desert i n  Turkmen S.S.R., t he  An Nufud 

of the northern Arabian Peninsula,  and tne Sahara of Northern Afr ica .  Images 

were a l s c  acquired of l e s s e r  dune f i e l d s  i n  North American d e s e r t s  such a s  

White Sands, New Mexico, and t h e  Gran Desier to  of Sonora, Mexico. However, the  

North American dunes a r e  small  i n  comparison with those of Asia and Afr ica ,  

Althougti the s t a r  dunes of t he  Gran Desier to  a r e  more than 100 m high and 

have ac t i ve  s l ~ p f a c e s ,  they give only a minor response on the  SIR-A images. 



The Old World dunes, which a r e  commonly 2 km o r  more i n  width o r  diameter 

and a s  much a s  200 t o  300 m high, a r e  r ead i ly  d i s ce rn ib l e  on the  SIR-A images, 

The bedforms recorded on SIR-A images include both a c t i v e  dunes with s t eep  

avalanche s lopes i n  hyperarid t o  a r i d  regions,  and dunes t h a t  a r e  s t a b i l i z e d  

by vegetat ion i n  a r i d  t o  semiarid regions.  

Such l a rge  dunes were imaged by radar  even when t h e i r  s lopes were sub- 

p a r a l l e l  t o  t he  d i r ec t i on  of t he  beam, a s ,  f o r  example, i n  t he  Taklimakan Shamo 

of the  Tarim Basin, China (Figure 4-25(a) and (b) ) ,  Diffuse s c a t t e r i n g  from 

vegetat ion and specular  responses from s l i p f a c e s  on the  secondary bedforms t h a t  

commonly develop on the  s t o s s  s lopes of such l a r g e  dunes (Breed rqd Grow, 1979) 

apparently combined t o  give a salt-and-pepper tone t h a t  permits these l a rge  

dcnes t o  be recorded. Very l a r g e  compound and complex dunes recorded by SIR-A 

a re  i n  the  Badan Jaran Shamo of northwest China (Figures 4-27(e) and (b) ,  and 

4-28(a), (b ) ,  and ( c ) ) ,  t he  Kara Kum Desert  near  Mary, Turkmen S.S.R. (Fig- 

ure 4-29(a) and (b))  , t he  Chad Basin (Figure 4-30), the Grand Erg Occidental 

of the  Sahara (Figure 4-31(a) and ( b ) ) ,  and Mu U s  Shadi, China (Figure 4-3L). 

Large sand s t r eaks  j u s t  e a s t  of the  An Nafud i n  Saudi Arabia were a l s o  imaqcd 

by the  SIR-A (Figure 4-26). 

The ove ra l l  tone t h a t  de l i nea t e s  the  ex ten t  of sand seas  on SIR-A is 

highl ighted by severa l  small but very b r igh t  patches t h a t  match south-facing 

segments of major s l i p f a c e s  shown on Landsat (compare Figure 4-27(a) with 

4-27(b)). Active s l i p f a c e s  ouch a s  those on the  dunes imaged by SIR-A do not  

have a vegetat ive cover o r  l aye r s  of l a rge  pebbles t h a t  might explain t h i s  very 

br igh t  radar  response. The dune sur faces  general ly  cons i s t  of very dry,  loose 

sand tha t  forms very smooth but s t eep  avalanche. s lopes  of about 32 deg (angle of 

repose). A specular  response from the dune s l i p f a c e s  i s  suggested by these 

very b r igh t  radar  r e f l ec t i ons .  A t  f i r s t  glance, given a SIR-A depression angle 

centered on 43 deg and a s l i p f a c e  angle of about 32 deg, t he  r e s u l t i n g  angle  

of r e f l e c t i o n  (about 75 deg) would not  provide a mir ror l ike  r e tu rn  of the radar  

beam t o  the  Shut t le  sensor.  However, the s l i p f a c e s  of these dunes a r e  not  f l a t  

planes; t h e i r  curved, parabola-ahaped sur faces  o f f e r  a va r i e ry  of angles  t o  t he  

incident  radar  beam and may a r t  t o  concentrate the  inc ident  beam i n  a m i r r ~ r l i k e  

f ashiun. 































Only some south-facing p a r t s  of the  s l i p f a c e s  shown on Landsat give a 

very br igh t  response and thur a r e  imaged by SIR-A. A s  a r e s u l t ,  the  impression 

SIR-A gives  of dune-elope o r i en t a t i ons  is ambiguous o r  misleading, Probably 

because only one radar  look d i r ec t i on  is ava i l ab l e ,  t he  dunes of the  Badan Saran 

Shamo appear on SIR-A (Figure 4-27(a)) t o  have south-facing s l i p f a c e s  (formed 

by dominantly nor ther ly  winds), whereas on Landsat (Figure 4-27(b)) t h e i r  a c tua l  

eas t -~outheas t - fac ing  d i r ec t i ons  a r e  obvious. Where t he  radar  look d i r ec t i on  is  

normal t o  both the primary and secondary dune s l i p f a c e s ,  a s  i n  t he  Kara Kum 

dunes image (Figure 4-29(a)), t he  b r igh t  gray tone t h a t  apparently r e s u l t s  e i t h e r  

from the in tegra t ion  of specular  responses from the  s l i p f a c e s  o r  from vegetat ion 

on the  s t o s s  s lopes give an almost photographically f a i t h f u l  r end i t i on  of the  

ddne shapes. This SIR-A image shows the  p o t e n t i a l  f o r  discr iminat ion of dunes by 

SIR-A under the bes t  combination of circumstances. 

Another possible  explanation f o r  the  apparent specular  r e tu rn  from the 

dune s l i p f aces  i s  t h a t  the  radar  beam pene t ra tes  t he  loose,  dry avalanche sand 

a t  the dune surface ( a s  described by McCauley et a l . ,  1982). The radar  beam 

is then re f rac ted  a t  the  air-sand i t t e r f a c e  (Elachi ,  Roth, and Schaber, 'I 

press) and thus impinges on buried s l i p f a c e  laminae ( fo re se t  beds i n  the  dune) 

a t  a higher angle. A re f rac t ion  angle of only 15 deg added t o  t h e  75-deg 

r e f l ec t i on  angle would permit a mir ror l ike  r e tu rn  of the radar  beam t o  the  SIR-A 

sensor.  Specular r e f l e c t i o n  thus might occur from buried,  subpa ra l l e l  s l i p f a c e  

laminae, incl ined about 32 deg, t h a t  a r e  semiconsolidated, encrusted, dr moist. 

Besides dune vegetation and specular  response from s l i p f a c e s ,  a t h i r d  

f ac to r  t ha t  allows recognition of even r a the r  minor dune f i e l d s  on SIR-A images 

is the tone cont ras t  between the dunes and the  adjacent  surface:  gravel  o r  

sandy p la ins ,  bedrock, interdune lakes ,  and s o  on. Even where s l i p f a c e s  a r e  

absent,  too small t o  be detected,  o r  not a l igneJ  normal t o  the radar  beam, dunes 

can be detected by t h e i r  pa t t e rns  of regular ly  repeated, dark, wavy r idges  on the 

SIR-A images. The br igh t  p a r t s  of these pa t t e rns  repreeent  heavi ly  vegetated 

dunes and interdune f l a t s  whose sur faces  may range from rough s a l t  depos i t s  and 

wind-eroded lake  beds (yardangs) t o  heavi ly  vegetated marshes (Figure 4-30). The 

high cont ras t  between dark dunes and b r igh t  vegetated interdune sur faces  is use- 

f u l  fo r  discr iminat ing even the small dune r idges  of the  Mu U s  Shadi on the  

semiarid Ordos P la in ,  China (Figure 4-32). 



Although a t  f i r s t  g lance t h e  Landsat images of d e s e r t  dune reg ions  appear 

s u p e r i o r  t o  t h e  SIR-A images, t h e  SIK-A images have a t  l e a s t  t h r e e  d i s t i n c t  

advantages OVLC Landsat. One is t h e  c a p a b i l i t y  of r a d a r  t o  p e n e t r a t e  cloud cover 

and low-density, very-dry rand cover ( s e e  McCauley e t  el. ,  1982); ano ther  is 

t h e  e x c e l l e n t  d i sc r imina t ion  of bedrock r e l i e f  and s t r u c t u r e s  by r a d a r ;  and t h e  

t h i r d  is t h e  c a p a b i l i t y  of r a d a r  t o  image c u l t u r a l  f e a t u r e s ,  ranging i n  s c a l e  

from whole s e t t l e m e n t s  t h a t  a r e  n o t  v i s i b l e  on s tandard  Landsat images t o  roads ,  

cana l s ,  r a i l r o a d  t i e s ,  and even t h e  barbed-wire enc losures  ("kuiuns") of t h e  

Chinese pas tu re  l ands  (Figure 4-32). This  c a p a b i l i t y  provides a new view of 

t h e  r e l a t i o n s  between man-made f e a t u r e s  and the  dunes, s a l t  f l a t s ,  yardang 

f i e l d s ,  and o t h e r  n a t u r a l  d e s e r t  f e a t u r e s  t h a t  man must contend wi th  i n  t h e s e  

a r i d  and semiar id  regions .  The radar  view of t h e  d e s e r t s  thus  provides  a new 

way t o  examine p rob leas  of l and  reclamat ion,  groundwater u t i l i z a t i o n ,  populat ion 

p ressures ,  dune encrclachment, wind e r o s i o n  of s o i l s ,  s a l i n i z o t i o n ,  and o t h e r  

a s p e c t s  of geodynamics genera l ly  assoc ia ted  under t h e  heading of " d e s e r t i f i c a t i o n . "  

The SIR-A image (Fjgure 4-26) shows t h e  sand s t r e a k s  (A1 t o  B 1  through 

E3/F3) and sand-choked wadi8 ( d e n d r i t i c  i ?termit t e n t  Etream channels)  of t h e  

A 1  Labbah p l a t e a u  (2g030'N, 4l015'E) j u s t  e a s t  of t h e  An Nafud sand s e a  (dark 

a r e a  on west end of image), The l a r g e  sand s t r e a k s  o r i g i n a t i n g  from t h e  Naftld 

a r e  shown a s  extremely dark tones  on t h e  image because of t h e  f ine-grained n a t u r e  

of t h e  m a t e r i a l  and t h e  absence of pebble-to-boulder-size e c e t : e r e r s  on theee  

s u r f a c e s  t h a t  would i n c r e a s e  t h e  d i f f u s e  component of t h e  r a d a r  r e t u r n .  The 

A l  Labbah upland f s  tnde-rlain by t h e  Aruma Formation of Upper Cretaceous age and 

is descr ibed as f l a t - A , i n g ,  l i g h t  gray-tan, l o c a l l y  f o s s i l i f e r o u u ,  and l imestone 

interbedded wi th  marly l imestone and marly dolomite;  i n  t h e  upper s e c t i o n s ,  t h e  

formation is a yellowlsh-brown s h a l e .  

The d e n d r i t i c  p a t t e r n  of the  wadis is s t r o n g l y  enhanced on t h e  image because 

t h e  s t ream v a l l e y s  a c t  a s  t r a p s  f o r  windblown sand, which is  c h a r a c t e r i z e d  rn t h e  

SIR-A image by dark image tones .  The l a r g e r  wadi (55 t o  K 4 ,  F igure  4-26) on t h e  

extreme east s i d e  of t h e  image is  a l s o  choked with sand from t h e  Nafud. The 

l a r g e s t ,  best-defined dark sand s t r e a k  appears  t o  have i ts l o c a l  source  a s s o c i a t e d  

wtth a small c i r c u l a r  mesa (F3/F4). The well-developed d e n d r i t i c  wadi p a t t e r n  

i n d i c a t e s  t h a t  the under lying rocks a r e  f l a t - l y i n g  s e d i m ~ n t a r y  m a t e r i a l s .  The 

absence of any h igh ly  s c a t t e s ~ n g  s u r f a c e  m a t e r i a l s  wi th in  t h e  wadi f l o o r s  and 



v a l l e y  s lopes  i n d i c a t e s  t h a t  sand encroachment is proceeding a t  a h igher  rate 

than any downcutting due t o  water  e ros ion .  

Figure 4-27(a) is a SIR-A image of compo-md c r e s c e n t i c  (megabarchanoid) 

dune r i d g e s  i n  t h e  Badan Ja ran  (forme-ly Badan J i l i n g  o r  Badan Dzareng) Shamo 

( d e s e r t )  of t h e  Ala Shan P l a i n ,  nor th -cen t ra l  China. It is pa i red  wi th  a 

Landsat image (Figure 4-27(b)) o; t h e  same a r e a  a t  t h e  same s c a l e .  The dunes 

i n  t h i s  sand s e a  a r e  among the  t a l l e s t  on Ear th ,  reaching h e i g h t s  of more 

than 300 m above t h e  in terdune f l a t s  (Zhu, Lheng, and Shu, 1980). Comparison of 

t h e  two images sl~ows t h a t  t h e  very b r i g h t  r e t u r n s  from t h e  dunes recorded on t h e  

radar  image ( l e f t  h a l f  j a r e  s o l e l y  from t h e  south-facing components of t h e  major 

e a s t - s o ~ ~ t h e a s t - f a c i n g  s l i p f a c e s  on t h e  c r e s c e n t i c  dune segments, which a r e  

c l e a r l y  def ined on t h e  Landsat image. Inspec t ion  of t h e  r a d a r  image a lone sug- 

g e s t s  t h a t  t h e  p o t e n t i a l  d i r e c t i o n  of sand dune migrat ion is southward, d r i v e n  

by nor the r ly  winds. Inspect ion of t h e  dunes on t h e  Landsat image, however, shows 

t h a t  each wavy dune r idge  c o n s i s t s  of numerous ad jacen t  c r e s c e n t i c  segments. 

Each segment is a s  wiae a s  2 km o r  more from horn t o  horn,  and each has  a 

ge r l t l e r  west-facing s t o s s  s lope ,  and a s t e e p e r ,  eas t -southeast - facing avalanche 

s lcpe .  Linear "thresholds" of sand (Hedin, 1905), extend east-southeastward 

a c r o s s  t h e  in terdune f l a t s  from one p a r a l l e l  wavy r i d g e  t o  Lhe next. The e n t i r e l y  

d i f f e r e n t  appearance cf  these  dunes on t h e  SIR-A image occurs  because only  t h e  

south-facing p a r t  of each curved s l i p f a c e  was or! -nted todard the  radar  beam, and 

only those p a r t s  of t h e  major s l i p f a c e s  were imaged, g iv ing  a f a l s e  impression 

of the  dune morpholqv.  

I n t e r p r e t a t i o n s  of e f f e c t i v e  wind d i r e c t i o n  from s l i p f a c e  o r i e n t a t i o n s  can 

be t e s t e d  a g a i n s t  the  annual r e s u l t a n t  d i r e c t i o n  of sand-driving winds c a l c u l a t e d  

from the  World Meteorological  Organization wind measurements (Fryberger.  1979; 

Breed e t  a l . ,  1979). The east-solltheastward r e s u l t a n t  d i r e c t i o n  of p o t e n t i a l  

sand migration a t  Maomu (formerly Ting-Hsin), a t  t h e  western r idge  of t h e  Badan 

Jaran sand s e a ,  i s  apparent i n  Figure 4-27(a). Th i s  d i r e c t i o n  c l o s e l y  agrees  

with tirat of the  o v e r a l l  sand migrat ion p a t t e r n  i n t e r p r e t e d  from t h e  dune mor- 

phology i n  the  main p a r t  of the  sand s e a  ( l e f t  h a l f  of image). Near the  YabraJ 

Shan (M~unta ins )  and a l s o  along t h e  southern and n o r t h e a s t e r n  margins of t h i s  sand 

s e a ,  the  megabarchanoid r i d g e s  grade i n t o  i s o l a t e d  sharp-cres ted r e v e r s i n g  dune 



r idges and star dunes, probably i n  response t o  t h e  topographic e f f e c t s  on t h e  

e f f e c t i v e  winds caused by mountain r idges along the  edges of t he  sand sea (Breed, 

1977). The change i n  dune shapes was not  detected by SIR-A because t h e  long axes 

of t he  narrow, reversing r idges  near the  mountains l i e  almost p a r a l l e l  with,  

r a t h e r  than normal co, the  d i r ec t ion  of t he  radar  bean. 

Nuaerous spring-fed interdune lakes,  which are mostly f i l l e d  with w a t e r  cn 

the  Landsat image at A4 t o  A5 and B4 t o  B5 (Figure 4-27(b)), give a response as 

dark as t h a t  of t h e  dunes on the  radar  image (Figure 4-27(a)). Hovever, t he  lakes  

are out l ined by th in  b r igh t  l i n e s  t h a t  probably r e r r e sen t  t h i cke t s  of reeds and 

o ther  marsh vegetat ion,  as described by Petrov (1966). The tone of var ious 

p a r t s  of the l a rge  playa at H1 is reversed from l i g h t  t o  dark on the  Landsat and 

radar images. This d i f fe rence  occurs because the  smooth, unvegetated p a r t s  of the  

playa, whether f i l l e d  with water ( c r ~ k )  o r  dry ( l i g h t )  on Lmdsat  images, a r e  

dark on the  radar  image. 

The radar  s ignature of the semiarid Mu U s  Shadi (sandy land) i n  the  Central  

pa r t  of the  Ordos P la in  (Figure 4-32), northwest China, is d i s t i n c t i v e l y  d i f -  

f e r en t  from t h a t  of more a r i d  regions such a s  t he  Badan Jaran Shamo (Fig- 

ure  4-27(a)). The Mu U s  receives 400 t o  440 mn of r a i n f a l l  per  year;  ground- 

water l e v e l s  l i e  only 1 t o  3 m below the  surface,  and numerous l akes  (mainly 

sa l ine )  dot the  sur face  (Zhu, Zheng, and Shu, 1980). Settlements,  such a s  a t  F l ,  
2 

support a population dens i ty  of about 22 people per  km . The radar  image shows 

many enclosures ca l l ed  "kuluns," which a r e  constructed of ear then w a l l s  and barbed 

w i r e  t o  pro tec t  and c u l t i v a t e  n a t u r a l  pastures ,  t o  cont rv l  the movement of grazing 

animals, and t o  prevent sand d r i f t  (Walker, 1982). 

Fields  of p a r a l l e l  wavy dune r idges,  a s  a t  D2/D3, B4/C4, and Bl/Cl/B2/C2, 

can be seen i n  dark can t r a s t  t o  t he  s teppe vegetat ion of the interdune plains .  

One f i e l d  of dunes ( J4) ,  located between one of the  l a r g e r  kuluns and the  vege- 

t a t ed  Tuwei He, a t r i bu ta ry  t o  the  Huang Ho (Yellow River),  gives a b r igh t  r a t h e r  

than dark response t h a t  i nd ica t e s  t h a t  these dunes, unl ike those t h a t  give a dark 

response, a r e  heavily vegetated, perhaps with t rees .  5he encroachment of 

dunes i n t o  the  pastureland of t h i s  region is considered a res t l l t  of "deser t i f ica-  

t ion" o r  degradation of a r i d  and semiarid land, Many Chiqese s c i e n t i s t s  consider 



t h e  Mu U s  sandy land t o  be  a man-made dese r t ,  r a the r  than a d e s e r t  formed by 

na tu ra l  causes (e. g. , Zhu, Zheng , and Shu, 1980) . 
FIgure 4-28(a) is an enlarged p a r t  of SIR-A da ta  take 28 (Figure 4-27(a)) 

showing the  western margin of the  Badan h i a n  Sham, paired with p a r t s  of two 

Landsat images (Figure 4-28(b) and (c)) .  The radar  image shows a b r igh t  

response f r an  bedrock p e d h e n t s  t h a t ,  on the  Landsat image a r e  obscured by blown 

sand. The enhancement of the  underlying bedrock pa t t e rn  by radar  imaging may be 

due t o  sub t l e  d i f fe rences  i n  r e l i e f ,  much as a l i g h t  d r i f t  of snow enhances 

sub t l e  tex tures  on an earlier Landsat image (Figure 4-28(c)). The pa t t e rn  of 

bedrock r idges on Figure 4-28(a) does not ,  however, c lo se ly  match the  snow- 

enhanced surface tex ture  on Figure 4-28(c), e spec i a l ly  i n  the  bedrock of t he  

lower l e f t  quar te r  of the  image. A possible  a l t e r n a t i v e  explanation f o r  t he  

high cont ras t  of the  bedrock a reas  on Figure 4-28(a) may be t h a t  i f  the  buried 

surfaces a r e  covered by only a t h in  veneer of loose, dry sand (perhaps a few 

centimeters t o  0.3 m th ick) ,  some penetrat ion by the radar beam occurs and gives 

a response from the  underlyin; mater ial .  

The SIR-A radar  and the Landsat images of Figure 4-25 a r e  presented a t  the  

same sca l e ;  they show some of the l a r g e s t  dunes on Earth,  i n  the  Taklimakan Shamo 

(sand sea)  of Xinjiang Uygur province, northwest China. This sand sea  l i e s  i n  

one of the l a r g e s t  intermontane depressions on Earth, t he  Tarim Basin, bounded 

on the north by the braided streams of the  Tarim He. Sediments ca r r i ed  i n t o  the  

basin by glacier-fed streams from the surrounding mountains have been winnowed 

and reworked by winds dominantly from the  northeast ,  but a l s o  from the nor th  

and northwest (Hedin, 1905; Breed e t  a l . ,  1979; Zhu, Zheng, and Shu, 1980). These 

complex wind regimes have b u i l t  complex crescent ic  dune r idges with l i n e a r  

"thresholds" (shown on the  Landsat image) extending from one r idge  t o  the  next.  

These thresholds provided ramps f o r  camel t raverses  from one dune r idge t o  the 

next during the expedi t ion t o  t h i s  region by the  g rea t  Swedish explorer ,  

Sven Hedin, i n  1899 ,o 1900. Many of the  dune thresholds,  which a r e  or iented 

normal t o  the incident  radar beam, give narrow, br ight  specular  responses on the  

SIR-A image. Other b r igh t  responses come not from the  s lopes of the  la rge  dunes 

a t  B4/B5, but from p a r a l l e l  rows of smaller  barchanoid dune r idges  a t  B l / C l  near 

the Tarim He; these smaller  dunes probably have a c t i v e  s l i p f a c e s  or ien ted  toward 

the radar beam. 



The l a r g e r  dune r idges,  which have segments aeasured i n  ki lometers  ( B r e d  

and Crow, 1979; Breed e t  al., 1979) are imaged because t h e i r  tone con t r a s t s  v i t h  

t h a t  of the interdune basins.  Some of these bas ins  ( t h e  "bahirs" of H e d i ~ ,  

1905) are vegetated, o thers  contain yardangs (wind-eroded dry l ake  beds),  and sev- 

eral near the  r i v e r  contain water (G2 t o  G 3  on both i rages) .  The shapes of these 

basins  have not  changed ( a t  t he  reso lu t ion  of these  images) s i n c e  they were 

mapped by Hedin (1905). Notr t ha t  the  v i l l a g e  of Tarim' Nongchany, c l e a r l y  

shown on the  radar  image, is no t  v i s i b l e  on the  Landsat image. 

The t ransverse (barchanoid) dunes nor theas t  of For t  Lamy i n  the  Lake Chad 

Basin (Figure 4-30) are pa r t  of a sand sea  b u i l t  by Saharan winds from reworked 

alluvium during one o r  more episodes of a r i d i t y  when Lake Mega-Chad, which 

a t  its maximum extent  w a s  about t he  s i z e  of the Caspian Sea (Grove, 1970). 

receded. When humid c l imat ic  condit ions returned, t he  l ake  rose again,  flooding 

the dunes and leaving behind diatomaceous depos i t s  i n  t he  interdune hollovs. 

Later ,  as the  l ake  again gradually receded by evaporation, limy beds vere l e f t  

capping the diatomaceous deposi ts .  Dating of s h e l l s  i n  the lake  beds ind ica tes  

t h a t  Lake Mega-Chad may have stood a t  an e leva t ion  of 320 m above sea  l e v e l  as 

recent ly a s  5000 years ago (Grove and Warren, 1968). 

Recession of the lake has l e f t  widespread a r r ays  of l a rge  dune r idges  

standing above interdune f l a t s ,  which a r e  character ized by abandoned o r  ephemeral 

drainage channels, wind-eroded l ake  beds, rough s a l t  playas,  and yegetation. 

This wide va r i e ty  of surfaces gives various ruughness responses on the  SIR-A 

image, a s  a t  E4lE5, A3lA4, A2, and G4 (Figure 4-30). The dune r idges ,  whose 

long axes a r e  aligned p a r a l l e l  t o  the d i r ec t ion  of the  incident  racq.ar beam, a r e  

mostly dark; t he  iden t i f i ca t ion  of dune pa t t e rns  on the  SIR-A image r e s u l t s  

la rge ly  from the b r igh t  response of t he  vegetated interdune f l a t s .  The ove ra l l  

i r r e g u l a r i t y  of the  l a rge  sand r idges,  which a r e  dark gray on SIR-A, is typ ica l  

of old,  vegetated, inac t ive  dunes t h a t  have been weathered and eroded under con- 

d i t i o n s  of c l imat ic  o sc i l l a t i on .  Blurred patches of br ightness  i n  the  pa t t e rn  

(F l )  may represent  a reas  of hea\y vegetation both on the  dunes and i n  the  in t e r -  

dune f l a t s .  

Complex crescent ic  dunes a r e  imaged i n  the north2rn pa r t  of the Grand Erg 

Occidental, near the border of Algeria with Morocco (Figure 4-31). A s  i n  other  



Old World sand s e a s ,  t h e  da rk  tones  of t h e  dune p a t t e r n  on t h e  r a d a r  Image 

(Figure  4-31(a)) are t h e  reverse of the  b r i g h t  t o n e s  on t h e  Landsat Laage (Fig- 

u r e  4-31(tli), and t h e  bedrock, da rk  on Landsat, is b r i g h t  on t h e  r a d a r  image. 

The dark--gray dunes on t h e  SLR-A image a r e  recognizable  because of tone c o n t r a s t s  

wi th  va r ious  in terdune s u r f a c e s ,  inc lud ing  sabkhas (con ta in ing  s a l i n e  f l a t s  and 

wind-eroded silt and c l a y  d e p o s i t s ) ,  bedrock, and vege ta t ion .  The dunes them- 

s e l v e s  a r e  mostly narrow r i d g e s ,  grading i n t o  r e v e r s i n g  r i d g e s  and star dunes 

near  t h e  topographic b a r r i e r s  t h a t  conf ine  the sand sea on t h e  n o r t h  and west. 

The complex p a t t e r n  r e f i e c t s  t h e  complex wind regime recorded a t  Beni Abbes, 

about 40 km s o u t h  of I g l i  (Fryberger,  1979; Breed e t  a l . ,  1979). Bedrock u n i t s ,  

obscure on t h e  Landsat image, are mappable from t h e  SIR-A image. 

Figur?  4-29 is of t h e  southern p a r t  of t h e  Kara Kum (sandy d e s e r t )  t h a t  

l ies e a s t  of Mary i n  Turkmen S.S.R., on an a l l u v i a l  p l a i n  between t h e  mountains 

t h a t  border  I r a n  and Afghanistan. P r e c i p i t a t i o n  i n  t h i s  a r i d  region is l o s s  

than 100 mm/y and t h e  cotton-farming o a s i s  towns such a s  Hary (Merv) and 

Bayram-Ali depend on i r r i g a t i o n  water  brought i n  by t h e  Kara Kum Cans1 

(Nalivkin,  1973). 

Dunes of t h e  Kara Kum c o n s i s t  of reworked a l l u v i a l  sands  depos i t ed  

thousands of y e a r s  ago by t h e  a n c i e n t  Amu Darya, whose course  h a s  g radua l ly  

s h i f t e d  t o  t h e  east of the  a r e a  shown (Suslov, 1961; Nal ivkin ,  1373). The 

barchanoid t o r &  of these  dune r i d g e s  (Suslov, 1961, Figure  14-3) resembles t h a t  

of t h e  much h igher  dunes i n  t h e  c e n t r a l  Badan J a r a n  Shamo (Figure 4-27(a)) ,  and 

a l s o  dunes of many o t h e r  reg ions ,  including b a t h  t h e  f ixed  Nebraska dunes 

(Smith, 1965) and t h e  a c t i v e  Algodones bunes of t h e  U.S. (Breed and Grow, 1979). 

Th is  type of wavy dune r i d g c  c o n s i s t s  of ad jacen t  c r e s c e n t i c  segments whose s i z e ,  

from horn t o  horn,  may rangr from a few t e n s  of meters ,  as a t  White Sands (McKee, 

1966), t o  k i lomete r s ,  a s  i n  t h e  Ala Shan Shamo (Figure  4-27(a)). It is probably 

che most corrmon form on Ear th;  i n t e r e s t i n g l y ,  i t  is a l s o  t h e  most common on 

Mars (Breed, 1977; Breed, G r o l i e r ,  and McCauley, 1979)- 

The l a r g e  Kara Kum dunes at  D4/D5 t o  E4/E5 (Figure  4-29(a)) a r e  c l e a r l y  

imaged by SIR-A, with photog. .phic  f f .de l< ty  t o  t h e  dune form, doubt less  because 

these  r idges ,  though only about 25 m h igh,  e r e  a l igned  wi th  t h e i r  long axes  (and 

thus  t h e i r  major s lopes )  normal t o  t h e  d i r e c t i o n  of t h e  i n c i d e n t  radar  beam. 



These dunes have major south-faciug s l i p f a c e s  t h a t  g ive  a b r igh t ,  apparent ly  

specular  response. The r idges  a l s o  have myriads of small, secondary barchanoid 

dunes on t h e i r  s t o s s  (back) s lopes  (Suslov, 1961, Figure 14-3) and these  

secondary dunes, which h a w  sl ip-faces  or ien ted  toward t h e  radar  beam, also 

apparently give specular  responses. Thus t h e  getmetry of these  corpound dune 

r idges  r e s u l t s  i n  an in tegra ted  b r i g h t  resronse t h a t  g ives  a true represen ta t ion  

of the  dune morp5ology on the  SIR-A image. Here, a l s o ,  t h e  interdune f l a t s  give 

a darker  response than the  sand dunes, j u s t  a s  on t h e  Landsat image (Figure 4-29(b)). 

Possibly t h i s  con t r a s t  occurs because t h e  f l a t s  are f loored  wi th  smooth depos i t s  

of a l l u v i a l  silt and c l ay  (Nalivkin, 1973). The importance of topographic r e l i e f  

and radar  look angle a r e  emphzsized by t h e  lack  of response, on t he  SIR-A image, 

from the  smaller and d i f f e r e n t l y  or ien ted  dune r idges  at 54. 

Figure 4-33, t h e  SIR-' image from d a t a  take 28 and the  Landsat MSS (band 5) 

h a g e t  sh;ws large-scale  f a u l t i n g  (B1 through B5, F1 through F5, and 63  through 

G5), s t ruc tu re ,  and s t ra t ig raphy  i n  Ordovician-Silurian l imestones,  sandstones,  

and sha l e s  i n  the  northwest Xinjiang Uygur Province of northern China. The 

tec ton ic  region is  the  Kelpin Tagh U p l i f t  of t he  Northern China-Korean Platform. 

The major f a u l t s  cu t  t he  sedimentary rock cues tas  (hogbacks), and are normal 

f a u l t s  with t he  upthrown s ide  t o  the  west ( l e f t  s i d e  on t h e  image). 

Delineation of the horizontal  bedded sandstones, l imestones,  and sha l e s  

exposed on the  upper port ions of t he  cues tas  is b e t t e r  on t he  S I R 4  image than 

the  Landsat image. The d e t a i l  on small drainage p a t t e r n s  is super ior  on the  

SIR-A image. The a l l u v i a l  fans t h a t  a r e  pervasive below the  cues tas  a r e  b e t t e r  

defined on the  SIR-A image because of t h e  s e n s i t i v i t y  of L-band radar  t o  small 

changes i n  gravel  s i z e s  and the  rapid onset  of Rayleigh s c a t t e r i n g  a t  sbout t he  

4- t o  6-cm mean r e l i e f  s ca l e  fo r  sur face  roughness a s  described by Schaber, 

Berl in ,  and Brown (1976). 

F l a t  playa depos i t s  i n  the va l l ey  f l o o r s  (D3,  C4, F3/G3, K 5 )  are b r igh t  on 

the  Landsat image but dark on the  SIR-A image; t h i s  occurs because of t he  

extreme smoothness of these sur faces  t o  t he  long wavelength radar  sensor and the  

presence of h izh ly  r e f l e c t i n g  s a l t  and silt depos i t s  a f f e c t i n g  the  Landsat sensor 

respanse. A s m h l l  lake (F3) i n  one of the  va l ley  playas appears dark on both the 

Landsat and SIR-A images. A b r igh t  ha lo  a t  the  lake  edge on the  SIR-A image is 

thought t o  be cause" by vegetat ion roughness (probably small t r e e s ) .  







It is c l e a r  t h a t  t h e  SIR-A image of t h i s  region would provide a 

photointerpreter  with a considerable amount of information above t h a t  ava i l ab l e  

from the Landsat image alone. Spec i f ica l ly ,  the SIR-A image provides exce l len t  

s t r a t i g r a p h i c  and s t r u c t u r a l  charac te r iza t ion ,  i n  addi t ion  t o  extrePw s e n s i t i v i t y  

t o  small-scale surface roughness changes. 

The area of northwest China near the north edge of Lop Nor a t  t he  edge of 

the Taklimakan Desert (SIR-A da ta  take 28 ,  Figure 4-34(a)) is  of i n t e r e s t  

because i t  has played an important r o l e  i n  the h i s t o r y  of dese r t  research. In  

a reas  t o  t he  west and e a s t  of t h e  present  Lop Nor, t he  Swedish explorer  

Sven Jedin  (1905) f i r s t  described c lose ly  spaced, aerodynamically-shaped r idges  

and troughs commonly severa l  hundreds of meters long. They were ca l l ed  yardangs 

from the  l o c a l  d i a l e c t  and ascr ibed t o  wind erosion,  

Yardangs were, u n t i l  recent ly ,  thought t o  be r a r e ,  invar iab ly  small dese r t  

f ea tu re s ,  l imi ted  i n  d i s t r i b u t i o n  t o  weakly consolidated l a c u s t r i n e  beds. 

McCauley, Grol ie r ,  and Breed (1977) have shown t h a t  they a r e  f a r  more common i n  

the hyperarid p a r t s  of the  world than previously rea l ized .  They can range up t o  

tens  of ki lometers  i n  length and occur i n  mater ia l s  ranging from c r y s t a l l i n e  

igneous and metamorphics through Mesozoic sandstones and sha les ,  t o  tough 

r ec rys t a l l i zed  Eocene limestones and well-indurated Quaternary sediments. 

The yardangs i n  t h i s  l o c a l i t y  show considerably b e t t e r  on the SIR-A image 

than on the  Landsat image (H2 t o  J1 and ~ 2 / A 3 )  (Figure 4-34(b)), possibly because 

of t h e i r  extreme roughness a t  the meter and smaller s c a l e  and the  abrupt 

topography of the yardangs. Individual  yardangs severa l  k i lome te r s  i n  length 

can be iden t i f i ed  on the  SIR-A image, whereas only f a i n t  s t r eaks  show i n  the 

Landsat image. These yardangs trend north-northeast i n t o  the s t rong  preva i l ing  

wind of t h i s  region, and a r e  undoubtedly surrounded by swarms of smaller ,  

e longate ,  "inverted canoe-shaped" r idges a t  o r  near the  l i m i t  of reso lu t ion  of 

the  SIR-A and Landsat images. 

The u t i l i t y  of the SIR-A da ta  f o r  dese r t  s tud ie s  i s  p a r t i c u l a r l y  evident i n  

the images of the northern pa r t  of the Great Kavir Desert of Central  I ran ,  

centered near 35'N and 55OE (Figures 4-35 and 4-36). The Kavir is a g ian t  s a l t  
2 dese r t ,  about 50,000 km i n  ex ten t ,  t h a t  cons i s t s  of a sub t l e  combination of 

salt-encrusted playa basins  enclosed by folded and eroded Miocene rocks. These 
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Figure 4 - 3 5 .  SIR-A Image of the Great Kavir (West), Iran (Data Take 28) 





rocks a r e  mostly evapori tes .  They a r e  covered by a r e g o l i t h  a s  much a s  a 

meter th ick ;  t h i s  "puffy ground" was created by a l t e r n a t e  wet t ing and dry icg  of 

the weathered bedrock acd consequent churning of tt,e silts and c l ays  t h a t  make up 

t h e  sur face  (Krinsley, 1970). Locally,  t h e  sur face  i s  punctured by spec tacu la r  

s a l t  d ~ a p i r s .  The extensive s a l t  wastes of t h i s  region are s t i l l  cont rovers ia l  

i n  or ig in .  They a r e  considered now by most workers t o  be derived by weatheri.\g, 

erosion,  and r e d i s t r i b u t i o n  of the  Miocene evapor i tes  t h a t  f l o o r  t h e  basin.  

Geological explorat ion of the region has  been severe ly  l imited by the  zreacherous 

s a l t  c r u s t s  t h a t  ove r l i e  b r iny  mud and extensive patches of wet ground, which 

make much of i ts sur face  acces s ib l e  only by he l icopter .  

The s a l t  f l a t s  a t  A4/B4, E3/E4, and 34 (Figure 4-35) show varying degrees 

of roughness. Typically,  t he  c rus t  cons i a t s  of a rough, jumbled mass of sharp, 

angular blocks,  s l a b s ,  and p i ~ n a c l e s .  The s a l t  f l a t  a t  A41B4 is very dark t o  t he  

L-band (23-cm wavelength) SIR-A radar ,  suggesting t h a ~  i ts sur face  has  a re la -  

t i v e l y  smooth, mean r e l i e f  ( l e s s  than 2 o r  3 cm), perhaps smoother than the 

average f o r  t h i s  region. The mater ia l  is l i g h t  gray on Landsat images of the  

area.  The gray tone of t h e  salt f l a t  a t  E3/E4 (10- tc  ?O-cm mean r e l i e f )  is more 

t yp i ca l  of the  radar  re f lec tance  of t he  s a l t  playas i n  the  Kavir. The extremely 

b r i g h t ,  but  small ,  playa a t  54 is t e r y  dark on Landsat eild a e r i a l  photographs, and 

a c t u a l l y  cons i s t s  of "black salt" (Krinsley, 1970, Figure 39). This is one of 

the roughest s a l t  sur faces  (g rea t e r  than 50-cm mean r e l i e f )  so  f a r  observed on 

re Kavir, and is somewhat rougher than the  massive h a l i t e  depos i t s  a t  t h e  

\ , v i l 1 s  Golf Ccurse i n  Death Valley, Cal i forn ia .  

Folded Mioce~e  bedrock covered by one meter o r  more of l i g h t ,  yel.lowi. t 

puffy ground can be seen a t  H4. Individual  s t r a t a  a r e  wel l  seen on the  radar  

image, but d i f f i c u l t  t o  d i scern  on the  ground because of t he  i n  critu r ego l i t h .  

Numerous s a l t  plugs or  d i a p i r s  t h a t  intruded i n t o  rhe Miocene bedrock from under- 

ly ing  evapor i te  horizons a r e  seen a t  Bl/B2 and D2. The f lanks of these s t r u c t u r e s  

a r e  o f t en  very b r igh t  suggesting extreme roughness o r  s teepness  i n  t he  d i r e c t i o n  

of the radar  look. The s teep  s lopes of an a n t i c l i n a l  s t r o c t u r e  a t  H2 a r e  a l s o  

b r igh t  t o  the  radar.  The small  v i l l a g e  of Hoseyan is located a t  51/32 and 

~ 1 / K 2 ;  north of t he  v i l l a g e  and t o  the e a s t  and west a r e  numerous s teep ,  conica l  

fans  of the Kuh E Darestan range. These cons is t  of coarse ,  immature, angular 

cobbles t yp i ca l  of the  edge of the  t ec ton i ca l ly  a c t i v e  Kavir Basin. 



P a r t  of d a t a  t ake  28 (Figure 4-36) mhoua t h e  region of t h e  Great Kavir 

Desert immediately east of t h a t  j u s t  d iscussed.  A t  Fb/G4 is a very pronounced 

a r r t i c l i n a l  s t r u c t u r e  with a dark p l u g l i k e  f e a t u r e  a long i ts  c r e s t ,  poss ib ly  an 

i n c i p i e n t  o r  juven i le  salt d i a p i r .  S a l t y  c l a y  pans t h a t  arc covered wi th  10- 

to  20-cm-wide polygonal d e s i c c a t i o n  c racks  a r e  present  a t  G5; they seem t o  have 

a rare uniform radar  b r i g h t n e s s  than t h e  o t h e r  u n i t s  descr ibed.  Compare t h e  

s a l t p a n s  at G5 with t h e  mot t led  l i g h t  and dark radar  response of t h e  l a r g e  sa l t  

pan a t  53/54 t o  K3/K4. 

A n  enlarged s e c t i o n  @f SIR-A d a t a  t ake  28 (Figure  4-37) shows a 

Quaternary-Tertiary vo lcan ic  f i e l d  i n  t h e  Harra t  A 1  Uwayrid region of Saudi 

Arabia (27*27'N, 37O15'E). Numerous c i n d e r  cones (smal l  c i r c u l a r  f e a t u r e s  i n  

upper l e f t  of image) and l ava  flows ( b r i g h t  region i n  upper c e n t e r )  e r e  observed; 

t h e  wide v a r i a t i o n  of image tone w i t h i n  t h e  vo lcan ic  f i e l d  indicates a d i v e r s i t y  

of su r face  roughness (dark-smooth, bright-rough).  The a r e a s  of lowest r a d a r  

r e t u r n  ( l e f t  p o r t  ion of image) (quasi-specular r e f  ?cc t i o n )  a r e  a s s o c i a t e d  with 

t h e  underlying Ram and Umm Sahm sandstones  of Ordovician and Cambrian age,  and 

a l l u v i a l  d e p o s i t s  (dark l i n e a r  f e a t u r e s  i n  r i g h t  of image) i n  f o c a l  wadi f l o o r s  

(ephemeral s t ream channels) .  The l a r g e ,  shai low c r a t e r  forms (small  dark  d o t s  

i n  lc-.er l e f t  of image) may be maars (explosive  v e n t s ) ,  perhaps with l a k e s  o r  

l ake  sediments f i l l i n g  t h e  c r a t e r  f l o o r s .  

P a r t  of d a t a  take 28 shows t h e  extremely rough c r y s t a l l i n e  l imestone of 

Eocene age where i t  caps t h e  Sin  e l  Kaddah P la teau  wes; of Aswan i n  Southwest 

Egypt (Figure 4-38). The bar ren ,  windswept s u r f a c e  of t h i s  extremely a r i d  

pla teau g i v e s  a uaique s i g n a t u r e  on t h e  StR-A radar  image. Several  l a r g e  f rac -  

t.ures (arrows) i n t e r s e c t  I n  a rrctar .gular g r i d  p a t t e r n  t h a t  has  been e tched by 

winds, whicl~ a r e  dominantly from t h e  n o r ~ h .  Only a f e u  l a r g e  dra lnage channels  

a r e  preserved on the  l imestone s u r f a c e ,  i n  c o n t r a s t  t o  t h e  i n t r i c a t e  p a t t e r n s  of  

the  d e n d r i t i c  dra inage preserved on t h e  sandstones  and s h a l e s  of Upper Cretaceous 

age t h a t  crop out a lcng  t h e  e a s t  edge of tile p 1 n t c . t ~ .  

The l imestone is  heav i ly  wind-eroded, with roughness scales  varying f r c t m  

g roo tes  and r idges  with p f n n a c l e s  on t h e  o rder  of a few cen t imete r s ,  t o  ysrdangs 

t ens  of meters wide and up t o  hundreds of meters long ( G r o l i c r  c t  a l . ,  19801. 
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This type of deser t  t e r r a i n  was referred t o  a s  "kharafish" by ea r ly  explorers 

(Beadnell, 1909; Gautier and byhew, 1935). These varying sca les  of roughness 

probably account f o r  the peculiar  d i s t r ibu t ion  of gray tones and bright  patches 

on the SIR-A image. 

L. COREGISTRATION OF SIR-A AND SEASAT IMAGES OF THE SAN RAFAEL SWELL 
AND THE SANTA Y N U  RANGE (D. Evans and J. B. Ch ino ,  JPL) 

Incidence angle, polarizatfon, and wavelength a r e  a l l  radar i n s t r m e n t  

parameters tha t  m y  be varied t o  ex t rac t  information from a scene using micro- 

wave techniques. By comparing SIR-A data with Seasat data,  the  e f f e c t  of a vari- 

able incidence angle on the radar backscatter may be examined. Seasat had a 

small incidence a g l e  of about 20 deg; therefore, backscatter vas dominated by 

slope o r  topography. SIR-A, however, had a much l a rge r  incidence angle (about 

50 deg); therefore, the backscatter was dependent primarily on l o c a l  roughness 

and re la t ive ly  independent of slope. 

Both SIR-A and Seasat images of the  San Rafael Swell region i n  Utah and the 

Santa Ynez Range i n  California w i l l  be used t o  i l l u s t r a t e  the advantage of having 

m l t i p l e  incidence angles f o r  the  in terpre ta t ion  of the  loca l  geology. 

1. The San Rafael Swell (Utah) 

Figure 4-39(a) is an iaage of the southern portion of the  San Rafael Swell, 

a large,  sedimentary dome i n  eastern Utah. Geologic u n i t s  of i n t e r e s t  can be 

rraced over large areas (Figure 4-39(b)). The dome is made up of continental  

and marine sediments upl i f ted  during the  ea r ly  Tert iary (%SO mill ion years ago). 

The repeated transgression and regression of the seas i n  t h i s  region resulted i n  

the deposition of u n i t s  of economic importance. For example, coal  beds have been 

found i n  the Ferron Sandstone (B2 and G3). Other economically important un i t s  

such a s  the uranium-bearing Sa l t  Wash Sandstone (D4 and E4) a re  found i n  t n i s  

area because the  permeable nature of the sedimentary rocks allows the  flow of 

mineralizing f lu ids  . 
The SIR-A image was d ig i t ized  and registered t o  a Seasat SAR image 

(Figure 4 - 3 9 ( c ) )  by finding common t i e  points in  the images, and ro ta t ing  and 

s iz ing  the SIR-A image t o  f i t  the  Seasat image. The cloregistered images were 
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Figure 4 -39 .  South San Rafael S w e l l ,  Utah: ( d )  Coregistered SIR-A and Seasat Images 



then displayed a s  shown i n  Figure 4-39!d) using the  SIR-A image t o  produce co lor  

and t h e  Seasat image t o  modulate t he  i n t e n s i t y  of the  color  where the  images 

overlapped. Because of the  d i f f e r ence  i n  incidence angles  of t h e  two sensors ,  

SIR-A images a r e  most s e n s i t i v e  t o  small-scale roughness p rope r t i e s  of t h e  

surface,  while Seasat images are more sens i t i ve  t o  changes i n  l o c a l  slope. 

Therefore, i n  t h i s  image, v a r i a t i o n s  i n  co lor  a r e  r e l a t e d  t o  roughness var ia-  

t i ons ,  and v a r i a t i o n s  i n  i n t e n s i t y  are re l a t ed  t o  topography. 

The combination of surfacc roughness and topographic information shown i n  

Figure 4-39(d) allows b e t t e r  discr iminat ion of t he  l i t h o l o g i c  u n i t s  present .  For 

example, i n  t he  c l i f f  at D2, i t  is possible  t o  see  sedimentary l a y e r s  (coded a s  

brown a n i  blue i n  t h i s  rendi t ion)  t h a t  cannot be seen i n  e i t h e r  t he  SIR-A o r  

Seasat image alone. This is a s i g n i f i c a n t  r e s u l t ,  because it shows how s u b t l e  

d e t a i l s  can be brought out  i n  combined image d a t a  s e t s .  

2. Santa Ynez Range, Santa Barbara (Cal ifornia)  

The Cal i forn ia  coas t l i ne  from Point Conception (A5) t o  Venfura (K3)  is  

shown i n  Figure 4-40. The geology is dominated by folded sedimentary l aye r s  of 

t h e  Santa Ynez Range. The s t r a t i f i c a t i o n  terminates  abrupt ly a t  t he  Santa Ynez 

Faul t  on the  inland s ide  of t he  mountains (C4 t o  Kl). The Santa Clara  River 

t r a c e s  t h e  Oak Ridge Faul t ,  seen a s  a b r igh t  l i n e a r  f ea tu re  e a s t  of Ventura 

(K1 t o  K2). Cachuma and Cas i tas  Lakes a r e  t he  l a rge  dark a reas  a t  D2/E2 and K2, 

respect ively.  The c i t y  of Santa Barbara (G3) is v i s i b l e  i n  t he  center  ~f t h e  

f igu re  (br ight  region along the  coast  l i n e ) .  The row of b r igh t  spo t s  i n  t he  

ocean (H3)  a r e  o i l  d r i l l i n g  platforms i n  the Santa Barbara Channel, while random 

b r i g h t  po in ts  i l l  the  channel a r e  vesse ls .  

The br ightness  of t he  t e r r a i n  i n  the SIR-A image (Figure 4-40(a)) v a r i e s  

s i p i f  i can t ly  from loca t ion  t o  loca l ion ,  suggesting ahanges i n  l o c a l  surf  ace 

roughness. Tie  L i t t l e  Pine Faul t  running from C 1  t o  E2, f o r  example, shows 

up as a chi-age i n  br ightness  from aiirk on the  ocean s t d e  of t he  f a u l t  t o  

b r igh t  on che mainland s ide .  This is because t h e  smoother Plio-Pleistocene 

nonmarine dep 'ts on the southern s ide  of the  f a u l t  specular ly r e f l e c t  t he  

radar  beam, wt.ile the  more rugged Mesozoic u l t r a l a s i c  i n t r u s i v e  rocks and the  









Franciscan Formation on the  northern s i d e  s c a t t e r  t he  r a d ~ r  beam, producing the  

b r i g h t  radar  re turn .  The f a u l t  is not  obvious i n  the  Seasat image, 

The mosaicked Seasat image (Figure 4-40(b)) of t he  same area  shows some 

s i g n i f i c a n t  d i f  f erences i n  the  imagery. These d i f f e r ences  a r e  demonstrated i n  

many regions throughout t h e  image, bu t  t h e  most apparent is  i n  t he  ocean where the  

Seasat incidence angle enables  de tec t ion  of roufiness i n  the waters;  however, 

the l a r g e r  SIR-A incidence angle producse specular  r e f l ec t ion .  Differences a r e  

a l s o  notable  along the  Santa Ynez Range, Although i n  many cases  there  is exten- 

s i v e  layover i n  t he  Seasat image, topography is  well defined throughout the image. 

There a r e  only a few places,  f o r  example, along the  c r e s t s  of the  Santa Ynez 

Range where topography is apparent i n  the  SIR-A image. This is because the  l o c a l  

s lopes  a r e  so  s teep  t h a t  the  incidence angle becomes small  and topography domi- 

na t e s  over sur face  roughness along t h e  mountain c r e s t s .  The bedding along the  

Santa Ynez Range is camouflaged by t h e  dominant r e tu rn  of the drainages i n  the 

Seasat image, but very pronounced i n  the  SIR-A image. The bedding can be e a s i l y  

followed from the  most recent  Upper Miocene Marine l aye r ,  which is tha t  c l o s e s t  

t o  the ocean, through t h e  Middle and Lower Miocene Ma-ines, the Oligocene 

Marine, and the Eocene Marine t o  Upper Cretaceous Marine, which is toward the 

inland s i d e  of t he  mountains. This bedding is cu t  abrupt ly by a small f a u l t  a t  

D5 /E5. 

There a r e ,  of course, advantages t o  both incidence angles.  The sedimentary 

l aye r s  along the  coas t l i ne  a r e  e a s i l y  t r aceab le  i n  the  SIR-A image, but a r e  l o s t  

i n  the  layaver  of t h ~  Seasat image. On t he  o ther  hand, the  drainage pa t t en l s  at 

C2 i n  the Seasat image a r e  obvious, but a r e  not  seen i n  the SIR-A image. This 

is due t o  t he  d i f fe rence  i n  l o c a l  s lope  i n  the  two regions. 

The co lor  coregis tered image of t he  Santa Ynez Range (Figure 4-40(c)) pro- 

v ides  even more information. A s  with the  San Rafael images, t he  SIR-A image is  

used t o  produce color  and the  S e ~ s a t  image is used t o  modulate the i n t e n s i t y  of t h e  

co lor  where the images overlap. The combination of sur face  roughness and 

topographic information sbown i n  t h i s  image allovrs b e t t e r  discr iminat ion of t he  

l i t h o l o g i c  u n i t s  present .  The topographic information provided by the  Seasat 

da t a  enhances the image tex ture ,  which can be used t o  d i f f e r e n t i a t e  rock types. 



For example, the linear and fine-scale texture pattern at C!. 113 related tc, 

non-marine unconsolidared conglomerateo. h e  wart, at E2/F2 to ~3/F3, ie a 

coarse mountainoue texture related to marine sanderones. 



SECTION V 

SIR-A WAGE EXAMPLES 

2 The SIR-A mission recorded da t a  covering approximately 10 mi l l ion  km of 

the  Earth, including t e r r a i n  from a l l  cont inents  except Antarct ica .  In t h i s  

sec t ion ,  a sample of images is preaented to  give the  reader  examples of t h e  wide 

va r i e ty  of f ea tu re s  imaged by the  radar  (Table 5-1). The sec t ion  is divided i n t o  

four pa r t s :  geology, hydrology, urban and a g r i c u l t u r a l  regions,  and oceanography. 

A l l  images cover an a r ea  50 km (range d i r ec t i on )  by 100 km (azimuth d i rec-  

t ion) .  The horizontal  top and bottom margins a r e  p a r a l l e l  t o  the  Shut t le  o r b i t a l  

path during acquis i t ion  of the  data .  The look angle of the radar  antenna was 

always 47  deg from nadir  i n  a northward d i r e c t i o n  perpendicular t o  t he  Shu t t l e  

ground track. The i l luminat ion d i r ec t i on  is from the  southernmost hor izonta l  

edge of the  image t o  the  northernmost hor izonta l  edge. In some cases, Landsat 

and Seasat images a r e  shown f o r  comparison. Geologic maps a r e  a l s o  shiwn f o r  

severa l  images. 



Table 5-1. Imge Examples 

A. Geology 

1. Lu-Liang Shan (China) 

2. Serra  l m e r i  (Venezuela) 

3. Pakarainril and Me- Mountains (Guyana) 

4. N i l e  River Basin (Egypt) 

5. Hamersley Mountain Range (Western Aus t ra l ia )  

6. Lengguru Fold Bel t  ( I r i a n  Jaya) 

7. Precambrian Outcrop (Western Algeria) 

8. Faulted Area (East Coast of Belize) 

B. Hydrology 

9. Berau River Emptying i n t o  the  Celebes Sea (Borneo) 

10. Meta Province (Colombia) 

11. I l h a s  Hacuapanim and Surrounding Rivers  (Central  Braz i l )  

12. Mississ ippi  Flood P l a in  

C. Ut5an and Agr icu l tura l  Regions 

13. B r a s i l i a  (Braz i l )  

14. Cul t ivated F i e ld s  i n  Central  New South Wales (Austral ia)  

15. Vi!lages and Cult ivated F ie lds  (China) 

D . Oceanography 

16. Ocean Pa t te rns  o f f  I s l a  Coiba (Panama) 

17. In t e rna l  Waves (Andaman Sea) 

18. Coral-Reef Pa t t e rns  Near Nai Nan Tao and Palawan 

19. Wind Pa t t e rns  (Sardinia)  

20. O i l  Rigs and Vessels (Persian Gulf) 



A. GEOLOGY 



1. L u - L i m g  Shur (China) 

The extensive dendritic patterns show i n  t h i s  w e  in the Sh~nx i  Province 

of Chiaa are drainages from the Eei-ch'a Shan (mountains) (P4, PS, G 4 ,  and G5) and 

the Lu-liang Shm (Gl, G2, J1, and J2), which nm in to  the Fen Eo (river)  (Kl t o  

K5) and the h a n g  Eo or Yellw R i v e r  (Al t o  AS). W l e r  rivers including the 

Lan-i Eo (Dl/D2 t o  A2), the K'u-yeb Eo (A5 t o  B5), and the Yu-fen Eo (P3 t o  

All%) cantribute to  t h i s  network. Thc lore mountainous regiam i n  the center 

of the image is about 1000 r higher than the Euang Eo valley and 500 m higher 

than the Fen kio valley. Bedrock consist8 mostly of Triassic sedireatary rocks 

that overlie an a c i e n t  platform. 

The SIR-A image is very bright i n  the vegetated uplands because of the rough- 

ness of the canopy rela t ive t o  the radar wavelength. Vegetation is also preva- 

lent  i n  the valleys that  join the Elucmg Ho. Agriculture in  t h i s  hot, dry region 

is supported by some irrigation. Winter wheat, millet ,  and koaling are  the 

primary crops. Near-surface and deeply-buried coal deposits have been mined t o  

soae extent in  t h i s  region of China. The r iver  banks have a population density 

of about SO people per square kilometer. The c i ty  of Lan-hsien is a t  E4 and 

Lao-ch'eng is a t  H3/H4. 

(Data take 28; 38*27'N, 11l03O'E.) 





2. Serra latri (Venezuela) 

The dominant geological structure in th i s  SIR-A image is the cross-cutting 

fracture pattern of lineaments in the Serra Imeri on the southern border of 

Venezuela. The range is on the south edge of a huqr plateau that  is part of the 

Guyana Shield. Arrcraft charts  warn of the abrupt c l i f f s  that  appear i n  the l e f t  

portion of the islage. The Yatua River runs through the center of the image 

(Fl t o  F5) aad the c i t y  of Santa Isabel sits on the edge of the r iver  (a). 

(Data take 34; 1°36'x, 6S030'W.) 





3. Pakaralma and bier- Wountaine (Guyana) 

The mountain ranges dominating t h i s  SIR-A image a re  the  Pakaraima Range 

i n  the l e f t  of the  image and the  Merume range i n  the r ight .  The ranges are  

located i n  Guyana near the  Venezuelan border jus t  north of the  Imbiamada. They 

a re  par t  of the Roraima Plateau i n  the Gran Sabana. The Mozarume River flows 

through the center and upper r i g h t  of the  image (G5 t o  J1) . The t r ibutary  tha t  

connects with the Mazaruni at G3/G4 and flows t o  D2/E2 is the  Kamurang River. 

(Data take 34; S045'N, 60°51'W.) 





4. Nile River Basin (Egypt) 

This SIR-A image shows a sec t ion  of the Nile River j u s t  north of the 

Aswan Dam i n  Egypt. The major c i t y  of Kom Ombo sits j u s t  t o  t he  e a s t  of t he  

lower bend i n  the r i v e r  (H5). The Kom Ombo p la in  is covered by th ick  a l l u v i a l  

f loodplain depos i t s  containing s h e l l s ,  bones, and Stone-Age f l i n t  implements. 

The s t r a i g h t ,  b r ight  v e r t i c a l  l i n e s  running along the broad, dry va l l ey  west of 

the r i v e r  a r e  power l i n e s  leading from the  d m  northward. The mountainous a rea  

t o  the  west of the  va l l ey  was overflown by the  SMIRR experiment aboard STS-2. 

The Quaternary sediments t o  the west of the Nile River a r e  a l l u v i a l  gravels ,  

sand, and mud with a veneer of windblown sand. The Nubia Group t o  the  e a s t  of 

the Nile and surrounding the  Gebel el-Barga a t  D4/E4 i s  Mesozoic Taref Sandstone 

and Queseir Variegated Shale. The Upper Cretaceous/Paleocene Dakhla Formation, 

which shows up a s  a b r igh t  (rough) outcrop i n  severa l  places throughout the image, 

cons i s t s  of sha le ,  marl, and limestone, The Paleocene outcrops a l s o  include the 

Tarawan Chalk and Esna Shale. The lower Eocene outcrops i n  the  f a r  l e f t  of the 

image a r e  limestones of the  Dungal Formation, containing f l i n t  concretions.  

(Data take 28; 240201N, 32'35'E.) 
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5 Hamersley Mountain Range (Western Aus t ra l ia )  

The Hamersley Mountain Range i n  Western Aus t r a l i a  is t h e  dominant geologic 

s t r u c t u r e  i n  t h i s  SIR-A image. Volcanic rocka and sediments appear as eroded 

fo ld s  exposed a t  t he  surface.  These rocks a r e  approximately 1.5 b i l l i o n  years  

old.  The c e n t r a l  c i r c u l a r  f ea tu re  is  a l a rge  i n t ru s ive  g r a n i t e  and gneise  dome, 

which is pa r t  of a l a rge  a n t i c l i n e  extending across  n:ast of t h e  image. The 

Hardey River runs v e r t i c a l l y  t o  t he  r i g h t  of t he  c e n t r a l  c i r c u l a r  dome (DlIE1 t o  

BS), and the  Beasley River runs southward i n  t he  lower left-hand corner of the 

image. Mount Turner is i n  t he  top cen t e r  of t h e  image. The region i n  t h e  upper 

l e f t  quar te r  of t he  image is severely fau l ted .  The b r igh t  l i n e a r  f ea tu re  

cu t t i ng  across  the  cen te r  of thc! dome is a d o l e r i t e  dike. 

(Data take 38; 22'52'S, 117'28'E.) 





b tnggrrru Fold Belt ( I r i a n  Jaya) 

The Lengguru Fold Belt ( t he  la rge  l'boomereng" s t ruc tu re ,  F3) shown 

draaat ic l i l ly  i n  t h i a  SIR-A image is on t he  northt-eatern peninsula of I t t a n  .;aye 

(western New Guinea), The p i t t e d  and groovud un i t  a t  K5 ray be liarestone t ha t  

has deveioped kara t  tcpography comon i n  t rop i ca l  areas .  Units  a t  H I ,  'i2, K 1 .  

and K2 appear t o  be thin,  t i l t e d ,  and eroded aedimettary beds with t h e l r  outcrop 

pa t te rn  a f fec ted  bv folding and jo in t ing .  The two smaller islands a r e  k~mberpon 

(A4) and Mios Wear (D5). The e s t u a r i e s  at El Elow i n t o  t h e  Tcl t~k Benturi off 

the Ceram Sea. The water in  thc l e f t  of the image is rtle Teluk Sarera. The 

area is adjacent to  the oil-producing Salawat 1 f slm~c! region, where heavy jungle 

and cloud cover make radar images an economical method of explorat ion.  

(Data take 32-33; 1°50'S, 133*54'E.) 





7. PrecamSrian Outcrop (Kestern Algeria) 

This SIit-A w e  &;rows an area west of Beni Abbes (not i n  iaabe) i n  Western 

Algex! a. In the  f a r  l e f t  of the  image are some s t a r  dunes of the  Erg El Raoui. 

Tne large cyl2ndrical fea ture  t o  the r i g h t  of the dunes is the Jebel  Guettara, 

a north-nozthwestera oriented Precambrian outcrop dissected by many crossing 

faul t s .  The smaller c i r cu la r  fea tures  (E4) a r e  par t  of an eroded an t i c l ine  

showing Silurian and Cambrian exposures. The fea tc re  is known as Dra E l  Kelba. 

These cutcrops could be e i t h e r  due t o  p l u n g i q  fo lds  o r  t o  d i f f e r e n t i a l  erosion 

following the topography. A la rge  depression dominates the center  of the  image. 

This area is known as Hama du Guir and is characterized by Pliocene outcrops. 

To the r ight  of the image is the  western border uf the  Grand Erg Occidental, a 

sand sea characterized by barchans and s t a r  dunes. In the  upper r igh t  comer  of 

the image is a region of carboniferous outcrops showing ve11 delineated bedding. 

(Data cake 31-33; 30°00'N, 0°15'W.) 
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8. Faulted Area (Fast Coast of Belize) 

This SIR-A image of cent ra l  Belize covers an area  of diverse l i thology 

cloaked in a nearly coatinuoar vege ta t im canopy. Dtfferences h l i thology 

are therefore recognized i n  the  image on the  bas i s  of texture. Areas of 

alluvium, such a s  along the  coast,  and in t rus ive  plutonic rocks at D l  and H 1  

have smooth, even textures. The center  of the  image is com?osed of the  coarse 

mountainous texture of metamorphic rocks and old continental  sediments. In 

t rop ica l  regions, carbonates such a s  limestones of ten  produce the  unique knobby 

topography kncwn as kars t .  This is bes t  seen a t  F5 and 64. 

(Data take 24C; 17O02 'N, a8O31'W.) 
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B. HYDROLQGY 



9 .  Berau River Emptying Into the Celebes Sea (Borneo) 

The i n t r i c a t e  drainage patterns shown in  t h i s  SIR-A image a r e  created by 

the Berau River a s  it empties in to  the Celebes Sea i n  Tanjungbata on the ea s t  

coast of Borneo. Some interes t ing ocean patterns are apparent throkghout the 

Celebes Sea. The bright white l inear  pattern (K5) may be associated with coral  

reefs. 

(Data take 24BB; 2'10'~, 117'40'~,) 





10. Mete Province (Colombia) 

This SIi.-A image of the  Meta P r o v i n c ~  shows the Amazon Basin j u s t  e a s t  of 

t he  Cordi l le ra  Or ien ta l  near ~ o g o t i ,  Colombia. The Amazon Basin region is 

covered by vegetat ion and appears br ight  t o  the  radar i n  t he  r i g h t  port ion of 

the  image. The l e f t  port ion of the image is dominated by very s t eep  drainage 

canyons. These canyons empty i n t o  major  river^ (b r igh te s t  pa t te rns)  such as 

Rio Manacacias (A2 t o  A5), Rio Planas (C1 t o  C5) and Rio Vichada (El  t o  D4). The 

darkest  l i nea r  fea tures  i n  the  l e f t  of t he  image a r e  r idges ;  however, the  dark 

i n t e n s i t y  of the region i n  general is unusual and i s  associated with the  f l a t n e s s  

of the  savanas. The darker region is higher i n  e leva t ion  by about 200 m and 

thus probably conta ins  d i f f e r e n t  vegetat ion than the  jungle region t o  the  r igh t ,  

h the r i g h t  port ion of the image, i t  is d i f f i c u l t  ts recognize fea tures ;  

however, Rio S iare  is apparent, flowing from F5 t o  K2. 

(Data take 24C; 3 ' 18 '~ ,  71°58'W.) 





11. I l h a s  Macuapanim and Surrounding Rivers (Central  Braz i l )  

A complex network of r i v e r s  surrounds the  i s land  of I lhae  I.iacuapanim i n  

c e n t r a l  Braz i l  i n  the lower r i g h t  quArter of these SIR-A and Landaat images. 

The north-south trending r i v e r  is  Rio .Japur& and the  r i v e r  arching i n  a t  t he  

bottom of t he  image is the  Amazon. The SIR-A image was acquired i n  November 

1981 and the Landsat image waa acquired i n  September 1973. In general,  the  

main stream channels have changed very l i t t l e  i n  8 years;  however, c lo se r  exami- 

nat ion d isc loses  some s ign i f i can t  a l t e r a t i o n s  i n  the  minor connecting channels. 

Sn 1973, t he  Rio Japura was connected t o  the  2aazon primarily a t  A 5 / ~ 5 .  A t  

point  A5 i n  the  Lairdsot image, however, there  was a t h i n  channel connecting the  

two r ive r s .  In  1981, t he  connection a t  point  A5/B5 i n  the SIR-A image is  almost 

ex t inc t  and the two r i v e r s  now connect a t  point  AS. This rerout ing has decreased 

the  s i z e  of the l a rge  i s land  i n  t he  Amazon s ign i f i can t ly .  Other nearby i s lands  i n  

t he  Amazon have a l so  been a l t e r e d  by the change i n  course. Note t h a t  the  arm j u s t  

above the Amazon River has become only a skeleton i n  t he  1981 SIR-A image. 

It is s ign i f i can t  t h a t  few Landsat images with l e s s  than 20X cloud cover 

heve been obtained of t h i s  area.  The L-band radar ,  however, i s  not i n£  luenced 

by cloud cover because of the  longer wavelr.,,th of the  sensor.  In f a c t  it is 

l i k e l y  the  a r ea  was covered a t  l e a s t  p a r t i a l l y  by clouds when t h i s  SIR-A image 

was accpired, Therefore, t o  monitor the courses of r i v e r s  i n  cloudy regions of 

the world such a s  Braz i l ,  i t  is bene f i c i a l  t o  use radar  techniques. 

(SIR-A da ta  take 24C; 2'36'S, 6S000'W. Landsat I D  No. 1424-13583, band 7, 

September 20, 1973,) 







1.2. Miss i s s ipp i  Floodplain (His s i s s i y p i )  

n e  por t fon of t h e  Misaiss ip?l  River shcwn i n  t h i s  SIR-A image is jusC 

south of Vicksburg. The f l o d p l a i n  extendn from t h e  f a r  l e f t  of t h e  image t o  

j u s t  r i g h t  of the  r i v e r  (H/J) .  The f 'oodplain  edg+ east of t h e  r i v e r  shows up 

a s  a change i n  i n t e n s i t y  from b r i k h t  i n  the  f loodpla in  t o  d a r k e r  i n  t h e  uplands. 

The l a r g e r  b r i g h t  a r e a  i n  t h e  c e n t e r  of t h e  :mage and t h e  smaller b r i g h t  area at 

C 3  avo wooded areas .  Surrcunding t h e s e  a r e a s  a r e  a g r i c u l t u r a l  regions  through 

which many s z a l l e r  creeks ,  bayous, and rivers flow. The horseshoe-shaped sec- 

t i o n s  of the  Miss i s s ipp i  (HS and H6) are ciilok- l a k e s  o r  abandoned meanders of t h e  

main r i v e r .  The t h i n  b r i g h t  l i n e s  o u t l i n i n g  t h e  oxbows are vegeta ted l e v e e s  

t h a t  show high b a c k s c a t t e r ,  e s p e c i a l l y  i n  c o n t r a s t  t o  t h e  s p e c u l a r  s c a t t e r i n g  of 

the  smooth r i v e r .  

(Data take 24B; 32O16'N, 91°20'W.) 





C. URBAN ANI! AGRICUZ.1'URAL RECICfIS 



13. B r a s i l i a  (Braz i l )  

The c i t y  of B r a s i l i a  dominates t h e  p a t t e r n s  seen i n  t h i s  image. The black 

line from El to G5 in the renter of t h e  f i g u r e  is t h e  Pan American Highway. 

The dark lake at F2 is Lago de Bra s i l i a .  The curved pa t t e rn  t o  t he  west of t h e  

l ake  (E2/F2) (EiP-2) is a l a r g e  r e s i d e n t i a l  a r e a  composed pr imar i ly  of apar t -  

ments. Other urban f e a t u r e s  a r e  shown i n  t h e  map. 

(Data t ake  24C;  15 '52 '~ ,  47'57'w.) 





URBAN MAP OF BRASILIA (BRAZIL) 

D A M  



14. Cul t ivated F i e ld s  i n  Central  New Soath Wales (Aus t ra l ia )  

This SIR-A image shows a cu l t i va t ed  region of c e n t r a l  New South Wales, 

Austral ia .  Lake Brewster appears a t  A2 as an oval  fea ture .  The c i t y  of Ungarie 

appears a s  a b r igh t  spot  a t  K l / K 2 .  The rectangular  regions a r e  crops. The b r i g h t  

l i n e s  dividing the  crops a r e  probably metal fences o r  rows of t r e e s ,  which a r e  

of ten  planted t o  block winds. The br ightness  of a crop depends on the  type of 

crop, the s tage  of growth, and the  d i r ec t i on  of t he  rows of p l an t s  r e l a t i v e  t o  

the  look d i r ec t i on  of the radar .  

(Data take 38; 3303B1S, 146 '23 '~.)  





15. Vil lages and Cultivated F ie lds  (China) 

The i n t r i c a t e  r aze  of rectangular  pa t t e rns  and hundreds of b r igh t  spo t s  

covering t h i s  SIR-A image a r e  cu l t iva ted  f i e l d s  and small v i l l a g e s  i n  t he  

province of Shantung and Hopeh i n  ea s t e rn  China. The Yun-ho (Grand Canal) 

running from K 1  t o  G5/H5 d iv ides  the  two provinces (Hopeh is t o  t h e  l e f t ) .  The 

l a r g e r  c i t i e s  of Te Chou, located st K 2 ,  Heng Shui at El /Fl ,  and Nan-kung a t  C5 

a r e  extremely br ight .  The region is about 150 km north of China's l a r g e s t  

r i v e r ,  the  Huang Ho. The Fu-yang Ho running from E l  t o  .44/A5 looks l i k e  a 

double r iver .  Actually,  the  r i v e r  is  the  southernmost fea ture ,  and the northern- 

most f ea tu re  is a levee. The Yun-ho a l s o  appears t o  be a double r i v e r ;  however, 

c lose  comparison shows t h a t  the  r i v e r  runs between two b r igh te r  levees. 

This region is pa r t  of t he  North China P la in  and has a hot ,  dry summer 

climate with cold,  dry winters. The average p rec ip i t a t i on  is low, however there  

may be a t o r r e n t i a l  summer maximum o r  no p rec ip i t a t i on  a t  a l l .  The summer r a i n s  

cause severe flooding due t o  the f l a t n e s s  of the  near-sea-level a l l u v i a l  s o i l s .  

Fine, f e r t i l e  l o e s s  from the  r i v e r ' s  sources i n  t he  provinces of Inner Mongolia, 

Shanxi, Shzanxi, and Gansu muddy the  waters i n  the  r ive r s .  When the  r i v e r s  

flood, t h i s  s i l t  is  trapped i n  sedimentation basins.  When the  bas ins  a r e  f i l l e d ,  

they a r e  cu l t iva ted .  An example of t h i s  is  shown a t  C2/D2 where a lake t h a t  

ex is ted  i n  1976 (seen on Landsat image) has been cu l t i va t ed  i n  1981 when the  

SIR-A image was acquired. The deposi t ion of silt from the  flooding of the  r i v e r s  

has made the North China P la in  f e r t i l e .  

The dens i ty  of v i l l a g e s  i n  t h i s  region is roughly one per square kilometer. 

Over half  the t o t a l  land area  i n  t h i s  region is cu l t i va t ed  t o  fee6 the  more than 

200 people per square kilometer. Winter wheat is the  p r i w r y  crop i n  t h i s  a r ea  

with koal ing and m i l l e t  a l s o  important resources. Soy beans, sweet potatoes,  

cot ton,  and maize a re  a l s o  common. 

(Data take 28; 37'30'~. 11S042'E.) 





D* OCEANOGRAPHY 



16. Ocean Pa t te rns  Off I s l a  Coiba (Panama) 

Although the  primary objec t ive  of the  SIR-A mission wae t o  image geologic 

fea tures  over land, some da t a  were taken over t he  ocean. Thie image j u s t  south- 

west of I s l a  Coiba off  the  southern coast  of Panama shows some i n t e r n a l  wave 

pat terns .  These waves a r e  generated by dis turbances created within the ocean and 

propagate within s t r a t i f i e d  subsurface l aye r r  defined by temperature and s a l i n i t y  

var ia t ions .  The wave-generated cur ren ts  i n t e r a c t  with the surface,  leading t o  

per icd ic  vslriaticlns of the  sur face  roughness. The radar  ima,ges of these varia-  

t i ons  provide information about t he  s p a t i a l  p roper t ies  of the wave t r a i n .  The 

image was obtained on November 14, 1981, a t  a GMT of 11 h, 47 min. 

(Data take 37; 6 ' 56 '~ ,  82'06'W.) 





17. LLernal  Waves (And- Sea) 

The large curvil inear  pa t terns  shown i n  t h i s  SIR-A image aLe i n t e rna l  waves 

i n  the Andaman Sea 150 Ira southeast of North Andma Island. This area is w e l l  

known fo r  the presence of la rge  in te rna l  vaves. The upper r igh t  a rea  of the  

image corresponds t o  the locat ion of a subsurface sea mount. It is possible tha t  

the wave is generated by the  in terac t ion  of currents  v i t h  the  mount. The image 

was obtained on November 14, 1981, at a GWT of 10 h,  56 min. 

(Data take 35-36; 12'28'N. 94*00'E.) 





18. Coral Reefs Near Hai N a n  Tao and Palavan 

Although the 47-deg look a w e  used for the SIB-A nissiar was cbosen t o  

e g h a s i  t e  laud topography rather thaa ocean patterns, 8- unusual oceanic 

featurr-s were imaged. The white patterns seen in t h i s  image are coral reefs 

associated with the Parcel Islands- They are located I n  the South China Sea 

b e m e n  the islaads of R a i  Nan Tar, and Palavan in  the Phillfpiaes. The reefs 

shown i n  t h i s  ieage are part  of the Discovery b e f ,  and the islands ( A 3 / A 4 )  

( s m a l l  white spots) are part of the Crescent group. The l inear  streaks i n  the 

ocean are the result of vind interaction with the surface. The image was 

acquired on Noveder 13, 1981, at a GMT of approximately 16 h and 26 min. 

(Data take 32-33; L3°50'N, i1I040'E.) 





19. Wlnd Patterns (Sardinia) 

Thie area of the lkditerranian jus t  off Sardinia w a s  imaged twice by SIR-A 

during the STS-2 f l ight .  Changes i n  th? ocean patterns over a 9 0 4 n  period 

are  apparent. i n  the right po r t im  of t??e image the ocean has bee- rougher 

and dis t inc t  eddies appear near the coast. The roc& pitches are  =st l ikely  

due t o  a localized vind's interacti-m vath tbe surface. These two fiaeges allow 

us to establish ao upper l i m i t  of 90 min as the time constant for  the generation 

of the bright (rough) patches. Data take 35-36 was imaged on November 14, 1981, 

a t  a GMT of 10 h and 3 6  m i n ,  and data take 37A vas imaged a t  a GMT of 12 h and 

10 min. 

(Data takes 37A and 35-26; 40°10'~, 10°0O'E.) 







20. O i l  Rigs and Vessels (Persian Gulf) 

Ships and o i l  r i g s  appear i n  t h i s  SIR-A image a s  bright  point t a rge t s  i n  

the Persian Gulf. The waters i n  the r ight  of the image are rough - tha t  is, 

the wave spectrum has s igni f ied  components w l t t  wavelengths of the same order of 

magnitude a s  the radar wavelength (0.235 m). The darker pat terns throughout the 

rougher waters are  probably o i l  s l i cks .  The increased density of the  water a t  

the surface where the o i l  s l i c k s  a re  located tends t o  damp the formation of 

shorter  wavelengths. Abu Dhabi is jus t  off the lower r igh t  of the figure. The 

image was obtained on November 14, 1981, a t  a Q4T of 12 h and 3.0 min. 

(Data take 37A; 24'10'N, 54'10'E.) 





SECTION V I  

SIR-A/SMIRR CROSSINGS 

The primary information der ived from SIR-A d a t a  is s u r f a c e  struci:*ire and 

s u r f a c e  roughness. If t h e  geologic  s t r u c t u r e s  imaged by t h e  r a d a r  could a l s o  be 

i d e n t i f i e d  by rock type,  more r e f i n e d  i n t e r p r e t a t i o n s  of t h e  geology would be 

poss ib le .  Such d a t a  a r e  a v a i l a b l e  from t h e  S h u t t l e  M u l t i s p e c t r a l  I n f r a r e d  

Radiometer (SMIRR), a JPL experiment conducted by A. Goetz; t h e  SMIRR was a l s o  

aboard STS-2. SMIRR c o l l e c t e d  s p e c t r a  i n  t h e  0.5- t o  2.5-um range i n  an  a t tempt  

t o  d i s c r i m i n a t e  geologic  u n i t s  us ing  t h e i r  s p e c t r a l  p r o p e r t i e z .  Figure  6-1 

(a, b,  and c )  shows l o c a t i o n s  on t h e  Ear th  where t h e  SIR-A and SMIRR t r a c k s  

over lap.  SIR-A produced images a t  a look ang le  of 47 deg from n a d i r  and SMIRR 

recorded l i n e  d a t a  from a 100-m swath pointed toward t h e  n a d i r ;  t h e r e f o r e ,  a l l  

d a t a  over laps  a r e  at l o c a t i o n s  where t h e  two t r a c k s  c ross .  It is p o s s i b l e  t o  

l o c a t e  t h e  SMIRR t r a c k  along t h e  SIR-A swath us ing  photographs t aker  by t h e  SMIRR 

with two 16-mm cameras. 



SIR-IRR INTERSECTING WATHS - WORl'M AMERICA 

LONGITUDE 
S I R 4  DATA BY DATA TAKE NUMBER 
m I R R  OATA 8Y ORBIT N W E R  - CIRCLED 

Figure 6- l(a)  



IR-A/SMIRR INT ERSECflm3 W A T W  - AFRlCA 



LONGITUDE 
JlRA DATA BY DATA TAKE NUN0€R 
S W I M  DATA llY ORBIT M u l l =  - CIR(XC7 

Figure 6-1 ( c )  



SECTION VII 

COVERACE 

Figures 7-1 through 7-8 shov the coverage by continent i n  detai l .  The 

width of a l l  swaths is 50 kP and the length varies depending on the onloff times 

(Appendix A).  Appendix B lists the latitude and longitude of the center of the 

swath i n  1-min intervals for each data take. 



SIR-A MISSION SWATHS 
nn = ORBIT No. -=DATA TAKE 134. 

AS. 

Figure 7-1 



NORTH AMERICA 

LONGITUDE 

Figure 7-2 



CENTRAL AMERICA 

LONGITUDE 

Figure 7-3 



SOUTtl AMERICA 

Figure 7-4 



35. 

30. 

25. 

20. 

IS. 

10. 

Figure 7-5 



ASIA 

Figure 7-6 



INDONESIA 

LONGITUDE 

Figure 7-7 



AUSTRALIA 

LONOITWE 

Figure 7-8 



REFERENCES 

Beadnell, H. 3. L., (1909), An Egyptian Oasis (Kharga). London, p. 248. 

Blom, R., and C. Elachi  (1981), "Spaceborne and Airborne Imaging Radar 

Observations of Sand Dunes," 3. Geophys. Res., Vol. 86, pp. 3061-3073. 

Breed, C. S., (1977) , "Te r r e s t r i a l  Analogs of t he  Hellespontus Dunes, Mars," 

Icarus ,  Vol. 30, pp. 326-340. 

Breed, C. S., e t  a l .  (1919), "Regional Studies  of Sand Seas Using ERTS 

(Landsat)," U.S. Geol. Sur. Prof.  Paper, Chapter K,  pp. 305-397. 

Breed, C. S., M. J. Grol ie r ,  and 3. F. McCauley (1979), ''Morphology and 

Dis t r ibu t ion  of Common 'Sand' Dunes on Mars: Cornparisor- Vith t h e  Earth," 

3. Geophys. Res., Vol. 84, pp. 8183-8204. 

Breed, C. S., and T. Grow (1979), "Morphology and Di s t r i bu t ion  of Dunes i n  

Sand Seas Observed by Remote Sensing," U. S. Geol. Sur. Prof. Paper, 

Chapter J ,  pp. 253-303, 

Defense Mapping Agency (1979), Operational Navigation Chart No. G2, 

Chot t Merouane and Chott Melrhir Topographic Map, s c a l e  1 : 1,000,000. 

Washington, D.C. 

Dellwig, L. F., J .  E. Bare, and R. L. Gelmett (1978), "SLAR--For Clear a s  Well 

a s  Cloudy Weather," Proceedings of t h e  In t e rna t iona i  Symposium on Remote 

Sensing f o r  Observation and Inventory of Earth Resources and Endangered 

Environments, Ju ly  2-8, 1978, Freiburg, Fed. Rep. Germany, In t .  Arch. 

Photogr,, Vol, 3 of 22-7, pp, 1527-1546. 

Elachi,  C. E., (1980), "Spaceborne Imaging Radar: Geologic and Oceanographic 

Applications,  " Science, Vol. 209, pp. 1673--1082. 

Elachi,  C. C.,  e t  al.  (1982), "Shuttle Imaging Radar (SIR-A) Experiment; 

Preliminary Resui ts  , I '  Science ( i n  press)  . 
Elachi ,  C. C. ,  L. Roth, and G. G. Schaber, "Radar Subsurface Imaging i n  Hyper- 

a r i d  Regions," IEEE Ant. Prop. ( i n  press ) .  



Elder,  C. H. ,  P. W. Je ran ,  and D. A. Keck (1974). Geologic S t ruc ture  

Analysis Using Radar Imagery of t h e  Coal Mining Area of Buchanan County, 

Va., Rpt. Inv., 7869, pp. 1-20. U.S. Bureau of Mines, Washington, D.C. 

El Ramly, M. F., and M. H. Hermina (1978), Geologic Map of t he  Aswan Quadrangle, 

Egypt, s c a l e  1:500,00C, Egvptian Geological Survey/U.S. Geological Survey, 

Washington, D.C. 

Engel, A. E. J., T. Dixon, and R, J. S te rn  (1980), "Late Precambrian Evolution 

of Afro-Arabian Crust From Ocean-Arc t o  Craton," Geol. Soc. Am. Bull . ,  

Vol. 91, pp. 699-706. 

Engheta, N . ,  and C. Elachi  (1981), "Radar Sca t te r ing  From a Smooth Surface With 

a Vegetative Layer Cover, I' i n  Proceedings of the IEEE In te rna t iona l  

Geoscience and Remote Sensing Symposium, Vol. 1, pp. 631-635. 

Falvey , D. A. , (1974) , "The Development of Continental Margins i n  P l a t e  Tectonic 

Theory," Austral .  Pe t ro l .  Explor. Assoc. J . ,  Vol. 1 5 ,  pp. 95--106. 

Fryberger, S. F,, (1979), "Dune Forms and Wind Regimes," U.S. Geol. Sur. Prof.  

Paper 1052, Chapter F, pp. 137-169. 

Ful lager ,  P. D . ,  and J. K, Greenberg (1978), "Egyptian Younger Granites.  A 

Single  Period of Plutonism?" Precamb, Res., Vol. 6, p. A22. 

Fulton, L. P., (1979), S t ruc ture  and Isopach Map of t he  New Albany-Chattanooga- 

Ohio Shale (Devonian-Mississippian) i n  Kentucky : Eas t e g  Sheet . Kentucky 

Geological Survey, Ser ies  X I .  Lexington, Kentucky. 

Gautier,  E. F., and D. F. Mayhew (1935), Sahara--The Great Desert .  Columbia 

University Press ,  New York, 280 pp. 

Geologic Map of Northwestern Afr ica  (Maroc-Algiers) (1952), shee t  1, s c a l e  

1:2,000,000. Published by t h e  Organization Committee of t he  19th In t e r -  

na t i ona l  Geological Congress, Algiers.  

Gro l ie r ,  M. J . ,  e t  a l .  (1980), "Yardangs of the Western Desert: i n  El Bazetah 

Journey t o  the G i l t  Kebir and Uweinat ," Geogr. J. , Vol, 196, pp. 86-87. 

Grove, A. T., (1970), "Rise and F a l l  of Lake Chad," Geogr. Mag., Vol. 42, No. 6 ,  

pp. 432-439. 



Grove, A. T., and A. Warren (1968). "Quaternary Sand Forms and Climate on the 

South Side of the Sahara," Geogr. J. , Vol. 134, No. 2, pp. 200-203. 

Harris, L. D., and R, C. Milici (1977), "Characteristics of Thin-Skinned Style 

Def ormation in the Southern Appalachians, and Potential Hydrocarbon Traps," 

U.S. Geol. Sur. Prof. Paper, Vol. 1018, pp. 1-40, 

Hedin, S., (1905), "The Central Asian Deserts, Sand-Dunes, and Sands," in 

Scientific Results of a Journey in Central Asia, 1899-1902, Vol. 2, - 
pp. 379-718. Swedish Army Lithographic Insticite, Stockholm. 

Hintze, L. F., and W, L. Stokes (1964). Geologic Map of Southeastern Utah, 

scale 1:250,000. Utah State Land Board, Salt Lake City, Utah. 

Hussein, H. A., and I. A. El Kassas (1980), "Some Favorable Host Rocks for 

Uranium and Thorium Minera'ization in the Central Eastern Desert of Egypt," 

Ann. Geol. Sur. Egypt, VoL. 10, pp. 879-908. 

Instituto ~eo~rifico Nacional ;1970), Mapa ~eol6gico de la Republica de 

Guatemala, scale 1:500,030. First edition. Guatemala. 

Johnson, R. W., Jr. (1980). Residual Total Magnetic Map of Kentucky: Ehktern 

Sheet, scale 1:250,000. Kentucky Geological Survey, Series XI, Lexington, 

Kentucky. 

Krinsley, D. (1970). A Geomorpholo~ical and Paleoclimatological Study of the 

Playas of Iran: U.S. Geological Survey Final Science Report, Cortract 

No. PRO CP 70-800; two vols., 486 pp. U.S. Geological Survey, Washington, 

D.C. 

Krohn, M. D., et al., (1981), "~iscrimination of a Chesnut-Oak Forest Unit for 

Geologic Mapping by Means of a Principal-Component Enhancement of Landsat 

Multispectral Scanner ~ata," Geophys. Res. Lett., Vol. 8, pp. 151-154. 

McCauley, J. F, , M. J. Grolier, a?d C. S. Breed (1977), "Yardangs," in 

Geomorphology in Arid Regicns, Proceedings of the 8th Annual Geomorphology 

Symposium, Binghamton, N.Y., D. Doerling, editcr. State Univer~ity of 

New York, pp. 233265. 



McCauley, J. F. , et al. (1982), "Subsurface Valleys and Geoarchaeology cf Egypt 

and Sudan Revealed by Shuttle Radar," Science (in preee). 

McKee, E. D., (1966). "~tructures of Dunes at White Sands National Monument, 

New Mexico," Sedimen., Vol. 7, No. 1, pp. 3-69 (special issue). 

Muekat, J., personal. communication, April 1981. 

Nalivkin, D. V,, (1973), Geology of ths U.S.S.R. English translation by N. Rast. 

Oliver and Boyd, and U. of Toronto Press, Canada, p. 572-575. 

National Oceanic and Atmospheric Administration (1980). Cape Hatteras Navigational 

Chart, scale 1:80,000. Washington, D.C. 

Neary, C. R., I. G. Gsss, and B. J. Cavanagh (1976). "Granitic Association of 

Northeastern Sudan," Geol. Soc. Am. Bull., Vol. 87, pp. 1501-1512. 

Petrov, M. P,, (1966), The Deserts of Central Asia: 1. Ordos, Ale Shan, and 

Peishan Desert. U.S. Department of Commerce Joint Publication Research 

Service, No. 39145, pp. 241-260. 

Rogers, J., (1949). "Evolution of Thought on Structure of Middle and Southern 

Appalachians," Amer. Assoc. Pet. Ge~l. Bull., Vol. 33, No. 10, 

pp. 1643-1654. 

Rogers, J. J. W., et al. (1978), "Varieties of Sranitic Uranium Deposits and 

Favorable Exploration Areas in the Eastern United States . '  Econ, Geol., 

Vol. 73, pp. 1539-1555. 

Schaber, G. G., G. 1,. Ferlin, and W. E. Brown (1976). "Variations in Surface 

Roughness Withir, Death Valley, California: Geologic Evaluation of 25-m 

Wavelength Radar Images," Geol. Soc. Amer. Bull., Vol. 87, pp. 29-41. 

Smith, H. T. U., (1965). Dune Morphology and Chronology in Central and Weetern 

Nebraska," J. Geol., Vol. 73, No. 4, pp. 557-578. 

Stern, R. J., (1979). Late Precambrian Ensimatic Volcanism in the Cer.tx& 

Eastern Desert of E-. Ph.D. Thesis, University of Califom.ie - 
San Diego, San Diego, California, 210 pp, 



Stern, R. J., (1981), "Petrogenesis and Tectonic Setting of Lace P~ecambrian 

Ensimatic Volcanic Rocks, Central Eastern Desert of Egypt," Precamb. Res., 

Vol. 16, pp. 195-230. 

Stuckey, J. L., (1958), Geologic Hap of North Carolina, scale 1:500,000. 

Worth Carolha Division of Mineral Resources. 

Suslov, S. P., (1961), Physical Geography of Asiatic Russia. English translation 

by N. D. Gersheversky. W. H. Freeman and Co., London, San Francisco. 

594 pp. 

Tant, P. L., H. J. Byrd, and R. E. Horton (1974), General Soil Map of North 

Carolina, scale 1:1,000,000. U.S. Soil Conservation Service, 

Washington, D.C. 

Trask, N. S., L. C. Rowan, and M. D. Krohn (1977), Lineament Map of Parts of 

Virginia, North Carolina, and South Carolina, scale 1 : 1,000,000. Open-f ile 

map MF 77-434. U.S. Geological Survey, Washington, D.C. 

U . S. Geological Survey (1978), Middletown, North Carolina, Topographic Map, 

scale 1:24,000. Photo revision. Washington, D.C. 

Waite, W. P., et al. (1981), "Wetland Mapping With Imaging Radar,'' IEEE Trans. 

Geosci. Elec., Vol. CE-a9, No. 3, pp. 147-155. 

Walker, A. S., (1982), "Deserts of China," Amer. icien., Vol. 70, pp. 366-376. 

Youssef, M. I., (1968), "Structural Patterns of Egypt and Its Interpretation," 

Am. Assoc. Petrol. Geol. Bull., Vol. 52, pp. 601-614. - 
Zhu, Z., W. Zheng, and L. Shu (1980), Zhongquo Shamo Gilumn (General Introduction 

to China's Deserts). Science Publishing House, Beij ing, People's hepublic 

of China, 117 pp. (In Chinese.) 



APPENDIX A 

SUMMARY OF RADAR P-S 

Radar parameters, on/off times (in mission elapsed time), orbits, and 

continental coverage art? listed for each data take. The mission elapsed time 

(MET) can be converted to GMT with the following equation: 

1981 GMT = MET + 316 days + 15 h, 1G min, 10 s 



Data 
Take 

7 
16-17 
18 
2 1 
2 2 
23 
2 4A 
24B 
2488 
24C 

f 2 5 
N 28 

2 9-3 0 
31 
32-33 
34 
35-36 
37 
3 7A 
38 

Orbit - 
10/11 
15/16 
16 
17 
18 
18 
20 
21 
21/22 
22 
2 3 
27 
27/28 
28 
29 
29/30 
30 
30/31 
31 
31 

Continent 

AF/ASIA 
SAIATLANTICIEU 
C A 
CA/US 
US 
AUST 
US 
US 
INDON 
US/SA 
AF 
AF/ASIA 
SAf AFRICA 
S A 
AF/ ASIA/ I NDON 
S A 
EU/ASIA/AUST 
PACIFIC/CA 
EU/ASIA 
AUST/PACIFIC 

End * 
0:15:12:17 
0:21$05:32 
0:22:21:47 
1:00:01:20 
1:01:34:00 
1:02:31:15 
1:04:42:0: 
1:06:20:47 
1:07t16:02 
1:08:04!17 
1: 09: 57 : 02 
l:15:07:02 
1:16r20:47 
1:17:35:32 
l:l8:29:32 
1:19:09:17 
1:20:04:34 
1:20:43:02 
1:21:16:02 
la21:52:47 

Run 
Time - 
17 50 
i253 
293 
66 5 
660 
570 
743 
998 
713 
1538 
248 
1643 
1808 
503 
2498 
503 
251.5 
1973 
1119 
1388 

Alt. 
(n.m.) STC - POSH - P U  

ON 18 1718 
OPP 15 17 18 
OFF 15 1718 
ON 18 1718 
ON 2 1 1718 
ON 21 1718 
O? F 21 1670 
OFF 2 1 1718 
OFF 15 171d 
OFF 2 1 3 718 
OP P 21 1718 
ON 18 1718 
OF P 18 17 18 
ON 15 I718 
OFF 15 1718 
ON 15 1718 
OFF 18 1718 
ON 21 1770 
ON 18 1718 
ON 21 1718 



SWATH LOCATIONS 

Latitude and longftude of the center of the radar swath and altitude of the 

Shuttle are listed for each data take in l-rin intervals. This data is based on 

the STS-2 post-OHS-4 ephemeris and should be regarded as prelfpiaary. 

Dsta Take: 7 
orb& t: 10/11 



Data Take: 1t-17 
Orbit: 15/16 

n E r Altitude 

Data Take: 21 
Orbit: 17 

M E T I  Altitude 
Latitude Longitude D H H S  (N. niles) 
22.15 -102.17 0 23 50 15 l4u.66 
24.36 -98.74 0 23 51 00 140.86 
26.50 -95.18 0 23 52 00 141.14 
28.54 -91.49 0 23 53 00 141.42 
30.47 -87.66 0 23 54 00 141.70 
32.28 -83.70 0 23 55 00 141.98 
33.95 -79 • 57 0 23 56 00 142.24 
35.47 -75.31 0 23 57 00 141.48 
36.83 -70.91 0 23 58 00 142.71 
38.01 -66.35 0 23 59 00 142.91 
38 99 -61 -69 0 0 0 0 0  143.08 



ORlGlNAL PAGE IS 
OF POOR Qt~ALf'TY 

Data Take: 22 
Orbit: 18 

n E F Altitude 
I~titudc longitude D H  n s (N. Ulles) 

29 -43 -1'12.63 1 1  2 3 0 0  141 . 49 

Data Take: 23 
Orbit: 18 

H E P  Altitude 
Lati tude -ei:ude D H U S  (N. Mles) 
-34 -35 119.61 1 2 21 45 142.46 

Data Take: 24A 
Orbit: 20 

t 4 ~ p  Altitude 
Latitude Longitude D H H S  (N. Wiles) 

39 67 -126.12 1 4 29 30 143.00 



m N A L  PA= 
OF POOR Oum 

Data Take: 24B 
Orbit: 21 

n E T* Altitude 
Latitude Longitude D B M S  (N. Wles)  

40.46 -124 56 1 6 4 0 0  143.14 

Data Take: 24BB 
Orbit: 21/22 

M E T* Altitude 
Latitude Longitude D H M S  (N. Miles) 
-11 -17 101.96 1 7 4 00 139 38 



Data Take: 24C 
Orbit: 22 

U E T* Altitude 
Latitude Long1 t ude D B M S  (N. niles) 

35.88 -124.19 1 7 38 30 142.45 

Data Take: 25 
Orbit: 23 

M E T+ Altitude 
Latitude Long1 t ude D H M S  (N. Miles) 
-31 -00 19.71 1 9 52 45 141.75 
-30. 7 1  20 . 71 1 9 53 00 141.69 
-29.27 24.81 1 9 54 00 141.45 
-27 . 70 28-74 1 9 55 00 151 . 19 
-26.00 32 . 54 1 9 56 00 140.93 
-24 18 36 21 1 9 57 00 140.66 



i)ata Take: 28 
Orbit: 23 

H E T* Altitude 
Latitude 

8.02 
Longitude D B M S  (N. Milee) 

10.65 1 14 39 30 138.72 



ORIGINAL P A S  
OF POOR QUALfl'Y 

Data Take: 29-30 
Orbit: 27/28 

Y E T *  Altitude 
Latitude Longitude 
-31 50 -73.42 

D H H S  (N. nilear 
1 15 50 30 141.55 

Data Take: 31 
Orbit: 28 

M E T* Altitude 
Latitude Longitude D H M S  (N. Miles) 
-19.54 -70.04 1 17 27 00 139.68 



Data Take: 32-33 
Orbit: 29 

Latitude Longi tude 
20 54 -18 e94 
21 14 -18.09 
23.38 -14.72 
25-55 -11.21 
27-63 -7.58 
29. 62 -3.81 
31.47 0.09 
33-21 4.13 
34 81 8.34 
36.24 12.68 
37.50 17.17 
38.57 21.79 
39 • 45 26.53 
40.12 31.35 
40.56 36.26 
40.79 41.21 
40.79 46.17 
40.56 51.12 
40.11 56.03 
39.44 60.86 
38.57 65.59 
37.49 70.21 
36 22 74.69 
34.80 79.03 
33.20 83.23 
31 46 87 e28 
29.60 91.18 
27.62 94 e93 
25.54 98.57 
23.36 102.07 
21.12 105 046 
18.80 108.75 
16.44 111.94 
14 04 115.07 
11.59 118.12 
9.12 121.12 
6.63 124 009 
4 14 127.01 
1.65 129.94 

-0 84 132.85 
-3.32 135.76 
-5.76 138.69 
-8 18 141.67 
-9.38 143.17 

*Accurate to 15 eec. 



ottlrnnr PAGE Yj 
POOR QVALTW 

Data Take: 34 
Orbit: 29/30 

M E T* Altitcde 
Latitude tong it ude D H H S  (N. Miles) 
-5.84 -74.33 1 19 2 30 138.53 



Data Take: 35-36 
Orbit: 30 

Latitude v Longitude -5.82 
-3 .52 
1 . 13 
5.92 
10.79 
15.72 
20.68 
25.64 
30.56 
35.44 
40.23 
44.91 
49.46 
53.88 
58 16 
62 28 
66 . 26 
70.09 
73.79 
77.36 
80.81 
54 15 
87.39 
90.55 
93-64 
96 67 
99.65 
102.60 
105.53 
108.43 
111.35 
114 27 
117.22 
120.21 
123.23 
126.33 
129.49 
132.73 
136.07 
139 52 
143.08 
146.76 
150.59 
152 55 

M E T *  Altitude 

*Accurate to 15 eec. 



lhta Take: 37 
Orbit: 30/31 

M E *  Altitude 

*Accurate to 51 rec. 



Data Take: 37A 
Orbit: 31 

M E T *  Altitude 
b t i t u d e  Longitude D H M S  (N. Miles) 
40.54 -9.76 1 20 56 03 142.90 

Data Take: 38 
cobit: 31 

M E T *  Altitude 
Latf tude Longitude D H M S  (N. Miles) 
-20.45 113.12 1 21 29 30 140.56 

--.. LA. W. 


